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A Systems Approach to 
Alaskan Transportation 

Dr. F. Lawrence Bennett of the Department of Engineering Management, 
University of Alaska, graciously consented to advise THE NORTHERN EN
GINEER during the collection and editing of manuscripts for this issue of the 
magazine. Dr. Bennett specializes in transportation engineering, operations re
search and engineering management. 

The editorial staff of THE NORTHERN ENGINEER is indebted to Dr. 
Bennett for his aid and critical comment. 

Travel in Alaska-the movement of both people and goods-is increasing 
at an almost unbelievable rate. Spurred by recent oil discoveries on the North 
Slope, by development interests in other parts of the State, and by rapidly 
increasing tourism, the transportation system is being pressed to and beyond 
capacity in many instances. There is little doubt that these demands will con
tinue to increase as the rapid development of the State continues. How will 
the transportation system respond to these demands? 

In the past, those governmental and ---------------
including electrical and hydraulic 
system design, manufacturing process 
planning, and construction project 
scheduling and control. Transporta
tion planning, especially the plan
ning of individual modes, has utilized 
such an approach in varying degrees. 

industrial organiZations concerned 
with transportation in Alaska have 
tended to limit themselves to indi
vidual modes of transport. They have 
succeeded very well, in most cases, 
in carrying out their responsibilities, 
producing individual systems which 
are generally sufficient for the needs 
of the present day. Our highway plan
ning has produced an adequate high
way system, our airports-both public 
and private-have been built and ex
panded in a manner which has served 
their demands, the railroad and the 
marine highway have functioned sa
tisfactorily in their individual roles. 
But one wonders whether the time 
has not arrived for the modes of the 
State's transport system to be consi
dered not only as individual entities 
but also as interrelated components 
of the total system. In planning from 
this overall, total system viewpoint, 
emphasis would be placed on the ef
fectiveness of the entire system and 
the manner in which all of the various 
modes work together in serving the 
State's transportation needs. 

Terminology currently in vogue 
would title such an approach a "sys
tems approach". This type of attitude, 
wherein system components are con
sidered both from an individual view
point and from the manner in which 
they are related, has had wide and 
successful application in many cases, 

The systems approach, in the opin
ion of some, is analogous to high
powered computer mathematics, net
work theory and data collection, an
alysis and presentation. While such 
tools are often useful in the analysis 
of systems, the distinctive feature of 
a proper systems approach is an atti
tude-an attitude which recognizes 
the characteristics of the system com
ponents and seeks to solve the prob
lem in a manner which is best for the 
system as a whole. 

It was refreshing to observe the at
titude of the Highway Research 
Board during its annual meeting in 
January, 1969. This organiZation, con
cerned primarily with highways, is 
adopting an increasingly intermodal 
approach, realizing that effective 
highway planning relates highways to 
other transportation methods. One 
session of this meeting was devoted 
entirely to the problem of access to 
airports from highway and transit sys
tems; another session concerned con
tainerization and the need for cooper
ation among marine, rail and highway 
systems in making this new develop-
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ment as effective as possible. The 
planning agencies of several state 
governments reported on their pro
gress; it was evident that, in their 
opinions, transportation p 1 a n n i n g 
must recogniZe the interconnecting 
characteristics of each individual 
component if it is to be effective. 

A systems approach to Alaskan 
transportation planning would not be 
without limitations. To plan for the 
future requires forecasting the condi
tions of the future, and no forecast 
can be exact. Thus, in the planning 
process, there must he a flexibility 
which recognizes the uncertainties of 
the future and provides for alternate 
developments depending on where 
needs arise. The definition of ob
jectives-what is best for the system 
as a whole-may be imprecise. Be
cause of this possible lack of precise
ly defined objectives and the likely 
shifting of objectives over time, the 
continuous re-evaluation of system 
goals must be a vital part of the 
Alaska transportation planning pro
cess. This recognition of the need to 
redefine goals and rework plans 
based on revised conditions and re
quirements is an essential part of any 
systems approach. 

Alaska faces a challenge to devel
op a transportation system which ade
quately meets the needs of the fu
ture. In a sense, it is fortunate that 
the system at present is not highly de
veloped, for the opportunity therefore 
exists to plan an essentially new sys
tem. Transportation facilities added 
in the near future will greatly over
shadow those that presently exist. 
The time for rapid expansion of the 
system is here. It behooves those with 
an interest in Alaskan transportation 
-government, industry and uni
versity-to c o n s i d e r transportation 
from an overall viewpoint, to estab
lish a framework within which all 
concerned can contribute to the ne
cessary planning, and then to get on 
with the work of planning and de
veloping a system which will serve 
the transportation requirements of a 
growing Alaska. 

-F. Lawrence Bennett· 

.. 



Rivers for Transportation 
Development of the air transport 

industry together with the expansion 
of a hard surface highway system 
since the end of World War II has re
sulted· in a steady decline in the use 
of rivers as transportation. routes in 
Alaska. Now it appears the trend {nay 
be reversed The Mackenii~, · Y ukdn, 
Tanana, Koyukuk, Porcupine and 
Kuskokwim Rivers may again become 
major transport corridors. 

Increased natural resource develop
ment in both the Arctic and Interior 
regions of the North has created a 
need for transport systems that can 
move large quantities of heavy ma
terial at low cost. Winter haul roads, 
ocean transport and aircraft are pres
ently carrying the bulk of the equip
ment and supplies. However, both 
winter road freight and air freight are 
expensive and ocean transport to the 
Arctic is extremely seasonal, and as 
tonnage increases shippers are search
ing for alternate modes of transporta-

tion. Increased efficiency in air trans
port and more reliable surface trans
portation will e n s u r e continued 
growth in those fields of transport. 
Indications, however, point to greater 
diversification. 

Analysis of in 1 a n d waterway 

freighting in the North reveals some 
interesting factors. Most of the major 
northern rivers are fairly large, in- . 
eluding two of the largest rivers in 
North America, the Mackenzie and 
Yukon. The major rivers have small 
gradients and, in general, few rapids. 
In many cases the major systems are 
interconnected, offering thousands of 
miles of transportation routes, e.g., 
the Yukon and its tributaries, the Por
cupine, Tanana and Koyukuk Rivers. 
Minor dredging and canal work could 
extend the Yukon system hundreds of 
miles, thus reaching from interior 
Yukon Territory, Canada, across Alas
ka to the Bering Sea. 

A canal linking the Yukon system 
with the Kuskokwim River, probably 
in the vicinity of Paimute Slough be
low Holy Cross, would further extend 
the Yukon system. Such a canal would 
make the Yukon drainage accessible 
to a deep water port at the head of 
Kuskokwim Bay, thus avoiding navi-

gation problems at the mouth of the 
Yukon River. 

While the Yukon and Kuskokwim 
systems roughly bisect the State of 
Alaska in an east-west direction, the 
Mackenzie system connects the in
terior of the Yukon and Northwest 

THE NORTHERN ENGINEER 
is a quarterly publication of the Col
lege of Mathematics, Physical Sciences 
and Engineering of the University of 
Alaska, Charles E. Behlke, Dean. 

