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As heating fuels go up in cost, so do recommended R-values, and scenes such as our
cover photo of cellulose insulation being blown into an attic become ever more common. Though the
, homeowner will certainly find that his house is now far more resistant to the flow of heat, he might be surprised to discover that an engineer would be
hard-pressed to give him an exact number for his attic's R-value. Starting on page 11
of this issue, Stephen Flanders discusses the engineer's problems in measuring the
actual R-value of a portion of a structure. (Readers remembering Fire Chief Shechter's
comments i.n TNE Vol. 9, No. 3 should be assured that this particular cellulose insulation has passed tests for approved fire resistance. Photograph courtesy of Insulation
Engineering Incorporated, Fairbanks.)

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical
Institute, University of Alaska - Dr. Juan G. Roederer, Director. It focuses on engineering 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, development 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. Subscription 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 M.G. McGarry, T. Jackson, W. Rybczynski, A. V. Whyte, and A. P. Zimmerman

APPROPRIATE TECHNOLOGIES
FOR WATER SUPPLIES
AND SANITATION IN
NORTHERN COMMUNITIES

There are an estimated 1,230 million people today without adequate water
supply services and 1,350 million lack the
adequate sanitation essential for maintaining acceptable levels of health . In recognition of this deplorable situation, the
United Nations has declared 1980-90 as
the Water Supply and Sanitation Decade
during which it is proposed to meet
the deficit through national efforts
backed by international assistance. Those
without such facilities are not confined
to the Third World : most Indian communities of northern Canada come under
the objectives of the UN Water Supply
and Sanitation Decade. This article
presents some of the issues which must
be faced in implementing water and
sanitation facilities in the Canadian
sub-arctic north.

quent reason given for investing in water
supply and sanitation facilities, yet the
sanitary engineer seldom, if ever, has a
complete grasp of what health problems
~e is trying to alleviate. Health-oriented
interventions must respond to specific
problem diseases, their likely transmission routes, existing hygiene practices,
and the socio-economic norms of the
community. Too frequently, the engineer
designs the water supply system based on
standard concepts he is familiar with
in the south without realizing its limited
impact on northern health when it is
installed without parallel improvements
in excreta disposal, personal hygiene,
and solid wastes collection.
In the Third World, water supplies
are often provided as a labor-saving
device. This is valid in countries with a
prolonged dry season, where a mother or

WHY WATER AND SANITATION
Identifying solutions to a problem
implies a good understanding of just
what the problem is . Low levels of
public health are by far the most fre-

child walks several miles each day to
collect water from distant sources. In
the Canadian north, time saving is less
significant in that perennial water
supplies are typically much closer at
hand .

A version of this paper was presented at the Symposium on Utilities Delivery in
Northern Regions, March 19, 1979, sponsored by the Northern Technology Unit,
Environmental Protection Service, and the Department of Civil Engineering, University
of Alberta, Edmonton.
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Facilities for proper disposal of
excreta, such as through sewerage
systems, are often installed to improve
the surrounding environment. Again, one
must be cognizant of exactly what
environmental problems there are in
order to ameliorate them. Benefits from
heavy investments in a sewerage system
to improve the aesthetic nature or environmental quality of the community
may be negated by the resulting discharge
of waste nutrients into the surrounding
water body.
To the Indian, convenience is often
the prime reason for wanting improved
water and sanitation-health, environmental and even political considerations
take a second place to easier and more
comfortable access to water and sanitation facilities. Surprisingly, the Indian is
seldom if ever brought into the center
of the planning and decision-making
process, though it is supposedly for
his benefit that the investment is being
made. Too often, decisions on what
level of service is to be provided are
taken for and not by the lndial'l community. High standards are set and full
water reticulation and sewers are designed
only to find that the community is
unable to pay for and the government
unwilling to subsidize the facilities.
There are lower cost alternatives: intermediate technologies between the pit
privy and full sewerage system, and
between bucket and full plumbing.
LEVEL OF SERVICE

Few
low-income
commun1t1es
employ uniform technologies for providing water and sanitation services
throughout the population. In practice,
water reaches the home in ice blocks or
by buckets from the river or lake, from
hand pumps and public stand posts, or
through piped systems to single household taps or full plumbing facilities, or
alternatively, is delivered to the house by
truck. Excreta disposal is by pit .latrines
or collection by sewerage systems or
trucks. The development process is dynamic; there are likely to be three or four
of these technologies operating at any
one time. Improvements are made as
the community progresses and funds
become available. Surface water sources
The Northern Engineer, Vol. 11, No. 1

are replaced with hand pumps which
give way eventually to piped or trucked
water systems.
The engineer is faced with deciding what level of service is required
to maximize return on the investment
and what level of service the community
and government can afford. There are
always competing alternative uses to
which the capital can be put and from
which benefits can be accrued: in deciding to allocate funds towards water
and sanitation, one implicitly assumes
that resources are best spent there and
not for other purposes. Viewed in this
way (that is, in terms of opportunity
cost), over-investment is quite as bad as
under-investment. Likewise, over-designing a facility uses funds which could
be put towards reaching a larger population, since setting excessively high
standards for design and construction
places constraints on the number of
households which benefit from the
limited funds available. Worse still, it
can result in postponing any construction
until the community can afford the high
technology, which may be twenty years
in the future.
The above points are well illustrated by the choice of the quality of
water to be supplied. The World Health
Organization and the Federal Government suggest drinking water quality
criteria which are often impossible to
achieve either technically or economically for a low-income community.
If the objective is to reduce enteric
disease, then water quality must be
measured in terms of disease indicators
such as coliforms, not on the basis of excessive color or turbidities. Similarly,
installing
lower
cost
intermediate
solutions to bring more water closer to
the home through hand pumps and public
stand posts can provide health benefits
and is preferable to waiting for complete
piped distribution systems and household plumbing.
Selecting the appropriate level of
service on the basis of convenience and
the ability and willingness to pay is not
difficult if the community itself is brought
fully into the planning process. However,
deciding on levels of service and expenditures on the basis of expected returns

through improvements in health is much
more complex. Apart from establishing
absolute minimum levels for basic needs
(2-3 gallons/person-day), defining minimums for health is not only irrelevant it may also be misleading and counterproductive. Health levels relate not only
to the amount of water consumed but also
the way in which water is used. Water-use
practices are culture-specific. A northern
Indian community is far more efficient in
using a gallon of water for hygiene purposes than is its southern counterpart. The
amount of water and hygienic practice
required to reduce infection levels also
depend on the disease . The assumption
that health will be improved by simply
providing a set minimum quantity of
water is therefore misleading. Setting
excessively high standards necessitates
over-design and consequently wastes
resources, thus limiting the number of
families provided the service. In this way,
overestimating minimum water requirements can be more dangerous than underestimating them.
Consider the community with high
endemic rates of enteric virus infection
(hepatitis), shigella dysentery and the
roundworm parasite (ascariasis). Each
of these three common enteric diseases
has its own routes of transmission within
the home and community. To be effective, the interventions designed to combat
these diseases must be designed according
to their transmission routes. Enteric
viruses are immediately infective after
defecation and are easily spread by
personal contact. The focus should then
be on personal hygiene and adequate
home water supply for washing. As
viral infection requires a relatively low
infective dose and transmission is possible
through drinking water, water quality
needs to be emphasized. In contrast,
infection by Shigella requires large
numbers of the bacteria; also, given the
right conditions they can multiply outside the body. Epidemiological studies
have shown that increasing the quantity
of water used in the home does reduce
the prevalence of shigella dysentery.
Thus, as far as shigellosis is concerned,
water quantity, not quality, is the key
factor. Regardless, one could hardly
expect - reductions in shigella infection
5

rates by providing hand pumps or standpipes alone. Increased water use within
the house coupled with
improved
personal washing practices are also
necessary. Thus, sanitary education is an
important, if not essential, addition to
the installation of communal hand
pumps or standpipes. The roundworm or
ascarid has other transmission routes.
Its eggs, which are excreted with feces,
are numbered in the thousands per day .
They require time to develop through
larval stages inside the egg but outside
the body before becoming infective.
Transmission takes place by direct
contact with feces which have con taminated the yard and house. To combat
ascariasis, emphasis must be laid on
proper disposal of excreta-not water
supply, apart from its being desirable for
hand washing after defecation.

a)

b)

c)

This discussion on only three
enteric infections illustrates the need to
understand the significant diseases within
the community before designing water,
sanitation, and sanitary education programs. In the first instance, water quality
and hygiene were most important, in the
second, water quantity and hygiene;
finally, in the case of roundworm infections, the safe disposal of excreta
needs to be the focus of a successful
intervention program.
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Most of the engineering design is
carried out in offices remote from
the community it intends to serve.
Community participation in the
design is often only partial community concurrence.
Because the recipient community
lacks technical capability required
by the donor agency, southern
consulting firms are contracted to
carry out the design. These firms
may be well suited to engineering
design work for southern communities and culture, but are often "at
sea" in the north. By the very
nature of competition for contracts
and terms of the contract itself,
time spent in the community and
opportunity for community participation is cut short. Terms of
reference typically exclude more
appropriate approaches and technologies. Even when technologies are
not pre-selected by the donor
agency, the engineering firm tends
towards conservatism and is reluctant to design for technologies

PARTICIPATION IN DESIGN
Many parallels can be drawn be tween technical assistance in the form
of aid given by the wealthier states to
developing countries and subsidies given
by the government to Indian communities. As part of a water supply project,
engineers are frequently asked to masterpian sanitation. Sewers are designed but
seldom installed . They are simply too
costly for the vast majority to afford.
Sewer mains may be constructed but few
are wealthy enough to hook up to them .
Basically, it is a case of choosing inappropriate technology. The engineer is only
part of the overall problem and should
not be singled out for blame. Often as
not, he is tied down by inappropriate
terms of reference which preempt
selection of alternatives. Some of the
inherent and interrelated factors handicapping such projects are:

The very nature of technical
assistance given by more wealthy
and often dominant (sometimes
patronizing) institutions outside
the
community.
The
donors'
reasons for providing assistance
may not be the same as those for
recipients accepting it. Conflicts
related to project objectives are
set aside in favor of getting the
project off the ground and come
to light only as the project unfolds.

which are either unfamiliar to it or
not well proven.

d)

With limited technical expertise in
the community it is unlikely to
be able to cope with the higher
technologies developed for capitalintensive conditions in the south
and exported to the north. Intermediate measures involving more
labor-intensive lower technologies
would ameliorate this problem.
Unfortunately, reliance on southern
design expertise will continue to
obviate this possibility for some
time to come.

Unfortunately, it is the nature of
the donor country or agency to patronize
the recipient. Despite every good intention, the donor/recipient relationship
is one of dependency whereby key decisions on resource allocation, technology selection, design, and project implementation are removed from the recipient
community on the basis that it lacks the
necessary manpower and capability. This
mitigates against community self-confidence and the opportunity to gain experience in solving its own problems .

ONE ONTARIO EXAMPLE
These factors are bound up in a
wider matrix of conditions surrounding
the Indians' dependency on federal and
provincial government support. Although
one can hardly expect this broader situation to change, there are alternatives to
the conventional
engineering-oriented
approach. As a case in point, the Band
Council of Big Trout Lake in Northern
Ontario initiated an environmental assessment of a sewerage project being constructed by the Federal Government
which has led to positive action towards
identifying relevant alternatives for water
and
sanitation
through
community
participation . A brief review of the
activity illustrates an attempt to overcome some of the problems listed above.
The
Big
Trout
Lake
Indian
Reserve on Post Island, located to the
west of James Bay in Northern Ontario,
is inhabited by 600 Cree-speaking indigenous people-most of them younger
than 25. Their homes are built on Post
Island which is joined by a narrow
causeway to the mainland surrounding
Big Trout Lake. On the island are residences of some 60 white people working
as government employees in the school,
nursing station, weather station and at
the airstrip. There are also two general
stores and a local private airline managed
by southerners.
In 1971, the Environmental Protection Service (EPS) conducted a survey
of wastewater discharges into surface
waters of northern communities. The Big
Trout Lake community was identified as
a priority for the ensuing EPS "Clean-Up
Campaign" because the lake waters
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community about its ex1stmg research
and problem-solving skills.

Big

~Trout
Lake

James
Bay

Big Trout Lake Indian Reserve is located on Post Island, to the west
of James Bay in Northern Ontario.
around Post Island were found to be
polluted and the septic tanks servicing
federal buildings deficient in operation.
Final designs were drawn up by 1976 and
construction started on a sewer line
which was to have collected sewage from
federal and other neighboring build_ings to
transport it via two pumping stations to
an extended aeriation plant for treatment. The effluent was to be treated by
chlorination before being discharged
through an existing stabilization pond
and submerged pipe into the lake. First
priority was to be given to collecting
sewage from government buildings, including civil servants' residences. Next,
commercial establishments and community buildings such as that of the Band
Council were to be connected. Although
an intention was stated to hook up Indi-an
residences which were nearby the main
sewer, these like all other Indian residences lack piped water supply. Service
for even these few houses would not have
been provided for many years to come.

struction would resume only after the
Band had hired its own consultants to assess the environmental impact of the sewerage scheme. Following a long stalemate,
terms of reference were drawn up for an
environmental assessment which included
the sewerage scheme's cost effectiveness,
the impact of the system on Big Trout
Lake and the community, as well as
recommendations for alternative water
supply and sanitation systems. As funds
were not immediately available through
the Department of Indian Affairs, the
Band Council voted to use its own
capital reserves for the assessment. The
International
Council
for
Adult
Education was contracted by the Band
Council to bring together a team of
professionals with international development experience in water supplies and

Little was known within the
Indian community of the proposed
sewerage scheme prior to its actual construction. No detailed plans were made
available, and it was not until the ·construction crew entered the
Indian
cemetery and dynamited graves that
severe criticism was raised by the Indians
to the point that construction was halted.
The Band Council used its control over
access to the Reserve and passed a strongly worded resolution stating that the con -

An important point to be made
here is that the consultants dealt uni laterally with the Band Council from the
project's inception. Community participation was emphasized by involving
the Council to heighten community
awareness of the study through public
meetings. The sub-objectives included
educating Big Trout Lake residents
regarding the environmental and health
issues involved in the sewage problem
and increasing the awareness of the

The Northern Engineer, Vol. 11, No.1

sanitation to carry out the work. The
team was comprised of a sanitary engineer, a community research specialist,
an architect, a sociologist, and a limnol ogist.

