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Nelius 

WILL TIME FLY? 

As far as TNE 's pursuit of the calendar goes, we certainly hope so. Thanks to 
crucial help from the University of Alaska and the Geophysical Institute, our staff 
listing on the facing page has grown with two important additions. They will be with 
us only for a while, but during this time their efforts may help justify the patience 
our loyal subscribers have shown. 

Teri Nelius has taken all matters relating to subscriptions off the editor's desk-
leaving thereon an amazing amount of room for more work on more articles--and will 
be handling your renewals, address changes, and questions as they arise. Barbara 
Matthews is helping with everything else; she comes to TNE with an impressive list 
of credits from free-lance writing to editing work on the staff of FARM JOURNAL. 
We hope to use her experience and skills especially with layout, so if margins look a 
bit neater and spaces more balanced in this and the next issues, she deserves the 
credit. 

With this issue we also introduce a new feature, an annual index, to make the hunt 
through back copies for specific bits of information a little easier. Plans are now for 
Volume 10, Number 4 to contain a cumulative index covering THE NORTHERN 
ENGINEER's first decade. With your continued interest and support, the magazine 
may continue for many more. 

--Editor 
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It is tempting to label the cover composite as if if were a medical illustration: 
"Typical circulatory systems of northern towns;" in reality, these utilidor repre
sentations came from a student engineer's notes and were redrawn for our cover by 
the Geophysical Institute's drafting section. For discussion of these systems (and 
others) in the Northwest Territories, please see the Cameron, Christensen and Gamble 
article beginning overleaf. 

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska -Dr. Juan G. Roederer, Director. It focuses on engin
eering practice and technological developments in cold regions, but in the broadest 
sense. We will consider articles stemming from the physical, biological and behavioral 
sciences, also views and comments having a social or political thrust, so long as the 
viewpoint relates to technical problems of northern habitation, commerce, develop
ment or the environment. Contributions from other polar nations are welcome. We 
are pleased to include book reviews on appropriate subjects, and announcements of 
forthcoming meetings of interest to northern communities. "Letters to the Editor" 
will be published if of general interest; these should not exceed 300 words. Subscrip
tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 
and $35 for five years. Some back issues are available for $2.50 each. Address all 
correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL 
INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. 
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by J. J. Cameron, V. Christensen, and D. J. Gamble 

Water and Sanitation in the Northwest 
Territories 

an overview of the setting, policies and technology 

NORTHERN TECHNOLOGY: 
PHILOSOPHICAL SETTING 
Technology as Culture 

ITS 

Engineering technology is often 
thought to be "value free," but it is full 

of cultural implications involving people, 

attitudes, aims and processes. Although 
scientific laws may be universal, their 
application cannot be divorced from the 
culture in which they are studied, taught 
or practiced. Indeed, the application of 
science--engineering--is a part of that 
culture, both shaping it and being shaped 
by it. The 1973 Symons rep®rt of the 
Commission on Canadian Studies recog-
nized this: " ... despite the enormous 

impact of engineering on Canadian cul
ture, the engineer is not being trained to 
understand this influence and the respon
sibility that it places upon him to bring 

to his work an informed understanding of 
the culture of the community he is serv
ing. Engineering graduates will very fre
quently be in positions in which they 

must make value judgments that will 
affect their society. Because of this 

the professional education of Canadian 
engineers should include courses that 
place engineering in its social context." 1 

Examples of the impact of engineer

ing technology on society are common. 
In southern Canadian society, the auto
mobile and airplane provide mobility 
but often at the expense of environment
al quality and social stability. In the 
north, just as the use of industrial tech
nology in communities contributes to 
administrative convenience and public 
health, so that same technology tends 
to upset the values, traditions c:nd self
reliance of an indigenous society associ
ated with the land, the bush and the bar
rens. 

4 

We should begin to question the 
technology-for-technology's sake ap
proach, realizing that the opportunities 

created by technology come with oppor
tunity costs. Technology begins by ad

ding to the options available but goes on 
to alter the mix of social choices: this is 
where the view of engineering as a value

free mechanistic discipline falters. It is 
also where the technologist must be 

viewed as a layman. 

Technological Factors in the North 
For a perspective on northern water 

and sanitation, it is helpful to discuss 
four factors that characterize technology 

in the Northwest Territories: engineering 
problems, the frontier setting, cultural 
differences, and political evolution. 

Over the past decade, we have wit

nessed a blitzkrieg expansion of science 
and engineering into virtually all facets 

of northern development. Permafrost 

problems have become widely known 
throughout the profession, but there are 

many more engineering _problems related 
to climate, biology, hydrology and geol

ogy that are less well-understood and 
that serve to foil any wholesale transfer 
of technology from the south. For 
example, of particular significance to wa
ter and sanitation are the conclusions of 
the National Research Council Associate 
Committee on Scientific Criteria for 
Environmental Quality: 

"Waste disposal has been predicted 
as the most vexing problem of the future 
in Arctic regions, because methods prov
en in the south do not seem applicable. 
The expense of effective waste treatment 

and the remoteness of human population 
centres in the Arctic have generally dis
couraged the utilization of efficient dis-

posal or collection methods ... the haste 
required by short seasons and high op
erating expenses often results in much 

damage even when in most cases the 
techniques for avoiding adverse impact 
are available and well known:·2 

Conquering frontiers has always been 
an important part of North American 

development. Technical problems in a 

frontier setting are influenced by re
moteness, small and dynamic popula

tions, boom and bust economies, and a 
lack of engineering precedent. Gradually 

these problems are surmounted as tech
nology itself pushes back the frontier, but 
in most of the Northwest Territories the 
frontier problems will be formidable for 
some time to come . 

Culture, the third factor, is also 
important to technology in the north. 
The larger urban (and mostly white) 
centres like Yellowknife and lnuvik have 
southern-oriented cultural features that

contain subtleties dictated more by 
environment than by heritage. However, 

in the smaller communities the differ
ences are more fundamental and involve 
language, history, values and aspirations. 
Cultural changes in these communities . 
are occurring, but slowly. Often those 
changes brought about by "new tech

nologies" are not accepted with the open 
arms we, in a different cultural group, 
would expect. The ill-fated Mackenzie 
Valley pipeline project is a rather spectac
ular example: what would have been one 

of the largest technological ventures in 
history was seen by many northern native 
people as a hostile act and, to a great 
extent, they prevented its being built. In 
the context of water and sanitation this 
cultural factor must not be overlooked. 

A report of the International Develop-
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ment Research Center has noted: 
" ... recently. attention has been fo

cused on an image of rural improvements 
as following a different pattern from 
urban ones ... [Water and sanitation] bene
fits may not be just in health or time 
factors, but in a set of cumulative changes 
that these make possible. [Some re

searchers] suggest closer attention to 
finding out exactly who pays and who 

benefits, and an examination of the role 
of each group in society, with special 
attention to the nature of the society ... 

There has been a pronounced shift in 
thinking about rural water supplies and 

sanitation during the past 20 years, from 
a rather simplistic view which held that 

disease was a major constraint in develop
ing countries, and if it were lessened, 

increased economic development would 
inevitably follow. A more complicated 
view followed, which saw the social sys

tem as a very important factor in any 
planning. A more recent shift has been 
toward the view that the people being 

served are the ones who are most capable, 
with assistance, of choosing what levels 

of improvement they can best use. Sys
tems involving choices by the users them
selves and an analysis of the risks they are 
willing to take, weighed against the bene
fits they feel they will receive, are more 
likely to bring them lasting benefits. " 3 

This leads to the consideration of 
political factors. Technological develop

ment is influenced and in some cases 
dominated by politics: in both the 
private and public sectors, there are 

constant changes in jurisdictions, pri
orities, funding programs and so on. 

Governing st ructures for the north are 

gradually shifting from centralized bu
reaucracy in Ottawa to more local struc
tures in the territories. Progress, although 

slow, is perceptible. Engineers who less 
than a decade ago could perform muni

cipal engineering studies without sig

nificant local community council in
volvement would be hard pressed to do so 
today. The NWT is now amidst the 
t;:hangeover that will eventually lead to 

responsible local government to which 
municipal engineers and administrators 

will answer directly. But it does not 
necessarily follow that those relation
ships will be the same as they are in the 
south because the · environment, the 
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people, the culture and the values in the 
north are different. And in most cases, 
the engineer is viewed as an outsider-
if not by birth, then certainly in profes
sional training. 

THE EVOLUTION OF WATER AND 
SANITATION PROGRAMS IN THE 
NORTHWEST TERRITORIES 
Historical Perspective 

Water and sanitation programs in 

the Northwest Territories have evolved 
through many political and technical 
stages. The present Northwest Territories 

region came into existence in 1905 when 

the last prairie provinces were formed. 
However, it was not until 1921, when oil 

was discovered at Norman Wells, that 
national attention was directed to the 

political, economic and social develop
ment of the north. Since then, native 
people have been drawn away from their 
life in small scattered groups by facilities 

provided in communities. The growth and 
concentration of the native populations 

and the influx of people from the south 
gave rise to a host of political, social, 
economic and technological problems. 

Some of these problems--particularly 

those related to public health and com
munity planning--seemed to result from 
inadequate distribution of water and 
disposal of liquid and solid wastes. As 
political sophistication in the Northwest 

Territories grew, government programs 

for the development and funding of "mu
nicipal works" proliferated. The first for

mal statement of a water and sanitation 
policy was in 1962. That policy was 

revised in 1967. But jurisdictional, ad
ministrative, technical and public health 

problems persisted. 

In 1974, the Government of the 
Northwest Territor ies revised the ap
proach to water and sanitation in keeping 

with the changing technological, social 
and political circumstances in the north. 
Using community populations as the 
base, but taking into consideration other 

factors such as servicing cost, physical 
characteristics of the site and possible 

community growth, the 1974 Policy 
established subsidized levels of water and 
sanitation services. The levels of service 
ranged from none at all through trucked 

water delivery and sewage pickup to 
piped systems.4 

Although more encompassing than 
earlier versions, this policy still had short

falls. Determining which level should be 
applied to a community was somewhat 
simplistic. It did not encourage using the 

most economical service method for each 
specific community, but it was a start 

toward rational economic evaluation of 
alternatives. A computer program to 
determine the most cost-effective servic

ing method was developed to simulate 
the tystems on a community-specific 
basis. Considerable work was done 
developing the program as part of the 
policy formulation process, but the 
whole project stalled when both the 

policy and the implementation program 
were still relatively unrefined. It was not 

until 1976, when a coordinator was hired 
to implement the policy, that the project 
was revived. 

Programs: Today and Tomorrow 
The Water and Sanitation Policy has 

evolved slowly since 1974 and further 

changes will continue. Fundamental to its 
continuing development is the fact that 
the policy can now be properly imple
mented because it is adequately funded. 
Approximately $9.2 million was spent in 

fiscal year 1976-77 on capital projects. 
Although the earlier versions of the 

Policy were ineffective chiefly because 
of their nature and inadequate funding, 

other conditions also impeded progress. 

Many of these have been alleviated over 
the years but others are still unsolved. 

In the early years, engineers had very 
little experience in the territories. Given 
the harsh climate, difficult access, and 
unfamiliar technical and social condi
tions, compounded by too little funding, 

engineers often engaged in little more 

than trial-and-error pioneering proce
dures. 

In addition, government's practice 
was to hire southern engineers and con
sultants to conceive, design and imple
ment systems. When a particular project 
finished, the technical people went south, 

and more often than not the expertise 

and dedication necessary to operate and 

maintain the system went with them. 

Furthermore, there was no continuing 
requirement to document the success or 
failure of various projects. 

However, now there is a joint Cana

da-United States project to consolidate 
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past engineering experience into the 

"Cold Climate Utilities Delivery Design 

Manual. " 6 Designs are also becoming 
standardized. The NWT Department of 
Public Works is developing designs for 

system components such as water truck 

fill points, water trucks and sewage 

trucks. In addition, as part of the Water 

and Sanitation Policy, the Department 

of Local Government has prepared a 

general guide for Water and Sanitation 

Engineering Predesign Reports which 

states general design criteria, acceptable 

assumptions for design, methodology for 

cost comparison of system alternatives 
and detailed equations for analysis of 

trucked systems? It also defines the 
required scope and presentation of the 

study. 
The poor standard of housing in 

northern communities is still a major 
impediment to improving sanitation and 
pub I ic health. Even though adequate 

water may be available, overcrowded 

conditions and inadequate water storage 

in houses make it impossible for families 

to maintain basic hygiene and sanitation. 

However, these conditions are improving. 
The Northwest Territories Housing Cor

poration is conducting an aggressive pro

gram for new and rehabilitated housing. 

Since 1974, all new houses have been 
provided with at least a 250-gallon water 

tank and most houses have been equipped 

with internal pressure systems and 400-

gallon sewage pump-out tanks. At last 

it appears that bagged sewage collection is 
coming to an end. 