EDITORIAL STAFF: Mark W. 
Fryer, E. Staples Brown, William R. 
Hunt, Norma H. Martin, and Nancy 
S. McRoy. 

We will consider manuscripts of 
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Science and ·Engineering, or fully de-

veloped research reports. While our 
focus is on technology, we view it 
broadly, thus are interested in the 
social, natural and political aspects 
related to cold regions engineering. 
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NEER, University of Alaska, College, 
Alaska 99701. Subscription rates are 
$6.00 per year, $10.00 for two years, 
$20.00 for five years. Single and back 
issues may be obtained for $2.00 each. 
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Territories with the Arctic Ocean. The 
Canadians have long utilized the 
Mackenzie by constructing rail and 
highway connections to its headwa
ters. Already an important part of the 
Arctic transportation system, the 
Mackenzie will carry 10 to 15 kilotons 
of freight to Alaska's Arctic next year, 
to mention nothing of Canadian 
freight. 

An advantage of river transporta
tion is that it is relatively inexpensive. 
Capital investment in river equipment 
carrying thousands of tons of cargo is 
less than that for two large cargo 
aircraft with combined capacities of 
50 tons. River craft do not require the 
extensive navigational equipment and 
systems used by aircraft, nor do they 
require the construction expenditures 
necessary to build hard surface roads 
and highways. Another advantage 
concerns passenger travel; river trans
portation offers a ;'romanticism, un
matched by other transportation 
modes. · 

Disadvantages to river transporta
tion should also be taken into con
sideration. Chief atnong these is the 
short navigation season. At most, 
rivers in interior Alaska can be navi
gated five months a year. They are 
either in flood or experiencing low 
water during portions of this period, 
and are frozen the rest of the year. 
Transport by river barge can be slow, 
especially in an ·upstream direction. 
The Yukon current, for example, aver
ages five to seven miles per hour. 

Even with the disadvantages, the 
use of northern rivers as transporta
tion routes will increase. It is expect
ed the Yukon and its major tributaries 
will be used for logistic support for 
oil and mineral development. The 
proposed Trans-Alaska Pipeline, from 
Prudhoe Bay to Prince William 
Sound, will cross the Yukon River. 
Tourist traffic, particularly between 
existing roadheads, such as Dawson 
City, Y.T., Eagle and Circle City, 
Alaska, is planned for the near fu
ture and the economical growth of 
Alaska's outlying areas will create 
other transportation demands on the 
rivers. 

-Terry T. Brady 



Paimute Slough 
Prudhoe Bay 
White Pass & Yukon RR. 
Copper River & NW RR. 
Northway 
Ft. St. John 
Ft. Nelson 
Sterling Highway 
Taylor Highway 
Marl ne Highway 
Stikine River 
Dry Straits 

Some Historical Notes on Alaskan Air Transportation 
The following are excerpts from re

marks presented by Mr. James E. Moo
dy at the Alaska Surveying and Mapping 
Convention, February 9, 1968. Mr. 
Moody is Chief Construction Engineer 
for the Division of Aviation, Alaska De
partment of Public Works. 

"Even with today's transportation 
challenges facing Alaska, it is difficult 
to realize the problems which 
plagued the Territory near the tum 
of the century. A brief resume' of the 
pre-1920 conditions may help to ex
plain why Alaska crossed the thres
hold into the air age ahead of the rest 
of the United States and today has 
the most advanced state airport sys
tem. 

"For 150 years after the discovery 
of Alaska in 1741, practically all set
tlements and commercial activity 
were at tidewater, limiting transporta
tion to sailing ships and a few steam-

ers. Only 10 miles of wagon road were 
built during that time. 

"The gold discoveries of the Yukon, 
far inland from tidewater, spurred 
the construction of the White Pass & 
Yukon Railroad, begun in 1898. The 
Copper River & Northwestern Rail
road was started in 1908 and the Alas
ka Engineering Commission com
menced construction of the Alaska 
Railroad in 1915. In 1906 the Alaska 
Road Commission was created and 
the trail from Valdez to the Interior 
and on to the Yukon River was im
proved so that it was passable for 
horse-drawn sleds in winter. It was 
not until 1927 that it was finally pos
sible to drive from the coast to Fair
banks and on to Circle City. 

"Coastal communities in the early 
1900's were served by fairly reliable 
water transportation although western 
Alaska points had only seasonal serv-
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ice. Most river transportation was 
limited to sternwheeler traffic to vil
lages along the Yukon and Tanana 
and was also seasonal. Dog teams 
supplied the general means of winter 
travel-leaving us with a heritage of 
the dog-team dentist or doctor, the 
dog-team mail carrier, judge, and 
so on. 

"Involvement of the nation in 
World War I and other problems 
slowed road and rail construction in 
the Territory but it initiated air ac
tivity in Alaska. The Black Wolf 
Squadron's 1920 crossing of Alaska on 
its experimental New York-to-Nome 
expedition, the Army round-the-world 
flight, and other adventuresome 
flights stirred the imagination of 
Alaskans. Private enterprise and the 
territorial government were soon 
working energetically to establish 

(Continued on Page 5) 
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landing strips and airports at all of 
the major communities. The annual 
report of the Governor to the Secre
tary of the Interior for the fiscal year 
ending June 30, 1927, noted that there 
were 44 landing fields in the Territory 
and three transportation companies 
operating a total of eight commercial 
airplanes. Before the end of the 30's 
the airport net made up the most 
complete individual transportation 
system in the Territory. 

"Interest in providing an overland 
route between the U.S. and Alaska 
dates back to 1899 when railroad mag
nate E. H. Harriman envisioned con
struction of a railroad across Russia. 
After the close of World War I and 
the advent of the automobile, atten
tion turned to establishing a highway 
link from interior Alaska to the Unit
ed States. Despite substantial interest, 
nothing concrete resulted until World 
War II. In the first two months after 
the United States' entry into the war, 
the Allied naval fleets in the Pacific 
suffered serious setbacks, and the fed
eral government realized the urgency 

of protecting its position in Alaska. In 
considering the location of an over
land route the Army recognized the 
advantages provided by the chain of 
airports at such points as Fairbanks, 
Northway, Whitehorse, Fort Nelson 
and Fort St. John, and in February of 

· 1942. the decision was made to estab
lish a road· along this route. At about 
the same time these airports were al
most completely reconstructed, par
tially for defense and partially for 
lend-lease flights efforts. The Glenn 
Highway was also built, giving road 
access to Anchorage. 

"The postwar period saw the re
construction of the Alaska Railroad 
and the upgrading of the highway 
system, including construction of the 
Sterling and Taylor roads. The mili
tary airports had been paved or treat
ed with stabilized surfaces, and in 
1949 the first highway pavement was 
laid. Since the early 1950's, airports 
have been greatly expanded to han
dle the increased traffic and larger 
jets. 

