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Arctic Engineer: Transition 
Alaska and Yukon Territory provide 

some fascinating digs for the industrial 
archaeologist. The surviving monuments 
of one hundred years of engineering 
response to the challenge of northern 
development, impressive in their heroic 

scale and daring innovation, also afford 
vivid insight into the nature of the 
phenomena of economic development 
and change and the key role of the 
engineer not always drawn from the 
statistical and written record. As intense 
and specialized outside economic forces 
surfaced in Alaska, this tangible evidence 
suggests that development here was 
shaped and paced primarily by the 
interaction of technology and geography. 

This generalization IS also reflected in 
the long-run process of petroleum 
development on the North Slope". In the 
1920's the outside economic forces of 
demand for petroleum were intensifying 

and the certainty that Alaska's arctic 
afforded a source of supply was generally 
accepted. Initial private interest here 
prompted federal government action in 
withdrawing Naval Petroleum Reserve 
No. 4 in 1923, but the action soon 
shifted to move advantageous locations in 
Oklahoma and Texas. The process started 
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in Alaska in the 1920's was resumed in 
the late 1960's when transportation and 
drilling technology had advanced to the 
point where geographic differences were 
minimized in considering untapped 

sources to meet contemporary petroleum 
demands. 

It is evident from the unfolding arctic 
oil case that social and political 
constraints other than purely physical 
and geographic are now in play which will 
further modify the process of 
development and change in Alaska and 
that the 1970's engineering challenge has 
more dimensions than geographic. The 
present analysis can only present a 
simplified overview of the processes as 
they have been at work and speculation 
as to their future course. 

The Age of 
Heroic Engineering 

Alaska's pre-World War II history is 
one of traditional colonial development. 
The primary beneficiaries of the process 
were remote, the objective was to seek 
the least costly means of extracting a 
narrow range of resources and the 
time-scale for accomplishment was short. 
In its most extreme form it was 
represented in the high-grading of mineral 
deposits and the complete fishing out of 
salmon streams, in most cases 
economically wasteful activities measured 
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in terms of benefits beyond the economic 
profit of the firms involved. The ends 

may have been limited, but the means 
were carried out on an heroic scale. 

The creation of the Big Ditch in the 
Klondike illustrates the elements of all 
the other northern projects. As reviewed 
by Jim Lotz it was accomplished by a 
combination of "English emp1nc1sm, 
American technology and management, 
and Canadian labor .... In 1907 over 
seven thousand tons of supplies came 
down the Yukon River. Nothing could be 
obtained locally except lumber, of which 
seven million board feet were cut. Steam 
shovels and other machinery came from 
Ohio, wooden stave piping from San 
Francisco, pneumatic tools and air 
compressors from Chicago, logging 
sledges from Michigan, lapwelded pipe 
from Pittsburgh and Germany, redwood 
staves from California. The project took 
shape as thirty-eight miles of ditch, 19.6 
miles of flume and 12.6 miles of pipe 
leading water from the Ogilivie~ to the 

Klondike Valley. By the fall of 1908, the 
Yukon Gold Company was in business on 
an impressive scale. Seven dredges, built 
on the spot, were in operation, a dam and 
reservoir had been built on Bonanza 

Creek, ditches, flumes and pipe nine miles 
long connected them with placer 
operations; a power plant of two 

thousand horsepower with thirty-six 
miles of main line, eighteen of branch, 
and eight of secondary lines had been 
installed. Using electricity was a new 
concept, and the dredges had 
interchangeable parts which saved time 
and money. A new town, Guggieville, 
arose where the present Ogilvie Bridge 
spans the Klondike. The project paid off 
handsomely ."1 

continued on page 4 
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continued from page 2 

The Big Ditch was a gamble, but as 

Lotz states it was a calculated risk which 

"did not confuse optimism of the 

northern booster sort with a precise 

understanding of the real nature of the 

problem, and a knowledge of how to go 

about solving it." Although there was no 

"benevolent government" to assist, there 

also was no government to lay down 

terms and conditions and the promoters 

"did not have to worry about native 

rights or environmental damage. Human 

concern was not part of the development 

process in those days." 

The engineers may have reached far 

over their heads to serve the objectives of 

development, but the ends served by their 

technological ingenuity and daring were 

limtited and short-term. The effort 

focused on economy to the point of 

shoddiness, the design of pioneering 

structures with short life expectancies. 

The railway and tramway were favored 

transport modes. The elements of 

development were portable and reuseable 

elsewhere or were abandoned on the spot 

after a few years of intensive and 

profitable use. There were exceptions. 

The White Pass and Yukon Railway, built 

between 1898-1900, sti II performs the 

function for which it was originally 

created and the road bed of the Copper 

River and Northwest Railroad, 

abandoned for three and a half decades, is 

providing the roadbed for highway access 

to the Wrangell Mountains-Copper River 

region. But for the most part secondary 

development benefits were non-existent 
or I i mite d and no permanent 
development remained. 

More hu rna n concern today 

The period's communities were 

bachelor camps, their inhabitants as 

disposable or moveable as the capital 

plant. Population growth might continue 

at a mining or cannery site, but these 

were essentially new communities serving 

quite different purposes. Juneau and 

Douglas survived because of the territorial 

capital locations, Cordova because of 
diversified fishing, Nome as a trade center 

and collection place for the scattered 

rural population of the region, and 

Fairbanks through transportation, 

military. higher education and research 

functions. 
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The Age of 
Affluent Engineering 

The exploitation of gold, copper and 

fisheries were made possible by 

technological innovation which pushed 

beyond its time to overcome the cost 

barriers of remoteness and physical 

hardships in creating economic values 

from these resources. Alaska's 

development as a key defense outpost 

during the 1940's and 1950's was again a 

product of technological-geographic 

interaction, but rather than a time lead 

there was a time lag from bureaucratic 

inertia and conservatism. In promoting 

the purchase of Alaska from Russia in 

1967, Seward was keenly aware of the 

global significance of his act, but his 

insights were not widely shared. The 

Japanese invasion convinced the military 

and commercial bureaucrats that the 
application of the new air transportation 

technology strengthened Seward's 

original Great Circle vision and added 

trans-polar travel. 

The objectives of the military period 

were similar to those of the colonial, the 

single purpose exploitation of resources 
(in this case space and location) primarily 

for remote beneficiaries. This was as far 

as similarity extended. Accomplishment 

required creation of a range of new 

communities for the garrisoning forces 

and the civilian dependents and employee 

back-up. Engineering was concerned with 

major public works, defense structures, 

housing and extensive and integrated 

transportation systems. 
The scale of engineering was again 
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heroic, but the scale of costs was even 

more so. Urgency and speed of 

construction were paramount, no matter 

what the price, with no time for research, 

innovation or often appropriate design. In 

economic terms, the results of this trial 

and error approach were wasteful. The 

monuments of this period seemed to run 

to the white elephants of a hurried and 

uncontrolled construction splurge. But 

some was convertible to other use and 

civilian commercial aviation and other 

transportation modes benefited from 

military developments. 

There also were secondary objectives 

important to Alaska's long-term 

development. The continued manning of 

defense facilities and support activities set 

in motion a secondary process during the 

1960's derived from completed projects 

of the 1950's construction boom. The 

growing civilian population was urban, 

vocationally specialized and family 

oriented. Expectations for finding the 

amenities of urban life were higher than 

expectations of those who lived in the 

disposable pre-war Alaska. To assist 

Alaskans in meeting the demand for an 

instant urban-America, the federal 

government provided the Alaska Public 

Works program, to fund school and other 

community faci I ities construction. 

This rapid growth in resident 

population also created an effective 

demand for increased political 

self-determination expressed in the 

statehood movement culminated in the 

creation of Alaska as the 49th State in 

1959. This shifted the balance of control 

and ownership of land and resources from 

national toward local resident hands and 

by decentralizing political power shaped 

the objectives of future economic 

development by resident as well as 

non-resident interests. From the 

engineering standpoint, Statehood 

marked the advent of road and highway 

building on a grand scale. With Alaska's 

inclusion in the federal-aid highway 

program, the age of affluence in 

engineering, born of military necessity, 

found a new and sustaining lease on life 

in the magic matching formula of civilian 

public works. 

Engineering Exhibitionism 
versus Political Constraint 
During the 1960's Alaska was also to 

become the locale for schemes bred from 



a cross-fertilization of the ages of heroic 
and affluent engineering. This is a 
contemporary phenomena which Lewis 

Mumford has named "technological 

exhibitionism" (that is, technology run 

wild). In this, engineering is not so much 

a response to demand and challenge as a 

prime moving force with an inner 
dynamic of its own when allowed to 
operate independently of constraints of 

money or politics. Two Alaska examples 
were the Atomic Energy Commission's 

proposal to blast a deep water harbor in 

the arctic through use of nuclear devices 
(a prelude to launching a concept of 
"engineering geography" on mankind) 

and the Corps of Engineers' Rampart 

Canyon hydroelectric project. 

This new form of engineering action 

immediately brought forth two political 
responses. Alaska's turn of the century 

development coincided with the full 

flowering of the national conservation 
movement under the leadership of 

Theodore Roosevelt, Gifford Pi nchot and 
others lending a strong preservationist 

bent to subsequent federal resource 
management. A similar pattern is being 
repeated, Alaska developments of the 
1960's coincided first with national 
concern over the crisis in outdoor 
recreation and then on the threshold of 
the 1970's with the crisis of the 

participation in the process of economic 

development and the sharing of its 
benefits, and have suffered loss of lands 

and resources essential to traditional ways 

of life. Organized protest to this was 

weak, sporadic and ethnically and 

geographically divided. In 1962 two 

regional Native protective associations 
came into being in response to threats 

posed by the Atomic Energy Commission 
and the Corps of Engineers projects. 

Petroleum and other developments were 

the spur for creation of other regional 

associations which then federated in 1966 
as the Alaska Federation of Natives. 2 

This had immediate payoffs in greater 

Native partiCipation in development 

planning and employment and the 

passage of the Alaska Native Claims 

Settlement Act in 1971, which promises 
to have profound and as yet imperfectly, 

understood future impacts. 

The Role of Engineering 

in the Emerging Alaska 

During the 1950's two pulp mills were 
established in southeast Alaska followed 
by timber developments in southcentral 
and prospects of similar developments in 
interior Alaska. The petroleum and 
natural gas discoveries and developments 
in the Kenai-Cook Inlet region signaled 

environment. The Alaska examples of arrival of the international petroleum in 
technological exhibitionism by their very Alaska which culminated in the North 
size and the accompanying promotional 

fanfare dramatically focused upon Alaska 
the attention of national organizations 

concerned with preservation of wilderness 

and the quality of the environment. 
These national forces not only played a 

role in causing abandonment of the two 
projects (although the Rampart project 

was dropped on sound economic 

grounds), but they have thwarted or 
delayed other private development 

projects such as the trans-Alaska pipeline 
project and the forest products 
developments near Juneau. They are now 

firmly established as part of Alaska's 

development environment and for the 
future will put limits on the course of 

development and growth. 

These two giant engineering proposals 
also served as a catalyst in launching an 
effective Native political movement. The 
descendents of Alaska's aboriginal 
inhabitants have had a low level of 

Slope "discoveries" in 1968, the oil lease 
sales of 1969 and the current campaigns 

for and against the trans-Alaska pipeline. 
The demands upon engineers now 

emphasize creativity and innovation in 

design as well as .technological process. 

Economic constraints are laid down by 
a return to the necessity that 

developments must be paying 

propositions. Faced with the rising of 

already high labor costs, this requires that 
the design of production shift even more 
from labor to capital inputs than in the 

past. The higher capital investment in 
turn calls for developments with a longer 

life expectancy than before World War II. 

The new political context for 

development has further modified the 
engineer's function. Statehood implies 
the creation of viable and permanent 
settlement in Alaska and the Native 
claims settlement a promise to promote 
the economic and social well-being and 
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development of these Alaskans. These 

two political developments require that 

the natural resource base of Alaska's 

economy be exploited so as to maximize 

long-run benefits through perpetual yield 

of renewable resources, full utilization of 

non-renewable resources and emphasis 

upon multiple use "!"ather than the single 
exhaustive exploitation patterns of the 

past. These concepts, which grew from 

the turn of the century conservationism 

and the mid-century concern with 

diminishing domestic resources, are now 

"holy writ" set forth in the Constitution 

of the State of Alaska of 1956. the 

Alaska Statehood Act of 1959 and the 
Alaska Native Claims Settlement Act of 
1971. 