Throughout the work, emphasis
was placed on mutual partiCipation
between the Band · Council, residents,
and the southern team. It was agreed
that the community should be involved
in both planning and implementing the
work, and that the research process
should be an educational one directly
benefiting the community.
Data were collected during an
intensive period of study within the
Big Trout Lake community . Residents
were interviewed in and around their
homes to reveal present norms of water
collection, water-use practices in the
home, and methods of excreta disposal.
The southern team made chemical and
bacteriological analyses of water supplies
and a technical assessment of the proposed sewer system. Detailed discussions
were held with the community during
general meetings organized by the Band
Council. The southern team lived in
native homes during its work in the community. Over the period of the survey
it gained first-hand experience of water
supply and sanitation conditions with
which the Indian people coped daily. In
addition to public meetings, the team reported its findings over the local radio
station in Cree.

FINDINGS
The point-sources of sewage dis ~
charge were easily identified through
the presence of abnormal algae growth
and particulate matter along the shores
of the island. Although the Department
of Environment's Weather Station and
the private airway company were the
major contributors, non-point-sources of
sewage were also very significant. Subsurface discharge of nutrients from pit
latrines across the top of the bedrock to
the lake was not proven but considered
highly probable . The nutrient levels in
the vicinity of the community were
considerably higher than those elsewhere
in Big Trout Lake . As expected, fecal
coli forms were higher than 50/100 ml
in all sample points near the community.
These included sources of drinking water.
The main conclusion reached by the lake
7

water survey was that sewage from the
community would have to be contained
in the future if eutrophication and fecal
contamination of the lake were to be
stopped, especially since the waters surrounding the Post Island community
form a shallow quiescent bay.
Over a third of the Indian community takes its water supply from lake
or creek sources. The remainder rely on
taps located at the weather station
and school. Four houses had roof rainwater attachment systems. Snow and
ice cut from the lake are also used as
drinking water sources during the winter.
Seven boreholes fitted with hand pumps
were used for a short time between
1971 and 1973. All have failed through
mechanical breakdown and lack of maintenance. The quantity of water used per
person per day did not vary with the
required cartage distance between the
household and water source. It averaged
1.2 gallons / person-day and ranged between 0.8 and 2 gallons. The additional
water for laundry and house-cleaning
purposes raised this range to 2 to 3
gallons per person per day. Water is
carried over distances of some 300 to
1 ,000 feet; a water vendor operates
within the community to whom people
pay 50t per 5 gallons.
Typically, fully-dressed members of
the family wash their hands and face in
the morning, using a small bowl of 1-2
pints of warm water . During the day,
a similar bowl of soupy grey water is
left in the kitchen for people to wash
their hands. These wash-waters are consistently re -used and are likely to be a
means of spreading fecal contamination
between people and food.
The distinction between native and
non-native housing is an important one
in the context of waste disposal practices .
As noted above, all the non-native houses
have running water inside the house .
None of the native houses have piped
water in the house. It is estimated that
the non-native produces about 30 to 50
gallons per capita -day of waste-water
whereas water consumption in native
houses is some 2-3 gallons. Pit latrines are
used by the Indian population for defecation. These are used both in winter and
8

summer although the older people use
honey-buckets inside during the coldest
period. Serious problems with Iatrine
overflow occur during breakup; reportedly the lake ice surface becomes brown
with fecal contamination from liquid discharges overflowing from . pit latrines
located along the lakeshore . It is during
this season that shigella and hepatitis
infections are reported at peak incidence
rates.
In summer the latrines are
odoriferous and attract flies . They are
also used for dumping household garbage
and may be filled up with paper and
refuse necessitating a new pit to be dug
each year. Sullage water from dishwashing and laundry is emptied onto the
ground around the house where it is
allowed to percolate into the soil.
The concerns of the community
were lucidly expressed at the general
meetings of the Band Council. These
related to deterioration of the lake
water quality in the vicinity of Post
Island . Residents felt that the effects on
fish, water, fowl and, to a lesser extent,
animals were irreversible. There was
serious concern that future generations
would be unable to follow the Indian
way of life as a basis of livelihood if
pollution
continued.
Diarrhea
and
dysentery were directly related to
pollution of drinking water sources.
One point of particular interest was
that many residents had perceived a
change in taste of the water around
Post Island over the past decade. Several
were travelling two and three miles into
the main body of the lake to get "fresh"
water supplies .
It appears that there is a willingness
and capacity to pay for improvements in
standards of living in the Big Trout Lake
community. Many homes that have
hydroelectric power have several electric domestic appliances including washing machines, cooking burners, kettles,
toasters and even electric can openers.
All have radios and those with hydro
have television. The large number of snow
machines and sales of processed foods
through the Hudson's Bay store indicate
that purchasing power is there and that
people would be able to pay for domestic
conveniences and aids to "modern living"
which improvements in water supply and

sanitation represent. The desire to reduce
the need to carry water is strong. The
above-mentioned 50t per 5-gallon bucket
is an indicator. People indicated they
would willingly pay $5 per week to
have a tap in their homes. Other indicators are the sales of toilet paper
($8,000 per year for the community)
and disposable diapers ($33,500 per
year) . This aspect clearly needs more
study. The main reason for people
wanting improved water supplies in or
near their homes is convenience.
From a health point of view, improved water supply would enable
hygiene practices to be upgraded within
the home. Although body washing is
not (by any means of measurement) a
common practice, it is likely that increased availability of water would lead
to improved hand washing and decline of
enteric diseases in the community . There
is one important caveat related to providing running water to each household.
This results from the escalating demand
for water which would follow if piped
water supplies were provided. It is likely
that water consumption would increase
dramatically from its present 2-3 gallons
per person per day to 30 gallons and
above . This would lead to a need for
sewerage systems to transport the waste
from the community to a point of treatment and discharge . Sewerage cannot be
afforded by the community, neither is
it desirable from the point of view of
the resulting eutrophication of the lake.
It is important, therefore, to consider
limiting the supply of water to homes
to that amount which can be safely
disposed of.

RECOMMENDATIONS
Introducing improvements to water
supply and sanitation must be regarded
as a dynamic process. There is no single
technology which can be applied uniformly and afforded by the community.
There are several alternatives which can
be taken for supplying water, each
providing a different level of service with
corresponding capital and operating costs.
These include rainwater catchment by
roofs, hand pumps, street taps or standpipes, and truck delivery . Similarly for
The Northern Engineer, Vol. 11, No.1

excreta disposal, the pit latrines which
are now used can be improved to avoid
overflow or provided with a liner to
contain the sewage. Composting toilets
should be considered, as should a truck
collection system. These are set out in
a waste disposal/water supply matrix in
Figure 1, which shows the various alterna-

out of necessity, the water should be
boiled before drinking. Roof catchment
of rainwater is a practical measure to
supplement water supply during the
summer, particularly where the household is located at great distance from the
nearest water source. Assuming a rainwater collection efficiency of 80%, one
could expect some 300 gallons from an
average-sized roof over the summer
period or the equivalent of 100 persondays of water.

tives including present methods of collecting waters and excreta disposal by
pit latrines. Associated capital costs and
operating costs (in brackets) are given
as indicators of the additional costs require-d -for the combinations of facilities.
The present practice of hauling water
from lake sources near the shoreline
should be discontinued, as should collection of ice for drinking water during
the winter. Where this practice is pursued

Efforts

to

reinstate the ex1st1ng

broken hand pumps over the years have
failed. The community expressed as its
first priority repairing these pumps; we
recommended that all pumps be repaired
by the Band Council itself. This implies a

Figure 1. Technology options for water supply and sanitation at Big Trout Lake.
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Another more convenient alternative which would increase present home
water use yet restrain overuse is the
delivery of water by truck. Water could
be delivered on a regular one-or two-week
basis to storage tanks in the homes for
supplying water by gravity to appliances.
Controlling quantities by limiting delivery
and designing pricing systems would be
possible to avoid excess discharge to
subsoil soakage pits. A kitchen sink
would
be the m1n1mum appliance
possible. Preferably, it would be fitted
with a robust automatic shutoff device
such as the Fordilla valve. However
desirable they might be, it is unlikely

(IN BRACKETS) .

OUTHOUSE

Another alternative for supplying
water to points within the near vicinity
of the houses is through a pipe distribution system to street taps. The ratio of
houses to taps could be in the order of
five to one so that water would be available within 100 feet of nearly all houses
on Post Island. The amount of water
used in the household would rise but
not by such large amounts as one might
think, because the water would have to
be carried to the house. The demand may
double, which would be desirable from the
health point of view, but likely would not
exceed the capacity of the soil to absorb
the resulting wastewater. We estimated
that the existing source of water within
the school complex would satisfy community demands. Naturally, the distribution system and street taps would
have to be designed against freezing .

RAINWATER

HAND-PUMP~

short tra1n1ng course on pump maintenance and repair for one or two
Indians, since no hand pump is main tenance -free. Relying on expertise from
outside the community would be unwise,
as has been proven in the past. Training a
local technician would leave expertise
within the community itself; the pumpmaintenance person could also respond to
needs for hand pump repair in neighboring communities. Costs for repair would
be minimal compared to the benefits
which could be accrued.

, ____ I I
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OUTHOUSE
PLUS LINER

$300-$350
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MOULDER lNG
TOILET

$500-$600
($0)

TRUCK
SYSTEM

that showers will be installed within the
Indian homes. Additional sinks would
be possible, but a conventional flush
toilet would not. Low-volume flush
toilets would feed into household sewage
vaults.
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We concluded that traditional
southern systems such as the septic tank
and sewerage system are not applicable
to both native and non-native housing
in Big Trout Lake. Chemical and bucket
systems are inexpensive and widely used
in the north but do not solve the problem
of waste treatment and disposal. Incinerating toilets, biological toilets, small composting toilets, packing toilets and freeze
toilets share common drawbacks. Some
of these systems are unproven even in
the south ; others have proved to be
failures when tried under the stringent
conditions of the north.
A detailed survey of latrines as they
are presently used was carried out over
a representative area . Outhouses which
were not built on cribs were settling and ··
tilting . Most of the latrines were l:)'a~ly
eroded around their bases, allowing water·,.
to enter the pit during rain . Pits last for
periods of one to two years. Flies were
observed in and around all pits. As an
immediate measure it was suggested that
the pit latrines should be improved by
the crib being built above instead of
inside the pit, with earth flanked around
it to exclude rainwater. This would have
the effect of increasing both the effective
volume and the lifetime of the pit. Improvements would also be made by vents
providing a natural draft away from the
latrine enclosure . Waste nutrients were
suspected of reaching the lake from the
pits, especially where latrines were
located in proximity to the lakeshore
on shallow bedrock. In such cases the pit
latrine could be turned into a holding
tank by installing a liner or bag. The
wastes could be removed once in the
spring and again in the fall before freezeup.
During the assessment, we considered using compost toilets. The compost toilet comprises a large container
within which human waste together with
organic kitchen wastes are stored for long
periods of time - up to two or three
years. Urine is evaporated and vented
through a stack. During the holding period the material undergoes organic de composition and is turned into humus.
Unlike the small composting toilets, larger so-called moldering toilets can accept
regular intensive use and peak loads. Ex10

perience has shown that there have been
severe difficulties in using moldering toilets in northern Canada. These can be re solved only if the unit is inside the house.
Obviously, this has important implications for house design and hence moldering toilets are only recommended in the
case of new construction. At the present
state of knowledge, moldering toilets
can only be installed on an experimental
basis.
Improvements that have been
mentioned thus far are concerned with
the waste disposal problem of houses
without running water, that is, the native
houses. As water consumption increases,
it will be necessary to deal with relatively
larger quantities of sewage . A traditional
system that, for good reasons, is being
revived in the north is the truck system.
The advantage of collection by truck is
that it can be installed on a step-by-step
basis and expanded as resources permit
to ·s(trve a large part of the community .
Treatment of the waste-waters would
be carried out in four oxidation ponds.
The first two would operate in parallel
as primary ponds, giving treatment by
solid settling and anaerobic digestion.
The seco'ndary ponds would be operated
in series. In all it was estimated that four
acres of pond area would be required for
the treatment system. It would be located
approximately one mile from the community.

