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Moving On. • • 

Although it relates to the article on river erosion, our cover 
picture for this issue also relates to the condition of The North
ern Engineer. Like Bethel's vanishing river-view lots, we have 
been spending some time teetering on the brink. But like the 
precariously poised house, we didn't get swept away. (Under
mined, maybe, and given a fine view of an awful lot of formerly 
solid ground suddenly crumbling away-. Ah, that photo is 
full of appropriate metaphors!) 

What the photo doesn't show is what happened next: author 
Lanning tells us that the depicted house was picked up and 
moved. Oddly enough, the analogy still holds true, for The Nor
thern Engineer also is being picked up and moved. 

In fact, the magazine is going home. When it first appeared, 
TNE was a publication of an entity known as the College of 
Mathematics, Physical Science and Engineering, and featured 
articles relevant to the studies of the research arms of that en
tity, the Institute of Water Resources and the Arctic Environ
mental Engineering Laboratory. It was an exhilarating time for 
engineering research on northern problems, and -as then- Dean 
Dr. Charles Behlke's editorial for the first issue emphasized -it 
was a time when "rapid interchange of ideas among Northern 
engineers is imperative." The magazine bustled along, trying to 
do just that, until the first flurry of petroleum -powered re
search died away. So, then, did the northern-research arm of 
the School of Engineering et al. Some researchers, and the re
search magazine, came to the Geophysical Institute. 

But you can't keep an engineer-or a school of engineering
down. Now in the University of Alaska-Fairbanks School of 
Engineering resides an Institute of Northern Engineering and 
all parties agree that it's the right headquarters for The Northern 
Engineer. Home again! 

Although it is a financially fearsome time to play around 
with publications in the University of Alaska system, which is 
restructuring and cutting to match the state's reduced income, 
not only will Engineering publish TNE, but the Geophysical 
Institute will begin a new magazine reporting on Alaska science 
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more broadly. We'll be staying here to work on the new maga
zine and other publications-but we'll post conspicuously on 
the wall a copy of this, our last issue of TNE. That cover photo 
will be relevant for a long time .... 

We have a lot of faith, however, in the competence and 
energy of Cindy Owen, the new TNE editor at the Institute of 
Northern Engineering, and in the commitment of the Dean of 
the School of Engineering, Vin Haneman, and the Director of 
INE, Tom Roberts. Tough times notwithstanding, we believe 
The Northern Engineer will be in very good hands, indeed. 

Hey. This is it. Farewell and thanks to you all, patient read
ers, careful authors. It's been swell. You've led us to learn a lot 
- let me tell you. Once upon a time, long long ago, I was a 
teaching assistant in the English department here in Fairbanks. 
Finding summer employment was always a challenge; I used to 
envy my male colleagues, who invariably came up with decently 
paid work on the state road system. How come? I asked. Ah, 
said they. The application forms for student jobs ask for "major 
field of study." We put down "Eng." They think it stands for 
"engineering," and we get hired ... For years, I thought that 
Alaska's roads were so awful because they'd been built by inept 
poets. Live and learn .... Appropriately, the English depart
ment's literary magazine goes by the name of Permafrost. There 
may be a pattern in there somewhere. 

Again, thanks and farewell, from Sue Keller, Kathy Morack, 
Barbara Matthews, and me, 

Carla Helfferich 
Editor 
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EXPLANATION 

~ Zone of sub-sea 
~ permafrost 

~ Zone of continuous 
~permafrost 

~Zone of 
~ discontinuous 

permafrost 

II Zone of alpine 
permafrost 

o• 

A Report 

CHIN 

Figure 1. Distribution 
of permafrost in the 
northern hemisphere. 
Isolated areas of 
alpine permafrost 
not shown on the 
map exist in high 
mountains and outside 
the map area in 
Mexico, Hawaii, 
Japan, and Europe. 
(Modified from 
Pllwll.1) 
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e Third Chinese Conference on Permafrost: 

XPANDS RESEARCH 
N FROZEN GROUND 

by Troy L. Pewe 

WTH 22 PERCENT of its country 
underlain by permafrost and an addition
al 68 percent subject to seasonal freezing, 
China continues to expand its research in 
science and engineering of frozen ground. 

Glaciology and Geocryology (the largest 
institution dealing with these subjects in 
China) and the Heilongjiang Provincial Sci
entific Research Institute of Water Con
servancy. The conference covered many 

E:SS Seasonal frost zone 

Figure 2. Generalized distribution of permafrost and seasonally frozen ground in China. (From 
Lanzhou Institute of Glaciology and Geocryology.) 

