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Transitions 

After several months of correspondence, Dr. Keith Mather has finalized plans for a 
"reporter network" to support The Northern Engineer. He has enlisted the aid of 
several eminent persons who will help funnel information into the magazine. 
Hopefully, they will be able to keep us abreast of some of the more topical worldwide 
developments in northern engineering. 

Dr. Branko Ladanyi has agreed to serve as our reporter for eastern Canada. He is the 
Director of the Centre for Northern Engineering, Ecole Polytechnique, Montreal, 
Canada. Dr. Daniel Smith, Head of the Northern Technology Centre of the 
Environmental Protection Service in Edmonton, Alberta will cover the western half of 
Canada. For this issue, Dr. Smith has contributed a review of a utilities delivery 
symposium that was held last spring. 

The Scandinavian countries are well represented. From Sweden, Dr. Bengt Erik 
Ryden, a Research Hydrologist with the Department of Physical Geography at the 
University of Uppsala and Dr. Boris Culjat, an Associate with the Ralph Erskine 
Arkitektkintor AB in Drottningholm, have both volunteered their time. Dr. Torklid 
Carstens, the Director of the VHL River and Harbor Laboratory for the Norwegian 
Institute of Technology in Tronheim will serve as a contributor from Norway. Dr. 
Eero Makinen, Naval Architect and Head of the Ice-Breaking Model Department 
(WIMB) Oy Wartsila Ab, Helsinki Shipyard and a previous contributor to TNE (vol. 5, 
no. 2), will report from Finland. Japanese news will be covered by Dr. Gorow 
Wakahama, Professor of Applied Physics at the Low Temperature Institute, Hokkaido 
University in Sapporo; and Dr. Terrence Armstrong will be reporting from the Scott 
Polar Institute, Cambridge, England. 

We are extremely grateful to all these gentlemen for the interest they have 
demonstrated. 

In addition to this "reporter network," I would like to mention other changes 
which will be affecting the publication. Dr. Keith B. Mather, Director of the 
Geophysical Institute, has recently been appointed Vice Chancellor for Research at the 
University of Alaska. His new duties will necessitate a reduction in the personal 
attention and support he has given The Northern Engineer since the magazine became 
part of the Geophysical Institute in 1973. He will, however, be leaving the future of 
TNE in capable hands. Dr. T. Neil Davis, formerly Deputy Director of the Geophysical 
Institute, has been appointed Acting Director. Dr. Davis has worked closely with the 
TNE staff in the past and we are pleased that we will be working under his direction. 

Along with these changes comes one of a more personal nature. I will be leaving 
The Northern Engineer and Alaska to make my home Outside. The decision to leave 
Alaska and all my engineering friends was truly a difficult one. But I have every 
confidence that the new editor, whoever it may be, will find the job as stimulating 
and the people as cooperative as I have. It has been my deep pleasure to work with 
you these last four years. 

- - Gina Brown-Wickwar, Editor 
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Frobisher Bay showing typical single-family dwellings. 

Buried Pipe Systems 
• 1n 

Canada's Arctic 

INTRODUCTION 

Throughout the Arctic in both Canada 
and the U.S.A., the demand is increasing 
for piped water and sewer services that 
are comparable with standards attained 
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by Fred W. James 

elsewhere in the country. The broadened 
economic base that has resulted from oil, 
gas and mining activities has prompted 
more and more people, including those 
recruited from the south, to demand ac
commodations befitting their income and 
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modern lifestyles. In the continuous 
permafrost regions of the Northwest Ter
ritories of Canada (N.W.T.), which have a 
population of less than 20,000, there are 
no less than six communities presently 
constructing piped services of one form 
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Frobisher Bay 

Frobisher Bay is a community of 
approximately 2,500 people located in 
the eastern Arctic on southern Baffin 
Island. It is well above the tree line and in 
a continuous permafrost zone. 

In December of 1972, a Planning and 
Engineering Report was prepared which 
was a preliminary study into the feasibil
ity of providing piped water and sewer 
services for the Hamlet of Frobisher Bay. 
In March of 1974, a more comprehensive 
and detailed design report for sanitary 
sewers, watermains and waste water treat
ment was carried out by J. L. Richards 
and Associates Ltd. of Ottawa. The de
sign report resulted in the commence
ment of Phase 1, the first of eight phases, 
in the summer of 1975. 

Frobisher Bay: Grade school and high rise apartment in background. 

The present water supply source for 
Frobisher Bay is Geraldine Lake, located 
due north and approximately 300 feet 
vertically above the townsite. The water 
supply flows by gravity to a treatment 
plant on the hill and then down to the 
town. It has a pressure gradient through
out the townsite which varies between 
1 00 to 140 psi. 

or another. And it would appear that this 
is just the beginning. As exploration activ
ities come to fruition, and as the Native 
land claims are settled, whole new towns 
will have to be created or existing ones 
greatly expanded to meet the expected 
population growths. 

The cost of providing piped services to 
both existing and new towns is prohibi
tive if one thinks in terms of equivalent 
southern costs. Both initial capital and 
annual operating costs are as much as 
four to five times as high. It therefore 
behooves the engineer to build these 
systems by using the utmost of care and 
the best engineering knowledge available; 
only then can reliability and economy of 

operation be provided. 

Too often in the past, utilidors have 
been built with poor materials and little 
appreciation of the engineering problems 
involved. These utilidors, as costly as they 
were, were lucky to have a life expec
tancy of 1 0 years. In addition, the pre

dominant above ground versions were an 
esthetic eyesore as well as a maintenance 

headache and tended to artifically sepa
rate and segregate the community. 

In the past two to three years, the De
partment of Public Works of the Gov-ern
ment of the Northwest Territories has 
been doing a great deal of work on buried 
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underground systems in permafrost re

gions. In this article I describe an instal
lation under construction in Frobisher 
Bay, N.W.T. (east Arctic); it was one of 
the department's first attempts at a bur
ied system in a continuous permafrost 
area. However, we are presently construc
ting underground systems at Norman 
Wells on the Mackenzie River (western 
Arctic), Rankin Inlet on Hudsons Bay 
(mid Arctic) and Resolute Bay (high 
Arctic). These other systems all have their 
own peculiarities of design and those dif
ferences will also be described briefly. 

The water is delivered by means of an 
above ground utilidor constructed from 
corrugated metal boxes on piles. Sewage 
is discharged in a similar manner through 

..! 

a number of outfalls going directly into 
the sea. Water is pre-heated at the treat
ment plant and continually circulated in 
the lines. This system was built originally 
by the Americans in the early and middle 

PRE- FORMED HEAT CONDUCTING CEMENT 
(THERMON OR EQUAL) 

\ "EMT CONDUIT (TO RECEIVE EMERGENCY 
HEATING CABLE) 

POLYURETHANE INSULATION 

80 MIL WATERPROOF P- E JACKET 

WATER SUPPLY a RETURN PIPES 
\"COPPER I TYPE I K I SOFT 

FIGURE 1. Frobisher Bay Insulated Water and Sewer Service Connection. 
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1960's to service their military installa
tions and airport complex at Frobisher 

Bay. It has subsequently been modified 
to accommodate major community build
ings such as the hotel, office complex, 
recreation-commercial complex, row 
housing, the hospital, schools and so 
forth. The vast majority of individual 
houses, however, still rely on a pump-out 
or honey bucket system to dispose of 

wastes. -

The existing above ground utilidors 

continue to be an annual maintenance 
problem. In addition to normal operating 
costs, major improvement expenditures 
of over $600,000 annually have been 
required in the last several years. These 
expenditures will continue to be required 
in the next few years in order to keep the 
system operational. 

The New Utilidor System 

The new utilidor system, while tying 
into the existing one, will be below 
ground rather than above. It will still rely 
on the continued circulation of pre
heated water throughout the water ser
vice mains. All sewage lines will be 
directed to a single outlet; eventually a 
sewage treatment plant will be construc

ted there . 
The two major features of the new 

utilidor system are as follows : 
1. It uses the standard compo

nents designed for temperate 
regions in a continuous 
permafrost area: standard 
concrete manholes, hydrants 
and trunk line pipe connec
tions and standard sewer line 

2. 
gradients. 
The entire system - pipes, 
manholes, lift stations, etc. -
is tied to the permafrost by 
means of structural beams. 
The purpose of the beams is 
two-fold: 
(a) Any thermal degradation 

due to heat loss from the 
pipes or structures will 
not affect the system 
since the beams will 
transfer the load to a 
point where the perma
frost has not been af-
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fected. Thus, any settle

ment problems will be 
prevented. 

(b) Beams will act as anchors 

to prevent the pipe and 

other system structures 

from any heaving caused 

by frost action in the 

active zone. 

In short, beams will act to 

prevent both up and down 

movements. 

System Components 

The built-in-place superstructure is 

wood framed and was designed to fit in 
with the architecture of the surrounding 

houses. Included in the lift station's de
sign is a dumping point for trucked sew

age. There is an exterior access for the 
truck hose connection. 

Pipe 

Watermains are Class 3 ductile iron, 

cement-lined, have 3 inches of urethane, 

and are victaulic grooved; they have an 

80-mil polyvinyl chloride (pvc) jacket, are 

fully heat traced, and are thermostatically 

controlled. 

The sewer mains are Class 2 ductile 
iron, cement-lined, have tyton joints, 3 

inches of urethane, an 80-mil pvc jacket, 

and are heat traced like the water mains. 

House Connections 

House connections are built of 4-inch 

sewer and 5/8-inch supply and return 
water lines. These are all bundled within a 

common urethane insulation-filled plastic 
jacket. To prevent freezing, there is a heat 

traced backup system which is thermo
statically controlled. However, the main 

protection against freez ing is the circulat
ing pump in each house that forces the 
water to flow between the supply and re
turn lines. 

Monitoring System 

During Phase 1, the monitoring system 

is located at two separate points . The 
system is designed to give an accurate 

thermal picture of the immediate area 
surrounding the pipes. It then compares 

this to undisturbed ground conditions. 
Using the data obtained over the next 
several years from this monitoring sys

tem, it is hoped that we can make 

t--- - - -TO 15A IP CIRCUIT IN BLDG . ELEC . PANEL 

JUNCTION BOX---- --; 

TOGGLE SWITCH----

TO BU ILDING SYSTEt.4 
T 

The manholes were generally standard, 

precast ones with 3 inches of rigid ure

thane foam sheets applied to the bottom 

and sides. Holes for the pipes were filled 

with poured-in-place urethane foam. In 

this case, steel I beams with welded plates 

at the ends were used. Special manholes 

had to be designed for connections to the 

existing utilidor and existing outfall line. 

r-HEATING CABLE COLD LEAD 

Lift Station 

There was one sewage lift station con

structed in this first phase. It was de

signed so that two of the existing beach 

outfalls could eventually be eliminated. 

This was part of an overall pi an to direct 

the sewage to one point for eventual 

treatment prior to its discharge into the 

bay . The lift station consists of a poured

in-place reinforced concrete wall placed 

on reinforced poured-in-place concrete 

beams. 
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FIGURE 4 b. Schematic of FIGURE 4. 
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TABLE 1 

1 0" sewer and 6" force main (535) 
1 0" sewer and 6" water main (835) 
8" sewer and 4" water (500) 

1 0" sewer (760) • 
8" sewer (500) 
6" water main (370) 
4" water main (370) 

Service Connections (900) 
Service Risers (170) 

OVERALL AVERAGE COST 

corresponding modifications in the pipe 
system design and decrease future costs 
of similar projects. 

Construction Problems 

There are 3 main construction prob

lems: 
Dewatering: All trenches and excava-

tions had to be continually 
pumped out because of the 
constant flow of ground 

$229/lin. ft. 
$229/lin. ft. 
$219/lin. ft. 
$180/lin. ft. 
$166/lin. ft. 
$164/lin. ft. 
$162/lin. ft. 
$163/lin. ft. 
$164/lin. ft . 

$190/lin. ft. 

water in the active layer. 
Digging in Permafrost 
and Machinery: The contractor used a 

1 cubic yard backhoe for ex
cavating and cutting through 
the permafrost. As a result, 
he wore out two sets of buck
et teeth a day. Any mechani
cal problems requiring parts 

meant a wait of at least two 
days while they were ordered 
and flown up from Montreal. 

Ten-inch ductile iron insulated pipe installed on beams and pillow blocks. 
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Costs 

Table 1 is a rough break-out of costs 
based on the awarded tender for Phase 1: 
These costs include freight, materials, 
labor, manholes, hydrants, mobilization, 
profits, overhead, etc. They do not in
clude the lift station or interior house 
plumbing alterations, monitoring system 

or contingency funds. 
The original consultant estimate was 

$650,000; the tendered total price was 

$1,208,000. Bids went as high as 

$3,400,000. 
Although the costs appear exorbitant, 

they are really no higher than those for a 
comparable above ground utilidor system. 
1975 prices for the lnuvik above ground 
utilidor system for 8-inch sewer and 
8-inch water pipes run approximately 
$200 per linear foot. When one considers 
the higher freight and overhead costs 
associated with Frobisher Bay, the costs 
appear relatively comparable. 

