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COMMENTS 

There's another new name in our "front matter" this issue: Dr. Juan G. Roederer 

is now Director of the Geophysical Institute. Dr. Roederer was born in Italy and grew 

up in Austria and Argentina. It was in Argentina that his professional work began; 
he was involved in cosmic ray research there, participated in restructuring the Uni

versity of Buenos Aires and its School of Exact Sciences, and founded, developed and 
directed the Cosmic Ray Laboratory of Argentina's National Atomic Energy Commis
sion. He and his family emigrated to the United States after the 1966 military coup 

in Argentina. In this country he became Professor of Physics at the University of 
Denver. Since 1968 he has also been a visiting staff member at Los Alamos Scientific 
Laboratory, and since 1974 he has been a consultant for NASA. He is the current 
president of the International Association of Geomagnetism and Aeronomy and a 

member of a number of National Academy of Sciences committees. 
We here at TNE are impressed by our new director. So that you have a chance 

to get to know him a little better, we have asked him to write an article for the mag

azine on an appropriate topic of his choice. Look for it in a forthcoming issue soon. 
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THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 

Institute, University of Alaska - Dr. Juan G. Roederer, Director. It focuses on engin

eering practice and technological .Jevelopments in cold regions, but in the broadest 

sense. We will consider articles st :mming from the physical, biological and behavioral 

sciences, also views and comments having a social or political thrust, so long as the 

viewpoint relates to technical problems of northern habitation, commerce, develop

ment or the environment. Contributions from other polar nations are welcome. We 

are pleased to include book reviews on appropriate subjects, and announcements of 

forthcoming meetings of interest to northern communities. "Letters to the Editor" 

will be published if of general interest; these should not exceed 300 words. Subscrip

tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 

and $35 for five years. Address all correspondence to THE EDITOR, THE NORTH

ERN ENGINEER, GEOPHYSICAL INSTITUTE, UNIVERSITY OF ALASKA, 

FAIRBANKS, ALASKA 99701, U.S.A. 
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by James A. Raymond 

USING WASTE HEAT FOR 

SALMON CULTURE 

IN INTERIOR ALASKA 

"Waste heat" may be the most infuriating combination of words in the language 
to northerners. Most of us have even dreamed of some fanciful heat bank so we could 
have those twenty extra degrees from July saved for Christmas; less conspicuous 
instances of heat when or where we don't want it can leave us muttering, "There must 
be some way, somehow ... " Finding the ways to tame and preserve that precious heat 
becomes even more important as energy costs climb. Thus it is not coincidence that 
this issue leads off with an article presenting one way to use some currently wasted 
heat. We hope it encourages some of you readers to become contributors on this 
significant topic. 

--Editor 
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In November 1976 Alaska's voters ap

proved the sale of $28 million in bonds 
for partially financing an ambitious 

program to restore the state's ailing 
salmon fishery, largely through construc

tion of new incubation and rearing facil

ities. Interior Alaska, in spite of its great 

size and the fame of its Yukon River king 
salmon, produces only a small percentage 

of the total Alaskan catch and according

ly has been allotted a small percentage 

of the enhancement funds. Because 
construction and operating costs in the 

Interior are high, cost cutting will be 
essential to the success of any salmon 
enhancement program here. One means 
of economizing is to raise a species of 

salmon, such as the chum, that is ready to 
go to sea at an early age and thus re

quires a minimum of care before release. 
The two other species of salmon com

monly found in the Interior, the king 
and the coho, normally require extended 

fresh water residences. This fresh water 

residence time and thus the cost of 
raising these latter two species may be 

reduced by the use of waste heat. 
Waste heat utilization to improve the 

productivity of the land is not new in-
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Interior Alaska. As early as 1910 springs 
at Manley Hot Springs on the Tanana 

River were used to produce a profitable 

potato crop (Forbes et al., 1974). Cur

rently other agricultural projects in the 

region using waste heat from a power 

plant and pipeline pump stations are 

being studied by the University of Alaska. 

Fish culture is another industry that 

could benefit from waste heat because 
many fish, including salmon, grow 

more rapidly at higher temperatures. 

In recent years heated water incuba

tion and rearing programs for salmon 

have been started in Oregon, Washing
ton, British Columbia and Alaska (Table 

1 ). The percentage of salmon released in 
these programs that later returned from 

the sea has ranged roughly from one

tenth to twice that found in nature, so 

the heated water rearing concept must 

still be regarded as experimental. Poor 
initial returns should not be too dis

couraging, however, for succeeding gen

erations can become better adapted to 

warm water rearing through natural 

selection, which in turn can lead eventu
ally to significantly higher returns (Don

aldson and Brannon, 1976). 

BIOLOGICAL FACTORS 

Interior Alaska has three species of 

salmon, the king or chinook (Oncor
hyncus tshawytscha), the coho or sil

ver (0. kisutch), and the chum or dog 
(0. keta). Like other anadromous fishes, 

they spend most of their lives at sea but 

must return to fresh water to spawn. 

Depending on the species, these salmon 

spawn from late July to December and 

TABLE 1 

then die. The fry emerge from the stream 

gravel the following spring. Chums mi

grate to sea in their first spring, but the 

kings will spend a year in fresh water 

before migrating and the cohos usually 

two years. The kings and cohos of In
terior Alaska spend a year longer in fresh 

water than do many of their counterparts 
in more southerly locations. Their devel

opment and growth nearly cease during 
the long, cold Alaska winters, so it takes 

longer for the I-nterior Alaskan fish to 
reach the smolt 
physiologically 
(Fig. 1 ). 

stage at which they are 
ready for salt water 

Since low water temperature is the 
cause for this delay, the expense of 
operating a king or coho salmon hatchery 

with ambient temperature water can be 

considerably reduced by using warm 
water. · Growth which might take two 

years in nature can be accomplished in 

WARM WATER REARING OF PACIFIC SALMON 

Waste 

Heat Starting 

Location Facility Species Description Used? Date Reference 

Oregon Elk River Hatchery king rearing no 1971 McGie, 1976 

Washington Fisheries Research coho incubation yes 1967 Donaldson and 

Institute, University and rearing Brannon, 1976 

of Washington 

Abernathy Salmon king recirculated water, no 1967 Banks et al., 

Cultural Development rearing 1971 

Center 

British Pacific Biological coho, king, incubation no 1974 Griffioen and 

Columbia Station sockeye Solmie, 1977 

Alaska Crystal Lake coho, king incubation no 1971 Romey, 1977 

Hatchery (near and rearing 
Petersburg) 

Fire Lake coho, king recirculated water, no 1963 Wallis, 1970, 

Hatchery (near incubation 1971 

Anchorage) 

Fort Richardson coho, king rearing in yes 1961 Wallis, 1970, 

(near Anchorage) cooling pond 1971 

Elmendorf AFB coho, king rearing in yes 1976 

(near Anchorage) cooling pond 
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one year with warmer temperatures 

(Fig. 2). Rates of development and 
growth are roughly proportional to the 

"degree-days" or shaded areas in the 

figure. Note how the concentration of 

degree-days provided during nine months 

of warm water rearing is greater than that 

provided in nature in one year and nine 
months. This would result in larger 

smolts (12 em vs. 7 em) which are 

thought to have higher chances for sur

vival. 

1CM 

v.rtt:o **' -r •• a, 

Since water flow in streams and food 

abundance in streams and in the ocean 
are seasonal, the temperature should be 

adjusted so that the salmon reach the 
smolt stage at the proper time of year. 

The optimum temperature would be 
somewhere between 50° and 65°F. 
Below this range growth is slowed and 

above it growth and survival may be 
adversely affected by disease or heat 

stress. There is also some concern that 

elevated temperatures may interfere with 

the ability of some anadromous fishes to 

Figure 1. King salmon smolt (top) and fry (bottom) caught in Interior Alaska 

in late May. The smolt is ready to migrate to sea but the fry will have 

to wait for another year. (Photo by Kim Francisco) 

Figure 2. 
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Comparison of natural and predicted accelerated growth rates of king 

salmon in Interior Alaska. Fish size is expressed as length and S, H, E 
and M represent spawning, hatching, emergence from gravel and out

migration, respectively. The temperatures at which embryonic develop
ment and growth occur are also shown. 

NATURAL 

12 

temp. 

LENGTH 

,,,,,,,,,,......__ __ 1 YEAR ----

2 4 6 
MONTH OF 

8 10 
YEAR 

12 2 4 6 

adapt to a salt water environment, but so 

far there is no evidence that king or coho 
salmon are so affected. The amount of 

water required would be roughly one gal

lon per minute for each five pounds of 

fish, which for one million fish means 

100 to 5,000 gpm depending on their 

stage of development. The water re

quirements can be greatly reduced by 

recirculating most of the water, but 

this will increase the risk of disease. 

With these biological factors in mind, let 

us look at some of the potential warm 

water sources in Interior Alaska. 

SOURCES OF GEOTHERMAL AND 

WASTE HEAT 

Interior Alaska has several thermal 

springs (Miller, 1973) and some initial 

studies on their use for salmon culture 

have already been made (Forbes et al., 

1974; Forbes, 1976). The Alaska Depart

ment of Fish and Game is currently 

making a more thorough study under a 
grant from the federal Energy Research 
and Development Administration. Some 

of the problems confronting possible use 
of these thermal springs for salmon 

culture are: 
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Figure 3. 

Griffioen, W. and Solmie, 

The Clear AFB power plant (with smoke plumes) discharges 75°F 

water into the left side of the cooling pond in the foreground. The 

water travels around the dike and back into the plant (underground) 

at about 65°F. Use of this water for accelerated rearing of king and 

coho salmon is under study. The drainage channel that runs from the 

radar dome off to the right contains 56°F cooling water and is being 

used by the Sport Fish Division of the Alaska Department of Fish & 
Game for raising sheefish. (U. S. Air Force photo) 

A. 1977. U. S. Geol. Survey Open File Map 570. 
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by Edwin B. Crittenden 

Home on the tundra: The PBOC in place. 

Arco Prudhoe Bay Operations Center 

When the Klondike gold fields 

boomed, the miners who rushed north 

expected to transport, feed, and house 

themselves. Very few came with any 

intention of working for wages; most 

anticipated no business arrangement more 

complex than a partnership. The resource 
development taking place now through

out the circumpolar north demands a 
different approach: corporate bodies, 

large companies and even whole nations, 

are the developers. People working on 

one of these contemporary projects 
expect that their need for shelter and 

desire for creature comforts will be met _, 

by whatever entity is paying them. The 

effect--both physical and psychological-

of the built environment upon its inhabi

tants has become extremely important to 

resource industry development and com

munity establishment . in the far north . 

Design requirements do vary by the 
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political and social structure of the area 

in question, the economic condition of 

the resource industry, and the psycho

logical needs of the inhabitants, as well 

as by the climatic, geographic and trans

portation conditions. Investigation and 

analysis of existing communities and 

facilities forming the environment for 

living and working is one method of pro

viding a base for design of new facilities. 
It is for that purpose that the following 

report on the Atlantic Richfield/Exxon 
Operations Center at Prudhoe Bay, 

Alaska, is presented. 

GENERAL DESIGN CONSIDERA
TIONS 

Prudhoe Bay is located at the north

ernmost reaches of Alaska's North Slope, 

in flat, lake-filled tundra with an unend

ing horizon; only the low profile of the 

Brooks Range to the south breaks the 

horizontal. In summer, miniature vege

tation blooms in myriad colors among the 

tundra lakes, but winter dominates during 
most of the year, and provides the lasting 

impression of the area. Often referred to 
as the "Arctic Desert," the Prudhoe Bay 

area presently displays a new face : Where 

formerly only herds of migrating caribou 

wandered towards faraway calving 

grounds, manmade steel structures now 

dot the horizon. A network of gravel 

roads, raised five feet above the flat 

tundra, cross in all directions to industrial 

structures serving the oil field at the 

termination of each road. Each structure 
has its specific function and reason for 

being, seemingly dinstinct from the 
natural environment. Power lines, drill 

rigs and structures seem to float above 
the tundra. A sense of mechanical func

tionality is a primary impression. Weather 
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conditions remain the constant reminder 
of arctic location . 

The original Operations Center for the 

Atlantic Richfield/Exxon Oil Companies 

lies approximately five miles south of the 

Arctic Ocean, and consists of wood frame 

structures assembled on site. Recreational 
and kitchen/dining facilities were in one 
large building constructed on site, from 

which emanate three housing wings 
constructed of stacked trailer-size mod

ules containing double occupancy rooms 

for 220, the administration wing, and the 

spinal utilidor serving the various life

support structures: sewage treatment 

plant, water treatment plant, generator 

plant, auto repair shop, and vehicle 
storage building. 

When additional work forces were due 

on the Slope, the oil companies decided 

to increase the permanent housing and 

recreational facilities to accommodate 

200 to 250 people . This decision included 

upgrading all housing to single occupan-

.. 
' " '' '' ,, '' ,, 

I EH 1CLE STORAGE !lUILDING 

PHASE l - MAIN LEVEL PLAN 

cy. Life-support facilities were to be 

expanded to accommodate the greater 

permanent loads as well as the temporary 

construction camps. Labor agreements 

for construction required a maximum of 

two persons to a sleeping room, but 

experience had shown that for operations 

personnel, the privacy of single occupan

cy was most desirable to attract quality 

employees. 

Guided to some degree by this already 

existing complex and the desire of the 
client to provide continuity between the 

existing and the new, the design team 
decided to retain the basic satellite form . 

Because of the monotonous landscape, 

the harsh weather conditions, and the 

isolation, a design philosophy was de

veloped concentrating on the following 
points: 

1. Providing complete insular units, 

capable of full physical protection from 

the most extreme variation in weather 

I 
co'"";] "" 

I ----

/ ' I \_../ 
I I 

\.) 

[ ' \ 
\ / 

conditions of high winds and temperature 

differential of -60°F to +75°F. 

2. Providing a visual and psychological 

sense of relaxation and protection from 

the extremes of the exterior climate. 