"Will the future allow airports to 
become more independent of other 
means of transportation? To the con-

First private air field in Alaska, Circle Hot Springs, 1924. (Photo by Noel Wien) 
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trary, they will lean even more on 
the other modes. The marine high
way system in Southeastern and 
Southcentral Alaska will continue to 
complement air travel. The airport de
velopment at Bethel recognizes that 
community's historic position as head 
of ocean travel on the Kuskokwim 
and distribution center for a vast 
area. We are watching the work of 
the NORTH Commission, the rail
road, and the Ruby Creek mineral 
activities with deep interest. Planning 
for the Wrangell airport was coordi
nated with long range highway plan
ning, including the Dry Straits cross
ing and future road link up the Sti-
kine. . 

"Alaska is unique in its long-time 
operation of a complete state airport 
system. Elsewhere, state-owned air
ports are in the minority, and the fa
cilities are provided by private enter
prise, municipalities and port authori
ties. When one realizes that a single 
airport-like a single telephone-is of 
no use by itself, Alaska's development 
of an extensive, unified system is 
certainly a credit to the State." 

-James E. Moody 

Air Transportation
A Critical Mode for 
a Developing Land 

In the late spring of 1969 the NOR
THERN ENGINEER interviewed Mr. 
Robert A. Riedel, Air Traffic Branch 
Chief, Federal Aviation Administration, 
who was kind enough to spend several 
hours outlining the problems which he 
anticipates will confront the air trans
portation industry in the next few years. 
The following data and projected values 
indicate the magnitude of air traffic con
gestion that can be expected to occur 
in the next few years in the northern 
regions of Alaska. 

Capital expenditures in Arctic Alas
ka during the early 1960's were five 
to ten million dollars annually. Dur
ing 1969 capital expenditures in the 
same area are expected to reach 200 
million and perhaps more. For the 
people of the State of Alaska this sit
uation is, for the most part, a happy 
one; for a few, however, such an in-

( Continued on Page 6) 



(Continued from Page 5) 
crease in activity creates nearly in-
surmountable problems. Think, for a 
moment, of increasing the amount of 
freight moved into the Arctic from 
66,000 tons annually to 270,000 tons
an increase in excess of 400 per cent. 
The nearest railhead is 450 miles 
away with no connecting road. The 
ocean shipping season is about three 
months long during a good year
some years the ice never leaves. 

Airlift freight into Alaska's Arctic 
in 1967 was 1,000 tons, about 1.5 per 
cent of the total freight moved into 
that region. (See Figure 1.) In 1969 
airlift freight will total 60,000 tons, 
26 per cent of the total freight. Air
craft flights in the North Slope area 
of Alaska during March of this year 
were in excess of 225 daily. With very 
few exceptions this aircraft activity 
is chartered, mostly VFI (visual), 
with little control by federal air traf
fic regulations. A take-off or landing 
occurs on the average of every 3% 
minutes in the Prudhoe Bay area, and 
complete chaos has been avoided 
only through close coordination 
among the federal and State agencies 
and the various companies that main
tain and operate the several air strips 
in the North Slope area. 

The air fleet servicing the Alaskan 
Arctic this summer will be double its 
March 1969 number. As winter ice 
strips melt and the melt water covers 
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Figure 2: ESTIMATE OF PASSENGER AIR TRAVEL INTO ALASKA'S 
ARCTIC AND SUB-ARCTIC 

gravel bars in river beds, the number 
of air strips usable in the summer de
creases by at least half. More strict 
control and better navigational aids 
will be necessary. 

Figure 2 points out Alaska's air traf
fic problem in terms of passenger 
transport. Polar flights to the Far 
East together with domestic air travel 
will continue to grow in Alaska. We 
can expect to see an increase of more 
than 100,000 enplaned passengers by 
1972, an increase in excess of 140 per 
cent of the projected 1969 number. 
Although other modes of transporta-

tion can be expected to play a great
er part in the freight haul as time 
passes, air transport of passengers 
will continue to increase. 

Ocean I 
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Ocean Via 
Mackenzie 
River 

Air transportation will haul 26 per 
cent of the freight to Alaska's Arctic 
in 1969, yet by 1970 65 per cent of the 
freight will be waterborne and 22 per 
cent will be overland by winter road, 
leaving the airlift freight in 1970 at 
13 per cent of the total. As other areas 
of the North open up to industrial de
velopment we can expect to see the 
same sort of transportation patterns 
evolve that we are observing in Alas
ka's Arctic today. At first the costly, 
yet flexible, air transport system will 
grow. New landing fields and better 
communications will be built. As the 
aviation industry picks up a larger 
share of the transportation load, the 
more permanent, less flexible modes 
will develop. Highway, railway, in
land-waterway as well as ocean trans
portation will start to share in the 
activity. 
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Transportation planners may well 
learn from the current growth pat
terns of the transportation systems in 
the Arctic, and they should prepare 
for the developments of the industry 
from an overall, integrated viewpoint. 
Air transport is particularly important 
in the initial stages of the expansion 
of the transportation system into new 
areas. 



NORGEM-

A Small Hybrid Wheeled 
Ground Effect Transport 

for Northern Use 
(Presented to the 19th Alaskan 
Science Conference-August 1968.) 

Unfortunately. THE NORTHERN 
ENGINEER was unable to reproduce 
Professor Walkers paper in total. Inter
ested readers might obtain more com
plete information on this project by 
writing to Professor Graham Walker, 
Department of Mechanical Engineering, 
University of Calgary. Calgary, Alberta, 
Canada. 

"In the Department of Mechanical 
Engineering of the University of Cal
gary an attempt is being made to con
vert a small standard commercial ve
hicle to operate as a 'hovercraft with 
wheels'. The objective of the work is 
to produce the prototype of a moder
ately priced vehicle capable of am
phibious operation and of traversing 
many types of terrain with reasonable 
economy and high re~bility. Such a 
machine is thought to ,have manifold 
potential application as a workhorse 
for the North, and for various agricul
tural, commercial and military pur
poses. 

"The program is at an early stage 
of development and the presentation 
of a technical paper now is perhaps 
premature. The intent here is to pro
vide an advisory notice of this activity 
and to invite the help, advice and 
constructive criticism of others with 
interest in this area of transportation 
research. 

Wheeled Ground Effect Machines 
"An alternative to the nonnal 

hovercraft is a vehicle equipped to 
operate ... as a hybrid machine sup
ported partly by the wheels and part
ly by the air cushion. 

"With such an arrangement it ap
pears possible to gain the economic 
advantages of conventional wheeled 
transportation wherever the terrain 
pennits this while retaining the in
herent advantages of the hovercraft, 
i.e.. amphibious operation and the 
ability to traverse areas of soft snow, 
muskeg and marsh. 