All of this is currently overshadowed 

by the more complex new 
conservationism of environmental 

protection. Alaska sometimes appears 

today as a battleground between the old 
apostles of unlimited progress and those 
of the new gospel of survival through 
limited growth, in their contemporary 
struggle for the mind and the spirit of the 
Nation. A passing phenomena, this will 
leave its marks in the form of a critical 

re-evaluation of the goals of Alaska 
development and their broadening to 

include more than simple economic 
objectives. 

The demands upon engineers now 
emphasize creativity and innovation 
in design as well as technological 
process. 

During the 1970's the challenge to 
engineering is how to achieve the 

traditional heroic missions of the 

profession while infusing the process with 
a healthy concern for the human and 

environmental impacts. No longer can it 
be guided by the maxim that a straight 

line is the only route between two points 

because it is the shortest. Size in itself is 
no longer a virtue. A balanced serving of a 
multitude of purposes, flexibility and 
comprehensiveness are the highest virtues. 

And so we see emerging human 
engineering, planning and, at the 
University of Alaska, an Institute of 

Arctic Environmental Engineering. 

The Northern Engineer 



In-Situ Testing of Frozen Soils 

In the design of foundations and other 
engineering structures in permafrost 

areas, there has been an increasing need 
for some time for new methods and 

instruments to determine the properties 

of frozen soil in the field. The research 

project described herein was undertaken 
in the summer of 1971 to investigate the 

suitability of a particular borehole 

dilatometer, "Menard pressuremeter," as 

a tool for in situ evaluation of rheological 

properties of frozen soils. The project 

represents a joint effort of the 

Geotechnical Section of the Division of 

Building Research of the National 

Research Council of Canada and the 

Northern Engineering Centre of the Ecole 

Polytechn ique, Montreal. 

The field testing phase of the project 

was carried out during the months of 

June and July 1971 at a permafrost site 

at Thompson, Manitoba. 

At the site, within the depth interval 

investigated, i.e. between 5 and 14ft., the 
soil was a varved clay of low to medium 
plasticity, composed of dark brown clay 
layers from y, to 1 inch thick, and tan 
colored silt layers increasing in thickness 

with depth from 1 to 3 inches. 

The most significant ice segregation 

was found in the top 13 ft. and was 
usually associated with the dark layers. 
Ice lenses were mainly horizontal and 

varied in thickness from hairline to a 

maximum of about % inch. The ground 
temperature at the site below the active 

layer, i.e., between 5 and 30 ft., was 

fairly uniform, varying between 31.5 and 
31.8°F and was found to be essentially 

isothermal throughout the year. 

The Menard pressure meter (Fig. 1) is a 

special boreh9le dilatometer that has 

been used for a number of years for in 
situ testing of stress-strain and strength 

properties of soils and rocks. It consists 

of an inflatable probe, composed of one 
central measuring cell and two exterior 

guard cells, and of a pressure-volume 

control device, which enables the 
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application of a given pressure at the wall 

of the borehole and the observation of 

the resulting volume increase of the hole. 

At present, after more than ten years 

of use, a large amount of literature is 

available about the test procedure, 
performance, and interpretation of test 
results for pressuremeter tests performed 
in the majority of ordinary types of soils 
and rocks (Gibson and Anderson, 1961; 

Hult, 1966; Menard, 1957 and 1966). 

Moreover, several types of probes and 
measuring devices have been developed 

by Menard to cover the needs of various 

ground conditions. 

PRESSURE-VOLUME 
CONTROL DEVICE. 

coaxial plastic 
tubing. 

PROBE 
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Unfortunately, in spite of its obvious 

potential capabilities for in-situ creep 
testing of soils, including those in a 

frozen state, there is no published 
account known to the authors on how 

the instrument and the test should be 

used for determining basic creep 
parameters of the soil, and what kind of 

problems may be encountered when the 
test is performed at sub-freezing 

temperatures. 

The tests at Thompson were performed 

with a type G pressuremeter fitted with a 

pressure-volume control device of 700 

cm 3 volume capacity and 0 to 25 kg/cm 2 

(355 psi) pressure range. The probe was 

volumeter 

guard cell 

measuring cell 

guard cell 

compressed ai 
bottle 



of NX type, with its rubber membrane 
protected by an extensible overlapping 
metal strip jacket. For the purpose of 
creep testing of frozen soils, three 
additions were made to the testing 
equipment: 

( 1) A fine adjustment valve was 
included in the pressure control 
system, to provide a more accurate 
pressure control when performing 
long-term creep tests; 

(2) Three thermocouples were fixed to 
the outside of the probe, enabling 
soil temperature at the contact with 
the probe to be checked 
continuously during the test; 

(3) The whole volumeter was enclosed 
into a foamed plastic box filled with 
crushed ice to keep the fluid to be 
injected into the probe during the 

test at low temperature. 

From the pressuremeter testing 
experience gained in unfrozen soils it can 
be concluded that the quality of results 
depends in large measure on the quality 
and accuracy of the borehole drilling job. 
This is even more valid in frozen soils 
where not only a mechanical but also a 
thermal disturbance may occur during the 
drilling. 

In the present field study, a 
combination of auger drilling and Shelby 
tube sampling was used for making 
proper boreholes for the tests. 

Usually, the hole was drilled to about 2 
ft. above the required test level by means 
of a motorized drilling rig. The remaining 
depth of the hole was m.ade by pushing a 
special sampling tube into the ground 
with its cutting edge turned towards the 
inside, in order to avoid disturbing the 
soil surrounding the hole. Owing to high 
outside temperatures, some temperature 
disturbance of the relatively warm 
permafrost at the site could not be 
avoided during the drilling. However, the 
temperature check in the borehole 
showed that the temperature at the hole 
wall returned to normal within about one 
hour after drilling was stopped. One hour 
was therefore used as a normal waiting 
period before starting each test. 

After comparing _a number of different 

loading programs for creep testing 
purposes, it was concluded that the 
following two types of pressuremeter 

tests might represent minimum 
requirements for obtaining necessary 
creep information: 

(1) One-stage creep test, in which the 
pressure is rapidly brought to a given 
level and is left at that level as long 
as possible. In practice, as 
deformation is limited by the 
maximum volume of 700 cm 3 that 
can be injected into the probe, the 
total creep time varied from about 
20 minutes up to several hours. 

(2) Multi-stage creep test, in which the 

and the extension resistance of the 
unloaded probe. The true origin, 0', of 

the pressuremeter curve in Fig. 2 
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increased to the limit in several 
constant-stress increments, each 
kept constant for about 15 minutes. 
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Fig. 2-Pressuremeter curve obtained in a 
multistage creep test carried out in a 
frozen varved clay. 

Figure 2 shows a typical pressure vs. 
hole-expansion curve obtained in a 
multi-stage pressuremeter test carried out 
in a frozen varved soil at a temperature of 
about 31 .8° F. The test consisted of 
eleven equal pressure increments of 2 
kg/cm2 (28.4 psi) per stage, each kept 
constant for 15 minutes. 

The curve in Fig. 2 was plotted first in 
terms of actually injected fluid volume, 

Vm, vs. the applied pressure, Pc, that has 
been corrected for the piezometric head 
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Fig. 3-Creep curves obtained in the test 
shown in Fia. 2. 

corresponds to the point in the test when 
the applied pressure has attained the 
original pretest lateral ground pressure, 
p0 , which has required injection of an 

initial fluid volume, V mo· The curve 
shown in Fig. 2 corresponds to the 
volume readings taken at the end of each 
15-minute stage. 

Figure 3 presents a set of creep curves 
obtained during six successive 15-minute 
stages of the same pressuremeter test. The 

creep curves practically linearize in a 

log-log plot of the creep volume· 
expansion, 6.Vc, vs. the time, t. The 
results of a number of one-stage creep 
tests carried out at the same site showed 
that, in the type of test, the creep curves 
remained practically linear, or only 
slightly curved, up to' the longest 
investigated creep period of 6 hours. This 
experimental fact indicates a good 
possibility either for an extrapolation to 
longer time periods or for an analytical 
generalization of the test results. 

In present practice, the pressuremeter 
test is very seldom used to find certain 
basic soil properties. Instead, its use is 
usually limited to the determination of 

three parameters: the limit pressme, the 
creep pressure and the pressuremeter 

modulus. These are then substituted into 
proper em pi rica I expressions, proposed 
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by Menard ( 1963), from which the 

bearing capacity and settlement of 

foundations can be estimated. 

In the past, however, several methods 

were proposed by Menard (1957) and 

others (Gibson and Anderson, 1961; 

Ladanyi, 1963). for determining from the 

test certain basic soil properties, such as 
the undrained cohesion of clays and the 

angle of internal friction of sands. In the 

following, a brief descriptioro >Jill be given 
of a possible use of the pressuremeter 

method for determining creep parameters 

of frozen soils. 

An analysis of creep information 

obtained from a pressuremeter test can be 

made by using, as a basis, the solution of 

the problem of stationary creep under 

internal pressure of a cylindrical cavity of 

infinite length, located in an infinite 

medium. Assuming that the creep of 

frozen soil is governed by the 

strain-hardening creep law of the form 

(Hult, 1966). 

( 1) 

The values of creep parameters m, f.1 

and ac can be obtained by a convenient 

plotting of creep curves, similarly as 

described by Hult (1966, p. 34-37). A 

first plotting of in (V/Vi) vs. time in a 

log-log plot, furnishes the value of the 

exponent f.1 and the variation of the 

function G with (pc - p
0

). A subsequent 

plotting of G vs. (pc - p
0

) in a log-log 

plot, gives the values of the exponent m 

and the creep parameter ac. From the 

creep information obtained in the 

pressuremeter test in Figs. 2 and 3, the 

following values of the three creep 

parameters have been deduced: f.1 = 

0.785, m = 2.72 and ac = 5.13 kg/cm 2 

for €c = 10 rs min -I. Knowing these values 

one can express the general creep rate 

equation for a particular frozen soil in the 
form of Eq. ( 1): 

d€ /dt = 10"5 (a /5 13)2.72(€ r 0.785 (4) 
e e · e 

or the creep strain equation, valid for a 

constant stress a e: 

where ee and ae are the equivalent creep 

strain and the equivalent stress, 
respectively, defined in terms of strain ee = 2.185 X 1 0"3 (ae/5.13) 1.521 t

0
·
56

(5) 

and stress invariants as usual in the theory 

of plasticity, t is the time, ec is an 

arbitrary convenient strain rate, ac is the 

creep modulus, and m and f.1 are creep 

exponents, one can derive the following 

solution for the above-mentioned 

problem of creep of a cylindrical cavity: 

where Pc is the applied pressure in the 

cavity, p
0 

is the original radial ground 

pressure, Vi is the cavity volume per unit 

length at t = 0, and v = vi + !'N C' the 
cavity volume at any time (t) after the 

pressure (pc) has been applied. The 

function G(pc- p
0

) denotes: 

1 +p+m 

G(pc-p
0
)=(J3/2) 1 +f.1 

• fa;+ "T/(1+ p) 

.@(1 + /1) J m/(1 + p) 
L m (pc- P0 ) (3) 
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where ae is in kg/cm 2 and t in minutes. 

Equation (4) and (5) can be used 

directly to predict the time-dependent 

displacements of structural elements such 

as piles and anchors embedded in 

permafrost. Indirectly, they can be used 

to estimate the time-dependent 

compression strength of frozen soils, by 

using either a limiting strain rate concept 

with Eq. (4). or a limiting strain concept 

in connection with Eq. (5) (Ladanyi, 

1972). In the latter case, if creep failure is 

assumed to occur at a creep strain of, say, 

ee eef 10 per cent, the 

time-dependent strength of the frozen 

soil, aef· according to Eq. (5). will be aef 

= 63.4t- 0 ·368, with the stress in kg/cm2 

and the time in minutes. 