3. Providing the least disturbance to the 

natural ground conditions of tundra and 

permafrost. 

4. Providing interior areas and spaces 

of sufficient variety in volume, textures, 

colors and materials to give visual relief 
from the industrial working environment. 

5. Providing options within the functions 
of spaces for quiet or active social inter

change. 

6. Providing sufficient privacy for the 

individual in the housing units, with 

transition from public areas creating a 

sense of retreat. 

f .J{ei ::. 0" 

. 
('I 
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ATLANTIC RICHAELD COMPANY - OPERATIONS CENTER EXPANSION - PRUDHOE BAY, ALASKA 
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ATLANTIC RICHFIELD COMPANY - OPERATIONS CENTER EXPANSION - PRUDHOE BAY, ALASKA 

More general conditions called for as 

economical a solution as possible without 
sacrificing function and livability; re

coverability of the individual modules 
for potential use elsewhere; ease of trans
portation capabilities; and use of readily 

available materials. 

For total economy, as well as quality 

control, it was determined that modules 
were to be constructed at a site in the 
continental United States. Economy also 

played a large role in selecting the macro

modular approach for the new addition, 
primarily to reduce labor at the terminal 
site. 

The basic solution developed by the 
Design Team embodies an advanced 
modular concept completed at construc
tion sites in all respects, down to car
peting and bathrooms. The modules 
were designed to be placed by simple 
field connections incorporating "span
sons" (minimal structural connections 
to foundations) as permanent supporting 
elements that elevate the structure for 

transport and construction and reduce 
both impact to the sensitive permafrost 

and snowdrift accumulation. 

Living quarters for 224 people are 
contained in four two-story modules 
40 feet by 144 feet by 36 feet high, 
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extending laterally from a central module 
by means of the connecting link modules. 
The central unit serves as a spine and 
activities center with gymnasium, exercise 
rooms, saunas, jogging track, lounge 
areas, snack bars, and the 126-seat aud i

torium. Also two stories high, the central 
module is 70 feet by 190 feet by 40 feet 
high. It is connected to the existing com
plex by a central connecting link, which 

contains the boiler room and laundry 
facilities. The elevator tower module for 
service access to the various levels adjoins 
the connecting link. 

STRUCTURAL CONSIDERATIONS 

The structural steel sponson supports 
were designed to integrate with the super
structure so that both together func
tioned as a horizontal beam with maxi
mum flexural rigidity . 

Large modules requiring transport by 
crawler type equipment must be con
structed at an elevated position in order 

to be lifted and moved to and from 
barges and to their permanent locations. 
Past designs had incorporated convention
al structures built on a platform sup

ported on delta-trussed trestles or skids, 
which had to be removed and discarded 
before the unit could be installed on its 
piling. The crawlers for these had to re-

main at the sites until all permanent 
connections were completed. The 
P.B.O.C. modules required only transpor
tation by the crawlers with a very rapid 

turnaround for the crawlers and barges. 

The first floor of each of the major 

modules is constructed of steel trusses, 
providing strength, stiffness, and a crawl 

space to contain all utilities. Each floor 

is concrete on steel deck acting as a 
composite with the supporting frame

work. Exterior walls are designed as 
vierendeel or trussed beams for longitu

dinal stiffness with transverse rigid frames 

providing torsional rigidity . Each module 
is enveloped on roof, walls and crawl 

space by steel-clad urethane panels 
2" thick, fireproofed where required on 
the inside by spray-on fireproofing or 
3/4" gypsum board. 

Computer programs were developed 
to verify stress patterns in the mono
coque design of each module by three
dimensional finite element analysis for 
conceivable loading combinations, and to 

assess distribution of all natural and 
unnatural forces to minimize potential 
damage. Design considerations included 
earthquake and wind forces during the 
service life, crawler transport racking 
loads to test torsional resistance, and 
forces at sea that impart loads 50% 
greater than potential seismic loads. 
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The PBOC modules under construction 
on the Seattle waterfront. 
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THERMO COUPLE LOCATION 

TERMINAL SITE PLACEMENT· SECTION THROUGH GYMNASIUM 

ATLANTIC RICHFIELD COMPANY - OPERATIONS CENTER EXPANSION - PRUDHOE BAY, ALASKA 

Having sponson and superstructure 
as an integral design also distributed the 
critical sea forces, and exceeded the 

marine surveyor shipping criteria for 

specific barge-module combinations. The 

barge tiedowns also served to tie the 

structures to the site foundation pile 
caps. 

Torsional rigidity was tested by assum· 
ing loss of one point of support at a 

crawler because of a possible soft spot 

in gravel roadways. A maximum deflec· 

tion of 1·1 /2 inches was computed along 
the diagonal of the 190-foot module. 

Minimal distortion occurred. There was 
no exterior skin or interior wall finish 

repair work required at the site. 
Housing modules were constructed 

with sponsons erected upon simulated 
foundations, then first floor trusses fol· 

lowed by sidewalls prefabricated in seg· 
ments. The first floor trusses were instal· 

led on shores which were maintained 
until superstructure and sponson assem· 
bly construction was sufficiently com· 
plete to resist loads in accordance with 

design assumptions. Maximum prefabri· 
cation was used for sidewalls and trans· 
verse frames of living quarter modules to 
speed erection, reduce cost and increase 

welding quality. Construction of the 
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central module above the first floor fol· 

lowed more standard practice for steel 
erection, with welding completed after 
the structure was plumb. 

A series of illustrations made into a 

slide presentation was used to explain 

design and construction technique to the 
builders. 

MECHANICAL CONSIDERATIONS 

Building floors in the arctic have been 
traditionally cold. The plenum below the 

main level in the modules, because it 
is used as a return air plenum and as a 

heated pipe and mechanical space, serves 

admirably to maintain a warm floor sur· 

face and to provide protected work space 
for making repairs or future modifica· 
tions. 

Ethylene-glycol heating lines, soil and 

waste piping, and gas lines are routed in 
the underfloor plenum. All water I ines are 

located above the accessible first floor 
ceiling of the central corridor of each 
housing module , and serve individual 

room plumbing, either up to the second 
level or down to the main level, concealed 
in walls adjacent to the corridor, keeping 
all plumbing away from the outside skin. 

Waste I ines from fixtures on both floors 

drop in these same walls to the soil and 
waste collection piping in the underfloor 
plenum. In case of an emergency, water 
can be drained from all lines to prevent 
freeze-up. 

The modules have backup heating 

arrangements to reduce the chance of 

freezing. The ventilation air can be 
heated by the ethylene-glycol coils 

(supplied from the central gas-fired 
boiler), or each room can be heated by 
its own thermostatically-controlled elec· 

trical resistance heater. 
In case of a major power outage, 

emergency standby generation power will 
still provide sufficient electricity to 

operate the glycol boiler burners and the 
circulating pumps and fans to hold the 

building temperature above freezing, as 
well as operating the controls, commun· 

ication systems and emergency I ighting. 
Conversely, if the glycol heating system 

has a failure, the resistance heaters will 
carry the load without ventilation. 

The boilers, as additional backup, 
have combination gas-oil burners. In the 

event of a major break in gas service, the 
boilers can be fired with fuel oil stored 
in adjacent tanks. The emergency gas· 
fueled power generation system can also 
use oil as an alternate fuel. 
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A part of the life-support system is 

the sprinkler fire prevention system 

located throughout all of the existing 

complex. Smoke detectors are an inte
gral part of this system; all are con

nected to a central control panel located 

in the administration building. To ensure 
further against the possibility of disas

trous fire, each of the five major modules 

are separated by the connecting links, 

and each link has firebreaks at module 
interfaces. Fire exits are located stra-. 

tegically in the connecting links. Central 

control is able to monitor heating, ven

tilation, communication and fire systems 

in all areas of the complex. 

SPECIFIC DESIGN CONSIDERATIONS 

Since it was necessary to maintain the 
permafrost level as close to normal (18 

to 24 inches below natural grade) as pos

sible, the design allows the prevailing 

winds to pass unhindered under and past 
the structures. Additionally, minimum 

contact with the tundra was desirable. 

Site orientation was guided by the 

prevailing east-west winds. 
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Three basic factors dictated the final 

exterior form: 

1. Separation of the mass of the struc

ture from the natural grade. 

2. Crawler access. 

3. Wind action on the structures (venturi 
effect) . 

A natural result of the crawler access 

requirement is the separation of the 

structure from the final grade. In previous 

designs disposable skids accomplished 

this , with final support of the structures 

provided by wood or steel piles canti

levering the required distance from the 

tundra . The sponsons eliminated the need 

for the skids, and acted as final place

ment supports. Concentrating the foun

dation pilings under each sponson pro

vided large spans between pile caps, and 

allowed minimal obstruction below the 
mass of the structure. 

To encou rage the natural flow of the 
cooling w inds and to create the venturi 

effect, the sides of each major module 

were designed with the lower five feet 

sloping inward at 45 degrees, creating 

a funneling effect for winds. The shop 

complex, which was built on site because 
of its size and weight, has been provided 

with "air chimneys" through the struc

ture to assist the air flow. 

An additional advantage to the span
son system is the ease with which refree

zing units could be located in the pile 

clusters should the thermal regime ever 

require correction . Thermal couples are 

distributed to record actual perma
frost regime variations. 

On the assumption that it is desirable 

for transient people in an alien climate to 
escape the cold and monotonous land

scape, the design was based on a transi
tional sequence, terminating in the 

individual's personal housing unit . As 

food service, I ibrary, operations and 

control center were already available in 

the existing complex, additional amen

ities were based on the requirements for 

physical activities, an improved auditor

ium and additional conversation group

ings . Acting as a central core, the new 

activities module has the housing modules 

sited in a satellite configuration, separ

ated from the main module by the 
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connecting links that provide vertical 
circulation and privacy. Entry to the 

complex is limited and one must travel 

through active public areas before reach

ing the privacy of more personal space. 

The auditorium, a recreational and 
training area used by everyone within 

the entire complex, was placed as close 

to the overall center as possible. Physical 

activities areas, including ball court and 
running track, were located away from 
the lounge areas to prevent noise. Sur

face variation in textures and colors, 
and changing volumes, provide sensory 

relief. 

Stairways for both the main and hous

ing modules are in the connecting links, 

so these provide vertical circulation as 

well as transition from public to private 

space. Corridors in the housing modules 

are carpeted to cut down noise; sleeping 

rooms are separated from the corridors 

by buffer vestibules, conta1n1ng shower 

and toilet facilities as well as the entry 

foyer serving a two-room suite, which 

helps to exclude exterior noise. The 

rooms have solid core doors and sound

insulated walls for further privacy. 

Although each room is small, comfort 

is provided by a free-standing bed, a 

comfortable chair and a modular desk 

arrangement which allows considerable 

free room. Communication and enter
tainment is provided to each room by 

a telephone and communications console 
that allows control of sound programs 

and the intercom system. There is varia

tion in the color schemes between mod

ules, providing further relief as well as a 
means of identification. Materials and 
colors utilized, in both the central ac-

dictates. The areas for active recreation 
are hard surfaced and more brightly 

colored. The conversation areas and 
individual rooms have softer materials 

and colors. 

Because of the unique rotational sys

tem for personnel on the Slope, single 

rooms can be home for two people. 
Each room has two closets indepen

dently locked, so the individual on Rand 
R can store personal belongings in his 

own room storage while his alternate 

uses the living space. 

Openings for windows and doors 

reveal the thickness of the walls; the 

sense of protective thickness is enhanced 

by the preformed angular frames sloping 

away from the openings. Furnishings 

were selected to reflect quality and com-
tivities module and the satellite housing . fort, on the theory that such surround-

modules, were selected to induce repose ings will assist in attracting more qual-

or stimulation as the function of the area ified personnel to this remote area. 
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the arctic and in other isolated locations 

of extreme climatic conditions. 
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TRANSPORT AND CONSTRUCTION 

Joining the huge supply fleet during 

the summer of 1975, the modules left 

Seattle for Prudhoe Bay on July 4. As 

the sealift reached the area slightly west 

of Pt . Barrow, the unusually heavy ice
pack prevented a quick run into Prudhoe 

Bay. A storm with winds of 65 knots 

battered the barges and blew the barge 

containing the four housing modules 

ashore . The barge was severely damaged 

but the modules received only minor 
damage with slight indentations in the 

exterior metal skin caused by ice bat

tering. Transferred to another barge, 

but too late to continue into Prudhoe 

Bay, they were returned for wintering 

in Valdez harbor in Southcentral Alaska. 

They were brought to Tacoma for repair 

during the spring of 1976 and success

fully delivered that summer. 

The barge containing the central 

activities module and the one carrying the 

connecting links made it into Prudhoe 
Bay during the '75 Sea Lift. They were 

unloaded and transported five miles 

inland to their final location . This was 

a continuous operation lasting approx 

imately seven hours , of which only one 

hour was required for final site place

ment. No interior damage was detected 

in the modules despite the rough treat-
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ment they received during the storms 

encountered at sea. 
Exact construction cost figures are not 

available, but it is known that a minimum 
30% saving over conventional "stick

built" was realized. Similar solutions 

could be adapted to most remote area 

construction with similar beneficial 

resu Its. 

CONCLUSIONS 

Considerably more than high salaries 

are required to induce qualified personnel 

to endure the long hours, harsh climate 

and the isolat ion from families and the 

urban scene. The design of the Prudhoe 

Bay Operations Center Expansion was an 

attempt to provide a built environment 

that mitigated these hardships. 