Norman Wells, N_W.T. 

The community of Norman Wells 
(pop. 400) is located on the east bank of 
the Mackenzie River about 90 miles south 
of the Arctic Circle in the central portion 
of the Mackenzie Valley. 

Since its founding in 1920 and subse
quent to the discovery of oil by Imperial 

Oil Limited, the community has grown to 
its present population. 

In addition to being the location of 
Imperial's refinery, Norman Wells is an 
important freight distribution center 
which serves isolated river and bush com
munities. 

Due to its location and established 
community and business structure, 
Norman Wells has a considerable poten
tial for growth. This is all the more likely 

when one considers the probable con
struction of a Mackenzie Valley gas pipe
line, an oil pipeline, and a highway. 

The existing water supply for the com
munity is provided by Imperial Oil Lim

ited. Some components of the water 
system are either already undersized or 
only marginally capable of handling the 

present peak water demands. Further
more, the reliability in winter of the 
existing domestic intake system is doubt-
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ful. 
The potential long-term increase in 

population and in water demand, coupled 

with the immediate need for a supply of 
water to a new subdivision, required that 

a thorough evaluation be made of existing 
and future water supply and distribution 

systems. A natural gas distribution system 
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and a sewage collection system were also 
required for the new subdivision. 

The Department of Public Works, 

Government of the Northwest Territories, 

retained M. M. Dillon Limited, Consulting 

Engineers and Planners, to carry out a 

study and report on the water supply and 

new subdivision services for Norman 

9 

Wells. In the new subdivision, which was 
created by land fill, it was decided to con

tinue with an above ground system be
cause of the ground's potential instabil

ity. Where ground instability was not 

such an important factor, however, work 

was begun to replace the existing above 

ground utilidor with a buried one. Both 
the above and below ground systems have 
significantly different design features 

from those previously constructed in the 
Northwest Territories. 

Above Ground 

The above ground system has two 

main features. They are the pile design 
and the carrier pipe package. One of the 

main problems with above ground utili
dors is their susceptibility to frost heav
ing. If the piles shift because · of frost 

action, gravity sewers within the utilidors 

must be regraded yearly. In order to over
come this problem, the pile-s were de

signed to be anchored into bedrock using 

grout and reinforcing rod welded to the 
bottom of the pipe. In the active layer, a 

bond breaker is wrapped around the pipe. 

The shop-fabricated pipe package is 

steel pipe covered with 3 inches of ure

thane and wrapped with a spiral-seamed 

pre-painted 18 gauge galvanized metal. 

Steel pipe was used to take advantage of 

its bridge strength, to reduce the number 

of necessary piles and to impart as much 

downward loading per pile as possible. 

The pipe hangers also allow for any pos

sible upward or downward adjustments. 

In appearance, the pipes will have a 

low, streamlined profile; they will be 
colored bright orange and the T hangers 

will be black. In contrast to a utilidor box 

containing two or more pipes, this above 
ground system uti I izes separately encap

sulated pipes and minimizes the energy 

input requirements through the efficient 
use of insulation as well as the use of a 

circulating, looped water system. 

Below Ground 

The below ground system is being 

placed in what is potentially a very haz

ardous soil: fine silts laced with ice lenses 

in the permafrost areas. The design used a 
computer program which predicted pos

sible thaw/settlements. The area to be ser-
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viced was an existing subdivision and the 
soil had already been thermally disturbed 
to the maximum. Because of the insulat

ing qualities of the pipe package and be
cause the buried pipe will lie mainly in 
the active layer, it was concluded that 
any settlement caused by heat loss from 
the pipe would be within acceptable 
limits. Further, steel pipe was again used 
to bridge any possible gaps that might 

develop. 
As in Frobisher, a monitoring system 

is included in this summer's construction. 

Rankin Inlet & Resolute Bay 

Rankin Inlet (pop. 750) on the west 

coast of Hudsons Bay and Resolute Bay 
(pop. 450) on the southern tip of 
Ellesmere Island utilize the same basic 

buried system design. 

Instead of a structural pipe like ductile 
iron or steel, high density polyethylene 

pipe is used. In these two communities 
the topography is such that the pipes are 

buried only one to two feet below ground 
with slopes in excess of 2 percent. Here, 
the steep slopes allow for sewage line set
tling in contrast to the Norman Wells and 

Frobisher Bay designs which attempt to 
ensure that the system remains stable. 

At Rankin and Resolute, temperature 
monitoring is again designed to be used 
during the initial construction phases. 

TABLE 2 
Cost Comparison (based on low tender prices) 

Frobisher Bay 

1 0" sewer 6" force main 

$229/lin. ft. 

1 0" sewer 6" water main 

$229/lin. ft . 

Rankin Inlet Norman Wells 

8" sewer 4" water 

$219/lin. ft. 

6" sewer 8" water 

$169/lin. ft. 

6" water 6" sewer 

buried $180/lin. ft. 

8" sewer 
$166/1 in. ft. 

8" sewer 
$124/lin. ft. 

6" water 6" sewer 

aboveground 
$225/lin. ft. 

Service Connections 

$164/1 in. ft. 

Service Connections 
$111/lin. ft. 

Service Connections 
buried $120/lin. ft. 

Construction at Rankin Inlet is to take 
place this summer while construction at 
Resolute Bay is to be completed next 
summer. 

CONCLUSIONS 

The four systems described in this 
article have by no means been proven suc
cessful. But it is considered that they rep-

!j 
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resent a good cross-section of the types of 
problems likely to be encountered in the 
construction of a piped system in any 
arctic community. With careful monitor
ing, further refinements based on field ex
perience and the continued application of 
sound northern engineering practices, I 

am quite confident that good, dependable 
municipal systems can be built to meet 
the present and future water and sewage 
requirements of the North. 
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Resolute Bay, Rankin Inlet 
U til idor Systems: Unde rwood, 

Mclellan & Associates, 
Edmonton, Alberta, Project 

Manager, Ben Greico, P. Eng. 
I wish to give my deep appreciation to 

the individuals and their firms fo r their 
cooperation and for their permission to 

publish the design sketches. 

FIGURE 7. Norman Wells Service Box Details. 

Fred James, P.E., is the Project Manager and 

Engineering Team Head for the Department of 

Public Works, Government of the Northwest 

Territories, Yellowknife, N.W.T., Canada. In 

this position he is responsible for all new capital 

water and sewer installations throughout the 

Territories with the exception of the few major 

tax-based communities. 

We are grateful to Dr. Dan Smith, Head of 

the Northern Technology Centre, Environ

mental Protection Service, for allowing us to 

print this article. Mr. James first presented 

this as a paper to the Symposium on Utilities 

Delivery in Arctic Regions, held in March in 

Edmonton (see Symposium review in this 

issue) and sponsored by the Northern Tech

nology Centre, the Environmental Protection 

Service (Canada) and the Department of Civil 

Engineering, University of Alberta. 

Precast concrete manhole showing exterior board insulation 
and pipe connection. Bottom of lift station showing re-inforced concrete beam supports. 
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THE ALCAN: 

ITS IMPACT ON ALASKA 

by Claus -M. Naske 

t be aw d by th 
f th a ompanying 

The largest and most ambitious pri · 
vately financed construction project, the 
798-mile·long Trans-Alaska Pipeline from 
Prudhoe Bay on the shores of the 
Beaufort Sea to Valdez on Prince William 
Sound, is slated for completion in the 
summer of 1977. It will have cost seven· 
odd billion dollars and will eventually 
transport some tvvo million barrels of oil 
per day to the tanker terminal at Valdez 
for shipment to the west coast of the 
United States. 

When completed, the pipeline will 
stand as a monument to American engi· 
neering skill, having overcome such for· 
midable natural obstacles as an inhospita· 
ble climate, rugged mountain passes, tur· 
bulent river crossings and the permafrost 
that underlies much of its route. 

Awed by the magnitude of the pipe
line project, Alaskans and others are apt 
to forget that there have been other 
astounding engineering feats in Alaska's 
past. One of these accomplishments was 
the construction of the Alaska-Canada 
Military (Aican) Highway. 

When the Japanese struck Pearl Harbor 
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m 
t 

on December 7, 1941, Alaska was mili · 
tarily unprepared. The Japanese naval 
threat forced American military strate· 
gists to make a swift decision about an 
alternative to the sea route to Alaska. 

Such a link had been in the talking 
stage since 1930 when President Herbert 
Hoover had appointed a commission 
which favored such a road. A House Com· 
m ittee on Roads reported favorably on 
the project in 1935 and again in 1938. 
President F. D. Roosevelt appointed the 
Alaskan International Highway Commis
sion vvh ich also approved the construe· 
tion of such a road (U.S. Congress, 1956). 

Nothing happened with the various 
road proposals, however, until the United 
States and Canada established a Perma
nent Joint Board of Defense on August 
18, 1940. The Board proposed the con· 
struction of an air route to Alaska via 
Great Falls, Montana; Fort St. John, Fort 
Nelson, Watson Lake, and Whitehorse in 
Canada; and Northway, Tanacross, Big 
Delta, and Fairbanks in Alaska. After its 
approval by both countries, Canada began 
constructing the airfields and other facil· 
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Mile '0' on the Alaska-Canada Highway at Dawson Creek, British Columbia (courtesy of the Fred 
Machetanz Collection, Archives, University of Alaska, Fairbanks). 

ities in the winter of 1940-41 (U.S. 

Congress, 1956). 

On February 2, 1942, a Presidential 

Committee consisting of the Secretaries 

of the Army and Navy and the Depart

ment of the Interior recommended the 

construction of a highway linking the 

established airfields; this would also pro

vide an alternate supply route to Alaska 

which would supplement sea and air 

routes (U.S. Congress, 1956). 

After the recommendation was ap

proved by the President on February. 11, 

1942, work was to begin at once on a 

pioneer road from Dawson Creek, British 
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Columbia to Big Delta, Alaska. The U.S. 

Army Engineers were to construct the 

pioneer road and it was to be followed by 

a permanent road to be bui It by the Pub

lic Roads Administration under the gen

eral direction of the Army Engineers 

(U.S. Federal Works Agency, 1942). 

An intergovernmental agreement de

termined the general location of the high

way which would connect American rail

roads and roads in the Chicago area to the 

Canadian highway and railroad systems. 

These, in turn, would reach the southern 

end of the Alaska Highway (Huntley and 

Royall, 1945) . 
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Seven engineering regiments, aided by 

47 contractors employed by the Public 

Roads Administration, worked toward 

each other from various points along the 

route. Often they labored under harsh 

weather conditions and over extremely 

difficult terrain, yet they finished the pio

neer road exactly nine months and six 

days after the start of construction. 

The formal ribbon cutting ceremony 

took place on November 20, 1942 at 

Soldier's Summit above Kluane Lake, 

Yukon Territory. It was around -30° F 

under a thin winter sun when Alaska's 

acting governor, E. L. "Bob" Bartlett, 

representing the United States, and lan 

Mackenzie, representing Canada, each 

held one blade of a pair of gold scissors 

and cut the red, white, and blue silk rib

bon which opened the Alcan Highway. 

Shortly thereafter, the first truck convoy, 

the "Fairbanks Freight," rolled north to 

that city (Alaska Sportsman, 1967). 

Soldiers laid the pioneer road over the 

most direct route that could be negoti 

ated by 21 -ton bulldozers. These up

rooted trees and brush with wide-cutting 

blades and left a 50 to 100-ft. wide clear

ing. More bulldozers followed and leveled 

the right-of-way. Culvert gangs cut trees 

and built square, green-log culverts fas

tened with steel drift pins . In areas which 

needed fills, carryalls pulled by tractors 

hauled material from the hills through 

which cuts had been made. Finished grad

ing followed rough leveling. Alluvial river 

beds or hillsides supplied the necessary 

grave I (Alaska Sportsman , 1967). 

There were many hazards. Frozen 

ground, once stripped of its vegetative 

cover, quickly turned to muck and re

quired corduroy-poles laid side by side 

and covered with gravel. Equipment eas

ily became mired in the muck. Myriad 

mosquitoes made life miserable for the 

soldiers who wore close-meshed nets for 

protection over their broad-brimmed 

World War I style campaign hats. As the 

summer wore on, truck convoys stirred 

up clouds of fine dust which made 

breathing difficult, covered everything 

and penetrated everywhere. With the 

coming of winter, temperatures dropped, 

daylight waned, and the soldiers experi

enced bone-chilling temperatures of 

-50° F and lower. At those temperatures, 

equipment balked and broke down often. 
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Probably this picture needs no caption. The mud and muck were a real 
problem (courtesy of the Army Corps of Engineers, Alaska District). 

Stream crossings were often filled with difficult moments for the 
traveler (courtesy of the Fred Machetanz Collection, Archives, 
University of Alaska, Fairbanks). 