These experimental results show that a 

borehole dilatometer method of the type 

used in this study offers good possibilities 

for in-situ determination of basic creep 
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parameters of frozen soils, which are 

necessary for predicting the long-term 

behavior of structures embedded in 

permafrost. Its obvious advantage over 

the laboratory methods serving a similar 

purpose is that it is fast, can be carried 

out in the field, is relatively large scale, 

and avoids costly and time-consuming 
transportation of undisturbed frozen soil 

samples to a specially equipped 

laboratory. A more complete account of 

this investigation will be given in a 

subsequent publication. 
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VIlLAGE SANITATION 
The Alaska Village Demonstration 

Project was authorized by Section 20, 

Pub I ic Law 91·224 to demonstrate 

methods of safe water supply and waste 

disposal for native communities of Alaska 
without such facilities. In addition, the 

project was to include central facilities 

for laundry and personal sanitation. 

Superficially, this appears to be a 

rather simple demonstration, especially to 

those with knowledge of sanitary 

engineering. It was apparent, however, 

that a simple superimposition of 

conventional approaches might not be 

completely successful and that planning 

would have to be thorough and include 

vi II age input. 

Iff Arctic Alaska water is not easily 

obtained in liquid form for about half of 

each year and is quite frequently of poor 

quality. The effect of slowly freezing 

water is to cause dissolved impurities to 

become more concentrated in the liquid 

below the ice. When the ice begins to 

melt rivers carry heavy loads of sediment 

associated with breakup and high runoff 

rate. Some villages are located above 

aquafers of poor quality, thus ruling out 

direct use of ground water. 

Ice has been a favored source of water 

supply for natives of the arctic for many 

years and the basic quality of the product 

cannot be denied. However, awareness of 
possible contamination of this water 

source, the difficulty of obtaining 

dependable year around supply, and the 

minimal volumes of water obtained from 

this source have been cited as factors 

which deter the improvement of the 

general health of natives of the arctic. 

Waste treatment in native communities 

has been almost non-existent and 

attempts to solve problems associated 

with waste disposal have not generally 

used a waste treatment approach. 

Typically, native homes have one or more 

"honey bucket" which is emptied in a 

location which is somewhat out of the 

way on a schedule determined by need. 

The receptor for honey bucket contents 

may be a discarded oil drum, which will 

be placed on the ice to be carried away 

during breakup or it may be a pit dug 
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during the summer which becomes full to 

overflowing at mid-winter, when a 

replacement cannot be dug. 

Villager empties "honeybucket" 

The picture of sanitation in the arctic 

now is much the same as it must have 
been hundreds of years ago. Methods 

presently in use by native families and 

vi II ages in the arctic were developed over 

many generations and were well suited to 

a subsistence living. The desire for a 

better system of sanitation exists with the 

people of the arctic but they are choosey. 

The present system works; any change in 

the system will be on account of 

increased benefit at less expense either 

financially or physically, and not just 

because it is new. 
Obvious problems which have been 

noted from past experience are of a 

non-technical nature and are related to 

ultimate ownership and financial 

responsibility. Most projects in the past 

have been designed and bui It with Federal 

funds and turned over to the village on a 

"use permit" basis with no provision for 

outright village ownership or continuing 

financial support. Many designs have 

failed to consider the capacity of a village 

to support operation and maintenance 

financially and have assumed that 
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operators were volunteers without need 

for remuneration. 
Technical problems in previous 

projects have perhaps been more 

attributable to oversimplification than to 

complexity. Central watering points have 

been provided in many villages but most 

are completely manual batch operations 

without adequate control and for which 

operators have been inadequately 

prepared. The result is a product water of 

inferior quality to that which is naturally 

occurring. This might be due to tastes 

produced by improper chlorination or 

any of several other reasons. Outhouses 

have been built to serve villages but 

usually fill up rapidly and thereafter 

constitute a nuisance and health hazard 

of greater magnitude than the more 

traditional "honey bucket," whose 

contents are placed on the ice to be 

carried away during breakup. 
There is surely no lack of ability in 

native villages when it comes to 
comprehension and operation of 

technical processes and machines. If it is 

considered that a real benefit is to be 
realized from effort expended, then there 

seems to be no limit to the amount of 

effort applied. Barriers arise to 

communication and cooperation and 

learning when we urbanites fail to 

comprehend and fail to establish a proper 

frame of reference for measurement of 

the benefit of a given "improvement." 

Too frequently we are satisfied to assume 

that we have improved the way of life of 

someone when we have bent them into 

the shape that fits the way of life we 

ourselves are familiar with. AVDP has 

tried within reason to avoid this approach 

but it must be accepted that to do so is 

extremely difficult. An attempt is being 

made to incorporate village ideas and it is 

hoped that in such a manner the best of 

both ways of life may be realized. 

Hopefully the end product will enable the 

villager to appreciate and manipulate the 

working system without disturbing the 

total process. 
No one has denied the benefit of 

modern sanitation practice and all are 

willing to pay a reasonable price, but 
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"Honeybucket" Collection Truck (Bethel) B. Puchtler 

prices in the arctic are not reasonable. 
Native people examine a proposal just as 

anyone else and acceptance or rejection is 
on the basis of a trade-off procedure. If 
the system is good enough it wi II be 
supported and if it's not, it will fail either 
partially or completely. For instance, 

there is not much notion in the native 

communities of why wastewater or 
sewage should not be disposed of in rivers 
or the ocean during breakup. After all, no 

one drinks from them at that time. This 

reasoning could easily lead to the failure 

of a waste treatment plant while the 

acceptance of a water supply scheme 

might be unanimous. 
The solution to the problem wi II be 

achieved when a system is developed 

which links all phases closely together so 

well that it is irresistibly attractive and 

cannot be tampered with,without losing 
its appeal. 

Ideally such a system involves all 
aspects of community utility needs and 

some aspects of family or individual 

uti I ity needs. A system must be 

developed to accumulate the positive 

aspects of each process and reduce the 

negative aspects in such a way that overall 
system efficiency is greater than can be 

achieved with any single process. 
Physically the AVDP will consist of 

modular structures placed on appropriate 
foundations depending upon the presence 

or absence of permafrost. Building 
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modules wi II be of a size to perm it 
transportation by C-130 aircraft or by 
barge and will be delivered on site with 
equipment factory installed. Equipment 
will consist of water purification 
equipment, waste water treatment 
equipment, an incinerator for disposal of 

solid wastes and honey bucket contents, 

washing machines, clothes dryers, saunas, 
showers and public restrooms. In 
addition, facilities will be provided for 
equipment maintenance and repair and 

building operation. Location of the 
facility will be established by village 

council. 

Distribution of water and collection of 

wastes to and from individual dwellings 

will be accomplished by vehicle. Small 
villages appear to lend themselves to this 

type of system more readily than to 
piped water and sewerage because of 

economic considerations. Overlooking the 
initially higher cost of the more 

conventional system the more subtle 
disadvantages begin to emerge. Sewerage 

demands a relatively large volume of 

water and water is obtained at 

considerable expense. Furthermore 
maintenance of sewers and water mains in 
the Arctic and sub-Arctic is beset with 
problems related to frost heaving, 
permafrost, settlement and general 
protection from the environment which 
usually require a rather large input of 
expensive thermal energy. Present 
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demands for water in native communities 

depend to a iarge extent upon ease of 

acquisition, but rarely exceeds 5 gpcd. By 

providing this volume of pure water to 

each home and providing bathing and 
laundering facilities in a central location 
the need to deliver large quantities of 

water is eliminated and needs are met 
efficiently. Perhaps of greatest 

significance is the fact that this portion of 

the project is within the economic 

capability of the people to support. 

Let's take a look at electrical energy in 

a typical village: The village will have two 
or more deisel generator sets capable of 
producing 50 to 250 kilowatts of power 

each. Average demand for electrical 

power in the village may be about 25KW 
for a daily production of 600 KW-hrs. 

But the efficiency of generation is only 
about 50% (for the purpose of discussion) 

so about 600 KW-hrs. have been wasted 
in one form or another. If 75% of that 
waste energy is in the form of heat then 

450 KW-hrs. or about 1 ,500,000 BTU's 
have been wasted. Cost equivalent of this 
heat, based on $0.50 per gallon for oil 

with thermal value of 140,000 BTU per 
gallon, is about $5.00 per day or about 
$1,700 per year. Let it Je assumed that 

buildings in the community must be 

heated and that the source of the heat is 

not impo~tant, then perhaps at least half 
of the $1 700 cost equivalent of waste 
heat from power generators can be 

recovered by sale of heat to warm 

buildings. 
Most communities have two power 

sources of about equal size and demand, 

the village at large and the school. Both 

systems are subject to the same 

efficiencies and wastes but under 
different management. If the vi II age 

electrica I utility were to provide 
electricity for the school, it would also be 

able to sell a sizeable block of waste heat 
to the school for heating buildings. This 
would have the effect of lowering the 

cost for electricity for all consumers or, 
by charging a higher rate for quantity 

consumers, lower the electric rate for the 
average household. 

Granted, 1.5 mi Ilion BTU per day will 

not heat a school and 3 million BTU will 
not even suffice but the idea is a valid one 

and applies to other areas of ':}til ity 

service as well. 
Water treatment is more simple when 

the water is above about 55° F, so, to 



increase the efficiency of water 

treatment, waste heat can be used. In 

order to dispose of the contents of honey 

buckets we have assumed that an 

incineration approach is best. But the 

mostly wet contents of a honey bucket 

need not be burned separately from trash 

paper and other garbage all of which has a 

certain amount of thermal value averaging 

somewhere in the neighborhood of 5,000 

BTU per pound. Some external heat is 

applied to wastes to cause combustion 
but vast quantities of heat are liberated in 

the combustion process, a large fraction 

of which can be used to heat buildings or 

water or utility conduits. 

In villages where the new housing 

program is beginning, it is conceivable 

that a total utility system could be 

developed which would provide not only 

water or electricity but would include 

heat and waste treatment. In the area of 

water treatment and water use, there is 

real promise and potential for remote 

villages with water shortage. Reuse is 

getting some of the attention which the 

problem deserves. The cost of wastewater 

treatment is such that it is uneconomical 

to discharge water which has been nearly 

re-purified. With a little additional 

treatment reuse is entirely safe and 

practical for non-potable uses. By 

planning during the early stages of 

housing development for a water reuse 

system home plumbing systems can be 

installed so that reuse can be 

accomplished simply. 
In the AVDP, treatment of wastes 

generated in the homes will be by 

incineration. This will include the solid 

contents of honey buckets and all other 

solid wastes. In order to bring cost of 

operation of this process within reality 

every effort is being made to reclaim 

energy liberated in the process for other 

uses such as building and water heating. It 

can be seen from this that an attempt is 

being made to integrate processes on the 

basis of thermal efficiency. 

Wastewater generated in the central 

facility from laundry and showers and in 

adjacent public buildings will be treated 

by physical/chemical processes to 

produce an effluent with the potential 

and quality for reuse in non-potable 

applications. 

Training is being provided for the 

people who will operate the AVDP 

His/Her Outhouses, well-ventilated! 
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projects. The training program will cover 

management and technical aspects of the 

facilities and the trainee-operators wi II be 

paid employees. Obviously a two-week 

training program is insufficient to provide 

the background and technical ability to 

operate a village utility system. so a series 
of courses will be held, both on-the-job 

and in classroom situations, until the 

project terminates as required by law in 

January of 1973. Even that won't be 

enough to do the job completely, but it is 

a small step in the right direction. 

Operator training is a vital part of this 

demonstration because of the use of 

non-conventiona I and reasonably 

complex equipment. Two operators are 

being trained for each installation to 

provide backup in the event of sickness or 

other absence. Training includes a 

background of the water treatment and 

wastewater treatment reactions and 

testing required for monitoring the 

processes. It also includes a period of 

apprenticeship and participation in the 

assembly of the system at the factory. 

The operators will play an important role 

in final on-site assembly and will be given 

additional on-the-job training beginning 

with startup of operation. 

B. Pucht/er 
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EXPERIMENTAl HOUSING PROJECT 

This article is reprinted from the 
larger, more comprehensive report, 
Studies on Housing for Alaska Natives, 
USPHS Publication No. 999-AH-1, with 
the permission of the Arctic Health 
Research Center, University of Alaska, in 
Fairbanks. 