Solid waste management was neg

lected in past policies and programs. 

Now, explicit recognition is given to 

garbage collection and disposal as a 

sanitation activity eligible for funding in 
communities that do not have a tax base. 

Also, the Department of Local Govern
ment is planning two projects for the 
coming year. The first is to develop a 
better design for a garbage collection 
vehicle for use in small communities. 
The second project is educational: the 
preparation of a Solid Waste Management 

Manual for administrators and those in 
the community responsible for collecting 
and disposing of garbage and other refuse. 

The manual will discuss the need for good 

solid waste management and the various 
management practices, including a de-

6 

tailed description of the "Modified 

Landfill Method" to be practiced in the 
various geographical regions of the NWT. 

A high priority has also been placed 

on the overall cost-effectiveness of system 
design. The ·Department of Local Govern

ment has two major projects underway in 
cooperation with the Northern Technol

ogy Centre of Environment Canada. 

First, the Water and Sanitation Computer 

Program developed for the 1974 Policy 

has been refined and expanded. Although 

primarily designed as a management 

decision-making tool to assess various 

ramifications of the Water and Sanitation 
Policy, the program will be devoted to 

improving trucked water delivery and 

sewage collection systems in terms of 

system component design and function 

versus system efficiency and cost effect

iveness. This aspect is dealt with in more 

detail below. 

Second, a study of the current state 
of the art in water and concomitant ener

gy conservation alternatives is underway 
to determine what methods would be 

practical for use in the Northwest Ter
ritories. These include devices to reduce 

water requirements in buildings (for 
example, low-water use toilets and show

ers); technical measures to conserve 
water in community systems (for exam

ple, instituting minimum line pressures 
during fire-free periods); and policies 

for community and regional adminis

tration of water and sanitation systems 
(for example, user rate structures, plumb

ing codes and educational material). 

Energy conservation is presently 

emphasized in projects eligible for fund

ing under the Policy . For example, most 
northern systems require some means of 

keeping the water in the mains from 

freezing. A new water supply facility 
under construction at Fort Simpson will 

recover waste heat from the Northern 
Canada Power Commission power plant 

to preheat the water prior to treatment 

and distribution . This feature is also 
included in the conceptual designs for 

new water supply facilities under dis
cussion for lnuvik and Grise Fiord. 

In retrospect, engineers and govern
ment administrators could not have been 

expected to solve the complex water and 

sanitation problems in the north over

night . The environment was foreign, 

contractors were hesitant, policies were 
new and funding was inadequate. Grad

ually, through the evolution of the Water 

and Sanitation Policy and its integration 

with northern engineering knowledge, 

the government has been able to deal 
with the pressing problems of water and 

sanitation with more confidence. The 
NWT is now converging upon a realistic 

approach to water and sanitation--one 
compatible with the prevailing social, 

economic and technological conditions in 
the region. However, even with adequate 

funding it will probably take another ten 

years before the service provided across 

the Territories reaches an acceptable 

level. 

TECHNOLOGICAL INNOVATION FOR 
NORTHERN WATER AND SEWERAGE 
SYSTEMS 

The present Water and Sanitation 

Policy in the Northwest Territories 

establishes various levels of water and 

sewage service. Because individual sys

tems such as wells and septic fields have 

limited application there, sewage service 

in communities generally involves piped 

or trucked water and other alternatives 
or combinations. 

The mode and level of service are 

selected to make the most effective 

use of limited government funds . To 
assist in selection, the Water and Sani

tation Computer Model was formulated 

to estimate the cost of various levels 
and types of service. 8 In strictly econ-om
ic terms, this is a classic decisions-science 

comparison between the capital-intensive 
costs of a piped system and the operating

intensive cost of a trucked system. The 
actual selection, of course, involves value 

judgments as well as housing and job 
opportunity factors that go beyond the 

normal engineering considerations of a 

utility system, but this model did not 

take social desirability into account. 
Instead, it focused on the total expendi

tures required for each alternative as the 

point of departure for informed political 

assessment and decision. 
The initial costs of a piped system 

are basically the sum of the fixed com
ponents, such as water intake, and the 

variable components, such as the wate'r 
and sewer lines. These components are 

sized and priced for some future capacity. 

The Northern Engineer, Vol. 9, No.4 
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Figure 1. Comparison of vehicle and piped system costs for a "typical" arctic com
munity (see Note 9 for assumptions). 

The larger the capacity, the lower the 
unit cost, and therefore the larger the 
population, the lower the per capita cost. 
Conversely, truck system costs are 
directly proportional to demand in terms 
of population and water us'e and have a 

relatively fixed per capita cost. 
Figure 1 illustrates these system 

characteristics for a "typical" arctic 
community.9 Annual costs for a trucked 
system are plotted for various popula

tions and water use consumption. The 

annual costs for a piped system (incor
porating fire flows) were also calculated 

and plotted to indicate the point where 
this becomes the most economical 

alternative. 
This analysis involves many assump

tions and, of course, there is no such 
thing as a "typical" community. How
ever, as the figure illustrates, there is 
a level of population and demand for any 
community at which a piped system be

comes more economical. The computer

ized approach used is a community
specific model that calculates, for a wide 
variety of community-specific variables, 

the present value of expenditures for 
each alternative over 20 years to deter

mine which is the better long-term in
vestment. 

The Northern Engineer, Vol. 9, No.4 

Piped Systems 
The high cost of installing water and 

sewer I ines is a major deterrent to select
ing piped systems. Recent piped water 

and sewer costs in permafrost areas 

range between $200 and $325 per foot. 

Technology , innovation, and a critical 
examination of the costs and benefits 
can reduce these costs. 

Multifamily housing is one way to 
reduce per capita cost of piped services. 
In the computer model, the housing 
types and population density are variables 
so that economic effects of housing and 

planning policies can be identified clearly. 
However, water and sewer systems must 

meet the users' basic requirements and 
must harmonize with the community 
milieu . For many northerners, particular
ly native people, detached housing units 

have always been a way of life. A whole
sale change to high density housing would 
entail significant social ramifications re
quiring political decisions and local 
consensus that must come before tech
nological optimization. Experiments with 
multifamily units have been carried out in 

places like Greenland, but at present in 

the Canadian north they are probably 
best suited for transient residents and 

the larger urban centres. 

Community layout can also lower 

costs by reducing the total length of 

utility lines by incorporating features 
such as small lots, compact town design 

and careful location of unserviced open 
spaces. It has been shown that subdivision 
layout that takes into account northern 

engineering requirements and planning 
can reduce capital expenditures by 
15%.10 

Piped water systems for small com

munities are generally designed for fire 
protection requirements rather than wa

ter consumption. This , of course, is 
reflected in the system costs. In northern 
communities, the incremental cost is 
higher and the benefits appear to be low
er than in the south. The whole concept 

of designing for full fire flows in the 
north has been questioned. 11 A more 
appropriate protection system would 

address the causes directly. The primary 
objective--to save lives and property-

may be best accomplished through pre
vention and early detection. Smoke 
and fire detectors, automatic sprinklers 

in furnace rooms and small "attack" 
fire trucks may be more appropriate and 

better investments than conventional 

waterworks with their attendant operat
ing problems in the north. Even relying 

on hydrants. and water itself may be a 

southern tradition with limited applicabil 
ity in the north . Airport-type foam 

trucks, for example, may be more reliable 
and less damaging to burning structures 
than is water. 

In Greenland, fire protection is an 
important feature of design and four-inch 

diameter water mains are permitted. To 
reduce costs in small communities in 

Alaska, the U. S. Public Health Service 
has established its own nominal fire flow 
requirements. These seldom demand wa
ter mains over four inches in diameter. 
In the Canadian North there is a need to 
re-examine the problem of fire protection 
to identify the costs and benefits of al 
ternatives. 

Where the capacity of piped systems 
is determined by water consumption, 

the size of the mains can be further 
reduced by prov iding buffer tanks within 
the system and in the buildings being 

served. Such tanks eliminate peak flow 
design requirements. There are also po-
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tential energy savings from o~erating 

such a system intermittently .1 After 

the storage tanks in each building, which 

are sized for approximately four days' 

requirements, are filled, the lines can be 

emptied by air pressure, leaving the lines 

drained and unheated for approximately 

80% of the time. A computer program to 

design and optimize this system indicated 

that for Pangnirtung, Northwest Ter

ritories (population 1 ,200), the largest 

pipe required was 2.5 inches in diameter 

with most of the network being 0.5 and 
1.0 inch. Such systems would be easily 

installed and costs would be considerably 

below those of a conventional system 
based on southern design standards. 

From community planning, aesthetic 
and engineering points of view, buried 
water and sewer pipes are certainly pref

erable to above-ground utilidors. Near

hydrophobic insulations such as poly

urethane and polystyrene that reduce 
heat loss and detrimental thawing of ice

rich permafrost, have made buried utili

ties feasible in most permafrost locations. 

The criteria for practicability in ice-rich 

soils are frost heave susceptibility and the 
thermal effects of surface disturbances 

from the actual installation. 13 Both 
above- and below-ground systems were 

recently constructed in Norman Wells, 

Figure 2. U-Dor being installed in lnuvik. 
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Northwest Territories. Although the 

buried portion costs $45 per foot more to 
install, the final cost of approximately 

$215 per foot is $35 per foot less than 

the total cost of the above-gr:_ound sys

tem; mainly - because of the cost of 
piles and road crossings necessary for the 

above-ground system. Lower operating 

and maintenance costs and longer life 
will further enhance the economics of 
the buried portion. More utility lines 
will be buried as experience and tech
nology develop. 14 

Above-ground utilities may still be 

necessary in thermally sensitive perma

frost areas or where excavation equip
ment is not available for installation and 

maintenance. The breakdown of typical 
utilidor costs in the Northwest Terri

tories is approximately 33% for materials, 

17% for engineering (7% design, 10% 

inspection), and 50% for construction. 
Prefabricated utilidors substantially re

duce the construction time, the most 

sensitive cost factor, and therefore offer 

great promise in reducing costs. In 

prefabrication, the cost of higher quality 

and high construction standards are 
quickly recovered by lower operation 

and maintenance costs and longer life. 

A recent prefabrication development is 
the U-Dor (Fig. 2), a self-supporting 

piping system complemented by standard 

bolt-on modules for appurtenances such 

as fire hydrants, cleanouts and service 

connections. 15 The compact shape of 

the U-Dor system reduces heat loss by 

20% compared to single pipe systems. 

Both vacuum and pressure sewage 

collection systems have been constructed 

in the north. 16• 17 They are particular'ly 
suited to permafrost and frost-susceptible 

soils because they permit some grade 
movement. These non-gravity systems of

fer solutions in areas where topography, 

permafrost or bedrock restrict layout 

and in communities that have a water 

shortage. The small diameter and flex
ibility of those systems complement 

small-diameter water distribution sys

tems. In an isolated community in 
Newfoundland, a system consisting of a 
pressure sewer and a water system de
signed for consumption only (no fire 

flow) was estimated to cost only 40% of 
. I d . 18 A . 'I a convent1ona es1gn. s1m1 ar ap-

proach would make piped systems econ

omical in most northern communities. 
Research into protection against 

freezing could improve reliability and re

duce costs. Studies of pipe freezing 

mechanisms have shown the dendritic 

ice formed by supercooling can cause 
pipe blockage early in the freezing pro
cess.19 Methods are being explored to 

increase the safety factor for freeze-up 
time by inducing ice growth in an an

nulus. However, even the best systems 
may fail and ·expensive damage or even 

abandonment could result. There a.re a 

number of devices and measures to 

prevent damage of a pipeline if freezing 

occurs. 2° For example, extra insulation 
can be placed at specific areas to ensure 

the pipe freezes at that location last and 
a simple bursting diaphragm or other 
mechanism can release the potentially 
damaging hydrostatic pressure. Alter

natively, a pre-determined section of the 
pipe can be sacrificed or, for small

diameter pipes, a soft plastic pipe can 

take the expansion. Research into these 
passive solutions needs to be encouraged. 

Trucked Systems 

In the analysis work now being done 
as part of the NWT Water and Sanitation 

Policy, it is assumed that buildings will 
have internal water storage, a pressure 
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system with a full complement of plumb

ing fixtures, and an exterior holding tank 
for all wastewater. Such a system should 

not be compared to the inefficient, 

makeshift arrangements sometimes used 
in the past, especially not to the unsan

itary plastic bag collection system. 

Trucked systems will be continued 
in most small communities and portions 

of other communities, so methods and 

equipment to improve the service and in

crease efficiency must receive attention 
and research funds. 

The economic rate for water delivery 

and sewage pumpout in NWT communi

ties is approximately six to nine cents 

per gallon. A typical breakdown of total 

annual costs shows that vehicle capital 

costs account for 15%, vehicle operation 

and maintenance 21%, garage capital 

9%, garage maintenance 5%, and labour 

50%. For a community with a two-mile 

haul from the water source, the water 

source portion of the total cost was 

approximately 30% with the balance 
being for the buildings within the com
munity. The total annual cost is directly 

proportional to consumption and popula
tion. Community density, which is 

critical for a piped system, is relatively 
insignificant for a vehicle delivery system. 