Speed was all important because of the 
short northern season. The pioneer road, 
therefore, had many steep curves and 
only minimum attention was given to 
cuts and fills. Trestles made of native tim
ber spanned streams; in many sections 
boggy ground made the road extremely 
unstable while stream overflows built up 
thick layers of ice on the road. Despite its 
shortcomings, however, the 1,420-mile 
long pioneer road, built under extraordi
narily difficult conditions and in record 
time, represented a major engineering 
feat. 

The initial agreement between the 
Army Engineers and the Public Roads 
Administration in April of 1942 called 
for a two-lane highway equalling stan
dards for continental United States park 
and mountain roads. These specifications 
provided for a well-drained and stable 
36-ft. wide roadbed which was to have 
three degree curves in prairie terrain, 16 
to 19 degrees in mountainous sections, a 
maximum of 5 per cent grades in the 
lower levels and 7 per cent grades in the 
mountains. Finished with 18 inches of 
gravel or crushed rock, dust was to be 
controlled by a 2-inch bituminous sur
face. Initial bridges would be of timber 
trestle construction capable of carrying 
30 tons. Future construction plans called 
for 24-ft. wide steel bridges carrying 40 
tons (Huntley and Royall, 1945). 

When America's military position in 
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the Aleutians and the Pacific improved in 
early 1943, it relieved the pressure for the 
rapid completion of the highway. New 
specifications for the highway, no longer 
the main supply road, were drawn up in 
March of 1943. The road was to be a 
cheaper one than initially planned. The 
roadbed was to be only 26 feet in width. 
Surfacing material was to be placed on 
the road to a width of 20 to 22 feet. 
Surfacing was to be varied; local materials 
were to be used to whatever depth was 
necessary to support military traffic 
loads. There would be no bituminous top 
cover. Maximum grades were not to 
exceed 10 per cent. New bridges were to 
be two lane and could not exceed 24 feet 

in width. Existing bridges of adequate 
capacity and durability were not to be 
replaced even though they might be less 
than two lanes in width (U.S. Congress, 
1946). The permanent road was to be 
completed by December 31, 1943. 

It was a gigantic effort. Strung out 
along the 1,420 miles of the Alaska High
way was the greatest array of road
building machinery ever assembled on a 
single project in. the history of American 
road construction. At the peak of opera
tions, in September of 1943, some 
11,107 pieces of machinery, worth ap
proximately $27 million, worked the pro
ject. They consisted of tractors, dump 
trucks, crushers, blade graders, scrapers, 
and shovels, among others. The contrac-
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tors and engineers had built 133 bridges 
each with an average length of 340 feet or 
a total length of 8-1/2 miles. They had 
installed an average of 6 culverts per mile 
for a total of 8,000 and for an aggregate 
of 52 miles (Huntley and Royall, 1945). 

The War Department reported that the 
pioneer road had cost $19,744,585, of 
which $9,547,826 paid for troop sup
plies, $489,213 for the Gulkana-Siana 
cut-off, $1,254,211 for temporary 
bridges and only $8,453,335 for the ac
tual construction (U.S. Congress, 1946). 

IMPACT 

Although a military project, the Alcan 
Highway impacted the territory in diverse 
ways. Most important, perhaps, was the 
psychological impact; the Alcan con
nected the territory with the continental 
United States, finally ending the Alaskan 
feeling of isolation. Having missed the last 
boat "Outside" and not having plane fare 
no longer meant spending the winter in 
the North. Now it would be possible to 
drive south. The Alcan opened thousands 
of square miles to potential development. 
This area had been closed except where 
navigable streams permitted access during 
the summer months. As late as 1944, 
I arge areas of the Yukon Territory, 
British Columbia, and Alaska had never 
been mapped. Large scale surveying and 
mapping now took place and the white 
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View from Soldiers Summit looking down on Kluane Lake, Yukon Territory (courtesy of Fred Machetanz Collection, Archives, University of Alaska, 

Fairbanks). 

areas on maps soon were filled in. 

The Alaska Highway quickly became 
the central tourist transportation route 
when it was opened to public traffic in 
1948. In that first year some 18,604 per
sons traveled over it. By 1951, the num
ber of travelers had increased to 49,564 
(Annual Report of the Governor, 1952). 

Very important, perhaps, is the fact 
that it also gave Alaskans an alternate to 
ocean freight transportation. During a 
maritime strike in 1946, Alaska was able 
to avoid complete economic paralysis 
when goods were hauled over the high
way (U.S. Congress, 1948). Two major 
strikes occurred in 1952 which lasted a 
total of 86 days. They threatened to cut 
off transportation to Alaska. Airlines ab
sorbed some of the extra load while much 
necessary freight came over the highway 
(Annual Report of the Governor, 1953). 

tenor of Alaskan life. The residual bene
fits to the civilian economy and the devel
opment of Alaska were tremendous. Be
tween 1941 and 1945, the federal govern
ment spent well over one billion dollars in 
Alaska (U.S. Army, Alaska, 1969) . The 
modernization of the Alaska Railroad, 
the expansion of airfields and the con
struction of roads benefiited the civil ian 
population. Many of the docks, wharves, 
and breakwaters built along the coast for 
the use of the Navy, Coast Guard, and the 
Army Transport Service were turned over 
to the territory after the war. Thousands 
of soldiers and construction workers had 
come north. Many decided to make 
Alaska their home at the end of the hos
tilities, a fact reflected in population sta
tistics. Between 1940 and 1950, the ter
ritory's civilian population increased from 
roughly 74,000 to 112,000 (Rogers, 
1962). This influx put a tremendous 
strain on Alaska's already inadequate 

Although military activities decreased social services, such as schools, hospitals, 
rapidly in Alaska after 1943, the war had housing, and local government. 
a profound and lasting impact on the ter-
ritory. It irrevocably altered the pace and In short, the war was the biggest boom 
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Alaska ever experienced, bigger than any 
of the gold rushes of the past. Yet, at the 
end of the war, with its curtailment of 
defense spending, Alaskans once again 
were confronted with the problems of a 
seasonal economy. 

At this juncture, however, the devel
opment of tensions between the United 
States and the Soviet Union and the re
sulting cold war rescued Alaska from eco
nomic depression and obscurity. Alaska's 
geographical position astride the northern 
Great Circle routes gave the territory a 
strategic importance in the Free World, 
and this was once again to bring in thou
sands of troops and mill ions of defense 
dollars (U.S. Army, Alaska, 1969). 

In 1949 military planners worried 
about Russian activities in Siberia and 
speculated that four-engined aircraft, sta
tioned on the Chukotsk Peninsula, could 
theoretically att'ack the atomic bomb 
plant at Hanford, Washington and return 
to their bases. American defenses in 
Alaska were weak. There was no infantry 
at all, and less than 100 old jet fighters 
stationed at Fairbanks and Anchorage; 
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these had insufficient range to reach 
Nome and return to their bases. A limited 
radar network existed, but much needed 
to be done to upgrade Alaskan defenses 
effectively. 

The cold war forced a rethinking of 
American strategy, and in the late 1940's 
military planners decided on the so-called 
"heartland" concept of Alaskan defense. 
This included the virtual abandonment of 
the Aleutian Islands as well as the pro
posals for massive military bases in and 
near Fairbanks and Anchorage. The new 
concept coincided with a general realign
ment in the overall strategic emphasis 
from the Pacific to the Atlantic (New 
York Times, March 13, 16, 1949). 

Before the shift in emphasis could be 

accomplished, massive problems had to 
be overcome in Alaska. A region of mag
nificent distances, lethal cold, forbidding 
terrain and still totally inadequate com
munication and transportation systems, 
the territory, as on previous occasions, 
challenged American technological imagi
nation and ingenuity. For despite the in
tensive construction activity during the 
war, Alaska was still a primitive frontier 
which lacked housing and the modern 
economic and social infrastructure to sup
port the defense effort. Additionally, the 
territory's difficult terrain and weather 
were permanent features always to be 
reckoned with. 

Supplies still came mostly by sea from 
Seattle to the ports of Seward, Whittier 
or Anchorage, each one inadequate in one 
way or another. Probably, the best was 
Seward; wood worms there, however, 
continually did severe damage to the 
docks and necessitated frequent replace
ments. Whittier, built during the war and 
located at the head of a fjord in a small 
glacial ravine, was plagued by high winds, 
almost continuous rain and snowfall and 
inadequate docking and unloading facili
ties. With a glacier behind it, the sea in 
front of it, and 30 to 50 feet of snow on 
top of it in the winter, it was isolated, 
had no recreational facilities and, for 
army personnel unfortunate enough to 
serve there, appeared to be the end of 
nowhere in Alaska. Large floating ice 
cakes and 36-foot tides pi agued the port 
of Anchorage. 

The Alaska Railroad, which carried 
freight from the ports, was antiquated at 
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best. Completed in 1923 after eight years 
of construction, the railroad's average 
daily capacity of some 1,500 tons was 
even insufficient for normal civilian re
quirements. It had inadequate rolling 
stock, grades and a poor roadbed . In the 

so-called "loop" area between Seward 
and Portage, the trains had to traverse a 
high ravine in an approximately 360-
degree circle ; the tracks were supported 

above the ravine on high, wooden trestles 
erected many years earlier. By 1949, they 
were quite shaky. Additionally, heavy 
snows and occasional avalanches between 
Seward and Anchorage often interrupted 
train service (New York Times, March 19, 
1949). 

The Alcan Highway, a crude gravel 
road built in 1942-43, connected the ter
ritory with the continental United States. 
Although open the year round, it only 
had a maximum capacity of approxi
mately 1 ,000 to 1,500 tons daily. 

Alaska's 2,500 mile road system was 
primitive, and not one road from any of 
the ports was consistently open all winter 
long (New York Times, March 19, 1949). 

The territory's communication system 
was similarly primitive. Only one land 
I ine , which ran along the Alaska Railroad, 
existed. The Alaska Communication 
System, run by the Army Signal Corps, 
relied on radio transmissions which were 
often blocked by atmospheric interfer
ence (New York Times , March 19, 1949). 

Housing, abysmal throughout the ter
ritory, was particularly poor for military 
personnel. This severely undercut morale 
and resulted in an almost negligible re
enlistment rate for the territory . Many of 
the single men among the 20-25,000 
troops lived in overcrowded barracks and 
dark quonset huts. Family quarters were 
scarce, substandard and rents exorbitant. 
In addition to the severe overcrowding, 
packing-case houses, open wells and out
door privies pro! iterated. Construction 
costs were 2-1/2 to 3 times above those in 
the continental United States and thus 
new housing starts were severely limited. 
Exceedingly high prices for food, appli
ances, and services stretched already mod
est budgets to their I imits. Compounding 
the problems was the lack of adequate 
recreational and social activity (New 
York Times, March 21, 1949). 

In order to realize the "heartland" 
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conce pt of defense in Alaska, the military 

r ea l ized t hat vast expenditures were 
needed to provide bas ic faci lities for its 
per sonn e l . The Defense Department 
asked Congress for fu nd ing, and although 
there were de lays and cuts in various con
struction requests, mili ta ry expend itures 
approached $1 00,000,000 in 1949. The 

territory's postwar economic boom had 

begun (New York Times , March 26 and 
January 3, 1959) . 

By June of 1950 it had become ap

parent that some $250,000,000 worth of 
construction would be undertake n. All 
was not rosy, however, because carpen
ters, electricians, and other craft union 
workers had struck for higher wages. 
These work stoppages completely halted 
many projects and considerably slowed 
others. Workers, undeterred, had been 
flocking to the territory from the cont i

nental United States since early spring. 
Hoping for quick employment at high 

wages, their resources were slim and 
many suffered hardships because of the 

prolonged strike. 
The influx of defense spending made 

prices soar . In Fairbanks, housing, always 

insufficient and mostly substandard , now 
fetched premium prices. Cabins without 

electricity or water rented for $150.00 
per month and hotel rooms that had gone 
begging some years before at 50 ¢ a night 
now rented for $4. Conditions in 
Anchorage were even worse because rents 
were anywhere from 1 0 to 20 per cent 
higher than in Fairbanks - and nothing 
was available. 

Workers earned big money with much 
overtime. For example, building mechan
ics who got free room and board, received 
weekly paychecks wh ich oftened ex
ceeded $200.00. The basic daily wage of 
a waitress amounted to $8.60, that of a 
cook to $18.00. Craft union workers such 
as the plumbers and steamfitters, electri
cians, carpenters and painters all made 
over $3.00 per hour. Prices corresponded 
with wages. Fruits and vegetables, flown 
in, were exorbitant. Alaskan f resh milk 
cost 40 ¢ a quart, airborne from Seattle 
54 ¢ to 55 ¢ a quart. Restaurant meals 
were high; a plain omelette or a lettuce 
and tomato salad came to $1.50 to $1.75 
and a piece of toast cost 30 ¢ to 35 ¢ . 
Despite the prices, business boomed. 
Haircuts cost as much as $2.00, and 
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Soldiers Summit. The site of the formal dedications opening the Alaska-Canada Highway in 1942 
(courtesy of the Army Corps of Engineers, Alaska District). 

blended whiskey $3.50 to $4.00 a fifth 
(New York Times, June 25, 26, 1950). 