Objective evaluation 

of experimental houses 

One of the most important questions 

concerning the USPHS experimental 

houses is "How do they compare with 

existing Native dwellings?". The evaluator 

must consider two separate classes of 
criteria: ( 1 ) there are the more or less 

subjective factors such as Native 
acceptance and occupant comments; and 

(2) there should also be an objective 

measurement of some kind, entirely 

independent of the family chosen to I ive 
in the house or of the particular village in 

which the house happened to be built. In 

the current study, the wind resistance and 
heat-retentive properties of the various 

houses were objectively evaluated. 
The greatest difficulty in such a dual 

evaluation scheme is that the objective 
and subjective portions require, for their 

satisfaction, conditions which are 

Heat loss 

in-practice average U-factor requires very 

carefully controlled conditions, since one 
must measure the number of B.t.u.'s 

added to the interior of the house with 
respect to the varying outdoor 
temperatures, and since there must be 

minimal heat loss through the opening of 

doors and so on. It would be possible to 

arrive at such an estimate under ideal 

conditions, but the decision to locate the 

houses in remote villages made 

controlled-condition research impractical. 
The second general approach to 

problems of heat economy involves not 

heat, which is hard to measure, but 
merely Fahrenheit degrees, which are 

easily measured. This method relies on 

the fact that when the fire dies out in a 

house at night, the temperature falls off 

to the outside temperature according to 

Temperature, ° F. 

the exponential decay equation 

where rL: is the differential temperature 
between inside and outside air at time t 
rf? is the initial differential temperature, 

e is the base of the natural logarithm 

system, and m (which shall be known as 
the m-value) is a constant depending 
upon the particular house in 
Figure 1 shows an 
h y g ro thermograph chart 

question. 

actual 
and the 

exponential temperature die-off curves 
which result when the fire goes out. As 
two houses cool at different rates under 

identical temperature conditions, their 

m-values will reflect the difference: the 

greater the cooling rate, the steeper the 

Relative humidity, % 

mutually contradictory. The best -t-t-f 

objective evaluation of the experimental 

houses would be obtained by building 
them side by side in the same location, so 

that they would be subjected to identical 

climatic conditions. 

Two general categories of objective 

evaluation can be applied to a problem in 
household heat economy. The first of 

these deals with the U ·factor, the 
standard measure of heat transfer through 

walls, roof, doors, etc., expressed in B.t.u. 
per hour per sq. ft. of heat transfer per °F 

temperature differential between inside 
and outside. It would be helpful to know 
the average U·factors of the experimental 

houses, since one could then predict how 

much fuel would be needed to heat the 
houses under given outdoor temperature 
conditions. 

Unfortunately, the evaluation of an 
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Figure 1. Sample hygrothermograph chart showing exponential 
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temperature die-off curves. Note low interior 

temperatures and high relative humidities in the morning. 



exponential curve, and hence the larger 

the value of m. 

A house which loses heat rapidly will 

also have a large value of U; this suggests 

a proportionality between m and U of the 

form U=;m, where e is some constant. 

The difficulty is that the m-value reflects 

all heat losses, whereas the U-factor is a 

measure only of heat which is transmitted 

through the various building sections. 

(Cold air which blows in under the door, 

for example, is reflected in the m-value 

but is not accounted for in the U-factors 

for the various house components.) 

Nevertheless, thinking in terms of an 

"overall U-factor" reflecting all heat 

losses (which will then be an hourly rate 

of heat loss for the entire house), the 

proportionality with the m-value is easily 

derived. 

Denoting this overall or average 

U-factor by U in order to distinguish it 
clearly from the conventional U, the 
relationship is simply 

- mB U= -----
ATD 

0 

where A is the area of the heat transfer 

sur face, r{? is the initial interior 

temperature, and B is the total amount of 

heat, within the house and its members, 

which is available for transfer to the 

exterior air. 

Unlike U-factors, the m-values are 

easily determined. A recording 

thermometer inside the house will yield a 

time-temperature trace in the form of an 

exponential curve. Appropriate analysis 

of these curves will yield them-value; no 

additional input data are required, other 

than exterior temperature readings (to 

give the differential temperature). 

Since U-factors are useful in heat 

analyses, and since the related m-values 

are easily determined, one is led to 

consider the possibility of using the 

m-values to calculate the average U 

according to the above equation. The 

difficulty lies in calculating B, the total 

number of B.t.u.'s available for transfer, 

since it is a composite factor involving the 

specific heats, original temperatures, and 

weights of all structural members of the 

house and of all house contents. Since B 
cannot be evaluated in practice, the 

equation cannot be used to determine an 

unknown average U. However, the 

equation (which is rearranged here for 

convenience) does yield some interesting 

qualitative information: 

DATD m = __ ___()__ __ 

B 

A house which cools off slowly is 

characterized by a small value of m, so 

that according to the equation either its 

U is small (indicating that the insulation 

is efficient), or its B is large (indicating 

that a large amount of heat is stored in 

the various house components), or both. 

The practical significance of B was 

demonstrated recently when the Indian 

village of Holikachuk was relocated (as 

discussed in five USPHS reports). The 

villagers, who had been living in log 

cabins, moved into frame structures 

which they build at the new location. 

The new houses heated up more 

quickly in the morning than had the log 

cabins, but also cooled down more 

quickly after the fire died out at night, so 

that-unlike the old log cabins-it was 

sometimes necessary to rise in the middle 

of the night to rekindle a fire in the new 

frame dwellings. 

This indicates that the m-values of the 

new houses were larger than those of the 

old log dwellings. Since the new houses 

were small "bachelor" cabins, the surface 
area (A) was essentially the same for both 

the new and old structures, and it may be 

assumed that the interior temperatures 

(rl;?) were also equivalent in both 

locations. The equation above therefore 
indicates that the m-values of the new 

houses were larger either because U was 

larger or because B was smaller. 

However, U was not larger, but 

considerably smaller; the heat-transfer 

coefficient for the type of wall used in 

the new frame houses was 0.074, 

compared with 0.142 for a 6-inch log 

wall. The difference in performance was 

therefore related to the fact that the heat 

capacity factor B was much smaller in the 

frame dwellings than in the old log 
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cabins. The reason is that although dead 

air is an excellent insulator, so that heat 

transmission is low with batt-type 

insulation, air has a very low heat 

capacity, so that little heat is stored by 

the batts. 

The improvement in the U-factor for 

the new frame houses was therefore 

gained at the expense of B. Increased 

emphasis on the overall heat transmission 

coefficient U is certainly logical in those 

areas of Alaska where no wood or coal is 

locally available and an oil burner is kept 

on all night. But where wood is used as 

fuel, it may be well to emphasize the heat 

capacity factor B, so that interior warmth 

can be maintained overnight. 

(Alternatively, of course, both B and 0 
could be emphasized in these areas by 

building heavy log walls with 

conventional insulation applied either to 

the interior or exterior of the logs.) 

The villagers who left Holikachuk now 

have dwellings which require less wood to 

heat, but they must either obtain a small 

auxiliary burner for night-time use or else 

arise on cold nights to rekindle a fire. 

They may be impressed more strongly by 

the fact that the new frame houses are 

cold at night than by the fact that fewer 

logs are burned in a day's time. Such an 

attitude could hamper a housing program 

in which the people were being 

encouraged to give up the old log cabins 

in favor or more modern dwellings. 

For the remainder of this report, only 

m will be considered. Each of the 

experimental houses was equipped with a 

recording thermometer, and the resulting 

time-temperature charts were processed 

through the use of an IBM 1620 

computer. An m-value was derived for 
each data day; for a given house these m 's 
were widely variable. 

The m-value for a given house is 

theoretically a constant, so this variability 

suggested that another factor entered in. 

Since houses cool more rapidly on windy 

than on calm days, the computed 

m-values were plotted us. wind speeds. 

Significant correlations were apparent; in 

order easily to reduce the data, the 

assumption was made that m was a linear 

function of the average wind speed. The 
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mathematical expression is 

where m is the m-value at zero wind 

speed, W is the average wind speed in 
knots, and k (which shall be called the 

wind coefficient) is a constant peculiar to 

the house in question and indicative of its 

wind tightness. (For example, a house 

that is prefectly wind resistant will have 

the same m-namely, m 0 -for all values of 
W hence k will be zero. On the other 

hand, a house with a large value of k will 
be strongly effected by wind.) The 

method of least squares on the m us. W 
plots yielded the values of m 0 and k. 

The model equation used in the 

experimental house evaluation thus read: 

If the constants peculiar to the house (m 0 

and k) were known, one could specify an 

initial interior temperature, exterior 
temperature, and wind speed, and then 

use this equation to predict the interior 

temperature at any subsequent time l. In 

particular the morning inside temperature 

in a house heated by a wood stove under 

specified conditions could be calculated. 
For purposes of comparison, two 

more-or-less typical Native houses in each 

village containing an experimental house 
were equipped with recording 

thermometers, and the data were 

processed in the same manner. 

Summary: 

The unique physical environment of 
Native Alaska presents design problems 

which are not encountered in other 

localities, and the social-cultural 
conditions pose additional challenges. A 

housing program conceived for Native 

Alaska without due consideration of 
those several factors has little chance of 

success. 

INSULATION PROPERTIES 

Insulation 

Fiberglass 

Polyurethane 
foam 

Polystyrene 

Logs 

Sawdust 

Sod 

Cardboard 
Corrugated 

Temperature 

Thermal 

K 
REMARKS 

ASHRAE 1 -bulky to ship; destroyed by water 
or vapor. Must have vapor barrier; good fire 
resistance; low thermal inertia. 

ASH RAE 1 -can be shipped as liquid; can be 
formulated for fire resistance; good water 
damage resistance; good vapor resistance; low 
thermal inertia; stops drafts through cracks. 

ASH RAE 1 -cannot be foamed in place; 
excellent vapor resistance; low thermal inertia; 
reliability difficult to install. 

ASH RAE 1 - (fir, pine) poor fire resistance; 
high thermal inertia; expensive unless local supply. 

ASHRAE 1 -poor fire resistance (hazardous); 
moderate thermal resistance; inexpensive; 
packs with time. 

MARKS2
- (estimated) very inexpensive; can be 

very durable; very fire resistant if kept alive; 
high thermal inertia. 

MARKS2 - fire hazard; inexpensive; poor durability 
if exposed; low thermal inertia. 

2 MARKS- Mechanical Engineering Handbook 
-McFadden 
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Reprinted with perm1sswn of Dr. Oktay Ural, Chairman, 2nd International 
Symposium- Low Cost Housing, St. Louis, Missouri. 

I 

EXPERIMENTAL HOUSING PROJECT New Phase 

The Arctic Health Research Center 
experimental housing program began in 
1955 with a goal of developing adequate 
criteria for housing designs for native 
Alaska as a preliminary step to a large 
scale housing construction program. 

One of the newest and perhaps most 

promising housing developments in the 
past few years has been the 

polyurethane-foam, sandwich panel. This 

panel can provide the interior finished 

wall, the insulation, and the exterior 

sheeting all in one panel. It claims to 

provide as much as three times the 

insulating properties of an equivalent 

thickness of fiberglass. The panel offers a 
means of providing easy and relatively 

quick assembly by unskilled labor, and 

when finished, it is extremely durable. 

Although foam costs are high, the tota I 

panel offers several savings. The 

manufacturer can purchase materials in 

quantity for substantial savings, and 

assembly can be performed on a 

production line basis, cutting labor costs 

at that point. Elimination of the need for 

skilled labor to assemble the house is 

perhaps the greatest economy of a II. 

Wages in remote areas of Alaska for this 

kind of labor run the cost of conventional 

construction prohibitively high. The 

walls, both exterior and interior, are 

sandwich panels. An exterior framework 

of 6 by 6 beams and columns provides 

the structural support. Foam panels are 
fastened inside this framework and bear 

no load except their own weight. All 

electrical conduit and boxes are molded 

into the panels. Each sandwich panel 

consists of finished paneling on the 

inside, an unpainted plywood exterior, 

and 2% inches of polyurethane insulation. 

The roof is of trussed construction 

with a slope of 3% inches in twelve. A 

ventilated attic space and foam panels in 

the ceiling provide a "cold roof" 

configuration. Asphalt shingles were used 

in this experimental model, but could 

easily be replaced by other materials such 

as aluminum, sod or other local materials. 

The inside ceiling is finished with acoustic 
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tile stapled to the panels. 