Vehicle systems require relatively little 

initial capital investment and are flexible 

because they permit incremental increases 
and decreases in service in response to 

demand and financial capability. 

Determining the quantity of water 

necessary to facilitate and pror:note good 

sanitation is critical to evaluating a 

vehicle system. As outlined above, meth
ods to reduce water requirements and 

waste are presently being studied, includ

ing hardware such as low flush, recircula

ting and dry toilets, flow limiting and 

aerated showers, front-load washing 

machines, insulated and circulated hot 

water as well as administrative methods 

such as pricing and plumbing regula-
. 21 

t1ons. 
Residential water consumption in 

Edmonton is presently about 52 Imperial 
gallons per capita per day (lgpcd). Con

sumption for houses with individual 

wells and septic fields is often lower. A 
survey of 33 houses in Yellowknife that 

are on fully trucked systems and that use 
over 1,000 Imperial gallons per month 

revealed an average use of 28 lgpcd. 
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Only a flat, nominal rate is charged for 
water and water conservation plumbing 

is not used. The low usage can be attrib
uted primarily to psychological factors 

since deliveries are usually made only 

twice a week. In the Northwest Terri

tories policy analysis, 20 lgpcd is used for 
residential consumption. It appears that 

this may be conservative even if only 

nominal water conservation appliances 

are installed. 

Vehicles for water delivery and 

pumpout service have recently been 
greatly improved and standardized (Figs. 
3 and 4) . The vehicle and building tank 

sizes can be optimized for community 

conditions and other efficiency improve
ments can be quickly assessed using time 

and motion equations that describe the 

system mathematically. For example, the 

equations show that locating the building 

connections for easy and quick access 

Figure 3. Household sewage pumpout truck ( 1,800 gal. capacity) in Frobisher Bay, 

N.W.T. 

Figure 4. Water delivery vehicle, Baker Lake, N.W.T. 
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is important. Signals to indicate when 
tanks are full or require servicing would 

further improve delivery efficiency. 22 

In some situations, a combination of 

trucked and piped systems may be the 

least costly. For example, the cost of 

piped water only is often less than for 

gravity sewer lines particularly with 

small-diameter lines. At the same time, 
large pumpout tanks and other factors 

often produce a lower cost per gallon 

for trucked sewage pickup than for 

trucked water delivery. A piped water 
and truck-pumpout system may there

fore provide a convenient and economical 
solution. Also, the preliminary computer
ized analysis indicates that it is usually 
more economical to pipe water to a cen

tral point in the community rather than 
truck water from a distant source. A sup

ply pipeline would therefore reduce the 
truck system costs and provide a logical 

first step in developing a completely 
piped distribution system. 

As suggested by Figure 1, there is 

a level of use and hence a community 
population at which a fully piped system 

is more economical than a trucked 
system. Servicing economics can change 

considerably if new growth and replace

ment housing is properly arranged. There

fore all communities, even those that will 

use a trucked system for many years, 

should allow for an eventual piped 

system through proper physical planning 

and building design. 

Waste Management 
The northern ecosystems are not well 

understood. Nevertheless, water quality 

must be protected by knowledgeable use 
of the limited available information 
coupled with common sense. Domestic 

wastewater disposal requirements must 
reflect present and future low population 

densities, and low industrial and agri
cultural activities within the northern 

watersheds. Waste management require
ments must respect the natural regenera

tive processes, biotic cycles, and con-

straints of the receiving environ-
ment 23•24 I h · · . n most cases, t e t1mmg, 
location, and method of discharge are 

more environmentally important than the 
level of treatment achieved. 

The primary concern of waste man

agement in the north is to protect public 

10 

health. Northern wastewater effluent 
requirements must consider the relatively 
long survival time of indicator and 

pathogenic organisms in cold environ

ments. 25 Any health hazard is enhanced 
·· by the local people's casual use of receiv

ing waters. In many cases, a treatment 

system providing solids reduction and 
good disinfection is all that is needed. 26 

A pilot plant to disinfect screened efflu

ent with ozone is presently being operat

ed by the Northern Technology Centre 

of the Environment Protection Service 
in Whitehorse with encouraging initial 

results. 27 

Treatment facilities, particularly 

mechanical plants, for small populations 

are expensive to install and operate. The 

isolation of most northern sites accent

uates even minor problems. Generally it 

is believed that mechanical plants should 
be considered only for transient camps 

associated with industrial development 

and where land use requirements restrict 
the construction of lagoons. 

A recent evaluation of 35 extended 
aeration systems in the north by the 

Northern Technology Centre identified 

some severe design deficiencies. 28 

The median value for BOD
5 

removal 

was only 48%. Simpler and more stable 
processes such as the rotating biological 

contactor might perform better. Under 

some circumstances mechanical plants are 

the most appropriate method of treat

ment. Such plants must be designed and 
sized for the specific wastewater quality 

and flow characteristics to be encount

ered. Wastewater treatment technology 
development for the north should be in 

the areas of disinfection, treatment of 

concentrated wastewaters such as from 
industrial camps, and improvements in la

goon performance through design, opera
tion and polishing systems. 

Ice cover is the rule rather than the 

exception for northern waterbodies and 

natural dissolved oxygen levels are low. 
Hence, the assimilative capacity of 
northern waters in the winter is undoubt

edly lower and perhaps much lower than 

similar waters in more temperate regions. 
Therefore, where high pollution control 
is necessary, flow management to prevent 
discharge during the critical ice covered 
period is perhaps the most economical 

and environmentally sound solution. 

The administration and enforcement 

of environmentally responsive regulations 

are difficult problems, but a blanket 

policy with respect to effluent quality 

or treatment level would seem to be 

counter-productive. Just as there is no 
upper limit to the treatment and manage

ment that may be necessary, there should 
also be no minimum level of treatment 

required. This does not mean that we 

should not continue to devise and assess 

innovations applicable to the small-scale 

requirements in the north. Methods to 

reduce the operational requirements and 

costs would certainly be welcome. How

ever, clearly the most important factors 

in waste management are protecting 

health and meeting the needs of the local 
environment. 

CONCLUSION 

New technology must respect the 

engineering and environmental conditions 

as well as the human and natural com
munity milieu in which it is to function. 

It must be perceived as an improvement 
and instill user confidence. Perhaps above 
all, technology for the north must be 
simple. 

Utility systems in the south long ago 

outgrew their original function to im

prove sanitation and reduce our individ

ual efforts. These have been overshad
owed or replaced by considerations of 

environmental management, maintaining 

lifestyle, and facilitating and attracting 

development and industrial growth. This 

is not the situation in much of the 

northern provinces and in the Northwest 

Territories. There we are in a sense just 

beginning to understand the setting and 

the technological solutions . The environ

mental, cultural and political setting pose 

exciting engineering problems and require 

innovative technological solutions. 
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by W. M. Sackinger 

Adfreeze Bonding Between Sea Ice and 
Offshore Structures 
a critical examination 

INTRODUCTION 

As the search for offshore petroleum 

resources proceeds into ice-infested Arc
tic waters, the use of conical steel struc

tures for exploratory drilling in water 
deeper than 40 feet appears to be a prob
able approach. Industry studies have 

shown (Croasdale, 1975, 1977; Jazrawi 
and Khanna, 1977) that conical struc

tures are to be preferred, because less 
lateral force is transmitted from a moving 
ice sheet to a structure of conical con
figuration: the conical surface induces 

flexural failure in the ice sheet (Fig. 1) 
rather than possible failure in compres

sion which might occur with vertical 
structure faces (Fig. 2). If fragments of 

ice adfreeze . to the conical structure, 
however, and the adfreeze bond is strong, 

then this advantage of the conical struc
ture might be lost, and the structure 
would need to be designed for much 
higher lateral ice loads, at much greater 

cost (Jazrawi and Khanna, 1977); this 
is shown in Figure 3. 

A solution proposed by Jazrawi 
and Khanna (1977), and by other indus

try studies, is to use waste heat from the 
drilling operation to control the adfreeze 

of the ice sheet fragments on the cone. 

The importance of adfreeze in 60 feet of 
water, for example, is quite dramatically 

shown by Jazrawi and Khanna; by their 

estimate, a 40 foot thick ridge would 
cause a horizontal load of about 24.7 

million pounds without adfreeze, and a 
load of about 40.5 million pounds with 
adfreeze bonding included. According to 
their preliminary design estimates, ad
freeze can therefore cause a 64% increase 
in lateral loading. Clearly, this is a specific 

question which should be examined more 
closely . 

PREVIOUS ADFREEZE MEASURE-
MENTS 

A study of the adfreeze bond of sea 
ice to structures was initiated by W. M. 

Figure 1. Sea ice failure in flexure. 

Platform 

Sea ------- ..-' 

'~ ,~~ 
,JJ...fJorn F d d C.\{u~ ....... ------ ou n e ___ ~---------

.:. -. • .. -.... 

~:-:-:--:~...,....,...~~~: ..... _; ~~~~:~::-:_;{_-::-... : ._, l'C'Jtl~;J~(r··r:·t~1-Ji!-',l; 
: · · .· ·. ·:. . ~ ·."'. , . _ 

-- -.. ' "': ; ' "'.' .., 

The Northern Engineer, Vol. 9, No.4 13 



dlatform 

I I 

Sea Ice 

Figure 2. Sea ice failure in compression. 
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Sackinger in 1976, and the results of 
experimental measurements were report
ed by Sackinger and Sackinger (1977). 

This paper contains many references 
to previous work. Most of the previous 
research on this subject was oriented 
towards the question of frictional drag 
experienced by icebreakers. Measured 

values for static and dynamic friction 
coefficients are abundant, but only two 
studies (Raraty and Tabor, 1958; Stehle, 
1970) have measured adfreeze bonding. 
In both cases the authors' choice of 
experimental geometry resulted in a 
wide variation of shear stress along the 
ice boundary; this stress variation was 
not accounted for in the interpretation of 
their results. 

An · improvement in experimental 

geometry for adfreeze measurements was 
introduced by Sackinger, who used a 
cylinder in torsion embedded in the ice, 
as shown in Figure 4. Because of the 
cylindrical symmetry, only shear stresses 
in the circumferential direction are pre
sent at the interface between the cylinder 
and the ice. However, at the end of the 
cylinder, and also at the surface of the 
ice, the stress distribution is more com
plicated. Fortunately, by St. Venant's 
principle, these end effects can be neg
lected if the length of the cylinder is 
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Figure 4. Test geometry for measurements of adfreeze bond strength. 

great compared to the diameter. This 
was the case for the experiments made. 
A second assumption is that the cylinder 

is relat ively rig id in torsion in comparison 

w ith the ice, so that the same shear stress 

is applied all along the length of the 

cylinder. Since the elastic modulus of 

steel is over 20 times greater than the 

elastic modulus of the ice, this condi

t ion is also obeyed with this experimental 
geometry. 

Results obtained by Sackinger and 

Sackinger (1977) include a decrease in 
shear strength of the adfreeze bond of sea 

ice to steel as ice salinity increases, and a 
decrease in strength as temperature in

creases. A maximum value of 230 pounds 
per square inch was measured, at a sa 

linity of 0.4° /oo and a temperature of 

-23°C. However, for an offshore structure 
subjected to adfreeze of sea ice below the 
waterline, it is likely that the sal inity of 

Figure 5. Adfreeze bond of saline ice to steel as a function of salinity. 
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the sea ice freezing onto the structure 
will be in the range of 4° /oo to 8° /oo 

under most conditions; this means that 
the adfreeze shear strengths most probab

ly applicable will be less than 125 pounds 

per square inch (from Figure 5), depend

ing upon the temperature profile of the 
region adfrozen to the structure. Such an 

adfreeze bond can still sustain lateral 
loadings of millions of pounds, however, 

for large conical structures such as de
scribed by Jazrawi and Khanna; Croas

dale (1975) has calculated that 30 mil

lion pounds can be sustained at 100 psi 

strength. Clearly, the examination of 

techniques for reducing the adfreeze 

bond strength is of great significance 

for the safety and economics of structure 
design. 

DIRECTIONS FOR FURTHER RE

SEARCH 
Adfreeze Bond of Sea Ice to Coated 
Structures 

Offshore structures in Cook Inlet, 

Alaska, were the first in which the im

pact forces of floating ice were the dom

inant factor in structural design. Annual 

ice there is driven by tidal currents, 
causing considerable abrasion of the plat

form legs. At the time of platform 

fabrication, coatings which would with

stand such abrasion were not available, 

and consequently these platforms remain 

uncoated below the waterline . 