THE NEXT STEPS
The alternative technologies presented above are intended as contributions to the community's decision
process. How the choices are made by
the people of Big Trout Lake is as important in the long term as what choices
are made . Involving the broadest population of the Band in the next phases of
the project is fundamental to its ultimate success.
Big Trout Lake is perhaps one of
the most dynamic native commun1t1es
north of the 50th parallel in Ontario.
The Band Council has been working
steadily towards goals of self-determination and local government. The need
for community educatiqn to be integrated into the' development process is
well recognized. Past experience with

community education in Big Trout Lake
is rich. The radio station, a vehicle for
community education, has an excellent
reputation for producing programs on
issues important to the Indian people.
Since programs are broadcast in Cree,
the radio is almost exclusively a native
medium. Community health education
programs have enjoyed good success
as indicated by the high degree of awareness on health issues.
Clearly, there is much technical
information which must be translated
and transmitted to Big Trout Lake Band.
Choosing the technologies for improving
excreta disposal and water supply must
be a participatory process. If the solutions are to be applied successfully,
people must be thoroughly informed
and have enough time to evaluate all of
their options. Community education has
a high order of priority . This will be
achieved through pamphlets, fact sheets,
posters, audio tapes and other educational materials, as well as public meetings and lectures. The radio will also be
used as it has been in the past. A
structure should be set up whereby the
Band itself can carry out a research
act1v1ty into alternatives for solving
its own water supply and sanitation problems. A committee has recently been
formed within the Band Council to manage the activity. Big Trout Lake offers a
valuable opportunity for developing a
model of participatory research with in
and by the community, leading to selfdetermination of solutions and independent development.

* * **
Michael G. McGarry is Acting Director of the Health Sciences Division, International Development Research Centre,
in Ottawa; T. Jackson is Project Officer
for the International Council for Adult
Education in Toronto; W. Rybczynski
is an Associate Professor in the School
of Architecture at McGill University in
Montreal; A. V. Whyte is an Associate
Professor in the Institute of Environmental Studies of the University of Toronto;
and A. P. Zimmerman is an Assistant Professor in the Department of Zoology,
University of Toronto.
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by Stephen N. Flanders

Time Constraints on Measuring
Building R-Values
This article describes the time constraints on measuring the thermal resis tance (A -values) of building components.* It gives a method for estimating
the characteristic time constant of
building elements and demonstrates the
magnitude of error that different weather
events may introduce into thermal measurements. This should help an investigator to determine the appropriate duration
of measurement for determining A-values
and demonstrate the magnitude of error
in the resulting data.
A high A-value helps slow down heat
flow out of a building and thereby conserves the heating fuel or electricity that
we use to maintain comfortable indoor
temperatures. Unfortunately, the thermal
performance of a building is usually
worse than the design, thanks to incorrect
installation and deterioration of insulation. Therefore, if we want to determine
the actual A-value of building components, we can either remove samples to
a laboratory or do on-site measurements.
A laboratory test yields very accurate
results for specific building components
but sample removal damages the building
and does not reflect on-site conditions.
In the laboratory we can maintain constant temperature and heat flow and
determine A-values according to a basic
heat flow equation:
R = (T

w - T c )/0

( 1)

where:
2
R = thermal resistance (hr ft °F /BTU)
T = temperature on warm side of
w
sample (°F)
T = temperature on the cold side of
c
sample (°F)
Q =heat flow (BTU/hr ft 2 ).

*A forthcoming CAREL report develops
this topic more fully.
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As long as the sample maintains a steady
state, sensors in the test apparatus give
meaningful values for the two temperatures and the rate of heat flow.
Field measurement of A-values does not
damage the building, but it does not give
us steady-state conditions either. If we
measure the A-values of a wall, we
apply temperature and heat flow sensors
on the indoor surface and a temperature
sensor at a corresponding location on the
outdoor surface. Figure 1 shows a strip
chart recorder monitoring the output
of such sensors for several Iocations on
a wall. Fluctuating temperatures on
either side of the wall prevent it from
passing heat flow at a steady rate, so that
at any one time the measured ~ T and 0
do not accurately render A-values in
equation 1. A major measurement problem is determining the minimum length
of time necessary to continue measurements under variable conditions before
an accurate A-value is obtained.
This problem occurs because a building
component not only resists the flow of
heat, but also stores heat. Each building
material has its own thermal resistance
(A-value) and heat storage capacity
(specific heat) . Both factors contribute
to the time it takes for a change in
temperature across a building component
to reach a new steady-state value. If the
temperature difference across the component increases, the component stores
heat up to its capacity until it passes
as much through the cool side as enters
through the warm side. If the temperature difference decreases, the component gives off heat until it reaches its new
diminished capacity and again passes as
much as enters. The length of time required for the component to reach a
steady-state value depends on its characteristic time constant.
With these basic principles in mind, we
can see that the accuracy of field mea-

Figure 1. On-site measurement of building R-values. Sensors under the paper
on the wall measure heat flow and
temperature on the indoor surface;
a temperature sensor outdoors completes the needed information which
a strip chart records for several
locations.
surements of building A-values depends
on three factors :
*Temperature difference (~T) across
the component
*Variation in ~ T prio r to and during
the observation period
*Characteristic time constant of the
component.
The Iarger the average ~ T across a
component, the less a given variation in
~T will affect the measurement. We can
classify each of the many possible causes
for variation in ~ T as either cyclical
or random. The passage of seasons and
days causes cyclical temperature changes.
However, the change of seasons is so
gradual that they are essentially constant
for the time we would measure an Avalue. We can account for the values of
~T that cause the heat to flow and all
the values of 0 that represent the amount
of heat flow in a new formula for Avalue:
N
N
Q.
(2)
R = L ~T/L
I
i=1
i=1
where ~T. is the difference in tempera1
ture between inside and outside at the
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i-th measurement and Qi is the heat flow
at the same measurement time. This
equation works well for cyclical variations in temperature, as long as we mea sure for one full cycle, but has a drawback for random changes.
If random temperature changes are
significant before or during the time we
measure, then we must be more careful
in using equation 2. We should measure
for a long enough period to know that
the heat taken into or rejected from
storage in the building is not large compared to the amount we saw pass
through. The component's thermal time
constant determines how much of this
heat is unaccounted for .
A component's time constant tc comes
from its thermal properties of resistivity,
specific heat and thickness for each type
of building material in a wall or roof
layer. The value tc helps us to understand
how quickly the component responds
to changes in b.T :
N
2
2
(3)
g.x.) ak/rr
t = (L

c

i

=1

I

I

where:
gi
(a/ak), conversion constant
adjusting distance to make material
uniform throughout wall
a. = r.C.d ., reciprocal of diffusivity of
I

I

I

I

i-th layer
ri = resistivity of i-th layer (published
value)
ci = specific heat of i-th layer (published value)
di = density of i-th layer (published
value)
xi= thickness of i-th layer
ak = ai at layer chosen for normalization.
This equation transforms the thermal
properties of each layer into those of
one composite material, but adjusts the
thickness of each layer to compensate
and retain each layer's original time
behavior so that we may calculate t as

c

if it represented one homogeneous material.
With tc' we can predict how rapidly a
building element responds to changes in
b. T because tc reflects both the resistance
to heat flow and the heat storage capacity
of the component. If b.T changes linearly
12

(like a ramp), then 0 will follow, delayed
by a period tc. If b. T changes abruptly
(like a step), then 0 changes with time
according to

-tit

e

c

and reaches 63.2% of its new equilibrium
value after a period t = tc has passed. The
time constant also controls the component's response to cyclical changes.
It is these delays in response that
cause errors in measurement because
the component gives off or stores more
heat temporarily than it can over the long
term; tc is the key to the magnitude of
error .
Equation 3 may appear . academic
because the variables are experimental
unknowns. Nevertheless, inspection of
the component or of construction drawings together with published data about
thermal and material properties will
give sufficient accuracy for field measurement .
We can get a feel for some typical
building wall time constants tc using
data from ASHRAE (1977) and equation
3. A 2 x 4 insulated frame wall has a tc
of 1.25 hours, a 2 x 6 wall 1.75 hours,
and an insulated 4-inch brick and 8-inch
block masonry wall 2.82 hours . We shall
use some of these values in later examples.

FIELD MEASUREMENT AND ANALYSIS OF TRANSIENT HEAT FLOW
Much literature on the measurement
of heat flow under uncontrolled conditions comes from the study of soil
temperatures . For example, Lachenbruch
(1959) discusses how to analyze the
seasonal variation of temperature in
stratified soi Is.
There is, however, relatively little
written about how long to use heat flux
sensors and thermocouples in measuring
the thermal performance of building components, although this is a common
investigation. Lorentzen et al. (undated)
outline sensor application methods and
limitations. Pevy et al. (1975) and Burch
( 1976) of the National Bureau of
Standards frequently use this approach to
in situ measurement of building components.
Poppendieck et al. (1976) outline
some basic considerations in non-steady

state measurement of heat transfer in
buildings. They give the mathematical
solutions for temperature as a function of
depth and time in an idealized onematerial wall for both a sinusoidal and a
step change in temperature across the
wall. They calculate the phase lag from a
sinusoidal variation in temperature across
a 2-inch-thick cork board to be 11 hours
and then demonstrate that measurement
of periodic temperature difference . and
heat flow for one period should result
in a ratio equal to the steady-state Rvalue . A single laboratory test using
this 2-inch cork panel in a guarded hot
box corroborated their theoretical expectations for R-value and time constants.
Poppendieck et al. ( 1976) suggest that
measurement over a full 24-hour cycle
will give accurate data for the R-value.
But they do not answer how to cope with
an underlying trend for changing temperature or for a change of amplitude in
temperature extremes. They also suggest
that a nighttime reading can suffice f<;>r
walls less than R = 10. However, since
specific heat, density and wall thickness
also influence the length of time for a
building component to stabilize its thermal behavior, this recommendation lacks
authority.
Further appreciation for the time
constraints on thermal measurement can
come from: 1) mathematical analyses,
2) electrical and hydraulic analogs, or
3) computer models.
Cars law and Jaeger ( 1959) give a
mathematical solution for a slab equilibrating to constant temperatures on each
side. Their equation demonstrates the
basic qualities of a component layer:

v= L
n

=1

a

n

2 2
sin !JZQ$ e (Kn 2 rr t!1 )

1

(4)

where:
v =temperature at x
an = coefficient in a Fourier series
representing initial conditions
K = thermal diffusivity
1 = thickness of slab
x =distance into slab
t =time.
The sine term pertains to
in the slab. The exponent
because it describes the
behavior of the slab. It is

the location
is important
time-rei ated
the basis for
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equation 3. Evaluating v to n
usually sufficiently accurate.

is

Granholm (1970), Trethowen (1972)
and Petzold et al . (1974) discuss mathematical techniques for analyzing nonsteady heat flow through walls . Ullah
et al. (1976) refine the multiple harmonic
Fourier method to calculate periodic
heat flow in building walls. Sonderegger
(1977) analyzes the relative advantage of
having a massive outside layer with insulation inside the building envelope or viceversa with thermal response factors
based on Fourier transforms. Peavy
(1978) develops a stream Iined method
for calculating thermal response factors
that includes the effects of convection
and radiation where only conduction is
usually considered.
Unfortunately, mathematical analysis
cannot readily handle typical variation
in .6.T across building walls.
Electrical and hydraulic analogs have
also been used to model the thermal
properties of building walls. Hawk and
Lamb (1963) come closest to representing the problem of describing the transient thermal behavior of building walls
with a hydraulic model.
Ultimately, computer models are the
most versatile of these methods for
gaining insight for accommodating unsteady-state conditions in field measure ments. The most common is the finite
difference method (Forsythe, 1960) for
approximating differential equations describing the heat balance for selected
locations in the wall. Fourier transforms

tb

discussed above and finite element
techniques (Aziz, 1972) are also current.

fo
E% =

A CLOSER LOOK AT HANDLING THE
CONSTRAINTS
Measurements spanning a long duration will minimize the effect of transient
errors on R-values. However, anyone taking a measurement wants to spend the
least time possible and yet know that the
error is acceptable. The magnitude of
error is time-dependent on the nature of
the building element and the climatic
changes that occur during measurement.
We can think of the difference between in- and outside temperatures, .6. T,
as corresponding to a potential heat flux.
Actual heat flux will tend towards the
value of this potential until .6. T changes.
The true potential heat flux value is
q = .6. T /Ra, where R is the actual
a
a
R-value of the wall. In practice, we
assume a value of R, based on theoretical calculation or prior measurement.
This gives heat flux potential as q =
.6. T /R. This is a convenient way to cfonvert temperature readings into units of
heat fl.ow and compare the lagged behavior of the actual heat flow being measured.
Next, we will compare the difference
between the area under curves representing the potential flux qp and the measured, delayed response in heat flux
qt and determine its significance as an
error of measurement. In each case there
is an error percentage from

Figure 2. Two arbitrary curves of the same periodicity, tp, but
with one lagged behind the other. The ratio of the shaded areas of each curve will always be constant, as long
as the measurement duration = tp.
~T

"

-0

....

...
Ql

-u

f0

qr dt
(5)

tb

fo

qp dt

Cyclical Change
Development of equation 2 demonstrates why measurement over one full
period (such as 1 day) will render a good
calculation of R for true cyclical change.
Let us assume that .6. T fluctuates according to a cyclical curve such as the one at
the top of Figure 2 and that 0 fluctuates
according to any other curve of the same
period length, but out of phase as the figure shows . Inspection of areas enclosed
by the two curves for any full cycle
shows each area to be constant. Equation
2, translated into integrals, is the ratio of
these areas and renders R accurately. Any
measurement that does not represent a
full cycle is in error to the extent that the
ratio of the areas is disproportionate.
The diurnal cycle is not strictly
sinusoidal. However, an examination of
the properties of a sinusoidal signal
passing through a building component
will give some insight into the nature of
the response curve. The delaying effect
of a building component alters the heat
flux response in two ways: 1) the mea sured heat flux lags behind the potential
heat flux qp by a fixed interval but with
the same period, and 2) q /q
may
r P
decrease . This is illustrated in Figure 3.
Phase shift and attenuation vary
with the time constant of the building
component and the period of the signal.