The Third National Chinese Conference on 
Permafrost was held in Harbin, Heilong
jiang Province, in northeast China, 19-24 
August 1986. Organizers for the confer
ence were the Lanzhou Institute of 

aspects of seasonally and perennially fro
zen ground in six days of presentations and 
local field trips_ In addition to the 156 del
egates from about 20 Chinese institutions, 
there were 3 invited foreign guests from 

the U.S., 2 from Canada, and 5 from Japan. 
The 218 abstracts of 121 oral presenta
tions revealed important advances since 
the second conference held in 1981. 

Permafrost in China can be divided 
into two broad categories: permafrost in 
high latitudes and permafrost in high alti
tudes (alpine permafrost). The permafrost 
region in northeast China is part of the 
southernmost zone of the Eurasian conti
nental high-latitude permafrost area. It 
lies in the discontinuous zone as shown 
on the international permafrost map of 
the northern hemisphere (Fig. 1 ). The 
southern limit of discontinuous perma
frost is between 46°36' and 49°24'N lati
tude in northeast China (Fig. 2). The 
southern permafrost border used here is 
450 km north of Harbin (after Lu et al.2

) 

and is slightly farther north than the bor
der given by Cui and Xie.3 Most perma
frost in China is alpine and lies in the west, 
mainly in the mountains and in the Tibet 
Plateau, which has more than 70 percent 
of the permafrost of China 4 (Fig. 2). 

Temperature has long been used in the 
classification of permafrost zones and is 
critical in the evaluation of permafrost 
for engineering needs. A - 5°C mean an
nual ground temperature has traditionally 
been used to distinguish between contin
uous and discontinuous permafrost zones. 
It is customary to refer to the temperature 
of permafrost as that which occurs at the 
level of zero amplitude, that is, the depth 
at which significant variation between 
winter and summer ground temperatures 
is no longer present. This depth ranges be-

Dr. Troy L. P6w6 is professor of geology and director of the Museum of Geology at Arizona State University in Tempe. Since 
1946 he has been active in permafrost research in Alaska with the U.S. Geological Survey and was head of the Department of 
Geology, University of Alaska in Fairbanks from 1957 to 1965. 
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tween 10 and 25 m. The temperature of 
permafrost in northeast China ranges from 
slightly colder than OoC to- 4.2°C recorded 
at Mangui near the China-USSR border. 
Permafrost temperatures on the Qinghai
Xizang (Tibet) Plateau in southwest China 
may be -12oC at a 6000-m elevation. 4 

In the late Pleistocene, permafrost in 
northeast China was more widespread, 
thicker, and colder than it is today. With 
the worldwide lowering of temperature 
and the withdrawal of the Yellow Sea, a 
colder climate permitted the southern 
border of permafrost to move about 1 0 
degrees of latitude farther south than to
day. 2 Cui and Xie3 indicate that the south
ern border was even slightly farther south. 

THE CONFERENCE: 
OPENING SESSION 

The Permafrost Conference was opened 
by Zhou Xingwu, director of the Heilong
jiang Provincial Scientific Research Insti
tute of Water Conservancy. Greetings were 
extended first by Professor Shi Yafeng, 
senior permafrost scientist of China and 
honorary director of the Lanzhou Institute 
of Glaciology and Geocryology, and also 
by Wang Lianzheng, vice-governor of Heil
ongjiang Province, the most northern 
province in China, of which Harbin is the 
capital. Remarks by the vice-governor in
cluded reference to the great economic 
importance of the study of frozen ground 
to the province. Shi noted that one of the 
conference goals was to select the best 
papers for the Fifth International Con
ference on Permafrost to be held in 
Norway in 1988; in addition, it was a 
great honor for China to be selected as 
host for the Sixth International Confer
ence on Permafrost in 1993. 

A book of selected abstracts in English 
was presented to the foreign participants 
(available from the Institute of Glaciology 
and Geocryology, Lanzhou, China). After 
a group photograph, the formal presenta
tion of papers began. The conference was 
divided into four subject areas: general 
and regional geocryology (about 60 ab
stracts); physical, thermal, and mechan
ical properties in freezing and thawing of 
soi Is (70 abstracts); design and construction 
in cold regions (80 abstracts); and instru
ment and testing techniques (24 abstracts). 

Engineering Considerations 

The largest share of presentations were 
papers considering construction and phys
ical, chemical, and thermal properties of 
frozen ground in cold regions. Subjects 
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considered ranged from groundwater prob
lems, including icings (aufeis). through 
deep embankment studies to insulation 
problems. Discussion of frozen ground 
problems in connection with railway con
struction and maintenance were well rep
resented. By far the majority of papers in 
these sections dealt with some aspect of 
frost heaving. In fact, the two main con
ference themes appeared to be ( 1 ) the 
various aspects of theoretical and practi-

cal interpretation of frost heaving and (2) 
periglacial phenomena. 