"Over very soft ground and water 
the machine might be in the fully 
flying mode with the w h e e I s 
(equipped with heavily ribbed 'snow' 
tires) dipping below the surface and 
acting as paddle wheels for propul
sion. When traversing moderately 
soft ground the vehicle might be sup
ported partly by the wheels and 
partly by the air cushion, called here 
the 'limited traction' mode. Propulsion 
would again be gained through the 
reaction of the wheels and ground 
with substantial slippage expected in 
very soft conditions. 

"In both the fully flying and the 
limited traction modes of operation 
maneuvering might be possible using 
the nonnal front wheel steering gear. 
Clearly, in this respect, a four wheel 
or a front wheel drive vehicle would 
have advantages over the nonnal two 
rear wheel drive vehicle. The prob
lems of stability common to all hover
craft would of course exist with the 
hybrid vehicle in the fully flying 
mode. Here again, though, a four 
wheel drive propulsion system might 
be advantageous to prevent 'plough
in' or capsize conditions developing, 
particularly if limited-slip differential 
gear were included. This tendency to 
inherent stability arises from the ac
tion of the wheels to climb out of 
the trough caused by their immersion. 
In fore and aft pitching or side to 
side yaw the wheels most deeply im-

CUSHION AIR FAN ASSEMBLY 
(TWIN 1500cc VOLKSWAGEN ENGINES 
DRIVING TWO PAIRS OF CENTRIFUGAL 
FANS) 

DISMOUNTABLE FLEXIBLE 
SKIRT (LENGTHS OF RUBBER 
HOSE) 
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mersed would exert the greatest 
'climbing forces thus tending to re
store the vehicle to an even keel. The 
final and most important advantage 
that a four wheel drive system would 
have, of course, is the increased range 
of rugged terrain conditions that 
could be handled in the more eco
nomiC; conventional wheeled mode of 
motion. 

The Hoversled 

"In conjunction with the develop
ment of the Norgem vehicle, the ho
versled is being developed. Basically 
it consists of a simple two or four 
wheeled trailer equipped with a 
buoyancy tank and rubber hose flexi
ble skirt system. It is possible that the 
cushion air could be supplied through 
a large diameter flexible hose from 
the Norgem plenum chamber. Alter
natively a small machinery compart
ment could be provided comprising a 
Volkswagen engine-centrifugal fan 
combination. 

"In use it is anticipated that a train 
of multiple hoversled units could be 
towed by the Norgem unit acting as 
tractor. Over relatively open country 
the whole train could be pulled simul
taneously and in difficult terrain the 
tractor vehicle could make several 
passes pulling one or two hoversleds 
at a time ... " 

-Graham Walker 

MODIFIED EXHAUST PIPE SYSTEM 

STYROFOAM FILLED 
ALUMINIUM BUOYANCY 
TANKS 



Gas Transmission From Northern Sites 
The following remarks have been 

taken from D. M. Coulter, D. H. Norrie, 
G. W. Walker and G. Walker's paper, 
GAS TRANSMISSION FROM NOR
THERN SITES, presented at the third 
Northern Resources Conference held at 
Whitehorse, Yukon Territory, Canada, 
April 8-11, 1969. 

The paper has a twofold composition. 
The first portion deals with the econo
mics of northern gas pipelines, while the 
second portion is concerned primarily 
with engineering problems associated 
with pipeline construction and operation 
in the North. 

Recent discoveries of major oil re
serves in the North suggest that ex
tensive gas fields exist in this region. 
The proven gas reserves in the North 
are as yet relatively small; the major 
field so far discovered is that being 
tapped by the Phillips-Marathon Pro
ject, and is estimated as three trillion 
cubic feet. Historically, however, the 
discovery of large natural gas re
serves has followed the discovery and 
development of substantial oil re
serves. For the purpose of analysis, 
it is assumed here that reserves of 
considerable magnitude will be dis
covered in the relatively near future 
in this area. 

The exploitation of northern gas 
reserves will depend not only on the 
economics of supply and demand but 
also upon the technical feasibility of 
transport under adverse conditions of 
climate and terrain. With the de
mand for natural gas in the North 
American continent showing every in
dication of continuing to increase, it 
is reasonable to assume that natural 
gas from the northern regions of the 
continent will be seriously considered 
for transportation to southern markets 
if sufficient reserves are developed 
and if transportation costs can be re
duced to allow competitive delivery. 

For overland transport of gas there 
are a number of possibilities, includ
ing pipeline transmission in the gas
eous form, pipeline transport of LNG 
(liquified natural gas), and shipment 
as LNG by rail or road tankers or 
even by jet freighter aircraft. Since 
gas transmission from northern sites 

can only be economical if very large 
quantities can be conveyed, and if 
the reserves are huge, mobile over
land transport is ruled out. The data 
in Table I (for existing major Cana
dian pipeline systems) indicate that 

transmission costs are decreased sub
stantially with increasing pipe diame
ter providing, however, through-put 
is sufficient to fully utilize the line. 
The routes of the main lines of these 
systems are shown in Figure 1. 

Westcoast Trans-Canada Alberta & 
Pipeline System Trans. Pipe Lines Southern 
Main Pipe Size 30" & 36" 30", 34" & 36" 36" 
Cost of Pipeline Gas, 

¢/Mcf. 15 15 19 
Source of Gas Ft. Nelson Alberta Alberta 

B.C. 
Delivered Cost U.S. Border 

¢/Mcf. 34.4 28.3 24.3 
Border Crossing Point Sumas Emerson Kingsgate 

B.C. Man. B.C. 
Total Pipeline Miles (Approx.) 1109 1850 1180 
Transmission Costs 

¢/Mcf/hundred miles 2.15 1.46 1.25 

Table I EXISTING MAJOR CANADIAN EXPORT PIPELINE SYSTEMS 

Pipeline Size 
(inch) 

Fully-Powered Capacity 
(billion cu. ft. per day) 

Necessary Reserves 
(trillion* cu. ft.) 

36 
42 
48 

1.2 
1.8 
2.5 

10 
15 
21 

* 1,000,000,000,000 

Table II ESTIMATED CAPACITIES AND NECESSARY RESERVES 
FOR VARIOUS GAS-PHASE PIPELINES 

If gas is to be exported from the 
North within the next few years, it 
will have to be supplied to the market 
at a price not greatly different from 
that currently available, which would 
mean, from a previous estimate, a cost 
of 20¢/Mcf for northern gas delivered 
in the Edson area. In order to analyze 
the economics of a northern system, 
the (probably optimistic) assumption 
was made that unit transportation 
costs for a northern gas-phase line 
would be the same as for the Alberta 
and Southern system, i.e. 1.25¢/Mcf/ 
100 miles. Thus transportation costs 
from Prudhoe Bay, for example, to 
Edson are calculated as 18.75¢/Mcf, 
leaving 1.25¢/Mcf to cover costs of 
gathering, processing and purchasing 
the gas. If transportation costs were 
higher than estimated, the producers 
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would have to pay to export their ga'> 
from the source. 

There is not yet available sufficient 
information on the design of long dis
tance LNG pipelines to estimate the 
cost of an LNG line of similar ca
pacity. 