The effects of isolation, climatic 

restrictions , darkness and crowded con
ditions still require social research, as do 

the effects of the design tools of color, 

temperature, texture, volume, humiditY,,. 
light and sound . At the ARCO / Exxon 

Operations Center, as at the British 

Petroleum Center a few miles away at 

Prudhoe Bay , the present "state of the 
art " of design and construction under 

arctic conditions is fully illustrated and 
is being tested . The results from such 

testing should contribute greatly to the 
design of future facilit ies throughout 
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by Lee Leonard 

CULTURAL TECHNOLOGY 
Meeker and Mudflaps Considered 

Not long ago, I was following a forty

foot high-boy tractor-trailer rig along 

the Richardson Highway. The deck was 

loaded with a half dozen chain-cinched 
and mud-freckled yellow Chevy pickup 

carcasses of the type which have colored 

the Alaskan landscape since construction 
of the trans-Alaskan Pipeline began only 

a few short years ago. With the Pipeline 

now complete, looking at those trashed

out pickups only suggested to me that 

the job had been tough on equipment. 

But this outfit had yet another statement 

to make. In white outline against the 
black rubber palms of his mud flaps was 

a map of Alaska and across the map in 

blocky white letters was: "NORTH 

TO THE FUTURE." There were two 

mud flaps, so I was doubly conscious of 

what my trucker friend was telling me, 
and it brought to mind Joe Meeker's 

presentation to the Conference on North
ern Change which appeared in the last 
issue of TNE (Vol. e. No. 3 & 4). It, 
too, was a statement on the north and its 

The Northern Engineer, Vol. 9 No. 1 

future, a thoughtful and provocative 
summary of the problems and dilemmas 

facing the north which suggested that 
things might not be as cut and dried as 
this mud flap message would lead me to 
believe. 

So I continued along that lonesome 
strip of asphalt, tucked in the slipstream 

of an eighteen-wheeler, and began to 

consider what Mr. Meeker had said about 

the historical pattern: that places rich 

in natural resources seldom reap much 

benefit from them; that people who 

I ive near the resources are most often 

affected by decisions made somewhere 
else. He had placed in perspective the 

length of time that oil and gas would 

seem important to northerners and 

questioned its ultimate significance, 

speculating on the balance of human 

versus technological values, and the 

classic northern identity crisis. In the end, 

he offered no solutions, so was there any 

real reason for me to believe his more 

scholarly yet darker analysis over the 

simple exuberance of the wheeled phi

losopher ahead? Then all at once it struck 

me: This character with the profound 
mud flaps is heading south! 

No doubt there remains some still 

unvoiced frustration that such a large part 
of North America has not completely 

yielded to the inevitability of Manifest 

Destiny, but a simple truth seems in
escapable: in spite of the burgeoning 

population to the south, the forward 

inertia of twentieth century technology, 

and the driving force of an ever expand
ing economy, the north has remained 

largely unsettled and undeveloped. So 

what is this talk of the future? 

In the chronological sense the north 

most certainly has a future. Time will 
pass. The future will most certainly be

come reality. But the word future always 

seems to imply so much more, with the 
primary implication being that things 
will somehow be better than ever. 

Meeker's thesis simply questioned this 

implicit conclusion by producing hard 
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evidence from the past--a conservative 

position perhaps, but a valid one too 

often overlooked by the progress-con

scious. Yet time argues for some kind 

of future and as purveyors of technology, 

a future-oriented business, we are left 

to deal with it, speculate on it, and 

prepare for it. So again, what can we 

say about the future of the north? 

We may safely say one thing: Tech

nology will play a significant part, if only 

because it is a continually evolving aspect 

of the human condition. What kind of 

technology, with what intensity and 

form, becomes speculative. Yet some 

tempered speculation may be therapeutic. 

However, if as a first assumption in 

our speculation we assume that the sheer 

force of a complex technological society 

will open up (a term common in western 

experience) the north, we argue against 

history. In less than a century Americans 

and Canadians settled the western half 

of the continent, scattering every conceiv

able industry in their wake and complete

ly overwhelming the native population, 

at a time when technology was humor

ously primitive compared to today's 

standards. Yet after about the same 

length of time any road map will show 

but a few thin arteries penetrating north, 

servicing but a few southern-style centers 

of population. Northern native peoples 

add further irony to the projection of 

nineteenth century experience, increasing 

in population as well as social and politi 

cal influence, and promising to remain 

a significant force in the shaping of any 

northern future . All this gives reason to 

question the ultimate power of western 

technological advance in the face of the 

northern environment and argues that the 
north may never be fully assimilated 

into the greater mass of western culture. 

From the beginning, technology has 

been an integral part of civilization and 
culture, inextricably linked to the art, 

literature, and religion of a people. It 

has affected in varying shades of sophis

tication and intensity every aspect of 

life in every age and time. In this respect 

perhaps all technology is cultural. Yet 

there are examples in which technology 

precedes culture, thus helping to form 

and define the uniqueness of a civiliza

tion. In some cases a particular aspect 

of technology has been the foundation 

on which a significant part of a culture 
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was built. For instance: The long ships 

of the Norsemen evolved from the need 

of the people inhabiting the rocky coasts 

to depend on sea travel for their liveli

hood, and while the ships themselves have 

since changed, the seafaring culture of 

Scandinavia is still very much alive. The 

Dutch had a reciprocal relationship to the 

sea, using technology to reclaim land, 

and though the old windmills have been 

replaced, their traditional tasks are con

tinued by a more modern technology. 

These are examples of what I would term 

cultural technology, technology expressly 

adapted to the environment of a people 

and aiding in their search for identity, 

a need which concerned Mr. Meeker 

about the north. 

Significant northern population 

growth over the past two decades has 

been paralleled by ever-increasing abun

dance of cheap energy, which has in turn 

encouraged the establishment of life

styles and standards of I iving roughly 

equivalent to those in the more indus

trialized south. This approach to the 

realities of northern living places a barrier 

of energy between people and their 

environment and retards the necessity 

to come to terms with place, to become 

acclimated, precipitating the northern 

identity crisis of concern to Mr. Meeker. 

Of course it is necessary to the human 

condition to modify an environment to 

permit a satisfactory lifestyle, but the 

use of what I call power technology, 
requiring large amounts of energy, may at 

least in the north be an artificial situation 

which cannot last. In winter, per capita 

energy consumption figures for a city 

like Fairbanks, Alaska, indicate that 

northerners use about the same amount 

of energy as residents of the Boston

Washington megalopolis on the east coast 

of the United States : approximately 
10.2 kwh/hr per person for Fairbanks 

and 10.3 kwh/h r per person for Boston

Washington.2 But unlike the east coast, 

Fairbanks does not possess any significant 

industrial productive capacity--and the 

east coast per capita consumption figures 

include industrial consumption . North

erners are therefore seriously overextend

ed with respect to energy consumption. 

Stated more directly: east coast residents 

pay for their indulgent energy consump

tion with the products of an established 

industrial complex whereas northerners 

do not. And to say that this deficiency 

will soon be overcome by providing ser

vice to those industries associated with 

extraction of nonrenewable resources 

only accents the transient nature of pow

er technology in the north. It seems clear 

that with energy becoming increasingly 

more expensive, the long-term choice 

for northerners is simply : Quit the 

country, or develop new lifestyles stress

ing a technology that is more compatible 

with the environment, that identifies 

more closely with place, thus embracing 

a cultural technology which will help 

provide a viable living standard. 

It is, of course, not possible to define 

at present the form of such technological 

innovation and there is some question 

whether we could recognize it if we saw 

it. In the recent past the availability of 

cheap energy has precluded the need for 

such innovation, and any talent for 

producing such a thing has not been 

exercised. Yet if we look back to a time 

in the north when a power technology 
was not readily at hand, we see that once 

upon a time some form of cultural tech

nology did exist . One example, which is 

almost a symbol for the far north, is the 

hemispherical snow-block igloo developed 

by the Barren Ground Eskimo people of 

north central Canada. Development of 

this structure permitted the evolution of 

the nomadic culture which was necessary 

to wrest a livelihood from that particular 

environment. This is only one example 

of a native technology which has all but 

disappeared now, and I am in no way 

advocating a return to it, but it serves 

to demonstrate how a single technological 

innovation acted in the definition of a 

culture and shows the presence of an in

digenous tradition of cultural technology 

in the north. 

More recently in Alaskan and Cana

dian experience products of cultural 

technology have evolved which combine 

the imported technology of the northern 

immigrant with the acute sense of envi

ronmental practicality of the northern 

native. Two such examples are: (1) the 

log cabin and (2) the basket-type dog 

sled. It is true that log construction is 

not new or unique to the north, but the 

long, low, sod-roofed structure seen in 

the Alaskan and Canadian interior in 

both native villages and larger commun

ities does possess a traditional uniqueness 
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which can quickly be distinguished from 

the structures commonly found else

where. It was a structure which could be 

produced from the raw materials at hand 

to offer its inhabitant an acceptable level 

of amenities. Using this technology an 

immigrant trapper or prospector could 

pursue his livelihood with a minimum 

level of outside support. His lifestyle 

then revolved around the mobility that 

the technology provided . 

The dog sled is a more complicated 

piece of technology and may more clearly 

define the point. Early northern immi

grants found the natives using dogs and 

sleds for transportation, a method con

veniently adaptable to both their needs 

and the environment. But the sleds being 

used were heavy, rigid, and poorly engin-

eered contraptions. So the immigrants 

provided a more advanced technology 

to produce a sled made of thin strips of 

wood, formed and bent and secured in 

truss-like fashion to offer strength with 

minimum weight. Although this improve

ment was quickly adopted by the natives, 

they just as quickly observed that the 

constant flexing of the hardwood mem

bers against iron fastenings caused fre 

quent breakage and required constant 

maintenance. It was the native, therefore, 

who added the final refinements by 

building sleds of birch, a native wood of 

exceptionally light weight, yet possessing 

the strength and resilient properties 
necessary to stand up to hard use. Then 

by tying member connections together 

with rawhide lashings they provided a 

strong, non-chafing joint. The result was 

a successful invention combining both 

cultural experiences to produce a piece 

of cultural technology which now occu

pies a permanent place in our evolving 

cultural tradition. The log structure has 

endured and continues to supply north

erners with a comfortable as well as 

esthetically pleasing dwelling in both 

rural and urban areas. While transporta

tion by dog sled is no longer of major 

significance in the north, the increasingly 

popular sport of sled dog racing, which 

is now international in scope, has not 

been able to improve on the basic tech

nology of the basket sled in spite of con 

tinual attempts to do so. 

Such examples of cultural technology 

are far too rare to instill confidence in 

The comparative youth of this log cabin is shown only by its modern windows and roof; though more contemporary details would 

appear on closer examination, the overall design is classic. (Photo and construction by the author.) 
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Contempory basket-type dogsled used for racing. (Photo and construction by the author.) 

the imminent emergence of a northern 
future complete with cultural uniqueness 
and respectable degree of independence 
from outside influences. Yet, I would 
argue that only two examples should be 
sufficient to prove the potential does 
exist, and should help to define tech
nology's role. And this leads to the con
clusion that the north may have some 
kind of future after all. 

The trouble with futures is, of course, 
their nasty propensity for evolving in 
spite of man's intervention. And yet 
there is enough historical evidence to 
suggest that some planning is not alto· 
gether futile . In North America two 
processes are presently combining to 
provide northern residents an economic 
intermission in their traditional struggle 

with the elements. The resolution of na

tive claims and royalties from oil and gas 
extraction are presenting a momentary 
opportunity to assess our present position 
and examine the available routes to the 
future. Innovative technology will be of 
vital importance to this examination 
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process and may ultimately assist in the 
emergence of a new northern culture. 
Any valuable examination process will 
of course by necessity stress a sophisti· 

cated approach and should not be con· 
fused with a "back to basics" philosophy 

which denies complexity. Indeed the very 
thought of imposing a predetermined or 

technologically manipulative solution to 
any aspect of cultural development rather 
than permitting evolution to function 
naturally is an awesome and perhaps 
radical concept, but the opportunity to 
consider some course of action is here. 
It reminds me of a quote from Pogo 
of comic strip fame which my friend and 
colleague, Richard Seifert, offered at a 
recent hearing before an Alaskan leg
islative panel: "We are confronted with 
insurmountable opportunities." It is most 
appropriate both as a challenge to our 

abilities to create new forms of cul
turally significant technology--the log 
cabins and dog sleds of tomorrow--and 
as a caution, as Mr. Meeker has shown. 

Well, such contemplations are great 
to take the edge off a long lonely drive, 

but finally my thoughts turned to supper, 
so I pulled off the highway and went 
home. I can't really say I resolved any

thing about the north and its future. 
But then, I'm still here, and the guy with 
the mud flaps? He just kept on truckin' 
south. 
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by M. Nabil Bassim 

Fracture Prevention in the Arctic: 
the role of fracture mechanics and nondestructive evaluation 
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Construction of the Alaska pipeline 

as well as consideration of other pipeline 
projects in both Canada and the United 

States to transport petroleum from the 

North to industrial centers has necessi

tated development of materials of high 
mechanical strength and also of high 

resistance to fracture, especially at very 

low temperatures. The degree of reliabil 

ity of these pipelines must be very high, 

since their failure could lead to great loss 

of investment and irreparable damage 

to the environment. Because these struc

tures are in remote and sometimes inac

cessible areas, it is necessary to develop 

inspection methods that ensure detection 

of any possible defects before the propa

gation of these cracks or imperfections in 

the metal lead to the failure of the 

structure . The following review of con

ceptual fracture mechanics includes a 

practical methodology for the remote 

inspection of Arctic structures. 

FRACTURE MECHANICS CONCEPTS 

Fracture mechanics is a design philoso
phy which recognizes that materials 

contain flaws. Together with the con

ventional criteria of design, namely the 
yield and tensile strength of the materials, 
fracture mechanics offers a fracture 

toughness criterion in plane strain, K lc· 
This criterion is defined as 

( 1) 

where aF is the fracture stress, C is the 

critical crack length and a is a geometric 

factor which depends on the geometry 
of the crack and the dimensions of the 

material. Equation (1) is derived from the 

Griffith criterion of propagation of a 

crack, which states that a crack would 
propagate only if the energy necessary 

to open the crack is equal to or larger 

than the work needed to create new 

crack surfaces. 
The criterion K

1
c is a property of the 

material if measured in plane strain. This 

condition is fulfilled if the thickness of 

the material is great. For lesser material 

thickness, the condition of plane stress 

prevails, leading to higher values of K1c. 
The variation of K with th ickness is 

shown in Figure 1; the value of K1c is 
obtained at the point where the curve 
becomes horizontal. Typical values of 
K lc for several steel , aluminum and titan

ium alloys are given in Table 1 together 

with the corresponding yield strength 

and the critical crack length of these 

materials . It is evident that as the yield 

strength increases , K lc decreases and 
hence the critical c rack length decreases. 