In the Beaufort and Chukchi Seas 
the tidal currents are very small, and the 
occasional ice movements come about 

because of wind shear forces or internal 
pack ice stresses. Opportunity for ad
freeze is virtually non-existent in Cook 
Inlet, but is frequent in the Arctic. 

In the past several years, coatings 

for icebreaking ships have been perfected 

and evaluated, to the point where it is 
routine practice to coat icebreaking ves

sels (Marsh et a/. , 1978; Milkinen, 1975, 

1978 ; Taskinen, 1978; Tallgren, 1978) . 
Two coatings have been identified in U.S. 
Coast Guard studies, and in studies by 

Oy Wclrtsilil Ab, as being suitable for ex
tended icebreaker service: a two-com

ponent epoxy, "lnerta 160," and a 

solventless polyurethane, "Zebron." 

The use of such coatings should 

be considered for offshore structures in 
the Arctic, for several reasons. First, 
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through the use of such coatings, the 

reduction of both dynamic and static 
friction coefficients at the ice structure 
interface has been amply demonstrated 

in the icebreaker research referred to 
above; hence, the loadings on offshore 

structures after ice movement has begun 
will be less. Second, the several-year 
durability of such coatings in icebreaker 
service has been established; for Arctic 

offshore structures, it could be expected 
to be considerably longer, since ice 
abrasion interact ion events are infre
quent. Third, the coatings are effective 

in reducing marine corrosion, which 

could be very serious in the Arctic 

without such measures. At the colder 
Arct ic water temperatures oxygen sol
ubility, and hence corrosion, is increased; 

cathodic protection may be difficult to 

achieve for the I arge areas of the structure 

in contact with sea ice. Fourth , repair 

costs for structures in the Arctic offshore 
will be very high, and coatings will re

duce the expected frequency of repair, 

by reducing ice abrasion, ice forces, and 

corrosion . 
Clearly structure coatings will have 

an effect upon the adfreeze bond be

tween the ice and the structure. One 

would expect the bond strength to be re
duced . Preliminary experiments (Sackin

ger, unpublished) on the adfreeze bond 

strength between sea ice and polytet

rafluoroethylene, as an extreme example, 
have shown a reduction to 12% of the 

value for uncoated steel. Translated into 

design criteria for a structure, it is con
ceivable that the possible additional 

lateral loading of 16 million pounds, 

in the adfreeze example of Jazrawi and 
Khanna ment ioned above, could be re
duced to less than 2 million pounds. In 
this simplified example, the 64% lateral 
loading increase due to adfreeze onto un

coated steel could be reduced to an 8% 
lateral loading increase due to adfreeze 

onto coated steel. However, the actual 
strength of the adfreeze bond between 

sea ice and coated steel must be measured 
before these possible design savings can 

be implemented with confidence. 

Possible Problems Resulting from the 
Use of Waste Heat to Reduce Adfreeze 
Bonding to Structures 

The frequently-mentioned remedy 

for adfreeze, in which waste heat is used 
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to melt the ice at the interface, should be 

compared on the bases of economics 

and reliability to the use of coatings, 

even though coatings may be required for 

corrosion mitigation . The deliberate pro

duction of water at the interface, by 

melting above the seawater level, has 

several consequences for the structural 

design. 

First, the warm temperature of the 

structure will transfer heat to the sea ice 
adjacent to the structure, causing brine 
drainage and enhancing the creep of the 

ice, so that there will be more surface 
area of sea ice in intimate contact with 

the structure above the waterline . If 
there is an unexpected interruption of 
the ice-melting system, permitting ad

freeze to occur, then the surface area of 

adfreeze would be much greater than in 
the case where the cold sea ice fragments 
contact a cold structure at a multiplicity 

of points and lines. 
Second , in order to insure that the 

adfreeze bonding does not take place, it 
wi II be necessary to hold the structure 

temperature several degrees above 0°C, 

to allow for local variat ions in heat 
transfer and for non-uniformities in 

ambient temperature at the interface. 

This will result in a gradual melting of the 
sea ice in contact with the structure. 
At the interface between the sea ice 
and the structure, the conditions are 
similar to those prevalent in ice ridges 

dur ing the summer melting season. Sea 
ice, which has a great deal of brine 

drained from it, has a low salinity. 

When this relatively fresh ice (less than 
4° /oo) is melted at the structure-ice 
interface, the melt water will be of low 
salinity compared to sea water (approx

imately 34° /oo). The low-sa linity water 
will drain down to the waterline, will very 
likely stratify above the more dense 
sea water below, and will spread laterally 

under the ice around the structure, 

cooling as it spreads. Since the ambient 

temperature of the sea water is -1 .8°C, 

and the sea ice above the sea water is 

even colder, the stratified layer of low
salinity water will freeze . As this pro-

structural design than if one were to 
assume that annual sea ice was thrusting 
against the structure. As an example of 

the magnitude of this flexural strength 

increase, Schwarz (1975) has shown 

flexural strength of 1.6° /oo ice to be 

2 .3 times greater than the flexural 

strength of 4.9° lao ice. However, 

Schwarz's model tests were on a small 

scale, at a constant temperature of 

-14°C. In a full scale ice sheet, a tem

perature gradient would be present 

through the sheet, which would vary 
gradually during the winter and spring; 

furthermore, the size of the region 
subjected to this stronger ice would grow 

throughout the winter season. Analytical 

estimates of these complicating factors 

should be made, to set upper limits on 
1 
the add iti onal lateral loading which 

would be due to this effect. Certa inly, 

if an offshore structure is to be equipped 

for adfreeze reduction using waste heat, 

such calculations should be carried out 

at some stage in the design. A comparison 
of the costs of strong structural design 

for this case could then be made with the 

costs of a coated structure, and the 
structural design appropr iate for that 

case. The reliability of a part icular 

waste heat ice-melting system should also 
be compared with the reliability of a 

coated structure. 

The above discussion of a heated 
structure applies to the ice /structure 
interface above the waterline. The heated 
structure just below the waterline will 

probably be an effective deterrent to 

adfreeze there. Local convection currents 
near the structure may transfer heat from 

the water /structure interface to adjacent 
ice in a complicated manner, melting the 

sea ice adjacent to the structure. Further 
ramifications of this should be examined 

by additional analyses and experiments. 
For structures to be used beyond the 

barrier islands in the Beaufort and Chuk

chi Seas, if one uses as the most severe 

design condition the possible intrusion 

of an ice island or a multi-year ice ridge 

in summer conditions, then the difference 
between low-salinity ice and annual sea 

cess continues through the winter, a ice discussed above will be irrelevant, 
collar of stronger, low-salinity ice could 

be built up around the structure. Such a 
strong ice sheet, while probably no 

thicker than the normal sea ice sheet, 
would certainly require a stronger 

as much greater lateral forces are involved 

if an ice island strikes a structure. How
ever, the probability of the ice island im

pact against a structure in the Beaufort 

and Chukchi Seas may be so miniscule 
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as to warrant the risk, particularly since 
such hazards can be detected in advance, 
drilling operations can be suspended, and 
ice destruction countermeasures can be 
utilized. Risk hazard analysis remains to 
be done for ice islands and multi-year 
ridge intrusions. 

In the Bering Sea, which is not sub

ject to ice island and multi-year ridge 
hazards, the remarks above about fresh 
ice formation are applicable as well. An 
additional environmental hazard, struc
ture icing, is also possible in the Bering 
Sea. Structure icing is produced when the 
air--and the structure--are cold, but the 
water is warm. With high winds and open 
water, waves and spray are generated at 
the offshore structure, and tend to freeze 
onto structural members. This has been a 
hazard which has claimed ships in north
ern waters for centuries. Although it 
would be helpful to reduce the ice 
loading high above the waterline by 
heating the structure, this solution is 
clearly impractical for all exposed surface 
areas on an offshore platform. A surface 
coating with a very low adfreeze bond 
strength, however, would be helpful on 
all exposed surface areas. Otherwise, if 
the ice accretion is allowed to proceed, 
sizable design allowances for increased 
vertical loading, as well as for some ad
ditional lateral wind forces, would have 
to be included. With knowledge of the ad
freeze bond strength of possible coatings, 
the assessment of the additional costs 
associated with these design alternatives 
can be made. Surfaces exposed to freez
ing spray should be simple and continu
ous on a large scale without recesses or 
convolutions, so that the weight of the 
surface ice can eventually cause a failure 
of the adfreeze bond, allowing the struc
ture to shed its accumulated ice load 
periodically. Clearly, there is a need for 

innovative design, and preliminary eval
uation of design concepts, in this impor
tant field. 

Stress-strain Relationships at a Structure 
Boundary 

The most advanced analysis of the 
interaction between a structure and an 
advancing ice sheet must recognize that 
two distinctly different boundary condi

tions are possible. In one case, the ad
freeze bond has developed between the 
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ice and the structure, whereas in the sec
ond case there is only a frictional bond 
(either static or kinetic) between the ice 
and the structure. Since the lateral forces 
transferred to the structure are greatest 
in the case of adfreeze at the boundary, 

it is probable that this case will be of pri
mary importance in the analysis which 
leads to . specific preliminary designs. 

Sea ice is an anisotropic material, and 

its anisotropy is manifested in its mechan
ical properties (Peyton, 1966; Schwarz, 
1970; Dykins, 1970; Schwarz and Weeks, 
1977 ). Most tests have been done on the 
compressive and tensile strengths of sea 
ice as a function of orientation, however, 
and relatively few results have been re
ported on the variation of static elastic 
moduli with orientation. Such measure
ments are complicated by the creep in 
sea ice; the stress-strain relationship is 
a function of loading rate. The complex 
nature of this material means that the 
problem of ice/structure interaction is 
probably best attacked through the use 
of the finite-element computer technique. 

The finite-element technique is an 
extremely powerful method of analysis. 
One of the essential inputs to this analysis 
is the appropriate boundary conditions. 

The state of stress at the ice/structure 
interface may be shear, compressive, 
tensile, or mixed. The most likely case is 
a mixed-mode condition. The appro
priate stress-strain law at the interface 
itself is not known. One way of providing 

some additional experimental evidence to 
be used in finite -element analysis is to 

measure the stress-strain relationship of 
the adfreeze boundary region in pure 
shear, using cylindrical geometry 
(Sackinger and Sackinger, 1977). This 

could be done for different loading rates, 
rates which are representative of those 
occurring in nature due to natural ice 
movements. It could be done as a func
tion of salinity and as a function of 
temperature. Perhaps most important, 
it could also be done in a mixed mode, 
with superimposed compression applied 
uniformly in a radial direction inward, 
so that the possible change in the stress
strain law of the boundary region as com
pression is applied could be determined. 
This sort of experimental data would 
provide a greater measure of confidence 

for finite-element analyses of specific 
structure shapes that are subject to ice 
loading. A separate experimental geom
etry should probably be considered for 
evaluation of the tensile strength of the 
adfreeze boundary region. 

Effects of Surface Material and Rough
ness upon the Adfreeze Bond 

The coating of steel discussed above 
represents one possible material change 
at the ice/structure interface. Exotic 
materials are usually avoided because of 
their high cost, but it is common practice 
to apply a coating of Monel on the steel 
in the splash zone of offshore structures 
in temperate and tropical waters to 
reduce corrosion. Corrosion is most 
severe in the splash zone, because of the 
high oxygen concentration and the 
ineffectiveness of the cathodic protection 
system above the waterline. For offshore 
structures in the Bering, Beaufort, and 
Chukchi Seas, the use of Monel will 
certainly be considered, so the adfreeze 
bond strength between sea ice and Monel 
will be of considerable interest. A series 
of measurements of this bond could be 
made using cylindrical geometry (Sack
inger and Sackinger, 1977). If other 

cladding materials appear attractive, they 
should also be tested for adfreeze bond 
strength . 

The importance of surface irregular

ities on static and kinetic friction has 
been recognized by Grothues-Spork 
(1974), who used a small conical-shaped 

fixture in torsion to measure static 
friction coefficients. He compared a 

smooth cone with one with 0.5 mm deep 
irregularities, and found a static friction 

coefficient of 0.05 for the smooth surface 
and 0.08 for the rough surface. These 
experiments, while preliminary, do indi
cate that a greater coefficient of friction 
is associated with a rough surface, as one 
would expect. Similar reasoning leads 
one to expect that the adfreeze bond at 
an ice/structure interface would be higher 
for a rough surface. A measurement of 
this effect could again be accomplished 
easily in cylindrical geometry, as de
scribed above. If offshore structures are 
made of steel, uncoated and unclad, then 
corrosion pits will certainly develop 
quickly, just as is the case on icebreaker 
hulls of past years. Pits of depth .020" 
(0.5 mm) can develop in two years. 
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Adfreeze on a pitted surface would 

then occur, and the increase in adfreeze 
bond strength might be appreciable, 

leading to higher total lateral force on the 
structure. For such uncoated, unclad 
structures, adequate adfreeze bond 
strength information for the inevitable 
rough surface, which also may have sur
face irregularities due to welding, should 
be available during the design stage. 