Population, just like prices, had also 
skyrocketed. In 1940 the territory 

boasted 75,000 residents of whom about 
1,000 were military personnel. By 1950 
Alaska's population had jumped to 
138,000; 26,000 belonged to the military 
services (Bowen, 1971 ). Anchorage had 
been a sleepy railroad town of 3,495 in 

1940. By 1950 it contained an estimated 
11,060 residents- and this did not in
clude several outlying suburbs which 
would have brought the population to 

some 20,000 souls. Also not included 
were transients and the military personnel 
stationed at the bases. Fairbanks' popula

tion had jumped from approximately 
5,600 in 1940 to 11,700 in 1950, and 
that of Seward from 949 to 2,063 during 
the same decade (New York Times, June 

25, 1950). 
While contractors hurried to complete 

military family quarters, barracks and of
ficial quarters, service clubs, warehouses, 
and power plants, the influx of jobseekers 
severely taxed Alaskan housing and social 
services. Transients clogged the cities, and 
although there was no spectacular in
crease in major crimes in Fairbanks, 
Anchorage pol ice reported half a dozen 
murders in the first half of 1950. Pol ice 
blamed the increase in robberies in both 
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cities on the boom conditions which had 
brought thousands of newcomers and 
transients to Alaska. Gambling flourished 
at the construction sites, for although it 
was against territorial laws, officials over
looked the games "so long as these are 
carried on in an orderly and gentlemanly 
fashion." The fact was that municipal 
taxes from these activities had something 
to do with official leniency. Prostitution 

flourished despite the fact that red light 
districts in both cities had been closed 
some years earlier. The women now cau
tiously walked the streets or operated 
outside the city limits. Cab drivers, for a 
fee, often directed customers to prosti
tutes (New York Times, June 27, 1950). 

Despite many problems, Alaskans ulti
mately stood to profit from the turmoil 
of the boom. As a result of military con
struction, the private building sector 
flourished. In Fairbanks the Community 
Savings Bank of Rochester, New York, 
financed the 270-family Fairview Manor 
development at a cost of $3,080,000. In 
Anchorage, the Government Hill Apart

ments, designed for 696 families, were 
built at a cost of $10,000,000; and the 
Brady-Smalling Construction Company 
built two 132-housing units at a cost of 

$3,000,000. In both Anchorage and 
Fairbanks, large and small modern 
houses, supported by Federal Housing 
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Authority (FHA) guarantees, were built 
in new subdivisions. The Anchorage sub
urb of Spenard boasted 3,000 residents 
and a modern shopping center on a track 
of land which had been part of Alaska's 
wilderness only five years earlier. In addi
tion, both Anchorage and Fairbanks had 
new airports under construction. In
creased demands stimulated the profes
sional and business communities to ex
pand services. 

Additionally, considerable sums went 
into the expansion of the small highway 
network and Alaska Railroad extensions 
and improvements. In short, Alaska 
coped with its problems (New York 
Times, June 1950). Additionally, the ter
ritory slowly built up a backlog of social 
overhead. Despite worries among Alaska's 
business community, the defense boom 
continued unabated. 

A 53-day walkout of the American 
Federation of Labor's (A.F.L.) Sailor's 
Union of the Pacific in the summer of 
1952 slowed Alaska's boom somewhat, 
yet projects planned and underway con
tinued. Private building expanded sig
nificantly, but housing shortages were 
still critical despite the fact that the 
Alaska Housing Authority built or fi
nanced many units during that summer, 
among them 150 low rental units in 
Anchorage and another 75 units in 
Fairbanks (New York Times, August 31, 
1952). 

The territory, many recognized, 
quickly became a guardian of North 
American defenses. The massive infusion 
of military dollars stimulated tertiary 
growth; modern hotels and office build
ings sprang up and new radio stations 
gained permission to operate. Air trans
portation vastly expanded with new com
mercial airports; there were connections 
to most points in Alaska and to many 
international destinations. Modern sub
divisions alternated with unattractive 
slum areas whose shacks and wanigans 
were largely the result of slipshod regula
tions and hurry-up building. In Fairbanks, 
bank deposits ha!l doubled from 1949 to 
1952, while car registration in Anchorage 
had increased 1,390 per cent in a decade 

and school attendance had increased 
nearly 1,000 per cent within the same 
period. The population of the greater 
Anchorage area increased some 52.1 per 
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cent between April 1, 1950 and Decem
ber 31, 1951. Much remained to be done 
in spite of the private building boom 
sparked by defense spending. Both towns 
suffered from a shortage of school build
ings, and Fairbanks direly needed a sew
age disposal system. But for the first time 
Alaska offered bright opportunities for 
young professionals in addition to the 
customary seasonal employment for 
floating labor (New York Times, Nov. 2, 
1952). In short, the territory was in a per
iod of transition, and fewer and fewer 
people fled south as soon as the weather 
turned cold or a fortune had been made. 
The accumulating social overhead made 
living easier and more comfortable. 

By 1954 the territory had passed the 
peak of military construction. Military 
housing needs had largely been met, and 
Alaska's defenses - a network of radar 
defenses and massive military bases -
were nearly completed. The gains had 
been great. The territory, within a five 
year period from 1949 to 1954, had 
become habitable on a year-round basis 
for a vastly increased population. Ex
penditures had been great; approximately 
$250,000,000 per year had been spent 
from 1949 to 1954 for military and civil
ian construction combined (New York 
Times, Jan. 6 and July 27, 1954). 

In 1954 Alaska stood at the threshold 
of a different kind of boom; this time the 
development of her natural resources, 
such as timber and oil and gas, further 
promised to stabilize the territory's 

economy. 
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by David B. Stone and the students of GEOL. 418, Spring 1974. 

Journey to the CENTER of the MOON 

As man finds out more about his envi
ronment, it has become very apparent 
that the moon and its relationship to the 
Earth have enormous significance on both 
local and global scales. Apart from the 

obvious effects such as the ocean tides, 

there is also the less obvious solid earth 
tide, which, in combination with the 

ocean tide, seems to be capable of trig
gering both volcanoes and earthquakes. 

Certainly much of the Alaskan volcanic 
earthquake activity, as seen for instance 

on Augustine Island in Cook Inlet, has a 

tidal period. It has also been suggested at 

various times that the lunar tide is the 
driving source for both continental drift 

and the Earth's magnetic field (via a core 
dynamo). 

Because the moon has direct relevance 

to geophysics (and perhaps also to the 

realm of psychology) and because moon 

stud ies can help put Earth studies into 

perspective, the students of GEOL. 418 
compiled moon models based largely on 

the data from the Apollo missions . What 

is presented here is a composite of the 
var ious models presented by individuals 

in the class, but in practice draws very 

heav ily upon the efforts of Robert 

Thorson, Karen Clautice and Cass Ariey, 
all of whom I would like to thank for 
do ing the dog work. 

Prior to the moon landings, there were 
very few positive constraints on specu

lation as to the age, history, and surface 

act ivity of the moon, and indeed pub

lished works cover almost the whole 
range of possibilities. Speculations on the 

age of the moon varied from very young 
(a few million years) to the age of the 

solar system itself. Similarly, some arti 

cles suggested that lunar volcanic activity 
was still taking place, while others con

si de red that all the moon's surface fea

tures were the result of impacts early in 

its life. 
Since the arrival of man on the moon's 

surfa ce, more constraints have been 
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placed on possible models, but the moon 
has become no less enigmatic. In fact, 
though the various moon probes and 
especially the Apollo program have pro

duced a tremendous amount of informa
tion, they sti ll raise more problems than 

they solve. Even the very basic questions 
remain unanswered. There is, for in

stance, still no consistent, or generally 

agreed upon, model as to the origin of the 
earth-moon system. The three basic 

models for the origin still co-exist: the 

moon formed in orbit around the earth at 

the same time that the rest of the solar 

system was forming; the moon formed 
elsewhere in the solar system and was 

captured into an earth orbit later; and the 

moon formed as part of the earth, break

ing off by fission shortly thereafter. The 

only real constraint on any of these 

models is that whatever process is consid 

ered, it has to have been essentially com

plete by about three billion years ago to 

be compatible with the observed radio
metric ages. 

Until the manned Apollo missions, 
there was very little information on the 

interior of the moon . Now, primarily as a 

result of magnetometer and seismometer 
experiments, it is possible to build plau

sible models of the moon's interior . There 
are, needless to say, many variations on 

Mean diameter 

Volume 

Mass . 

Density 

Surface area 

Surface gravity 

Mean distance from Earth 

Synodic month (period between full moons) 
Draconic or nodal month . 

Period of the moon's nodes 
Earth-to-lunar mass ratio 
Libration in longitude 
Libration in latitude 
Mean orbital speed . 
Angular velocity of earth-moon system 
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the possible models, and the one we have 
presented here is derived from the par

ticular references quoted. Though this 
mode l will undoubtedly change over the 

years, one expects most of the changes to 
be in terms of detail rather than in the 

basic subdivisions shown. 
In addition to the references used to 

compile the model, some review articles 

have been included, along with the pro
ceedings on each of the Lunar Science 

conferences held to date. For the reader 
interested in pursuing the topic further, 

we refer him to a relatively new journal 

called, The Moon, published by Reidel 

Publishing Company. 
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3476 km 
2.20 x 1025 cm3 

7.35 x 1025 gm 

3.34 gm/cm3 
3.8 x 1017 cm2 

162.2 cm/sec2 

384,393 km 

29.530588 days 
27.21220 d:.ys 
18.6 years 
1 : 81.366 
"!" 7° 53' 51" 

~ 6° 50' 45" 
1027.3 m/sec 
2.6617 x 10·6 rad/sec 
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CRUST IS THICKEST ON THE BACKSIDE OF THE MOON ("'150 kml AND THINNEST 
AT THE POLES IH40 km) . (1) CENTER OF GRAVITY IS DISPLACED TOWARDS 
THE EARTH AND EASTWARDS FROM THE GEOGRAPHIC CENTER BY""2 km, M!'AN 
POLAR FLATTENING 1.95 km. ANGLE BETWEEN PLANE OF MOON'S ORBIT AND 
LUNAR EQUATOR ~ 6.5° ACCOUNTS FOR THE LIBRATION IN LATITUDE FROM 
WHICH PRINCIPAL MOMENTS OF INERTIA ARE MEASURED. 

NEAR SIDE CRUST WITH MARE IS 

MORE BASALTIC AND MORE DENSE 
THAN FAR SIDE (1) (26) 

MASCONS ALSO TEND TO COINCIQ.E 
WITH MARE (FORMED 3.3 TO 

4.0 X 109 YEARS AGO) 

"ARISTARCHUS BRIGHTENING" 
SEEN FROM EARTH AND BY 

APOLLO 11 

APOLLO 14 

LM 14 
CRASH SITE 

APOLLO 12 
LANDING SITE 

Ap 13 BOOSTER 
CRASH SITE 

Ap 14 BOOSTER 
CRASH SITE 

A 1, A 6MOONOUAKE 
SOURCE (...,850 kml 

A 14 MOONOUAKE 
SOURCE (.,. 800 kml 

OUTER SHELL COLD 
AND TECTONICALLY 
STABLE (9) 

AP 15 BOOSTER 

FARSI DE CRUSTAL ROCKS MORE 
PLAGIOCLASE RICH AND LESS 
DENSE THAN NEARSIDE, IRON 
POOR (1) 

AGE ~ 4.7 X 109 

YEARS (1) 

SURFACE THER MA L CONDUCTIVITY 
1.7 X 10·2 w · l K · l (2) (1 4) 

PURE RADIATION IS AN IMPORTANT, 
IF NOT DOMINANT PROCESS IN HEAT 
FLOW IN THE LUNAR SURFACE LAYER (3) 

MEAN SUBSURFACE (1m) 
TEMPERATURE,..250°K, 
APPROXIMATELY 35° HIGHER 
T HAN SURFACE ( 14) 
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ATMOSPHERE OF HELIUM, NEON, 
ARGON (CONDENSABLE GASSES) 

AND POSSIBLY MOLECULAR HYDROGEN. 
TOTAL NIGHTTIME CONCENTRATION OF 
2 X 105 Molecules/cm3 (12) 

APOLLO 15 
L 

T HERMAL GRADIENT OF 1.75°K/ m 
BETWEEN 1 AND 1.5 m (21 

REGOLITH THICKNESS 

AVERAGES 10m. MADE 
UP OF IMPACT DERIVED 
EJECTA (22) (17) 

VEL-QCITY IN LUNAR 

REGOLITH 105m/sec (27) 

REGOLITH "'10m 

10 

" ~ 8 e 
"" > 
1- -u 
0 6 ..J 
uJ 

> 
uJ 
> 
<{ 
;::: 
..J 4 
<{ 
z 
0 
iii 
(I) 
uJ 
a: 
0.. 2 ::iE 
0 
u 

0 

LANDING~ 

CONDUCT 

SHEA I 

TEMPE 

IMPACT DEl 

REGOLITH 
INTENSE SC 
OF SEISMI( 

LARG 

POSSI 
ALL~ 

DEPT I 

(C.F. MEAN . 