Thus, materials with high strength are ex
pected to have a very low fracture resis

tance . These materials should be defect-
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in design against fracture. The most 
important of these tests is the Charpy 
V-notch test. Others include the drop 

weight test, the Robertson test and the 
Pellini test. 

The Charpy test consists of breaking a 
specimen by impact of a pendulum or 
hammer; the specimen, of known dimen
sions, contains a sharp notch. The energy 

Fig. 1. Variation of the stress intensity factor K with thickness. The horizontal 
part of the curve corresponds to a plane strain condition. 

necessary for breaking the specimen, 

measured by the height of swing of the 

pendulum after it strikes the specimen, 
is reported as a function of temperature. 
A typical Charpy result is shown in Fig
ure 2. In the lower shelf, fracture is 
brittle. As the temperature is increased, 

there is a brittle-ductile transition until 
the upper shelf is reached where the 
material breaks in a ductile fashion. The 
fracture surface of the specimens and the 
amount of crystallinity is measured. 
In brittle fracture, the fracture surface 
is mostly crystalline. With the increase 
in temperature the fracture surface 
becomes more fibrous and appears dull. 
At the upper shelf, fracture is 100% free when used under conditions of 

stress because a very small flaw could 
cause the failure of the structure in which 
they are used. 

Fracture mechanics deals with brittle 
failure. Ductile fracture, which follows 
elastic and plastic deformation, requires 

much more energy to propagate a crack 
and thus is not as critical as brittle 
fracture. The ductility of the material 
greatly increases its resistance to fracture. 
Steel, most commonly used in construc
tion, is known to undergo a brittle
ductile transition with increase in temper
ature. Thus, at sufficiently low tempera
tures, steel is generally brittle and sus
ceptible to failure in a sudden and cat
astrophic way. One does not need to go 
to the Arctic regions to find examples 
of spectacular failures in steel alloys. The 
Liberty ships of World War II are one 
such example: their sin kings triggered 
research in brittle fracture and the de
velopment of the concepts of fracture 
mechanics. Another example is the failure 
of the Duplessis bridge in Trois
Rivieres, Quebec, which occurred on a 
cold January morning. These and other 
examples sharply illustrate the need to 
understand the behavior of materials at 
low temperatures and to select materials 
and design accordingly. 
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EXPERIMENTAL EVALUATION OF 
FRACTURE MECHANICS PARAME- fibrous. In Charpy curves, the tempera-
TEAS ture corresponding to the end of the brit-

There are basically two kinds of tests 
for evaluating fracture parameters. The 
first group of tests is qualitative and thus 

serves as a comparison between several 
materials and as quality control. They 
should be easy to carry out and to in

terpret. These tests, however, do not 

measure parameters which can be used 

tle shelf is known as the "nil ductility 
temperature." Usually, below this tem
perature, an entirely brittle fracture oc

curs and the concepts of fracture mechan
ics are applicable. 

Charpy tests are easy to perform and 
are also reproducible. They do not in 
themselves yield values of K1c. However, 
there are many empirical equations in 

TABLE 1 

The stress intensity factor K1 , the critical crack size and the yield strength for 
l 

. c 
a umznum, steel and titanium alloys. 

Alloy 

Aluminum 
2024-23511 
7075-T652 

Steel 
AISI 4340 
Maraged 300 

Titanium 
Ti 6 Al4 V. 

Yield Stress 
(ksi) 

50 
78 

230 
260 

158 

Klc (ksi·in) 

46 

28 

54 
68 

41 

Critical 
Crack Length, in 

0.99 
0 .15 

0.06 

0.08 

0 .07 
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Fig. 3. Experimental set-up for evaluating Klc' 
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Fatigue Crack 
/-

machined notch 

the literature, such as that of Barsom et 
a!. (1970) which relate Charpy Energy, 

Cv, to Klc for steels 

2 3 /2 
K 1c = 2 (Cv) (2) 

E 

at the lower shelf. In this equation, 
E is Young's modulus and the yield 

strength is between 39 and 246 ksi 
(kilograms per square inch). 

The other tests produce parameters 
used in design against brittle failure. 
The most important of those is the eval

uation of the fracture toughness parame
ter K1c in plane strain. This test is given 

in ASTM Spec. E399-72 (1972) . In this 

test, a compact tensile or a three-point 
bending specimen containing a fatigue 

crack is subjected to a load to fracture. 

The load versus the displacement at the 

tip of the crack is obtained and Klc is 
calculated from the point of instability 

known as the "pop-in" load . The experi

mental set-up for evaluation of K lc using 
a compact tensile specimen is shown in 

Figure 3, while Figure 4 gives a typical 

curve between load and crack opening 

displacement . The thickness of the spec

imen B is large enough to ensure fracture 
in plane strain. This is realized if 

2 
Klc 

s > 2.5 a (3) 
y 

with ay being the yield strength of the 
material. 

With ductile materials, the thickness 

requirement for measurement of Klc im
poses the use of very thick specimens. 

Other parameters for fracture character

ization of these materials have been 
recently developed. Among those parame-

ters are the J-integral (Rice, 1968a, 

1968b), and the Crack Opening Displace

ment (Cottrell, 1961 ). The J-integral is 
the derivative of the potential energy 

needed to propagate a crack from length 
a to a + b. a with respect to the crack 

extension and is rei ated to K 1 c by an 

equation of the form 
2 

K 
J = lc (4) 

lc -E-

J lc can be measured using specimens 

much thinner than those used for K1 
(Begley and Landes, 1972). The crack 

opening displacement criterion o c is 
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measured in thin specimens using a crack 
opening displacement gauge . The rela
tion between o and the critical fracture c 
stress oF is 

Bay 
o = -a In 

c 7TE 

with "a" being the crack length . 

(5) 

Recently, the Charpy test has been 

used to measure a fracture toughness 

parameter under dynamic loading, K1d. 

This parameter is in general smaller than 

K1c. To measure Kid' instrumentation of 
the Charpy device is required to obtain 

a record of the variation of load and en

ergy versus deflection as the specimen is 

fractured under impact. Figures 5a and 

5b show the results obtained during test

ing of a high strength low alloy steel 

(HSLA) used in an Arctic pipeline at two 

different temperatures. In Figure 5a 

the steel exhibits brittle failure, while 

in Figure 5b there is a dynamic yielding 

followed by considerable plasticity until 

fracture occurs. Kid for brittle failure 
is calculated from the maximum load 

using the equation of the ASTM Spec. 

E 399-72 for a three point bending 

specimen . For ductile failure, it is evalua

ted using the concept of equivalent ener
gy developed by Witt (1 972) . This meth

od assumes that if a sufficiently large 
specimen had been employed, fracture 
would have occurred before general yield
ing and at an energy corresponding to the 

crack initiation energy measured for the 
smaller specimen. 

"'0 
0 
0 
_j 

"Pop in'' 

Crack opening 
displacement 

Fig. 4. Load versus crack opening displacement obtained in evaluating Klc" 

APPLICATION OF FRACTURE ME

CHANICS CONCEPTS IN THE DESIGN 

OF A PIPELINE 

Considerable research has been con

ducted in recent years to develop ma

terials suitable for oil and gas pipelines 

in the Arctic regions. Presently high 

strength low alloy steels are commer

cially produced for this specific purpose. 

These alloys have a ferritic structure and 

several alloying elements such as titani

um, niobium and vanadium. They are 

characterized by high strength (yield 

strength of about 60-100 ksi), high 

fracture resistance and good weldability 
(Chandler, 1976). 

Fig. 5. Records of fracture using an instrumented Charpy test (from Bassim et al., 1976). 

(a) brittle fracture (b) ductile fracture 
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STRESS INTENSITY FACTOR, Kc, ksi ./'"In 

fracture mechanics, however, are still 
valid, although further research to deter
mine crack propagation at low tempera
tures in these aggregate structures is 
needed before the concepts of fracture 
mechanics are applied to them. 

160 

140 

120 

100 

80 

INSPECTION AND MONITORING OF 
ARCTIC STRUCTURES 

60~-----------.------------.------------.-----.~ 

-200 -100 0 100 TEMPERATURE, "C 

Monitoring Arctic structures to ensure 
their structural integrity is critically 
important. Because of their remoteness, 
failure of such structures could cause 
great losses and irreparable damages 
to the environment before they could be 
repaired. Design of Arctic structures 
should insist on the use of defect-free 
materials and efficient periodic inspection 
of these structures in service. 

Fig. 6. Variation of Kc under static loading with temperature for a pipeline steel 

(from Bassim et al. , 1976). 

Fracture mechanics concepts help 
identify the critical crack size above 
which brittle failure is likely to occur. 
The critical crack size is a function of 
the mechanical strength of the material 
and also of the geometry of the crack 
and the structure. Nondestructive eval
uation techniques must possess the 
sensitivity necessary to determine such 
cracks in the quality control cycle before 
the structure is put into operation and 
also in the periodic inspection of the 

structure in service. 

An extensive program of fracture 
mechanics testing of pipeline steel under 

both static and dynamic loading is in 
progress at the Ecole Polytechnique. 
Charpy tests, both conventional and with 
the instrumentation to determine the 
dynamic fracture toughness, have been 
performed (Bassim et al., 1976). The 

·fracture toughness parameters Kc and 
J lc were also measured as a function of 

temperature and of crack orientation 
with respect to the rolling direction. 
It was generally found that specimens 
with a crack in the transverse direction 

have a much lower K ld and hence a 
lower fracture resistance on impact at 

low temperatures. The results obtained 
by measuring Jld also indicate clearly 
that there is a transition temperature be
low which fracture is essentially brittle, 

whereas ductile failure occurs above this 
temperature . 

The dependence of K on temperature c 
under static loading for pipeline steel 
is shown in Figure 6. The values were 
obtained only for transverse specimens 
since it was shown that this is the dir

ection more likely to fail. At room 
temperature K is about 150 ksi, which c 
is considerably higher than for low car-
bon steels. Using a modified form of 
equation (1 ), which accounts for the 
particular geometry of a pipeline seg-

The Northern Engineer, Vol. 9 No. 1 

ment, it is possible to calculate the cri
tical crack size as a function of tem
perature. These values are given in Table 

2. 
The same principles for design of 

pipelines against brittle fracture can be 
applied to other metals and alloys used 
in Arctic regions. Depending on the 
extent of severity of failure and the 
losses incurred, it is possible to select 
materials and establish design procedures 
that ensure maximum safety against brit
tle fracture. For construction materials 
such as concrete and reinforced con
crete, the problem is more complicated 
due to the complex mode of failure 
of these materials. The principles of 

Among the nondestructive techniques 
most suitable for application in inspec
tion of Arctic structures is that of acous
tic emission. Unlike other conventional 

techniques such as liquid penetrants, 

radiography, ultrasonics and magnetic 

TABLE 2 

The stress intensity factor Klc and the critical crack size as a function of 
temperature for a pipeline steel. 

Temperature, °C Klc (ksi·in) C . . 
1 

(in) 
cnt1ca 

-200 85 0.37 
-100 101 0.52 

0 124 0.78 
24 148 1.12 

*It is assumed that the structure is loaded at the yield stress (79 ksi) and that the 
cracks are elliptical and oriented perpendicular to the loading direction. Higher values 

of Ccritical will be obtained if lower stresses are applied. 
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Fig_ 7. A typical acoustic emission signal. 

LOCAL 
MIXER 
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PREAMPLIFIER -FILTER r-- POST r----- SIGNAL 
AMPLIFIER CONDITIONER 

• GAIN DIGITAL 
COUNTER 

TRANSDUCER • 
DIGITAL ANALOG 
CONVERTER 

I I 
J TEST - LOAD r-- X-Y 

SPECIMEN SYSTEM PLOTTER 

Fig. 8. A block diagram of an acoustic emission system. 

events and the total number of counts 
exceeding a given threshold, the count 
rate in a certain time interval, the energy 

of acoustic signals and their spectral 
content. These parameters are measured 
as a function of the variables to which the 
structure is submitted such as the time, 
the applied load, and the extent of 

deformation. 

In multichannel acoustic emission 
systems, several transducers are posi
tioned on the structure and the difference 
in time of arrival of the signals from a 
flaw to the different transducers is used 
to calculate the coordinates of the flaw. 
It is thus possible to use acoustic emis
sions to detect flaw location. In real time 
analysis, a computer is used to analyze 

the data and provide a display which 
locates the emitting flaws as the test is 

under way. 

The acoustic emission technique has 
been used extensively in laboratory 

research to study plastic deformation and 
fracture of metals and composites. In 

plastic deformation acoustic emission has 
been related to the motion of dislocation 
which causes the material to slip. Ob
servations indicate that the acoustic 

emission rate is highest at the yield point 

where the motion of dislocation occurs 

over long distances. The rate decreases 

in the plastic regime and increases once 

more at the fracture load. A typical 
acoustic emission count rate versus 
deformation is given in Figure 9. 