The floor consists of 1 Y, inch plywood 
on two-by-fours spaced two feet on 

center, supported by plywood beams 
constructed with a one-inch plywood 

web, 18 inches wide with a two-by-four 
glued and nailed along both top and 

bottom to form a "channel-like" shape. 

Beams are spaced on 3 feet, 6 inch 

centers. This provides a double floor with 

an 18 inch air space between the inside 

floor and the bottom of the house. Two 

inches of rigid polyurethane insulation 

are glued to the exterior walls of the air 

space, thus insulating it from the outside. 

This results in a warm floor and in 

addition gives a "heat-scavenging" return 

air plenum for the heating system. This 

will be discussed in more detail later. 

The structure is set on pilings, each pile 

set into the ground 12 feet deep. The top 

7 feet of the pilings were wrapped with 

polyethylene film to prevent frost 

jack in g. The top two feet on 

polyethylene were wrapped with tar 

paper to preclude ultraviolet degradation 

of the film. An open two-foot crawl space 

is left between the house and grade to 

prevent permafrost destruction. Eight 

piles were used, six under the main 

structure of the house, and two under the 

front entry. 

Windows were used with care. In the 

arctic environment, the excessive heat 

loss through windows make their use 

undesirable; however, the confining 

nature of the winters can be somewhat 

mitigated by windows to allow visual 

access to the outdoors. Winter sunrises 

and sunsets are especially beautiful 

because of the low angle of the sun. 

Windows help the wife or mother who is 

confined indoors much of the day to feel 

more a part of the natural environment, 

and alleviate much of the "cabin-fever" 

prevalent during the winter months. Each 

room in the house was provided with at 

least one double-glazed window of 

adequate size and accessible for fire 

escape. The living room has three 

windows, each approximately six square 

feet. 
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LIVING AREA 

Space is expensive, both in initial cost 

and 1n heating during the winter. 

However, recent studies show that the 

undesirable effects of crowding are 

significant enough that they must be 

considered in any housing which 

professes to have the health of the 

occupants in mind. This house contains 

560 square feet of living space plus an 

additional 69 square feet of enclosed 

entrance hall. While minimal from a 

health standpoint, this is about as much 

room as Native economics will allow, and 

is spacious compared to current practice. 

The area is divided into six rooms, 

consisting of three bedrooms, living 

room, kitchen and bathroom. The 

bedrooms are sma II. As much space as 

possible has been reserved for the living 
room area where it is expected that the 

most time will be spent by the largest 

number of people. The kitchen is 

compact and contains a sink, cupboard 

space and room for a stove or 

refrigerator. If the family have both a 
stove and refrigerator, the refrigerator can 

be placed next to the stove, protruding 

only slightly into the living room. 

Since the lack of adequate sanitary 

facilities is one of the most serious needs 

of families in the bush areas, the 

bathroom is complete, containing a sink, 

bathrub, and water closet. The theory is 

that with available and comfortable 

facilities, more personal hygiene (the lack 

of which is a major cause of illness among 

families in the wilderness areas of Alaska) 

will be promoted. This assumes that the 

household has an adequate supply of safe, 

potable water, which is very often not the 

case. Great strides in this direction are 

being taken however, so it is desirable 

that the facilities be in place when such a 

water supply becomes available. 

The front of the house opens into an 
enclosed and partially heated hall which 

provides an air-lock area. Here, winter 
clothes and footwear can be removed and 

stored before entering the house. This 

arrangement eliminates a direct opening 
from the outside to the interior of the 
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house, thus attenuating the huge 

i nf i I tr at ion losses that accompany 

opening a door directly from the outside 
to the inside . Interior doors on the 

bedrooms and the bathroom are all 
folding doors, conserving space by 
e I i m i nat i n g the space used by 

conventional doors. A second exit is 

provided through one of the bedrooms. 

This provides a fire exit, but is not 

intended for general use in the winter . 

Several heating systems have been 

considered and are planned for eventual 

testing . To obtain accurate data on .the 

performance of the house and its 

insulation, an electric baseboard heating 

system was installed first. This simplified 

the calculations since the exact amount 

of heat introduced to the house could be 
read off of a watt hour meter , and 

uncertainties arising from ·combustion 

efficiencies, stack losses, and heat content 
of fuel are eliminated. It also 

were considered. 
A forced air 

drawing its return 
plenum under the floor. This system has 

the advantage of reclaiming much of the 
heat lost from the interior. of the 

structure through the floor . Perimeter 

return air ports were installed leading 

from the living area into .the floor 

plenum. These ports were placed in the 

floor around the outside wall and spaced 
to get equal flow from all parts of the 

house into the floor plenum. This draws 

cooler air in contact with the outer wall 
into the floor plenum and from there into 

the furnace. This system permitted the 
evaluation of the house's performance · 

using a single, central heating source 
similar to those many families now rely 

on . 

The final test wi II be of 

kitchen stove. This is the type 
frequently used by Natives 
areas of Alaska . It doubles as a cooking 

stove and furnace . Return air can be 
drawn from the floor plenum through a 

hole in the floor below the stove . 

fan can be used; 

The Northern Engineer 

using the return air Where: 

the floor plenum in each room Q = heat flow out of the house 

along the outside wall. (BTU/day). 

U = overall heat transfer coefficient for 
t 2 0 

the house (BTU/ft -day- F). 

Subscript : w =wall; c =ceiling; f =floor; 

g = glass . 

A = area of each different heat transfer 

area (ft2 ). 

T =temperature (°F). 

C values have been assigned using heat 
flux probe information obtained from 

area . 

Figure 1 shows the correlation of the 
calculated heat loss compared to the 
actual measured power consumption of 

the house. It is seen that a Uave = 2.33 
gives very good correlation with actual 

operating conditions. 

One of the measures of a dwelling's 

performance is the comfort of the 

occupants. If the walls are cold, a person 
is uncomfortable regardless of the air 

temperature . Heat radiating from the 
body to the walls leaves the individual 

with a chilled feeling. It was noted by the 
researchers that even on the coldest days 

(-50°F outside), no discomfort was 
experienced while working in the house 

in short-sleeved shirts. Some drafts were 



noticed, especially around the doors, but 

weather stripping and a switch to 
foam-filled doors solved this problem. 

Another source of drafts was the corners 

of the structure. The corner contains a 

butted joint of two panels. Any 
deflection or warping of the panels can 
cause a draft in this area. Each panel 
developed a slight bow, with the center 
arching outward. A better seal installed 
for the second winter's testing, largely 

eliminated drafts in the corner areas . 

With electric baseboard heating and a 
low level of activity in the house, 

stratification of the air would be 

expected and this did occur. Temperature 
differences of 2°C to 4°C wererecorded. 

Thus the entire room- is well within the 
comfort range, and the absence of a cold 

floor makes the area very pleasant for 

small children. 

Another measure of the dwelling's 

comfort, especially in the North, is the 

cool-down rate. The typical procedure for 
a family with a wood· or coal-burning 

stove is to "stoke up" the stove before 

retiring and hope it will last the night. A 
house that gets so cold before morning 

that it requires the fire to be rekindled is 

looked upon with much disfavor . 

Therefore, the cool-down rate of the 

house is considered an important measure 
of the performance. The cool-down rate 
is a function of both insulation 
performance and the thermal mass of the 
structure. This is the primary reason for 
the popularity of the log cabin. Even 
though the insulating properties of logs 

with chinked cracks are poor, the high 
thermal mass makes them comfortable on 
<;:old winter nights, and their cool-down 
rate is very slow. By the same token, it 
takes "forever" to get one heated up as 
any sourdough who has come off the trail 
to a cold cabin can testify. On two 

occasions the power was cut off to the 
house, and the cool-down time was 
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measured. It was found that it required 

13 hours from the time that all heat was 

tut off 0ntil the interior temperature 
dropped · to 32° F. This was with an 
' •' . 0 
average outside temperature of 0 F. In 

~ight hours the inside temperature had 
' ' - 0 
dropped to 38 F. If we assume a 
' 'banked'.' stove would continue to burn 
for hours after retiring, then the 

would drop to 

Relative humidities of at least 20 

percent were found desirable, and to 

attain such, a humidifier was installed in 

the test facility . It was found that in 
order to maintain a 20 percent relative 

humidity, between five and eight gallons 
of water per week were required. This 
amounted to nearly 200 gallons over the 

test period. 

Of particular concern were the vapor 

barrier characteristics of the panels. If the 
cells of the foam fill with condensed 

water vapor, its insulating value will be 
lost. The permeability of polyurethane 

foam is not considered adequate as a 
vapor barrier by itself when used in the 

high vapor diffusion gradients of the 
North. The glue seams in the plywood 
interior paneling may give some help, but 

the question of what the tota I composite 
vapor barrier would yield was still 

unanswered. To test this, a 40 percent 
relative humidity was maintained inside 

the house for a period of three months 
during the winter, while outside 

temperatures dropped as low as "50°F. At 
the end of this period, a core sample of 

the wall was taken. The core was weighed 
to 0.1 gm on a micro-balance and then 

placed in a dessicator. Weight changes 
were monitored until stabilization 

occurred. At this point, it was assumed 
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that all unbound water vapor had been 

removed . The sample was then removed 

from the dessicator and allowed to 
remain in normal room atmosphere to 

reach equilibrium with surrounding air . 
Again, weight changes were monitored, 

and as the weight stabilized a net 

percentage hydration was calculated. A 

net weight change • of 2.63% was found. 

This indicated some .water pick up, but 

probably . not enough to be of any 
s i gnifican~ . · Further - monitoring, of 

course, is in process: •Heat loss per degree 

day gives another enlightening view of the 

performance- of thE)urethane insulation . 

It is seen from Figure 2 that. the loss per 

degree per day is essentially a straight 
line, indicating thatthe.insulating quality 

of the urethane <did · not deteriorate 

throughout the testing period. Much of 
the concern over the i effectiveness of 

urethane: as a v~pbr barrier is relieved; 

. however, · much longer test periods must 
be used:· to resolve the 
question: ·':. 



The total cost of materials for the house 

was $9,300. If we ignore shipping 

expenses, this amounts to $14.78 per 

square foot of floor space. This compares 

to a most favorably typical cost for 

conventional construction in the Alaska 

area of $35 per square foot. 

Labor for erecting the facility 

amounted to $12,267 for 717 man-hours. 

This cost, of course, would be eliminated 

if the owner did his own work. The 

panels used for this particular house were 

manufactured in the lower forty-eight 

states and then shipped to Alaska. 

Shipping was a substantial portion of the 

cost of the house, amounting to $2,553. 

This cost could be minimized by using 

panels manufactured in Alaska since the 

raw materials for the foam can be shipped 

at a lower rate than the foam itself. 

Shipping costs were somewhat high since 

an entire trailer had to be rented, but 

only two-thirds of it was used. If these 

costs are included, the total only jumps 

to $18.81/ft 2
, which is still very low for 

the Alaskan market. 

Breaking this down a little more, 

find several items that could 

considered luxury items in terms 

Alaskan bush standards. One example of 

the ceiling tile. Using a painted ceiling 

instead of acoustic tile would save 

approximately $150 for material plus 

$200 on the labor cost. In addition, 

installation would be easier for the Native 

homebuilder. The foundation was 

another item that might be trimmed. If 

the home were built in a non-permafrost 

site, a standard block foundation could 

be used saving approximately $100 for 

material and $600 for labor. If instead of 

shingles on the roof, sod were used (a 

proven workable alternative in Alaska) an 

additional savings of $200 for materials 

and $300 for labor would result. 

Subtracting these savings, a total 

materials and shipping cost could run as 

low as $15.60 per square foot. With the 

use of more Native materials, it is 

anticipated that this cost can be reduced 

even further. 
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1969 - 1970 

the problems that 

face the builder of a home in the "bush" 

region~1;i6i:''Aiaska. Although insulating 

value of i:lle.foam·falls short of the "three . . ~' '• 

times .~;t~rthan ·fiberglass.~' it has a 

significantly .lowt'n thermal conductivity, 

and is much better.at eliminating drafts. 

The ease of transporting panels (they can 

even b~'.i flo"~ted .... to the site) and 
eliminatiqri of t~e skill required for 

"'!lding make them a 

for future 

Type G 

they must be used. Further tests, of 

course, are needed and planned, but 

many of the initial concerns seem to be 
negligible. 