FLOW OF 1.! 

DIURNAl 
VARIATI 
AT LEAS' 

SURFACE COVERED WITH HIGHLY HETEROGENOUS ZONE 
IN WHICH, PROBABLY OWING TO NEARLY COMPLETE 
ABSENCE OF VOLATILES, SEISMIC WAVES PROPAGATED 
WITH VERY LITTLE ATTENUATION (18) 
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HIGH VELOCITY 
LAYER ? (27) 

APID INCREASE 
UE TO PORE 
LOSURE (24) 

r 

E 

ITY (-log mho/m) 
') (8) (19) 

rAVE 

¥sec) (18) 

TURE (S 103 °C) 
(20) 

1ED 

"TERING 
ENERGY (9) ( 13) 

ETEORITES 
YSHATTER 
ERIAL TO 

OF 50 km (9) 

I!J cals/cm
2

/sec 

~ RESIRIAL HEAT 
lls/cm /sec) 

EMPERATURE 
I PENETRATES 
0 .5 em (5) 

8 

CONTRAST BETWEEN 
CRUSTAL LAYERS 
GREATER THAN 
EARTH'S CRUST
MANTLEBOUNDARY (1n 

COMPRESSIONAL WAVE VELOCITY 
(km/sec) (24) (1) (26) 

__ ._ ____ ___ 

LUNAR MARIA. LOW VELOCITY NEAR THE SURFACE, INCREASING RAPIDLY WITH 
DEPTH (5-6 km/ sec FOR P WAVES, 20 km DEPTH) . ROCKS COLLECTED AT 
SURFACE HAVE THE SAME ELASTIC PROPERTIES UNDER APPROPRIATE PRESSURES 
AS THE MATERIAL WHICH FORMS THE UPPER 20 km OF THE MARIA (1) (26) 

TENTATIVE VERSION OF LUNAR THERMAL PROFILE 
DETERMINED FROM LUNAR BULK ELECTRICAL 
CONDUCTIVITY PROFILES (23) 

CRUST 
p = 2 .9 g/cm3 

CONCENTRATION OF MOON
(13) 

MANTLE 

P = 3.2 g/cm3 

ELECTRICAL CONDUCTIVITY DETERMINED FROM 
MAGNETIC FIELD STEP TRANSIENT MEASUREMENTS 
MADE ON LUNAR DARK SIDE . DATA FIT THEORY FOR 
A CONDUCTING SPHERE IN A MAGNETIC FIELD. 
SIMPLEST MODEL THAT EXPLAINS THE DARK SIDE 
TRANSIENT RESPONSES IS A SPHERICALLY 
SYMMETRIC 3-LAYER MODEL HAVING A THIN 
OUTER CRUST OF VERY LOW CONDUCTIVITY . 

ELECTRICAL CONDUCTIVITY 
HIGHLY TEMPERATURE 
DEPENDENT ( 14) 

LOW FREQUENCY CONDUCTIVITY 
VARIATIONS PENETRATE TO 

(4) 

NO LARGE DENSE 
CENTRAL CORE. 
DIFFERENTIATION 
TEMPERATURES NOT 
HIGH ENOUGH (9) 

TRANSITIONAL BOUNDARY DUE 
PARTIAL MELTING OR 

INCREASED VOLATILES (13) 

NATURAL REMANENT MAGNETISM OF 
10·3 - 10·7 Gauss cm3 ( 10) IS OF 

INT~ RNAL , NOT EXTERNAL, ORIGIN 
(22) (21) 

MOON, AT PRESENT HAS NO APPRECIABLE MAGNETIC FIELD. 
REMANENT MAGNETIC FIELDS, DUE TO NEAR SURFACE 
MAGNETIZED MATERIAL, RANGE FROM A FEW GAMMAS TO 
HUNDREDS OF GAMMAS. (10) 

INTENSE SCATTERING OF SURFACE 

WAVES IN OUTER 2-3 km DUE 

TO ABSENCE OF FLUIDS, LOW 
TEMPERATURE OR BOTH (9) (13) 

OUTER HETEROGENEOUS LAYER A FEW HUNDRED METERS 

THICK. BELOW THIS THE SEISMIC VELOCITY INCREASES. 
DEEPER MATERIAL IS BELIEVED TO BE SUFFICIENTLY 

HOMOGENEOUS TO TRANSMIT SEISMIC WAVES WITH VERY 
LITTLE SCATTERING. (13) 

MEASUREMENT OF A STEADY MAGNETIC FIELD AT THREE 
PLACES ON THE LUNAR SURFACE IMPLIES THAT THE SURFACE 
LAYER WAS MAGNETIZED DURING COOLING BY A FIELD ESTIMATED 
TO HAVE BEEN AT LEAST OF 1000 "( AMPLITUDE . (4) 
PERHAPS IMPLIES ANCIENT CONVECTING IRON CORE (22) (20) 
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A Snow Melter 
for a 

Domestic 
Water Supply 

by Jack and Mary Jane Coutts 

The following article describes a surface water supply developed by an individual 
living in a relatively pristine location. For individual water supplies, most public health 
officials recommend use of ground waters rather than surface waters because surface 
waters are much more susceptible to biological contamination. Few individuals are 
willing to invest time and money in the disinfection and filtration steps that are 
necessary to ensure the sanitary quality of water from a relatively pure surface source. 

· - -the Authors 

INTRODUCTION 

Many Alaskan homesteader types, 
living in the hills surrounding Fairbanks, 

may be identified as they leave their 
offices by the large, two-plus gallon plas
tic water containers in which they carry 
home the family drinking water. But, 
after years of hauling water in this way, 
many people decide to take the plunge 
and shell out several thousand dollars for 
a dri lied well. In many cases, if they I ive 
on the higher hilltops, this can amount to 

well over five thousand dollars. The well, 
even then, may yield only one-half gallon 
per minute (gpm). The authors are part of 

this homesteader group who prefer to live 
on the hills surrounding Fairbanks rather 
than on the flood plain below. After 
reading about snow melters that are used 
in Greenland and in the Antarctic, we 
decided to build one of our own. This 
water supply is for a residence housing 
two working adults; the estimated per 
capita water consumption is less than- 10 
gallons per day. 

Melting snow for one's water supply 
can be a very expensive proposition. It 
takes about 1 50 Btu to convert a pound 
of cold snow into water. So we decided 
to use the waste heat that normally goes 
up the furnace flue stack as the heat 
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K1 flue p1pe 
ID Fan and 

High Ground Sail Switch 

source for the snow me Iter. 

CONSTRUCTION OF THE SNOW
MEL TEA 

A cleared area near the snow melter 

provided the relatively clean snow for the 

water supply. Snowfall in the summer 

months is rare, so it was necessary to col

lect rain water from the roof of the 

house, filter it and direct it into a large 

storage tank. Inasmuch as the system was 

somewhat experimental, we planned to 

build it in the most economical way . 
Because the snow melter was designed for 

and constructed along with a new home 

built on top of a hill, it was easier to 
design it as part of the utility system 

rather than as an addition to the water 

supply system. This meant using some sal
vaged 8-inch schedule 40 pipe as a heat 

exchanger through which an oil furnace 

flue gas would be passed. The melt tank 
itself is a thin-walled, re-inforced concrete 

basin, much like a small swimming pool. 
The 8-inch pipe was made in the shape of 
a hairpin heat exchanger . The 180-degree 

bend was composed of three 60-degree 
welds. A system elevation and plan are 
shown in Figures 1 and 2 . 

We anticipated a potential problem to 
be the oil-fired furnace itself since the 
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FIGURE 1. Snow Melter System Plan. 

cooling effect of the heat exchanger 

would destroy the draft thus creating a 

positive back pressure in the furnace . 

Therefore, we contacted many of the 

domestic home furnace manufacturers to 

see if their oil furnaces could operate 

with a positive pressure in the combus

tion chamber. 

We did not want to use an induced 
draft (I D) fan and have more parts in the 

heating system than necessary. Additional 

moving parts only increase the chance of 

system failure. The manufacturers, how

ever, indicated that their combustion 

chambers were not designed to operate at 

any positive pressure, and therefore 

would not recommend their furnaces. 

This is usually the case when one wishes 

to try something unconventional. We 

then decided to use an ID fan. Before 

such a fan could be sized, it was necessary 
to calculate the flue gas flow rate and 

pressure drop through the hairpin heat 
exchanger. 

For home heating, the furnace was 
sized with a 0. 75 gallon fuel oil per hour 
nozzle (@1 00 psig). [Most smaller oil fur

naces operate at excess air values - often 

50 to 100 per cent more than is required 
for complete fuel combustion.] For cal
culation purposes, a value of 100 per cent 

excess air was assumed. The total flue gas 
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Furnace 

( D 

Basement Wall 

flow rate is estimated from a simplified 

combustion equation as follows: 
(0. 75 gal/hr) (7 lbs. fuel oil/gal) 

(15.5 lbs. flue gas/lb. fuel oil) x 

(2) = flue gas flow rate in 

I bs./hr. 
The mole weight (M), temperature (T), 

and pressure (P) are used in the ideal gas 

law equation to calculate the flue gas 

density ( 1 /V). 
MPV = RT 

where T is in o Rankine, P is in atmo

spheres, and R is 0. 73 tt3-Atm/ 
0 

R-mole. 
From the density, flow rate and the heat 

exchanger dimensions, the pressure drop 

was estimated by using values from the 
American Society of Heating, Refriger

ating and Air Conditioning Engineers 

handbook. The pressure drop and the 
flow rate determine the induced draft fan 
size (head-capacity requirement). In this 

case, the required fan should be able to 
handle 50 cubic feet per minute (cfm) at 

0.15 inches of water pressure. A 150 cfm 

fan was chosen to compensate for blade 
fouling. (The blades have a tendency to 

be fouled with soot. A later section will 

deal with this phenomena more fully.) 

The size of this fan was quite small. Most 

fans of this size have 2- to 4-inch outlets 
and inlets. They are the small squirrel 

cage blower type fans run by a fractional 

horsepower shaded pole motor. 
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This I D fan is at the outlet of the heat 
exchanger at which point the flue gas is 

close to the dew point. Thus, it would 

have to handle a wet gas containing the 
corrosive flue gas condensate. An I D fan 

this small, constructed of corrosion resis

tance material, was unavailable so a stan

dard exhaust blower was used. These 
blowers are usually less than $30 retail. 

Low cost made it feasible to buy a 

blower, allow it to corrode with time, and 
replace it every couple of years when re
quired. 

It was necessary to modify the burner 

controls because, if the furnace continued 
to fire during an I D fan failure, there 

would be odorous flue gases permeating 

Level 

hairpin heat exchanger was 11 feet long. 

Inside the top leg was a 1O-ft. length of 
6-inch stove pipe with one end blocked. 
Its purpose was to increase the gas veloc

ity in the annular space between the two 
pipes and thus reduce the gas film resis
tance to heat transfer. 

Making the seal for the 8-inch pipe 

through the concrete wall was accom
plished by wiring a ring of standard "L" 

shaped rubber weather stripping tightly 

around the pipe and caulking the joints 

and gaps with silicone rubber compound. 

These seals were then concreted into the 
tank wall. During the operation, the tem

perature at the outer wall of the flue pipe 

did not exceed 170° Fat an ambient tem-

High Ground 

8
11 

~hair pin heat exchang

C:.utilidor_:) er 

the house. For safety, the flue pipe was 
laid in a concrete-lined utilidor running 

from the basement (furnace) to the snow 

melter. The burner controls were modi

fied by adding two sensing switches. One, 
a single pole double throw snap-disc ther

mal switch, was mounted on the flue pipe 

adjacent to the furnace. It kept the I D 
fan running after firing to exhaust resid

ual combustion gases. Also, prior to the 

burner start-up, there had to be a draft 

formed or else the initial combustion 

products would flow into the house 

before the I D fan had a draft established. 

A sail (paddle) switch was installed in the 
flue pipe in front of the I D fan to prevent 

firing until a draft was established. It 

would also cut off the burner if for some 
reason the I D fan failed to sustain the 

draft. 
Each leg of the 8-inch schedule 40 
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FIGURE 2. Snow Melter System Elevation. 

perature of 50° F. These seals appeared to 

hold up quite well because there were no 

leaks at the pipe penetratipns. 

The melter tank itself was intended to 
double as a heated swimming pool. Its 

dimensions are 11 x 15 feet at the top, 3 

x 8 feet at the bottom and with walls 
sloping at about a 60 degree angle. It is 

about 5 feet deep. It was constructed of 
wire mesh re-inforced concrete, hand

placed to a thickness of 2 to 4 inches. 

Lime was used to increase the cohesive

ness of the concrete to allow it to be 

placed on these steep slopes. After curing, 

the concrete was given a Gilsonite coating 
in hopes that this would prevent any leak

age. There was, however, a considerable 

spalling problem. That, plus the inability 

to coat the wall behind the heat ex

changer, has allowed the tank to leak 

when its water depth exceeded 18 inches. 
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Therefore, this tank is used only as a 

melter. Fresh snow melt was pumped 
through a cartridge filter (5 micron) to an 
inside storage tank. 