Acoustic emission total count was 
found to be a function of the stress 

intensity factor K. An equation of the 
particles which rely on probing the 
structure to detect flaws, acoustic emis
sion is a passive technique based on the 
detection of the elastic energy emitted 
during plastic deformation and crack 
initiation and propagation in the ma
terial. Because of its high sensitivity, the 
acoustic emission technique can enable 
inspectors to detect flaws with sizes well 
below the critical size and to follow their 
progress until they become critical. 
Hence, it is capable of determining the 
onset of failure before it actually happens 
and perm its corrective measures to be 
made. 

range. (Exceptions include the cracking form 

Acoustic signals emitted in the mater
ial are generally of very low intensity and 
contain frequencies above the audible 
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of wood and the "crying" of tin when 
deformed.) Extremely sensitive trans-
ducers with piezoelectric crystals are used 
to detect the emissions. The electronic 
equipment required for this technique 
consists of two amplification systems 
with a total gain of up to 100 decibels 
(105 amplification), band pass filters in 
the kilohertz range which discriminate 
against extraneous noises of mechanical 
and electrical sources, and a system of 
data analysis and display. A typical 
amplified acoustic emission signal is 
shown in Figure 7 and a block diagram 
of the system is given in Figure 8. Several 
parameters of acoustic emission can be 
obtained, including the total number of 

(6) 

is used to describe this behavior forma-
terials containing a crack (Dunegan et 
al., 1968). Theoretically, the exponent 
"m" is equal to 4. However, Masounave 

et al. (1976) found that in ductile ma
terials, "m" varies between 4 and 8. It 
was also found that the acoustic emis
sion is associated with the development 
of a contraction zone at the tip of the 
crack and that the amplitude and time 
duration of the acoustic pulses increase 
with applied load to fracture. The 
frequency spectrum of the pulses just 
prior to fracture was found to contain 
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shown in Figure 11. The display of the 

computer indicates which triangle shows 
acoustic emission activity and gives the 
coordinates of these activities. Acoustic 
emission was also used in conjunction 
with ultrasonics to monitor a nuclear 
reactor. The global monitoring provided 

by acoustic emission helped locate flaws 

which we re subsequently found by an 

ultrasonic "bug" directed by remote 
control on the surface of the reactor. 

Fig. 9. Acoustic emission count rate versus strain for a steel specimen. 

Structures used in the severe envi 

ronmental conditions of the Arctic have 

to be examined thoroughly before they 

are used. Areas of potential failure, such 
as those exposed to high stress concen
tration and also welds, must be inspec
ted using rigid standards by convention

al nondestructive testing (NOT) tech

niques. In service, these structures 
require constant monitoring to detect 

defects before they grow and lead to 

actual failure . Acoustic emission supple

mented by other NOT techniques is 
capable of providing such monitoring. 

higher frequencies than those at the 

beginning of contraction. 

Multichannel acoustic emission sys

tems were used to detect flaw location 
and to monitor industrial structures 

such as pressure vessels (Harris and 

Dunegan, 1972; Palmer, 1973) nuclear 

reactors (Kelly and Bell, 1973) and 

pipelines (Lee and Sharp, 1974). In 

pipelines particularly, the technique was 

used to detect flaws before a pipeline 

was put into service and also during in

service inspection (Lee and Sharp, 
1974) of buried gas pipelines (McElroy, 

1975) . The technique was also used 

satisfactorily in adverse conditions of 
both high temperature (to monitor 

the start-up of chemical reformer 
furnace in the petroleum industry; 

Hay et al., 1976), and low temperature 

(-20°C) and snow conditions for flaw 

detection in a pressure vessel . 

Typical data obtained during burst 

testing of a 9.2 m length of pipe 120 
em in diameter are shown in Figure 10 
a to d . The development of active 

sources of acoustic emission are shown 

along the length of the pipe as a func

tion of pressure. It was determined that 

yield and eventual fracture would occur 

in zone B, and it was found subsequent

ly that the pipe had indeed yielded and 
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burst in region B. Thus , the acoustic 

emission technique was able to predict 
the position of burst quite accurately. 

In monitoring pressure vessels, the 

technique of triangulation is used, with 

transducers positioned along equilateral 

triangular arrays. A typical array is 

CONCLUSIONS 

The conditions of the Arctic present 

a great challenge to the materials engin -

Fig. 10 . A sequence of acoustic emission events along the length of a pipe segment 
as a function of pressure. The pipe burst at the position "B". 

_A_ 

a 

0 35 75 115 155 195 235 275 310 
0-600 psi 

b 
' ... . 600-2800 ps i 

0 35 75 115 155 195 235 275 310 

A -- c 
2 800- 3000 psi 

0 35 75 115 155 195 235 275 310 

_s_ A --
d 

i' .: : . . :_,, I • : . : J .. ::~~: 3000- 3200ps i ... i . 
I I I I 

0 35 75 115 155 195 235 275 310 

Length of pipe 
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Fig . 11 . A typical multichannel acoustic emission transducer array used for tri

angulation on a pressure vessel. 

eer. Material selection, design and assur

ance of the integrity of in-servi ce 
structures are affected by these condi 

tions. The risk of sudden failure of 

structures is greatly enhanced by the 

very low temperatures encountered in 

the Arctic . Fracture mechanics extends 

th e parameters of design against brittle 

fracture through the addition of the 

fracture toughness, Klc' which is a 
property of the material. Developing 

alloys which have high fracture tough

ness and low nil ductility temperature 
is important for Arctic structures such 

as the gas and oil pipel ines . Extensive 
nondestructive evaluation before use 

and during periodic intervals while the 
structures are in service is needed to 

ensure their reliability. The acoustic 

emissions technique ensures detection 

of subcritical flaws before their prop

agation might cause the failure of the 

structure. This monitoring technique, 
developed only in recent years, together 

with other conventional NOT tech

niques, helps provide a well rounded 

system of global monitoring of Arctic 
structures. 
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by Richard Seifert 

ENERGY 

FOR THE NORTH-

the near-teriD options 

The Northern Engineer, Vol. 9 No. 1 

In his book Th e Hunting Peoples, C. S. 

Coon writes, "[Northern] peoples show 
ingenuity in technology comparable to 

their needs ... and they quickly take advan
tage of new tools and new models when 

they have a chance ... peoples living in cold 

climates need better transport than do 

those living in warm ones, and have 
responded accordingly." A diversity of 

ingenious technologies is an integral part 
of the northern heritage. 

Now that energy alternatives are a 

high priority for national and regional 

attention, it is a good time to review the 

alternatives available to northern re

gions for the near-term and future. 
Unfortunately, and in keeping with our 

aforementioned heritage of diversity, 

there appear to be many viable regional 

alternatives for Northern inhabitants. 

Let us first look at those alternatives, 
and afterward make some suggestions 
on how we might choose the best alter

natives. 

COAL 

Coal is abundant in some areas of the 
north, especially Alaska, and it is pres

ently being used for power generation in 
interior Alaska. Alaska's reserves are 

mainly: a. bituminous: 19,413 x 106 

short tons ; b. subbituminous: 110,555 

x 106 short tons. These are not high 
quality coals, and most of the bituminous 

coal is in Northern Alaska in an undevel

oped and relatively inaccessible area. 

Most of the coal used presently is from 

the Nenana coal field in interior Alaska 

(Fig. 1 ). It is subbituminous and has the 

following range of specifications : 

SPECIFICATION 

Moisture 

Volatiles 

Fixed carbon 

Ash 
Sulfur 

PERCENTAGE 

17.8-27.1 
33.2 - 42.0 

27.1 - 35.3 
3.5- 13.2 

.1 - .3 

The nominal heating value of coal 

from the Nenana coal field is 7,570-

10,385 BTU/lb. (sources U.S.G .S. Bulls. 
1412, 1975, and 1242, 1970). 

The future of coal use in Alaska seems 
assured for the short term at least, since 

the reserves are substantial and the trans
portation and mining costs are not pro-
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h ib it ive . Environmental problems may 

cause some rest riction in coal use , since 

coal is the dirtiest of the fossil fuels . 
These same problems may cause increased 

costs due to pollution control technol

ogies which must be added to coal -fired 
plants. 

Coal has several advantages, since it 

is easily transported by rail and can be 
used efficiently at any scale. It is also 

safe to store in large quantities. Some 

disadvantages arise since most coal in 
Alaska is stripmined. Stripping is damag· 
ing to land , and often causes visibly ugly 

terrain . Rehabilitation of land is expen

sive and not always successful. Electric 
power produced from surface strip mines 

is not very efficient; only about 25% 

of the energy value of the coal reaches 

the user of electrical power. 

PETROLEUM 

Our most highly fashionable fuel, and 

also perhaps our most valuable, petrole

um also has great industrial value since 

it is the basis of fertilizers, plastics, 

naptha, medicines and pharmaceuticals, 

and lubricants. 

Estimates of the original reserves of 

the earth put it at 2000 billion barrels 
(Gabel, 1975) . Between about 1864 

and 1974, humans used about 300 bil

lion barrels of that total, or about 15% 

in 110 years. Interestingly, though, 
estimates of the federal government indi

cate that most of the world's reserves 
will be depleted within 30 years, due 

to exponential increases in the rate of 
petroleum consumption. 

For the north, use of heating oil for 
fuel is common now, but will likely 

become uneconomical in 10 to 20 years 
and perhaps sooner. The resources of 

petroleum in the North, however, are 

substantial: Soviet Union and China, 

500 billion barrels; Canada, 95 billion 

barrels; Alaska, 30 to 50 billion barrels 
(Hubbert, 1971 ). The Alaska figures 

are the total estimated reserves, including 

the 10 billion barrels at Prudhoe Bay. 
The usefulness and economics of the 

petroleum resources of the north will 

undoubtedly be controlled by world 

economics, and the advantages and 
disadvantages of petroleum as a public · 

or domestic energy resource are not easy 
to assign for the future. Undoubtedly 

transportation energy will continue to be 
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supplied from petroleum sources for 
probably at least twenty years. 

NATURAL GAS 

This fossil fuel is perhaps the most 
valuable, since it is the raw material of 

the chemical industry. It can also be 
burned as a fuel with fewer associated 
combustion emission problems than any 

other fossil fuel. However, its great value 

as a non-fuel resource and the declining 
reserves may make natural gas unavail 

able as a power generation fuel because 
national policy may eventually forbid 

it: It is simply too valuable to burn. 

About 31 % of the total U. S. energy 

demand is supplied from natural gas, and 

in Alaska more than half of the installed 
power generation facilities are gas tur
bines (A.P.A. , 1974b). 

HYDROELECTRIC 

Hydroelectric developments have large 

potential in the north, especially in 

Alaska and the Soviet Union. 

Soviet engineers have recently outlined 

a plan to build an immense dam system 

in central -western Siberia, and to connect 

the Yenesei and Ob rivers with a canal 

network above the dams. Several hundred 

million acre-feet of water which now flow 

into the Arctic Ocean would be co nserved 
and used to irrigate up to 50 m ill ion acres 

of land and pasture. The associated hy

droelectric power installati ons wo uld 

have a capacity of more t han 70,000 
megawatts (Revelle, 1971 ). 

Alaska also has the possi b ility of 
developing hydroelect ric sites fo r power 

production. The Devil Canyon si te has 

been discussed favorably recently, and 
plans have been made to study the 

feasibility of the site during the summer 

of 1977. The annual estimated pro
duction from the Devil Canyon dam 

would be 2.9 b ill ion kilowatt hours. 

This is equivalent to the annual use of 4 .9 
million barrels of oil for power p roduc

tion . The possible potential from total 

development of the upper Susitna basin 

is 7 billion kilowatt hours and would 

involve construction of four dams. The 
latest proposal of the U. S. Army Corps 

of Engineers, however, favors the con

struction of two dams, one at the Devil 
Canyon site and another at the Watana 

site (Fig. 2) for storage (A.P.A., 
1974a). 

Alaska has many other feasible sites 
for hydroelectric power development. 

Western Canada has several possible sites 

also. The advantages of hydroelectric 

power are appealing: there are no fuel 

Figure 1: Coal seams and mine buildings as they looked about 40 years ago at 

Suntrana, near Healy, Alaska. (Photograph courtesy of the Charles Bun
nell Collection, University of Alaska Archives, Fairbanks.) 
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Proposed four-dam development in the upper Susitna Basin. Nearly all of 
Alaska's population lives within the area shown. 

costs; the production efficiency of this 

clean, renewable resource is about 90% 
(Gabel, 1975); and the working lifetime 

is expected to be 100 years. The disad
vantages of dams in the northern climates 

are also substantial. The dam reservoir 
irreversibly floods large areas of land, 

often bottom land which is the most 
productive human and wildlife habitat. 

Large dams can also block natural routes 
of migratory northern animals. Large long 

distance transmission systems are re
quired. The Devil Canyon project, for 

instance, would require the construction 

of 346 miles of 230 kilovolt transmission 

lines and steel towers, and the line losses 
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are estimated to be in the range of 4.7 to 
7.3%. 

Another disadvantage of hydropower 

alternatives is that many arctic areas are 

either too distant from appropriate sites, 
or the population and demand are too 

scattered to warrant the capital invest

ment of a dam and distribution system. 

GEOTHERMAL 

Western Canada, Southeast and South
central Alaska, the Aleutian chain, and 

southern and southeastern Siberia are all 

highly prospective possibilities for geo
thermal power resources. The active 

tectonic area known as the Pacific "Ring 

of Fire" includes all of these northern 
regions. 

Despite this wide extent of active 
geologic districts in the north, the possi
bility of finding many regions where large 

amounts of electricity can be generated 

with natural steam is far less than might 

be supposed. Certain special conditions 
are necessary that are seldom found 
in volcanoes (MacDonald, 1972) . The 

steam must have high pressure or must 

be heated appreciably above the boiling 

point or both. In Alaska, the geothermal 

conditions have been described by 
Forbes and Biggar (1973) : "At present, 

Alaskan geothermal p'rospecting activities 

are confined to a few groups and individ

uals; as yet no vapor phase reservoirs 

are known to have been discovered. We 

have too few data and facts to make 

reliable estimates of Alaskan geothermal 
resources and reserves ; but the discovery 

potential appears to be reasonably good ... 

even though exploitable Alaskan geo

thermal systems will probably be dis

covered during the next decade, geo

thermally generated electricity will not be 

competitive with that generated by 

minemouth, hydroelectric, and natural 

gas power plants for delivery to major 
population centers." 