I

rI

Ql

::I Cll

qp dt-

Figure 3. Sinusoidal change in .6. T and corresponding q .
p
A: original amplitude of signal; B: attenuated amplitude of response. Measured qr lags behind qp by
tL and attenuates by a ratio of a/b.
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(12/7r) (aU- b V)
E%=c(t - t ) - (12a/rr) (U)
1
2
where :

1.0
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1-

~

u = cos 7Tt1 /12 -cos 7Tt2/12
V= cos (rr /12) (t + t L) - cos (rr /12)
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Figure 4. Ratio of output amplitude to input amplitude versus ratio of delay time to
input period. (Reproduced with permission from Forrester, 1961.)
Figure 5. Phase shift to exponential filter versus ratio of delay to period. (Reproduced
with permission from Forrester, 1961.)
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E% = error percentage for sinusoidal
change
a = amplitude of potential heat flow
variation from mean
b = amplitude of heat flow response
variation from mean
c =mean value of heat flow
t 1 = time measurement begins
t 2 = time measurement ends.
A few applications of this formula
would quickly convince us to adhere
to a measurement duration of approximately one full period. Calculations
demonstrate that large errors in measurement can occur depending on the phase
of the cycle during the course of measurement and when the measurement begins
and ends .
Since data from diurnal cycles are not
sinusoidal, they do not necessarily
adhere closely to the guideline for error
determination that equation 7 represents.
However, the peaks and valleys of the input .6. T values often correspond clearly
with extremes in the heat flux output by
a fixed lag time. Integrating the data for
both variables for corresponding lagged
periods should diminish the error of
measurement for less than one full
cycle's monitoring.
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One other factor is important : whether
the resistance to heat flow within the
wall is relatively great compared to the
resistance into and out of the wall. The
greater the relative internal resistance, the
higher the order of delay it represents
in Figures 4 and 5. These figures from
Forrester (1961) depict the relationship
between the time constant of a wall and
the attenuation of amplitude of heat
flux with the corresponding lag in flux .
Since 24 hours is the most likely cycle
period to influence a wall measurement,
the time ratios, amplitude ratios and
response lag for our wall examples are
r.epresented in Table 1 for this period .
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g

percentage of measurement error
the course of sinusoidal variation
given arbitrary starting and ending
for measurement, comes from :

Random Change
While the significant cyclical events
hinge around a diurnal cycle, random
changes in temperature may be sudden or
gradual. The most sudden event may be
a cloud passing across the sun or a weather front changing air temperature quite

TABLE 1

Diurnal Response Properties of Wall Examples (Definitions from Figures 7 and 8)
Wall Type

Time ratio

Frame, 2 x 4
Frame , 2 x 6
Masonry

0.052
0.074
0 .118

Amplitude ratio *
0.97
0.93
0.92

Response lag *
1.25 hours
1.78 hours
2.77 hours

*Based on a third-order delay

The Northern Engineer, Vol. 11, No. 1

Q) 41
... u

:J
-

~T2

~T

-------,.....----------~

c

Q)

0

...

...

Q)

41._

a.-

E -

<~>o

1-

a'

