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Disssi-Eisctric Power in Alaska 

THE PART-LDAD PROBLEM 
by Ronald A. Johnson, 
James B. Malosh, 
Leroy E. Leonard, 
and Sandra L. Bubendorf 

THROUGHOUT REMOTE areas of, 
Alaska, numerous villages, camps, and 
communities depend almost exclusively 
on the diesel-electric generator as the most 
economical and reliable way to supply 
electric power. Like the CAT 0398-driven 
600-kw unit shown in Figure 1, these sys
tems must stand alone and provide con
tinuous power without interconnection 
to any grid. The Alaska climate is notal
ways hospitable, and service in the remote 
environment puts special demands on 
machinery and operators alike. It is not 
the cold or remoteness, however, that 
threatens the efficient operation of most 
diesel systems in Alaska's rural communi
ties. Instead, it is a problem common to 
stand-alone diesel systems wherever in the 
world they supply primary power-the 
problem of part-load operation. 

A generator system, from a Pelton 
wheel powering one cannery to a set of 
steam turbines providing electricity to a 
large city, is intended-and sized-to meet 
the estimated peak power needs of the fa
cilities it serves, for obvious reasons: the 
hypothetical cannery, for example, may 
need all its machinery and lights to be op
erating at once, and its generator must be 
capable of providing enough power to 
deal with that full load. For a rural Alaska 
village, the equivalent full load might oc-

Figure 1. CAT 0398-driven 600-kw generator in St. Mary's, Alaska. 

cur in winter-perhaps around the Christ
mas holidays, with an extra demand for 
lights and appliances as well as a reserve for 
emergency demands such as water pumps 
in case of fire. In midsummer, that same 

village would require only a fraction of 
the maximum power in order for the in
habitants to be comfortable and safe. The 
operators of the village generator set then 
confront the difficulties discussed below. 

Dr. Ronald A. Johnson is a professor of mechanical and environmental quality engineering at the University of Alaska-Fairbanks 
and Dr. James B. Malosh is a mechanical engineer at Pacific Gas and Electric in San Ramon, California. Leroy E. Leonard is facilities 
research manager for the Alaska Department of Transportation and Public Facilities, source of funds for this research. Sandra L 
Bubendorf is currently a mechanical engineer employed by William Pike Consulting Engineers in Fairbanks, Alaska. 
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The overall energy conversion efficien
cy of the generator set is one of the fac
tors that determines the cost of producing 
electric power. The full-load efficiency of 
a diesel-electric generator under ideal con
ditions is about 30 percent. If waste heat 
recovery is included, as it is in the genera
tor set shown in Figure 1, the total effi
ciency can rise to over 60 percent. The 
part-load energy conversion efficiency of 
a diesel-electric plant, however, is much 
less than the full-load value. Since stand
alone diesel-electric plants are usually sized 
for peak demand, it is the part-load per
formance of the system that easily can 
become the dominant influence on over
all system efficiency. Furthermore, since 
most high-speed diesel engines cannot be 
operated for long periods at much less 
than 40 or 60 percent load without even
tually suffering from mechanical failures, 
the problem of how to deal with part-, 
load operation becomes a major concern· 
of operators and system designers alike. 

Reduced efficiency at part-load is due 
in some measure to design deficiencies 
in the diesel engine because, in theory, 
the part-load performance of the diesel is 
superior to that of any other reciprocating 
engine.1 Mechanical failures, of course, are 
related to other factors as well, such as 
improper maintenance and improper sys
tem specifications. In this paper, however, 
we focus on part-load problems of the 
diesel-electri.c system to analyze the causes 
of the problem and to consider what may 
be done to correct it. 
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A TWOFOLD PROBLEM 

The task of improving the part-load ef
ficiency of a diesel-electric generator is a 
twofold problem, but some solutions to 
one aspect of the problem also improve 
the other. The first part of the problem 
concerns the reduced efficiency of the 
diesel engine when it is operated at low 
loads. In most diesel engines, the thermal 
efficiency either remains constant or de
creases as load decreases. The second as
pect concerns modifications of the engine 
so that it can operate at less than 60 per
cent capacity without suffering mechani
cal failures. It is convenient that the 
modifications that will allow the diesel to 
operate at low loads will also increase the 
thermal efficiency. 

Mechanical failures of diesel-electric 
generators operated at low loads for long 
periods are primarily associated with poor 
combustion processes. Good combustion 
requires that the ignition delay-the time 
between the start of injection and ignition 
-be as short as possible and that injected 
spray have a good distribution and mixing 
in the combustion chamber.2 At part-load, 
both inlet air and combustion chamber 
temperatures fall, increasing ignition de
lay. Since most stationary diesels present
ly operate with fixed injection timing, in
creased ignition delay can cause combus
tion to occur well into the expansion 
stroke, which results in low output and 
poor efficiency. 3 

'
4 The quantity of fuel 

injected at part-load can be very small, 
which will result in poor atomization, 
penetration, and distribution in the com
bustion chamber. These factors, combined 
with the low air and wall temperatures, 
promote the formation of carbon and var
nish, which may plug injectors, cause pis
ton rings to stick, and build up on the 
valves. 4 

Power consumption in rural Alaskan 
facilities may average only 30 to 50 per
cent of full load. Recent data collected in 
Alaska indicate that facilities may operate 
at loads under 15 percent during the sum
mer months. Of course, there are valid 
reasons why systems may operate at low 
loads. These include daily (averaged over 
15-minutes) peaks that may range up to 
2.5 times the average load,5 and the fact 
that the generator set is often unmanned 
so it must provide swing power (i.e., re
spond automatically to fluctuations in de
mand). 

A summary of the power loadings for 
44 facilities of the Alaska Village Electric 
Cooperative (AVEC) reveals minimum 
loadings of under 20 percent for the sum
mer months with an average loading of 
around 35 percent (Fig. 2). The corres
ponding low load efficiencies range from 
15 to 27 percent, as estimated from fuel 
usage that assumes an energy content of 
138,616 Btu/gal. During periods of maxi
mum loading (wintertime). efficiencies of 
around 30 percent are common. According 
to Lloyd Hodson, AVEC general manager, 
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Figure 2. Diesel-electric generator set loadings for 44 Alaska Village Electric Cooperative utilities in 
1984. 
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the average AVEC systemwide efficiency 
was 10.2 kwh/gal (25 percent) in 1985.5 This 
represents a 5 percent gain from 1984. 

The average cost of electricity sold by 
AVEC during 1984 was $0.42/kwh,6 with 
around half of this being subsidized under 
the State of Alaska Power Cost Equaliza· 
tion Program.' The fuel costs represent 
approximately 41 percent of the total cost 
of electricity for AVEC.8 By combining 
these data, one can predict a unit cost de· 
crease of over $0.1 0/kwh for operating 
near design loads instead of at low loads. 
With a typical AVEC rural household 
consuming around 2600 kwh/yr,9 this 
translates into a yearly savings per house
hold of around $260. 

A THREE-PART STUDY 

This does not mean such savings are 
easily attainable, but it does indicate a 
potential payback. Because of these opera· 
tional costs in addition to long-term 
maintenance problems, the Alaska Depart
ment of Transportation and Public Facili
ties (DOT&PF) sponsored a three-part 
study directed toward the part-load prob
lem.1 ° A literature search, Alaska field sur
vey, and manufacturer and vendor survey 
were combined to gain perspective on the 
problem and to assess the economic impact 
on the state. 

Literature Survey 

The literature survey revealed that in
take air temperature has a significant ef
fect on part-load performance. According 
to Garret,11 heating the intake air of a cold 
idling engine reduces unburned hydrocar
bons and soot. He also found that inlet 
throttling accomplished similar results. 
Watanabe12 also found that inlet throt
tling was effective in improving the fuel 
economy of two-stroke diesels at light 
loads. This is contrary to the idea of de
creasing pumping losses, but may have 
some merit at very low loads. Foster and 
Myers13 also suggested that cooling the 
inlet air with energy supplied by the ex
haust gas may improve performance by 
reducing real gas losses. This would be 
very effective at full-load conditions, but 
at part-load, the cooled inlet air would in
crease ignition delay, defeating any ad
vantage. Sekar14 found the optimum 
intake air temperature for best full- and 
part-load performance is 140°F. 

Combustion chamber temperature sig
nificantly influences ignition delay. Mun
ro15 found that piston modifications that 
increased combustion chamber tempera-
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tures also reduced ignition delay. He fur
ther determined that this can be carried 
to extremes, so that ignition occurs before 
mixing is complete, increasing fuel con
sumption. Proper design· and control of 
combustion chamber temperature, how
ever, can increase fuel economy. Kirlos
kar16 described a semi-adiabatic diesel with 
a cast iron piston that yielded a brake 
thermal efficiency of 39 percent. Thaler,17 

in tests on several large diesels, found that 
raising the coolant temperature from 
176°F to 284°F produced a 4 percent im
provement in the full-load fuel economy. 
He also found that increasing the oil temp
erature from 176°F to 212oF reduced fric
tion and lowered the fuel consumption 
by 1 percent at full load and 4 percent at 
25 percent load. Because both oil and 
coolant temperature influence combustion 
chamber temperature, it is apparent that 
good control and maintenance of proper 
oil and coolant temperature is necessary 
for good fuel economy, both at part and 
full load. 

Other ideas mentioned in the literature 
involved proper injection timing and pul
sation or resonant tuning of intake and 
exhaust systems. As the load is decreased 
on a diesel engine, the ignition lag gener
ally increases. The ignition timing must 
be advanced to compensate for this tend
ency. Hinayasu18 showed that advanced 
injection timing also reduces carbon for
mation. With the newly developed elec
tronic circuitry, innovative governors, and 
injection systems now becoming available, 
precise control of injection timing could 
be easily accomplished. Scott19 describes 
an electronic injection system that pro
vides pilot or early injection of fuel to in
crease overall fuel economy by 17 percent. 
Day20 and Gaschline21 describe electronic 
fuel control systems that are available for 
diesel engines. Tabaczynski 22 presents a 
detailed exposition of the importance of 
tuning to improved exhaust and intake 
system performance. According to his re
sults, volumetric efficiency can be in
creased to 115 percent by properly tuning 
the system. Scott19 describes one Amer
ican and six European diesel engine manu
facturers who are incorporating tuned 
systems into their engine designs, all of 
which have improved fuel economy and 
performance. 

Field Survey 

The Alaska field survey involved inter
viewing dozens of users during 1984 and 
1985. The problems encountered by the 
various operators, users, and vendors in-

... ' 

eluded: (a) hydrocarbon buildup, (b) rings 
sticking, (c) plugged injectors, (d) glazed 
pistons and cylinder walls, (e) "slobbering," 
(f) burning oil, and (g) shortened engine 
life. Of these problems, the one most often 
complained about was hydrocarbon build
up. 

The field operators' recommendations 
for part-load operation included: (a) using 
dummy loads (resistive load banks to ab
sorb excess electrical output and keep en
gine loadings constant), (b) derating the 
fuel system, (c) periodically operating near 
full load to purge hydrocarbon deposits, 
(d) keeping the block temperature high, 
(e) using an efficient fuel injection system, 
(f) sizing the generator set correctly, and 
(g) instructing operators and users in the 
proper care and maintenance of diesel
electric generator sets. 

Much of the part-load operation prob
lem can be eliminated from the start by 
correctly sizing the generator to the im
mediate and near future (not long term) 
needs of the owner. If the engine is too 
large, it will have to run at a reduced 
load for an extended period and may 
ultimately fail before it can be used to its 
full economic potential. As mentioned 
earlier, running the generator for a long 
time at part load shortens its usable life. 
It will also cost more to run and maintain 
than if it were used more efficiently. 

In his interview, AVEC manager Hod
son emphasized the importance of a prop
erly sized generator so that one could 
operate away from the low load portion 
of the efficiency curve. If one is forced to 
operate in this region, a large portion of 
the energy input is used simply to over
come basic friction and pumping losses. 

Jerry Larsen and Peter Hansen of the 
Alaska Power Authority felt very strongly 
that many problems in rural Alaska relate 
to a lack of engineering expertise in the 
people providing system specifications, in 
addition to installed systems then being 
improperly operated and maintained. 
They believe the vast majority of systems 
in Alaskan villages to be oversized. 

Manufacturer and Vendor Survey 

Most of the users and vendors contacted 
mentioned the use of dummy loads (load 
banks) and thought it a practical method 
of alleviating the problems induced by 
part-load operation. Mickey Allen of N.C. 
Machinery, Inc., in Fairbanks, recommends 
normal operation at a minimum of 30 per
cent load and using load banks for condi
tions when the load falls below 20 percent. 
Dennis Moen of DOT&PF recommends 
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running the diesel engine at full load every 
10 days or so during the summer months 
to remove hydrocarbon deposits. 

About two dozen manufacturers and 
vendors in the lower 48 states were con· 
tacted and, with two exceptions, said their 
systems should not be operated at part 
load for long periods of time. In response 
to a question about modifications to allow 
long-term operation at low loads without 
sustaining long-term mechanical problems, 
two vendors suggested an automatic radi
ator-mounted load bank. As the load on 
the generator falls below a preset level, a 
control circuit cuts in a load bank that is 
mounted on the radiator. The hot air from 
the load bank in turn heats the coolant 
and engine, thereby maintaining the cool
ant temperature. Automatic over-tempera
ture controls are provided to keep the 
engine from overheating. This device is 
described in a reprint available from 
Avtron Manufacturing, lnc.23 Besides the 
suggestion of load banks as solutions to 
part-load problems, the most common 
reply was to use several properly sized 
units and run them in parallel for periods 
of maximum loads. 