The cost estimate was made for a 
conventional 36-inch pipeline from 
the North, and it indicates that such 
a line would be less than economical. 
The required lower unit transporta
tion cost could be obtained by in
creasing the size of the line to a 42-
inch to a 48-inch line. Table II shows 
the estimated size of the reserves ne
cessary to utilize a larger line to its 
capacity. The increased capacities 
would also require very large and 
growing markets to absorb the in
creased deliveries. 

(Continued on Page 10) 
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Figure 1: Existing and Proposed Gas Transmission Lines 
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Figure 2: Isotherm Distribution Around a Buried LNG Pipeline 

Gas Transportation ••• 
(Continued from Page 8) 

For LNG lines, indications are that 
the optimum size of a line is an 
order-of-magnitude greater in capaci
ty than the largest size of existing gas
phase line. This would suggest that 
an economic LNG line from the North 
would require capacities and re
serves, and markets, an order greater 
than those listed in Table II. It might 
be postulated that, providing the ne
cessary reserves are discovered, gas 
would initially be exported from the 
North through a very large gas-phase 
line and subsequently through an 
LNG line some years later as the 
market demand increased. 

Technology of Gas-Phase 
Pipelines 

the top few feet of permafrost during 
the summer, thus making the ground 
unstable for supporting a pipeline. 

For these sub-surface materials (ice 
laden fines) where the bearing capaci
ty is low in the thawed condition, it 
is desirable for the line to be above 
the undisturbed surface, with possibly 
additional insulation (fill from a near
by ditch or pit, or wood chips). 

Above-ground construction has ad
vantages where the terrain is particu
larly unstable, such as in permafrost 
areas with high moisture (ice) content. 

The supports of the line are attached 
to large pads {usually of timber) or to 
piles, depending on the terrain. 

Technology of Northern 
LNG Pipelines 

The liquid natural gas pipeline 
seems attractive as an alternate solu
tion for transporting natural gas 
through permafrost or seasonal frost 
areas. Figure 3 indicates the isother
mal pattern typical of a hypothetical 
LNG pipeline. Note that the material 
surrounding the conduit is cold even 
though the line is insulated with plas
tic foam. The temperature of the li
quid in the line would range from 
-259°F to -130°F. 

The technology of the transmission 
of cryogenic fluids is, at the present, 
in its early stages. It would seem that 
many standard methods of pipeline 
construction could be used for a good 
deal of a cryogenic pipeline system. 
However, increased provisions for 
thermal expansion, insulation of the 
line and the higher cost of materials 
suitable for cryogenic use must be 
taken into account. 

On the overall analysis it would 
seem that liquid gas transmission 
over long distances may now be a 
practical solution to many problems 
unique to natural gas transportation 
in the Arctic and sub-Arctic. 

20° 
....._ _____ ..;:::. 

The thermal regime existing in nor
them surface soils is indeed a delicate 
one. Figure 2 indicates the thermal 
disturbance caused by a hypothetical 
buried gas-phase pipeline. Were such 
a system to exist in the thawed soils 
of the south the installation would be 
little affected by heat transfer to the 
surrounding soil; however, when the 
soils display extremely high ice con
tent (typical of Arctic silts and clays) 
the bed stability would be severely 
endangered. Even removal of the sur
face moss and natural insulation 
causes erratic subsidence on thawing Figure 3: Isotherm Distribution Around a Buried Gas-Phase Pipeline 
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Paving the Air Strip at Point Barrow 
One measure of the changing 

Northland was the placement last 
summer of the first asphalt pavement 
north of the Arctic Circle on the Am
erican continent. The paving was not 
only north of the Circle but as far 
north as one can go on this continent, 
in Barrow, Alaska. This was a part 
of the expansion program of the Bar
row airport. 

The first phase of the development 
of the airport was completed in 1963, 
when the Alaska State Division of 
Aviation constructed a 5,000 by 100 
foot gravel runway to replace the 
tundra strip originally developed by 
Wien Airlines. The runway was 
placed on a beach gravel fill five 
feet in depth. The depth was deter
mined by a thermodynamic analysis 
made by the consulting engineers for 
the project, Gray, Rogers and Os
borne of Fairbanks, Alaska. This 
depth of fill was needed to maintain 
the thermal equilibrium in the deep 
permafi:ost which underlies the area. 

The design proved satisfactory and 
no serious settlements occurred. How
ever, surface thawing often made the 
runway unsatisfactory for general use. 
This thawing coupled with the com
ing of jet transportation necessitated 
the construction of a longer runway 
with a surface requiring less main
tenance. 

The Division of Aviation developed 
plans to increase the length of the 
runway to 6,500 feet, widen it to 150 
feet, and provide an asphalt surface. 
A free-draining beach gravel embank
ment, not less than four feet thick, 
was specified to meet thermal require
ments. This was covered with a nine
inch sub-base, consisting of beach 
gravel with some of the scarce local 
silt blended in for a binder. Prelimi
nary sampling of the possible borrow 
sources indicated that there would 
not be any aggregate large enough to 
crush and use for interlocking the 
gravel. Asphalt was therefore utilized 

to provide stability to the runway 
section. A six-inch asphalt stabilized 
base course (placed in two layers) 
covered by a three-inch surface 
course was specified. The surface 
course varied from the base primarily 
by the addition of mineral filler to the 
mix. The softest grade of asphaltic 
cement (AC-200-300) was specified in 
an attempt to provide durability and 
a reduction of cold weather cracking. 

The general contractor, Burgess 
Construction Company of Fairbanks, 
unloaded equipment and supplies for 
the project in late August, 1967. The 
landings were carried out under un
usually strong wind and severe ice 
conditions for that time of year. This 
was, however, only the start of a con
tinuous struggle against uncoopera
tive weather. Borrow pits were 
opened and gravel was hauled until 
shortening days and worsening wea
ther brought the '67 construction sea
son to a halt. 

The major portion of the construc
tion was carried out during the 1968 
season. Work started in mid-April 
when the ice along the beach could 
be used as a haul road. As the snow 
cover melted, the embankment con
struction started. Most of the borrow 
was frozen and had to be ripped 
loose, a difficult task since ripper 
teeth lasted less than an hour in the 
hard aggregate. After the gravel was 
removed from the pits it had to be 
spread for thawing. After thawing 
the material had to be windrowed 
and rolled over in order to dry it to 
optimum moisture content. It was 
found that the sub-base was very 
sensitive to variation in moisture; 
when slightly above optimum mois
ture it would shake like jelly under 
equipment and when slightly below, 
the required density could not be ob
tained. The sub-base compaction was 
the most difficult and critical opera
tion of the project. Snow and rain 
would invariably re-soak a section 
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just as it dried to a satisfactory condi
tion. 