Qp, Heat Flux
Potential

~~~--~--------------------------IO
Beg1nning
Flux Gradient

Time

Figure 7. Step change in ~ T and corresponding q . The measured
q r responds in a delayed manner, creatrng the error between the curves for qp and qr"
Figure 6.
Schematic rendering of
corresponding temperature and heat flow
changes resulting from
a step change in outdoor temperature from
T toT '.

...
....
...
C1l

:::1

0

C1l
Q.

E
C1l

1-

T~
Wa II

Thickness

abruptly. Generally, however, air temperature changes gradually after a front
passes. These and many other events can
affect the change in ~T across a building
component and be an underlying disturbance to the accuracy of measurement.
In a real building component the
change in temperature and heat flow
might respond as in Figure 6 to an
abrupt change in outside temperature.
An immediate reading of ~T and heat
flux would give a misleading calculated
A-value from equation 1. Therefore, we
would want to measure for an A-value
long enough that the amount of heat
the component stores or releases when
the environment warms or cools is not
large compared with the total flow
through the wall.
An abrupt (step) change or a linear
(ramp) change in ~ T affects the accuracy
of equation 2. Since nature produces a
combination of such signals, we should
appreciate the relative impact of each.

Step Change
A cloud passing overhead can cause a
rapid change in surface temperature on
The Northern Engineer, Vol. 11, No. 1

0

0

a wall. In less than an hour a cold front
can cause a rapid change in temperature
that persists long afterwards. If tc of
the building component is large enough,
either event may approximate a step
change in temperatures. Figure 7 depicts
such an abrupt change in ~T. This
creates a potential flux q that the actual
flux q will tend towar8s. The area ber
tween these curves represents the absolute error calculation of A according to
equation 2. The following equation
represents the percentage of error:

lzl \ (1 - e-u/tc)
E = ----------% q t + uz
1 b

(7)

where:

U = tb- ta

z = q2- q1
E%
change

=

Table 2 demonstrates how two example walls would influence the measurement of A-value after a step change for
a variety of circumstances:
*The step is up or down 1 0°F
*The indoor temperature is always
70°F
*The colder temperature of the step
is 50°F or -10°F
*The time after measurement began
when the step occurs varies
*The time after the step when measurement stops varies.
The table shows all the values used in
equations explicitly except that q 1 =
(70° - T w)/A and q = (70° - T c)/A
2
for a step increase in ~ T; q 1 and q 2
swap these values for a step decrease.
The table gives us a basic appreciation
of the significance of abrupt changes in
~Ton measurement accuracy.
Note that the error increases with
increasing time constants. The same
measurement period results in increasing
error when the initial ~ T is smaller.
Often the error increases for a while when
the measurement period after the step
begins is lengthened.

error percentage for a step

ta = time when step input occurs
tb = time when measurement ends
q 1 = initial, steady-state heat flux
q 2 =potential heat flux after step
t c =characteristic time constant of
building component.

Ramp Change
A slow cooling-off period from dusk
to dawn or the passage of a warm front
may precipitate slowly rising tempera tures. This has the approximate effect of
a ramp change in ~T. The qr will always
lag behind a ramp function of qp so long
15

as it persists . Forrester ( 1968) demonstrates that the lag shown in Figure 8
will be asymptotic to a Iine parallel to
the ramp displaced one time constant
after the heat flux potential line.
The following equation describes the
approximate percentage of error for a
ramp change in Ll T:
(1/2) (UIZI- SY)
E% = q tb + U Z/2
2
where :

---------------

I
I
I

(8)

U > tc
U = tb- ta
z = q2- q1

----~-----------IQp,Heot Flux
I
Potential

II(

:I

u...

s = u- t c

Y = SIZI/U
E% = percentage for a ramp change
ta = time when ramp input begins
tb = time when measurement ends
q = initial, steady-state heat flux
1
q
potential heat flux when mea2
surement ends
characteristic time constant of
building component.

I
,~

.I

tc

T c = cold temperatu re of step
T w =warm temperature of step

Indoor temperature= 70°F in al l cases.
FRAME WA LL - 2 x 6
R = 20
time constant= 1. 78 hours

5

Step Down of t:. T
15
20 hours

1.5
17.4
4 .0
29.0

5.5
4.2
8.0
11.2

15.5
1.4
18.0
4.4

20.5 hours
1.1 %
23.0 hours
3.5%

4.0
5.0

8.0
2.4

18.0
1.0

23.0 hours
0.8%

Step Up of t:.T
20 hours

5.5
7.3
8.0
13.2

15.5
2.7
18.0
6.9

20.5 hours
2. 1%
23 .0 hours
5.6%

8.0
2.5

18.0
1.1

23.0 hours
0 .9%

T c = 50°F
T w = 60°F
tb:
E%:
tb :
E%:

1.5
21.8
4.0
20.7

MASONRY WAL L - Insulated Cavity
R = 11
time constant= 2.82 hours

5

Step Down of t:. T
15
20 hours

Step Up of t:.T

Tc = 50°F
Tw = 60°F
tb:
E%:
tb:
E%:
Tc = - 10°F
Tw = 0°F
tb :
E%:

16

15

20 hours

I
I

Time

Figure 8. Ramp change in Ll T and corresponding q . The measured q lags
behind the qp by one time constant, creatFng the error betwe:n the
curves for qp and qr.

Error from a Step Change in t.T

15

•I

tb

to

TABLE 2

E% = error percent
ta = time at beginning of ramp
tb = time at end of measurement

Error

2.0
28.1
9 .0
15.6

6.0
12.0
13.0
12.6

16.0
5.0
23.0
8.6

21 .0 hours
3.8%
28.0 hours
7.4%

2.0
28.1
9.0
26.5

6.0
7.7
13.0
14.7

16.0
2.7
23.0
7.0

21.0 hours
2.1%
28.0 hours
5.5%

9.0
3.7

13.0
2.7

23.0
1.6

28.0 hours
1.3%

9.0
4.1

13.0
2.8

23.0
1.5

28.0 hours
1.2%

Table 3 demonstrates the response to
a ramp input of the same walls used in
Table 2. It shows percentage error in
measurement according to several assumptions.
*The rate of change is 5°F /hr up or
down.
*The indoor temperature is always
70°F.
*The colder temperature of the ramp
input is -20, 30 or 50°F, depending
on starting temperature and duration
of measurement.
*The time between beginning of measurement and ramp commencement
varies.
*The time between ramp commencement and the end of measurement
varies.
We calculate q and q as before, using
1
2
70°, Tc and Tw.
The table gives us a basic appreciation
of the significance of linear changes in
LlT on measurement accuracy. Again, the
error increases with increasing tc.
APPLICATION OF THEORY
When we prepare to determine the
R-value of a building component, we
should estimate in advance its characteristic thermal time constant, using equation 3. Measurement duration depends
The Northern Engineer, Vol. 11, No.1

TABLE 3

Error from a Ramp Change in !1T
E% =error percent
ta = time at begi nni ng of ra mp
tb = ti me at end of measurement

T c = cold temperature of ramp
T w = warm temperature of ramp

In door temperature= 70° F in all cases .
FR A ME WALL - 2 x 6
R = 20
t ime constant = 1.78 hou rs

t :
a

D.T R a m~ U~
1

5

15

D.T Ramp Down
15
20 hours

5

20 hours

T c = 50° F
T w = 60° F
tb :
E%:

3.0
24. 7

7.0
12.3

17.0
5 .5

22.0 hours
4 .3%

3.0
19.8

7.0
7.6

17.0
3.0

22.0 hours
2.3%

Tc = 30° F
T = 60° F
w
tb :
E%:

7.0
31 .9

11.0
26.4

21 .0
18.4

26.0 hours
16.0%

7.0
26.4

11.0
14 .1

2 1.0
6.5

26.0 hours
5.1 %

7.0
8.9

11 .0
6. 1

21.0
3 .4

26.0 hours
2.8 %

7.0
8.4

11.0
5. 1

21 .0
2.5

26.0 hours
2.0 %

5

D. T
15

T c = - 20°F
T w = - 10° F
tb :
E%:

MASONR Y WALL - In sulated cav ity
R = 11
time co nstant = 2.82 hours

t :
a

D.T R am ~ Ue
1

5

15

20 hou rs

R am~

Down
20 hours

T = 50° F
Tc = 60° F
w
tb:
E%:

5.0
26. 1

9.0
16.6

19.0
8.7

24 .0 hours
7.1 %

5.0
22.9

9.0
11 .4

19 .0
5.1

24.0 hours
4 .5%

T = 30° F
Tc = 60° F
w
t b:
E%:

11.0
28.0

15 .0
24 .2

25.0
18.2

30 .0 hours
16.2%

11 .0
25 .1

15.0
16.1

25.0
8.5

30.0 hours
6.9%

T c = - 20° F
Tw = - 10° F
11 .0
tb:
9 .0
E%:

15.0
6.9

25.0
4.4

30.0 hou rs
3.7%

11.0
8.7

15.0
6.1

25 .0
3.5

30.0 hours
2.8%

on the temperature conditions on both
sides of the component during measurement. Generally , multiples of 24 hours
are appropriate durations for measuring
cyclical changes, because the accumulated
error is likely to cancel itself out. However, underlying warming or cool ing
trends may impose themselves upon the
diurnal cycle. These warrant analysis as
ramp changes according to equation 6
or Table 3.
Overcast skies and precipitation durirrg
an approaching warm front may dampen
the effect of the diurnal cycle to where
the underlying warming trend is domin ant. Such possibilities should prompt us
to be aware of the weather conditions
during measurement and moni t or the
data to determine whether enough
The Northern Engineer, Vol . 11, No. 1

information is present for satisfactory
accuracy.
In analyzing the data, we should try
to identify lags between !1T and heat
flux response qr to corroborate our
estimate of the building component's
t ime constant . Then we should base
calculations of R-value, using equation 2,
on corresponding pa irs of !1 T and qr
where the latter value lags behind the
fi rst.
The appl ication of these theoretical
conside rations to actual field data is
impe rfect. Figure 9 depicts temperature
inputs and the thermal response of a
2 x 4 frame wall insulated with ureaformaldehyde (UF) foam . The measured
thermal resistance, calculated according
to equat ion 2 using three days of data,
is 22 hr tt 2 °F/BTU. The theoretical
R-val ue is 19 ; however, measurement
over a 24-hour cycle would have given
an R-value of 25.4, 19.9 or 22.5 for
each respect ive day .
There is a three-hour lag between the
peak or valley of !1T over 24 hours,
and divid ing by t he correspond ing lagged
heat flux does not imp rove the results
of the individual daily R-values. The
three-hour lag offers another difficulty
for analysis. According to Table 3, a
fully insulated 2 x 4 frame wall would
have a response lag of half that period.
!1 T has been converted to q using the
measured thermal resistanc~. The q r
shows slightly more attenuation than the
data in Table 3 suggest.

Figure 9. Three-day plot of !1 T and heat flux on a 2 x 4 frame wall.
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Figure 10. A 19-hour plot of ~ T and heat
flux on a 2 x 6 frame wall.
Figure 10 depicts the thermal response
of a 2 x 6 frame wall containing UF
foam and fiberglass. The expected Rvalue was 24. However, the measured
value, according to equation 2, was
only 16 with 19 hours of data. If we log
the last 10.5 hours of data as lagging
1.8 hours to correspond with the estimated time constant of the wall, the
R-value is closer to 18.
The time constraints on thermal
measurement of building R values are
only part of the problem. These examples
of field measurements suggest that
measurement techniques need improvement and published data sources may not
apply to the material at hand. At least we
can now determine how much the duration of measurement affects the accuracy
of our results.
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by Robert W. Tracey

APPLYING SKIN EFFECT
CURRENT TRACING TO
PIPELINE HEATING

SECr® Heating Qrcuit
The SECT heating circuit is comprised of two basic components, a carbon steel heat tube and an insulated, stranded
copper heating cable. When it is connected to an AC power
source, heating current passes through the cable and returns
through the heat tube to the power source, completing the
circuit (Fig. 1 ).
The ferromagnetic properties of the heat tube play an
important role in this unique method, together with two electrical phenomena. Skin effect occurs only in alternating current
conductors. The current flow is concentrated just under the
surface or "skin" with respect to the conductor cross section .

Proximity effect is produced by mutual induction between the
current in the go and return conductors, causing the return
current to crowd or concentrate in close proximity to the
current in the go cond1,1ctor. For SECT, the return conductor
is the heat tube, so the return current density concentrates
near the inner surface of the tube. Essentially no current flows
at the outer tube surface (Fig. 2). The design assures that the
maximum penetration of current density through the wall of
the heating tube is only 0.9 mm. Even intentionally grounding
(earthing) the outer tube surface will not cause the current to
short circuit or penetrate the tube wall.

A version of this paper was presented at the Symposium on Utilities Delivery in Northern Regions, March 19, 1979, at University
of Alberta, Edmonton.

Figure 2. Skin effect current flow.
Figure 1. SECT heat tube and cable diagram.
a-c
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Conductor

SECT Heat Tube
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Since no significant current flows on
either the outer tube surface or the carrier pipe surface to which the tube is
attached (metal pipe), there is essentially
zero voltage to ground. This makes
SECT electrically safe and allows electrical grounding of the piping system.
Alternating current at standard power frequencies, e.g., 60 Hz, together
with desirable magnetic properties of the
carbon steel heat tube and heat resistant
cable, provide a highly reliable, efficient,
electrically safe pipe heating system.
The SECT load has a very high power
factor, averaging 90% for most applications.
The cable contributes approximately
20% and the steel tube, through magnetic
heat losses, contributes approximately
80% of the total pipe heating.

Heat Loss and Heat Input Requirements
Establishing SECT system requirements begins with the determination of
product heat losses. Once the pipe
diameter, product maintenance temperature, and ambient reference temperature, together with the pipeline environmental
conditions
(i.e., above
ground, below ground, underwater) are
known, heat losses can be determined
based upon the type and thickness of
insulation and the number of heat tubes.
Heat inputs are then computed based
upon heat-up time considerations and
applicable environmental operating fac-

tors. Both heat loss and heat input are
expressed in watts/meter.

Heat Transfer to Carrier Pipe

systems operate from 480 or 460 volt,
3-phase, 60 Hz sources. Other primary
circuit voltages are 2400, 4160, 4800,
12,4 70, etc. Secondary voltages across
SECT heating circuits may range from 50
volts up to our maximum allowable design Iim it of 5000 volts. The 5000 volt
ceiling is a practical limit to avoid damaging corona formations which become significant above this level. SECT voltages
are not exposed in any way to personnel
or surrounding objects. SECT voltage

In practice, the SECT heat tube
is welded to carbon steel or stainless
steel carrier pipe in order to optimize
heat transfer from the tube throughout
the pipe wall. A single continuous fillet weld joins the heat tube to the carrier pipe to provide a heat conducting
bridge. Non-continuous welding can be
applied, provided that the gaps
are no longer than two inches
Figure 4. SECT power center.
to provide uniform heat transfer (Fig. 3).
If welding is impossible,
then heat-conducting cement .
may be used between the
heat tube and the carrier
pipe together with mechanical clamping to maintain tight
contact. In a like manner, the
heat tube is attached to nonmetallic pipe (e.g., polyethylene, epoxy-filled fiber glass,
etc.) by mechanical clamping
with an appropriate heat transfer medium to help distribute
the heat around the carrier
'
pipe wall.

Power Supplies
Each SECT power center
(Fig. 4) includes a power supply transformer designed to
operate from standard primary
voltage sources. Many SECT

Figure 3. Heat transfer from tube to carrier pipe.

Heat Tube

Figure 5. Mid-feed system concept.

Heat Cable

Heat Cable
Conducting Pad
Heat Tube
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Heat Tube Sizing

RTD PROBE WELL
WELDED TO THE
CARRIER PIPE

Heat tube sizes vary from 13 mm to
32 mm in diameter, although other sizes
may be possible. Heat tube sizes are related to heat requirements and heat cable diameters. For cable pulling considerations, the cable cross section does
not "fill" the tube by more than 50%.
The number of heat tubes required for
a given pipeline is determined by heat
requirements and pipe diameters.

JACKET

~L

~-CARRIER

PIPE

SEAL W/RTV SEALANT

Heat Tube Coupling - Field Joint Preparation

MINCO WEATHERHEAD
Figure 6. Resistance temperature detector (RTD) sensor assembly.
values are a function of line length.
Mid-feed or split-feed systems allow the
use of lower voltages and therefore more
economical insulation class ratings for
power cable and control equipment.
For example, the mid-feed approach may
allow the use of 600 volt class equipment rather than more expensive and
bulky 5000 volt class equipment. Also,
with a 5000 volt system limit, a mid point feed system will allow twice the
tracing length from a common power
supply (Fig. 5) . SECT heating loads
may be single phase or polyphase, depending upon the number of heat tubes
and the magnitude of the power requirement.

temperatures well within ±5%. Usually
only one control circuit (sensor) is required for an entire pipeline system, but
a redundant sensor may be added for critical product temperature requirements.

The Northern Engineer, Vol. 11, No. 1

beginning approximately 13 em back
from the end of the product pipe, the
heat tube is not welded but bent up from
the pipe surface slightly. This procedure
allows space to make the coupling welds
completely around the tube. Once the
product pipe is welded, the heat tube
ends can be joined.
For field-installed SECT, tubes are
welded to the carrier pipe after pipe
welds are made. Heat tube joints are
made without offsetting the tubing to
the extent required above.
A floating cable guide the same
size as the heat tube is inserted in the
gap between the two heat tube ends to
be joined . This ensures that when the
heating cable is pulled through the tube
later, the cable jacketing will not be
abraded.

Automatic Temperature Control
One of the most reliable features
of a SECT system is the automatic
temperature control scheme . A lowimpedance platinum RTD sensor (Fig.
6) initiates the pipe temperature determination. This three-lead device is selfcompensated, unaffected by lead length,
and not subject to stray voltage interference. The RTD circuit is inserted
in one leg of the precisely balanced