RECOMMENDATIONS 

Preliminary economic analysis10 dem
onstrated that adding a radiator-mounted 
load bank with resistive heat recovery was 
attractive from the standpoint of reducing 
electricity cost below that of a passive 
load bank, assuming an existing unit was 
already oversized. Even though the former 
system has a reduced thermal efficiency 
compared to a system having no load 
bank, the penalty can be offset by extend
ed engine life and improvements in mech
anical and combustion efficiency. Since it 
contains the kinds of electrical equipment 
that in some cases are already present on 
many diesel generators, the maintenance 
and personnel skill level requirements will 
be minimally affected. Because commer
cially available components are used in 
the part-load package, parts availability 
problems should not increase. This is pres
ently a promising method of solving the 
part-load performance problem, and the 
efficacy of this approach should be ascer
tained with long-term full-scale tests on a 
diesel generator. 

The use of acoustically tuned, aerody
namically efficient intake and exhaust sys
tems by themselves are also an attractive 
approach to improving diesel generator 
economy for two reasons. First, a definite 
documented increase in part-load efficien
cy is attainable with these systems; and 
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second, they are passive devices that re
quire no maintenance or personnel skill 
level increase once they are installed on 
the engine. Further research, full-scale 
testing, and development should be done 
on these systems. 

Parallel operation of smaller generating 
units has the advantage of redundant relia
bility. However, the economic analysis 
did not show them to be less costly than 
single units, especially if one already had 
an operational single unit on site. There 
is also the problem of increased mainte
nance associated with multiple units and 
complex switch gear. Also, at low loads, 
the same problems associated with single 
units may also occur. This may be a fea
sible method of solving part-load problems 
in some instances, but a detailed economic 
analysis may be necessary to assess the 
benefits. 

All the other methods of improving 
part-load performance may become fea
sible in the future. The most encouraging 
potential method is the microprocessor
controlled injection pump with light-load 
advance. The development of these items 
should be monitored closely.The develop
ment of an electro-mechanical injection 
pump with light-load advance is also at
tractive. A caution would be that such 
devices not increase the maintenance and 
skill level requirements for installation 
and operation. 

CONCLUSION 

The problem of part-load operation of 
diesel-electric generators used as primary 
power sources is complex and not easily 
resolved. There are, however, steps that 
can be taken now to improve the situation. 
In the future, improved technology may 
add to our ability to improve efficiencies 
and limit mechanical failures. However, 
like any other thermo-mechanical system, 
the diesel is a device with limitations that 
must be understood before an application 
can be correctly addressed. 
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Sweden 

ASPECTS OF RAPID INFILTRATION 

(a) IRRIGATION 
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(c) INFIL TRA T/ON 

30-100m 

Infiltration 
basin 

Groundwater flow 

Figure 1. Systems for land treatment of wastewater. 

by Kaj Nilsson 

OF THE 8.3 MILLION persons living in 
Sweden, the greatest part of the population 
-about 7.3 million -uses municipal sew
age systems. The treatment for wastewater 
from these municipal sewers employs three 
general techniques: mechanical, chemical, 
or mechanical and chemical combined, 5 
percent; biological, 22 percent; and a 
combination of biological and chemical, 
73 percent. The treatment plants were 
built mainly during the last 20 years. 

The rest of the population - chiefly 
single- family households - has separate 
sewage treatment systems of various kinds. 
This is also the case for many recreation 
areas, hospitals, motels, and similar iso
lated facilities. Experience has shown that 
problems often arise when conventional 
treatment technology is used in smaller 
units. The maintenance is also rather ex
pensive and the treatment results are ir
regular. There is, therefore, an increasing 
tendency to choose land treatment for 
wastewater from smaller units instead of 
attempting to use scaled-down conven
tional treatment units. 

In principle there are several methods 
for land treatment (Fig. 1 ). In Sweden 
only rapid infiltration has been used ex
tensively. 

DEVELOPMENT AND RESEARCH 

The development work on rapid in
filtration systems started at the end of 
the 1950s. In 1962 the first manual on 

Dr. Kaj Nilsson is a hydrologist at VIAK AB, a Swedish consulting firm. For the past 20 years his main fields of action have been 
groundwater pollution, solid waste disposal, and systems for infiltration of wastewater. A version of this article was presented at a 
meeting of the international Working Group on Appropriate Technology for the Treatment of Waste Waters for Small Rural Com
munities; the summary report of that meeting follows Dr. Nilsson's article. 
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.·.-~-Fill 

OF WASTEWATER Plastic film 
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the subject appeared in Sweden. Since 
1967, questions regarding rapid infiltra
tion have been handled by the National 
Swedish Environmental Protection Board 
(SNV), which published a standard guide 
on the subject in 1974. Since this 1974 
manual is only applicable to single house· 
holds, work is in progress in cooperation 
with other Nordic countries to produce a 
revised manual that would be applicable 
to larger units also. 

Research on rapid infiltration begun at 
the end of the 1960s includes column ex
periments and case studies of full-scale 
systems. Primarily the research is con
centrated on chemical and biological proc
esses taking place during infiltration and 
on the influence of wastewater infiltration 
on ground water at different distances 
from a treatment plant. 

SMALL SYSTEMS 

Infiltration systems for single house
holds and other small units are built 
according to the 1974 manual. The waste
water is presedimented in a septic tank. 
In permeable soils the wastewater is in
filtrated typically by means of a pipe with 
weep holes laid in a ditch containing ap
propriate fill (Fig. 2). The size ofthe infil
tration ditch is based on analyses of soil 
samples. 

If the soil conditions are unfavorable 
for treatment in this fashion, the water is 
distributed through a sand filter (Fig. 3). 
After percolation the water is collected in 
a pipe, then released into a stream or lake. 
It is estimated that 200,000 to 300,000 
small systems have been built, with an 
increase of 15,000 to 20,000 each year. 
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Figure 2. Underground infiltration system for single households. 
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Figure 3. Sand filter for single households. 
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LARGER SYSTEMS 

Mainly during the last 10 years, larger 
infiltration systems have been built for 
villages and groups of homes housing 500 
or 1000 persons. Often hospitals, motels, 
and recreation centers have also chosen 
this solution for wastewater treatment. 

Design 

There are two major types of technical 
solutions: infiltration plants and sand fil· 
ters. Infiltration plants can be constructed 
when a permeable soil (e.g., gravel and 
sand) is available. If the soil is more or less 
impermeable (e.g., silt or clay), the sand 
filter solution is the only alternative. Both 
infiltration plants and sand filters can be 
either closed (subsurface) or open (dams). 

Figure 4 shows some examples of these 
technical solutions. 

The only pretreatment required in the 
subsurface alternatives is mechanical sep· 
aration. The open infiltration plant, how
ever, normally requires some secondary 
treatment prior to infiltration such as the 
oxidation pond shown in Figure 4. Other 
biological treatment methods, such as 
activated sludge, also could be adopted. 

For smaller plants, the subsurface alter
natives are most feasible, whereas for 
larger plants (more than 200 to 300 cubic 
meters per day) infiltration dams become 
economical. In order not to cause a re
duction of the hydraulic capacity of the 
infiltration beds with time, they are de· 
signed in such a way that part of the plant 
could be left idle. By running the plant 

SUBSURFACE PLANTS FOR MEDIUM-SIZED UNITS 
(approx. < 200 - 300m3/d) 
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Subsurface Infiltration System 

~-t;:.;;;;ution pipe 
- - .... ·.·························· (perforated) 

Groundwater .!} {!. Perm~able 
level soli --

Subsurface Sand Filter 

Impermeable 
soil 

OPEN INFILTRATION DAMS FOR LARGER UNITS 
(<200 - 300m3/d) 

Distribution 
manhole 

Groundwater level 

Figure 4. Sketches of sand filter and infiltration systems of water treatment. 

intermittently, there is time for organic 
matter to decompose in the beds, resulting 
in a restoration of their hydraulic capacity. 

Experiences from Operation 

The knowledge of rapid infiltration is 
rather comprehensive with regard to treat· 
ment effects and influence on the environ
ment. Also the design, operation, and 
maintenance of plants are well known. 

In principle, the effects of treatment 
are the same in sand filters and infiltration 
plants. In practice, sand filters are less ef
fective because the filter volume is limited 
for financial reasons. 

In sand filters loaded with 40 to 80 
liters of wastewater per square meter each 
day, the effects of the treatment shown 
in Table 1 are normal. The treatment ef
fectiveness of infiltration plants is better, 
mainly because of the larger soil volumes 
available. Usually the reduction of organic 
matter, bacteria, and phosphorus is nearly 
complete and the influence of the treated 
wastewater on the ground water is detec· 
ted only by increased amounts of chloride, 
sulphate, and nitrogen. 

Table 1. Treatment Effects of Sand Filters 

Material Removed 

Bacteria 
Organic matter 
Phosphorus 
Nitrogen 

Reduction% 

99- 99.9 
80-90 
30- 60 
10- 30 

The maintenance of infiltration systems 
is simple and restricted (normally to 2 or 
3 hours per week) in comparison with 
conventional treatment plants. It is also 
important to note that the maintenance 
can be carried out by comparatively un
trained staff. 

CONCLUDING REMARKS 

As mentioned above, infiltration sys
tems are often a preferable alternative for 
solving wastewater problems. However, 
there are several cases where infiltration 
plants or sand filters have failed. The rea
son is often inadequate knowledge of the 
hydrogeological conditions in the infiltra
tion area. It is therefore most important 
that the choice and design of the infiltra
tion systems are based on an accurate 
knowledge of the geology and ground 
water conditions at the site where the sys
tems are to be installed. + 
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_______ Summary Report ______ _ 

Working Group on Appropriate Technology for the 
Treatment of Wastewaters for Small Rural Communities 

Lyon, France, 7-11 June 1982 

The meeting was held on the premises of the International 
Agency for Research on Cancer. It was attended by 20 experts 
from 11 European countries who met to review the latest de
velopment in the collection and treatment of domestic waste
water in isolated dwellings and small rural communities, and 
to review the plans being adopted throughout the European 
region to solve related problems. Thus a review of the tech
nology options appropriate to Europe and guidance for the 
selection of systems was prepared as a result; it is summar
ized below. 

Appropriate Technology 

The systems used in represented countries were given, with 
the emphasis on new approaches, and reference was made to 
both good and unsatisfactory experiences. Some recent 
changes in less developed countries in other regions of the 
World Health Organization were also presented, showing how 
the provision of satisfactory sanitation at relatively low cost 
had improved. Some of these approaches could play an im
portant role in rural areas of Europe. The main systems re
viewed were: 

a) Pit latrines 
b) Cesspools 
c) Septic tanks 
d) Grass plot treatment 
e) Subsoil infiltration 
f) Rapid sand infiltration 
g) Lagoons/facultative ponds 
h) Oxidation ditches 
i) Extended aeration 
j) Biological discs 
k) Trickling filters 

Of these, items a) to c) are primary treatment; d) to f) 
are secondary treatment, usually following c); g) to i) are 
secondary treatment, usually following some form of sedi
mentation, solids removal, or disintegration; and j) and k) 
are usually complete treatment systems on their own. 

Of particular interest were the experience and practice in 
all countries using septic tanks as a method of primary treat
ment. Even this well-tried and universally used system was 
under review. New rational design approaches being adopted 
in Scandinavia for the land disposal of septic tank effluents 
included subsoil infiltration and rapid sand filtration. 

Although the properly designed lagoon (constructed pond) 
treatment was highlighted as the most effective system as far 
as eliminating pathogens was concerned, the lagoon is not as 
functional during winter. It was stressed that no treatment, 
whether a simple pit latrine or a sophisticated extended aera
tion package plant, could completely remove pathogens. Ef
fluent disinfection by chlorination may have application 
under special circumstances such as during a cholera epidemic, 
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but there are several reasons that it is unacceptable for 
general use: 

• Disinfection is never total; viruses and parasites are not 
eliminated completely. 
• Chlorination is costly and difficult to operate. 
• Chlorination produces byproducts whose presence is en
vironmentally undesirable. 

Thus chlorination should be considered primarily as part of 
the potable water treatment and not as a means of reducing 
the number of pathogens in the environment. 

In recent years there have been improvements on the basic 
pit latrine, the most important being the fly-suppressing ven
tilation systems. The Working Group concluded that the pit 
latrine is an appropriate system for remote areas of Europe. 

A system that so far has not been widely applied in Europe 
is that of small-bore sewers, yet they offer an opportunity 
for considerable cost savings. They are particularly suitable 
where a small community opts for a water-borne sewage sys
tem to replace an existing system of individual septic tanks. 
Small-bore sewers could play an important role in cost re
duction in rural areas if connected to already existing septic 
tanks, rather than as part of a newly built conventional water
borne sewage network that totally replaces the original sep
tic tanks. Any system of septic tanks and small-bore sewers 
should, of course, be accompanied by the necessary organiza
tional arrangements to ensure the regular and efficient empty
ing of the tanks. 

Another way of cutting costs is to reduce the size of sewer 
and treatment facilities. One method of doing this, which to 
date has not received sufficient attention in Europe, is a re
duction in water consumption. Owing to water scarcity, 
efficient flushing systems have been designed that use only 3 
liters of water; this could cut water needs by between a third 
and a fifth. Other approaches to the reduction of sewage 
volume in rural areas is to keep fecal wastewater and sullage 
separate, and to keep rainwater infiltration to a minimum. 