Although the impact of frost heaving 
and correction techniques on convention
al structures such as highways, railways, 
and bridges (including piles) were consid
ered, most research appeared to be con
nected with the damage by frost action 
on irrigation structures such as canal walls, 
sluice gates, and diversion structures used 
in most agricultural areas of northeast 

Figure 3. Load frames to measure frost heaving in loam. Field station of the Low Temperature 
Construction Science Research Institute of Heilongjiang Province, 30 km west of Harbin, China, 
August 21, 1986. (T. L. P6wll photo no. PK 28, 153.) 

Figure 4. Field installation to measure frost heave on piles and footings. Field station of the 
Heilongjiane Provincial Scientific Research Institute of Water Conservancy, 19 km west of 
Harbin, China, July 19, 1984. (T. L. P6w6 photo no. 4807.) 
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China. These irrigation-related problems 
are not common elsewhere in the world, 
since irrigation is used mostly in nonper· 
mafrost regions. 

It was reported that in Heilongjiang 
Province alone, frost heaving has damaged 
more than half of the thousands of kilo· 
meters of concrete-lined canals and ditches 
with diversion structures used in irrigation. 
Since 1949 most of the concrete struc
tures have been rebuilt three or more 
times, and in one area, canals have been 
rebuilt three times in the last ten years. In 
addition to hearing papers describing this 
problem and examining field-station ex
periments (Figs. 3 and 4). participants 
were shown two color films of the disas· 
trous results of frost heaving on irrigation 
structures. The vertical pressures on the 
structures and the lateral pressures on 
canal walls are more than the structures 
can accommodate. Various methods are 
vigorously being undertaken to solve frost 
heaving problems of irrigation structures 
but with only limited success. These meth· 
ods include trying to improve soil drainage, 
adding lime or salt to the soil, strengthen· 
ing the structures, and insulating the soil 
from cold air by natural or artificial cover. 
Foamed polystyrene appears to have some 
success, but only on test sites, and it is 
not available for the thousands of kilo· 
meters of canals. 

Regional Distribution of Permafrost 
and Periglacial Phenomena 

Although the general distribution of 
modern permafrost in China has been out· 
lined for some time, the details are still 
emerging. It was interesting to have con
firmed a 1985 newspaper account that 
was a first report of permafrost in central 
China, on a mountain top near Lanzhou. 
At an elevation of 3650 m, an excavation 
for construction material exposed 12 m 
of ground ice, ranging from clear to milky, 
in veins up to 10 em wide, within bedrock 
fractures 3 to 8 m beneath the surface. 
Tritium and 0 16/018 tests on the ice re· 
vealed that it was formed when the mean 
annual air temperature was- 4.5°C; this is 
2.3°C colder than temperatures today on 
the mountain top. The permafrost is in· 
terpreted to be no more than 3000 years 
old. It is too marginal in temperature to 
have survived the mid-Holocene warm 
period. Total thickness of permafrost on 
the mountain is unknown. 

For the first time in a Chinese national 
permafrost conference, there was a paper 
on frozen ground phenomena in Antarc
tica.5 Xie reported permafrost up to 50 
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m thick and many periglacial features at 
the new (1984) year-round Chinese field 
station (Changcheng or Great Wall) on 
King George Island just off the northern 
tip of the Antarctic Peninsula in the sub· 
antarctic. 

Ice Wedges 

Two discussions among Li Ou-Xiu and 
associates, engineers for the Oiqihar 
Branch of the Harbin Railway Administra· 
tion, and Pewe and Kreig of the U.S. pro
vided additional information concerning 
what appears to date to be the only exca
vated, photographed, and reported ice 
wedge in permafrost in China. During the 
July 1984 visit of the U.S. Permafrost Del· 
egation to northeast China we were shown 
a black and white photograph (labeled 
geologic cross section No. 5) of the upper 
part of a flat-topped foliated ice wedge 
about 1 m wide discovered at Yitulihe in 
northeast China; this photograph is repro
duced in Brown.6 Li sent P~w~ a photo
graph (Fig. 5) of a different wedge in Oc
tober 1984. Because of the rarity of ice 
wedges in China, their importance in con· 
siderations of past and present climatic 
reconstruction, and especially because of 
the importance of knowing the existence 
and distribution of ice wedges for engi
neering construction on ice-rich terrain, 
P~w~ communicated several times in 1984-
85 with Chinese engineers, and the Harbin 
meetings were arranged. New information 
is presented here. 