Probably these statements also hold 
true for other areas of the north. At 

present the two main disadvantages of 
geothermal energy are its state of de
velopment and the fact that many likely 

areas are remote from centralized pop
ulations. 

Geothermal energy has been applied 

to space heating, gardening, and green

house applications as well as recreational 

developments in the north (e.g., Leonard, 

1974), and likely these small scale activ
ities will continue. Otherwise geother

mally produced electricity for the north 

remains only a possibility. 

ORGANIC WASTES 

Much of the solar and chemical energy 

that goes into the production of plants 

and manufactured goods is still present 
in our organic wastes and refuse. Many 

methods are available to use the wastes 

as fuel or to biodegrade them, including 

anaerobic digestion, chemical reduction, 
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and destructive distillation. Organic 
wastes are in good supply, especially 

in the larger communities, and the heat 
value of organic waste is respectable, 

averaging 4500-7500 BTU/lb. Recovery 
of this heat would increase the efficiency 

of our energy use considerably and 
alleviate partially some of our waste 
disposal problems. Systems are in op

eration which can process municipal 

wastes and extract the combustibles 

for direct burning in coal fired plants. 
Leningrad, population 4.3 million, 

is the first major city to attempt recycling 

all of its garbage. A plant in operation 

since 1972 handles 580,000 metric tons 

of garbage, producing compost and mar

ketable chemicals and metals. A six-fold 

expansion of the plant by 1985 will 

purportedly pay for itself in the value 

of compost and recycled metals. The 
possibility of such a plant functioning 

in North America today is nonexistent, 

though: the Soviet garbage stream is 

quite different from that in the west. 

Soviet garbage contains little or no 

packaging material. Plastic and other 

disposable packaging is unknown, almost 

all paper is recycled, and glass containers 

have large deposits and are repeatedly 

reused (Self- Rei iance, 1976). 

TIDAL POWER 

Tidal power applications essentially 

tap the energy of the earth's rotation, 

usually through the use of locks, dams 

and reversible turbines to store the flood 

tide and release it during the ebb through 

a hydroelectric powerplant. The Soviet 
Union has several Northern sites where 
tidal ranges are substantial, including the 

Gulf of Mezen, the White Sea (Kuloi 
estuary, 10 m), and the Penzhinskaya 
Bay on the Sea of Okhotsk (Astromich
eskii Cape, 11 m). Canada, however, has 

the site of the highest tidal range in the 
world at Port Moncton, N. B., on the 
Bay of Fundy--18m (Bernshtein, 1961). 

A recent investigation has been made 
(Behlke and Carlson, 1976) of the fea

sibility of small tid_al power plants in 

Alaska. The Cook Inlet area is especially 
promising, with some maximum tidal 

ranges of up to 15 m. All locations of 

pote~tial are near enough to Anchorage 
to be easily developed and there is also 

a good market for power. The authors 
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of this recent investigation are proposing 

a prototype test to demonstrate the 

feasibility of tidal power turbines and 

pump turbines in upper Cook Inlet. 

The power output of a tidal system 

which completely utilized Turnagain 

Arm's possibilities would be substantial, 

nearly equivalent to the tidal plant at 

Rance on the coast of France, which 

produces 5.4 x 108 kilowatt hours of 
power per year. This is about 19% of 

the estimated output of the presently 
proposed Devil Canyon dam hydroelec

tric project (Stone and Stenbaek-Nielsen, 
1974). 

One foreseeable disadvantage is the 

presence of ice in the upper Cook Inlet 
estuaries during approximately four 

months of the year . 

All of the alternative energy sources 

mentioned previously were conceived as 

having large scale community-sized, cen

tralized applications. There are three 

additional sources which can function 

as well at small scale family-sized or 

slightly larger levels of application. 

WIND 

Wind has perhaps more potential to 

provide electricity for remote areas of 

the North than any other source that has 
been mentioned . The atmosphere is a 
huge storage reservoir for solar energy, 

and about 2% of all incident solar ra
diation is converted to wind energy 
(Gabel, 1975). 

The potential of wind is clear to any

one who has spent time in the Arctic. 
Wind applications for remote sites and 

villages have been discussed in previous 

articles in The Northern Engineer (see 

Wentink, 1974 and Bettignies, 1974). 

Wind power economics is discussed in 

the Went ink article, and the author 

that 29,500 windmills were in operation, 

mostly in the north, representing a total 
capacity of 167,000 horsepower. 

Bettignies (1974) points out that one 

of the drawbacks of wind power is the 

need to have either an adequate storage 
system (batteries, hydraulic methods) or 

more often simply to have both the wind 

system and a stand-by fossil fuel power
plant. 

WOOD 

Wood once supplied a large percentage 

of power and heat in the north (Fig. 3), 

but as our energy consumption became 

higher than could be sustained with wood 

alone, other sources have replaced wood. 

Wood can still be used quite satis

factorily to augment domestic heating 
requirements. Dry paper birch compares 

favorably on a mass basis with the heat 

content of interior Alaskan coals, since 

birch averages 7500 BTU/Ib at 12% 

moisture content. 

It is interesting to calculate the 

amount of acreage which would be re

quired to sustain a harvest of wood for 

the present population of the Fairbanks
North Star Borough (FNSB)--42,000 

civilians. An average home uses about 

178 x 106 BTU per year for heating 
(FNSB, 1976). If we assume half of this 

heat is supplied by wood burning, 89 x 

10
6 

BTU's are from wood heat. Assuming 
the number of homes in the borough to 

be about 15,000, they would require 

1.34 x 1012 BTU. An average heat con

tent of Alaskan woods (assuming mostly 

birch and spruce) is about 7000 BTU/Ib 

of wood, so 19.0 x 107 lbs of wood are 
required for the heating supply. 

Forests in the FNSB contain about 

6.55 x 108 ft3 (Hegg, 1975) of wood, 

including all high grade timbered areas, 

describes an exemplary 6 kw wind covering approximately 800,000 acres of 

generation system installed at Anak

tuvuk Pass, Alaska. When compared to 

the cost of oil-fired power generation 

in the same community, the windmill 
system could pay for itself in 21.2 

months (Wentink, 1974). The savings 

on fuel costs appear to make wind gen

erators very attractive as a power source 
for remote sites and villages. 

The Soviet Union seems to have 
caught on to the economics of wind pow

er rather early. In 1954 they indicated 

the borough's 4.7 million acres. If the 

wood used is seasoned and has an average 

dry weight of 32 lbs/ft3 , the volumetric 

heat content is about 2.24 X 1 o5 BTU/ 

ft
3

. Efficiency of burning must also be 
considered, however, and wood burning 

(in a good stove) is only about 50% effi

cient, since half the heat content of the 
wood goes out the stack. The average 
home WOUld therefore need 178 X 106 

BTU or about 795 cubic ft of wood--5.5 
cords. 
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Assuming again 15,000 homes, this 

means 11 .9 x 106 ft3 of wood are re
quired. The FNSB has approximately 

6.55 x 108 ft3 of timber. This means 
that ""'2% of the forest would need 
to be harvested to meet half the home 
heating requirements in the borough 

each year. On an acreage basis, this is 

about 16,000 acres of annual harvest. 
Whether this could be sustained appears 

to be doubtful. In 20 years, for instance, 

at an annual growth increment of 20 tt3 1 
acre (Hutchison, 1968), 3.2 x 108ft 3 

or about 50% of the wood on a volume 

basis could be replaced. Meanwhile about 

40% of it would be consumed as fuel, 

and these figures contain perhaps ±10% 

uncertainty . The harvest may also be ob

jectionable on an esthetic basis, since 

large acreages would be harvested . Again, 
keep in mind that this analysis involved 

only one-half of the requirements solely 
for home heating. 

SOLAR APPLICATIONS 

Solar heat would be a grand answer 

for the north if we could manage to har

ness this technology. Often solar energy 

is wrongly dismissed because it is most 

available when least needed: 71% of all 

sunlight at 64°N latitude occurs between 

March 21 and September 21 of each year. 

However, the energy available from the 

sun is enough to heat hot water econ

omically for up to eight months of the 

year in Fairbanks. Zarling and Seifert 

(1977, unpublished) have calculated that 

an average of 1060 BTU/ft2 per day is 

available from a flat plate collector in 

Fairbanks for useful heating. A 50 to 

60 square foot collector using a non

freezing collector fluid could heat enough 

hot water for the average Fairbanks 

family for at least 6 months of the year, 

saving about $1 05.00/year. This is based 

on the present Fairbanks average annual 

consumption of 4200 KWH/year at 25 

cents per KWH for electric water heating. 

At this rate, a $500 investment could be 
amortized in 5 years. 

What is lacking in the solar option for 
the north is experience. Although there 
are many successful backyard experi

ments in solar heating, including the auth

or's, what is really needed is a solar water 
and/or space heating demonstration pro

ject in Alaska. Because of the nature 

of federal programs, Alaska has not yet 

been able to secure even feasibility 

studies, let alone a demonstration project. 

Things may be changing, however, and 

Alaska's new law (AS 43.20) allowing 

tax credits of up to 10% or $200 of the 

capital costs for installation of alternative 

sources of energy in residences should be 
an additional incentive for solar applica

tions. 

The public enthusiasm for solar energy 
is one of its strongest advocacies. At the 

recent "Town Meeting on Energy" in 

Fairbanks (March 1977), a questionnaire 

Figure 3: The Klondike towns heated with wood--lots of wood. (Photograph cour

tesy of the Selid-Bassoc Collection, University of Alaska Archives, Fair
banks.) 

. .,.. •.. ·-
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was circulated posing questions about 
energy in Alaska. One of the questions 

was, "Do you believe that solar energy 

can be practically developed and utilized 

in interior Alaska?" The answer was con

vincing: 71% of the respondents said 

"yes." Another 7% weren't sure. This 
points up a fact about solar energy 

which is often missed by government 

planners. "Solar energy is fundamen

tally different from other energy sources. 

Solar energy is democratic. It falls on 
everyone and can be put to use by in

dividuals or small groups of people. The 
pub I ic enthusiasm for solar [energy] 
is perhaps as much a reflection of this 
unusual accessibility as it is a vote for the 

environmental kindliness and inherent 
renewability of energy from the sun" 
(Hammond and Metz, 1977). 

EVALUATION OF ENERGY ALTER
NATIVES 

Once one is aware of the feasible alter

natives at hand, the problem of evaluating 

the alternatives objectively is the next 

step. One intriguing method has been 

proposed by H. T. Odum. It is called "net 
energy analysis" and is essentially a large 

scale application of the definition of ther

modynamic efficiency . Stated simply, it 

is: 

NET ENERGY EFFICIENCY (NEE) 

E - E out in 

where Eout is the energy delivered at 
the final point of consumption (i.e. 
"work") and E. is the sum of all the 1n 
energies required for exploring, devel-
oping, refining, manufacturing and trans

porting the energy production source. 

The rationale for this analytical method 
is best described by Odum (1973) him

self: "The true value of energy to society 
is the net energy, [that is] the energy 

which [remains] after the energy costs 

of getting and concentrating the energy 

are subtracted. If it takes 10 units of 
energy to bring 10 units of energy to the 

point of use, then there is no net energy 

[i.e., Eout- Ein = 0]." 

This is an objective approach and can 

also be used as an assessment technique 
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to decide which are the best choices for 

northern resource development. 
A net energy evaluation requires the 

following: 

a). determination of energies necessary 

for the project or resource development. 

b). an energy assessment technique, and 
a complimentary accounting technique. 

c). the time and manpower to accomp
lish the assessment--for admittedly, it is 

no small undertaking. 

The federal government has stated this 
about net energy analysis: "Net energy 
analysis is a supplement to, not a replace

ment for, other more widely used tools 
of analysis. Considering the current state 
of the art, ranking of technologies on the 
basis of net energy calculations is not as 
instructive as performing the analysis on 
specific technologies. The use of ques
tionable assumptions and the lack of 
comprehensive data preclude extensive 
reliance on the results" (ERDA, 1976). 
Obviously, more development of the 
technique will sharpen its focus and 
widen its applicability. 

An additional ramification of net 
energy analysis is that an energy source 

which is now marginal, being supported 
by hidden subsidies based on fossil fuel, 

becomes less economic when the subsidy 
is removed. This truth is often stated 
backwards by economists because there is 
inadequate recognition of external 
changes in energy quality. Economists 
propose that marginal sources will be

come economic at a later date when the 
rich sources are gone. An energy source 

is an economic source only when it is 
contributing yields and the yield of 
marginal sources goes down as the sub
sidy sources become poorer. This realiza
tion is important in evaluation of remote, 
poor grade energy source developments, 

such as may be found in the north. This 
fact is expanded into a treatise on the 
entropy effects in the economy by 
Nicholas Georgescu-Roegen in "The En
tropy Law and 'the Economic Process" 
(1971 ). 

Although net energy analysis is not 
yet common, it has been applied to 
modes of transportation by Fels (1974) 
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with very revealing results. This national
ly-aggregated study, compiling the 

amount of energy in KWH consumed per 
passenger mile including all construction 
(averaged over the life expectancy of the 
facility) and operation energy, produced 
the following results: 

TOTAL ENERGY CONSUMPTION PER 
PASSENGER Ml LE 

(After Fels, 1974) · 

ENERGY (KWH) 

Automobile 

3600 pound 
2000 pound 

City Bus 

Rapid Rail 

Personal Rapid Transit 

Small car 
Large car 

Dial-a-Ride 

Gasoline 
Diesel 

Motorcycle 

1.90 
0.98 

0.66 

0.71 

2.34 

2.88 

2.91 
1.79 

0.62 

This analysis is a testimony to the energy 

advantages of buses and rapid rail transit 
over automobiles. The difference between 
automobiles and personal rapid transit 

is that the automobile consumption is 
based on average passenger load over the 
life of the automobile as opposed to one 

occupant in personal rapid transit use of 

the automobile . 