CONCLUSIONS 

Adfreeze bonding of sea ice to 
Arctic offshore structures has been 
generally recognized as being potentially 

responsible for additional lateral loads 
on structures, loads as high as 64% 
above those expected due to sliding 
friction at the ice/structure interface. 
By one estimate, an adfreeze bond 
strength of 100 p.s.i. could sustain 30 
mil lion pounds of lateral loading. Eval
uation of the shear strength of the 
adfreeze bond at the ice/steel interface 
has revealed a maximum value of 230 
p.s.i., with strength decreasing as salinity 
and temperature increase. 

Recent developments in the dura
bility of coatings for icebreaking ships 
have opened up the possibility of re
ducing the adfreeze bond strength 
through the use of coatings. The use of 
waste heat for melting the adfreeze bond 
has several potential problems which 

could lead to a need for stronger and 
more expensive structures. The stress
strain relationship in the ice/structure 
boundary region, to establish appropri

ate boundary conditions for finite
element analysis and design, is important. 
For all coated steel surfaces, for surface 
materials other than steel, and for rough
ened surfaces, measurements of the 
adfreeze bond strength of sea ice remain 
to be made. 
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by Richard Seifert and Lee Leonard 

THE SOLAR COMPONENT 

The stage is bare now. We are between theories. We are in the last period of the 
fossil fuel era--and the so-called nuclear era is already aborting ... 

When the stage of the future is unoccupied, when there is not one strong vision 
of which we are all in the process of working out, we don 't have to fight against 
either the established vision or the rebels. There is no enemy. The empty stage is 
the rarest of opportunities. 

Mr. Cashman's bank-shot off the 

softening belly of the industrialized 

world's energy posture exemplifies many 

reasons why engineers take a skeptical 
look at the advocates of so-called soft 
path technology. Few argue that our 

existing energy economy, which the 

western world has so long taken for 

granted, can endure forever ; fossil fuels, 

petroleum especially, but also coal, are 
finite. The argument is not if, but when 
the alternate sources of energy will be 

needed, to what degree, and how this 

transition will be effected. To that 
extent Cashman is right, but also naive. 

To suggest confidently that the nuclear 

era is stillborn indicates he has followed 

the recent American zeal to block reactor 

construction in its own back yard but 

ignored the international trend to nuclear 

power in western Europe as well as 
Brazil, the Philippines, and many other 

third-world nations . He can go on enthus

iastically about an empty stage only by 

overlooking a clutter at stage center 
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which amounts to the predominant 

technology welded to our time and 

place. And when Cashman concludes 

with a statement suggesting that our 

current problems amount to something 

merely equivalent to a mad inventors ' 

holiday, avoiding the seriousness and 

complexity of the problem, many of us 

feel betrayed. 
Given the long view, a very long 

view, we must concede the prudence of 

incorporating significant forms of alter
nate energy, especially renewable forms, 
into our economy. Further, if it is not 

done and proves to have been necessary, 

history will have the perfect scapegoat: 
the scientists and engineers upon whom 

society has become so dependent. 

We may dislike the way Cashman 

presents his thesis, but must admit in the 

end that we scientists and engineers 
must do the research and develop the 

components to fill Cashman's stage 

against that day when it becomes truly 
empty. 

··Ty Cashman 

Rain Magazine 
November 1 977 

One of the appropriate components 
most frequently cited by soft-path 

technologists is solar energy: on the 

surface, it seems like the most unlikely 

for northerners to consider. But is it? 

In 1974 an article in this magazine by 

Richard Mirth reminded us that there are 
230 hours more sunlight per year at the 

Arctic Circle than at the equator. In the 

normally sunny interior of Alaska at 

Fairbanks the re are about 335 x 1 o6 

Btu's of solar energy incident on the roof 

of the average home * annually, or about 
twice the energy required to heat it 

*The average Fairbanks home, as defined 

by Axel Ca rlson of the University of 
Alaska's Cooperative Extension Service, 

has a floor area of 1156 ft 2 with wall 
insulation of R 19, roof insulation of 
R35 and an annual heating requirement 
of 176 x 106 Btu's. 
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south-facing window area for latitude 

64° 52' north. The next two figures 

compare the amount of solar energy 

incident on 350 sq. ft. of south-facing 

windows with the energy necessary to 

heat an average Fairbanks home from 

September through May, for both a 

structure with a standard integrated A
value (Fig. 2) and one having an improved 

thermal enclosure with an integrated A
value of 18.27 (Fig. 3) . While these 

comparisons neglect the question of 

storing solar energy and only compare the 

total amounts available, it is quite clear 

that passive solar energy could signifi

cantly reduce space heating fuel costs. 

200 250 300 350 400 450 

Let us assume that a similar (50%) 
fuel savings would be possible in Fair

banks and Anchorage by using Gilpin's 

passive techniques. If every existing home 

in these two major population centers 

was retrofitted with a passive solar 

system of comparable efficiency, what 

would the savings be? Assuming 20,000 
homes in the Fairbanks area and 60,000 
in Anchorage, the annual savings would 

represent about 1.2 x 1012 
BTU of 

SOUTH FACING WINDOW AREA, FT 2 

FIGURE 1. ' DAILY AVERAGE SOLAR HEAT AVAILABLE vs. WINDOW SURFACE AREA (VERT. SOUTH
FACING) FAIRBANKS, ALASKA 64° 52'N . 

(Fairbanks North Star Borough, 1977). 
Clearly, for much of the north, the sun is 

an abundant energy resource, but some 

innovation is necessary if we are to use 

it. 

PASSIVE SOLAR HEATING 

A significant portion of this energy 

can be captured by passive means. Passive 

solar heating is simply a way of using the 

building itself as a solar energy collector. 

Many northerners are familiar with the 
heat gain from large south-facing win

dows during the day, a form of passive 

solar heating. Gilpin (1976). reporting 

on a recent study by engineers in Edmon

ton, Alberta, identifies the advantages of 

the passive solar technique for northern 

climates. Using a conventional frame 

home as a model, the study varied design 

parameters for the structure including 

size and orientation of windows, building 

insulation thickness, awning configura

tion, interior thermal mass for storing 

captured solar heat, and insulated shut

ters for limiting heat loss through win

dows when the sun was not shining. 

Computer simulation indicated that pas

sive solar heating could supply 30 to 50% 

of the model home's annual heating 

requirement, and far higher percentages 
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were possible with proper use of insulated 

shutters. 

The Gilpin study clearly suggests 

that Edmonton's residents should give 

careful thought to passive solar heating 

techniques, if only the thoughtful use of 

south-facing windows. But what about 

farther north? Figure 1 shows the daily 

average solar heat available vs. vertical 

thermal energy, the equivalent of ap

proximately 14 million barrels of oil or ( 
85 million cubic feet of natural gas at 

typical recovery efficiencies, or $7 

million worth of oil or $4.5 million of 

natural gas at present prices. 

• D 
PASSIVE SOLAR HEAT AVAILABLE THROUGH 350 FT1 SOUTH-FACING WINDOWS , VERTICAL 
MONTHLY AVERAGE I PERCENTAGE OF TOTAL LOAD IS INDIC ATED) 

30 

25 

<D 

2 

BTU HEAT REQUIRED BY " TYPICAL" HOUSE (INTEGRATED R-VALUE ' 9.135) - , ANNUAL LOAD COMPARISON SEPT- MAY 

SOLAR HEAT , 98.21, 10• 
TYPICAL BUILDING HEAT REQUIREMENT ' 169.1, 10• 

SOLAR PERCENTAGE ' 6 1.7% 

Fig . 2 .' INTEGRATED BUILDING THERMAL PERFORMANCE REQUIRED vs. PASSIVE HEAT 
GAIN (FROM SOUTH - FACING WINDOWS- 350 FT.2 ) 
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SOLAR HEAT AVAILABLE ( 350 FT2 SOUTH· FACING WINDOW AREA) PERCENTAGE OF TOTAL 
LOAD IS INDICATED. 

BTU HEAT REQUIRED- IMPROVED THERMAL ENCLOSURE (INTEGRATED R-VALUE '18.27) 

ANNUAL 
TYPICAL BUILDING HEAT REQUIREMENT • 84 .55 x 10 BTU 

ANNUAL SOLAR PERCENTAGE • BO. 7 % 

100+ 

Fig. 3: HEAT REQUIREMENTS (IMPROVED THERMAL ENCLOSURE) vs. PASSIVE SOLAR 
HEAT GAIN (FROM SOUTH- FACING WINDOWS - 350 FT 2) 

ACTIVE SOLAR ENERGY COLLEC
TION 

A study by Zarling and Seifert 
(1978) has shed new light on the econom

ics of domestic water heating with com

mercially available flat plate solar collec

tors for various specific locations in 

Alaska. Using historical solar radiation 

data for five sites--Annette Island, Bar

row, Bethel, Fairbanks, and the 
Matanuska-Palmer area--a computer sim

ulation compared solar-domestic hot 

water systems with conventionally fueled 

systems. The study concluded that the 
solar systems were competitive with 

electrically heated hot water systems at 

all sites except Palmer if collector
installed costs did not exceed $20 per 

square foot. However, solar systems 
could not compete with oil- or natural 
gas-fired systems at any of the five 

locations sampled at the present collector 
and fuel prices. A simulation of the 
amount, annual percentage of energy sup

plied by the sun, and an economic 
analysis of a solar-powered domestic hot 

water system operated in the Fairbanks 
area is shown in Figure 5. 

The analysis in Figure 5 indicates 

solar hot water heating in Fairbanks 

seems economically favorable when 
compared to the electric alternative. 
Interestingly the cost of electrical energy 
in Fairbanks is not dramatically higher 
than in other parts of the nation (ERDA, 
1977): 

ELECTRICAL ENERGY COST COMPARISON 

Fairbanks, Alaska . . . . . .$14.65/10
6 

BTU 
6 

Jacksonville, Florida . . . .$12.00/10 BTU 
6 

Boston, Massachusetts .. . .. $13.75/10 BTU 
. 6 

Northeastern Pennsylvanra ... $11.70/10 BTU 

Domestic electric hot water heating 

in Fairbanks has been estimated by the 

Golden Valley Electric Association to 

consume approximately 4200 kWh an· 
nually per home. Using again the estimate 

With an active solar energy collec
tion system a working fluid is circulated 

through a collector either by pumping 

or by natural convection. This working 

fluid then becomes the active heat 

transfer agent in the process by absorb

ing, storing, and ultimately transferring 

the solar heat to its desired use. The 

primary component in an active collec

tion system is the collector. These vary 

in configuration, but perhaps the most 

common is the flat plate variety. Hai 

Toh Lim's article in the last issue of 

TNE featured air collectors with gravel 

storage. 

Figure 4. Underground solar house designed to use both active and passive recovery 

techniques. (Courtesy of Institute of Water Resources.) 

Any structure which attempts to 

make the best use of available solar 
energy would probably use both active 

and passive recovery techniques, as does 

the underground solar house pictured 

in Figure 4. Yet it is still possible to 
put solar energy to work without em
bracing such radical designs; perhaps the 

most useful work that an active system 
can do in the north is to supply domestic 

hot water, which is required year-round 

and can therefore take advantage of the 

abundant summer sunlight. 
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Fig .5: FAIRBANKS, ALASKA (64°491N. )(UTILITY RATE = $14.60/MMBTU) 

of 20,000 homes in the Fairbanks area, 
assuming all use electricity to heat water, 

and taking the Seifert and Zarling study 
estimate that a solar hot water system 
there could provide 68% of each home's 

annual hot water needs, we find that 
58.7 million kWh of electrical energy 
at a current market value of $2.9 million 
could be displaced by solar domestic 
hot water systems. 

While the above evaluations surely 
oversimplify both the economics and the 
complexities of retrofitting solar systems 
to existing structures, they do lend 
perspective on the potential of solar 
energy in the north. Unfortunately no 
in-depth economic analysis has been 
made to date which would quantify the 
ultimate potential for solar use to any 
greater degree. 

RURAL POTENTIAL 
The major deterrents to the use of 

solar systems seem to be their high 
initial cost and the lack of both con-
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sumer and construction industry exper
ience with these systems. The economics 
of active systems may prove most attrac
tive in the rural areas of Alaska's interior, 
where transportation costs inflate fuel 
prices--presently oil costs from 60 cents 
to as much as $2.00 per gallon in the 
villages--and electrical energy costs often 

exceed the limit practical for people 
to afford the luxury of hot water sys
tems. At the same time residents have 
had little opportunity to become accus
tomed to one particular system since few 

domestic hot water systems of any kind 
presently exist, so experimentation with 
solar energy may not seem as radical 
as it does in more populated areas. 

The economics of rural Alaska could 

be influenced greatly by innovative 
uses of solar energy. Figure 6 shows one 
such scheme, a shower and laundry facili
ty capable of supplying a small interior 
Alaskan village with up to 100 showers 
and 20 loads of laundry per day for 
approximately eight months of the year. 