Figure 5. Flat· 
topped 1-m-wide ice 
wedge in discontin· 
uous permafrost 
exposed in a trench 
in alluvium on the 
first terrace of the 
Yituli River in Yi· 
tulihe, China, 
January 1984 
(labeled "Geologic 
cross section No. 
1"). (Photo cour
tesy of Li Qu-Xiu, 
Qiqihar Branch of 
the Harbin Railway 
Administration.) 

Contrary to the earlier report,6 the one 
ice wedge was not found in an excavation 
for the permafrost observatory building, 
but four or five ice wedges were encoun
tered in the winter of 1982-83 in a 100-m
long water-supply pipeline trench in Yitu
lihe extending southward from the railway 
to residence buildings. Additional ice 
wedges were found in a residence building 
excavation near the end of the pipeline. 
The construction was rapidly completed 
and evidently no photographs were taken. 

In January 1984 special trenches 15 m 
long were dug next to the aforementioned 
pipeline for the express purpose of expos· 
ing and photographing ice wedges. This 
was for a report to be presented by Jia 
Minghao, director, Yitulihe Branch, Frozen 
Ground Observatory Station, at a perma
frost meeting in Lanzhou in the spring of 
1984. At least two ice wedges were ex
posed and photographed. The papers pre
sented were not published. 

From the above information we now 
know that inactive flat-topped ice wedges 
occur about 1 m below the surface in the 
northern part of northeast China in dis
continuous permafrost. They may be late 
Pleistocene in age because they occur in 
alluvium on the first terrace of the Yituli 
River. 

Periglacial Phenomena 

One of the major sections of the con· 
terence was devoted to a discussion of 
periglacial phenomena-past and present. 
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Figure 6. Officials of the International Permafrost Association at Harbin, China, August 20, 
1986. Left to right: Professor Seiiti Kinosita, chairman, Japanese adhering body; Professor 
Troy L. PtWYI!, first vice-president, IPA; Professor Shi Yafeng, chairman, Chinese adhering 
body. (T. L. Pl!wl! photo no. PK 28,149.) 

Periglacial features and processes are active 
in regions of rigorous climate. Such fea
tures as ice wedges, sand wedges, pingos, 
lobate rock glaciers, and cryoplanation 
terraces occur only where permafrost is 
present -the true periglacial environ
ment.7• 8 Features such as involutions, soli
fluction deposits, and sorted patterned 
ground also form in cold areas, but they 
do not necessarily indicate the presence 
of permafrost or of a true periglacial cli
mate. 

Presentations at the conference indica
ted that confusion still exists over termi
nology and identification of actual fea
tures, i.e., annual frost blisters were also 
termed pingos. Most scientists in China 
who are interested in periglacial features 
have not had the opportunity to examine 
active features in other parts of the world. 
Maps of past periglacial environments of 
China have been based on permafrost 
phenomena, including the distribution of 
plants and animals. 

Yet, considerable progress has been 
made in this area. Good dating of geologic 
sections by carbon-14 and thermolumin
escence have yielded ages for colder en
vironments, even if not for permafrost 
environments. Some researchers are now 
returning from the Arctic and Antarctic 
with valuable experience to refine the 
study of active and inactive periglacial 
features in China. 
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Field Trips 

Two official engineering field trips were 
conducted to frozen ground test stations 
near Harbin. The group first visited the 
field station of the Low Temperature Con
struction Science Research Institute of 
Heilongjiang Province about 30 km west 
of Harbin. The station was established in 
1978 and is devoted mainly to the study 
of frost heaving. One of the major experi
mental projects involves test plots to reg
ister frost heaving in loam (from retrans
ported loess) of various thicknesses (1, 
1Y:., 2, and 3m) above the natural water 
table (Fig. 3). 

The other field station visited is of the 
Heilongjiang Provincial Scientific Research 
Institute of Water Conservancy, 19 km 
west of Harbin. It was established in 1979 
to study frost-heave forces on various 
foundation elements (Fig. 4). The station 
was also visited in 1984 by the U.S. Per
mafrost Delegation and is described in 
Brown. 6 

Two valuable nonscheduled field trips 
were also made to historic loess exposures 
in Harbin.9 These sections exhibit retrans
ported loess up to 1 million years old and 
are classic sites for Pleistocene vertebrate 
collections. 