Health Considerations 

Excreta-related diseases can be controlled by: the provision 
of a toilet that all members of the household use; provision 
of an adequate water supply for personal and domestic hy
giene; effective treatment of excreta or sewage prior to dis
charge; and effective sanitary/health education so that facil
ities are used properly. 

Under these conditions, a well-designed and properly uti
lized pit latrine can give the same health benefits as conven
tional water-borne sewage systems. All sanitation systems, 
however, have potential disadvantages for health and these 
must be provided for. With careful design and proper opera
tion and maintenance, the health hazards of a sanitation sys
tem can be minimized. 
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The Ambient Envelope House 
by Thomas Johnson 

THE FOLLOWING ARTICLE is based on 
my Phase II submission to the energy
efficient home design competition spon
sored by the State of Alaska_ It describes 
the building construction and perfor
mance in a general way; however, before 
the house can become a reality, ques
tions of air circulation, product testing, 
and construction detailing require further 
study and development_ 

The basic design is very simply an eco
nomical box-with one significant altera
tion_ While in a typically constructed house 
the functions of a wall are fully integrated 
and mutually interdependent, the Ambi
ent Envelope House is characterized by 
separating the various wall functions, 
such as structural support and weather
proofing. This separation reduces conduc
tive heat losses and creates new and 
interesting spaces, neither truly "inside" 
nor properly "outside," around the internal 
living spaces. Because the rate of heat loss 
in a building is in part a function of the 
temperature differential between the in
side and outside faces of the wall, the 
total heat loss from this house is much 

Delta area features a silty 
loam topsoil underlain by 
a sandy gravel, and on 
some homesites the soil 
occurs in pockets between 
rolling sand dunes. The 
foundation is a continu-
ous reinforced concrete 
strip, 1 '6"x8"x68' in total length; the de
sign would provide adequate support for 
the structure on the soils typical for the 
area. The local vegetation is mainly spruce 
and aspen trees, with willow and alder 
brush. 

The dominant scenic views are to the 
south and southwest. To ensure optimal 
insolation to the building's sides, the house 
faces to the south-southeast. The large 
glazed area enclosing the southern half 
of the building envelope has a low R
value, but-because ofthedirectionofthe 
view- its purpose is not only to trap heat. 
If the best views were to the north, then a 

~OUTH E-~E.VAiiOH 

smaller and more efficient solar collector 
would be appropriate on the southern 
side. The materials in the wall surrounding 
a more modest glazed area would provide 
a higher overall R-value for that side of 
the building, but the northern envelope 
would have more openings and therefore 
a lower average R-value. Appropriate ad
justments could be made to the design 
and to the heating requirement calcula
tions so that the house plans could be 
adapted to fit any relatively flat site under
lain by suitable soil. 

During the winter months when con
serving heat is essential, the north and 

Table 1. A-Values of Several Building Components 

less than the individual R-values of the Structure Building Components A-Value 

component materials would lead one to 
expect (Table 1 ). Besides conserving and 
capturing heat, the envelope provides pro
tected storage for small vehicles such as 
snowmachines and for power equipment, 
as well as work areas and gardening areas 
for plants that need an extended growing 
season. 

The house is designed to be built 
either in the town of Big Delta or on 
one of the outlying homesites in the ag
ricultural projects of interior Alaska. The 

----------------------------------------------------
Roof 
Ground floor 
Internal walls 
External walls 

North envelope 
South envelope 

Footings from living area 

6" fiberglass quilt+ 12" min. foamglass insulation 
6" fiberglass quilt+ 6" foamglass insulation 
12" foamglass blocks 

Formawall insulated cladding 
Double-glazed units 
> 12" foamglass foundation wall* 

*The A-value will vary according to the depth of the footing. An A-90 value, from at least 

46 
20 
31 

14 
2 

90 

a 3-foot deep foundation wall plus the insulated ground floor, should prevent the melting of ice 
lenses-which, if present, could cause the house to settle unevenly. 

Thomas Johnson, AlA, is an architect practicing in the Seattle, Washington, area. He submitted this house plan in the Alaska 
Energy Center/Division of Energy and Power Development residential design competition, source of this continuing series of articles 
on energy-efficient house designs. 
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south halves of the envelope work together 
in several ways; typical calculations and 
illustrative examples are presented in 
Tables 2 and 3 . The heat flow analyses of 
the house in the months of January and 
March, as presented in the tables, have 
been constructed using the ASH RAE Fun
damentals Handbook 1 and climatic data 
for 64° N latitude . Insolation figures take 
account of the actual amount of time 
that the sun shines in a given month. For 
example, during January the sun shines 
approximately 34 percent of the time 
during daylight hours. Both tables assume 
the thermal mass of the components in 
the south envelope to be 7359 Btu t F and 
the temperature of the interior living 
spaces to be 65° F. 

The original Ambient Envelope House 
design submitted in the contest has been 
modified and refined here both to simplify 
construction and as a result of further 
study of the building materials . While all 
parts of the house can be built with stan· 
dard construction techniques, some parts 
of it make use of materials in new ways. 
The major example of this occurs in the 
walls surrounding the habitation space , 
which are constructed mainly of stan· 
dard 5"x12"x18" foamglass blocks. This 
material, commonly used as insulation un
der concrete slabs and in cold storage 
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Table 2. January Heat Flow Analysis 

Expected insolation on a typical day 

Average daily temperature 

Tota l sunshine 
North envelope temperature average based on waste heat from 

living space 
South envelope temperature average based on waste heat from 

living areas with no insolation 
South enve lope temperature (24-hour average) including expected 

insolation 
Mix north and south envelope air volumes as part of house fresh air 

intake to make new average ambient envelope temperature of 
Heating degree days * saved 

Energy required without envelope 

Energy required with envelope 

212,930 Btu 
- 10oF 

4 hours 

1°F 

341 

2,734,200 Btu 
2,333,184 Btu 

* Heati ng degree days per month equals the number of degrees the average daily temperature is 
below 65° F times t he days per month . 

Table 3. March Heat Flow Analysis 

Expected insolation on a typical day 
Average daily temperature 
Total sunshine 

2,665 ,174 Btu 
1 0°F 

10 hours 
North envelope temperature average based on waste heat from 

living space 
South envelope temperature average based on waste heat from 

living areas with no insolation 

South envelope temperature (24 -hour average) including expected 
insolation 

Mi x north and south envelope air volumes as part of house fresh air 
intake to make new average ambient envelope temperature of 

Heating degree days * saved 
28°F 

558 
1,974,080 Btu 

731 ,972 Btu 

Energy required without envelope 
Energy required with envelope 

* Heating degree days per month equals the number of degrees the average daily temperature is 
below 65° F times the days per month. 

units, has a load -bearing capacity of 100 
pounds per square inch. It has an R-value 
of better than 2.5 per inch. The blocks 
are not combustible, do not absorb mois
ture, and are chemically inert. The manu
facturer supplies a line of accessories for 
this product that are made specifically 
for cold temperature use. 

The preliminary design for this house 
had a small overhang, but this has been 
removed because the sun is not high 
enough in summertime at this latitude to 
make an overhang useful for shading unless 
it was overly large. The area of glass sur
rounding the southern envelope inevitably 
will gain large amounts of heat during the 
summer months . To avoid excessive solar 
gain, the bottom row of glazed units are 
designed to be removed and replaced by 
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screening. The oil-filled pipe heat store is 
to be covered with a canvas cloth, and the 
roof vent is to be kept open. 

Venting large amounts of hot air during 
the summer months into a warm outer 
environment is very different from 
expelling warm moist air into an en
vironment of cold, dry air during the 
winter months . The detailed design of the 
winter air cycle requires additional study 
before this plan can be considered to be 
final. The basic elements of the air 
handling system are fairly straight
forward, however. An underground duct 
brings the cold winter air from outside 
the house into the north air envelope ; 
from the north envelope the air is circu
lated to the south envelope . Heated 
somewhat above the outside temperature 

by this transit, the fresh air enters the house 
by way of a jacket around the heat
ing stove . To overcome possible problems 
of stratification, the flue for the stove is 
designed to have a jacket duct around it 
to extract warm air at the highest level of 
the house and exhaust it with the smoke 
from the stove. The thinking behind the 
jacket duct is to provide air circulation and 
exhaust without relying on electric fan s, 
etc., even though it is more crude and less 
efficient. 

The north envelope space is intended to 
serve as a place to store essentials such as 
wood, mechanical equipment and snow ma 
chines out of the weather. The south enve
lope space functions as a warm daytime 
work space or as a hothouse for vegetables 
and flowers, as shown in the accompanying 
drawings. 

The house is designed for rapid, kit -type 
construction . All products included in the 
project are available in Fairbanks or 
Anchorage . In 1982, the estimated cost of 
building the Ambient Envelope House was 
$49,000. The estimate was based on the 
assumption that the owner would be heavi
ly involved in the construction process . 
There are certain aspects of building the 
house that are best done by specialists, 
such as erecting the "Formawall" insulated 
cladding, and the owner's labor has been 
omitted from the estimate for this type of 
work . The estimate (again, in 1982 dollars) 
was that the price would increase by an 
amount from $10,000 to $12,000 if the 
owner did not contribute labor . 

The estimate did not include site prep
aration, waste treatment system, well, or 
landscaping. It did include all footings, 
materials and features indicated in the 
drawings, rough wiring, cooking stove, re
frigerator, bath fixtures , water tank , rough 
plumbing, and hardware . 

Because this house was to be located in 
an area served by a road and with electri
city available at the site, the design calls 
for a well and the installation of conven
tional plumbing. This would include a 
55-gallon internal water storage tank high 
in the house, allowing gravity-flow opera
tion in case of power failure . 

Above all , this house was intended to 
conserve energy in all ways : it would save 
erection time , reduce future maintenance, 
and lessen heating requirements through 
out the life of the house. 

REFERENCE 
1 
ASH RAE . 1981 . Handbook of Fundamental s. 

Ameri can Society of Heat ing, Refrigerating, 
and Air-Conditioning Engineers, New York, 
NY . + 
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Problems and Opportunities with 

Winter Wastewater Treatment 
by Sherwood C. Reed 

THAT WASTEWATER will be treated 
effectively throughout the year has be
come a routine expectation of regulatory 
official s and design engineers . The people 
who actually operate these systems, how
ever, know that such expectations are often 
difficult to realize where winters are harsh. 
Cold weather can have a significant and 
often severe effect on the operation and 
performance of wastewater treatment 
systems. Major problems can arise, includ
ing ice formation and freezing in system 
components, damage to structures from 
excessive snow loads on roofs, and com 
plications from snow drifting on the site . 
In addition, the physical, chemical, and 
biological treatment responses are all tem
perature dependent and the performance 
efficiency of each aspect of treatment can 
suffer under low-temperature conditions . 

A national survey by the U.S. Environ
mental Protection Agency indicated that 
freezing and other winter problems were 
a major cause of poor performance in 
wastewater treatment systems and often 
resulted in high operation and mainte
nance costs .1 l"n some cases it appeared 
that the original system designs did not 
adequately recognize the special winter 
requirements; in these situations, the op
erators are left to cope with the problems. 
This article describes some of those prob
lems and their solutions, as a help to 
others who may confront the same diffi
culties and in hopes that design engineers 
can avoid the problems in future systems. 
It also touches on some ways in which cold 
has its advantages : related research at the 
U.S. Army Cold Regions Research and 
Engineering Laboratory (USA CRREL) 

has also revealed opportunities for bene
ficial use of winter conditions .2 •

3 

Alaska probably has a greater range of 
environmental constra ints on wastewater 
treatment system design and operation 
than any other state in the U.S. For ex
ample, the freezing index in Juneau is of 
approximately the same magnitude as the 
thawing index at Barrow . A system in one 
of Alaska's panhandle communities may 
be a little different in concept or config
uration from its counterpart in the con
tiguous states . The same system on the 
Alaska North Slope, however, might typi 
cally be enclosed in a heated building. In 
the latter case, a temperate -zone environ
ment is artificially, and in some cases un
necessarily , maintained to ensure success
ful performance. Most treatment processes 
can function adequately at low tempera 
tures as long as ice is controlled , although 
biological kinetics are reduced. The addi-

tion of excess heat, beyond the point 
needed to prevent freezing, is for the com 
fort and convenience of the operator , not 
the process. A more selective approach to 
design combined with recognition of the 
sensitive points in the system that require 
protection could save significant costs 
and energy. 

THE PROBLEMS 

The potential for winter problems is 
not limited to a particular type of treat
ment process nor to any particular size of 
treatment plant . Table 1 lists the major 
process components found in most waste
water treatment systems. All systems do 
not necessarily have a component from 
each category . 

The major function of many of these 
components is the removal, transforma
tion , and di sposal of the solids entering or 

Table 1. Treatment Process Components 

Preliminary Biologica l Sludge 
Treatment Clarifiers Reactors Management 

Pumping Primary Activated sludge Digestion 
Screens Secondary Extended aeration Dewatering 
Grinders Polishing ponds Oxidation ditches Disposal 
Grit removal Air flotation Trickling filters 

Flow measurement Thickeners Rotary biological 
contactors 

Flow equalization Aerated lagoons 
Facultative lagoons 

Sherwood C. Reed is the senior environmental engineer at the U.S. Army Cold Regions Research and Engineering Laboratory in 
Hanover, N H. He is a graduate of the University of Alaska (M.S. 1968) and has been conducting environmental engineering research for 
the past 20 years. He also serves, under a special interagency agreement, as an advisor and consultant to the U.S. Environmental 
Protection Agency. 
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generated with in the treatment system. 
The preliminary components remove or 
reduce the size of the larger solids entering 
the system . Grit removal involves the sep
aration of abrasive part icles with a high 
specific gravity (sand , for example) that 
would produce wear or damage to sub
sequent components. Cl arif iers can be 
employed at an early stage in the process 
(primary) to settle out most of the re
maining solids in the entering wastewater, 
or at a later stage (secondary) to separate 
the solids generated in t he biological reac
tor . These biological reactors are expected 
t o convert a large portion of the dissolved 
constituents in the wastewater to biologi 
cal solids which will settle out in the 
secondary clarifier . " Sludge" is all of the 
material removed from the bottom of t he 
clarifiers; it requires furth er treatment be
fore d isposal. One area where winter con
ditions offer significant potential benefits 
is in removing the excess water in this 
sludge via freezing and thawing. 