All energy required for heating water 
during those months would be sup
plied by the 1 000 ft 2 solar collector 
array, with a modest amount of electrical 
energy needed for lights, pumping, and 
the washers themselves. Possibly the 
warm waste water could be used for 
garden 1rngation (H. Morris Morgan, 
pers. comm. ). Those eight months coin
cide with the tourist season, so that the 
presence of such a facility could bring 
new dollars into villages near major 
transportation routes (e.g. Northway, Dot 
Lake). With a backup fuel-fired system 

the facility could be used the year 
around. Either way, the cash flow dia
grams shown in Figures 7 and 8 indicate 
that the economics of the system are 
attractive and could provide a stimulus 
to local commerce. 

INDUSTRIAL SOLAR APPLICATIONS 
The above example of a small busi

ness may serve as a simple model of what 
solar energy must surely become if it is 
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Figure 6. Shown above is a sketch of a community shower and laundry facility designed to serve a small rural village, where the residents do not have such conveniences 
in their homes. It is designed to supply up to 2,000 gallons of solar heated hot water per day and requires only a relatively small amount of electrical energy 
for pumping and lighting. This facility is able to operate from April to September on solar power alone in favorable parts of Alaska's interior; however, back-up 
systems could be installed to facilitate year-round use. The modular design permits an entire unit to be transported to 'a remote area by barge, C-130 aircraft, 

or helicopter transport. 
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to play a significant role in the economic 
development of the state. By adapting 
solar energy to industrial uses, goods, 
services, and jobs are created. By util
izing a renewable energy source the sta
bility of the system is assured: Sunshine 
can vary in amount but never cost, while 
fuel prices can shift dramatically. Solar 
energy can be adapted to such uses as 
grain drying, kiln drying of lumber, 
greenhouse agriculture, preheating irriga
tion water, water heating in salmon 
hatcheries (Raymond, 1977), and so on. 

The important consideration of in
dustrial applications of solar energy is 
whether private enterprise will recognize 
the potential and whether investment 
will follow should a promising opportun
ity be recognized. It is quite clear from 
the public response to the various public 
forums by which the state government 
has recently solicited opinion that a 
majority of Alaskans favor an .economy 
built around renewable resource indus
tries. It may be- necessary to provide 
incentives to get the ball rolling; to 
achieve this the 1974 Alaska Legislature 
created the Renewable Resources Devel
opment Fund (RRDF) which is to receive 
5% of the mineral, oil, and gas revenues 
accruing to the state treasury. While the 
legislative mandate which defines the way 
in which the fund will actually be used is 
yet to be finally established, the general 
idea behind the RRDF is to use nonre
newable resource income to stimulate 
renewable resource development. This 
and other mechanisms currently being 
considered at the state level should prove 
helpful in advancing the cause of "ap
propriate technology." 

POSSIBILITIES 

Solar energy is only intermittently 
available. At latitude 65°N, 71% of the 
annual solar radiation occurs between 
March 21 and September 21, with only 
29% available during the cold half of the 
year when the energy could be more 
useful. This immediately casts doubt on 
the potential for useful rates of energy 
recovery from the sun in northern re
gions. If an effective storage system could 
be devised, the potential for solar space 
heating would be considerably enhanced. 

Storage systems have been investi
gated by Telkes (1974), using various 
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chemical compounds, water solutions, 
and heat exchange mechanisms. A recent 
article in Science by Fletcher and Moen 
(1977) suggests a more interesting meth
od to solve the storage problem, and one 
which might have special significance to 
Alaskans. The article describes an ef
fusion process which disassociates water 
into its constituent parts, hydrogen and 
oxygen, and operates at 20% efficiency. 
This technique, coupled with some 
technological advances in direct conver
sion solar collection systems and hydro
gen-fueled heating and power systems, 
has suggested an improved storage system 
to Dr. Dan Hawkins of the University of 
Alaska. Hawkins (pers. comm.) recently 
discovered what is perhaps the largest 
zeolite mineralization area in North 
America, in the eastern Talkeetna 
Mountains of southcentral Alaska. He be
lieves that these zeolites may have super
ior absorptive properties for storing 
hydrogen under pressure, and estimates 
that their performance may prove equal 
to that of metal hydride compounds. 
For instance, an amount of hydrogen gas 
stored in a conventional containment 
cannister at a pressure of 2200 psi could 
be stored in the same volume cannister 
filled with zeolite compound at a pressure 

of 200 psi. 
Such a low-pressure storage system 

would go a long way to reduce the cost 
and risk of hydrogen storage. It suggests 

the possibility of hydrogen fuel which 
would be handled, bottled, and used with 
the convenience of liquid propane or bu
tane. And it does not take much imagina
tion to conceive of a system scaled for 
the homeowner in which solar energy is 
collected in the summer to be stored as 
hydrogen in a zeolite filled containment 

tank for winter use. 
To be sure, the realization of this and 

similar concepts is still very much in the 
future but the point should be clear that 
the creation of an appropriate solar com
ponent for Alaska's energy future remains 
open-ended. 

CONCLUSION 

We began this article by reacting to 
Ty Cashman's metaphor for the future 

seen as an empty stage. We then pro
ceeded to suggest with some tempered 
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zeal that solar energy may prove to be an 
appropriate as well as significant com
ponent in filling Alaska's "empty stage." 
The perception of this, as with other 
solutions to technical problems, is often 
limited by first assumptions. If at this 
point we might back up a bit we can 
recognize that for many the stage is far 
from empty, and all of the necessary 
components are already in place. Some 
of the components do seem to be there, 
but it is not too likely that the stage is 
filled up altogether, and there is un
doubtedly room left for the solar com
ponent in Alaska's future. 

Time is important, as social change 

slowly erodes away the dependence on 
fossil fuels, and solar tax credits stimulate 
interest in solar technologies. Coupled 
with energy conservative building design, 
especially good insulation engineering, 
solar energy can help everyone in the 

north to achieve greater freedom from 
inflationary fossil fuels and electricity. 
It is unlikely to be the entire answer 
to energy problems, but it surely can be 
a component of the solution. To provide 
its potential contribution, solar energy 

research and demonstration in Alaska 
should be undertaken as soon as possible. 

REFERENCES 

Alaska Power Survey. 1979. Future 
Alaska Power Supplies, Report of the 
Technical Advisory Committee on Re
sources and Electric Power Generation 
of the Executive Advisory Committee 
for the Alaska Power Survey and the 
Federal Power Commission. Vol. 2. 

Benson, J. W. 1977. Energy and Reality: 
three perceptions. lnst. for Ecological 
Policies, 9208 Christopher Street, 
Fairfax, VA 22030. 

Bookchin, Murray. 1971. Post-Scarcity 
Anarchism, Ramparts Press, San Fran
cisco, California. 

Energy Research and Development Ad
ministration (ERDA). 1977. Solar energy 
in America's Future. ERDA report, 
Div. of Solar Energy, March. p. 16-17. 

Fairb~nks North Star Borough (FNSB). 
1977. Impact Information Center Spec. 
Rpt. No. 5, March. 

Fletcher, E. A. and R. L. Moen. 1977. 
Hydrogen and Oxygen from Water. 
Science Vol. 197, pp. 1050-1 056. 

Forbes, R. B. and N. Biggar. 1973. 
Alaska's Geothermal Resource Potential. 
The Northern Engineer, 5(1 ), Spring 
1973,p.6-10. 

Gilpin, R. R. 1977. The use of south 
facing windows for solar heating in a 
northern climate, Solar Energy Update, 
I.S.E.S., Edmonton, Alberta. 11 pp. 

Leonard, L. E., J. P. Zarling, and R. D. 
Seifert. 1977. An application of solar 
energy hot water heating in the far north, 
(the solar shower and laundry facility), 
proposed to the U. S. ERDA, December. 

Raymond, J. 1977. Using waste heat for 

salmon culture in interior Alaska. The 
Northern Engineer 9( 1) :4-8. 

Telkes, M. 1974. Solar Energy Storage 
in Applications for the solar heating and 
cooling of buildings, ASHRAE GRP-170, 
Chapter VII, p. 1-9, American Society 
of Heating Refrigeration and Air Con
ditioning Engineers, 345 E. 47th Street, 
New York, NY 10017. 

Wentink, T. 1974. Wind Power for 
Alaska--An Impossible Dream? The 
Northern Engineer, 5(4) Winter 1973-
74,p.8-12. 

Zarling, J. P. and R. D. Seifert. 1978. 
Solar Energy Resource Potential in 
Alaska, Institute of Water Resources, 
University of Alaska, IWR-89. 

* * * * 

Richard Seifert and Lee Leonard are 
research associates in applied science and 
engineering at the University of Alaska in 
Fairbanks with the Institute of Water 
Resources and Geophysical Institute 
respectively. While collaborating on var
ious research projects, they have reg
ularly contributed independently to The 
Northern Engineer; this, however, 
is their first joint article. 

25 



by Juan G. Roederer 

UNIVERSITY 

RESEARCH 

Competition with Private Industry? 

Elvey Building, home of .the University of Alaska's Geophysical Institute. 
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INTRODUCTION 

Quite often I am asked: Why at all 
must a university be engaged in research? 
Doesn't this activity detract financial 
resources and man-hours from the main 
purpose of a university, which is to im
part higher education? I am always ap

palled to realize how many people have 
this limited conception of a university 
only as a place with classrooms, students, 

and teachers standing chalk-in-hand in 

front of blackboards. Two years ago a 
cousin of mine, a person whom an in
terviewer would pick as a typical "man 

in the street," after learning that as a 
full professor at the University of Den
ver I was teaching three hours a week and 
that besides this I had two graduate 
students working on their Ph.D.'s with 
me, exclaimed rather perplexed: "Is 
that all? What do you do the rest of the 
time?" And after a frustrating three-hour 
attempt to explain what I do do the rest 
of the time, he exclaimed, even more per
plexed: "All that time of yours, all that 
taxpayers' grant money, just because you 
want to know why some things happen 
the way they happen?" 

Research, science, the motivation 
to know, and what they mean for society 
are not easily explained to the "person in 
the street." In such attempts, all too 
frequently does one succumb to the 
temptations of hypocrisy, I ike quoting 
the invention of teflon and its impact on 
homecooking as a most significant socie
tal benefit of our space program--and yet, 
it is the accumulated knowledge in 
science that has shaped today's society. 

The role of research at a university is 
not being questioned only by those who 
are not adequately informed about what 
research really is. Voices are being raised 
objecting to alleged competition of the 
universities with industry in the research 
market, to the detriment of the private 
sector. While the first problem is gradual
ly being solved with more aggressive pub
lic information efforts by the universities, 
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the second one is mushrooming into a 

serious threat to the future of university 
research. This problem is compounded by 
the fact that the activity being challenged 
is mainly applied research and develop
ment--precisely the only kind of universi

ty research that may serve as a bridge, 
perhaps the only bridge, to public under
standing. 

The University of Alaska has not 
been spared such a threat. Proposals have 

been made at the levels of the Board of 
Regents and the State Legislature to 

compel the University to withdraw from 

bidding for research grants and contracts 

whenever a private firm licensed in Alaska 

is participating, or might be expected to 

participate, in the bid. Fortunately, so 

far these proposals have not prospered 

beyond the status of proposal. 

But is there really unfair competition 

between university and industry in 

research? Should universities refrain from 
conducting applied research? And if so, is 

it possible to draw a line unambiguously 

between applied and basic research? Is it 

at all in the public interest to regulate 
university research? 

Before we attempt to answer these 

questions let us give a few definitions, no 

matter how simple these may sound, so 

that we all know what we are talking 

about. 

SCIENCE AND TECHNOLOGY, 
RESEARCH AND DEVELOPMENT 

Recent developments in physics, 

epistemology, information theory and the 

neurosciences have led to precise defin

itions of basic concepts in science and 

technology and to a better understanding 
of their historical development( 1 l. 

Science emerged when it became ap
parent that the images of the world and 
of environmental events acquired by and 

stored in the human brain contained in

accuracies that interfered with the devel
opment of an increasingly complex 

society. Recognition of the need for 

systematic, statistical verification of pre

dictions and for unbiased reporting and 

recording of both successes and failures · 

became the fundamental driving force in 

the development of the scientific method 

and scientific thought. People realized 

that in order to establish a repertoire of 
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reliable information on cause-and-effect 

relationships, environmental exploration 

and documentation would have to be 
expanded from the phenomena which 

lead to an effect on, or stem from a 

cause in, the organism, to others bearing 

no direct relation whatsoever to the 

organism. On the other hand, it was 

realized that a merely passive, qualitative, 

random observation of environmental 
events did not yield sufficient informa

tion--active, quantitative probing and 
systematically planned experimentation 

became a necessity, and the empirical 
method was born. Our sensory systems 
needed physical complementation to 
achieve higher accuracy in acquiring 

environmental information, and so did 
our motor systems in order to achieve 

higher accuracy in quantitative probing-
scientific instruments were developed. It 

was further realized that the use of exo

ontological information systems (books, 

computers, data systems, etc.) was 
essential for organ1z1ng experimental 

paradigms, for their statistical interpreta

tion, for recording results, and, in general, 

for the development of an "objective 

truth" about environmental events. 