International Permafrost Association 

The conference provided an ideal place 
to recognize the newly founded (1983) In-

ternational Permafrost Association (IPA) 
and the fact that China was one of the 
original four founding countries, along 
with the USA, the USSR, and Canada. 
The author, as first vice-president of the 
organization, spoke briefly about the IPA 
in the opening and closing sessions and al
so was allotted a formal time to describe 
the status of the IPA and comment on 
the 14 adhering countries. The author 
met in special session with the Chinese 
adhering body to the IPA to discuss the 
fifth ( 1988) and sixth ( 1993) conferences. 
Professor Shi Yafeng (Fig. 6) is chairman 
of that body and Cheng Xiaobai is secre
tary. Also present at the conference were 
Professor S. Kinosita, chairman of the ad
hering body of Japan, and Dr. M. Fukuda, 
secretary. 
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Figure 1. Section of coal-bearing rock at Coal 
Harbor, Unga Island. This portion of the Bear 
Lake formation contains about 5 m of coal 
(near center of photograph). 

THE UNGA ISLAND coal field is located 
on Unga Island, the largest and western
most island of the Shumagin Island group 
on the Pacific side of the Alaska Peninsula 
at latitude 55·. The island, which is about 
24 km long, lies in the Alaska Peninsula 
and Kodiak coal resource region of Alaska. 
The principal exposures of coal- bearing 
strata are located in the Coal Harbor area 
on the western shore of Zachary Bay, 
which is about 3.2 km across and indents 
the northern end of Unga Island for about 
4.8 km (Figs. 1, 2, and 3). 

The greater portion of Unga Island is 
mountainous, but its northern end has 
rolling topography. At the eastern margin 
of the coal field, the upland surface is a 
little more than 180 m above the sea.3 

This steep bluff declines gradually to the 
west, reaching sea level at the western 
shore of the island. The topography of 
the upland surface is varied somewhat by 
a mantle of glacial drift, in which there 
are numerous small depressions contain
ing lakes or swamps. Streams flow to the 
west over the gentle slopes of the upland 
surface and through shallow valleys. 

Coal Harbor on Unga Island is about 
9.5 km west of Sand Point on Popof Island; 

Alaska Peninsula 

COALS OF UNGA ISLAND 

by Roy D. Merritt 

from Sand Point, which has regularly 
scheduled flights from Anchorage, heli
copters are generally used for exploratory 
field investigations (Fig. 4). The only in
habitants of Unga Island today live at 
Squaw Harbor, a small Native village lo
cated on the north shore of Baralof Bay 

on the east coast. About 75 km 2 of Ter
tiary coal-bearing lands, including the Coal 
Harbor area, have been conveyed to the 
Aleut Native Corporation and have sub
sequently been leased to Resource Asso
ciates of Alaska (a subsidiary of NERCO 
Minerals Company). 

nO 100 K 

Figure 2. Unga Island lies south of the Alaska Peninsula and southwest of Kodiak Island. It is 
shown here with the general configuration of the Late Cretaceous (about 70 million years ago) 
tectonic framework and subduction complex (modified from Burk1 and Mancini et a1.2 

). 

Roy D. Merritt has worked as a coal geologist for the Alaska Department of Natural Resources, Division of Geological and Geo
physical Surveys in Fairbanks for over five years. During this time, he has conducted field exploration programs in several regions of 
Alaska and has written many reports and articles on Alaska coal. Before taking his current position, he worked in the Appalachian, 
Eastern Interior, and Powder River coal basins. He has also written several books on subjects relating to coal and its exploration. 
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Figure 3. Generalized geologic map for Unga 
Island off the Alaska Peninsula. Sedimentary 
outcrops occur over most of the western half 
of the island. Significant coal resources are 
limited to the northwest peninsula of the island 
west of Zachary Bay. Solid triangles indicate 
sites studied in detail during recent field 
investigations. (Legend on facing page.) ---....___.- -- Contact .. ·, Dashed where inferred 

• Section or station location, sampling site 

Geology from Burk, 1965, modified slightly 
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Figure 4. Helicopter near southern part of the 
outcrop at locality Ul2, the main coal-bearing 
section at Coal Harbor. 

HISTORY OF DEVELOPMENT 

Coal on Unga Island was first explored 
by Peter Doroshin of the Russian Trading 
Company in 1851. The Russians are re
ported to have taken some coal from out
crops near the beach. W. H. Dall, as a 
member of the Scientific Corps of the 
Western Union Telegraph Expedition, 
visited Unga Island in 1865. Coal Harbor 
was probably named by members of this 
expedition. 4 (The name Coal Harbor has 
also been applied to all of Zachary Bay 
on some maps.) Dall returned to Coal Har
bor in 1871, 1872, 1873, and 1895. 