The main water storage tank, with a 
150Q-gallon capacity, was sunk 4 feet 

into the basement floor. It has a surface 

of about 7 x 11 feet, is V-shaped with 

sloping walls, and is about 6 feet deep. 
There has been no leakage because its 
thin concrete walls have been lined with a 

double layer of 20-mil polyethylene film. 

OPERATION AND MAINTENANCE 

In normal operation, snow is plowed 

from a cleared area around the melter and 

Oil 
Furnace 

Heat 
Plenum 

pushed into the melter which is over the 

heat exchanger. If it snows heavily, this 

snow pile may build up to more than 11 

feet. As the huge pile of snow slowly 

melts, it leaves a large cavity (Figure 3) 

over the heat exchanger. As long as this 

cavity doesn't grow through the top snow 

layer, there is enough heat conservation 

for continued melting. Sporadic thaw 
holes through the top were manually 

plugged with large snow balls (blocks). 

The fresh snow melt is pumped from 
the melter by use of a heat taped hose 

and sump pump , sitting on the bottom. 
The inside tank is batch-chlorinated by 

sporadically adding 0.2 to 0 .5 liter of sat
urated calcium hypochlorite solution. 

From there on, a shallow well pump de

livers water to the household fixtures . 
The water is intentionally over

chlorinated to such an extent that most 
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FIGURE 3. Melt Cavity. Note the shovel for scale. 

humans could not get it past their palate. 
Therefore, an activated carbon filter has 

been installed on the cold water line to 

the kitchen. The activated carbon 

removes excess chlorine. 
Overall, the authors are quite satisfied 

with this "homesteader" water supply. 

The only operational problem has been to 

make sure that the suctions of the sump 

pumps in the melter are wrapped with 
heat tapes to prevent ice crystals from 

freezing the impeller to its housing. For 

the past winter, heat tapes were used. 

They were turned on only when the 

pump was operating and this was only 

when the furnace was going. The system 

worked quite well. 

The snow melter requires some main· 

tenance. Every spring after breakup it is 

necessary to climb in and shovel out 

rocks, twigs and other debris left from 
the snow plowing operation. This also has 

to be performed in late September or 

early October so that one can then start 
off with a clean, leaf-free snow melter. 

Snowmelt has a quality similar to distilled 

water: it has no hardness except that 

which is added by the calcium chloride, 
super chlorination process. One has to be 

quite careful, however, to make sure one 
keeps the family dog off the snow field, 

or else periodical inspection and spot 
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cleaning must be done before each snow 
fall. This becomes quite difficult during 

the dark winter months. 

As mentioned earlier, the I D fan ca

pacity was found to be about 50 actual 
cubic feet per minute at about 1/7 of an 

inch (water) pressure requirement. The 

users selected a fan which was oversized 
about 300 per cent because the fan's ca

pacity drops as the blades on the blower 

soot up. Soot is formed in the smaller, 

domestic oil furnaces during start-up 
before the insulating fire brick has come 

up to temperature, even though these fur

naces run at high, excess air levels. 

For the past two winters, the melting 

system has worked well except after mid

February. At that time, the melting rate 

becomes negligible because the ground 

frost or freezing of the soil has penetrated 

down to below the level of the heat 

exchanger. This tends to refreeze any 

snow melt. The problem is compounded 
by the fact that, from mid-February on, 

the furnace firing is quite reduced. This is 
due to several factors. The house has 

6- inch insulated walls and over 100 

square feet of triple-pane windows facing 

south. The warming effect through the 

windows adds considerable heat to the 

building in the late winter and early 
spring. Therefore, the oil furnace does 
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not burn nearly as much as it does during 

November, December and January. How
ever, by mid-February, the inside tank is 
usually quite full of water and with 

water-saving appliances, the 1500 gallons 

can easily last more than the three 

months till summer and rainfall. 

Water is conserved by four methods. 

First, the water pressure system is set to 

operate between 15 and 25 psi which 
means that when the water faucets are 

left on, there is not as much water flow

ing as with the normal 20 to 40 or 40 to 
60 psi pressure system. Second, a conven

tional size bath tub was installed, but a 

hand shower is used. Third, the toilet is a 

mechanical seal type which can be 

flushed with 1/2 pint of water or less. 

Last, the washing machine is a small, 

6-gallon capacity tub with a high speed 

extractor-dryer. Separate rinse basins 

allow used rinse water to be re-used as the 

wash water for the next load of clothes. 

The soiled clothes are therefore cleaned 

by countercurrent extraction. 
In the spring when the snow begins to 

melt off the nearby flat roof, it is col

lected and filtered into the 150D-gallon 

tank. During the summer, rain is collected 

from the roof, filtered with a high rate 

swimming pool filter and stored in the 

same tank. 
Normal precipitation more than amply 

fills the water needs. For the past two 

summers considerable rain fell. It was 

enough to allow automobile washing and 

garden watering. During the summer, ex

cessive rain water will allow the outside 

snow melter to serve as an outdoor 
heated swimming pool once a suitable 

leakproof lining is installed. 
The snow melter has performed admi

rably for the past two years. The esti

mated overall cost of the snow melter 
system is hard to quantify. Some of the 

materials used in its building were sal

vaged and much of the labor was the 

authors'. But the cost is considerably less 

than that of a drilled well. Although it 
requires more maintenance, it does pro

vide more entertainment and personal 

satisfaction. 

Jack Coutts is a graduate Chemical Engineer 

and a Professional Civil Engineer intrigued with 

the problems of living comfortably in the far 

North. 
Mary Jane Coutts is an elementary school 

teacher and a freelance writer. 
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by J. W. Sargent, with J. W. Scribner 

Village Safe Water 
Projects • 

'" Alaska 

-Case Studies-
DEFINITION OF PROGRAM 

HISTORY 

Like other areas of the country, 

Alaska draws the traditional distinction 

between urban and rural areas. Here, the 

urban areas are concentrated around the 

major municipalities such as Anchorage, 

Fairbanks, Juneau and Seward. The re· 

mainder of the State is defined as rural 

and is often referred to as the "bush." 

Providing sanitation services (primarily 

water supply and waste disposal) in the 

bush is quite a different proposition from 

providing such services in the cities. In 

the past, state and federal assistance for 

such services has been provided to urban 

areas through a series of programs that 

have differed from those in the bush. 

Municipal Water and Sewer Grants 

Communities in Alaska can receive 

financial assistance for installing water 

supply and waste disposal systems 

through the State Water and Sewer Con

struction Grants program. Through this 

program, both federal and state funds are 

available for municipal sewage treatment 

and disposal, interceptor sewers, sewage 

collection and water supply. Communi

ties receiving these funds are requested to 

provide matching funds in varying pro

portions. This "matching fund" proviso 

of the Construction Grants program has, 

naturally, limited its success and impact 

in bush Alaska. 

Bush Programs 

Until 1970, the only active program 

for providing sanitation services in rural 

Alaska was . the U.S. Public Health Ser

vice, Indian Health Service, Office of 

Environmental Health. In the late 1960's 

Senators Ted Kennedy and Ted Stevens 

toured rural Alaska and were appalled at 

the lack of sanitation services in bush 

villages. Their reaction to this sorry con

dition was the promotion of a combined 

federal and state program to answer the 

need for rural sanitation services. 

The federal program was the Alaska 

Village Demonstration Project (AVDP). 1 

The state program was the Village Safe 

Water (VSW) program. Simply stated, 

AVDP was to construct two projects 

which were to demonstrate the best way 

to supply rural sanitation services; the 

State was to follow this up by building 

sanitation systems that were developed 

by AVDP. 

THE VILLAGE SAFE WATER ACT 

The Village Safe Water Act of 1970 

was passed for the purpose of providing 

"safe water and hygienic sewage disposal 

facilities in villages in the State," and "to 

assure that there will be at least one 

facility for safe water and hygienic sew

age disposal in each village." The Act 

stipulates that each facility will provide at 

least a safe water supply, means for 

sewage disposal, and bathing and laundry 

services. A village is defined as "an 

unincorporated community which has be

tween 25 and 600 people residing within 

a two-mile radius; or a second class city." 

The VSW act is administered by the 

Alaska Department of Environmental 

Conservation (ADEC). 

A village receiving a VSW project is 

not required to contribute toward costs 

of construction. The State may "provide 

for construction by contract or through 

grants to public agencies or private non

profit organizations, or otherwise." 

When a VSW facility is completed, the 

recipient village must be given title to it. 

The village must agree to accept owner

ship of the facility and be responsible for 

its operation and maintenance. The State 

1 The Alaska Village Demonstration Project was treated in some depth in Volume 7, number 2, The Northern Engineer. 
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TABLE 1 
Villages Receiving VSW Facilities 

Location Mean Jan. Mean Annual 

Village N. Lat. W. Long. Pop. Temp, F
0 

Temp, F
0 

Northway 62 ° 58' 141 °56' 40 -24 ° +22° 

Chevak 61 °32' 165 °35' 447 + 20 +29° 

Nulato 64°43' 158°06' 330 -16° +25° 

Selawik 66°36' 160 °00' 521 -16 ° +22 ° 

Alakanuk 62°41, 164°34' 512 3 0 +28° 

Pitkas Point 62°02' 163 °67' 85 - 3 0 +28 ° 

Koyukuk 64 ° 53' 157 °42' 124 -16 ° +25 ° 

Beaver 66°22' 147°24' 101 -20° +30° 

Kongiganak 59°52' 163 °02' 200 + 2 0 +30
6 

may assist a village with operation and 
maintenance expenses when the local 
governing body lacks sufficient financial 

resources. 

been constructed in nine Alaska villages. 
Table 1 lists the nine villages and the data 
on them concerning population, location 

and climate. 

VSW CONSTRUCTION EXPERIENCES 

Description of Projects 

By the end of fiscal year 1977, Village 
Safe Water sanitation facilities will have 

The VSW project goals in all nine of 

the villages will be the construction of 
central sanitation facilities. A central 
facility is a building from which the 
various sanitation services are dispensed 
(e.g., a faucet for filling a water bucket or 

barrel, a dumping bin for "honey buck-

FIGURE 1. Alakanuk Village Safe Water Facility. 
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ets," clothes washers and dryers, showers, 
and rest rooms). The central facility 
concept contrasts with that of providing 
these services to individual homes 
through a piped distribution and collec
tion system. In some communities, fac

tors such as permafrost conditions, cli
mate and community layout might make 
a central facility preferable to community 

distribution and collection systems. 

Northway and Chevak 

At Northway and Chevak, existing 
community watering points were im
proved and laundry equipment and 
showers were added. Wastewater from the 
Northway facility (containing no toilet 
waste) is discharged to a small natural 
pond. Chemical toilets are emptied into a 
Federal Aviation Administration sewage 
treatment system several miles away . At 

Chevak, wastewater is discharged to a 
sewage lagoon. These facilities were de

signed and constructed under contracts 
administered by ADEC. 

Nul ato, Selawik and Alakanuk 

The sanitation facilities in these vil
lages were the first full fledged ones 
constructed under the VSW program. 

In each village, a new state school and 
the VSW facility were designed and con
structed under joint contracts adminis
tered by the Alaska Department of Public 
Works. All three VSW facilities were 

. patterned after the Alaska Village Dem
onstration Projects in Emmonak and 
Wainwright . The VSW facilities are two
storied structures approximately 55 feet 
square, built on piles. They contain 
washers and dryers, showers, saunas, rest 
rooms, solid waste disposal bins, honey 
bucket dumps and a watering point. 

In all three facilities, water treatment 
is by alum coagulation/flocculation, rapid 
sand filtration, and chlorination. The 
water treatment plants are standard 
Met-Pro physical/chemical package plants 
with a 14,000 gpd capacity. 

The sewage treatment plants are also 
14,000 gpd Met-Pro physical/chemical 
package plants, in which the unit pro

cesses are alum coagulation/flocculation, 
carbon sorption, rapid sand filtration, and 
chlorination. Treated effluent is dis-

The Northern Engineer 



FIGURE 2. Pitkas Point Village Safe Water Facility. FIGURE 3. Pitkas Point Laundry Room. 

charged to the land surface through an Pitkas Point, Koyukuk, Beaver 
elevated, insulated and heated conduit. 

Sludge from both the water and sew· 
age treatment plants is dewatered by 
centrifugation and incinerated. Solid 
waste from the solid waste collection bins 
is also incinerated. 

In each facility the primary source of 
building heat and heat for the dryers is a 
heat exchanger on the incinerator stack. 
A hot water boiler is the secondary heat 
source, and a hot air furnace is the "last 
ditch" source of building heat in case the 
incinerator and boiler fail or are inade
quate. The incinerator, boiler and hot air 
furnace are interconnected through com
plex control systems which have been 
very difficult to keep operating properly. 