bridge circuit of a solid state temperature controller . Variations in temperature unbalance the impedance of the
bridge-measuring circuit which allows for
control. The automatic temperature controller has high and low alarm contacts
and a visual display (Fig. 7). This device will accurately control pipeline

For pre-insulated pipe field joint
preparation, the heat tube is terminated
approximately 5 em short of the end of
the carrier pipe, leaving sufficient space
to make the carrier pipe weld. Also,

Figure 7. · Automatic
troller.

temperature

con-

Heat tubes are connected by a
straight coupling that slides over the
joint holding the cable guide in place.
Each end of the coupling is contin-

Figure 8. Heat tube coupling.
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uously welded around the entire circumference of the heat tube. These
welds must be air tight. The heat tube
is forced down to the pipe surface and
welded for heat transfer continuity.
If the remaining pipe-to-tube gap is
3 mm or more, mild steel shim stock
is inserted prior to welding (Fig. 8) .

Heat Cable Pulling and Splicing
Low profile, sealable pull boxes
are provided to facilitate cable pulling.
These air-tight boxes are spaced every
90 to 120 meters apart, or closer where
multiple changes in direction occur.
Heat tubes are inserted in clearance
holes in the ends of the pull box and
welded all around to maintain air -tight
integrity (Fig. 9). The entire heat tube
system is air tested at 10 to 15 psi and
soaped prior to insulating and applying
the jacket connector stock to the field
joints.
The heating cable is pulled through
the heat tube in the same way that power
cable is pulled through conduit. A cleaning rag is pulled through the tube first
to remove foreign matter or moisture.
The most abrasion-resistant insulation coverings are provided on the heat
cable, and heat tube sizing limits the
cable diameter "fill" to 50% or less.
Non-petroleum based commercial cable
lubricants may be used. Pulling tension
is safely limited by using no more than
two men to pull. Power winches should
never be used. A cable entrance guide,
such as a funnel or rollers, is used to
avoid cable bending or undue abrasion
at the tube entrance. The cable must
always pay out from a rotating reel.
The cable is protected from contamination and moisture by plastic sheets or
Figure 9. Pull boxes for cable.
SECT Pull Box

other suitable material placed between
the cable and the ground.
Cable splices are made using factory-supplied kits which include crimp
butt connectors, crimping tool, electrical insulating tape, and heat-shrink
sleeves. Heat cable splices are made
as necessary in a pull box. Pull boxes
are spaced for convenient cable pulling
and to accommodate changes of direction so splicing is done only at those
pull box locations consistent with standard cable reel lengths. Cable splicing
is kept to an absolute minimum.
Intermediate testing of the cable as
the assembly progresses is performed
with a 500 volt DC megger producing a
resistance reading . The cable resistance
to ground must be greater than 20
megohms.
APPLYING SECT HEATING TO
POTABLE, FIRE AND WASTE
WATER SYSTEMS

Present Configurations Available
SECT pipe heating systems have
been supplied to a wide variety of pipeline designs insulated with all popular
types of insulating materials, metal and
plastic jacketing for above ground,
below ground, and underwater applications . To date, SECT heating has
been applied only to carbon steel and
stainless steel carrier pipe, although the
SECT concept is by no means restricted
to these particular pipe materials .
SECT has been supplied mainly
as part of complete pipeline systems,
but it has been field installed as well.
Existing lines can be modified to accept
a SECT heating system. There are anumber of such installations in operation
where tracing had to be added for the
first time and there are a number of installations where existing pipe tracing
methods have been replaced by SECT.
In general, economic and convenience
factors combined with uniform quality
have made the combination of SECT
tracing and prefabricated, pre-insulated
piping the most desirable approach.

Pre-Insulated SECT Traced Piping
Systems
Pre-insulated SECT pipeline systems
for maintaining product temperatures
22

'

Figure 10. An example of pre-insulated
piping with SECT.
below 121 °C have rigid polyurethane
foam insulation in the annulus between
the carrier pipe and the outer protective jacketing (Fig. 1 0). The carrier pipe
with heat tube attached is centered within the outer jacket. Foam is fed continuously in measured quantities on a
ribbon into the annulus where it very
rapidly rises due to exothermic reaction.
Elbows, Z bends, and tees are factory
fabricated similarly. Heat tubes are
shaped to the contour of the fitting,
welded, or mechanically fastened in
place, and then fitted with mitered jacketing sections and foamed using a "wand"
to distribute foam material in the cavity.
Pre-insulated pipe sections are furnished
in nominal 12 or 6 meter lengths (double or single random lengths). Heat
tubes can be applied to valves where
necessary to avoid significant heat loss
at these locations.
Polyurethane foam insulation has
the lowest K factor of any insulation
material presently available for pipeline
use, has high compressive strength, excellent resistance to water absorption,
and very good dimensional stability
(Fig. 11 ). Polyurethane foam kits are
supplied with pre-insulated piping systems to insulate field joints. When extremely cold temperatures in northern
The Northern Engineer, Vol. 11, No.1

regions might prohibit field foaming,
flexible polyurethane blankets can be
used to maintain the same desirable
properties as the rigid foam material.
Jacketing materials for pre-insulated,
foam-filled SECT piping systems are
spiral lock seam galvanized steel or aluminum for above-ground installations and
high density polyethylene or polyvinylchloride for below ground or above
ground (UV inhibited).
High density polyethylene seems
ideally suited as a rugged, universal
jacketing material which can be used
above and below ground, as well as
underwater for most applications, particularly for cold temperature extremes.

Pipe Materials
Non-metallic pipe materials provide
obvious benefits for water systems in the
north, excellent long-term corrosion resistance being one of their principal
attributes. Though SECT has been applied so far only to carbon steel and
stainless steel pipe, we believe SECT
can be applied to non-metallic pipes
as well. Techniques have been identified
for attaching the heat tube and for conducting heat from the tube around the
wall of the plastic pipe material. The
heat-conducting material will be heavy

Heat
Conducting
Cementif required

Figure 12. Application of SECT tube to plastic pipe.
heat transfer since plastic piping materials have very poor heat conducting
properties.
Simple mechanical band
clamps will be used for attaching the
heat tube (Fig. 12).
SECT tubes can be welded to steel
piping with interior coating, provided
the coatings are applied after the tube
is welded on or provided that the coatings will not be damaged by the welding temperature. SECT-traced galvanized water piping systems are installed
at several locations in Alaska. Although
zinc will migrate to plate bare steel
surfaces in proximity, it is better to

Figure 11. Characteristics of polyurethane foam.

1.

2.

Density, pcf (ASTM D 1622-73)
a. Free rise, overall handmix 250 g Mass
b. Free rise, core, handmix 250 g Mass
c. Molded, overall
d . Molded, core

1.85
1.78
2.35
2.25

Compressive Strength, psi (ASTM D 1621-73)
a. Parallel to rise
b. Perpendicular to rise

38.4
32.0

3.

Coefficient of Linear Expansion, °C-1 (ASTM D-696)

8.85

4.

2
K-Factor, BTU-in./hr.-ft -°F (ASTM C-518)
0.1269
0.1320

a. Initial
b. Aged for 30 days
2

5.

Water Absorption, gm/cm

6.

Water Vapor Permeability, perm-in . (ASTM C-355)
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X

(ASTM D-2842)

0.0309
1.760

10-5

galvanize after welding for maximum
corrosion protection, if possible.

Possible Alternative Approaches for SECT
Heated Water Piping
The SECT heat tube will function
effectively when it is installed inside the
carrier pipe immersed in the product.
The heat tube can be reliably sealed and
the heat cable can be connected and
terminated safely. Busy piping systems
would present problems for the internal
heat tube approach, especially at valves,
tees,- and changes in direction. Since
no current flows at the outside tube
surface, electrolysis should not be a
problem . The heat transfer efficiency
for water system freeze protection
would be high, while heat losses to
the outer air or soil would be reduced.
If this approach looks attractive for
certain water system applications in
northern regions, further design and
operational studies can be made (Fig. 13).
Another possible alternate would be
to have multiple SECT-traced uninsulated
pipe runs installed in a common insulated
conduit. It may even be possible to have
the heat tube on only one of the pipes in
the common housing to provide adequate
heating for the chamber while not overheating the water pipe having the heat
tube attached (Fig. 14) .

Electrical Design Safety Features
SECT is inherently a safe operating
system. Since the skin effect current
returning through the tube concentrates
at the inner surface and does not flow at
the outer tube surface, there is essentially
23

zero voltage to ground. It is almost as
though there is an infinite impedance
from the inner to the outer surface with
the outer surface behaving as an insulator.
Furthermore, leakage currents are insignificant, so in a metal pipe there is no
concern over diverted current flowing
in the product. Even if the insulated heat
cable short circuited to the tube, the
short circuit current would continue to
follow the inner tube wall path without
penetrating the heat tube wall.
The heat tube or, in the case of
steel pipe, the pipe should be electrically grounded because voltages can
appear on pipeline systems whether they
are SECT traced or not. Static charges
can build up on a pipeline system from
the friction of the product flowing
through the line . Also, pipelines running
parallel under high voltage transmission
lines will pick up induced currents, so
intentional pipeline grounding is always
recommended.

Personnel Safety With SECT Systems
Regardless of SECT voltage levels,
voltages are isolated from personnel or
surrounding objects. Feed and terminal
boxes, where the pipeline circuit connections are made, are industry standard
heavy cast aluminum boxes with well
sealed and secured covers (Fig. 15).
High voltage circuits in the power and
control enclosures are well isolated from
low voltage control circuits. The accessible control panel is isolated from the
high voltage power component in strict
accordance with industry standard practices.
Figure 13. SECT tube inside carrier pipe.

Hazardous Environment Operations
Should any of the traced service lines
pass through hazardous classified areas,
SECT systems can be applied in complete
accordance with explosive atmosphere
classification requirements. Explosionproof feed and terminal boxes can be
supplied and, if the power and control
center cannot be located remotely out of
the classified area, these enclosures can be
furnished to meet hazardous duty requirements.

Design Reliability Considerations
SECT traced pipeline systems are
designed to provide maximum reliability
for many years of maintenance-free
service . The basic SECT design approach
considers all pipeline product characteristics, operating conditions, and environmental influences. SECT supplied with
factory pre-insulated piping adds another
measure of reliability, since the attachment of the heat tube, insulation application, pipe and jacketing assembly,
and the fabrication of the spool pieces
are all performed under precise quality
direction in a controlled environment.

'

High quality components with proven
performance are selected for SECT
heating systems. The power transformers,
switching devices, instruments, and logic
package are all high performance items.
The combination of RTD temperature
sensors and the automatic temperature
controller produce precision product
heating. These two components have
proven service records on SECT traced

lines in the colder northern regions.
Redundant sensors and controllers may
be applied for remote locations or where
critical operations are involved, if desired.
Over-current relay protection is provided with SECT systems to interrupt the
heating circuit quickly in event of a cable
fault. Where mid-feed systems are used,
a differential relay is constantly comparing current flow in one section against
the other to provide positive, sensitive
over-current or under-current monitoring.
SCR control devices (Thyristor controls) may be supplied in lieu of hard
contact devices for energizing or deenergizing the heating circuit on response from the temperature controller.
These devices perform the circuit switching function by conducting or not conducting without the problems of arcing
or sparking caused by the separation
of hard contact switches. SCR 's are
more expensive ordinarily than secondary contractors, but for hazardous
classified areas where the control cabinet
cannot be located outside the classified
area, the SCR may be less expensive
than sealing the contractor in an explosion-proof housing. Also, where very
close tolerance temperature control is
required (volatile fluids, sensitive fluids,
or process control), SCR's are used to
maintain tight control to within ±1%
without contact arcing and burning
problems associated with hard contacts
pumping on and off.

SECT Heat Cable Reliability
Insulated heat cables are selected for
maximum longevity and trouble-free

Figure 14. SECT tracing bare pipes in common, insulated conduit.
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Figure 15. Feed and terminal box.

service. Insulation temperature ratings
are usually applied below the manufacturer's recommended continuous operating temperature value. This insures
a minimum 25-year cable insulation
life with very little added cost. Cable
temperature ratings are 90°C, 125°C,
150°C, 200°C, 250°C, and 400°C,
which provide for a wide range of product applications. Voltage ratings for
insulation are nominally the 600 volt
and the 5000 volt class, although 1000
and 2000 volt ratings are available in certain sizes . Cable coverings are selected
for their high abrasion resistance. Only
stranded copper cables are used to
obtain maximum electrical conductivity
and to obtain mechanical flexibility for
cable pulling considerations.

Field Service Program
An effective field advisory service
is essential for maintaining the high
reliability of SECT traced piping systems.
Warranty protection is offered against
defective material and workmanship for
one full year after shipment for all preinsulated piping and tracing systems.
In order for this warranty to be in effect,
a trained Field Service Advisor must be
present during critical phases of the job
installation to insure that proper procedures are followed.
During the mechanical phases of the
pipeline installation, the field joint preparation, testing for weld leaks, and heat
The Northern Engineer, Vol. 11, No. 1

continuing energy and demand costs
of operating the system. Power requirements vary inversely to changes in insulation thickness. As insulation is increased,
the power requirements become smaller
because heat Iasses are reduced. But as
insulation thickness increases, jacket sizes
increase, and the cost of the mechanical
piping increases accordingly. Further
evaluation is necessary to determine if the
higher first cost can be justified on the
basis of reduced operating costs - the
cost of energy and demand; or how much
the first cost can be increased to realize
a significant payback from the savings in
power requirements.

cable pulling and testing, the Field
Advisor will observe and instruct as
necessary so that proper procedures
are carried out.
For the SECT electrical installation
phase, the Field Engineer will check
thoroughly all circuit connections and
control circuits and start up the system
to insure it is functioning properly. He
will operate the system to determine that
proper heating is achieved and that the
system is responding automatically as
designed.

Economic Factors
Pipeline Systems

of SECT

Traced

The inherent efficiency of the
SECT design is most important in that
the magnetic heat contribution from
the steel heat tube delivers more heat
per unit of energy than any other form
of electrical tracing. The cost of applying
a SECT system versus some other tracing
means as a function of line length can
be misleading. Individual applications
should be reviewed, especially in light
of SECT's inherent reliability and efficient use of energy. Lines 200 meters
or greater should show economic advantages over other tracing methods,
especially if each SECT attribute is
identified with a realistic cost benefit.
SECT system design economy, consistent with high quality performance,
is of the utmost importance. A reasonable balance must be achieved between
first costs of the system versus the

The matter of reducing heat losses
to conserve energy is one of the main
concerns with heated piping systems in
the northern regions, where energy and
demand costs are high and where excessive heat losses can cause undesirable
thawing of sensitive soils. In these locations, the allowable heat losses without
disrupting the soil, as referenced to first
costs, represent a very delicate balance.
When secondary voltages of a SECT
traced line are above 600 volts, and if
power is available at the right place along
the line,_a mid-feed system is used to divide the voltage or reduce each feed
segment below 600 volts. This results in
a substantial cost reduction from 5 KV
class electrical insulation for cable, transformers, breakers, contactors, etc., down
to 600 volt class equipment.
For longer SECT traced pipelines,
i.e., longer than 24 km, where multiple
power centers are required, load management options should be considered.