Progress was made, however, and 
by mid-June the asphalt plant was put 
into operation. Intermittent bad wea
ther prevented the placement of pave
ment for nearly two weeks. The first 
paving operations started just before 
midnight on the 31st of June. The sun 
shown brightly all night. and then 
this first operation had to be halted 
at noon on the 1st of July when a 
thick snow storm moved in, reducing 
visibility to 100 feet and softening 
the sub-base. 

The use of uncrushed aggregate 
and soft asphalt proved feasible but 
not without problems. Maintaining 
consistent gradation of aggregate was 
very difficult and required continual 
testing and adjustment. The combina
tion of the smooth, rounded aggregate 
and soft asphalt caused difficulties 
in obtaining compaction, by narrow
ing the temperature range through 
which it could be rolled. 

Despite difficulties, construction 
proceeded, and by September all of 
the runway had at least two courses 
totaling six inches of asphalt; part 
of the runway had the full nine 
inches. Now temperature and the 
need to overhaul equipment forced 
the decision to postpone the comple
tion of the paving until '69. 

The partially completed airfield 
has been used since mid-summer '68 
by planes ranking in size up to Lock
heed C-130's and Boeing 737's with 
satisfactory results. A better evalua
tion can be made after this year's 
summer break-up. 

A somewhat dubious compliment 
has already been paid the runway by 
a leading citizen of Barrow, who 
praised the project because it pre
vailed over the widely held opinion of 
villagers that the whole project would 
have sunk out of sight into the tundra 
by fall. 

-John Burdick 



Preserving Alaska's 
Heritage 

Significant records of man's pre
history in the Arctic are often un
earthed by engineers at construction 

sites. Early campsites, villages and 
hunting spots can be uncovered . dur
ing the building of roads, railroads, 
pipelines, and mining and drilling 
sites. The University of Alaska has 
issued a plea that any indications, 
during excavation, of early habitation 
in the North be reported. Archeologi
cal information from these traces of 
early peoples can then be recorded 
and preserved. 

Archeological sites are the key 
source of answers to the questions of 
man's prehistory in the New World. 
Who were the first inhabitants of the 
North? Were they the ancestors of 
the present-day Indians in North and 
South America? What kind of culture 
enabled them to live in a land ringed 
with Pleistocene ice? When did they 
arrive, and how? Where did they 
come from? The answers are lodged 
not only in an inventory of the arti
facts of, for example, a village site or 
in the dating of the materials by ra
diocarbon or geomorphological me
thods, but also in the position of these 
artifacts in the ground and their spa
tial relationships to each other and 
to "waste" material like flint chips 
and scraps of bone. Each site is 
unique and could provide totally new 
information. 

Several federal and State regula
tions cover the proper excavation of 
archeological sites; all are aimed at 
preserving the information that can 
be obtained from prehistoric sites but 
not necessarily the sites themselves. 
The most important regulations are 
the Federal Antiquities Act of 1906 
(Public Law 34-209) and the Historic 
Sites Act of 1935 (Public Law 74-292). 
The former prohibits collecting or ex
cavating artifacts on federal lands 
without a permit and states that any 
collections made without a permit can 
be seized. The Historic Sites Act pro
vides for a survey of historic and ar
cheological sites, designating certain 

ones as especially important and wor
thy of keeping as monuments or 
parks. In addition, an act "to provide 
for the preservation of historical and 
archeological data (including relics 
and specimens) which might other
wise be lost as the result of the con
struction of a dam" was passed by the 
86th Congress. Salvage archeology 
along roads built with federal funds 
(most roads in Alaska are built with 
95 per cent federal aid) is covered 
by the Bureau of Public Roads Policy 
and Procedural Memorandum (20-7) 
issued in 1959. Archeological sites dis
covered op State lands are protected 
in a similar fashion by Alaska State 
Law 38-12. 

The intent of these regulations is 
to preserve the information contained 
in the sites, which does not mean 
that the sites must be kept inviolate. 
There are not adequate archeological 
techniques that enable proper excava
tions to keep pace with fast-moving 
operations, whether pipeline con
struction or road building. Archeolo
gists need to keep aware of construc
tion activities in the North, especially 
in a period of expansion of transpor
tation and industrial facilities, in order 
to catch the information in prehistoric 
sites before it is lost. Engineers can 
help in this effort by keeping an eye 
out for traces of early human settle
ments and reporting sightings to ar
cheologists and anthropologists. 

-John P. Cook 
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A Winter Road 
During the summer of 1968, great 

pressure was put on all modes of 
transportation in Alaska's Interior and 
Arctic. The oil exploration and drill
ing being carried out in Alaska's north 
Arctic coast required huge quantities 
of sui>plies and equipment. In order 
to supplement the already overtaxed 
air freight system, a winter haul road 
from Fairbanks to Sagwon was 
planned. The Bureau of Land Man
agement approved the use of a corri
dor and, in the late fall of 1968, con
struction was begun by the Alaska 
State Highway Department. 

The planned route, about 540 
miles, was to go from Fairbanks to 
Bettles, crossing the Yukon River near 
Stevens Village, then from Bettles on 
to Anaktuvuk Pass. From Anaktuvuk 
Pass the road would then traverse the 
North Slope proper and terminate at 
Sagwon. The existing Elliott Highway 
to Livengood was used as the first 
leg of the winter haul road. Crews 
and equipment experienced many 
cold weather problems in construc
ti~n of the Livengood-to-Bettles por
tion of the road. Surveying was diffi
cult because of the limited daylight 
hours. At the usual minus 40° tem
peratures, equipment had to be kept 
running continuously, hydraulic hoses 
burst and rubber tires peeled off. Up
rooted frozen spruce trees were like 
huge steel picks, punching and de-

( Continued on Page 13) 
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stroying radiators and cabs of dozers; 
finally steel cabs were exchanged for 
specially-made wooden ones. High 
winds in this section of the country 
forced dirt and dust into air cleaners, 
so that these had to be replaced on 
the average of twice a week. None
theless, the construction crew, which 
had left Livengood on November 25, 
1968, reached the south bank of the 
Yukon River on December 21, and 
completed the road to Bettles, for a 
total of 255 miles, a month later. 

\Vhile the road was being cut from 
Livengood to the Yukon River, a crew 
of about 20, made up mostly of men 
from Stevens Village, worked on the 
ice bridge from the Yukon crossing. 
In temperatures below minus 40°, 
these men cut small trees for poles 
and hauled them by snow machine 
and dog team to the river. About 200 
large trees were laid transverse to 
the river. Across the top of the trans
verse stringers, 6,000 four- to-six-inch 
poles, 20 feet long, made up the cor
duroy surface. Water was pumped 
from the river over the logs and poles, 
cementing the whole into a unit 1,400 
feet long and 20 feet wide. The over
all thickness of the ice crossing at 
completion averaged six feet. 