Winter operational problems have oc
curred with all of the process components 
listed in Table 1. The majority of prob
lems can be grouped into four categories: 

• Ice formation and freezing in system 
components 

• Viscosity changes in the wastewater 
and in lubri cants in mechanical equipment 

• Rate changes in physical, chemical, 
and biologica l reactions 

• Snow and ice accumulation on struc
tures, control equipment, wa ll s, and roads 

Ice formation is the most frequent 
concern and, si nce it can ca use a compo
nent to fail and thereby disrupt the enti re 
system , it is usually the most serious one. 
In some cases , problems in all four cate
gories can occur at t he same time. The 
following li st of components, their winter
re lated problems, and suggested measures 
to ame liorate those problems is presented 
as if things went wrong one at a time. 

Grit Removal 

Major problems involve f reezing in t he 
conveyors that lift the grit out of the 
tank, and in the hopper o r dumpster con
tainers. The conveyors can be covered with 
insulated sheet metal and warmed as re
quired with a kerosene-fired blower. The 
containers can be stored in a heat ed shed 
for seve ral days before they are dumped, 
but odors can be severe. The most positive 
approach is to house and heat the entire 
grit discharge area. 
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Flow Measurement 

Calibrated flumes or weirs are typically 
used for flow measurement. Both the 
flume and the sti lling well can be covered 
to retain heat. The stilling wel l is more 
likely to freeze than is the flume; opera
tors often resort to a I ight bulb as a heat 
source to keep it thawed . A layer of oil 
in the stilling well has also been used to 
prevent freezing , which requires recalibra
tion of the recorder and some means of 
preventing loss of oil into the main chan
nel during low flow. For treatment plants 
using ultrasonic methods to measure 
depth, a thin layer of petroleum jelly on 

the face of the detector has been used 
successfully to prevent frost buildup. Open 
wells with bubble tubes for flow control 
may have condensate freeze in the air 
lines; this can be corrected by wrapping 
the lines with heat tape . 

Clarifiers 

Experience in the contiguous states 
and Canada indicates that clarifiers have 
more severe operational p roblems during 
the winter months tha n any of the other 
system components listed in Table 1. The 
most difficult problem involves the remov
a l of floating scum and grease from the 

Figure 1. A small aerated lagoon at Eielson Air Force Base in Alaska. Top photo was taken in
0 

September, and bottom photo was taken during February when the air temperature was - 45 C. 
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water surface in these tanks . Typically, a 
skimmer mechanism will push these mate
rials up an inclined plate called a "beach 
plate " and into a trough for disposal. 
Freezing on this surface, with the resulting 
ice buildup, may damage the skimming 
mechanism . In treatment facilities at many 
cold-affected locations, the operators 
merely remove the skimmer arm during 
the winter. Some units have adjustable 
plates and these should be moved in the 
winter to minimize the plate surface ex 
posed . Other solutions for this and related 
problems can be found in reference 2 . 

Ice is a special problem in out-of-service 
clarifiers or other tanks that may have 
so me sta nding water at the start of winter . 
Attempting to fill or drain such tanks after 
ice has formed ri sks damaging the skimmer 
and sludge collection mechanisms. It is 
necessary to break up or melt this ice prior 
to start-up . An alternative is to circulate 
treated effluent through these tanks so 
they wi ll always be available for service. 

The most common approach for con
trolling ice formation on the clarifier is to 
use covers. These range from removable 
panels to prefabricated structures, air-in
flated covers, and plastic or metal domes . 
The inflated covers require circulation of 
warm air near the crown since they can
not support a snow load. The major heat 
losses from exposed water surfaces are 
due to evaporation, convection, and radia 
tion, so in theory ice formation might be 
prevented with a thin sheet of plastic f ilm . 
The film would not support a snow load , 
however, and that is the major reason for 
using the rigid structural covers. The main 
disadvantage of covers is the high humidity 
and resulting condensation that makes 
the atmosphere inside them highly corro
sive. It is essential to use noncorrosive 
structural elements and weatherproof elec
trical systems. 

Biological Reactors 

Most winter difficulties with treatment 
systems using aeration relate to mechan
ical problems resulting from ice buildup. 
Submerged distribution of diffused air 
will cause less ice formation and less heat 
loss from the liquid . The diffused aeration 
systems (Fig. 1) require a blower or air 
compressor, which can lead to a problem 
often ignored by design engineers : block
age of the air intake screens with snow , ice , 
or frozen rain. Since the compressors are 
typically located on the floor of a building, 
it is convenient for designers to place the 
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Brush housing (see detail) 

~Flow 

Heated office/lab 

Figure 2. Oxidation ditch system, Fairbanks, Alaska. The photograph shows the treatment channel 
in the foreground, with the brush housing behind the channel. The office and clarifier building can 
be seen in the rear, to the right. Design features are shown below the photo. 

air intake at the same level in an adjacent 
wall without considering the potential for 
snow to drift against that wall during 
winter . The trickling filter and other " at
tached" growth concepts listed in Table 1 
are more sensitive to low temperatures 
and must be covered. 

Oxidation Ditches 

This biological treatment method uses 
open channels and a rotating brush or sim
ilar device to provide mixing and oxygen 
transfer as well as the lateral velocity to 
maintain flow of the liquid and retain sol
ids in suspension in the channel. Typical 

temperate zone construction involves 
simple earthwork excavation with sloping 
side walls for the channels and the center 
islands . 

Subarctic zones require a slightly dif
ferent approach. A design , developed in 
the late 1960s in the College area of Fair
banks, Alaska, is shown in Figure 2. The 
system operated successfully for several 
years (until 1981) and there are still les
sons to be learned from th e plan. 

The vertical ditch walls and vertical 
center island resulted in minimal exposed 
water surface and therefore maximum 
heat retention . Temporary winter covers 
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were planned but never used . A persi stent 
ice cover never formed at ambient air tem
peratures down to - 48°C. Icing did occur 
adjacent to the rotating brush because of 
water spray caused by the brush . This ice 
formed a shroud and reduced oxygen 
transfer . Pieces of ice that broke off could 
float into the rotor and damage the blades. 
A neoprene skirt was used to protect the 
rotor in this system, and heat lamps, 
screens, and floating booms have been used 
for thi s purpose elsewhere . 

Other special features shown in Figure 2 
are worth noting . The secondary clarifier 
was enclosed in an unheated structure for 
thermal protection . (A small portion of 
that structure was blocked off and heated; 
it was used as the office and laboratory.) 
The humidity inside the clarifier building 
was very high in the winter and condensa
tion on the cold walls and ceiling formed 
ice . All electrical controls were either in
stalled inside the heated space or weather
proof electrical units were placed on the 
heated common wall. Condensation on 
cold walls in extreme climates will freeze 
rapidly and the ice buildup along with 
corrosive gases has rendered controls and 
switches inoperable in a number of loca
tions. As experience with the College sys
tem indicates, these conditions can be an 
ticipated during design, and appropriate 
materials chosen. 

SOME OPPORTUNITIES 

The wastewater entering the treatment 
system is a heat source that can be used 
in the winter . The possibilities range from 
simple temporary covers for passive heat 
conservation to active efforts using heat 
pumps or exchangers for direct heat re
covery . Heat exchangers in the system at 
Fort Greely, Alaska, extract enough 
warmth from the wastewater to heat the 
main treatment plant building and the 
chlorination station. 

Warm water is not always an unalloyed 
benefit. It is necessary to use wire mesh 
over the clarifiers in the system in Anchor
age to keep the gulls away from the warm 
water . Without the mesh, the tanks might 
be covered with floating birds warming 
their toes . 

Most manufacturers recommend sea 
sonal changes of oil in gear boxes and 
similar equipment. A number of systems 
in the northeastern states have switched 
successfully to the use of synthetic , multi 
viscosity year-round lubricants . These 
lubricants are analyzed twice a year for 
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metals and for water content to determine 
excessive wear or the presence of moisture . 
Under normal conditions the lubr icant 
may last 3 years or more . Since it takes 75 
to 100 liters of oil for each change at a 
typical unit , the savings for materials and 
labor can be significant . 

FREEZING AS A BENEFIT 

The sludge withdrawn from the last 
treatment component is still mostly water ; 
the solids concentration might typically 

Most winter 
difficulties with 
treatment systems 
using aeration 
relate to 
mechanical problems 
resulting from 
ice buildup 

range from 1 to 5 percent . Economics, 
and sometimes regulatory requirements, 
dictate that additional water must be ex 
tracted prior to the final disposal or utili 
zation step. Incineration, for example, 
requires that the sludge be at about 40 per
cent solids for the combustion to be self
sustaining after ignition; otherwise large 
quantities of fuel oil are required just to 
evaporate the water. 

There are several mechanical devices 
that squeeze or press the sludge or pull 
the water out of it under a vacuum, but 
these are all quite complex, costly, and 
require skilled attention. One of the sim
plest and most reliable approaches uses a 
sand bed with an underdrain to dewater 
the sludge by gravity drainage and evap
oration . In warm, sunny climates the 
solids concentration can exceed 50 per
cent after the sludge has been dried on a 
sand bed . Most engineers do not consider 
a sand bed to be functional for winter use 
in the cold regions, since obviously the 
sludge would freeze and not be able to 
drain . In some locations the use of green
house structures and radiant heat allow 
winter operation, and in many other sys
tems the beds are used only in the summer 
months . These limitations mean sand beds 

have seen little use in Alaska, and the 
engineering profession in general seems to 
consider the concept out-of-date . Never
theless, recent research at USA CRREL3 

has indicated that open , uncovered sand 
beds can in fact be combined with winter 
sludge freezing to produce an optimum, 
low-cost dewatering process. 

Freezing and thawing a sludge will con
vert a material with a jelly-like consistency 
to a granular material which drains im
mediately . A sludge at 5 to 8 percent sol
ids placed on a sand bed and allowed to 
freeze can attain 25 percent solids as soon 
as it is thawed , and reach over 50 percent 
solids with a few more weeks of drying . 
This phenomenon has been observed and 
reported in the engineering literature for 
over 50 years and the concept has been 
demonstrated in Alaska, 4 but a general 
procedure for engineering design had not 
been available until the recent USA 
CRREL study.3 

Energy costs for artificial freeze -thaw
ing would be prohibitive, so the process 
must depend on natural freezing to be 
cost effective. Favorable conditions for 
this process exist in the northern half of 
the continental U.S. and in most of Cana
da and Alaska. The freeze-thaw dewatering 
will occur regardless of the initial sludge 
type or concentration, so the process will 
work with sludges from water treatment 
plants and industry as well as from waste
water treatment. Sludge concentrations in 
the range of 7 to 8 percent solids are rec
ommended as the initial level to allow the 
material to be distributed on the bed but 
still minimize the required bed area . 

The key to successful performance is 
to apply the sludge in relatively thin layers 
and then allow each layer to freeze before 
the next is applied . The sludge must freeze 
completely for the dewatering benefits to 
be realized . A very deep layer might never 
freeze to the bottom in areas where alter
nating freeze -thaw cycles occur. In places 
with continuous cold weather, applica
tions in layers will increase the total depth 
of material that can be frozen . An ice 
layer itself provides an insulating barrier 
and retards the freezing of the material 
beneath. If new material is placed on the 
surface, however, it is exposed to the ex
treme conditions, and freezing will pro
ceed at the highest possible rate . This 
principle is well recognized and is the 
basis for construction of ice bridges and 
similar structures. A layer thickness of 8 
em was recommended for the contiguous 
states to ensure freezing when the sludge 
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Early in the design phase ... the engineer 
should pause and consider what site conditions 

will be like in February ... 

is subjected to alternating freeze-thaw cy
cles. A layer at least 30 em thick should 
be suitable for Anchorage and most of 
Alaska to the north. 

The freezing of sludge can be descr ibed 
with the familiar Stefan-based solution 
that has been used for some time to pre
dict the formation of ice on water bodies : 

where 

X 
m = 

depth of freezing or thawing, em 

proportionality coefficient, 
dependent on thermal con
ductivity, density, and latent 
heat of materia! bein~ frozen 
or thawed, em( C d)- Y2 

2 .04 , coefficient for sludge 
freezing, derived experimentally 
at USA CRREL 

3 .94, coefficient for sludge 
thawing, estimated from pub
lished literature 

freezing index, for period of 
concern, oC d 

thawing index, for period of 
concern, oC d 

Reference 3 provides complete details 
on the development of this procedure and 
recommendations on design. The approach 
will allow winter use of existing drying 
beds as well as the return to use of drying 
beds in future systems. 