Mining of the low-grade coals from the 
west side of Zachary Bay at the north end 
of the island began in 1871 soon after the 
settlement at Coal Harbor was founded. 
In 1872, Dall and a party of workers dug 
out about 13 metric tons of coal for use 
in the stove and galley on the U.S.S. Hum-

Legend for Figure 3 (see facing page). 

boldt. The test burning was unfavorable 
because of the large amount of sulfur in 
the coal, which reportedly gave off offen
sive fumes while burning and produced an 
extraordinary quantity of ashes.5 

The Alaska Coal Company, a San Fran
cisco-based corporation, was formed to 
work the Coal Harbor seams in 1882. It 
was the first significant coal mining under
taken by Americans in this part of Alaska. 
As many as 20 men were employed by the 
company to supply fuel to small steamers 
engaged in seal hunting. 3 Two cargoes of 
coal, amounting to about 700 tons, were 
shipped to San Francisco in 1883. 

In addition to coal mining, lode gold 
mining was conducted successfully on 
Unga Island from 1891 to 1904.6 The 
chief operation of this type was the 
Apollo gold mine located on the south side 
of Unga Island near the head of Delarof 
Harbor. New discoveries of lode gold in 
the same vicinity have been made re
cently. 

Small-scale coal mining also continued 
after the turn of the century. Much of the 
coal produced was used for domestic pur
poses, particularly in conjunction with a 
local fish cannery. Natives and white resi
dents on Unga and neighboring islands 
prospected along certain of the thin seams 
and found some "high-grade lignite." The 
coal on Unga Island was conveniently lo
cated for use by steamers running to Dutch 
Harbor from Cook Inlet or Kodiak. At 
one time, there was an established U.S. 
post office at Coal Harbor, and a passenger 
steamer service visited the port on its 

monthly voyages between Seward and 
points on the Alaska Peninsula.4 

In the early 1900s, plans were made to 
increase coal production from Unga Island 
by installing new machinery and coal 
bunkers. Bunkers were built in 1904 about 
30 m from the shore, and a steel conveyor 
connected them to a mine developed in a 
seam located about 60 m above tidewater. 
However, these efforts were abandoned 
shortly after 1904.3 The property came 
under the control of the Tide Water Con
solidated Company, which drove several 
drifts and put one mine into operation 
for coal shipping in 1911.7 No significant 
production resulted, however, and most 
coal mining on the island ceased in 1912. 
No further coal development on Unga 
Island has taken place since that time. 

GEOLOGICAL FEATURES 

Tertiary coal-bearing rocks of the Unga 
Island field underlie an area of about 100 
km 2 on the northwest part of the island. 
Coal beds of commercial value are probab
ly limited to an area of 40 km 2 on the 
peninsula at the west side of Zachary 
Bay.8 • 9 Although sedimentary rocks cov
er most of the western half of Unga Island, 
the area of the coal field itself is relatively 
small. The coal beds are best exposed on 
the shore at Coal Harbor. Other minor 
beds can be seen at points along the north
west coast of the island and in a little strip 
along its west coast.6 Although much of 
the area west of Zachary Bay may contain 
coal similar to that exposed in the cliffs 

UI1···Sampling site, 0.3·m thick subbituminous coal bed (sample Ul1·1) 
U12···Coal Harbor section, numerous thin lignite and subbituminous coal beds less 1-m thick (sample Ul2·1) 
UI3···Station, thin carbonaceous shale and lignite lenses, coalified and petrified logs 
UI4---Coal section, few thin lignite to subbituminous coal bands (sample Ul4-1) 
U 15---Station, outcrop of Unga Conglomerate Member, includes folded shale and claystone 
U 16---Station, basalt stacks, other tuffs, volcaniclastic sandstones, and agglomerate abundant 
UI7---Station, rocks similar to Ul6 but with thin lenses of coal to 10-cm included 

QUATERNARY 
Pleistocene 
and Recent G Surficial deposits---Undifferentiated surficial materials; includes 

glacial materials, outwash, alluvium, colluvium, beach, stream, 
talus, and terrace gravel deposits. 

Pliocene 
Jlil Tertiary volcanics---includes flows, tuffs, lahars, breccias, and ash; 
~ Ti= Tertiary intrusive center. 

TERTIARY Miocene 

Oligocene 
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CJ Bear Lake Formation, Unga Conglomerate Member·--Sandstone, L::J conglomerate, siltstone, shale, and thin lignite beds. 

r;:::l Stepovak Formatio_n---Volcanic sandstone, conglomerate, agglomL..:J erate, and/or brecc1a. 
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at the east margin of the field, no seams 
of economic value have been observed 
along the west coast of Unga Island. 

The coal beds of the Unga Island field 
occur in nearly flat-lying to uniformly 
shallow-dipping sedimentary rocks on the 
peninsula west of Zachary Bay. The geo
logic structure in the area is fairly simple. 
The outcropped seams at Coal Harbor are 
inclined westward from an elevation of 
about 60 mat the east margin of the field 
and evidently pass below sea level before 
reaching the west margin of the island. 6 

The strata dip from 5 to 20 degrees, and 
are monoclinally folded in a north and 
south direction. Measured strikes vary 
from N 20oE to N 45°E. The low angle of 
dip of the coal beds and the evidently 
simple structure may facilitate commercial 
thin-seam mining locally. 