From Bettles, construction of the 
trail was continued along the John 
River valley. Work progressed slow
ly in the valley, hampered by blowing 
snow, boulders and poor ice on the 
river. The lugs of the heavy equip
ment churned up the river ice and 
caused so much damage that the crew 
had to spread gravel over the ice on 
each of the ten river crossings to 
smooth the river surface. In addition 
to the rock boulders, normal ground 
water seepage and subsequent freez
ing had caused huge ice mounds to 
form. These "pingos" had to be re
moved all along the trail route. The 
road crews did not reach Anaktuvuk 
Pass, 111 miles north of Bettles, until 
February 22. 

The last 60 miles of the winter haul 
road followed the old Colorado Trail 
from its intersection with the Itkillik 
River to Sagwon. In the tundra ter
rain from Anaktuvuk Pass to the It-

killik River, deep snow drifts, shell 
ice on the Anaktuvuk River, over
flows and open water contributed to 
the difficulties in locating a road. 
Temperatures were comparatively 
mild for the North Slope, ranging 
from minus 10° to minus 40° F. The 
construction crew arrived in Sagwon 
on March 12, 1969, and the entire 
538 miles of winter haul road were 
open to traffic. 

Even before its completion, trucks 
carrying freight and equipment for 
the North Slope had been following 
the construction crew on the winter 
haul road. Between the 17th and 28th 
of February, 87 trucks carrying 1,517 
tons of freight had passed through 
the Olnes check station, south of Bet
tles. Before the spring thaw forced 
the closing of the road on April 14th, 
a total of 482 vehicles had checked 
in at the Olnes station, and 7,464 tons 
of freight plus vehicles had been over 
the road; of these, 139 (1,386 tons) 
were empty vehicles being moved as 
part of the road construction. 

Communications and supplies for 
the building crew had to be flown in 
daily, especially in the last stages of 
construction; at any one time, there 
were up to 32 crew members work
ing 12- to 14-hour shifts on construc
tion of the road. According to De
partment of Highway officials in Feb
ruary, the cost of the road was with
in the projected $350,000, but another 
$100,000 would be needed to main
tain the road through the April thaw. 
To put the road into operation again 
next year officials estimate $400,000-
$450,000 will be needed. 

The Alaskan winter road to the 
Arctic, constructed during this past 
winter, is not at all the first successful 
attempt to build an extensive winter 
road over frozen ground and rivers. 
The Canadians and Russians, as well 
as Alaskans, have for years used this 
technique of building temporary 
roads. However, the speed at which 
this project was planned and exe
cuted, together with the size of the 
project, set the winter road effort of 
1968-69 apart from previous construc
tion efforts of this sort. 

-Glenn E. Johns 
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Geological and Arctic 
Sciences Institute 

July 7-August 31, 1969 
Michigan State University presents 

the lOth Summer Institute of Glacio
logical and Arctic Sciences on the Ju
neau Icefield Research Program, 
July 7-August 31, 1969. The eight
week institute will be held on the 
main field sites which lie on or near 
the Juneau Icefield in the Alaska
Canada Coast Range near Juneau, 
Alaska. 

Inquiries may b~ directed to: Di
rector, Glaciological and Arctic 
Sciences Institute, Michigan State 
University, East Lansing, Michigan 
48823. Application must be made be
fore June 15. 

Symposium on 
Water Balance 

June 23-25, 1969 
The American Water Resources 

Association announces its third an
nual symposium will be held in the 
Rocky Mountain resort center of 
Banff, Alberta, Canada, June 23-25, 
1969. The theme, "Water Balance in 
North America," has been selected to 
provide opportunity for leading au
thorities in a nllll1ber of disciplines 
to publicly discuss North American 
water supply and demand patterns 
and ways by which regional short
ages might be modified. 

For further information and regis
tration write: Dr. A. H. Laycock, 
General Chairman, Banff Symposium, 
A WRA, Department of Geography, 
University of Alberta, Edmonton 7, 
Alberta, Canada. 



The Great Telegraph Race 
Oil production in the Arctic is be

ing supported by the most extensive 
engineering efforts ever known in 
the North. The mind boggles at the 
activity involved in finding the oil 
and getting it to market; the dis
covery, drilling and transportation of 
supplies and product are each im
mense ventures. Yet this is not the 
first time that northern engineers 
have embarked on stupendous jobs 
in cold weather regions. In their day, 
the building of the Alaska Railroad 
and the Alcan Highway were formid
able chores, as were all the many 
mining ventures of the Yukon and 
Alaska. Somewhat less well remem
bered, however, was a project that 
exceeded in scale any other down to 
the present time, the attempt to join 
Asia and America by telegraph. 

Known as the Western Union Tele
graph Extension, this'· ~as certainly 
an ambitious effort. An army of over 
1,000 men led by the cream of Ameri
ca's engineering and scientific genius 
labored from 1865-67-when Alaska 
was still Russian America-to survey 
and build a telegraph line from Van
couver, B.C. north through Alaska to 
the Seward Peninsula, across Bering 
Strait, then south through Siberia to 
join with the existing line at the 
mouth of the Amur River. Its backers 
hoped to complete their line before 
their competitors, using the fabled 
iron ship, the Great Eastern, could 
lay a line across the stormy North 
Atlantic. Had they been successful, 
all the European-U.S. traffic would 
have been carried via Siberia, 
thus establishing a link between Asia 
and America that had not existed 
since the Ice Age. 

The telegraph scheme was a col
ossal project even in an age noted for 
splendid engineering endeavors. This 
was the day when the engineers be
gan running the world, "the golden 
age of engineering" that was herald
ed by the Crystal Palace Exhibition 
of 1851 in England. All the mechani
cal wonders revealed there fascinat
ed a public that wa.S just becoming 

aware of the increased capacity tech
nology had attained. At no time be
fore or since had there existed such 
fervent belief that the applied me
chanical mind would conquer all 
problems. Construction of such won
ders as the Suez Canal, the Brooklyn 
Bridge and the Great Eastern amply 
confirmed this faith. 

The Great Eastern was to be the 
Western Union's rival in the frantic 
race between the promoters of the 
two different telegraph routes. Five 
times larger than any ship afloat at 
her launching in 1858, the Great 
Eastern was the most acclaimed ship 
ever launched. She was designed to 
carry 4,000 passengers and enough 
coal to make a round-the-world 
voyage without replenishment. To 
supplement the two engines which 
drove her huge side-paddles, masts 
supported 6,500 square yards of sail. 
But for all her grandeur the ship 
proved to be a gigantic disappoint
ment. Her jinx qualities showed them
selves at the launching when her 
bulk prevented her from skidding 
down the ways. This mishap set the 
precedent for countless other occa
sions when freak accidents caused 
collisions with other vessels and the 
death or dismemberment of crew 
members. Economically, the ship 
never did make its way and ended up 
ingloriously as an exhibition ship. 

But despite the farcical record 
compiled by the Great Eastern she 
~done moment of glory. Leased to 
the sponsors of the Atlantic tele
graph cable, her crew succeeded in 
bringing the cable safely to the 
American side. This fleeting success 
was enough to sink the Western 
Union effort. 