Application of the concept has a unique 
aspect for Alaska and northern Canada. 
In areas north of the Alaska Range the 
annual freezing index is typically higher 
than the thawing index, as would be ex
pected for permafrost locations . If sludge 
were applied in very thin layers through 
out the entire winter, it might not be pos
sible to thaw the entire mass during the 
summer season, especially if a trench ex
cavation were used as the container. In
stead of draining and then removing the 
dried sludge, the operators might find that 
they had created a semipermanent brown 
glacier . To avoid this possibility for sys
tems north of Anchorage, it is suggested 
that engineers determine how much sludge 
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could be thawed (using It and mt ) in the 
warm season and decide how much should 
be applied to the bed in the w~nter . A 
pilot-scale test during design would be 
desirable since there is little actual ex
perience with this factor in northern Alas
ka . It is likely , for example, that if the 
thawed sludge is removed periodically, 
then the remaining frozen mass would 
thaw more rapidly and thereby allow a 
greater total depth to be applied initially. 

Based on these relationships , Table 2 
presents the estimated total depth of 
sludge that may be frozen in a winter sea
son in selected communities in Alaska . A 
designer can use the equation presented 
above with the procedure in reference 3, 
along with the predicted sludge production 
rates for the system to determine the size 
of the sludge freeze /drying beds. 

It is necessary to apply the sludge in 
8 -cm layers in Juneau to ensure that each 
layer freezes. The advantage of thinner 
layers is shown by the two values for 
Anchorage. All of the other locations are 
controlled by the thaw index . In theory a 
system in Barrow could freeze about 8 
meters of sludge if applied in 8-cm layers, 
but the total volume might not thaw . As 
a result, as shown in Table 2, the practical 
potential for Barrow and for Juneau is 
just about the same, but in one case the 
limiting factor is the freezing index and 
in the other case it is the thawing index. 

CONCLUSIONS 

Cold weather can seriously affect both 
the operation and the performance of 
wastewater treatment facilities. Most prob
lems can be eliminated or reduced to 
tolerable levels by well -trai ned operators. 
Many of these problems should be avoid
able in the future with more appropriate 
designs . Early in the design phase of every 
cold regions wastewater treatment system, 
the engineer should pause and consider 
what site conditions will be like in Feb
ruary with high winds and snow. 
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Table 2. Estimated Total Depth of Sludge for Freeze Dewatering in Alaska 

Location Sludge depth (m) Comments 

Juneau 0.7 Apply in 8-cm layers 

Anchorage 4 .0 If applied in 8 -cm layers 

1.5 If applied in 30-cm layers 

Fairbanks 1 .7 Apply in 30-cm layers, 

controlled by thaw index 

Big Delta 1.7 Same as Fairbanks 

Nome 1.2 Same as Fairbanks 

Kotzebue 1.2 Same as Fairbanks 

Barrow 0.7 Same as Fairbanks 
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EXHAUST FANS 
FOR A COLD CLIMATE 
by Jon Eakes 

WHEN BATHROOMS or kitchens are 
built or remodeled, it is standard practice 
today to install an exhaust fan of some 
sort. In the U.S., the Uniform Building 
Code recommends installing fans . Often 
there is very little detailing or specification 
relating to exhaust fans other than the 
number of cubic feet of air they move per 
minute (cfm). so the fan is simply installed 
in the "standard way," whatever that 
means. This works fine in a warm climate, 
and even works fairly well in a poorly in· 
sulated house, but in a well -insulated or 
reinsulated house in a northern climate , 
" standard " means something very dif
ferent . 

First of all, a builder should be sensitive 
to the fact that an exhaust ventilation 
system will do no good if the homeowner 
will not use it. There are three basic reasons 
why most systems are simply not turned 
on . 

First, the fan may be plugged full of 
rags or the outside damper taped shut in 
an effort to stop the constant cold drafts. 
Many northerners seem to think fans are 
expendable energy -wasting devices, and 
most traditional installation techniques 
are not adequate for our well-insulated , 
cold-climate houses. Details on that in a 
minute. 

Second, most fans are so noisy that 
they are used only when there is no alter
native, such as when the kitchen is full of 
smoke. Rarely will a cook endure the 
whine, if not the rattle, of the range hood 
simply to remove a bit of steam . Specifica
tion sheets on fans include noise factors 
and this should be an item of prime, not 
passing, inte rest. Very quiet fans exist, but 
they do cost more. In general, squirrel cage 
fans are quieter and more efficient than 
blade-type fans. (Squirrel cage fans consist 
of a cylinder with fins along the sides and 

cost about $80, whereas the blade fans 
are in the $20 to $30 range .) Some manu 
facturers have separated the fan from the 
range hood or the bathroom grill, allowing 
the fan to be placed near the exhaust port, 
perhaps even in the basement. This helps 
immensely to eliminate the noise problem. 

Third , people forget the fan, especially 
when doing ordinary cooking or when 
taking showers. Tying the bathroom fan 
to the light switch often creates noise 
when there is no need and does not as
sure removal of steam after someone 
leaves the room. A time-delayed off switch 
helps , but the best solution is to operate 
the fan on a humidistat switch with a 
manual override. If the occupants think 
about it, they can turn the fan on to re
move odors or other forms of pollution 
but, whether they think of it or not, water 
vapor will automatically turn the fan on 
whenever the room is too humid, and leave 
it on until the condition is corrected . An 
exhaust fan with thi s kind of switch will 
also turn on of its own accord whenever 
the general household humidity becomes 
too high from whatever source, such as 
laundry drying or rug shampooing. This 
control procedure is now standard for 
northern installations of air-to-air heat 
exchangers, but is equally valid for any 
other household ventilation system . 

A quick look at the historical develop
ment of the installation of exhaust fans in 
dwellings on the Canadian prairies will help 
show why traditional installations cause 
drafts and other problems today. 

It used to be standard practice to run a 
fan up through the ceiling , through the 
attic, and out any place on the roof. That 
worked, and worked well, as long as the 
attic was so poorly insu lated that freezing 
temperatures in the attic were rare or at 
least not continuous for long periods of 

time . With the energy crises, we suddenly 
started to fill these attics with lots of in
sulation. This provided significant space 
heating savings but also had the important 
side effect of radically reducing the tem
perature of the attic air . This meant that 
the attic would now freeze almost every 
winter night, and often would stay frozen 
for weeks at a time . We immediately found 
bathroom fans dripping water. 

There were actually two sources of 
this unexpected condensation . First, the 
fan was loosely installed through the ceil 
ing vapor barrier, the fan box was full of 
holes, and the ducting was often full of 
holes . Water vapor escaped from the bath
room and the fan system into the attic, 
forming frost ; on a warmer afternoon this 
frost would melt and drip into the insula
tion and eventually back into the bath
room. Also, we found that when the fan 
was turned off, the hot air would no 
longer heat the ducting that went through 
the freezing attic, and the water left in 
the duct, as well as the vapor that would 
diffuse up through the fan box during the 
night, would all freeze to the inside of the 
duct. The next morning when the fan was 
turned on, the frozen vapor would melt 
and flow back into the bathroom, dripping 
down the back of the neck of someone 
trying to shave. 

The first efforts to solve these new 
problems consisted of carefully sealing the 
ceiling penetration and the entire exhaust 
system to keep t!he moisture in, and then 
wrapping the exhaust duct with R-20 in
sulation to try to keep it warm and avoid 
internal condensation . These efforts were 
somewhat successful, except that now 
even more vapor tended to freeze to the 
uninsulated portion of the ducting ex
posed on the roof - help ing to freeze the 
damper open and creating a constant draft 

Jon Eakes is a home renovator, author, and lecturer on construction practice in Canada. His article is adapted from one pub
lished in the October 1985 issue of the New England Builder, P. 0 . Box 278, Montpelier, VT 05602. 
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Cold Drafts 

Figure 2. Exhaust fan ducting routed 
through a cold attic to the eaves allowed 
the condensation to drip down the out· 

side of the building - rather than into 
the vented room. 

Black 
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Figure 4. The best solution for 
venting humid air is to direct the 
ducting down through the warm 

interior of the house and out 
through a wall near ground level. 

Figure 1. Attempts to insulate the exhaust duct 
for fans vented through a cold attic and the roof 
resulted in more frost forming on the exterior 
portion of the ducting. 

Reduced 
· Drafts 

Air Sealing 
1 

Drip on 
~ Outside Wall 
6 
6 
6 

Figure 3. Exhaust fans vented through 
walls are easier to install, but frosting, 
condensation, and cold air entry are still 
problems. 

No Cold-Air 
Draft 

Warm 
Ducting 

Frost & Drip 
Hidden by 
Plants 

of cold air into the bathroom (or kitchen) 
while not eliminating all the dripping 
(Fig. 1 ). 

Then a scheme was devised to run the 
ducting into the attic, slope it downward 
and out the side of the house , seal it tight 
and insulate it . This worked better, as the 
condensation drip now went down the 
outside wall (making a nice black line al l 
the way down the wall) and cold air was 
less likely to creep back into the vented 
room. But the dampers still froze open 
and, if the exhaust port was poorly placed, 
exhausted vapor would rise up into the 
eve vents of the house and back into the 
attic (Fig. 2) . 

Efforts to vent directly through a side 
wall were quickly dropped, as the lack of 
insulation led to immediate frost buildup 
and direct wind entry (Fig. 3) . However, 
the side wall insta llation had the advantage 
of eliminating most of the complicated 
sealing requirements of ceiling penetra
tions. 

The tro ubl e-free solution for the Can
adian climate was finally found by routing 
the exhaust duct into or through an in 
terior partition wall, down to the base
ment, out through a basement window (or 
a header penetration) on a downward
draining slope (Fig . 4) . There is still frost 
buildup at the exhaust port outside the 
wall , the damper still freezes open most of 
the winter, and it still makes a black drip 
mark down the wall. But the frost doesn't 
drip back into the house, the wind doesn't 
blow up one or two stories of ducting 
(cold air does not "fa ll " up vertical duc
ting). and the black mark can be hidden 
behind the flowers. The entire ducting 
run is warm and condensation free and if 
the fan is placed near the exhaust port in 
the basement, the ducting is under suc
tion, not pressure, which prevents sm oke, 
vapor, and odors from escaping through 
unsealed joints. Not only is the noise of 
the motor distant from the living quarters 
of the house, but if someday the home
owner wants to upgrade from an exhaust
only system to a balanced air-change sys
tem, or an air-to-air heat exchanger, the 
exhaust ducting is already installed and 
in the right place . 

Even in renovations , we can usually 
sneak the ducting through kitchen cup
boards or through a closet backed up to a 
bathroom . To go down and out does not 
occur to most people, but precisely be
cause this direction is the opposite of the 
predominant thermal forces in a cold cli 
mate, it brings an exhaust fan into com
plete control. + 
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ICING AND 
WIND LOADING 
ON A 
SIMULATED 
POWER LINE 

by 
John W. Govoni 
and 
Stephen F. Ackley 

OvER THE PAST several years, there 
has been growing interest in atmospheric 
icing conditions at high elevations, espe
cially on high-power transmission lines in 
the northeastern United States. Extensive 
damage has been caused by ice buildup on 
power I ines and towers, and occasionally 
transmission systems have collapsed . 

Power lines and transmission towers are 
generally designed to take the load in com 
pression imposed by the weight of the line 
and any accretions of ice. Current design 
criteria assume that all ice formations are 
of cylindrical shape and uniform density . 
Thus , the design is essentially based on the 
maximum weight and does not consider 
the additional wind loading that may result 
from a large, irregular ice accretion .1 

The complex manner in which atmos
pheric icing forms on a structure and the 

WMTW television transmission towers on Mt. 
Washington . 

A physical science technician at the U.S. Army's Cold Regions Research and Engineering Laboratory (USA CRREL) since 1917, 
John Govoni's specialty is atmospheric icing; he has also worked extensively with sea ice in both the Arctic and Antarctic. Stephen 
Ackley, who has been with USA CRREL since 1969, is chief of the Snow and Ice Branch there and is also an adjunct assistant pro
fessor of engineering at the Thayer School, Dartmouth University. His research work has emphasized studies of sea ice in both 
polar regions. All photographs in this article were taken by Greg Gordon. 
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scarcity of accretion data 
make it difficult to calculate 
realistic ice and wind loads 
for design purposes.2 How
ever, for the past several 
years the U.S. Army Cold 
Regions Research and Engi
neering Laboratory has been 
gatheri ng data on atmospher
ic icing of cables . The rela
tionships of the icing loads 
on cables with time have 
been used to verify available 
numerical and climatological 
model s.3 

Another problem caused 
by the combination of ice 
accretion and wind loading 
is wind -i nduced vibration.4

•
5 

These vibrations are referred 
to as " galloping" and result 
from asymmetrical icing on 
the wires. McComber 5 

worked with accretions 
grown in a wind tunnel and 
found both increased drag 
and increased weight due to 
ice format ions . 

Figure 2. Instrumented cable experiment on the Mt. Washington Observatory roof. The load cells are rigidly 
attached to the cribs. The cribs are filled with stones to prevent the system from blowing away. 

Since the winter of 1978, we have been 
collecting simulated power line icing data6 

near the summit of Mt . Washington, New 
Hampshire, at an elevation of approximate
ly 2000 m . This site was chosen because 
of its extreme icing conditions and winds 
and because personnel at the Mt . Washing
ton Observatory , located at the summit, 
could monitor the experiment and co llect 
the necessary data . The icing characteris
tics , the loads on the wire , and the wind 
forces were measured simultaneously . 

In this paper, we describe some results 
of loads , both drag and gravity, obtained 
during the formation of natural ice accre -
tions on wires . 