HUMAN VALUES 

The intangible elements of energy 
analysis are the most difficult to reach 
and to integrate into a final decision. 
However, a consumer input is essential 
to the democratic process. It is the only 
means whereby public values can affect 
the choice of alternative energy sources 
or developments. More and more, federal, 
state, and local political agencies are 
attempting to solicit public input in or
der to answer the why of our energy 
choices. The public has a right to know 

the choices and to exercise its choice if 

indeed one exists. 
It may be very important for a variety 

of reasons to use coal-fired power plants 
in interior Alaska, or wind generators in 

the Canadian Archipelago, and economic 

costs may not be the only consideration. 
If human values are considered, and objec

tive evaluations of alternatives obtained, 
we should be able, as scientists and engi
neers, to provide a good quality of life, 
with diverse, original, and safe power sup

plies. 
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by Claus-M. Naske 

THE ROAD TO ASIA 

(which was never built) 

On a mild and sunny April day of 

1942, Jacob Baker, a federal consultant 

on planning, sat down at his desk in 
Washington, D. C., and proposed that the 

United States build "a good, durable road 

of adequate width--not a tractor cut ... to 

Bering Strait ... " He also urged the inclu

sion of a parallel pipeline for transporting 

fuel to the battle fronts. Baker suggested 

that "the efforts and forces of all Federal 
highway construction agencies, including 

the Works Projects Administration, and 

all highway contractors, be combined." 

Furthermore, he concluded, "there is a 
possibility that this [project] might 

constitute useful work for some of the 

interned Japanese." 1 

Harry Hopkins, the president's assis

tant, was intrigued with the idea and 

asked for an assessment from Brigadier 

General Harry J . Malony of the Munitions 

Assignments Board. The general replied 

quickly--and negatively. He pointed out 
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that no highways connected the estab

lished Russian rail and road network 
with the eastern shore of Bering Strait. It 

would, therefore, be necessary to build 
a new highway on the Russian side in 

order to make the scheme effective. 
There existed a short highway directly 

north from Nagayeva (Magadan) to 

navigable waters on the Kolyma River. 

Goods shipped from Teller, near Nome in 
Alaska, around the Arctic Coast of 

Siberia into the Kolyma River could, 

therefore, be delivered to Nagayeva. But 
it would still be necessary to ship them 

by water across the Sea of Okhotsk to 
Nikolayevsk-na-Amure in order to deliver 

them to Russia. Only limited quantities 

of goods could be handled in this manner, 

and the route could well be interrupted 

in the Sea of Okhotsk. 

The sea route along the Arctic Coast 

of Siberia to the ·Yenisey River was only 

open long enough each season for one 

trip. Therefore, only small amounts of 

COPY 
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Jacob Baker 

goods could be delivered via that route. 

Furthermore, facilities in Eastern Siberia 

were so primitive that delivery of goods 

by way of Bering Strait were totally 

impracticable . Above all, however, "no 

extension of communication into Russia 

can be seriously considered while Russia 
is not in the War. The Russians will not 

even ~ermit preliminary reconnais
sance." 

Perhaps most importantly, the Alaskan 
Highway was under construction and "a 

cut suitable for tractor traffic will proba

bly be completed this fall," later to be 

widened to twenty-four feet and gravel 

surfaced by the Public Road Adminis

tration. The combined Chiefs of Staff 
also projected a railroad which was to 

follow the Alaskan Highway "for the 

greater part of its right-of-way, at a 

considerable distance to the East ... " 3 

This finished the grandiose plans for 

a highway linking America and Asia. 
Following is the text of the proposal. 

11551 
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THE ROAD TO ASIA 

At this moment we are not producing nor do we have in 
sight the possibility for producing an excess of ocean shipping 
sufficient to give us an excess of munitions at any point of 
battle in the world. This situation may be changed by the 
destruction of enemy submarines, submarine bases, and 
submarine construction yards, but unless it is changed, the fact 
stands. 

At this date the only course for a free flow of supplies to 
any considerable part of the battle lines is through Alaska and 
Siberia. The Alaska Road is transcendent in importance. 

Full approval has been given to the road, and work is being 
done. But there is not the sense of urgency, of prime necessity 
and of certain completion that should be attached to the 
work. This may be said without criticism of any person or 
agency, because no one person or agency feels that he or it 
must get the job through to Bering Strait this year. The 
responsibility remains divided, and because of the divided 
responsibility the job may not get done. The purpose of this 
memorandum is to sum up the total situation. 

Based on what appears to be reasonably accurate informa-

/ 
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tion, but which is not presented as such because official veri
fication of it is not at hand, the total situation is about this: 

It is generally recognized, and was widely expected, that we 
would lose more ships than we launched this year. The losses 
are not much greater than were anticipated, but they are as 
great at all points, and there is reason to expect mining of 
American waters through scattered floating mines in the 
course of the next month or two. The President stated the 
other day that we were lagging in shipbuilding. The extent of 
that lag has not been stated. From the information in hand 
as to the way the program is going, it appears that we are not 
yet reaching more than 50% of the schedule--although we may 
have got to 60%. That is not the major point; the major point 
is that only two builders now see any possibility of reaching 
the schedule. They are new and unorthodox builders. The most 
the big established yards seem to have in sight is somewhere 
around 65% of schedule, maybe 70%. Thus, it appears that 
with · all the ship-building facilities now in hand or being 
built or organized, we shall not meet the ten million ton 
annual schedule. 

The ten million tons per year that the President projected 
turns out to be a minimum with which we can get a surplus 
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of mun1t1ons to any specific battle line. At the present time 
it isn't in the cards that we can get that surplus until we have 
got a tremendous surplus of bomber planes that have reduced 

the enemies' submarine building yards and bases. 
At this moment the China Defense activities are almost at a 

standstill. We are getting a good deal of supplies into northern 

Russia. This Road to Asia, though, will solve the problems of 
supply of both China and Russia. It gets supplies to a point 

where they can be used if the Germans make a break through 
into Persia, since the Russians have a branch road running 

down there. It gets back of the Japanese in 6,000 miles of 
protectible road, not 11,000 miles of vulnerable seaway. 

Bering Strait at its narrowest is a little over sixty miles 

wide. Full protection from submarines can be given to any 
ferrying operation. It would almost be possible to hang sub

marine nets across from trawler to trawler, if that were nec
essary. This being the case, it opens a free submarineless way 

into the Arctic Ocean for the summer, and a good road will 
provide an all year-around way to central Asia. The snow on 
any part of the road can be handled, since it is never more 

than three or four feet deep. 
We can, without reducing our ship, tank, plane and muni

tions' production, build the road to Teller, Alaska, this 

summer. It must be a real road--if we are going to have a fast 
moving flow of munitions from the center of this country 
to the center of Asia, a tractor cut will not serve. It doesn't 
have to be perfectly finished, but it must be very durable 
and an all-weather road, wide enough to handle a pretty con
tinuous stream of traffic of trucks going and coming all the 
time. 

Inclusion of a pipe-line alongside the road should be 
weighed. The steel for a pipeline would equal X number of 
tankers, the construction of which is not yet begun and the 
calculation to be made is that of prospective losses of such 
tankers when launched for trans-Pacific duty against the steel 
required for the pipeline. 

The matter rests now with the Army Engineers, the Federal 
Works Agency and the Territory of Alaska. Everybody con
cerned is moving ahead, but the schedule is one that will result 
in a rough tractor cut over a considerable part of the distance, 
and may leave some of the distance with no work done. That 
is not enough. Nothing less than a complete road to Teller, 
Alaska, is enough. It can be done. To do so would mean organ
izing under one head the full efforts of the present agencies 
concerned, and in addition to that the use of every high
way contractor and all of the highway construction equipment 

in the northern and western states. Even that will not cover 
the whole road this summer. 

A big force account job would have to be done on some of 
the flat country where limited equipment is necessary. That is 
a splendid place to use the field engineering organization 
of the Work Projects Administration. Thousands of present 
project workers could be given regular jobs on both the force 
account and contract sections. Further hundreds of interned 
Japanese might be used on interior sections. Combining all 
these factors and all these efforts, the job can be done. 
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At this moment it appears that this is far and away the 
most vital construction problem facing us. It is even more 

· urgent in its importance to our winning the war quickly than 
is the St. Lawrence Seaway of (sic) the Defense Housing 
program--important as they are. True, there are unsolved 
problems. Some of the terrain is not adequately surveyed, and 
so on. But when we consider what it will mean if we have a 
complete highway to Bering Strait by fall so that we can begin 

to accumulate dumps of munitions along through western 
Alaska for transport early next spring--or perhaps sooner by 
transport planes--and consider what a free flow of munitions 
and supplies to China and Russia will mean, we cannot afford 
to let this road lag. 

It may be granted that this is one of the most difficult 
construction jobs that has ever confronted the Nation--un
known or difficult terrain, limited and unorganized men, 

materials and equipment, and an impossible construction 
schedule. However, it can be done. If it is to be done, a goal 

must be set, responsibility delegated, and so far as possible, 
centralized. 

Since there are many interests involved, both in Canada 

and the United States, a number of Federal agencies con
cerned, the responsible agency will need to deal specifically 
and carefully with all the factors and not take them by chance. 
The organization of the construction operation is · a great 

construction problem. The organization of liaison and agree

ment with all agencies and interests concerned is a problem 
of a different order but equally important. 

Both problems must be met if the job is to be scheduled, 
prosecuted and completed at the breakneck speed that is es
sential to the Nation. 

[DECLASSI FlED DOD Directive 5200.9 9/27 /58] 
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REVIEWS 

ENGINEER-IN-TRAINING 

EXAMINATION- EIT 

by James W. Morrison 

ARCO Publishing Company,lnc. 
219 Park Avenue South 

New York, New York 10013 

Persons preparing to take the E IT 
(Engineer-In-Training) exam as the first 

step toward registration as a professional 

engineer may find this book a valuable 

asset in their preparations . This paper

back book, available from ARCO Pub

lishing Company, Inc. for $10, features 

600 practice questions with explanatory 

solutions covering the same subject 

areas and level of difficulty of questions 
found on past E IT exams. 

The book is divided into six different 
parts. Part I discusses the EIT exam, 
describing its purpose and the kinds of 

questions typically found on the exam. 

Some hints on testmanship are also given. 

The next two parts of the book provide 

two practice EIT exams enabling the 

reader to develop confidence under sim

ulated examination conditions. The value 

of these sections is that it allows the 
person preparing for the E IT exam a 

chance to preview the types of questions 

likely to appear on the test. Part IV of 

the book is a study guide focusing on the 

basic and engineering sciences as well 

as engineering economics. The proced

ure of applying for registration as a 

professional engineer is outlined in 

Part V. Of course, each state has its own 
specific requirements; however, there is 

considerable similarity in the general 

requirement and procedures. Finally, 
Part VI provides a bibliography of sug

gested texts and references. Most gradua

ting engineering students would not find 

this section helpful since they would use 

their own textbooks accumulated during 

their study of engineering. 

Several senior engineering students at 
the University of Alaska used this book 

last spring in preparation for the E IT 
exam. Overall, they had a positive reac

tion toward the book. There were, how-
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ever, several sources of irritation which 

included a few wrong answers to prob

lems and non-standard nomenclature 
in some of the subject areas. 

--Reviewed by John Zarling, Depart

ment of Engineering, University of 
Alaska, Fairbanks. 

* * * * * 

THE BIG BREAKUP 

Energy in Crisis 

by John R-and Patricia Coyne 

Sheed Andrews and McMeel, Inc. 
6700 Squibb Road 

Mission, Kansas 66202 
($10) 

Petroleum development in the north 

has been touted as the biggest bane-

or the biggest blessing--ever to hit the 

lands above 60°N. Whatever one's opinion 

it is easy to agree that the effects are 

significant, and that the oil companies 
are our neighbors in the north for at 

least as long as the resource lasts. 

Sometimes it's good to know a bit 
about what's up with the neighbors. 

The Coynes' book reports on devel

opments affecting the oil companies that 

have nothing directly to do either with 
engineering approaches or northern 

technology, but indirectly these devel

opments could have profound impact 

on both realms of interest to TNE 
readers. 

The Coynes, who lived in Alaska be

fore the opening of the Prudhoe Bay 

field, do not think that Big Oil is vil

lainous. The villain of their book resides 
in Washington, D.C.: it is a concept 

called "divestiture," whereby the oil 

companies will undergo amputation for 

the health of the U.S. national body 

politic. This could be vertical divesti

ture, in which an oil company could not 

be a pipeline operator as well as a gas 
station owner, for (partial) example. 

Or the divestiture could be horizontal, 

such that an oil company would be 

forbidden to mine coal or uranium, 
tinker with geothermal technology, or 

extract petroleum from tar sands. The 
authors follow the mass of argument, 

evidence, and proposed legislation sur
rounding divestiture, but their conclu

sions are clear from the first chapter. 
They can see no more good in chopping 

up the oil companies than the outspoken 
child could see fashion in the Emperor's 

new clothes. 
Although I can't share the Coynes' 

implicit contention that Big Oil is one 

of the commercial saints of our times, 

and wish some of their sources had been 
better documented, I can recommend 

their book to TNE readers associated 

with the petroleum industry--and not 

only because their pro-Oil tone could 

be comforting. The book is cleanly writ

ten, informative, and thought-provoking. 

It will probably provoke some ire as 

well. I predict it wll be one of the more 
frequently thrown volumes in Wash
ington this year. 

----Editor 

* * * * 

PUBLICATIONS 

If you buy only one book per year 

for your technical library, this might just 

be the one: Papers presented at the 
Seconrl International Symposium on Cold 

Regions Engineering, held at the Universi

ty of Alaska in mid-August 1976, have 

been edited by John L. Burdick and 

Philip Johnson for publication. The table 

of contents pages in this substantial Pro
ceedings volume reads like a catalog of 

information wanted by TNE readers. 
The 80 authors represented in the book's 

nearly 600 pages discuss topics from how 

water freezes in pipes -- and why it is a 
faster process than usually calculated -

to how breakup has affected the Yukon 

River bridge -- and why the bridge has 
encountered ice conditions not predicted 
by its designers. (Versions of some of 
these papers have appeared in TNE, 
including that on the Area Prudhoe Bay 
Operations Center in this issue.) The Pro

ceedings volume is available for $15 
from Cold Regions Engineers Profession
al Association, Department of Gvil 
Engineering, University of Alaska, Fair
banks, AK 99701. 