In today's view the fundamental 

objective of science is to devise schemes, 
models and methods with which the be

havior of physical, biological or social 

systems can be quantitatively predicted 

or postdicted. In science, "to under

stand" or "to explain" a given system 

means nothing more than "to be able to 
predict quantitatively" its future course, 

or to postdict its past history, under cer

tain natural, artificial or imagined condi

tions. Progress in science can always be 

measured in terms of the increase of 

accuracy of these predictions. Research 
designates the operations of information 

acquisition and processing that are neces

sary for the identification and description 

of relevant properties of the system 
(the experimental phase), and the opera

tions of information analysis and inter

pretation that ultimately will allow 
quantitative prediction-making (the theo

retical phase). 
Science deals with objective informa

tion on components of our universe, with 
no explicit consideration of possible ef

fects on, or the relations to, human 
society in general (though human society 

per se may well be a subject of research). 

Technology, in the broadest sense of the 
term, deals with those systems which, 
based on scientific knowledge, have been 

created as elements subservient to socie

ty. The creation or the improvement of 
a technology requires the conduct of ap
plied research and development opera
tions which, like basic research, involve 

acquisition, processing and analysis of 

information . 
Information flows one-way from the 

fields of science to the fields of technolo

gy through intermediate stages that are 

difficult to identify; indeed, it is impos
sible to trace a sharp boundary between 

science and technology. The associated 

research and development operations also 

span a whole spectrum. Nevertheless, 
research activities can be grouped depend

ing on their ~oals, progress in time 
accountability (2 and the motivation (3 f 
and training of the participating investi

gators. This is summarized in Table 1. 
But even this grouping is not categorical. 

A given research p'rogram may not always 

be classified as "basic," "targeted," 
"applied" or "technological" in an un

ambiguous way. 

Before turning to the central subject 

of this article, we should emphasize the 

importance of several entries in Table 1. 

Concerning "Progress in Time," note that 
research, both basic and applied, proceeds 

in two modes: there are episodes of con
tinuous and steady progress, separated by 

revolutionary breakthroughs. Both modes 
are necessary; a scientific discipline dies 

if it is locked into one mode or the other. 

The mode of steady progress can be plan

ned, goals can be set, progress can be 

measured and monitored: this research 

mode is indeed accountable. But revolu
tionary breakthroughs--the discoveries in 

basic research and the inventions in ap
plied research--are eminently unpredict

able, unplannable, untargetable, and their 
short-term accountability is nonsensical. 
They are "triggered," they just "happen." 

All that can be done is to provide re
searchers with the right framework, the 

right environment, give them the right 
incentives, so as to increase the probabil

ity of triggering breakthroughs. 
The entries "Motivation" and "Train

ing Methods" refer to the individual 

participants in research. Indeed, what 
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CONCEPT 

and 

GOALS 

PROGRESS IN TIME 

ACCOUNTABILITY 

MOTIVATION 

TRAINING AND 

WORKING MODES 

PROTOTYPE EXAMPLES 

happens is that even "objective" science 

and technology cannot be dissociated 

completely from certain characteristics 
of human brain function( 1 )_ First, there 

is the fundamental role played in science 

by the human brain's motivation to 

acquire knowledge. Although there is no 
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BASIC RESEARCH 

Provides the main framework 

of scientific structures . 

Specific goals can be identified 

but do not play a determining 

role or may be changed by the 

researcher during the course of 
his or her work . Fundamental 

achievements are largely 

unpredictable . 

Proceeds in two modes : (1) 

peaceful interludes of con

tinuous refinement of knowledge, 

(2) intellectual revolutions 

(discoveries) in which one con

ceptual world is replaced by 

another . 

Funding sources are mostly 

public, but accountability to 

the public is difficult, if not 

impossible to define and 

evaluate. Cost /benefit factors 

cannot be identifi~d a priori; 

basic research is constantly 

exposed to the risk of failure. 

Intellectual curiosity is the 

overriding motivation; 

intellectual satisfaction 

usually rates higher than 

material gain . 

Basic research invariably 

involves the generation of 

new packages of knowledge; 

a "cookbook recipe" approach 

is impossible. Working mode 

and method cannot be taught; 

they must be acquired through 

experience. 

Topology 
Plasma physics 
Physiology 

doubt that applied topics of agricultural, 

military, industrial or health-related rele

vance represented fundamental catalyzing 
factors in the development of science, an 

additional necessary condition always has 

been, and still is, the recruitment of hu

man brains motivated solely by intellec-

TABLE 1 

TARGETED RESEARCH 

Deals with the development in 

a given discipline toward achieving 

a predetermined but restricted 

goal in scientific knowledge. 

Proceeds in a continuous mode, 

amenable to planning by the 

individual researcher; activity 

terminates when goal is 

reached. 

Sources of funding are usually 

public; accountability is 
possible after completion 

of task provided the goal is 

comprehensible to the non

specialist . 

Response to managerial di

rectives, bids or proposal 

solicitations is principal 

motivation; job security and 

promotion may rate higher 

than intellectual satisfaction. 

Training, working mode and 

method same as in basic 

research. 

Numerical methods 

Earthquake prediction studies 

Cancer research 

tual curiosity. Second, there is the fact 

that scientific thought will always be 

based on whatever information-processing 

modes have been acquired during the 

early lifetime of the human brain and will 

always be conditioned to the limitations 

of current learning and teaching methods 
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APPLIED RESEARCH 

Deals with methods, techniques 
and systems with the purpose of 

creating or improving technologies. 

Goals are specific and can be of 
two kinds; (1) given a method, 

technique or system, find the 
gamut of its capabilities ; (2) given 

a technolog ical function , find cost

effective method, technique or 

system to accomplish or improve 

it . 

May proceed I ike basic research, 

in two modes: continuous re

finement in planned develop

ment, and unpredictable break

throughs (inventions) . 

Sources of support may be 

pub I ic or private ; accounta

bility is possible after com

pletion of task and usually 

can be ex pressed in cost / 

benefit terms . 

Intellectual curiosity may be 

principal motivation for goals 
of type (1) above; job security 

and promotion, or economic 

profit is the principal motiva
tion for (2) . 

Working mode and method are 

acquired as in science for 

goals of the type (1) above. 

Learning and training for 
activity in type (2) may 

follow " recipe" approach : 

skill is measured largely by 

ability to use and arrange 

existing packages of knowledge . 

Systems Analysis 

Remote sensing techniques 

Ecosystem studies 

and associated intrahuman communica

tion systems. 

WHAT SHOULD BE THE RESEARCH 
FUNCTION OF A UNIVERSITY? 

Traditionally, research has been con

ducted mainly at universities. The reason 
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DEVELOPMENT OF 
TECHNOLOGICAL CAPABILITIES 

Activities related to pilot projects, 
frontier technologies , transfer and 

local adaptation of existing tech-
. nologies . 

Goals are specific and restricted; 

pub I ic service and cost /benefit 

factors appear as essential goal

setting elements . 

Proceeds in continuous mode 

according to a preset plan; 

activity terminates upon 

achievement of goal. 

Sources of support are most 

commonly private ; justifica

tion of the budget subject to 

cost /benefit evaluation, 

accountability translated into 

accounting. 

Motivation is primarily 

economic incentive, though 

intellectual curiosity is 

important whenever unbiased 

approach is required. 

Learning and training 

similar to that of type 

(2) of applied research. 

Development of computer 

memory systems 

Wind-power pilot study 

Prosthesis development 

I ies at the very heart of the concept of a 

university. To impart higher education in 

science and technology, it is not enough 

merely to produce educated people . 

It is not enough that students merely 

acquire new knowledge--they must learn 

to generate new knowledge. Yet scientific 

and technological creativity cannot be 

taught--it must be instilled in the student 

by consistent exposure to the appropriate 

research environment . In other words, re
search provides the breeding ground that 

is the quintessence of advanced student 

training in a 20th century university. 

On the other hand, it is at the univer

sities where the human resources are 

available to solve those problems whose 

study is considered unprofitable or too 

venturesome by research organizations of 

this private sector. It is in the univer

sities where individual creativity and in

centive is stimulated in detachment from 

the pressures of profit-making. It is at the 

universities where the necessary environ

ment of intellectual and academic free
dom may exist in which (2 ): (i) the 

individual researchers can chart their own 

course of work and alter the course as 
circumstances demand; (ii) revolutionary 

breakthroughs have a better chance of 

being triggered, tested and consolidated, 

and (iii) the risk of failure is duly recog

nized and, if failure occurs, accepted as 

a positive contribution to the advance

ment of knowledge (unless it was caused 
by negligence or ineptitude). It is in uni

versities where individual researchers can 
be relieved from short-term public ac-

countability yet remain accountable to 

their peers who then collectively may 

assume the trusteeship of the public(2 ) 

The dual function of a university 

in teaching and research emerges with 

particular clarity when one lists in a log

ical order all possible operations that 

involve "knowledge" and pairs these 

operations with the institutions in charge 

of carrying them out. This is shown in 

Figure 1. It is thus clear that the degree 
in which research and teaching are 
meshed is a direct measure of the strength 
of a university and determines its impact 

on the science and technology of the 

region , the state, and the country to 

which it belongs. 

The role of the univers1t1es in basic 

research has hardly ever been questioned. 

With a few notable exceptions (e.g., Bell 

Laboratories, General Electric Co.) in
dustry does little basic research(4 ). 

Questions begin to arise about the degree 

of university involvement as one moves 

from basic research through the various 

stages of applied research. Indeed, tar-
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geted research is performed primarily in 

government laboratories and technologi· 

cal research in the private sector, espec· 
ially when economic issues define goals 

and command the pace of work. 

Yet the factors described above just

ifying research at a university are valid 
for any kind of research. This is because, 

first and foremost, the universities pro
duce the talent--scientists and engineers-
which feeds into technology in govern
ment and industry. But they also pro

duce research results which feed into 

technology in government and indus
try(S)_ Indeed, although basic scientific 

research is carried out in relative detach

ment from economic, social and political 

issues, scientific knowledge and scientific 

discoveries are the seeds upon which ap
plied research and technology are built. 

In this process a natural equilibrium is 
established between research and tech
nological needs (6 ), mostly guided by the 

complex and long-time-scale process of 

government funding. Universities partici

pate in this process along the whole spec

trum of activity, from basic research to 
the development of frontier technologies 

and. technological capabilities, until a 

stage is rea.<:hed when the results can be 
handed over to government or industry 
to be used for long-term public service 

or profit purposes, respectively. 
Because of the non-proprietary char

acter of non-defense related university 

research, the moral obligation of faculty 
members to furnish information on their 
work, and the publication of results in 

the open literature, a free flow of infor
mation from university to industry for 
the benefit of the latter is assured at all 
levels of university research. 

These facts, plus the significant dif

ferences in approach and motivation, 

indicate that universities do not conduct 

applied research in competition with, 

Figure 1. 
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but as a complement to, the private sec

tor. This has been clearly recognized by 

the federal government: the National 

Science Foundation has recently an

nounced its intention to provide funds to 

encourage cooperative research between 
· industry and universities(7 l. And there 

are hundreds of universities in the lower 

48 states which run businesses as essen
tial components of their instructional 
program (e.g., Cornell's profitable dairy), 

offer applied research consulting services 
(e.g., the University of Denver Research 

Institute), carry out weapons develop

ment (e .g., the University of California 

Los Alamos Scientific Laboratory), etc. 

THE CASE OF THE UNIVERSITY OF 
ALASKA 

Because of the volume of its research 
activities, the University of Alaska fig
ures in prominent place among the "re

search universities" of the country. Some 

of its research institutes have a world

wide reputation; in the environmental 
sciences the university has been ranked 

third from the top among U. S. institu
tions in research expenditures(8 l. Its 

research faculty is capable of success
fully attracting substantial federal fund

ing in spite of fierce competition under 
extremely adverse conditions with uni

versities and research organizations from 
the lower 48 states. 

All the statements of the previous 
section naturally apply to the University 

of Alaska. There are, however, additional 

remarks of significant relevance to be 

made. 

On one hand, of all 50 states, Alaska 

is the one with the most pressing need of 

finding local solutions to local problems. 

This requires venturesome, risky, imagina

tive thinking and work, done with the 

main incentive of developing the tech

nology that, once transferred to state 

organizations or to the private sector, 
will serve to benefit the state and local 

commun1t1es. Federal funds are in general 
not available for this purpose; only ade

quate state appropriations to support 
basic and applied research allow the 

University of Alaska to participate in 
the pursuit of these benefits. 