Reasonably priced, dependable load management control packages can be incorporated with the SECT automatic control
system to monitor the heating system and
prevent all power from being energized
at once. This technique defers individual
loads on a priority basis and levels the demand peaks. The savings from reduced
electrical demand costs can usually pay
for the load management package in less
than six to eight months.
Power and control centers are tailored to the functional needs of a given installation. Simple, low-cost packages are
used where possible with only the essential instruments and control components.
25

PACKAGING OF SECT HEATING
SYSTEMS

Packaging Design Considerations
The SECT heating power center and
control panel are assembled and pre-wired

Figure 16. NEMA enclosures for power
and control components.
Further cost savings can be achieved
where pre-insulated pipeline systems are
installed. The straight pieces ·and fabricated pieces (elbows, tees, etc.) · are assembled under controlled conditions at
the factory, limiting field work to assembly and field joint preparation. Elbows, Z bends, and expansion loops are
fabricated with the longest tangents
possible to minimize field assembly and
welding time. SECT heat tubes, pull
boxes, plus the thermowell for enclosing
the RTD sensor probe, are factory welded
to certain pieces easily identified for correct location when the pipeline is assembled.

in standard NEMA enclosures (Fig. 16).
These enclosures may be free standing
(i.e., floor or pad mounted), or wall
mounted, depending upon the size and
number of components involved. Power
entrance to these enclosures can be top,
side, back, or bottom, depending upon
the customer's service entrance requirements. In many cases, the power center
and control panel are combined in a
common enclosure with proper separation of the control panel access compartment from the power supply compartment which contains the SECT power
transformer and primary fused disconnect or circuit breaker.
The transformer and disconnect may
be installed in a separate enclosure either
in close proximity to the control panel
or remotely located from it. The choice
usually depends on power availability
and transformer KVA. If the transformer
size is very large, or if the SECT voltage
requires 5 KV class equipment, the transformer will probably be oil-filled rather
than dry type and will be in a pad-mounted package.
The control panel contains the temperature controller, the overcurrent relay,
ammeter, voltmeter, control switches,
status lights (power ON-OFF, High and
Low temperature alarm, etc.) and manual

Figure 17. Typical SECT control panel.
power switch. Behind the control panel
are the primary disconnect, secondary
contactor, control relays, instrument and
control transformers and, in many installations, the power transformer (Fig. 17).

Environmental Considerations
SECT power and control centers can
be supplied for outdoor or indoor installation. The NEMA 4 enclosure is for outdoor, weatherproof, raintight service, and
the N EMA 12 is for indoor use. Variations of these two standard versions can
be supplied depending upon particular
environmental factors.

Figure 18. Pan Arctic Oils, Ltd., Drake Point Gas Line.

SECT Compatability With Cathodic
Protection
We stated earlier that SECT heating
does not produce measurable leakage
currents in the carrier pipe wall, and that
the SECT traced piping system can and
should be electrically grounded. For
buried steel pipelines having SECT
tracing, grounding can be through sacrificial anodes where cathodic protection is required. There is absolutely no
inter-reaction between SECT heating currents and cathodic protection currents.
SECT tracing and cathodic protection
are compatible.
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As mentioned earlier, explosionproof packages or enclosures can be supplied to conform to Class 1, Division 1 or
Division 2, Group D, hazardous area requirements. If at all possible, the control
panel enclosure should be located out of
the classified area because explosionproofing costs are on the order of four
to five times higher than standard packages. There is no need for the control
panel to be close to the pipeline. The
controls can be remotely located, considering only the power cable drop. Also,
"Block Houses" for the enclosures may
be a less expensive alternate if the control
housing cannot be relocated.
REVIEW OF SECT TRACED PIPELINE
INSTALLATIONS

Summary Description of Existing
Installations
On a worldwide basis, there are over
250 SECT traced lines operating over a
period of almost 15 years. These installations represent hundreds of miles of
SECT traced piping with a total power
requirement in excess of 70 MV A. Product maintenance temperatures range
from 1.5°C to 175°C. There are a number of installations involving water line
freeze protection. There are also more
than 30 different products involved with
pipe sizes ranging from 25 mm to 760 mm.
These installations involve all kinds
of environmental conditions, above and
below ground, underwater, and in classified hazardous areas. There is even a
1340 meter line using 150 mm pipe carrying natural gas at Drake Point, Melville
Island. Pan Arctic Oils, Ltd. installed the
line across the polar ir::e, under the ice
cap, and underwater to a gas well head.
The SECT system performed reliably,
maintaining proper heating and temperature control as designed (Fig. 18).
SECT installations include several
molten sulphur lines, two in Canada,
where temperatures are maintained at
150°C. One of these sulphur lines developed a cold plug in one section of the
line after a power outage (not SECTrelated). The line was successfully reheated and restored to service within
7 hours.
Sulphur can develop tremendous
stresses in cooling down and heating up
which can rupture the pipeline if this
characteristic is not considered during
The Northern Engineer, Vol. 11, No.1

SECT pre-insulated pipeline installations.
design phases. This line flow was restored
with no damage. The complete pipeline
system was factory designed and preinsulated for both of these installations.
Of all the U.S. and Canadian installations operating to date, 87% were
supplied complete with pre-insulated
piping systems, and 13% were with the
SECT system field installed.

Summary Description of Systems Being
Manufactured and Systems Being Installed
There are many systems both in the
manufacturing stage and currently being
Figure 19. Partial list of products being
SECT traced.
ACETIC ACID

MOLASSES

ACETYLENE

NATURAL GAS

ASPHALT

ORGANIC ACID

BENZENE

PARAXYLENE

BRAKE FLUID

PHENOL

BUTANE GAS

PHOSGENE

CAUSTIC SODA

PHTHALLIC

CHOCOLATE - BUTTER

PITCH

CRACKED OIL

SLURRY

CRUDE OIL

SULPHUR

FUEL OIL

TAR

ISOCYANATE

WATER

installed, involving miles of piping with
well above 2 MVA power requirements.
Pipe diameters range from 75 mm to
400 mm and product temperatures 1 ~nge
from 1 .5°C to 150°C. Of these, 90% of
the systems are being supplied with preinsulat~d piping, and 10% are being furnished with only the SECT heating requirement for field ins~allation. There
are a variety of different products involved. Above ground and below ground
designs are involved, as well as hazardous
classified area applications. A partial
list of ·products being heated by SECT
traced pipelines is presented in Figure
19.
Many other jobs are in planning and
design stages, including several water
freeze protection pre-insulated pipeline
systems.

* * * *
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by Claus-M. Naske

Transition: Econo~nic to Recreational Resource

III. Lake Louise Area
INTRODUCTION
The eastern part of the Copper River
Lowland is a fairly smooth plain lying
1,000 to 2,000 feet above sea level,
trenched by the valleys of the Copper
River and its tributaries with their steep
100 to 500 foot walls . On each side of
the Wrangell Mountains to the east are
the forks of this lowland, the Copper and
Chitina Valleys. The Lake Louise Plateau
constitutes the western part of this socalled lowland, though it is actually a

rolling upland varying in height from
2,200 to 3,500 feet with morainal and
stagnant ice topography.
Several tributaries of the Copper River
originate in the 6,000 to 12,000 feet high
mountains with their glaciers and large
ice caps which surround the interior basin
and drain the lowland in passing. These
mountains largely isolate the region from
the moderating maritime influences of the
Gulf of Alaska. As a result, continental
climatic conditions prevail with a 156 de-

gree differential between extreme temperature maximums and minimums. Approximately five months each year have average
minimum temperatures below 0°F. Winters are cold with short days, whereas
summers have fairly warm days with 18
to 20 hours of daylight and cold nights.
Though the windward side of the Chugach
Mountains receives as much as 60 inches
of rain per year from the Gulf of Alaska,
the Copper River re~ion has a fairly low
annual precipitation.
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EARLY EXPLORATION
The Ahtena Athabaskans, consisting of
two ethnic subgroups, the Miduusky and
Tutlazan, sparsely occupied the region
during aboriginal times. Russian traders
discovered the mouth ofthe Copper River,
but native hostility apparently frustrated
two or three attempts to ascend the river
before the end of the 18th centu ry. Still
another ~arty was similarly turned back
in 1803. In 1819 the Creole Klimovsky
reached the native village of Taral at the
junction of the Chitina River and built a
trading cabin.
Next the Russian American Company
investigated the region in 1843 because of
its concern over the loss of furs to Indian
middlemen who traded with the English.
The Russian Grigoriev left Nuchek on
Prince William Sound as the leader of the
Company expedition and reached the
mouth of the Tazlina River above Taral.
The party proceeded east up the Tazlina
to the lake now known by the same name,
and in the course of its investigations confirmed the suspected loss of trade. In
1847 the Russian American Company dispatched Rufus Serebrennikov with a party
of 11 men who reached Taral in September and wintered there. In May of the following year Serebrennikov and his men
ascended upriver to the Tazlina and repeated the previous investigation of that
river and the lake at its head. They returned to the Copper River on June 5, and
sometime thereafter Indians massacred the
enti re party. After that the Russians made
no further serious attempts to explore the
Copper River area. Except for occasional
American traders and prospectors, the
region remained unexplored until the
arrival in 1884 of Captain William R.
Abercrombie of the United States Army
who unsuccessfully attempted to ascend
the Copper River. 3
In March of 1885, Lieutenant Henry
T . Allen of the United States Army arrived
in the Copper River delta and began his
remarkable journey of exploration, during
which he voyaged some 1500 miles on
Alaska's rivers, ending at St. Michael on
Norton Sound. Allen counted approximately 366 natives widely dispersed on
the Copper River and its tributaries.

carried out, one under the command of
the same William Ralph Abercrombie who
had attempted to follow the Copper River
14 years earlier. His party was to explore
from Valdez to the Copper River and tributaries of the Tanana River. The second
and larger expedition under Captain Edwin
F. Glenn was ordered to proceed to Prince
William Sound and from there to explore
routes to the Copper and Susitna Rivers
and then to Cook Inlet. From the latter
point, Glenn's party was to move north

from tidewater to one or more crossings
4
of the Tanana.
Glenn detailed Lieutenant J. C. Castner
and a small party to explore north from
Knik Arm and cut a trail up the Matanuska
River. The party left their camp at Knik
Arm on June 8, 1898, and on August 5
reached what Castner called 'Upper Lake
Plaveznie,' better known as Tazlina Lake,
but originally named 'Piavezhnoye Ozero'
by the Russian-American Company ex plorer Serebrennikov in 1848. Actually,

Explorers Private Fickett, Lieut. Henry T. Allen, and Sgt. Robertson of the United
States Army at St. Michael, Alaska, September 1886. (Photograph courtesy of the
Historical Photograph Collection, University of Alaska Archives, Fairbanks.)

In 1898 the United States Army organized three expeditions. Only two were
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Castner must have mistaken Tazlina Lake
for another one, because he went on to
state that afterbreakingcamponAugust 6,
his party, "twelve miles from camp ...
passed by the large lake - lake Louise of the lake region between Sushitna and
Copper Rivers." 5 Tazlina Lake and Lake
Louise are separated by roughly 50 miles,
not a mere 12.
Castner continued beyond the lake to
the Delta River and then went down it to
the Tanana. His journey almost ended in
tragedy when he and his two men attempted to ascend the Volkmar River and
cross the mountains without adequate
provisions. Forced to retrace their steps
to the Tanana, the three built a frail log
raft on September 18 and launched it the
next day. Within a few miles they ran into
a logjam and lost their remaining gear save
for a few matches. · On September 25 a
group of Indians who were camped at the
mouth of the Volkmar saved the desperate men. 6 Despite all the privations and
suffering Castner and his companions endured, their journey yielded practically
nothing of value.

SETTLING IN SLOWLY
As the various exploratory journeys
had proven, the region was naturally remote and continued to be off the main
routes of communication despite continued contacts at the mouth of the Copper
River, and occasional prospecting for copper as well as gold with associated camp
development during the Gold Rush era.
Railroad surveys in the early 20th century
brought renewed activity, but the region
did not really open up until highway development in the 1940s during World
War II.
The slow but steady changes during the
exploratory period of the 1880s and
1890s, however, did result in the founding
of a few trading posts such as Gakona, established in 1905. Army telegraph stations,
such as Chistochina and Gulkana, were
built in 1902. The Ahtena Athabaskan
village which Allen in 1887 had called
'Liebigstage' became the site of a trading
post in approximately 1896 and quickly
developed into a mining camp when
roughly 300 prospectors wintered there
in 1898-99. The United States Army chose
this spot on the Valdez-Fairbanks trail as
30

a telegraph location in 1901, and the settlement grew into the present village of
Copper Center.
With heightened activity, native life
styles changed as well. The Ahtena began
to settle in and around the various new
villages and camps in search of trade with
and work for the white man. In the early
days they supplied much of the needed
game meats, such as moose and caribou.
The fur trade opened further economic
possibilities which enabled the Ahtena to
develop a subsistence-cash economy _7
Although apparently never very numerous, the Athabaskans have occupied
the region for thousands of years. One example which points to the long occupancy
of this area is Tyone village, or 'Ben Gut
Ga,' meaning 'between the lakes' since it
lies between Lake Louise and Susitna
Lake, where very ancient artifacts have
been excavated. In addition, archeological discoveries of old side-notched projectile points have been made on a hilltop overlooking the Tyone River and in
"blowouts" of a glacier-formed ridge near
the Denali Highway. These artifacts are
similar to those found in the Anaktuvuk
Pass area and on the Palisades site in
Kotzebue Sound and were manufactured
somewhere between 5,000 and 7,000
.
. excayears ago. 8 N umerous sttes
await
vation in the lakes area and few archeological investigations have been conducted
so far. Much remains to be learned about
the early people of the region.
In 1898, Captain Glenn first reported
the name of Lake Louise to refer to the
lake lying some 32 miles northwest of
the present-day highway settlement of
Glennallen in the Copper River Basin. 9
The Lake Louise area shows the effects
of relatively recent glaciation. The region
around the lake consists of steep, densely
wooded ridges as well as partially forested
hills with long, low slopes. There are many
ponds of varying sizes, treeless marshes and
meandering creeks. Much of the region is
treeless, however, although spruce timber
grows on dryer ground near lakes and in
valleys. The Ahtena intensively utilized the
food resources, such as whitefish, lake
trout, ling cod and grayling. They hunted
moose, caribou, black and grizzly bears,
and also used muskrats, beaver, rabbits,
ducks, geese, grouse, and ptarmigan. To
add variety to their diets, they collected

blueberries and cranberries and edible
10
roots and herbs.
Not until the 1930s did whites move
into the area on a permanent basis. Jessie
Wright, a trapper, apparently was the first
Caucasian resident; he found a number of
Ahtena still living at Old Tyone village.
Some years later another white trapper
came into the lake region but soon disappeared. It is uncertain what fate befell
him, but rumor had it that an Indian killed
him because he had intruded into tradi.
IT yone h unttng
. d omatn.
. 11
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MILITARY IMPACT
When the Japanese struck Pearl Harbor
on December 7, 1941, they not only
changed the course of American history,
but importantly affected Alaska's fate,
especially when they followed their initial success with an invasion of Attu and
Kiska in the Aleutians in the summer of
1942. America's pride was hurt. Alaska,
long remote and relatively inaccessible,
quickly became America's keystone of
defense in the north. In the spring of 1942,
the United States sent some 10,000 soldiers, divided into seven army engineer
regiments and supported by 6,000 civilian workers under the direction of the
United States Public Road Administration, north to start construction of the
ALCAN (Alaska-Canadian Military Highway). Work began simultaneously at three
locations: Dawson Creek, the terminal
of a railroad running northwest from