Heated pIe n um-type floors, can 

adequately eliminate the cold floor 

syndrome which is prevalent in homes 

elevated above grade to prevent 
permafrost degradation. In addition, they 
provide an adequate "duct" for 

circulating air to maintain more uniform 

interior temperatures. 

Thermal mass is somewhat lacking, and 

performance with a non-continuous 

heating system would be less than 

optimal, however, this can be alleviated 

with Native materials such as stones in 

the floor plenum. 
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Northern Canada: Surface Temperatures 

The determination of the mean annual 

surface temperature is necessary in 
solving some problems of heat transfer 

and subsurface temperatures particularly 
in permafrost areas. In using the method 
of Condo2 in the design of road 

embankments over permafrost and the 
method of Brown in the determination of 
ground temperatures 1 it is first necessary 

to evaluate the mean annual surface 

temperature. A study of the relationship 

between the air, surface and subsurface 

temperatures in permafrost areas may 

also help to explain many phenomena of 
permafrost particularly its distribution in 

the discontinuous and sporadic zones. 

Unfortunately, very few records of soil 
surface temperatures have been made. 
The few that have been made have been 

sustained for only a short period of time 

and, in attempting to evaluate soil surface 
temperatures at various locations, we are 

compelled to use the sub-surface 

temperature records which have been 
kept at a limited number of 

meteorological and agricultura I research 
stations. In order to find the surface 
temperature from the published data of 
sub-surface temperatures it is necessary to 

extrapolate temperature values. 
A study has been made of the 

published ground temperature records 
from 11 stations in Canada. These 
stations are listed in Table I together with 
information on position, elevation above 

mean sea level, soil type, surface cover, 

permafrost condition in the area and 
mean annual air temperature. The 
information in columns 2, 3 and 4 wa; 
obtained from reference 6. The 

information in columns 5 and 6 wa~ 

obtained . by correspondence with the 

' Ministry of .Transport. The information in 
column''fwas obtained from reference 3 
and the information in column 8 
obtained from references 7, 8 and 9. 

Ground . temperatures at these 
other stations are obtained from strings 
of ther~istors which are read twice daily, · 

for those. thermistors near the_ surface, 
. daily for thermistors at greater 
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consists of thermistors placed at depths 

of 1, 10, 20, 50, 100 and 150 

centimeters. At some stations the top 

thermistor is placed at a depth of 5 

centimeters below the surface and a few 

stations have an additional thermistor at a 
depth of 300 centimeters. In addition to 
the readings of the temperature the depth 

of snow is also recorded. 
The first step in the investigation 

consisted of calculating the monthly 

freezing and thawing indices for the top 

two thermistors at each location for each 
month for as long as records have been 

kept. The longest period of record is ten 

years for the station at Fort Vermillion, 
Alberta, where records have been kept 

since 1960. For the installations at 
Schefferville, Quebec and Watson Lake, 

Y. T. there is only one year of record. 

The surface freezing or thawing index for 
each month was found by extrapolating 
the values for the top two thermistors. 

The extrapolation was based on the 
assumption that the variation in 

temperature between the two top 
thermistors and the ground surface would 
be in a straight line. It is realized that this 
assumption is approximate but it is 

believed that the error will be 

0 
0 

comparatively small and the values so 
obtained will be fairly close to the actual 

values. The values for the various indices 
were totaled for each year of available 

record at each station~ (A year was 
defined as being the period from the start 
of continuous freezing in one year to the 
start of continuous freezing in the next 
year. A year would therefore have more 

or less than 365 ·days according to the 

variations in the date of commencement 
of continuous below freezing air 

temperatures.) From the indices it was 

possible. to calculate the mean annual 

surface temperature ~nd the mean annual 

air temperature from the relationship: 

Tm =32 + [(J,F)/365] 

Where: 
Tm = mean annual temperature (air or 

surface) 

F =freezing index. 
Typical data for Fort Simpson, N.W.T., 

are shown on Table 2.The total snowfall 
values .·are for ea.ch winter and the 

maximum depth of snow is the maximum 

depth as measured o.n the ground at each 

ther mi star location. 
As would be expected, the mean 

annual surface temperature is several 
degrees higher than the mean annual air 
temperature. Similar data sheets were 
drawn up for the ten other stations used 

in this study and it was found that the 
difference between the mean annual 
surface and mean annual air temperatures 

varied from 2.6 to 14.8 degrees. The 
values Jar the mean annual air 
temperature a6d the rriean annual surface 
temperature for 'three years at eight 

statio~s were plotted as shown on Figure 
,_, ._ -,-.''·, 



from Table 1 that seven of the stations 

studied have the instrument installed in a 

grass covered area. One station (Baker 

Lake) has the instrument area covered 

with sedges and two stations (Resolute 

and Fort Chimo) have the instrument .•· 

area covered with gravel. .The 

cover at Schefferville is sand. >" 

STATION 
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Baker Lake 

Beaverlodge 

Fort Chima 

Fort Simpson 

Fort Vermilion 

Haines Junction 

Hudson Bay 

La Range 

Resolute 

Schefferville 

Watson Lake 

and above the vegetation layer .has. bee 
discussed by Hok 5 and Williams 10 

insulation value of snow, and its variatiO .. 

with depth and density, .. is .wel.l known 

The snow cover at Fort ·Chimo is usually 

very thin due to the action of the' wind iri • 

blowing it clear of the instrument area:,l 

the period 1969-1970 the maximu 

depth of snow in the instrument area' 

Fort Chimo was only one inch while 

total snow fall for that winter was 116 

inches. In contrast, the maxi111u111 depth· ' 
of snow at 

1965-1966 

snow fall that winter was only 19 inc 

In this case the effect of the wind was 

drift the snow into the instrument 

The strong and constant' 

experienced at many Arctic)ocati_ 

north of the tree line have the effect 
densifying the 

reducing its effectiveness as aninsu latcir 

At more southerly points, the .occasiona 
chinook may also densify/-'or 
completely melt, the snow . cov~r:> We 

have its maximum effect _in heavilY treed 
re ·n the ub A ct· .----::F·-~ 

a as 1 s - r 1 c: •· > ·.• ,•.:••i;:::_ 
From the above data, and the table a 

charts derived from it, we ca.ri dedu 
that the 
covered 

corisi~erilbly} higher than the air 

temperature at almost all times of the 

the work of 
· •. the, 
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LETTERS TO 
THE EDITOR 

The Northern Engineer fills a unique 

place in engineering literature, and I, for 

one, find a great deal of interest and value 

in it. I am sure that many other people 
find it as I do. These people naturally are 
predominantly engineers and scientists 

trained to reach conclusions by logical 

thought processes, once the basic facts 
are given them. Considering the nature of 

this reading group, and the esteem in 

which your magazine is held, it is of great 

importance that information contained 
be truly factual and responsible, since it 

will be used to reach conclusions by a 

special group containing many of the 
recognized "experts" on northern affairs. 

The last issue contains an editorial 
called "Man and the Land: Multiple Use, 
No Abuse." (This is the last time the term 
"multiple use" can be found.) I would 

like to comment on this editorial. 
First, on the general concept of land 

use planning: a good example would be a 
railroad company that owns land. Such a 
company, being in the transportation 
business, would be interested in multiple 

use, and would encourage tourism, wheat 
farming, cattle ranching, logging, and 
mining as contributing revenue to the 

railroad. It is unlikely that it would set 
aside a large area exclusively for grazing 
or ranching or recreation, because events 

might change the use to which the land 
could be put. 

This brings ·us to land planning by 
government. In 1955 Congress adopted, 
as land policy, multiple use. Ranching, 
logging and recreation could occupy parts 

of the same ground, and all could co-exist 
with mining. If such multiple use is 
possible and desirable, what is all this talk 
about planning? Land planning by 

government of the type discussed in this 
editorial can only act to exclude one or 
more possible multiple uses of land. Why 
the government suddenly reversed its 
policy of multiple use is puzzling many of 

us who are vitally concerned with the 

public domain, and this concern goes 

much deeper than economic concern. It 
includes for example, the concern that we 

will soon all be trespassers on the public 
domain; concern over how far this big 
brother philosophy has come and will go; 

concern with what the next step will be 

after government has seized the source of 
all wealth-the land; concern with the 

coalition of big government and big 

business that most surely will spring up if 

all resources are disposed of by 

competitive bidding under rules laid 
down by the executive branch. 

The first paragraph states that the 
concept of land use planning is being used 

by many groups to get exclusive rights to 

certain areas. This is simply·not true. The 
mining industry wholeheartedly endorsed 
the Multiple Use Act of 1955. I cannot 
speak for the power industry, mentioned 

specifically in the editorial, but we had 

better not hold back power development. 
Interior Secretary Morton, on April 10, 

1972, said, "We must convince the public 
of the imminent (energy) crisis and 
urgent need to take action now." In spite 

of this I have never heard a spokesmen of 
the power industry ask for exclusive 
rights to any large tract of ground. 

The mining industry opposes the 
"cIa s sification" of Glacier Bay as 
wilderness, because it is against the 
National interest. The key words in Mr. 
Anthony's testi many quoted in the 
second paragraph are "scientific 
credentials." We are desperately short of 
nickel productive capacity, yet here is 
one branch of the federal government 

asking that a large area be devoted to 

wilderness or non-use, when this area 
contains the potentially most important 

nickel deposit in the United States. 

Furthermore, the U.S. Geological Survey 
studied Glacier Bay and concluded that 

the area was well mineralized (U.S. Geol. 
Survey Prof. 'Paper No. 632). In spite of 

this, the federal government is asking that 
Glacier Bay be dedicated to non-use. 

Such actions pretty well discredit the 
concept of "land use planning" by 
government, and have led to a loss of 
confidence in the Government's ability to 

react rationally to factual data. 
''Obviously, the conservation 

organizations and t"he Alaska Miners 
Association want different things, often 

conflicting things, from a land use plan." 
Again, I cannot speak for conservation 
organizations, but the Alaska Miners 
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Association favors multiple use, and 
incidentally, is almost violently in favor 

of conservation. It favors fishing, logging, 

m 1 n 1 ng, tourism guiding, wilderness 
hiking, or any other uses that contribute 

to Alaska's economy or the happiness of 

Alaska's people. 
An underlined sentence says, "The 

same land can no longer be available 

without restriction both to the miner and 

to the wilderness recreationist." This 

statement is false. It implies that mines 
cover hundreds of square miles. Mining 

and recreation do not interfere with each 
other in the least. In all of Alaska, since 

the beginning, about 52,000 claims have 
been staked, embracing about one million 

acres or 0.26% of the surface. Probably at 
most, one half of these are currently 

active, and 1% of that area has been 

disturbed, or .0013%. North of 65°N. 
Lat., the figure is closer to 0.00035%. 
Obviously the same land is available to 
both users. Except for Fairbanks and 
Nome, I would say that the wilderness 
recreationist could not even find a mine 
unless he happened to land on a miner's 

airstrip, nor could a prospector ever 
stumble onto a recreationist's camp 
except by accident. I would venture to 
say that the meeting would be a pleasant 

interlude for both. 
"The miners, the loggers, and the 

Sierra Club each seem to want everything 

their own way." I cannot speak for the 
Sierra Club, but the mining industry in 

Alaska gives wholehearted support to 
anything that will contribute to Alaska's 

economy and tax base. Using 0.0013% of 
the land, the industry would be insane to 

ask for "everything its own way." Neither 
have I ever heard the logging industry 

oppose others using the land. 
The fifth paragraph sums up the 

question. "The miners are in principle 

opposed to the exclusion of any land 
from mineral exploration." At this point 

we should restate a fact so simple that it 
seems embarrassing to do so. A mineral 
deposit, unlike surface products, can be 
exploited only where it occurs; we cannot 
make one grow, and the only way to find 
one is to look for it. For this reason, the 
Public Land Law Review Commission 
recommended that there should be a 
continuing invitation to enter the public 
domain and explore for minerals, not by 

permission, but as a right. 
The editorial states that "all speak of 

The Northern Engineer 



land use planning." Again, the mining 

industry does not. It believes in multiple 
use, and certainly "recognizes-that (land 

use) will be somewhere less than 100% in 

its own favor." Why shouldn't it be? It 

needs less than .0013% of the land. 