Prior to this, in 1865, the Western 
Union Extension was begun. Much 
was accomplished by the large crews 
working in British Columbia, Alaska 
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and Siberia. The B.C. portion of the 
line was built, the Alaskan and Siber
ian routes were surveyed and some 
portions of the line raised, thousands 
of poles were cut in Siberia, thousands 
more were shipped north from Puget 
Sound. Cable, wire, insulators, and 
other equipment were shuttled north 
on the fleet of vessels maintained by 
the company. Russian and U.S. Navy 
ships also helped. 

Imagine the digging of post holes 
in permafrost by pick and shovel dur
ing an Arctic winter. The ground was 
as hard as a "pharaoh's heart", related 
one of the men. It took one digger 
two to four hours to dig one post 
hole; sometimes the permafrost split 
steel crow bars. To complete the 
workers' misery there was a severe 
food shortage. "This won't do," 
moaned one expedition diarist. 

Yet there were high points. The 
work went particularly well in B.C. 
where neither weather, remoteness, 
nor supply were obstacles. In Siberia 
a small crew accomplished wonders 
in a short time, completing a survey 
of the entire route. In Alaska condi
tions were tougher, but there were 
good days, notably when the first pole 
was raised at Unalakleet to the ac
companiment of a flag-raising cere
mony and the drinking "of our last 
bottle of whiskey". 

More significant for Alaska was the 
survey of the Yukon and the study of 
her people and natural history that 
was carried on by the Scientific Corps 
attached to the expedition. 

Anyway, in June of 1867 the news 
of the project's termination reached 
the northern parties. Work was halted 
and the men were ordered home. 
Most of them were disheartened by 
the news. Their failure was not due 
to any fault of their own; it was just 
that the competition had beaten them. 
The Atlantic cable had been finally 
brought ashore at Newfoundland in 
July, 1866. After waiting some months 
to ascertain whether it might break, 
as it had in the past, the company 
directors decided to suspend their 
operation, having spent over three 
million dollars on the attempt. 

-William R. Hunt 



20th Alaska 
Science Conference 

The 20th Alaska Science Confer
ence will be held August 24-27, 1969 
at the University of Alaska campus, 
near Fairbanks, under the auspices of 
the Alaska Division, American Asso
ciation for the Advancement of 
Science. Conference symposia and 
panels will be organized around the 
theme "Change in the North: People, 
Resources, and Environment." 

The focus of the conference is on 
requirements and effects of petroleum 
development, and their implications, 
with emphasis on the Arctic Slope; on 
the ecological impact of develop
ment; and on the changes taking 
place with respect to the native peo
ple of the North. Key issues to be 
dealt with include: what kind of de
velopment versus how much conser
vation, the economic and political 
basis for decisions about resources 
development, settlement of native 
land claims, and the integration of 
Alaska natives into the socio-eco
nomic structure of the State. The pur
pose of exploring these and other is
sues will not be to reach a consensus, 
but to evaluate existing knowledge, 
identify priorities and needs, and open 
the way toward more effective re
search and policy development in the 
future. 

The conference will bring together 
social and physical scientists, repre
sentatives of government and indus
try, and affected and interested citi
zens. Participants will come not only 
from Alaska and northwestern Cana
da, but will include also those from 
the non-north who can bring new and 
better insight to those directly con
cerned with northern resources, en
vironment, and people. 

For information about submission 
of papers or attendance, write: 

Victor Fischer, 
Conference Chairman 
20th Alaska Science Conference 
University of Alaska 
College, Alaska 99701 

Current Publications 

National Research Council (NRC) 
Division of Building Research 
Ottawa 7, Ontario, Canada 

NRC 9854 Properties and behaviour 
of freezing soils, by P. J. Williams, 
Norwegian Geotechnical Institute, 
Publication No. 72, 1968, 119p. 
(DBR Research Paper No. 359) 

NRC 10297 Moisture content and 
freeze-thaw cycles of masonry ma
terials, by T. Ritchie and J. I. Davi
son-reprint, Journal of Materials, 
Vol. 3, No. 3, September 1968, 
p.658-671. (DBR Research Paper 
No. 370) 

NRC 10384 Experimental pavement 
structures insulated with a polyure
thane and extruded polystyrene 
foam, by E. Penner-reprint, Pro
ceedings of the International Con
ference on Low Temperature 
Science, 1966, Sapporo, Japan, Vol. 
1, Part 2, 1967, p.1311-1322. (DBR 
Research Paper No. 375) 

NRC 10402 Plastic deformation of 
fresh-water ice, by A. S. Krausz
reprint, Proceedings of the Confer
ence on Ice Pressures Against 
Structures held at Laval University, 
Quebec City, November 1966, p.5-
12. (DBR Technical Paper No. 284) 

NRC 10414 Wind pressure measure
ments on a full-scale high-rise of
fice building, by W. A. Dalgliesh, 
W. Wright and W. R. Schriever
reprint, Proceedings of Internation
al Research Seminar on Wind Ef
fects on Buildings and Structures 
held at Ottawa, September 1967, 
p.167-200. (DBR Research Paper 
No. 379) 

NRC 10415 Measurement of abnos
pheric factors affecting the corro
sion of metals, by Herbert Guttman 
and P. J. Sereda-reprint, Ameri
can Society for Testing and Mater
ials Special Technical Publication 
No. 435, 1968, p.326-359. (DBR Re
search Paper No. 380) 

NRC 10481 Observations on the 
movement of ice at a bridge pier, 
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by L. W. Gold-reprint, Proceed
ings of the Conference on Ice Pres
sures Against Structures held at La
val University, Quebec City, No
vember 1966, p.135-141. (DBR Re
search Paper No. 383) 

CBD 113 Canadian Building Digest
Urban Geology, by R. F. Legget, 
May 1969. (UDC 55:711.4) 

Mineral Industry Research 
Laboratory (MIRL) 

University of Alaska 
College, Alaska 99701 

Report No. 19 Handbook of geophysi
cal prospecting methods for the 
Alaskan prospector, by Lawrence 
E. Heiner and Steven A. Wulf. 

Ocean Industry Magazine 
Gulf Publishing Co. 
P.O. Box 2608 
Houston, Texas 7701 

March-September-December 1968 is-
sues, Ice and Marine Structures, by 
Harold R. Peyton, Associate Profes
sor of Engineering, University of 
Alaska. 

Air Conditioning, Heating & 
Ventilating (ACHV) 

200 Madison A venue 
New York, N.Y. 10016 

March, 1969 issue, Design of Air Con· 
ditioning, Heating and Ventilation 
Systems for Alaska. 

Department of Health and Welfare 
State of Alaska 
Office of Research and Academic 

Coordination 
Alaska Water Laboratory 
College, Alaska 99701 

Vol. 2 - No. 1 Scientific Research 
Data and Reports, Current Investi
gations in Alaska, April, 1969. 
This report is an attempt to publi
cize under one cover the various 
research facilities available and the 
recent and current research pro
jects conducted in Alaska by State, 
federal and independent agencies. 