At Nulato neither one of the treat
ment plants has performed consistently 
well since the facility was completed in 
November of 1974. Sludge build-up has 
caused severe reductions in the capacities 
of both plants. Since the main water 
treatment requirement is the removal of 
iron (28 mg/1) and manganese (5 mg/1), 
the physical/chemical process that was 
installed was probably not the best 
choice. At Selawik and Alakanuk, raw 
water is obtained from surface sources, 
and the treated water has been of good 
quality since the facilities were completed 
in October 1975 and December 1975, 
respectively. The sewage treatment pi ants 
are also operating well. 
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and Kongiganak 

The Pitkas Point project was com
pleted in February, 1976. This facility is 
built with relatively simple mechanical 
and structural systems compared to the 
big and sophisticated installations at 
Alakanuk, Selawik and Nulato . The struc
ture is wood frame with about 1300 
square feet of floor space. It provides a 
watering point, honey bucket dump, 
washers and dryers, rest rooms, showers 
and saunas. 

Raw water from a creek bed collection 
gallery is filtered (when raw water quality 
requires it) through a bed of sand and 
activated carbon; then it is chlorinated 
and fluoridated. Sewage receives second
ary biological treatment in Multi-Flo 
package plants. These plants consist of an 
aeration chamber and a filter membrane 
for solids separation. Treated effluent is 
discharged to an underground leach field. 

Unique construction methods were 
used at Pitkas Point . The State, through 
ADEC, gave a grant to the village. The 
funds were used to hire consulting engi
neers who were to design and manage the 
construction of the Pitkas Point facility. 
ADEC helped the village negotiate and 
administer the consulting contracts. 

The projects at Koyukuk, Beaver and 
Kongiganak are being patterned after the 
relatively successful Pitkas Point project. 
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COSTS 

Table 2 summarizes capital construc
tion costs for VSW projects to date. The 
costs shown include both design and 
construction. The figures for Koyukuk, 
Beaver and Kongiganak are preliminary 
estimates. 

OPERA Tl ON AND MAl NTENANCE 

The construction of any utility sys
tem, especially in the relatively harsh 
environment of rural Alaska, is money 
wasted unless provisions are made for the 
system to be properly operated and main
tained. Most, if not all, villages lack the 
necessary resources to administer, man
age, operate and maintain even a mini
mum VSW facility (or any other utility 
system for that matter) without continu
ing outside assistance. 

A facility to provide the services speci
fied by the Village Safe Water Act must 
contain relatively sophisticated equip
ment and appliances. Since public health 
is at stake, water and waste treatment 
systems must be kept operating properly 
at all times. Hence, at least one full-time 
trained and paid rna intenance person 
must attend every VSW facility. 

Virtually all of the maintenance peo
ple have to come from the villages where 
VSW plants are installed because " out
siders" are usually reluctant to take up 
residence in remote villages. Since people 
with the training and experience neces-
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TABLE 2 
Capital Construction Costs For VSW Projects 

Village 

Northway 

Chevak 

Nulato 

Selawik 

Alakanuk 

Pitkas Point 

Koyukuk 

Beaver 

Kongiganak 

sary to operate and maintain a VSW 
facility are usually not available locally, 
an elaborate, extensive and ongoing pro
gram for training of plant operators is 

required. 

A continuous and generous flow of 
revenue is required to meet the operation 
and maintenance expenses of VSW facil
ities. In addition to the plant operator(s)' 
salary, there are treatment chemicals, 
electricity, fuel and replacement parts to 
buy. 

Table 3 I ists the estimated annual 
operating budgets (FY 76 figures) for 
VSW facilities completed as of February, 
1976. The figures in Table 3 exclude 
amortization of capital costs. 

Cost (in thousands of dollars) 

60 (VSW contribution) 

75 (VSW contribution) 

860 

1100 

1000 

350 

440 

450 

550 

Sources of revenue in the villages are 
limited. Individuals who use the VSW 
faci I ities wi II pay fees, but the fees cannot 
be so high that people can no longer 
afford to use the faci I ities. Up to $2000 
dollars per month might be raised 
through users' fees in larger villages (400 
to 500 residents) and proportionately less 
in smaller towns. Public Health clinics, 
some owned by the U.S. Public Health 
Service and some owned by the villages, 
might receive water supply and waste 
disposal services from VSW facilities and 
thus pay users' fees, but the revenue 
collected in this way would not exceed 
more than a few hundred dollars a 
month. Fees paid for school water and 

TABLE 3 

Villages 

Northway 

Chevak 

Nulato 

Selawik 

Alakanuk 

Pitkas Point 
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Operating Budgets For VSW Facilities 

Annual Operating Budget (FY 76) 
(thousands of dollars) 

28.0 

37.5 

109.0 

109.0 

109.0 

46.0 
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sewer services represent a third source of 
revenue which could routinely amount to 
about 25 per cent of the VSW facility 
operating budget. So, as a general rule, 
more than half of the money needed to 
operate VSW facilities will have to come 
from outside the villages. 

CONCLUSION 

The Village Safe Water program grew 
out of recognition of the critical need for 
adequate sanitation services in rural 
Alaska. Providing such services involves 
two major efforts: ( 1) capital construc
tion, and (2) operation and maintenance. 
Of the two activities, operation and main

tenance have proved to be the more 
difficult in the VSW program. 

The technological problems associated 
with providing water supply and waste 
disposal services in the Arctic are indeed 
unique and challenging. But by far less 
tractable are long term operation and 
maintenance problems such as finding 
enough money to pay the bills, keeping 
mechanical equipment operative at re
mote sites, and managing personnel from 
great distances without reliable com

munications. 
Without dependable provisions for 

operating and maintaining sanitation 
facilities in rural Alaska, constructing 

them is wasted effort. 

Or. Jerry Sargent is a Sanitary Engineer with 

the Alaska Department of Environmental Con

servation, Pouch 0, Juneau, Alaska. 

Jon Scribner is the Water Programs Director 

with the Alaska Department of Environmental 

Conservation. 

Again, we are grateful to Or. Dan Smith 
Head of the Northern Technology Centre, fo; 
allowing us to publish this article which was 
originally given at the Utilities Delivery 
Symposium last spring. 
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by T. E. Osterkamp and W. D. Harrison 

Subsea Permafrost 

Alaska State Highway Department crew operating on ice off Prudhoe Bay. 

Volume 8, No. 1 31 

Its 

Implications 

for 

Offshore 

Resource 

Development 

Large oil and gas deposits are thought 

to exist on Alaska's continental shelf. 
Their rational development requires a 

thorough understanding of the subsea 

soils, particularly along Alaska's arctic 

coast where subsea permafrost may pre

sent additional difficulties to the neces

sary drilling, trenching and use of these 

subsea soils as foundations for structures. 

Therefore, the variations in subsea soil 
types, their distribution, engineering 

properties and state of ice-bondedness 

must be known. 

A general sea level curve, as shown in 
Figure 1 (MLiller-Beck, 1966), indicates 

that the continental shelf along the north

ern coast of Alaska was exposed to cold 

air temperatures for long periods of time . 
• , :'*;; For example, at Prudhoe Bay, the 15 m 

depth contour is about 20 km offshore 

and, according to Figure 1, could have 

been exposed to cold air temperatures for 
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FIGURE 1. Generalized sea level curve for the past 105 years (after Muller-Beck, 1966). 

40,000-50,000 years. This is sufficient 
time for a permafrost thickness of ~ 6 x 
102 m to form (Mackay, 1972). Subse
quent increases in sea level have resulted 
in a state of ocean transgression on land 
until 3,00Q-4,000 years ago. The sea level 
has been nearly static since then, but 
coastal erosion, by thermal and mechan
ical processes, still continues along the 
flat northern coast of Alaska. The average 
rate of erosion is 1-2 m a- 1 with maxi
mum rates over 30 m a· 1 at Cape 

1 KM 

ARCO 
Causeway 

Simpson and Point Drew (Alexander et 
al., 1975; Leffingwell, 1919). 

The effect of this fairly fast coastal 
erosion is that the permafrost is subjected 
to a new set of thermal and chemical 
(salty sea water) boundary conditions 
more rapidly than it can respond to them. 
As a result, a state of disequilibrium 

exists after an ocean transgression and 
relict subsea permafrost may persist for 
thousands of years at a location such as 
Prudhoe Bay, given the conditions there 

Beaufort Sea 

Pt. Borrow 

Drilling Line 
N32.5E 

Bay 

PRUDHOE BAY 

FIGURE 2. Map showing the location of the drilling line on the northwest corner ot Prudhoe Bay. 
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(i.e., initial thickness 600-700 m, ice con
tent of about 40%, bottom melt rate of 1 . 
0.02 m a- and mean annual sea bed tem-
perature near -1°C). Thus, it is probable 

that substantial areas of subsea perma
frost exist on Alaska's continental shelf, 
particularly near shore, in the southern 
Beaufort Sea. 

The authors ( 1976) conducted a drill
ing and sampling program during May 
1975, at a site near the northwest corner 
of Prudhoe Bay (Figure 2) which showed 
that subsea permafrost exists there to at 
least 3.4 km offshore. Their conclusions, 
pertinent to this discussion, are as 
follows: 

(1) Along the line of our drilled 
holes at Prudhoe Bay, ice

bonded permafrost exists almost 
up to the sea bed within 200 m 
off shore. At 481 m offshore, 
there is an unbonded layer 19 m 
thick beneath the sea bed. At 
3,370 m, the unbonded layer is 
probably between 46 and 71 m 
thick. This unbonded layer 
exists in the presence of negative 

(2) 

(3) 

sea bed temperatures. 

A sharp, well-defined interface 
was found between the un
bonded layer and the underlying 
ice-bonded subsea permafrost at 

all positions within 481 m from 
land. 

The subsea soils are composed of 
sandy gravel mixed with some 
silt and overlain by a thin layer 
of silty sand. This layer increases 
in thickness from a few meters 
nearshore to about 14 m at 
3,370 m offshore. 

(4) The mean annual temperature at 
the sea bed increases from 
-3.4° C at 203m offshore (where 
ice freezes to the sea bed) to 
roughly -1.1°C at 481 m off

shore and to -0.7° C at 3,370 m 
offshore. 

( 5) Where ice freezes to the sea bed, 

the mean annual sea bed tem
perature is several degrees lower 
(see (4) above) and the thickness 
of the unbonded layer is only a 
few meters. A few hundred 
meters farther offshore (481 m 
from the beach), where the ice 
does not freeze to the sea bed, 
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the thickness of the unbonded 
layer increases rapidly to about 
19m. 

(6) The permeability of the subter

ranean permafrost is zero . 
(7) Preliminary experiments indicate 

that the saturated hydraulic con

ductivity of the unbonded sub
sea permafrost is about 10·6 to 

10-7 -1 m s . 
(8) Salt concentrations where ice 

freezes to the sea bed range up 

to 3-4 times that of normal sea 

water. Where there is 0.1 to 0.2 
m of water under the ice cover, 

the salt concentration is about 

twice that of normal sea water. 

Normal sea water exists under 

the ice cover 3,370 m offshore 

where there is about 1 m of 

water under the ice cover. 

(9) A few small ice lenses were 

found in a hole 195m offshore. 

No massive ice was found in any 

of the offshore holes. 

Author Harrison checking instrumentation at drill site. 

Further details of the drilling and 

sampling techniques, soil analysis and 

other results are given by Osterkamp and 

Harrison ( 1976). 
The results of our drilling and 

sampling program, (1), (2), and (4) above, 

show that the ice in the permafrost melts 
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FIGURE 3. Profile of the nearshore subsea permafrost regime. Subsea soils to the right and above 
the dashed line are unbonded and soils to the left and below it are ice-bonded. 
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Author Osterkamp returning to read one of the drill holes. Harrison lowering temperature probe (thermistor string) down drill 

hole. 

at water depths > 2 m after an ocean 
transgression since the subsea soils are 
unbonded there to a depth > 23 m, 
measured relative to the land surface. In 

addition, massive ice bodies < 23 m in 
thickness must be absent at water depths 
> 2 m for the same reason. Therefore, the 
serious problems for foundations and 
pipelines on land created by the thawing 
of ice may be expected to be absent at 

water depths > 2 m. 
The presence of such a thick 

unbonded layer indicates that it should 
be possible to use standard construction 
techniques for foundations and pipelines 
in this layer. Also, the sandy gravel is an 
excellent foundation material. A 
somewhat different situation will prevail 
if a foundation or hot pipe penetrates the 
ice-bonded subsea permafrost. In 
addition, the presence of a well -defined, 
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moving boundary between the bonded 
and unbonded subsea permafrost may 
create problems for structural features 
that transect this boundary (e.g., 

pipelines, tunnels). 

Figure 4 shows the thermal response 
of the subterranean permafrost to an 

ocean transgression. It is obvious that, 
where it penetrates the bonded subsea 
permafrost, a well producing hot oil will 
encounter the same thermal problems it 
does on land but to a greater degree, since 
the subsea permafrost is much warmer 
than subterranean permafrost. This prob
lem may have a positive aspect in that 
well-bore freeze-back may be slowed by 
the warm permafrost temperature and 
salt water infiltration along the well bore. 