"In the long run, the uses of land, and 

particularly of public land, will be 

determined by some combination of 

federal, state, and local political 

authority." This is one of the most 

frightening statements that a free man 

can read. Given the density of our 

population, one can only ask, what else 

does "political authority" have in store 

for us? The statement imputes to political 

authority the right and ability to run our 

affairs better than we can. That which 

separates a free man from a serf is the 

ownership of land, and its control by the 

owner. 
The next sentence says, "These 

agencies will make their decisions on the 
basis of comprehensive plans and 

guidelines set down by law." Beyond the 

implied threat of regimentation, this 

simply is not true. The agencies' plans 

and guidelines are not set down by law, 

nor are they based upon scientific study, 

as the following examples show. (1) 

Reference has already been made to the 

study of Glacier Bay National Monument 

by the U.S. Geological Survey. In spite of 

a favorable report, "political authority" 

has requested that it be made a wilderness 

area. So much for "comprehensive 

plans." (2) The Public Land Law Review 

Commission recommends that future land 

I a ws be administered under strict 

guidelines set by Congress. However, 

S.921, introduced by Senator Jackson, 

and S.2727, written by the Interior 

Department, would hand over to the 

Secretary of Interior discretionary 

authority to regulate the development of 

"Federal mineral interests" (note the 

term). In speaking of this bill and S.2727, 

one authority on land law says: "It is 
thus made clear that if Congress should 

enact either of the above proposals, it 
would abrogate its responsibility-it 

would place that power in an appointed 

administration official without clear 
congressional guidelines and limitations." 

So much for "guidelines set down by 

law." (3) The Native Claims Act directed 

the Secretary of Interior to lift the land 

freeze; instead he closed a tremendous 

amount to exploration. So much for the 
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law. 

This editorial says that the State's land 

laws "depart even farther from the 19th 

Century tradition of first-come, 

first·served." This is an 

oversimplification. The Federal land laws 

provide for the passage of valueless land 

into the ownership of anyone willing to 

convert that land into something of value 

of society. It takes an appreciable part of 

a lifetime to create a mine or a farm from 

undeveloped land. The State's laws are 

rational and do the job of providing land 

for the development of a tax base. 

The poor old Homestead Act has come 

in for a great deal of abuse and certainly 

this act did not, as intended, establish 

agriculture in the arid west, in high 
mountains, nor in much of Alaska. 

However, it (plus the mining laws) was 

the only ways in which private land could 

be created. If we destroy these laws in 

Alaska, we have two alternatives: (1) 

substitute other procedures for creating 

private land, or (2) we will all be tenants 

of "political authority." I caution all 

people who would change our land laws 

to examine these alternatives carefully, 

and especially the consequences of the 

last one. 

The same applies to the suggestion that 

commercial users of the public domain 

"will pay fair market value" for this use. 

Prices are determined by the cost of 

production, and royalties paid to 

"political authority" can only result in 

increased costs which are paid by the 

public. 

The author of this editorial "expects 

that eventually metallic minerals will be 

disposed of by lease or sale, but this will 

require a different set of discovery 

incentives than we have used so far." In 

order to sell or lease a mineral deposit, 

the buyer must know that it exists. The 

only way that "political authority can 

show this is to have exploration 
companies, either as direct branches of 
government or as consultants, find 
mineral deposits for it. The next step 
would be to have "political authority" do 

the actual mining. 

"Certain user groups, like the miners, 

get favored treatment under the old land 

laws-"1 am not sure what other groups 

are referred to, certainly not ranchers, 

loggers, farmers, or fishermen, all of 

whom work as hard or harder for a living 

as most "non-users" of the lands. As to 
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miners, specifically mentioned, I can give 

assurance that this is not so. Mining 

businesses pay their way just as any 

others do. They employ people, providing 

basic wages, that in turn provide other 

jobs in the community. Prospectors and 

exploration people get not one bit of 

"favored treatment." The entire adult 

populations of the United States, as well 

as any interested aliens, have the same 

rights to search for and develop a mine. 

The returns to society from the discovery 

of a mine are so much greater than those 

to the discoverer, that to talk of "favored 

treatment," shows a lack of 

understanding of how minerals are 

discovered or of the costs and sacrifices 

involved. 

I would like to recapitulate and 

list some points that we should 
remember when considering land 

laws: 

( 1) Multiple use is the law of the 

land. (Public Law 167, 1955). Land 

planning as proposed in this 

editorial can only operate to 

exclude some uses. As such it is an 

attempt to circumvent the law, and 

wi II lead to wastefu I practices. 

(2) Surface products have less 

value in high latitudes, therefore, we 

must not pass up any of the few 

multiple uses possible. 

(3) Mineral production alone can 

supply exportable goods north of 

the Alaska Range. We must not 

"classify" any lands as non-mineral. 

(This is technically impossible 
anyway). 

(4) The mining industry does not 

ask for exclusive use of any land as 

implie in this editorial. At the very 
most less than 0.01% of the land 
will ever be used, and this at 
different times. 

(5) The only user group which 

wants "everything its own way" is a 

very small segment of the 

recreationist population. The 

mining industry favors all uses of 

the land. 

(6) Advocates of non-use have 



made land policy a case of 
"either-or." Either we have a pipe 

line or we have wild animals; either 

we have mining or we have a clean 

healthful countryside, etc. 

(7) The public domain is our 

chief storehouse of metallic 
minerals. Stop mineral exploration 

and mining there and we will 

gradually grind to a halt. 

(8) The withholding of land from 

private ownership in Alaska can 
only lead to collectivism. We should 
examine this policy very carefully. 

(9) Almost all of Alaska is public 

domain. We must use it to exist. 

( 1 0) Recreationists can expect no 

better treatment from "political 
authority" than miners or loggers. 

(11) What has become of "live 

and let live?" 

ERNEST N. WOLFF 

Professor of Exploration Engineering 
Department of Mineral Engineering 

University of Alaska 
Associate Director, 

Mineral Industry Research Laboratory 
University of Alaska 

President, Alaska Miner's Association 

The Northern Engineer: 

Just a note to say that I very much 
enjoyed recetvtng "The Northern 
Engineer." You deserve much credit for 
the product - for it's well done, and I 
hope you continue to make it a go! 

I work for Mobil Oil Corporation and 
made several trips to the North Slope. 

Congratulations on a magazine that 
truly reflects the effort that you made to 
put out a superior product. 

Peter K. Fleming 
Los Angeles, California 

Research Review 

NORTHERN RESEARCH SURVEY 

The Northern Research Survey, first 
published by the Arctic Institute of 
North America in 1969, was originally 
intended to inform members of what 
northern research was planned for the 
coming field season. The Survey now has 
evolved to the point where it is used as a 
reference for research done in and on the 
North on a year-round basis. In order to 
be as useful as possible, the Northern 
Research Survey will be published 
quarterly starting next year, and will be 
available on a subscription basis. 

From time to time the AINA 
questionnaire will be included in the 
Institute's mailings in order to keep the 
information flowing. Therefore there will 
be no deadline for returning the filled 
questionnaires, since the Survey will be 
published every three months. The 
Institute has already arranged with SIE to 
purchase their quarterly print-outs of 
northern research reports. 

A subscription for individuals is 
$7.50; for industry, libraries, and other 
organizations, $15. 

SCIENCE INFORMATION EXCHANGE 
Smithsonian Institution 

1730 M Street NW 
Washington, DC 20036 

NORTHERN ENGINEERING 
at Ecole Polytechnique 

The Ecole Polytechnique, Engineering 
School affiliated with the University of 
Montreal, which is the largest French 
language university in North America, has 
for a number of years been showing an 
increasing interest in the development of 
instruction and research in Northern 
Engineering. Until about five years ago, 
main interest was concentrated in the 
Mineral Exploration and the Development 
of Natura I Resources in Northern Quebec. 
In 1967, a first course in Northern Soil 
Mechanics was offered by Professor 

Branko Ladanyi as part of the graduate 
program. Since 1969, a more general 
undergraduate course was also introduced 
under the title of Northern Engineering 
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(1.535 ). The course gives a general 
introduction to arctic engineering 
problems, with particular reference to 
those connected with civil engineering 
construction and mining exploitation in 
the areas of permafrost and muskeg 
terrain. 

The graduate course, in turn, which is 
called Cold Regions Geotechnique 
(1.635). covers in more detail the subjects 
such as heat transfer in earth materials; 
thermal, physical and mechanical 
properties of frozen and unfrozen arctic 
soi Is and rocks; foundation design, road 
construction and stability problems in 
permafrost and muskeg regions. It should 
be noted that all instruction is given in the 
French language. 

Although some basic laboratory 
equipment, as well as a cold room for 
testing frozen soils is available at Ecole 
Polytechnique, the research has until now 
been mostly concentrated to field and 
theoretical studies of problems such as the 
behavior of anchors in permafrost, and the 
in-situ determination of creep properties 
of frozen soi Is, both of which were 
conducted jointly with the Geotechnical 
Section of the Division of Building 
Research, National Research Council of 
Canada. 

In order to encourage multidisciplinary 
efforts in all aspects of Northern 
Engineering Research within the school, 
and to enable a better cooperation with 
other bodies with similar interest, the 
Northern Engineering Centre (CIN EP) was 
formed at Ecole Polytechnique in May 
1970. The main cooperative units of the 
Centre are the Departments of Civil 
Engineering, Mining Engineering and 
Engineering Geology, but many staff 
members from nearly all other 
departments are showing increasing 
interest in the cooperation with the 
Centre. The Centre maintains a set of 
relationships with some departments of 
federal and provincial governments, with 
the industry, and with several other centers 
and institutes interested in matters of 
Northern Development. 

Apart from individual and cooperative 
research projects, potential activities of the 
Centre include interdisciplinary seminars, 
post doctoral research and instruction, 
conferences and research workshops. 
Information concerning the activities of 
the Centre can be obtained by writing to 
the Director, Northern Engineering Centre 
(CINEP), Ecole Polytechnique, 2500 
Marie-Guyard, Montreal 250, P.O., 
Canada. 

The Northern Engineer 



Book Reviews 

Mount Hayes, Alaska Range. Photo by 
Austin Post. 

GLACIER ICE 
Austin Post and Edward R. LaChapelle, 
University of Washington Press, 1971, 

hardbound, $20.00 

More than 100 photographs fill this 
128-page 14x11 collection of perhaps the 
most awesome and majestic phenomena of 
the planet - glaciers. These prehistoric 
remnants pour out of mile high ice fields 
like white lava, sometimes thundering into 
valleys at a pace of fifteen feet a day, as in 
the case of the now receding Black Rapids 
Glacier. 

Post and LaChapelle have assembled 
here what can only be termed stunning · 
records - aerial photos that express 
glaciers in all the breadth of reality. Their 
teX.tis clear and concise, for the layman and 
the specialist. Glacial effect on landscape, 
formation and mass balance, flow and 
fluctuations, moraines, ogives and surface 
details are all explained in the handsome 
edition. Most of the photographs have 
never been published. 

Carried out under the auspices of the 
National Science Foundation, University 
of Washington and the U.S. Geological 
Survey, the work illustrates glaciation in 
the Himalayas, Switzerland, Chile and 
naturally, Alaska, where more glaciers 
exist than anywhere else. A glossary of 
technical terms is keyed to the 
photographs. A more worthwhile book for 
anyone is rarely found. 

-Paul W. Neff 
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GLOBAL EFFECTS OF 
ENVIRONMENTAL POLLUTION 

edited by S. Fred Singer, 
Sanger-Verlag, 

New York, index, 1970,$12.00 

Global Effects of Environmental 
Pollution is based on a symposium 
organized by the American Association 
for the Advancement of Science held in 
Dallas, Texas, December, 1968. Emphasis 
was on the worldwide effects of local 
pollution, recognizing that the dynamic 
action of the earth's atmosphere and 
hydrosphere often does not permit 
pollution to remain local. Additional 
selected papers were added to supplement 
those presented at the symposium. 

The 18 papers are divided into four 
sections: chemical balance of the gases in 
the earth's atmosphere, nitrogen 
compounds in soil, water, atmosphere 
and precipitation, effects of atmospheric 
pollution on climate, and worldwide 
ocean pollution by toxic wastes. Each 
paper presents a particular aspect of 
pollution, shows why it is pollution, 
projects its global impact, and presents 
some possible solutions. Most papers 
include a substantial reference list for 
additional reading. 