COAL CHARACTER 

Physical Properties 

Unga Island field coals are predom
inantly of lignitic character, being brown
ish black and displaying a distinct woody 
or uniform claylike texture. Subbitumi
nous coals are hard, black, and exhibit 
splintery fractures on fresh surfaces (Fig. 
5). Upon weathering, these coals slack into 
small cubical fragments and fine chips, 
and may show a semi-woody appearance 
on surfaces. 

Coal Petrology 

Macerals, microscopic organic material 
analogous to minerals in other rocks, af
fect the behavior of coal when heated, 
and therefore determine the value of the 
coal. General maceral analysis results for 
three Unga Island coal samples show that 
the coals are very high in huminite and 
contain only minor amounts of inertinite 
and liptinite. Huminite, which alters to 
vitrinite in bituminous coals, is the most 
common and most important maceral 
group of the low-rank coals. Since the 
coals are lignite and low-grade subbitumi
nous, the macerals have not been strongly 
altered and typically are well preserved. 
The petrology of the coals indicates they 
formed from peats predominantly con
sisting of wood, bark, and other tissues of 
trees and shrubs. 

Although the mineral matter content 
was not quantified petrographically, the 
relative types and abundances of pyrite in 
the samples were studied. The pyrite con
tent of the samples is consistent with the 
interpreted depositional environment of 
the coals in coastal swamps. 
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Figure 5. Physical character and surface appearance of 0.3-m-thick 
subbituminous coal seam at locality Ul1, west shore of Zachary Bay. 

Mean-maximum vitrinite reflectance 
analysis of the samples revealed a range 
from 0.35 to 0.40 percent. All the samples 
have an apparent rank from lignite to sub
bituminous C. This indicates a thermal 
maturation index of immature to margin
ally mature. 

Coal Quality 

Most coals of the Unga Island field are 
lignites, but some beds rank as high as 
subbituminous C. Very few analyses of 
Unga Island coal have been published. 
Data quoted by later workers have gener
ally been abstracted from earlier reports 
(e.g., before this study, the only analyses· 
were those by Atwood3 and Stone10). The 
coals show high moisture and ash content. 
Iron pyrites have been noted in the coals 
from some locations, but these are irregu
larly distributed. Coal samples collected 
during the most recent field work appear 
in general to be of higher quality than 
those analyzed in previous studies, with 
the highest heating values approaching 
10,000 Btu/lb (as-received basis). 

COAL RESOURCES 

The Unga Island field contains numer
ous seams of lignite and subbituminous 
coal to 3 ft (0.9 m) in thickness. Most 
outcropping seams are too thin to be of 
commercial value, and thicker seams often 
contain one or more measurable partings 
(Fig. 6). However, a few exposed seams 
may be of sufficient thickness for mining, 
and it is possible that thicker seams exist 
at relatively shallow depths. 

Although the reliability of resource in
formation from Unga Island has been gen
erally poor, various workers have attemp
ted to quantify the magnitude of coal re
sources in the field. Atwood 6 stated that 
the quantity of lignite above sea level was 
probably sufficient to supply the demand 
for such material from the field for a long 
time. Hillegas8 stated that the reserves of 
stripping coal were minor. Holloway9 

found insufficient data to form a resource 
estimate. The Alaska Division of Energy 
and Power Development11 and the Insti
tute of Social and Economic Research12 

estimated total remaining resources at 
150 million short tons. 
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Figure 6. Several thin coal seams at the main outcrop, locality Ul2, 
Coal Harbor. 

Based on thickness information ob
tained from sections measured during re
cent field investigations, it is estimated 
that the Unga Island field contains 90 
million short tons of inferred coal re
sources in beds over 1 ft (0.3 m) thick 
and 70 million short tons of inferred coal 
resources in beds over 1.6 ft (0.5 m) thick 
(Table 1 ). This estimate is in line with the 
projected total hypothetical resources of 
150 million short tons of coal. 

CONCLUSIONS 

The Alaska Division of Energy and 
Power Development11 ranked the Unga 

Island field seventh among all Alaska coal 
fields in terms of projected order of 
development. The estimated timing for 
development was from 1990 to 1995. Al
though the Division concluded that there 
were no immediate prospects for develop
ing the Unga Island field, it stated that 
the field possibly could be developed by 
Natives for local use and limited export. 