* * * * 
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C-CORE, the Centre for Cold Ocean 

Resources Engineering, clearly under

stands that working in the far north re

quires at least two sets of skills--technical 

and governmental. To help those with the 

first master the second, they pub I ish a 
yearly guide to the various roles and 

responsibilities of government agencies 

of Canada and Newfoundland which 

perform a regulatory or service role in 
offshore hydrocarbon development. The 
book lists each department or agency, 

r:lescribes its function, provides names, 

addresses, and telephone numbers of 
ranking personnel; there is even a key

word index for finding specific segments 
of all departments and agencies. Called 

Offshore Hydrocarbon Development: a 
quide to qovernment service and reg

ulatory organizations, the current issue 

is available for $10 from C-CORE, 
Memorial University of Newfoundland, 
St. Johns, Newfoundland AI C 5S7 
Canada. 

* * * * 

The University of Manitoba Center 

for Settlement Studies has asked TN£ 
to pass the word that they have many 
publications on northern studies avail 

able. For specifics, please contact H. H. 
Jacobs, Assistant to the Dean, Faculty of 
r;raduate Studies, University of Manito
ba, Winnipe~, Manitoba R3T 2N2, 
Canada. 

* * * * 

LETTER TO THE EDITOR 

Editor: 

Proceedings of the Surface Pro

tection Seminar, the report of a meeting 

held by the Bureau of Land Management 
on 19-22 January 1976, is now available 

from the Bureau's Alaska State Office 
(930 ), 555 Cordova Street, Anchorage, 
Alaska 99501 for $5. General theme of 
the 298-page volume is travel and trans

portation practice to prevent surface 

r:lestruction in the northern environment; 

specific subjects cover such topics as 

applicable laws, fire control, and equip

ment development. The book is an 
impressive compendium of the state of 
many arts pertinent to its theme. The 

candid and entertaining summary is a 

model of its kind. 

* * * * 

Log Home Guide for Builders and 

Buyers can now be ordered from Muir 
Publishin~ Co. Ltd., Gardenvale, Ouebec 
HOA JBO, Canada for $6, postpaid any

where in the world. The advertising flyer 

announcing the appearance of this new 

annual magazine is written as if it were a 

valentine to log construction, but it 
promises some substance ( 132 pages, 

illustrations in color as well as black and 
white) and topics ranging from how the 

world's largest log building (a 186-room 
hotel) was constructed to lists of kit log 
houses with floor plans, prices, and manu

facturers' addresses. 

* * * * 

28 Oct 77 

Reference Alaska Highway article and the photo caption which mentioned 
"Eschbach's Road." 

I find that A. M. Eschbach commanded Company A, 648th Engineer Topographic 

Battalion, based at Dawson Creek, B. C. In an article in Sept. 1969 edition of CH2M 
REPORTS, it says: "They moved half the unit to Fort St. John and half to Fort 

Nelson, and from both places started route location." 

It would appear that the popular title "Eschbach's Road" was applied to the 

pioneer road itself, over the first portion going north from Dawson Creek, and the 

name probably was used by the men of his company. 

Lyman Woodman 

Alaska District 

Corps of Engineers 

Anchorage, AK. 99510 

Thanks! Now there :SO one less mystery in the northland. 
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Steam Whaling in the Western Arctic 

is a handsome book that will appeal to 

maritime history buffs--and to anyone 

who thinks it was ever easy to pry a 

resource from the grip of the north. 

Author John R. Bockstoce is curator of 
ethnology at the New Bedford Whaling 

Museum, an internationally known expert 

on whales and whaling, and a skilled 

writer. For the further entertainment of 

engineers, he has included a chapter by 

William A. Baker, curator of the Mass

achusetts Institute of Technology's nau

tical museum, on the design and con

struction of the steam whalers. The sec
tion discusses the construction, propul-

sion, and sometimes the 
ment aboard the vessels: 
the Mary and Helen, built 

novel equip

for example 
in 1879, not 

only could carry a year's supply of coal 

but also sported figureheads both fore 

and aft. The book is a publication of 

New Bedford Whaling Museum/Old Dart
mouth Historical Society and costs $15. 

* * * * 

A new report from the U. S. Geo
logical Survey, Water Resources Along 

TAPS Route, Alaska, 1970-74, presents 

streamflow data from 23 streamgaging 
stations along the pipeline route during 

the immediate preconstruction period. 
The r:lata are presented as hydrographs 
of daily mean or instantaneous values 

of a standard set of parameters indicating 

physical, chemical, and biological con

rlitions of the streams monitored. Stream 
sites were selected to represent the range 
of hydrologic conditions along the route, 

and data are presented to make compari

sons easy both in time and among stream 

sites. The report was prepared by Joseph 

M. Childers, Jon VIJ. Nauman, Donald R. 

Kernodle, and Paul F. Doyle. It is avail

able from Room 316, Skyline Building, 
USGS, 218 E Street, Anchorage, Alaska 
99501. 

Also published recently by the USGS 

and available from the same address is 
Bibliography of Reports by Members of 

the U.S. Geological Survey on the Water 
Resources of Alaska, 1870 through 1976, 

compiled by Alvin J. Feulner and 
Katherine M. Reed. Titles included are 
those whose primary topic is hydrology, 

water resources, or other aspects of water 
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WHAT MAN WON'T DO FOR A LITTLE HEAT 

We felt this ingenious (if somewhat rueful) little fellow would ring bells of rec
ognition in the soul of anyone who has tried to keep an automobile operational during 
an Arctic winter. Thanks to Espar Products, Inc. of Mississauga, Ontario, Canada, for 

letting us publish their entertaining poster. 

* * * * 
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in Alaska . The report is indexed by au
thor and subject and by subject and geo
graphic area . 

* * * * 

If it's a technical discipline relating 
to coping with the cold, the chances are 
good that the U.S. Army's Cold Regions 
Research and Engineering Laboratory has 
done work in it. CRREL Reports that 

have reached this office since our last 
issue are: 77-15, Experimental scaling 
study of an annular flow ice-water heat 
sink; 77-21, Mid-winter installation of 
protected membrane roofs in Alaska; 
77-23, Collaboration of architect and 
behavioral scientist in research; 77-25, 
Detection of moisture in construction 
materials; 77-31, Roof moisture survey-
Ten State of New Hampshire buildings; 

and 77-19, Mechanics of cutting and 
boring--Part VI: Dynamics and ener
getics of transverse rotation machines. 
CR RE L's address is Hanover, New 
Hampshire 03755. 

NOTED 

Without much fanfare from the 
international press, another challenge of 

the north has been overcome : in August 
1977, the Soviet icebreaker Artika be
came the first surface vessel to reach the 
1\lorth Pole . The big ship (25,000 tons 
displacement, 459 feet length overall, 
98.4 feet in beam, powered by two nu
clear reactors) left Murmansk on 9 
August and reached the Pole on the 17th . 

The September 1977 issue of Sea 
Technolozy magazine, from which the 
foregoing information comes, editor
ialized on the Artika's historic voyage: 
"This feat represented not only the de
sign and construction of a superior ship, 
but also the environmental monitoring 
necessary to complete such a voyage." 

* * * * 

There may yet be an "Aican" rail
road system. The state has completed 

a $50,000 preliminary study on the po
tentials of a rail link from Fairbanks to 
Prince George, B.C., and the federal 
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11epartment of Transportation has un
rlertaken a $150,000 engineering study to 
determine a utility corridor and right
of-way for the proposed extension. The 

state plans to tap funds from the Econ-
0mic 11evelopment Administration for 
the first phase of a larger study incor
porating environmental and railroad work 
as well as a market analysis. And just in 
case it all comes to pass, the Alaska Rail
road now has a 1 ,048-ft. bridge designed 
to accommodate the increased traffic: 
relocation of the railroad was necessary 
anyway because of the Moose Creek Dam 
and floodway (as described in TNE, Vol. 
8, l\lo. 3 & 4) on what is now only a 
spur serving Fort \11/ainwright, Eielson 
Air Force Base, and the town of North 
Pole. 

* * * * 

On 12 December 1977 the Alaska 
Capital Site Planning Commission an

nounced the selection of an overall plan 
for the city, one designed by Bull, Field, 
Volkmann and Stockwell, a San Fran
cisco architects' group. A Commission 

spokesperson said the most important 
points in favor of the selected plan were 

its approach to traffic problems, with cars 
banned from the core area, and the 
"Alaskan character" of the design. 

The next hurdle on the way to 
bringing the new city to reality comes 
during this session of the legislature, 
when the Commission's detailed fi
nancial plan for the capital move comes 
under debate. (Watch for details on the 
winning plan in a forthcoming issue of 
TNE. 

* * * * 

The Alaska Power Authority has 
named Eric Yould its new executive 
r:lirector. Yould was formerly hydrologic 
engineering chief for the Alaska District 
Corps of Engineers, a position in which 
he coordinated the Corps' efforts on the 
Susitna proposed hydroelectric project. 

(His article on that subject appeared in 
the last issue of TNE.) 

* * * * 

According to his Newsletter, one of 
the bills introduced by Alaska's Sen. 
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Mike Gravel recently--S. 1961--would 
give a tax break to developers of geo
thermal sources. But don't tell the IRS 
about your hot spring just yet; this bill 
would allow tax deduction equal to 22 
per cent of the gross income from a 
geothermal steam source. For a copy of 
the bill, or to explain to the Senator why 
hot springs should be included, write 
his office at 312 Dirksen Building, US. 
Senate, Washington, D.C 20510. 

* * * * 

Some of Alaska's existing dams are 
under scrutiny: the first step in Alaska 
of the National Dam Inspection Program 

got underway in December, with a team 
of specialists from the Corps of Engin
eers' Alaska District examining conditions 
at the Bettinger Reservoir complex in 

Kodiak. Mason Wade Jr., chief of the 
District's Flood Plain Management Ser
vices Section, is team leader in general 
supervision of the inspections and dam 
inventory. State representatives will work 

with the District teams on the field 
inspections and on establishing prior
ities for dams to be inspected. 

There are perhaps 55 dams in Alaska 
that meet the national program's criteria, 
which limits inspection to dams 25 or 
more feet high or impounding 50 or more 
acre feet of water. In addition, only non
Federal dams are involved because 
Federal dams have been under a regular 
inspection system for years. 

* * * * 

MEETINGS 

This is one to watch for: Cold Re
gions Specialty Conference, Applied 
Techniques for Cold Environments, May 
17-19, 1978, Anchorage, Alaska. 

The American Society of Civil 
Engineers' Task Committee on Cold 
Regions and the Alaska Section are the 
sponsors of this first Society-wide effort 
to bring together all current applied 
techniques in cold regions civil engin
eering practice. 

The approximately 75 papers sub
mitted to the Conference will be pub
lished in a preconference Proceedings 
volume, to be sent to all prepaid reg
istrants on 15 April. The papers will 

not be presented by their authors at the 

Conference, however. Instead they will 
be grouped under one of four headings: 

Land, Coastal, and Resources Develop
ment; Commercial, Institutional, and 
Industrial Facilities; Support Systems; or 
Materials, Manpower, Methods, and 
Equipment. Each of these headings will 
be covered in a half-day session, in
volving critical review of the papers 
and developing a state of the art report 
from them and from panel and open dis
cuss ions. These reports plus summary 

statements produced by the final Con
ference session will constitute the second 
volume of the Proceedings, to be pub
lished on 1 September. 

The meeting will be held at the 
Anchorage Westward Hilton. Final reg
istration will be held there on Tuesday 
evening, 16 May. The Conference will 

open the following morning, with 
Dr. R. M. Hardy of Edmonton as keynote 

speaker. 
The $100 registration fee includes 

both Proceedings volumes, one luncheon 

and a cocktail party as well as admission 
to all technical sessions. For information 
and preregistration, contact A. J. Favata, 
American Society of Qvil Engineers, 
345 East 47th Street, New York, New 
York 10017. 

**** 

The Canadian Society of Soil Science 
is the sponsor of the Eleventh Congres~ of 

the International Society of Soil Science, 
to be held in Edmonton, Alberta, 19-27 
June 1978. The Congress theme is "Op
timum soil utilization under differing 
climatic restraints." Topics to be dis
cussed of possible interest to TNE read
ers will include the physics of frozen soils 
and terrain sensitivity in tundra eco
systems. The Congress organizers have 

also arranged an extensive program of 

tours in conjunction with the meeting, 
covering virtually all soil regimes in 
Canada; two of potential special interest 
are Pre-Congress tour No. 18, to I nuvi k 
and Tuktoyaktuk via Dawson, and Post
Congress Tour No. 17, to the Athabasca 
Oil Sands mining and extraction oper
ations. For information and registration 

forms for the Congress and tours, write 
11th ISSS Congress, Box 78, Sub. 11, 
University of Alberta, Edmonton, Alta., 
T6G 2EO, Canada. 
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Errata 

An acknowledgment was inadvertent
ly left off Claus-M. Naske's article, 
"Hydropower for Eklutna," in the last 

issue of TN£, and--apparently taking 
the same route--an error was put in. 

The missing acknowledgment reads as 

follows: The work upon which this 
report is based was supported in part by 
funds provided by the United States 
Department of the Interior, Office of 

Water Resources Research Act of 1964, 
Public Law 88-379, as amended. The 

error occurred in the first paragraph of 

Dr. Naske's contribution : "In the 1930's, 
although the state was still thinly popu

lated ... " should of course have read, 
" ... although the Territory was still thinly 

popu Ia ted ... " 

Sheepish editorial apologies both to 
Dr. Naske and to the Department of the 
Interior. 
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