On the other hand, the University of 
Alaska faces opportunities and challenges 
that are almost without parallel in other 
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states. The University is the most impor
tant cultural, academic and scientific 

asset of a state that is beginning to play 

a most decisive role in the economy of 
our nation. Strengthening pure and ap

plied research at the University of Alaska 
will help significantly to reverse the cur

rent deterioration of the position of the 

United States in comparison with western 
Europe and Japan, both in scientific and 

technological accomplishments and in 

investments aimed at stimulating such 
accomplishments(2 ). Strengthening pure 

and applied research at the University 

of Alaska will help counteract the current 

trend in many states where legislatures 

have limited the expansion of research

oriented institutions in favor of less 
expensive forms of post-secondary ed
ucation(2). 

State support of research at the Uni

versity of Alaska is not a subsidy but a 

vital lifeline to sustain growth, enabling 

the University to be responsive to state 

needs, to generate and follow through 

new ideas, and to mesh all research 

activities with its academic function. 
Indeed, it can be successfully argued that 

unrestricted state support of university 
research is completely analogous to in

dustry support of in-house research from 
sales profits. In both cases the user 

(taxpayer or customer, respectively) 
ultimately pays the cost of the research 

and expects to receive the benefits 
therefrom. 

On the basis of the above, we con
clude that legislation or rules restricting 

the University's freedom to conduct re

search would have devastating long-term 

effects on its capability to train special

ists and to solve state-relevant problems, 

and would therefore not be in the public 

interest. The reasons are summarized 

below. 

1. Since it is difficult to define clearly 

the boundaries between basic and applied 

research, it would be impossible to 

identify unambiguously those areas where 

competition with the private sector may 

conceivably occur. 

2. Current experience suggests that, 

with the competition of the University of 
Alaska out of the way, contracts and 

grants would most likely be going to 
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major institutions from Outside rather 
than to industrial or consulting firms 

in Alaska. Ultimately. University research 
would dwindle below critical mass. 

3. In view of the proprietary nature of 

research carried out by industry, the state 
would lose a substantial degree of over

view of state-relevant research that cur
rently is being carried out by the Univer
sity. 

4. Since the federal government does not 
always label a given research program as 
"basic," "targeted," "applied" or "tech

nological.'' University researchers would 

lose to a large extent their ability to 
attract federal funds, if any a priori 

limitation on proposing or bidding were 
to be imposed. 

5. Si nee much of the state-relevant re

search performed at the University of 

Alaska lies in the applied or technological 

areas, any curtailment in these activities 

would prevent the University from ful

filling a most important public service 
function, and also would eliminate the 

possibility of adequately training its 
students in technological areas. 

Research at the University of Alaska, 

and at any other university for that mat

ter, should be left to struggle and prosper 

under the present competitive system; 

research areas should be allowed to con

tinue being naturally balanced by an 

"offer and demand" principle. If in some 

isolated instances a private firm loses out 
in fair competition to the University, 

then, I submit, the blame should be 
placed on the loser and not on the 

winner. 
In order to minimize potentially 

unfair competition with private industry, 
innovative programs should be designed 

for the University of Alaska involving 
cooperative arrangements with private 

industry on applied research in areas of 

vital public need. Continued strong 

support should be sought for those 
university centers which provide public 
services that are not well performed 

either under profit-making or govern
mental auspices. 

To conclude, I would like to quote 
from S. A. Lakoff( 2 ): "In the special 

case of the research universities, both the 

administrators and their overseers would 

do well to recognize that the life of the 
mind flourishes best when there is pride 

in accomplishment and confidence in 
the social system. Any attempt, however 

well intentioned, to require proof of 
exertion and evidence of conformity to 

social norms will only defeat the larger 
objective, which is surely to promote an 

environment for learning from which 
society will draw the greatest benefit." 
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MEETINGS 

The Energy - Sources Technology 

Conference and Exhibition wi II not be 
held until next year (3- 7 February 1980 
in New Orleans), but one of the co
sponsors--the Petroleum Division of the 
American Society of Mechanical Engin

eers--has set 1 May 1979 as the paper of 
fer deadline. The technical sessions will 
cover an extremely broad range of 

categories relating especially to petroleum 
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production and development, though not 
limited to that field. Specific sessions are 
planned for cold regions topics such as 
ice mechanics, heat transfer in perma
frost, and arctic operations; other sessions 
(for example in materials, production, 
emerging energy technology) are also 
likely to include presentations relevant 
to northern interests. Those considering 
submitting a paper should contact C.E. 
Heuer, Exxon Production Research 
Company, P.O. Box 2189, Houston, 
Texas 77001; or phone him at (713) 
965-4390. 

* * * * 

The Energy Bureau, those deter
mined organizers of meetings we men
tioned last issue of TNE, have announced 
two more impending gatherings of pos-
sible interest: The Mine Safety and 
Health Act: Coping and Complying 
(11 - 12 June, Denver) and Coal Mining 
Productivity: New Approaches (4 - 5 
June, St. Louis) . Obviously neither meet
ing is geared especially towards northern 

mining problems but both might have 
useful information. Details are available 
from Robert W. Nash , Executive Dir
ector, The Energy Bureau Inc. , 101 Park 
Avenue, New York, N.Y. 10017. 

PUBLICATIONS 

Sea Ice Processes and Models, the 
Proceedings of the AIDJEX/ICSI Sym
posium, contains 40 papers presented 
at the University of Washington in 
September of 1977. The symposium 
reported the progress of participants in 
the Arctic Ice Dynamics Joint Experi
ment and by other researchers in de
veloping numerical models to understand 
and predict the interaction of pack ice 
with the ocean and atmosphere. Re
views of the purpose and design of 
AI DJEX, the ice modeling effort, and 
the oceanographic and atmospheric mea
surements tie together the individual 
contributions. The $50 cost will limit the 
volume's distribution to those seriously 
interested in the field, but given its length 
(536 pages, 230 figures, 39 tables) and 

comprehensive approach, the price per 
unit of information is not out of line 
with present standard. Robert S. Prit
chard is the editor; the University of 
Washington Press is the publisher, but 
they prefer orders be sent via your local 
bookseller. 

* * * * 

APOA Review, a quarterly publica

tion of the Arctic Petroleum Operators' 
Association, reports on the exploration 
and development efforts of the oil 
industry in Canada in clear but non
technical fashion. Typical issues include 
summaries of studies sponsored by 
APOA, a listing of APOA reports and 
films available, Association business 
notes, and historical highlights of north

ern exploration. Material from each issue 
is also available as an abstract translated 
into lnuktitut, the language of the 
Inuit in the eastern arctic. Subscriptions 
to the Review are free. To get on its 
mailing list, write to the APOA Infor
mation Service, P. 0. Box 1281, Station 
''M", Calgary, Alberta T2P 2L2, Canada. 

* * * * 

A recent issue of The Sohioan-the 
magazine of Standard Oil (Ohio)--re
viewed Pipeline Across Alaska, an il
lustrated book written at the high school 
level. Since little has been published on 
The Great Pipeline for this age group, 
the book may be worth checking out-
especially by parents who must answer, 
"What did you do in the North, Daddy?" 
Sohioan even recommended it for any 
adult who would appreciate a clear 
treatment of the haws and whys of the 
trans-Alaska pipeline. Charles Coombs is 
the author; William Morrow & Co. 
(105 Madison Avenue, New York, N.Y. 
1 0016) is the publisher. List price is 

$5.95. 

* * * * 

For both instruction use and pro
fessional applications, TNE readers may 

want a copy of Geotechnical Engineering 
for Cold Regions. The new book's pub
lishers, McGraw Hill, claim it presents 

the state of the art in geotechnical infor
mation on seasonal and permanently 
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frozen ground and recommend it for 

consulting engineers, mining engineers, 
soil scientists, and geologists. Editors are 

Orlando B. Andersland of Michigan 
State University and Duwayne M. 

Anderson of the National Science Foun
dation; contributors include University 
of Alaska faculty members John Burdick, 
Arvind Phukan, and Eb Rice. The price 
was not yet set in the publisher's flyer 
received here, but it will be in the $30 

neighborhood. Order it through your 
local bookstore. 

* * * * 

The Arctic Environmental Informa

tion and Data Center has completed an 

annotated bibliography of documents 
produced for the Alaska Office of Coastal 
Management from 1975 through 1978. 

Documents listed range from biophysical 

boundary maps to studies on geological 
hazards in the coastal zone; the bibliog
raphy even includes videotapes and films. 

The bibliography is free on request, and 
most of the documents are available at 

cost, from AEIDC, 707 A Street, Anchor
age, AK 99501. 

* * * * 

Alaska: A History of the 49th State 

is the tentative title of a forthcoming 
book by frequent TNE contributor 
Claus-M. Naske and Herman E. Slotnick. 
The authors open their volume with a 

summary of the state's geological history 
and carry through with what is known of 

the earliest Alaskans on up to Russian 

America, the gold rush and the Terri
tory, World War II and the "black gold" 
rush. The book is copiously illustrated 
with pictures (including two 16-page 
color inserts), maps, charts, and graphs; 

it also contains argument-settling ap
pendices with population statistics, lists 

of elected and appointed officials from 

Russian times to the present, and signifi

cant dates in Alaskan history. The book 

will be published in late May by the Wm. 

B. Eerdmans Publishing Co. (255 Jeffer
son Ave. S.E., Grand Rapids, Mich. 
49503i and will cost $23.95 in hard 
covers, $15.95 in paper. 
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NOTED 

The Business and Professional Wom

en's Foundation has again asked us to 
publicize their loan program for women 

in graduate or undergraduate engin
eering studies. Funds are available for · 

both full- or part-time students, to be 
applied to tuition, fees and related 
expenses such as child care or transpor
tation. Applicants must have written 
acceptance for study in a program accred

ited· by the Engineers Council for Pro
fessional Development, be a U.S. citizen, 
show financial need, and carry at least 

six semester hours during the term for 
which the loan is requested. Work exper

ience and academic achievement will 
both be considered. 

Completed applications for the fall 
1979 semester must be submitted by 
May 15, 1979. Applications and further 

information are available by writing 
Loan Fund for Women in Engineering 
Studies, BPW Foundation, 2012 Mass
achusetts Avenue N W., Washington, D. C 
20036. 

* * * * 

Errata? A local reader pointed out 

that as captioned, the solar-tempered 
houses in Hai Toh Lim's perspective 

drawings (TNE V. 9, N. 3) might be more 

suitable for Antarctica... The pictures 
were labeled as if the observer was look

ing from, for example, southeast rather 
than toward northwest as the reader 
thought customary . Author Lim says 
the convention she used was that of her 
school. If the pictures plus their captions 

confused you, ignore the captions and 

remember that the solar collectors 
depicted lie on the south wall of the 
buildings. 

* * * * 

For a few days in early February, 
winds gusting to better than 40 knots 
kept oil tankers away from the Valdez 
docks. With storage tanks at the terminal 

nearly brim full, by February 8 Alyeska 
had cut flow through the oil pipeline 

down to 200,000 barrels per day, re
portedly a million less than usual. Cyn
ical old-timers noted that the "new" 

(post-earthquake) Valdez building codes 

had called for roofs capable of with
standing winds of 125 miles per hour and 
wondered why anyone was surprised 

about a mere 40 knots... Some of the 
keenest surprise evidently was felt in 

Juneau, when legislators discovered just 
how much state revenues fell for every 
day the tankers did not sail. 

February 8, incidentally, was also 
the day that three of Alaska's main high

ways were closed by blowing snow and 

the ternperature fell to a record low for 

the date (-51°F) in Fairbanks. Lest we 

forget this is still the north, it will remind 
us. 

* * * * 

The U. S. Environmental Protection 
Agency's Arctic Environmental Research 

Station will close by the end of this 
fiscal year. The Agency's decision to 

close out research relating to cold cli
mates came ultimately from its Office 

of Research and Development, but only 
after long and thoughtful work through

out many different EPA sections. After 
this consideration of the Agency's obliga
tions under law and its financial limita
tions, the zero in its zero-based budgeting 

decisions fell squarely on Fairbanks. 

The Fairbanks Station's parent facility, 
the Corvallis Environmental Research 
Laboratory in Oregon, will also feel the 
pinch; the permanent staff there will 
be cut down by 25 as the cold regions 

research phases out. 

* * * * 

The Alaska Advocate newspaper 
(30 November - 6 December 1978 issue) 

could barely conceal a gloating tone when 
it found another place with real estate 

and residential building costs as high as 
Alaska's: the paper quoted a Yukon gov
ernment report that a 1,000 ft2 house 
costs about $61,000 to build in White
horse. Average house prices in the White
horse area varied widely, going down by 

$8,000, then up by $10,000, and finally 
down $3,000 during the three-month 
period beginning in July. (Incidentally, 
our frequent source, the Advocate, 
will be cited no more; it ceased publica
tion with the 15 - 21 March 1979 issue.) 
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