Figure 1. Triaxial load cell showing the three 
mutually perpendicular force components. 
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METHODOLOGY 

The instrumentation for the study in
cluded a triaxial load cell which was 
designed to measure three mutually per
pendicul ar components of the cable ten
sion load: x, the vertical component ; y, 
the horizontal component ; and z, the axial 
component. It has the capacity of 225 kg 
in the x and y coordinate directions and 
900 kg in the z coordinate direction (Fig. 
1 ) . 

The basic construction consisted of 
three strain gage bridge circu its, each with 
a sensitivity of 2.6 mV/V. The gages were 
placed so that the axial and bending mo
ment loads did not influence one another . 
From these three measured components, 
the resultant load and the catenary angle 
can be calculated. A Baldwin Lima Hamil
ton (BLH) , type V-1, 900-kg capacity load 
cell was placed in line with the cable to 
read cable tension . Thi s load cell served as 

immediate on -site data integration . It was 
t hen accepted by a Digital Equipment 
Corporation M I NC-11 /23 computer, wh ich 
assembled the data and transferred them 
to magnetic tape for off-site ana lysis .7 The 
system was calibrated so that 1 mV corre
sponded to 0.45 kg of load . The wire be
tween the load cells was a 0.96-cm (3/8-
inch) cable 8.5 m long and it was preset to 
a catenary angle of 15 degrees. A standard 
Ai r Force I Navy heated Pitot static tube 
was installed on one of the cribs to measure 
wind speed and direction . Air temperature 
was provided by a YSI Thermistor. Periodic 
measurements of ice accretion parameters 
(size , appearance, occasional densities) 
were made manually as well as estimated 
by video recordings and still photography . 
Liquid water content and droplet size dis
tribution were also measured by the rotat
ing multicylinder method 8 on occasion. 

a check on the resultant force obtained PROPERTIES OF ICE ACCRETIONS 

from t he triaxial load cell. Both cells were 
mounted to a set of steel cribs that were 
filled with stones to keep the system from 
being blown away (Fig. 2) . 

Seventy-five meters of shie lded signal 
cable ran from the load cells through a set 
of Vishay amplifiers to the recorder. The 
load data were recorded on several two
channel Brush recorders, with each load
cell axis (x, y, z, wind and single axis) 
having its own channel. Th is was done for 

Generally, ice accretions in mountainous 
regions are formed when supercooled wa
ter droplets hit a cold object and freeze on 
contact. Thus, the formation usually 
grows into the wind . The majority of ice 
accretions on Mt. Washington form in this 
manner. 

In some cases, however, if the tempera
ture is just belolll( f reezin g, water droplets 
hitting a cold object will not freeze on 
contact but rather will be blown back to 
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the leeward side and freeze in the shape of 
icicles . This process usually resu lts in high 
density (900 kg / m3

) cl ear ice accretions . 
We di scovered three types of ice accre 

tions at this location. The most common 
type was rime ice, with densities ranging 
between 400 and 600 kg/m 3

, depending 
on the environmenta l conditions . Temper
atures are usually well below freezi ng dur
ing the formation of rime , and this type of 
ice has by far the roughest surface . Milky 
ice is smoother than rime ice but rougher 
t han clear ice and has a density of about 
880 kg/ m3 Clear ice, which has a density 
of 91 0 kg / m3

, has the smoothest surface 
of all . It is formed when ice surface tem 
peratures are very near 0°C. 

We discovered that as ri me ice formed 
on the windward side of the wire, the 
combination of the ice weight and the 
wi nd pulled the accretion down, twisting 
the wire. This happened prima ri ly in the 
center two-thirds of the span, where it 
could twist and rotate freely. The wire and 
the accretion gradually twisted about 180 
degrees as a whole unit in the same direc
tion as more and more ice accumulated on 
its wi ndward side (Fig. 3) . As a resu lt, in 

WIND DIRECTION <}::::J 

1 

CROSS SECTION 

Figure 3. Rime ice accretion processes: 
( 1) initially the accretion grows into the wind ; 
(2) weight and wind pull the wire and the 
accretion down while the accretion is still 
growing; (3) final shape of the accretion after 
180-degree twisting of the wire and the ice 
formation . 

cross section the ice formation had a spiral 
shape . However , at all times the ice re · 
mained firmly attached to the wire (Fig. 
4) . 

As rime ice built up, differential drag 
force s occurred along the cable. 9 As are
sult, secti ons of the original uniform ice 
formation attempted to rotate independ
ently of each other, caus ing the formation 
to crack and break (Fig. 5) . If the icing 
conditions had persi sted, the remaining 
large sections of ice would have contin ued 
to grow (Fig . 6) . 
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Figure 4 . Large rime ice accretion. The spiral 
shape is formed by the 180-degree oscillation. 

Figure 5 . (Right .) Breaking and 
cracking of uniform ice sections 
as they twist differentially and 
then independently oscillate. As 
shown , sections of ice are blown 
off during this process. 

Figure 6 . Several large sections of ice that have continued to grow to approximately 0 .5 m in 
diameter, after intervening sections have broken off. 
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Figure 7 . Horizontal or drag force (Fy) normalized to the accretion 
diameter (D) versus the wind velocity normal to the wire (V norm all for a 
milky ice run. The slope on this log plot of the best-fit line is in 
agreement with the theoretical value of 2 . 

Figure 8 . Horizontal or drag forces ( Fyl normalized to the accretion 
diameter (D) versus the wind velocity normal to the wire (V normall for 
rime ice, milky ice (Fig. 7 ). and clear or glazed ice accretion. The 
best-fit line is shown only for the milky ice run, as in Figure 7. 

RESULTS AND DISCUSSION 

As mentioned earlier, the load cell out
put could be resolved into three compo
nents , which allowed us to differentiate 
wind effects from the total load by look 
ing at the horizontal channel (y) . Our anal 
ysis attempts to identify some relationship 
between the horizontal drag force , the ice 
roughness, and the size characteristics 
identified by the drag coefficient and the 
diameter of the accretion . 

The total drag force Fy is given by 10 

where 

Cd = drag coefficient (dimensionless , 
a function of surface roughness, 
shape , and Reynolds number) 

D = diameter of the accretion normal 
to the wind 

Q = length of the wire 

Pa = air density 

V =wind velocity normal to the wire 

For these computations, we correlated 
the wind velocity normal to the wire (V) 
with the horizontal force normalized to 
the diameter of the accretion (Fy/ 0), since 
D changes as ice accretes . Both the forces 
and the wind velocity were averaged ove r 
15-minute periods . On log-log paper Fy/ D 
vs . V should give a slope 21ine for constant 
Cd . Figure 7 shows this plot for a milky 
ice (high density , intermediate roughness) 
accretion event which occurred on 28-29 
November 1980. As shown here , the best
fit linear regression line has a slope of 2.19 
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with a correlation coefficient r = 0 .96. The 
slope 2 line (corresponding to the equation 
above) is also shown . This plot indicates 
good correlation between the normalized 
drag force and wind velocity throughout 
the icing event, implying a relatively con 
stant C through the icing period. 

Figure 8 shows the data from Figure 7 
as well as two additional runs, a rime icing 
event (low density, rough) and a clear icing 
event (h igh density, smooth). During the 
last portion of the clear icing event, rough 

rime ice accumulated over the clear ice . 
(The load and meteorological information 
for this experiment is presented in Tables 
1 and 2 , respectively .) In Figure 8the total 
data set for the normalized force does not 
show the level of correlation that the 
milky ice alone had, as indicated by the 
best-fit line (for milky ice only) . As well, 
the rime ice and clear ice alone both indi 
cate re latively weak correlations (r < 0 .6) , 
with best-fit slopes greatly different from 
the theoretical value of 2. A number of 

Icing on the stage office on Mt. Washington. 
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WMTW television transmission towers on Mt. 
Washington. 

Table 1. Mt. Washington Icing Loads, 
23-25 February 1981 

Tri-axis load cell (kg) 
Date Time X y Total 

23 Feb 2100 1.8 0 1.9 2.7 
23 2200 3.7 0.4 3.4 5.1 
24 0000 8.8 0.4 22.9 24.5 
24 0300 22.7 1.8 73.7 77.2 
24 0600 41.6 2.8 135.5 141.8 
24 0720 51.7 2.8 175.4 182.9 
24 0900 75.7 2.8 271.1 281.5 
24 1120 116.1 5.6 430.6 446.0 
24 1415 156.5 15.2 558.2 579.9 
24 2215 186.8 18.7 653.9 680.3 
25 0120 191.9 18.7 669.8 695.8 

factors can contribute to the changing 
shape of the accretion. At any given veloc
ity, there are progressively higher normal
ized drag forces for clear, milky, and rime 
ice, clearly indicating that the drag force 
increases with increasing roughness. 

This behavior is also demonstrated by 
the clear ice event, during the last part of 
which rime ice accreted. In this case the 
normalized drag force increased from the 
relatively low clear-ice values to higher 
values, similar to other rime accretion runs 
for similar wind velocities. This increase 
in load is emphasized by the data shown 
in Table 1 (from an icing experiment 
that took place on 23-25 February 1981). 
Table 1 shows load cell data and Table 
2 gives the climatological data at various 
times throughout the icing event. 
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Table 2. Climatological Data, 23-25 February 1981 

Date 

Ice thickness 
(main body) 

Time (em) 

Wind direction 
and speed 

(mls) 

Air 
temp 
roCJ 

Ice 
type 

Weather 
conditions 

23 Feb 2100 0.6 150°120.6 - 1.10 Clear A 
23 2200 2.5 140°120.1 -1.1° Clear A 
24 0000 5.0 120°121.5 -1.6° Clear ZA 
24 0300 6.9 120°126.8 -1.6° Clear ZA F 
24 0600 8.8 130°128.2 -1.1° Clear ZA F 
24 0720 12.7 130°127.7 -2.2° Clear ZA F 
24 0900 12.7 130°126.4 -3.3° Clear ZA F 
24 1120 20.3 130°123.2 -3.3° Clear IP F 
24 1415 22.8 130°123.2 -3.8° Rime IP ZR F 
24 2215 24.3 120°119.2 -7.2° Rime BS S F 
25 0120 25.4 100°121.5 -7.8° Rime BS S F 

R- rain; ZR- freezing rain; F- fog; IP -light ice pellets; 
BS- blowing snow; S-light snow. 

The horizontal load increased nearly 
threefold for the small addition of ice at 
essentially the same wind velocity (Table 
1, y-axis load cell data, 24 February, 1120 
to 1415; note in Table 2 that the wind 
data is identical for the two times). While 
the wind force data indicate this threefold 
change as the surface roughness increases, 
we still note that of tl,e x and y campo· 
nent forces, the primary loading is in the 
vertical direction due to the weight of the 
accumulated ice, as shown in the x column 
of the table. 

CONCLUSIONS 
AND FUTURE STUDIES 

We feel that the horizontal forces are 
significant and that the design of poles and 
line should take into account the differ
ences in force levels that can result from 
different ice roughnesses. The salient point 
is that the failure of lines and poles may be 
horizontal shear failure rather than com
pressional failure. 

For practical applications, these exper
iments have the advantage of dealing with 
"real" forces on wires in severe conditions, 
so they provide useful information about 
freely twisting wires for extrapolation to 
various design situations. 

Ice and wind loads on transmission 
towers have caused extensive damage in 
the past; so, for the 1986-87 winter icing 
season, we plan to monitor the combina
tion of wind forces and icing loads on a 
tower on the summit of Mt. Washington. 
We plan to erect and instrument a 0.5-m 
triangular guyed tower, 9 m high. The in
strumentation will include single-axis load 
cells on each of the three guy wires and a 
triaxial load cell at the base of the tower. 
We hope that learning about the wind and 
ice forces imposed on this guyed tower 

will give us more insight into design criteria 
for transmission towers in general. 
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NEW PORTABLE SHELTERS 
FOR POLAR USE 

by Roderick B. ledingham and Peter L Keage 

Edgeworth-David Summer Base, Bunger Hills, Antarctica, established in February 1986. The base comprises three basic Igloos (radio-meteorology, 
photographic darkroom, and living quarters) and two extended Igloos (mess and living quarters). Summer operations involve about 25 people. The 
shelters remain over winter. (Photographs and figures courtesy of AAD; photographs by Rowan Butler.) 

THE AUSTRALIAN Antarctic Division 
has assisted in developing a new free-stand
ing, igloo-shaped portable shelter for polar 
use. The shelter, known as the "Igloo Sat
ellite Cabin," is of glass-fiber construction, 
able to be sited on irregular terrain, and 
to be extended laterally using additional 
side and floor panels. It is available from 
Malcom Wallhead and Associates, (Wat
son's Road, Kettering, Tasmania, Australia, 
7155). 

Prior to developing the "Igloo," the 
Australian National Antarctic Research 
Expeditions (ANAR E) used plywood shel
ters,1 Parcoll huts/ sled-mounted living 
caravans, and heavy-duty pyramid tents 
for field shelters. While these shelters have 
proved reliable and suit a range of uses, 
all had shortcomings. Most are not readily 
transported to field sites; pyramid tents 
cannot be left unattended for long periods; 

and plywood and Parcoll huts are time 
consuming to erect and dismantle. Hence 
the use of traditional shelters was generally 
restricted to areas accessible to oversnow 
transport and, once established, the shel
ters were seldom relocated during summer 
field operations. Some shelters have never 
been moved despite having been required 
only for brief field programs. A number 
of pyramid tents have been lost by parties 
leaving them unattended for several days; 
guy ropes work loose and wind action 
shreds tent material. 