The presence of these relatively warm 
sea bed temperatures just offshore , the 
unbonded nature of the sea bed and con-

34 

sideration of salt rejection processes 
during the freezing of sea water suggest 
that it may be difficult to freeze ice 
islands, gravel islands, causeways and sim
ilar structures into the sea bed where 
water depths exceed a few meters. This 
would substantially reduce the shearing 
forces that these structures could with

stand. 

An observation made during the drill 
ing of a hole 195m offshore was that the 
open hole filled with a highly concentra
ted brine which contained a small amount 
of ice slush at a temperature of -9.5°C. 
This hole was at a site where 1.1 m of ice 
was frozen to the bottom and where the 
subsea permafrost was bonded from the 
sea bed downward. The engineering sig
nificance of this observation is that a hole 
or trench made in the bonded subsea 
permafrost may be expected to fill 
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TEMPERATURE PROFILES (MAY 28, 1975) 

(oC) 

203m offshore 

'E -
.s::::. a. 24 
Q) 

0 481m offshore 

3,370m offshore 

FIGURE 4. Temperature vs. depth profiles for several distances from the shore. 

rapidly with very concentrated brine. 
It should be kept in mind that the 

above results and conclusions are based 
on one line of drilled holes. Extrapolation 
to other sites must be done with caution. 
The effects of varying soil types, geolog
ical formations, sedimentation rates and 
coastal erosion rates, rivers and estuaries, 
inundated lakes, offshore islands, bathy
metry, ice conditions and other parame
ters must be taken into consideration. 
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REVIEW 

Utilities Delivery 
Symposium 

In March, 1976, a symposium on 
utilities delivery problems in arctic re
gions was held in Edmo,nton, Alberta. 
The three day meeting was attended by 
over 260 engineers and scientists from 
North America. During the event, a total 
of some 30 technical presentations were 
made on a range of water delivery, waste
water removal and integrated system 
developments. 

The meeting opened with reviews of 
the early developments in Canada (R.N. 
Dawson), Alaska (A.J. "Joe" Alter) and 
northern Europe (T. McFadden). These 
presentations laid the base for the discus
sion of new ideas in design, materials and 
constructed facilities which followed. 

Analyses of uti I idor performance and 
the examination of thermal conditions 
received considerable attention through
out the meeting. A paper by Gamble pre
sented a long term design and cost analy
sis of utilidors. He discussed the folly of 
the philosophy that lower initial capital 
cost resulted in low overall cost during 
the I ife of the system. 

Jean Gravel proposed the re-evaluation 
of the objectives of water supply and 
waste removal from the home in remote, 
small communities. His proposal was to 
manage black wastewater separately from 
the greywater on site and to meet water 
demands with a very simple delivery 
system. 

Dr. Morgenstern, University of 
Alberta, presented an analysis of ground 
behavior under freeze-thaw cycles. The 
effect of these processes on utilities pip
ing is a primary cause of failure. David 
Thornton, EPS, Northwest Region, added 
detailed information on the prediction of 
heat loss from pipes with emphasis on the 
performance of various insulation and 
burial modes. Cameron carried the analy
sis further by presenting a detailed review 
of the performance of pipes buried in 
permafrost. He showed how meaningful 
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predictions of heat loss can be made 
through computer simulation. 

A pair of papers were presented on 
recent research of pipe freezing mech
anisms. Gilpin discussed research on 
ice formation in pipes. McFadden of 
the Cold Regions Research and Engi
neering Laboratory, Fairbanks, covered 
the types of failures that commonly 
occur and six methods of freeze 
damage prevention. 

On Wednesday, an hour and a half 
panel discussion on design guidelines 
for piping systems in northern regions 
was convened. Three panel members, 
Dr. William Ryan, Environmental 
Health, U.S. Public Health Service; Dr. 
Jerry Sargent, Alaska Department of 
Environmental Conservation and Mr. 
lan Drinnan, Department of Public 
Works, Northwest Territories, presented 
their views on design problems and 
needed guidelines. 

A paper on preparation of opera
tion and maintenance manuals was 
presented by Doug Squires of the 
Department of Public Works, NWT. 
He discussed the guidelines for such 
manuals which are used in the NWT. 
Ray Orr presented a review of black 
waste units (toilets) which could be 
used to reduce the total system cost 
for uti I ities delivery. Units such as 
compost, freezing and packaging toilets 
were discussed as to their suitability. 

The types of equipment available 
were the subject of the afternoon 
session. Toby O'Brien of DuPont dis
cussed the use of heat traced, insula
ted polyethylene pipe in cold regions. 
This was followed by a slide presenta
tion on Shaw Pipe by R. Franklin. 
Dr. Gilpin reviewed work done at the 
University . of Alberta on thermal 
expansion compensation in water 
piping systems. 

Fleming Jespersen discussed the 
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advantages and disadvantages of vac
uum sewer systems. He also presented 
illustrations of installations in northern 
and remote locations. Les Clegg of 
the Department of Public Works, 
NWT, discussed specification require
ments for vehicles where a trucked 
water supply and collection system is 
to be used. 

The final day saw the presentation of 
nine case studies of utilities delivery 
systems used in various communities. 
Three papers were on the general topic of 
integrated systems. The first was an up
date on the work being done by the 
Arctic Environmental Research Labora
tory at the Alaskan villages of Wainwright 
and Emmonak. Barry Reid identified the 
types of information that had been 
gained from the first units and discussed 
the design modifications which will be 
incorporated into the new Wainwright 
facility. Dr. Sargent presented a review of 
the nine facilities which the State of 
Alaska has been involved with. He 
pointed out the types of problems which 
can result from letting the design become 
too complicated. 

John Hargesheimer discussed the types 
of problems which faced the constructors 
of the trans-Alaska pipeline. His com
ments were for well designed waste man
agement programs that are in line with 
the real needs of the environment. 

A detailed analysis of the utilidor con
structed by the Cold Regions Research 
and Engineering Laboratory at their field 
test station north of Fairbanks, was pre
sented by Sherwood (Woody) Reed. He 
described the design, performance and 
reasons for a partial failure of the system. 

Dan Rogness and Bill Ryan of Envi
ronmental Health, U.S. Public Health Ser
vice, Anchorage, teamed up on two pre-

Continued at top of next column--
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Continued from page 36--

sentations. Mr. Rogness described the 
details of the vacuum wastewater collec
tion system which was designed for the 
village of Noorvik, Alaska. The system 
includes a much ·smaller above-ground 
utilidor than would normally be required 
and a recirculating water system which 
brings the water directly into each home. 
Dr. Ryan presented design details on the 
partially pressurized sewer system of 
Bethel, Alaska. A number of recommen
dations were presented on improvements 
which should be incorporated into future 
designs. 

The systems for delivering water and 
removing wastewater from buildings in 
lnuvik, NWT, have been described several 
times in the literature. In review fashion, 
Ev Carefoot of Associated Engineering, 
described much of the early reasoning 
behind the site selection and community 
plan. 

In another case study, Fred James of 
the Department of Public Works for the 
Northwest Territories, reviewed the 
design and correct construction of the 
below grade suspended utilidor to be 
installed at Frobisher Bay. The design has 
a number of new features which will war
rant close examination over the next few 
years. 

Ted Parent and Bob Foster reviewed 
the design and construction details of a 
water supply reservoir at Eskimo Point, 
NWT. The facility is one of the few stor
age reservoirs which have been built on 
permafrost. 

The wrap-up of the program was by 
Dr. Gary Heinke of the University of 
Toronto. After summarizing the proceed
ings briefly, Dr. Heinke asked where our 
efforts should lie. He proposed that a 
small group of North American engineers 
and scientists be assembled to co-ordinate 
a major project, that of preparing a guide
line manual for utilities delivery systems 
in Arctic and Subarctic regions. This pro
posal has been reacted to quickly and 
favorably by key agencies in both the 
United States and Canada, and it is hoped 
that such an effort will come to fruition 

in the very near future. 
The proceedings of the meeting should 

be available by September, 1976, through 
the Water Pollution Control Directorate, 
Environment Protection Service. 
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CORRECTION 

We regret to report that there were 
several inaccuracies in the article by Dr. 
Sue Ann Bowling entitled, "The Effect of 
Ice Fog on Thermal Stability," which 
appeared in the last issue of TNE. On 
page 33, Table 1, the temperature range 
at the bottom of the left hand column 
should read: "At temperatures less than 
or equal to -41° C" (T .::;;; -41° C). In 
addition, the last sentence of the first 
paragraph in the first column on that 
same page should say: "Actually, the 
change at Manley is even sharper than it 
appears for most of the clear observations 
with temperatures below -40° C were 
made during very long cold episodes 
when the usual area of open water had 
frozen over." 

On page 34, the second sentence of 
the third column should read: "However, 

wind velocities are rarely great enough to 
activate a conventional anemometer, and 
there is some observational evidence that 
even these weak winds are partially pro
duced by km-scale horizontal eddies 
which accomplish little, if any, mixing 
between foggy and clear air." 

On page 35, the typesetting machine 
went berserk and the footnote, last line, 
was printed inaccurately. It should say: 
"Air heated from below and allowed to 
mix up will have an adiabatic lapse rate." 

FINALLY: Despite the chronic com
plaints about Fairbanks air, we must 
admit that ice fog REALLY doesn't exist 
at heights of 1000 m, contrary to what 
was stated on page 35, the end of column 
three. These -32° C temperatures were 
found at 100 m, NOT 1000 m. Our 
regrets to the author and the readers. 

- - - - Editor 

Symposium 

FREIGHT PIPELINE SYMPOSIUM 

December 5-7, 1976, Washington, D.C. 

Under the sponsorship of the U.S. 
Department of Transportation, the De
partment of Civil and Urban Engineering 
at the University of Pennsylvania will 
conduct an International Symposium on 
Freight Pipelines in Washington, D.C. on 
December 5 - 7, 1976. A number of 
international experts have been invited to 
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present papers on various aspects of the 
subject including slurry, pneumatic and 
capsule pipelines. Anyone interested in 
the Symposium should contact I. Zandi, 
Room 113 A Towne Building/0 3, 
University of Pennsylvania, Philadelphia, 
PA 19174. 
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ANNOUNCEMENT 

H F COMMUNICATIONS 
IN 

NORTHERN REGIONS 

a short course 

Wednesday, Thursday and Friday 
17, 18, 19 November 1976 

At the University of Alaska, Anchorage 
8:30AM to 4: 30 PM 

Room 123 in the College of Arts and Sciences 

Presented by the University of Alaska 
School of Engineering 

Course Description 

The continuing use, the ease of installation and the high cost effectiveness ratio 
of HF communication systems indicate the need for a short course on HF system 
optimization. Although more esoteric and reliable communication systems are 

presently used daily in Alaska, HF communication continues to remain an important 
component of the communication system mix - and is particularly suited to a backup 
role . The purpose of the course is to provide the working communicator with the basic 
understanding of the principles of ionospheric propagation. It will provide 
state-of-the-art information on HF system optimization and focus on the northern 
region propagation environment. A systems approach will be employed to consider the 
complete design of H F communication links including antenna selection and siting, 

frequency selection, noise considerations, and absorption and reflection effects. All 
course materials will be provided on the first day of the course for coverage of the 
outline given. 

Participant's Background 

This course is intended for the "working communicator" or system design 
engineer, from governmental , industrial , and other service sectors of the Alaskan 
communications area. It is desirable that participants have a min imum math and 
physics background of approximately junior college level. 

Registration 

Registration fee is $110.00. Make checks payable to UNIVERSITY OF 
ALASKA, School of Engineering and send with registration form to : 
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~etary 

School of Engineering 
University of Alaska, Anchorage 

3221 Providence Drive 
Anchorage, AJaska 99504 
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Canadian 

Magazine 

THE MUSK-OX, a multidisciplinary jour

nal of the Institute for Northern Studies, 
is Canada's leading northern scholarly 

journal. Most Canadian universities and 
some high schools find this journal a 
useful teaching aid for a variety of classes. 

While Musk-Ox stresses Canadian 
topics, articles on other parts of the 
circumpolar w:>rld, whether from Alaska, 
Greenland or the USSR, are frequently 
included. Along with presenting a well 
balanced picture of the North, the journal 
also publishes translations on current and 
significant articles on the Polar World. 
Short notes, news items and book reviews 
are included in each issue. 

A complete set of back issues (Nos. 
1-13) can be purchased for $39.00 or 
$3.00 per issue. For 1974, Nos. 14 and 
15 cost $5.00; for 1975, Nos. 16 and 17 
also cost $5.00; and for Nos. 18 and 19, 
the price is $6.00. All persons and librar

ies should include their name, address and 
postal code when requesting subscription 
information. Make checks payable to the 

INSTITUTE FOR NORTHERN 

STUDIES and mail to : 
Publications 

Institute for Northern Studies 

University of Saskatchewan 

Saskatoon, Saskatchewan S7N OWO 

Canada 
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