Edmonton, Alberta; Whitehorse, Yukon
Territory, which was connected by the
White Pass and Yukon Railroad with
Skagway at tidewater on the coast of
southeastern Alaska; and Big Delta in
Alaska. The 1 ,671-mile highway was completed with incredible speed, and in November of 1942 was formally opened for
traffic . 12
While the ALCAN Highway rapidly
took shape, thousands of other American
soldiers came to Alaska to participate in
its defense and prepare for the recapture
of Kiska and Attu. Civilian workers toiled
practically around the clock to build bases
at various locations in Alaska. Finally, by
late 1943, the Japanese had been evicted
from their toehold in the Aleutians. 13
The impact of military activities had irrevocably altered the pace and tenor of
The Northern Engineer, Vol. 11, No. 1

miles to the northwest of the Army
19
location.
Not only the armed forces but civilians
as well were attracted to the Lake Louise
area. Between 1953 and 1955 only army
personnel were allowed to use the new access road, but in the latter year the Alaska
Army Command relented to public pressure and opened the road, and thereby
the area, to general traffic. At about the
same time, a private proprietor opened
Lake Louise Lodge to take advantage of
20
the increased traffic.
With the opening of the Army road
the area began to boom and many home
and trade and manufacturing sites were
claimed by urban Alaskans. Cabins proliferated, especially from 1959 onwards,
and in 1962 additional residents were
attracted when the entire area was classified for small tract sale. 21

Territorial guards marching up the main street of Sitka to the old Russian church in
the center of town. (Photograph courtesy of the Hanna Collection, University of
Alaska Archives, Fairbanks.)
Alaskan life, and the residual benefits
to the civilian economy and the development of Alaska were tremendous. Between
1.941 and 1945, the Federal Government
spent well over one billion dollars in the
14
territory.
In addition, thousands of
soldiers and construction workers had
come north. Many decided to make Alaska
their home at the end of the hostilities.
Between 1940 and 1950, the territory's
civilian population increased from roughly
15
74,000 to 112,000.
This influx put a
tremendous strain on Alaska's social services, such as schools, hospitals, housing,
and local government. In short, the war
was the biggest boom Alaska had ever experienced, bigger than any of the gold
rushes of the past.
Alaska's new residents not only set
to work to build her cities, but also moved
into the countryside in increasing numbers. Alaskans utilized the areas most
easily accessible by the new road system
built during the war. Although few cabins
had been established prior to 1950 on the
entire Iake system, the Ahtena Athabaskans in the Lake Louise area felt it necessary to move elsewhere because the inThe Northern Engineer, Vol. 11, No.1

creased activities soon disrupted the natural migration routes of the caribou from
east to west across the narrow strip of
land between Susitna Lake and Lake
16
Louise, an ancient hunting site.
The
last permanent residents of 'Ben Gut
Ga,' or Tyone village, apparently left in
1945. There were approximately 25
people at that time. Jim and Johnny
Tyone, Dick, Jimmie and Joe Secondchief, and their families probably were
17
the last to leave.
RECREATIONAL DEVELOPMENT
In 1953 the United States Army decided to utilize the reknowned hunting
and fishing resources as well as the superb
scenic surroundings of the area for recreational purposes for its personnel. The
Army cut a bulldozer road from the
Glenn Highway to the south end of Lake
Louise where it established a camp site
now argropriately known as "Army
Point."
Within a few years the Army
constructed 30 to 40 barracks and cabins, a large mess hall and other, rather
elaborate, facilities. The Air Force soon
built its own recreation area some two

As early as the fall of 1955, the Bureau
of Land Management estimated that the
Lake Louise-Susitna Lake region would
become a major recreation area for
Anchorage and Palmer residents. At that
time some 60 miles of shoreline were
open to homesite, trade and manufacturing site and small tract entry. In the
fall of 1955, over 200 entries had already
been made on Lake Louise alone. Increased entries resulted in heavier traffic
and associated parking, sanitation, and
camping problems which induced the
Bureau of Land Management to request
the withdrawal of roughly 500 acres of
land at the south end of Lake Louise as a
public recreation area. 22
By 1962, the heavy use of the past
several years had made itself felt in anumber of ways. A survey showed much trash,
consisting of G I cans, boxes, and C rations,
scattered over a wide area. In addition,
temporary outhouses dominated the scenery in some areas. The Bureau of Land
Management again recommended that the
recreation sites be properly developed. 23
Since then, access to the Lake Louise area
has become even easier, and population
pressure has increased. So far, the area
has not been included in the state park
system. However, since the people of
Alaska have over the years used the land
for recreation rather than for its original
economic functions of trapping and subsistence hunting, it is possible that someday portions of it will become a park.
31

THE PARK SYSTEM ITSELF
The Alaska Division of Parks is responsible for planning, developing, and operating a system of state parks and h istorical sites. The Division prepares and maintains statewide comprehensive outdoor
recreation and historic preservation plans,
and administers federal and state grant-inaid programs dealing with outdoor recreation and historical preservation. It also
provides assistance to local government
agencies when requested to do so.
The origins of the Division are to be
found in Article Ill, Section 7, of the
Alaska State Constitution which spoke of
the need for "the acquisition of sites,
objects, and areas of natural beauty or of
historic, cultural, recreational, or scientific value." The framers of the constitution recognized the need to manage these
areas, and stated that the legislature could
reserve these areas for the public domain
and "provide for their administration and
preservation for the use, enjoyment, and
welfare of the people."
The 1959 legislature instructed the Department of Natural Resources to oversee
these obligations. But monies were short
in the earl"y years of statehood, and it
was not until August 16, 1970 that the
Commissioner of Natural Resources proposed establishing a Division of Parks
within his agency. Ten days later the governor approved the proposal, and the Division slowly took shape. Before that, the
Division of Lands Forestry Section and
the Division of Parks and Recreation section had carried out the functions in a
rudimentary fashion.
By the early 1970s the Alaska State
Park System consisted of six categories:
the system contained fifty waysides, four
recreation areas, five state parks, four historic sites, two trail systems, and one state
wilderness park, totaling approximately
2,800,000 acres. A number of additional
parks are in the planning and proposal
stages, and the legislature in 1978 adopted
the proposal for the spectacular WoodTikchik State Park, 1,428,320 acres, near
Dillingham.
Over the eight years since its creation,
the special role of the State Park System
has slowly evolved as park personnel have
developed ideas and interacted with indi32

viduals interested in recreation who are
employed by other state agencies. What is
clear is that the Alaska Division of Parks
has accomplished much in its short existence.

11. Seth W. Yerrington, A. I. A., to
Claus-M. Naske, January 13, 1972.
12. United States Army, Alaska. 1969.
The Army's Role in the Building
of Alaska. United States Army,
Alaska: Public Information Officer,
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REFERENCES
13. Ibid., pp. 89-95.
1.

2.

3.

Federal Field Committee for Development Planning in Alaska. 1968.
Alaska Natives and the Land. Government Printing Office, Washington, D. C. pp. 123-24.
Dall, William H. 1870. Alaska and Its
Resources. Boston. p. 317.
Allen, Henry T. 1887. Report of an
Expedition to the Copper, Tanana,
and Koyukuk Rivers in the Territory of Alaska, 1885. Government
Printing Office, Washington, D. C.
p. 19.
Sherwood, Morgan. 1965. Exploration
of Alaska, 1865-1900. Yale University Press, New Haven and London.
pp . 106-107.

4.

Ibid. , p . 156.

5.

Orth, D.J.1967.DictionaryofAiaska
Place Names. Geol. Survey Prof.
Paper 567. U. S. Government Printing Office, Washington, D. C. p. 952.
Glenn, Captain Edwin F. and Captain W. R. Abercrombie. 1899. Reports of Explorations in the Territory of Alaska. U. S. Government
Printing Office, Washington, D. C.
pp. 213-14.

6.

Ibid., pp. 230-231.

7.

Federal Field Committee, Alaska Natives and the Land, pp. 260-61.

8.

Ibid., p. 260.

9.

Orth, Dictionary
Names, p. 599.

of Alaska Place

10. Irving, William N. 1957. An archeological survey of the Susitna Valley.

Anthropological Papers of the University of Alaska, Vol. 6, No. 1,
December, pp. 38-39.

14. Ibid., p. 96.
15. Rogers, George W. 1962. The Future
of Alaska: Economic Consequences
of Statehood. The John Hopkins
Press, Baltimore. p. 95.
16. Bureau of Land Management Memorandum, ''The Lake Louise Recreation Area Development Program,"
November 27, 1962.
17. Memorandum by Fred Rungee, ''The
Tyone VIllage, Lake Louise Area,"
no date.
18. Seth W. Yerrington, A. I. A., to
Claus-M . Naske, January 13, 1972.
19. Bureau of Land Management Memorandum, "Lake Louise Recreation
Area," Karl Glades, Recreation
Specialist, and Hank Thielsen, Cadastral Engineer, October 16, 1962.
20. Seth W. Yerrington, A. I. A., to
Claus-M. Naske, January 13, 1972.
21. Bureau of Land Management Memorandum, "The Lake Louise Recreation Area Development Program,"
November 27, 1962.
22. Bureau of Land Management Memorandum, "Lake Louise Recreation
Area, Concessionaire SLUP Proposal," August 12, 1955.
23. Bureau of Land Management Memorandum, "Lake Louise Recreation
Area," October 16, 1962.

****
Claus-M. Naske is a professor of
history at the University of Alaska,
Fairbanks.
The Northern Engineer, Vol. 11, No. 1

LETTERS
As a rule, there's something in every manuscript crossing the desk here that throws
the editor for a loop. It can range from an obscure abbreviation (Is the 'S'in that particular NSF standing for 'Science' or 'Sanitation '?) to a dubious spelling (Is he Smythe
as in the references or Smith as in the text?) and well beyond. When author Naske submitted this issue's concluding section for his 'Transition' series, he had left embedded
therein a bald reference to Lt. Allen's "remarkable journey·: What was so remarkable?
queried the editor. A line was added to the text (p. 29) based on the following:
Editor:
Ouery p. 2- re: Allen
Lt. Henry Tureman Allen, later General (1859-1930) graduated from West Point
in 1882; in 1884 he was assigned to Sitka as an aide to Gen. Nelson A. Miles. In the
summer of 1885 Allen made a tremendous, remarkable journey of 1,500 miles with
four men - Pvt. Frederick W. Fickett and Sgt. Cady Robertson of the Army, and two
prospectors, Peder Johnson, recruited at Nuchek, and John Bremner, who joined the
group at Tara I. On March 29 they ascended the Copper River, made a side trip up the
Chitina, and proceeded to the head of the Chitistone. They resumed their voyage up
the Copper, then up the Slana and down the Tetlin and Tanana to the Yukon. From
there Allen and Fickett portaged to the Kanuti and thence traveled to the Koyukuk
where they went upstream. They returned down the Koyukuk to the Yukon, then portaged to the Unalakleet and traveled down to St. Michael. Allen named many geographical features; his journey was subsequently praised as one of the greater explorations in
the history of North America. Results were published in 1887. Allen Glacier and
Mountains, near the head of the Tanana River, were named for him.
Carla, can you call this anything but remarkable?
Claus-M. Naske
History Department, UAF

No.

READER COMMENT: Engineering Research Needed Here?
There are many ludicrous aspects pertaining to daily living in the region of
Alaska known as the "Interior". One of these aspects, lesser known to persons un familiar with arctic living, is the comical incorrigibility of the winter-time "squarewheeled" automobile. This square-wheel condition becomes quite general and
common to nearly all types of surface vehicles employing air-filled rubber tires, when
the earth's surface temperature plummets below a minus twenty-five degrees Fahren heit.
The condition is brought about by vehicle weight compressing the underside
of the tire and at the same time increasing its diameter on those portions not in contact with the ground. The tire, when forced into this unenviable position for a length
of time, takes on the appearance of a roughly handled nine-day old doughnut, lopped
off on one side - and just as hard. The degree of lop-sidedness seems to vary in direct
proportion and relation to the amount of air in the tire, and the exact point of the
mercury below minus twenty -five. Imagine for yourself, then, the effect produced by
four of these lop-sided wheels, turning in rhythm, upon rolling stock originally
designed for smooth riding comfort. Surprisingly, as long as the four wheels continue
turning in unison, the jolting motion is not overly annoying, but rather lulling to the
body senses, similar somewhat to the motion felt when properly sitting a well-gaited
gelding trotter. Any sense of well-being is abruptly lost, however, when it becomes
necessary to apply the brake. The mere touch of the brake seems to start a sort of
"conga dance" reaction, caused by the disruption of wheel rotation unison. This then
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allows each corner of the vehicle to rise and fall out of cadence with the others and
one suddenly realizes that he has displaced himself from the smoothness of the trotting track to some farmer's frozen, plowed soybean patch.
To the inexperienced "Interior" driver, this sudden, shuddering, rolling bedlam can mean only one thing; the springs have collapsed, the shocks exploded, the
four tires expired and he must, (in the airman's vernacular) "leave it". The driver
experienced in the many intricacies of interior Alaska winter driving will hunch his
shoulders, tromp the accelerator, give it the double clutch and move on, contentedly
prayerful and somewhat awed by the thought that he has been successful in moving
the old tin Iizzy from the parking stall.
A. L. Iverson
Anchorage, Alaska

For further comment on comfortable personal transportation in the northern
winter, please see "the Cold Bus Problem", TNE Vol. 6, No.2.

MEETINGS
The Second International Symposium
on Innovative Numerical Analysis in Applied Engineering Science will be held at
the Ecole Polytechnique in Montreal,
Canada, from June 16-20, 1980. Over
100 papers, covering a range of disciplines from solid mechanics (elasticity,
fracture, visco-elasticity, elasto-plasticity)
and structures to fluid mechanics (aerodynamics, free surface flow, acoustics)
and fluid-structure interaction to diffusion, electromagnetic and biological problems, have been accepted. An equally
wide range of numerical techniques (finite differences, finiteelements, boundary
integral equations,etc.)will be represented,
with all papers published in proceedings
to be available at the meeting. Keynote
addresses are scheduled to be presented
by 0. Zienkiewicz of the U. K., J. Hess,
G. Fix of the U.S. A., J. Nedelec of France
and M. Fortin of Canada. Further information concerning program and registration may be obtained from Professor

stuck, but small pieces have also been
taken from the line at Pump Station No.
5 south of the valve and other bits of
debris probably will remain in the line until another pig can finish the cleanup. According to the Fairbanks Daily NewsMiner, the 5,000-pound "super pig"
measures the inside of the pipe by comparing distances traveled by sets of
wheels on opposite sides of the device. In
this way it finds stress points inside the
pipe where settling might cause wrinkles
and cracks, as happened earlier this year.
Even had the pig been able to complete
its tour of duty, however, Alyeska could
not have used the data it collected because the computer program to interpret
the information does not yet work. Despite its weight and 14-foot length, the
stalled pig was mostly an open assemblage
of monitoring and recording instruments
so oil in the pipeline could flow relatively

freely through and around it, and Alyeska
had been able to maintain a 1.33 million
barrel daily throughput.
Since earlier attempts to free the pig
by other means - including reversing the
direction of the oil flow - were unsuccessful, a 24-inch diameter bypass was
constructed to shunt oil around the valve
while the pig was being removed. Alyeska's press release describing the problem
says the bypass procedure " is a proven
pipeline repair technique" developed by
T. D. Williamson Inc. of Tulsa. The
release goes on to say the procedure
requires "special fittings, including tapping machines and a plugging device
called a Stopple," an articulated retrievable plug to halt the flow in the main line
until the pieces of the pig have been removed and the valve repaired or replaced.
(Photo courtesy of Alyeska Pipeline Service Company, Anchorage.)

A. A. Lakis, Dept. ofMechanical Engineering, Ecole Polytechnique de Montreal,
C P. 6079, Station A, Montreal, Quebec,
Canada, H3C 3A 7.
NOTED
Problem Pig - After a month of struggling, Alyeska Pipeline Service Company
engineers finally freed a curvature pig like
the one shown here from a check valve in
the Trans Alaska Pipeline north of Atigun
Pass. Most of the mangled pig was pulled
from the valve area where it had been
34

-

~

,..,-P'--

~-\.._~

The Northern Engineer, Vol. 11, No. 1

THE

NORTHERN
ENGINEER

BULK RATE
U.S. POSTAGE

PAl D
Permot No 2
F-a1rbank~

A1ask.a

GEOPHYSICAL INSTITUTE
of the

UNIVERSITY OF ALASKA
Fairbanks, Alaska
99701

Address Correction Requested

Northern. Printing

An%age