The papers include quite technical 
concepts, but generally are very readable. 
This is important because one purpose of 
the book should be to alert us to the 
intricacies as well as the overall impact of 
environmental pollution. Preliminary 
results show we are adversely modifying 
our environment worldwide with "local" 
pollution. The authors express urgency 
without the claptrap of alarmists. 

The editing is well done; the individual 
papers mesh together and complement 
one another. The layout is attractive and 
uncluttered. The papers are uniformly 
broken into convenient subsections. 

G I o bal Effects of Environmental 
Pollution is a readable compilation of 
technical papers on a very timely subject. 
We see that with our limited atmosphere 
and oceans, "dilution is not the solution 
to pollution." For us in the North, we see 
that pollution "Outside" has a far 
reaching effect even on our northern 
environment. This book should be of 
interest to anyone desiring a technical 
understanding of the long-range effects of 
man's wastes on both the local and global 
environments. 

-Mike Tauriainen 

24 

THE BERING LAND BRIDGE 
David M. Hoskins, Ed., 

Stanford University Press, 
Stanford, California, 1967, $18.50. 

This reviewer judges a scientific book 

on several merits, which include 
worthwhile information, retention value 

as a not readily-outdated reference, and 

presentation of new ideas or at least the 

changing of one's earlier ideas. Enjoyable 

reading, of course, is always a bonus, and 

such a bonus can be expected here, 

especially in rereading. 

While not a new book, it seems 
worthwhile to review it again in view of 

renewed interest in the Arctic. Worth 
depends on use, and this book belongs in 

the library of anyone interested in the 

Arctic (especially Alaska) or in geology, 

geography, and many other disciplines. 

Arising out of an international 

symposium in 1965, it is a well-written 
and edited document. 

Not science fiction, it is a carefully 
documented study and story of 
Beringia-the vast plain which in the past 
was the sole avenue for eastward, 
dry-land migration between the Old and 

New Worlds. While there is evidence for 

such a land connection through much of 
Pliocene time (ten to four million years 

ago), the late Pleistocene period bridge 
opening about twelve thousand years ago 

is featured. The usual popular ideas about 
a narrow land bridge near the present 

Diomedes Islands are dispelled by 

description of a bridge that at one time 

was some 1 ,200 km wide (north to 
south). This land mass was probably 

occupied by many generations of slowly 

migrating people and animals oblivious to 
their living on a "bridge." Some bridge! 

http:1970,$12.00


The geography and most recent climate 
of Beringia relate to the consequences of 
the Illinoian and Wisconsin glaciations. 
The last lowering of the sea level and the 
storage of immense quantities of ice 
across North America resulted in 
blockage of the route from the Arctic to 
lower latitudes. Yet, interior Alaska 
remained moderate in climate, without 
glaciation. The resulting influence on the 
migrating life forms is most interesting 
and well told. 

A minor criticism I have is that no 
clear definition of geological time periods 
is presented early. While the original 
audience toward which this book was 
directed would have no trouble 
distinguishing, for instance, between 
Pliocene time and the Late Pleistocene, I 
did. Various tables through the book are 
useful in this respect, but the uninitiated 
probably will have to 'go around' at least 
once. In retrospect, I would have profited 
by a quick refresher of time periods. 

The text is a series of articles by about 
twenty-five authors, with different styles; 
yet the organization and skillful editing 
make it quite readable. It represents a 
truly interdisciplinary effort. The 
printing, binding, and general appearance 
are excellent. Since it deserves to be 
widely recommended and read, any 
circulating library would do well to have 
more than one copy of this book. 

Dr. Tunis Wentink, Jr. 
Associate Director 
Institute of Arctic 
Environmental Engineering 

Symposia & 

Conferences 
23rd Alaska Science Conference 

Science and Policy in the North 

August 15, 16, 17, 1972 
University of Alaska Campus, Fairbanks 

The conference theme is SCIENCE AND 
POLICY IN THE NORTH. There will be 
a special program of symposia dealing 
with the relationship of scientific research 
to certain public policy issues, including 

installation of the Ministry of Transport 

petroleum development and 
transportation, air pollution, alcoholism, 
telecommunications, land-use planning, 
bi-cultural education, regional 
organization and government, and bush 
justice. 

Papers are invited in all branches of the 
natural and social sciences. Contributed 
papers treating an aspect of the 
conference theme are especially welcome, 
but it is not necessary that they relate 
directly to the theme. Send titles and 
abstracts as soon as available to the 
conference chairman. 

The Naval Arctic Research Laboratory at 
Barrow, Alaska celebrates its 25th 
anniversary in 1972. Rear Admiral Carl 
0. Holmquist, Chief of Naval Research, 
Office of Naval Research; the University 
of Alaska; and the Arctic Institute of 
North America are co-sponsoring a 
program in celebration of this anniversary 
to be held in conjunction with the Alaska 
Science Conference. A program of invited 
papers on terrestrial sciences (including 
fresh waters) wi II be presented on the 14 
August 1972, the day preceding opening 
of the Science Conference. Contributed 
papers on terrestrial research 
accomplished at NARL are encouraged 
and will be officially designated as 
contributions to the anniversary program. 
Send paper titles and abstracts as soon as 
available to the chairman of the 23rd 
Alaska Science Conference. 

For further information contact: 

Dr. Gordon Scott Harrison, Chairman 
23rd Alaska Science Conference 
c/o ISEGR 
University of Alaska 
Fairbanks, Alaska 99701 

CONFERENCES TO COME 

Sixth International Association on 
Water Pollution Research, 18-24 June 
1972, Jerusalem. Authors are invited to 
submit completed papers for the 
conference. 

X lith International Congress for 
Photogrammetry, 23 July - 4 August 
1972, Ottawa, Ontario. Travel and tour 
arrangements can be made through P. 
Lawson Travel Ltd.,Suite402, 100Sparks 
Street, Ottawa. Information for the 
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Congress is available from: 

Congress Secretary 
Survey and Mapping Branch 

Dept. of Energy, Mines and Resources 
615 Booth Street 

Ottawa, Ontario K 1 A 0 E9. 

22nd International Geographical 
Congress, 10-17 August 1972. The 
Congress newsletter points out that 
I ibraries can subscribe to Congress 
publications by registering as 
non-attending members. This entitles the 
libraries to the program, Congress papers, 
six regional monographs (a series), and so 
on. Information on registration and 
accommodation for the Congress is 
available from: 

The Secretary, 
1972 Organizing Committee 
Survey and Mapping Branch 

Dept. of Energy, Mines and Resources 
615 Booth Street 

Ottawa,Ontario K1AOE9. 

Physics and Chemistry of Ice, 14-18 
August 1972, Ottawa, Ontario. This is an 
international symposium, sponsored by 
the Royal Society of Canada. Emphasis 
will be on fundamental physics and 
chemistry of ice in all its phases, including 
clathrate hydrates. I nformat[on can be 
obtained from: 

Dr.S.J.Jones 
Glaciology Subdivision 

Hydrology Sciences Division 
Dept. of Energy, Mines and Resources 

Inland Waters Branch 
615 Booth Street 

Ottawa, Ontario K1AOE9. 

The 6th International Conference of 
Geographers (4th Assembly), 16-24 
August 1972, Montreal, and Carleton 
University, Ottawa, Ontario. This 
conference is under the auspices of the 
International Cartographers Association. 
More information can be had from: 

Mr. G. W. Kihl 
Chief, Aeronautical Charts, Legal Surveys 

615 Booth Street 
Ottawa, Ontario K1AOE9. 

The 24th International Geological 
Congress, August 1972, Montreal. A 
number of Institute members will be 
involved in this major congress. 
Information can be had from: 

The Secretary General 
The 24th International Geological Congress 

60 1 Booth Street 
Ottawa, Ontario. 
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Canadian Council of Resource Ministers, 
1973 Conference. The Council is preparing 
a directory of key people in the resources 
field, and in related areas such as public 
administration, systems analysis, and 
economics of public goods. A 
questionnaire has been prepared to this 
end; the questionnaire and information on 
the Conference will be sent on request to: 

Mr. C. de Laet, Secretary General 
Canadian Council of Resource Ministers 

620 Dorchester Boulevard West, 
Room830 

Montreal101, Quebec. 
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IAHR 2nd International Symposium: 
Ice and Its Action on Hydraulic Structures. 
will be held in Leningrad, United Soviet 
Socialist Republic, from September 26-29, 
1972.Contact: 

Mr. B. P. Lebedev 
Committee for the U.S.S.R. 
Participation in International 

Power Conferences 
11 Gorki St., Moscow K-9 

U.S.S.R. 
for further information. 

Third International Conference on the 
Structural Design of Asphalt Pavements 
September 11-15,1972,GrosvenorHouse, 
Park Lane, London, England. Interested 
parties contact: 
University of Michigan Extension Service 

Conference Department 
412 Maynard Street 

Ann Arbor, Michigan 48104, U.S.A. 

or 

Third International Conference on the 
Structural Design of Asphalt Pavements 

Conference Services Limited 
The Conference Centre 

43 Charles Street 
Mayfair, London, W. 1., England 

special conferences? 

meetings? 

notify us, please 
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CLARK APPOINTED CHIEF 
OF ALASKAN DIVISION 

Hanover, N.H . - The establishment of 
the Alaskan Division of the U.S. Army 
Cold Regions Research and Engineering 
Laboratory has been announced by LTC 
J.F . Castro, Commanding Officer and 
Director. 

E.F. (Ed) Clark has been appointed 
Chief of the Division. He has been the 
project manager for cold regions research 
and development in the Military 
Engineering Directorate, Office of the 
Chief of Engineers. The Alaskan Division 
offices and laboratories will be located at 
Ft. Wainwright, Alaska, and will include 
the present field test and support facilities 
of the USACRREL Alaska Field Station, 
Fairbanks. 

The division will conduct and 
coordinate long·term research and 
technology activities in Alaska which are 
applicable to the Army's engineeringand 
environmental requirements. With the 
growing development of Alaskan 
resources, the Alaskan Division will 
maintain liaison throughout the state with 
both governmental arid private 
organizations and will provide 
in formational programs on the 
state-of·the·art in cold regions technology 
and environmental research and 
engineering. 

Clark has been a general engineer with 
the Department of the Army since 1958. 
He served in the U.S. Army Corps of 
Engineers from 1930·1958 and retired as a 
lieutenant colonel. He attended St. 
Gregory's College, Shawnee, Oklahoma , 
and the College of the Pacific, Stockton, 
Calif . He is a member of the American 
Society of Civi I Engineers and the 
Explorers Club. 



In general, permafrost is associated 
with the polar regions, and lies as a thick 
layer (under a thin "active layer" of 
seasonally melting soil) in the very high 
latitudes, thinning gradually towards the 
equator, until the layer becomes 
discontinuous, then fragmented, at its 
southern boundary. On mountain peaks, 
it is possible to find permafrost near the 
equator, but permafrost south of the 
"bush country" of Alaska, Canada and 
Siberia is rare. Even Scandinavia, despite 
its high latitude (to 72°N.), has 
permafrost only in isolated areas of high 
altitude. Yet the continuous layer of 
frozen subsoil extends far southward in 
some parts of Canada and Siberia (down 
to 53°N.). Although trees can and do 
grow over frozen ground, the "tree line" 

PUMAFROST MAP OF ALASKA 
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marks fairly well the southern boundary 
of the continuous layer of permafrost. It 
is not .far wrong to say the treeless tundra 
overlies continuous permafrost, and the 
forested taiga covers the frayed margins 
of the permafrost blanket. In the interior 
of Alaska, in the taiga of the Yukon, 
Kuskokwim and Copper River valleys, the 
permafrost is marginal. Alm<'st at the 
melting point, permafrost exists or not in 
these areas depending on such apparently 
minor influences as whether the land 
slopes to the north or to the south, or, 
the forest cover has remained intact in 
recent years, or, the land is swampy. 
There are sporadic occurrences of 
permafrost even around Anchorage and 
on the Kenai peninsula. 

- E. F. Rice 

'r. Rice's article on permafrost will appear in the summer issue 1972. 
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