These operational considerations were 
central in designing an improved portable 
shelter. The design criteria included that 
the shelters 

• be able to provide comfortable shelter 
for three people and basic shelter for a 
large number; 

• be able to house scientific instrumen
tation including magnetically sensitive 
instruments; 

• be able to be erected by two people on 
snow or irregular terrain; 

• be capable of withstanding strong Ant
arctic winds (up to 140 knots) and snow
storms; 

• be capable of being transported fully 
assembled by a single-engine helicopter, a 
sledge, or a small boat; 

• require minimum maintenance and be 
repairable in the field by unskilled labor; 
and 

• allow for extension and interlinking of 
shelters. 

The Igloo shelter was developed in 1982 
and tested in Antarctica during the 1982-
83 austral summer on an offshore island 

Roderick B. Ledingham is the field operations officer with the Australian Antarctic Division (AAD) and has led several Australian 
National Antarctic Research Expeditions to Macquarie Island and to the Antarctic continent. Peter L. Keage is acting senior projects 
officer with AAD and has led a number of glaciological traverses. He has completed several studies on Antarctic nature conservation. 
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40" 

Heard Island • 

Australia's Antarctic Territory (shaded) showing the locations of permanently 
occupied stations and other sites where Igloo shelters are used. 

near Davis Station. In 1983, a second shel
ter was deployed in the same area. In 1984, 
a fully assembled shelter was airlifted and 
flight tested over a range of air speeds up 
to 60 knots. 3 As of early 1986, ANAR E 
had deployed 13 Igloo shelters (basic and 
extended) to support field programs at 
Commonwealth Bay (1 ), Ardery Island 
near Casey Station ( 1), Casey Station ( 1), 
Larseman Hills (1 ), Bunger Hills (5), 
Vestfold Hills near Davis Station (3), and 
Heard Island ( 1 )_ A larger Igloo with a 
floor diameter of 6 m is now being devel
oped by the same manufacturer. 

CONSTRUCTION 

fasten floor, side, and hatch panels to pro
vide a non-magnetic structure for various 
geophysical observations. A black Igloo 
was constructed with an extra opaque 
gelcoat and fitted out as a photographic 
darkroom for 1985-86 Antarctic summer 
field operations (summer daylight may be 

Fiberglass side 

as long as 24 hours). An extended Igloo 
was sled mounted and used as a diving 
shelter during the 1985 winter diving pro· 
gram at Davis Station. The diving shelter 
had a trap door fitted in the floor which 
was positioned over the dive hole cut 
through the sea ice. 

Floor panels are reinforced, while the 
curved side panels obtain rigidity from 
their lipped edges. The lipped edges also 
act as a gutter to deflect any moisture 
from melting snow that may trickle 
through the joint between the panels 
(Fig. 1). 

Insulation is improved by double· 
glazed polycarbonate for windows fitted 
with silicon or rubber seals, and by fire· 
retardant polyurethane spray foam used 
to insulate wall panels and the undersides 
of floor panels. A fire-resistant paint is 
also applied to the foam. 

Glass-fiber bunks, desks, and shelves 
have also been developed. Even with a 
light helicopter (e.g., Hughes 500 or Bell 
206) carrying full fuel tanks, it is possible 
to sling-carry a fully assembled Igloo with 
interior fittings. 

ASSEMBLY 

The Igloo shelter consists of four types 
of components: 

• a floor comprising four clip-together 
glass-fiber sections; 

• eight curved side panels which are 
joined together by a lipped flange and 
bolted to each other and to the floor 
section; 

• eight steel wire tie-downs, one attached 
to each side panel; and 

6 mm bolt a nut 

~ Flange joint 

All floor, side, and roof hatches are of 
glass-fiber construction. Glass-fiber mold
ed construction offers considerable flexi
bility in the setting up of a particular Igloo 
as well as allowing panels to be inter
changed between Igloos. Glass fiber is 
also durable and relatively maintenance 
free over the range of field environments 
found in Antarctic regions (cold dry Ant
arctic climate to cold maritime sub-Ant
arctic conditions). The door and windows 
may be fitted as required in any order. 
Non-metallic fittings may also be used to 

~ Polyurethane spray foam insulation 

Figure 1. Section through panel joint. 
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Assembling an Igloo shelter on sea ice for helicopter airlift to an inland location. Note the packing 
arrangement of side panels. 

• a circular ventilation/escape hatch at 
the structure's apex. 

The Igloo may be extended in 0.75-m 
steps by adding floor panels and arched 
roof panels to the two hemispheres of the 
structure. By adding side and floor panels, 
it is technically feasible to make an Igloo 
to any length required. Extending the 
structure also requires the use of two 
semicircular modified caps to replace the 
single circular hatch of an Igloo, and the 
provision of a substitute rectangular escape 
hatch in one or more of the longitudinal 
side panels. Each side panel has a folded 
lip flange (female) on one side, and a 
straight lip on the other (male). Hence side 
panels slot together and are fastened by 
bolts. The fastening bolts do not penetrate 
the outer wall, thereby reducing heat loss. 
Floor panels clip together and have a 
tongue-and-groove edge to prevent draft 
and moisture penetration through the 
floor. 

Plastic marine ventilation ports are 
fitted to doors (inflowing air) and to the 
overhead hatch (exhaust air). Air vents 
are opened and closed by a screw mech
anism and are covered on the outside by a 
mushroom-shaped outer shield to prevent 
snow and water ingress. The roof hatches 
can also be opened to improve ventilation. 
Two people can erect a basic Igloo and an 
extended Igloo (two extra side and floor 
panels) in 30 and 45 minutes respectively, 
with up to an hour more required for them 
to tighten bolts. A construction manual 
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and tools are provided and panels are 
numbered for ease of assembly. Some 
sealing of wall joints to the floor and 
around the roof capping may be necessary 
and can be completed in a few minutes 
using a silicon compound provided with 
the shelter. 

Most of the Igloos deployed in the field 
have been anchored to rock using expand
ing eye bolts (12 mm in diameter). On soft 
ground and ice, star pickets have been used 
as tie-down pegs. In soft snow conditions, 
either aluminum plates or plywood squares 
buried at a suitable depth would be an 
ideal "deadman" anchor system. 

TRANSPORTATION 

Because most of the sections of an Igloo 
(basic and extended forms) are regular in 
shape and size, they can be packed effi
ciently into a relatively small container or 
crate for shipment. A major operational 
advantage of the basic Igloo, especially 
where rapid field deployment of people 
and equipment is required, is that after it 
is fully assembled it can be airlifted by a 
single-engine helicopter. Four of the 
eight steel tie-down lines can be joined 
and attached to a 5-m sling which is then 
attached to the helicopter. This length al
lows the aircraft to pick up the sling from 
alongside the Igloo and to drop the lifting 
shackle well clear of the roof when unload
ing. It also can be transported by motor 
toboggan sledge, rubber inflatable boat, 
or even by hand over rough terrain as the 

heaviest panel (side panel fitted with 
door) weighs 27 kg. The weight of a fully 
assembled basic Igloo is 240 kg. The dimen
sions of the Igloo are given in Table1. 

Table 1. Igloo Dimensions in Meters 

Maximum diameter 3.10 
Floor diameter 2.85 
Internal height 2.15 
Window diameter 0.60 
Door height 1.25 
Door width (maximum) 0.62 

Escape hatch diameter 
(basic Igloo) 0.60 

Side panels 
(extended Igloo) 

Packed dimensions 

2.40 X 0.75 

(basic Igloo) 2.45 x 1.25 x 1.25 

Helicopter (Bell 206) delivering an Igloo shelter 
to a selected site at Edgeworth-David Base. Four 
of the Igloo's guy lines form a sling for helicopter 
transport. 
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SUMMARY 

The Igloo provides an effective shelter 
for field activities in polar conditions. In 
addition to the versatility provided by the 
shelter's design and construction method, 
it offers the major advantage of the ability 
to be airlifted by helicopter to remote 
and climatically extreme localities. The 
ease of portability allows the shelter to be 
redeployed a number of times during a 
summer field season. Because of the Igloo's 
streamlined shape, little movement in the 
structure is evident even in strong to gale
force winds, and little drifted snow piles 
up in its lee. As the shelter is easily de
ployed and retrieved by helicopter, there 
is minimal disturbance to fragile polar en
vironments caused by the erection, main
tenance, and removal of field shelters and 
observatories. The Igloo shelter provides 

~ 

Extending a basic Igloo shelter by the addition of floor and side panels which had been airlifted 
inside the Igloo. 

its occupants with warmth and a comfort
able atmosphere, and it is a great improve
ment on many alternative shelters. 
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Back of the Book 
~~7~~~=--------------------------

• Noted 
Keen-eyed readers may spot an empty 

space on our back cover where once the 
phrase Address Correction Requested ap
peared. Be warned: if you move and don't 
tell us where you've gone, now you'll never 
see TNE again. It's the tight times, sorry to 
say. We can't pay the postal people to be 
detectives anymore. Thus, if you want the 
magazines you've paid for, let us know 
where you go and when you're going. 

***** 
Among the retiring faculty members 

honored with the title of professor emeri
tus at the 1986 University of Alaska-Fair
banks commencement ceremonies were 
two of special interest to TNE's readers. 
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James B. Tiedemann, who taught mech
anical engineering at UAF since 1969 (and 
aerospace engineering at the University of 
Kansas for 15 years before that) is now 
Professor of Mechanical Engineering Emer
itus. Keith B. Mather, whose name has 
graced our editorial board roster these past 
few years, is now Professor of Physics 
Emeritus and Director of the Geophysical 
Institute Emeritus. Among his many ac
complishments was preserving this maga
zine when its then-parent organization 
closed in 1973 -at least, we certainly think 
it should be listed among his accomplish-
ments. 

***** 
Honored also this spring was William 

Mendenhall, UAF professor of civil engi
neering who was named Engineer of the 

Year by the Fairbanks chapter of the Na
tional Society of Professional Engineers. 
As many of our readers know, Mendenhall 
has been teaching civil engineering at the 
University since 1955, and -as well as be
ing registered in the state as a civil engi
neer, a mechanical engineer, and a land 
surveyor- has also maintained a private 
practice in photogrammetry. 

***** 
Last year was a good one for engineers 

- employed ones, at least - according to 
the National Society of Professional Engi
neers. Salary statistics indicate that U.S. 
engineers' median annual income was 
$47,200 as of January 1986. By field, the 
highest median was in petroleum and min
ing ($52,850); by location, New York is 
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still the Big Apple ($58,650). Lowest in 
median earnings would be a design engi
neer working in the field of safety for a 
branch of state government in Cincinnati; 
median for that unlucky person would be 
a bit over $41,000. 

The full report, NSPE Professional En
gineer Income and Salary Survey- 19B6 
(Pub. No. 0004), is available for $35 to 
NSPE members and $75 to nonmembers 
from the NSPE Orders Desk, 1420 King 
Street, Alexandria, VA 22314-2715. 

***** 

As Pogo might have put it, "The em
ployees have done bought the company." 
The Guelph (Ontario) microclimate facility 
of Morrison Hershfield Ltd.-home for the 
model snowdrifting studies we reported in 
Vol. 17, No. 3-has become RWDI, short 
for Rowan, Williams, Davies, and Irwin, 
Inc. The announcement received here re
assured, "the name is the only change," 
and indicated that the same principals and 
staff will be employing the capacities of 
the boundary layer wind tunnel and water 
flume laboratory at RWD/, 650 Woodlawn 
Road West, Guelph, Ontario N1K 1BB, 
Canada. 

• Meetings 
Coming up soon is Canada's Fourth En

vironmental Government Affairs Seminar 
October 19-22, 1986, at the Kent Stree~ 
Holiday Inn, Ottawa. The Air Pollution 
Control Association is sponsoring this 
event, which includes talks by key senior 
level officials from industry, governments, 
and public interest groups. The topics to 
be addressed include regulation, acid rain, 
hazardous waste management, indoor air 
quality, and environmental emergencies 
response. For additional information 
please contact Mr. Michael Cloutier, En
vironment Canada, Ottawa, Ontario K1A 
1GB; (B19) 997-3405. 

***** 

The 9th Symposium on Wastewater 
Treatment will be held November 11-12, 
1986, at the Hotel Meridien in Montreal, 
Quebec. This symposium is jointly spon
sored by Environment Canada, SociEhe 
quebecoise d'assainissement des eaux, 
AQTE, and the Quebec Ministere de I'En
vironnement. The meeting is intended to 
promote the exchange of research and 
technologies related to municipal and in
dustrial wastewater treatment, and is 
geared to scientists, engineers, technicians, 
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plant operators, and students involved in 
wastewater treatment plants. This event is 
considered one of the most important 
forums in North America for exchanging 
information on wastewater treatment, 
and has attracted over 450 participants 
for the past several years. For more in
formation contact Mr. Michael Cloutier, 
Environment Canada, Ottawa, Ontario 
K1A 1GB. 

***** 
The Fourth Technical Seminar on 

Chemical Spills is planned for February 
10-12, 1987, at the Sheraton Centre, Tor
onto, Ontario. At this seminar, invited 
speakers will present papers on effects of 
chemical spills, response and counter
measure technology, spill prevention, and 
research on spill problems. Up to 50 com
panies will have display booths, and an 
informal poster session is planned. More 
information can be obtained from (again!) 
Mr. Michael Cloutier, Environment Cana
da, Ottawa, Ontario K1A 1GB; (B19) 
953-11B9. 

***** 
The American Society of Mechanical 

Engineers is the primary sponsor for the 
10th Annual Energy-Sources Technology 
Conference and Exhibition, to be held 
February 15-19, 1987, at the Loews Ana
tole Hotel, Dallas, Texas. The ETCE will 
feature symposiums on: pipelines, off
shore and arctic operations, ocean engi
neering, hydrocarbon processing, drilling 
and production, management of energy 
technology, synthetic fuels and coal 
energy, wind energy, internal combustion 
engines, and automotive engine technolo
gy. Special sessions on industrial pollution 
control, material selection, instrumenta
tion and controls, and the use of compu
ters as they apply to these interest areas 
will also be held. For further infprmation 
contact ETCE, P.O. Box 594B9, Dallas, 
TX 75229; (214) 35B-7601. 

***** 
L'Association quebecoise des tech

niques de l'eau (AQTE) will be sponsoring 
the Annual Conference AQTE-1987 March 
4-7, 1987, at the Convention Center in 
Montreal, Quebec, in collaboration with 
Canadian federal and provincial govern
ments. The meeting will consist of a series 
of lectures on wastewater, drinking water, 
groundwater, resource management, regu
lation, acid rain, and agricultural and in
dustrial pollution, and will celebrate 
AQTE's 25th year. For more information 
contact Mrs. Lisette Provencher, AQTE-

Conferences Assises 19B7, Pedneault 6290, 
Bureau 102, Montreal, Quebec H4K 1 K5. 

***** 

The 22nd Annual Alaska Surveying and 
Mapping Conference will take place 16-19 
March 1987 at the Travelers Inn in Fair
banks. For details, contact Rae Kozlowski, 
P.O. Box 103294, Anchorage, AK 99510; 
phone (907) 243-5550. 

***** 

The Second International Conference 
on Cold Regions Environmental Engineer
ing will be held 23-24 March 1987 in 
Edmonton, Alberta. The conference will 
focus on water, wastewater, and solid waste 
management in cold-climate areas, but 
concerns in air quality will be included. 
Both municipal and industrial aspects of 
cold regions engineering will be covered. 
Information on the conference may be ob
tained from Dr. Daniel W. Smith, Depart
ment of Civil Engineering, University of 
Alberta, Edmonton, Alberta T6G 2G7 in 
Canada, or Dr. Timothy Titsworth, En
vironmental Quality Engineering, Univer
sity of Alaska- Fairbanks, Fairbanks, AK 
99775-0660 in the United States. 

• Publications 
It's definitely a sign of the times that 

publications like the Canadian Environ
mental Mediation Newsletter are now 
needed. Somewhere between clogging the 
courts and, for instance, giving up on either 
a project or on the good fishing in a lake, 
the mediation process can come into play. 
Environmental mediators are still a rare 
breed, and one function this newsletter 
aims to fill is that of a medium of exchange 
for ideas and experiences among the scat
tered practitioners. Of more interest to 
nonprofessionals may be the contents of 
the case studies presented. In Vol. 1, No.1, 
for instance, reporter Andy Thompson 
wrote of an agreement negotiated between 
Dome Petroleum Limited and the Lax 
Kav'allum Band Council of Port Simpson: 
the broad accord addressed many of the 
Band's concerns but also earned Dome the 
Band's active support through all the reg
ulatory proceedings and the later phases of 
the project construction and operation. 

The Newsletter is published by Conflict 
Management Resources, a joint initiative 
of faculty members in the Faculties of En
vironmental Studies and of Law at York 
University. Annual subscriptions (3 to 4 
issues) are $12 for individuals, $25 for cor-
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porations or institutions; U.S. and foreign 
subscriptions may be paid in U.S. funds. 
Send your order to Conflict Management 
Resources, Faculty of Environmental 
Studies, Lumbers Building, York University, 
4700 Keele Street, North York, Ontario 
M3J 1P3, Canada. 

***** 

Biologue is a monthly newspaper em
phasizing renewable fuel technologies for 
industrial or municipal use. From fluidized
bed gasifiers to nutshell-powered maca
damia roasters, this publication reports 
on devices in actual use. The editors and 
writers also provide information on lobby
ing efforts, impending changes in relevant 
laws, overviews of aspects of the industry, 
and an extensive calendar of forthcoming 
meetings. Biologue is available for $25 
per year from Box 4548, Portsmouth, NH 
03801. 

***** 

Ever since Great Britain recognized the 
existence of the Republic of Texas a 
century and a half ago, there have been 
some friendly links between the two. Now, 
for example, one of the best places for 
North Americans to find British books on 
offshore oil and gas technology is through 
Gulf Publishing Company of Houston 
(P.O. Box 2608, zip 77001). Recently an
nounced titles include Advances in Off
shore Oil and Gas Pipeline Technology, 
edited by R. F. de Ia Mare, and Arctic Un
derwater Operations, edited by Louis Rey. 
Gulf has it own list of books as well, but 
seems to be directing strong efforts into 
producing computer software for practi
tioners: their "PETROCALC" line in
cludes Reservoir Engineering and Forma
tion Evaluation, Drilling Engineering, and 
Reservoir Economics and Evaluation. 

***** 
Alaska Construction & Oil, of Alaska 

Media Services, Inc., has changed location. 
This monthly trade magazine serving the 
construction, petroleum, timber, and 
mining industries in Alaska, has moved 
from the Anchorage G Street address to 
the Great/and Gold Building, 360 W. Ben
son Blvd., Suite 206, Anchorage, AK 
99503; (907) 562-7696. 

***** 
People intending to participate in the 

Second International Conference on Cold 
Regions Environmental Engineering men
tioned elsewhere in this section might con-
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sider this book appropriate preparatory 
reading: the Cold Climate Utilities Manual, 
Second Version, is now available. Within 
its 888 pages are many sections related to 
water management, but also covered are 
topics such as fire protection, solid wastes, 
and energy management. The manual costs 
$60 (Canadian) and may be ordered from 
the Canadian Society for Civil Engineering, 
700-2050 Mansfield Street, Montreal, Que
bec H3A 1Z2, Canada. 

***** 

United Techbook Company is now 
offering a free technical book catalogue 
and price list, with thousands of titles. 
This new company will also provide free 

book-finding services and "book day" ex
hibits. Our copy of the catalogue shows 
many titles for technical manuals, user 
guidebooks, and other literature that is 
difficult to find in bookstores and libraries, 
as well as the more common titles. To find 
out how to get your free catalogue, contact 
United Techbook Company, Box 1658, 
Longmont, CO 80502; (303) 651-3184. 

***** 

Without so much as a cover letter, a 
California firm sent us a price list for a fair 
array of publications related to far north
ern - mostly offshore - oil development. 
They offer 55 titles published by the Alas
ka Oil and Gas Association and another 38 
supported by the Environmental Studies 
Revolving Funds; most of the reports 
seem to be the kind of dense data report 
("Simple Shear Cyclic Tests on Normal 
Marine Clay from Icy Bay Area, Gulf of 
Alaska") or specialized study ("Family 
Life Adaptations to Offshore Oil and Gas 
Employment") that slip into the great 
mass of so-called gray literature, where 
many useful facts hibernate beyond reach. 
Given that they seem to be making this 
information accessible and at reasonable 
prices for either hard copy or microfiche 
format, it's too bad their logo claims the 

company is called lnfoPall. (The office 
dictionary asserts that pall as a noun is "a 
covering, usually of black cloth, thrown 
over a coffin or tomb"; as a verb, it means 
"to become insipid or uninteresting." 
Either way, it rather puts one off the info.) 
For a price list, write -to give them their 
fu II name -Pal/ister Resource Management 
Ltd., 29169 Heathercliff Road, Suite216-
417, Malibu, CA 90265. 

***** 

lSI Press is advertising a series of "How 
to" books-among these in the Profession
al Writing Series is How to Write and Pub
lish Engineering Papers and Reports, 
Second Edition, by Herbert B. Michaelson. 
This is a book our readers well might be 
interested in. The second edition has new 
chapters that address personal computer 
use, publishing "confidential" research, 
writing a publishable thesis, and reviewing 
engineering manuscripts. (We thought 
we'd pass this information on to our read
ers even though we have not reviewed the 
book ourselves.) It can be purchased in 
cloth for $21.95 and in paper for $14.95. 
Write to IS/ Press, 3501 Market Street, 
Philadelphia, PA 19104. 

***** 

Readers who meant to get around to 
subscribing to the Convection Loops news
letter should not only get to it-Jim Berk 
wants to know about you-but should note 
the publication's new address: Box 640450, 
San Francisco, CA 94109. Subscription 
price remains $10 per year (folded; U.S. 
and Canada), or $16.50 flat, $20 to other 
countries, and $25 for institutions. 

***** 

One more from the U. S. Geological 
Survey Water Resources Division: Hydro
logic Reconnaissance of the Unalakleet 
River Basin, Alaska, 1982-83. C. E. Sloan, 
D. R. Kernodle, and Ronald Huntsinger 
wrote the report, which describes the water 
resources of the river and its tributaries. 
The authors note that the water quality is 
excellent and the flow is dependable 
throughout most of the system, by the 
way. The report, USGS Water-Resources 
Investigations Report 86-4089, may be 
purchased from the Open-File Services Sec
tion, Branch of Distribution, Box 25425, 
Federal Center, Denver, CO 80225. The 
report is also available for inspection only 
at many USGS offices throughout the 
western United States. 

***** 

33 



• Book Review 
Alaska's Future 
Commentary on a Delphi Perspective 

by Ted G. Eschenbach and George A. Geistauts 
Alaska Pacific University 
238 pages; $12.95 paperback, $30 clothbound 

What happens when 1 00-plus Alaskans collectively forecast 
the state's long-range economic and resource development? 
Ouite a lot, as it turns out. 

Early in this decade, the State of Alaska's Department of 
Commerce authorized a Delphi study, a kind of multiple-round 
opinion survey in which people behind, in front of, and on the 
many thrones from which Alaska is directed were asked to think 
about future projects and developments in the state-and then 
to rethink their views in light of what other members of the 
panel thought. From this silent and slow-motion conversation, 
a consensus about the state's economic future emerged. (The 
original study was discussed in Vol. 15, No.2, of this magazine; 
a further discussion is slated to appear in Vol. 18, No.2.) 

Alaska's Future reports on the long-range forecast produced 
by the Delphi project. The book sets the study results in a con
text of critical commentary, ranging from thoughtful discussions 
of the worth of forecasting in general and of the validity of the 
Delphi method in particular to presentations of scenarios for the 
probable future development of the state- plus a strong argument 
for a way in which groups of people can influence the unfolding 
of that future. 

That way centers on forming a consensus among groups with 
differing positions, based -in effect-on enlightened self-interest. 
A Delphi procedure might be a tool in developing this consensus, 
but the entire process would transcend the limitations of Delphi 
(in the present project, for example, the contributors were not 
permitted to rank the prospective developments by desirability, 
only probability and timing; a true consensus could not exclude 
such vital factors). Necessarily, the process would involve yield
ing and compromise-so it would also involve an accord to keep 
the process continuing, in order to "repay" those interest groups 
that had conceded most when the next need to compromise 
arises. The authors credit William Ouchi, the well-known expert 
and writer on Japanese management practices, as source for their 
vision. (Finding that inspiration in the Orient is ironic, given that 
most of Alaska's Natives have governed themselves by consensus 
quite successfully, and probably for a few millennia at least. The 
concept has deep Alaskan roots.) 

Usually, a volume that deals heavily in matters described by 
terms like "infrastructure" and "subsidization," "optimization" 
and "scenarios"- in short, where little can be visualized and 
nothing can be felt-makes a wonderful cure for insomnia. Not 
this book. Although it certainly employs the deadly terminol
ogy, it isn't clogged with it. Alaska's Future is well written and 
edited; infused with the authors' enthusiasm for the project, 
the possibilities, and the state itself; and mischievously punc
tuated with self-criticism. 

That may be the feature that most makes the work truly 
thought-provoking. The authors roll along convincingly, then 
pause to insert countervailing arguments. Anonymously, some 
participants in the Delphi study are allowed to voice complaints, 
such as: "There is little profit in the hope that pooling ignor
ance will produce wisdom or be a useful guide to intelligent 
decision making." That garbage-in, garbage-out criticism is ex
panded eloquently in a commentary by Scott Goldsmith: "Be
cause of this lack of economic reality ... it is difficult to see how 
the results can provide a contribution either to enhancing our 
understanding of the direction of economic growth in Alaska or 
to advancing the debate of public policy for economic develop
ment." 

Coincidentally, the blunt-spoken Dr. Goldsmith appears be
tween commentaries contributed by the people who are now the 
chief competitors in Alaska's gubernatorial race-Steve Cowper 
and Arliss Sturgelewski. Neither refers to the book or the project 
directly, but both give the reader a fair idea of their personal 
emphases and individual styles. 

The presence of those top political voices exemplifies one 
reason why this book is worth reading even if all its self-con
tained warnings are accurate. The authors call the Delphi par
ticipants and project commentators "decision makers," but 
by whatever name, they are still the state's leaders-in business, 
in politics, in setting opinions. However simplistic the questions 
they were asked, however improbable the projects they con
sidered, those are the questions posed daily by interest groups, 
and those are the projects that rise again and again in the media. 
This work was not performed in some never-never land; it's 
exactly as fictitious as the Letters column of any of Alaska's 
daily newspapers and just as relevant as the creative guesses we 
partially informed voters make when we confront a ballot. 
Like those expressions of opinion, this book is far from perfect. 
Like them, it really can't be ignored. -Editor 

Air mail rates available: Subscribers who 
would like their magazines sent by air 
mail may add the additional mailing costs 
to the subscription price: 

U.S. residents add $4.00 per year 
Canada residents no extra charge 
Foreign subscribers add $1 0.00 per year 
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