After conducting recent reconnaissance 
explorations, I believe that the Unga 
Island coal field has a low potential for 
near-term development. Perhaps three of 
the known coal seams are of marginal 
economic importance. However, as mining 

Table 1. Estimated Coal Resources of the Unga Island Field 

Total aggregate coal thickness (0-500 ft overburden) 
Estimated inferred resources (in millions of short tons) 
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Bed thickness category 

;;;, 1 ft (0.3 m) ;;;, 1.6 ft (0.5 m) 

10ft(3m) 7ft(2m) 
90 70 

thin seams becomes more economically 
feasible and attractive, the prospects for 
the development of small mines to supply 
coal for local needs may improve. 
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SEISMIC DESIGN OF VALVE 
Natural Frequency Consideration 

As ILLUSTRATED in a series of arti
cles published recently in The Northern 
Engineer, 1 Alaska is susceptible to severe 
seismic activity. Steinbrugge2 gives an ex
cellent summary of 24 major U.S. earth
quakes from 1811 through 1966. The 
Alaskan Earthquake in 1964 was the 
strongest of all of them, with a Richter 
magnitude of 8.4 and an estimated loss of 
$311 million in 1964 dollars. For engi
neers, the 1964 earthquake that occurred 
along the southcentral coastline of Alaska 
is a constant reminder that careful atten
tion should be given in the design of 
industrial plants to ensure that all compo
nents can withstand seismic loads of 
considerable magnitude. 

In recent years, we have seen a rapid 
expansion of plants and industries in both 
the Fairbanks and Anchorage areas. Both 
locations are in the upper scale of seismic 
zones according to the classification of 
the Uniform Building Code. 3 Anchorage 
falls in seismic zone 4, and Fairbanks in 
zone 3; in both zones an earthquake 
could cause major damage. Therefore, 
equipment and structures for industrial 
plants located in these zones must be de
signed and constructed with some margin 
of safety to accommodate seismic forces. 

Mechanical engineers responsible for 
designing or selecting valves and pipings 
for industrial plants such as power plants, 
oil refineries, offshore platforms, and 
chemical and petrochemical storage facili
ties should be cognizant of the seismic 
requirement. Valves are an integral part 
of any plant, and in a given facility there 
may be numerous valves for flow control. 
Normally, the large valves with their mas
sive operators are the ones that are prone 
to fail because of seismic vibrations. 

Figure 1 (a) shows a valve and operator 
arrangement in a typical large valve instal
lation. Generally, three types of operators 

by Debendra K. Das 

(b) 

Valve body 

X 

Figure 1.(a) Valve and operator support arrangements in a typical large valve 
installation; (b) schematic drawing of the operator support arrangement. 

are available: manual, electric, and pneu
matic or hydraulic. The operators are sup
ported on the valve feet [see Figure 1 (b)] 
as a protruding mass and can be set into 
violent motion in the event of seismic vi
brations.The motion induces high dynamic 
loading at the junction of the operator 
support and the valve body. Hence it is 
important that the support cross section 
be sized adequately to withstand this load 
to avoid permanent structural deformation 
and subsequent valve failure. Investigating 
these areas is done routinely in nuclear 

power plants where a valve failure may lead 
to the release of radioactive materials.4 For 
other applications in high-risk seismic 
areas, similar consideration may be given 
to prevent leakage of inflammable fluids 
or fluids that could cause pollution of 
the environment. The malfunction or fail
ure of a single valve in a crucial unit could 
result in the malfunction or failure of the 
entire unit. There are also interactive 
effects, such as the failure of a component 
in one unit leading to overload of another, 
which could result in a subsequent failure 

Debendra K. Das is an assistant professor in the Department of Mechanical Engineering at the University of Alaska·Fairbanks. He 
was involved in the design and manufacture of nuclear and commercial valves and venturi meters at the General Signal company for 
four years. 
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OPERATOR SUPPORTS 
second, the structure is considered rigid, 
so that a dynamic design is not ordinarily 
a significant factor. Above 3 or 4 seconds, 
a structure is so flexible that conditions of 
excessive deformation rather than strength 
considerations will likely limit design. Ex· 
cessive deformation in the operator or 
support structure is highly undesirable, 
however, since it may bind the operator 
shaft, cause misalignment and component 
rubbing, and totally inhibit the function 
of the operator in modulating the valve. 
Therefore, a rigid system is desirable. An 
added advantage of such a system is that 
a static analysis is applicable, which is sim
pler than a dynamic analysis for calculat
ing stresses and deflections. A definitive 
limit for rigid systems is established by 
the Institute of Electrical and Electronics 
Engineers Standard 344-1975.

6 
In this 

code and in other publications relating to 
seismic practice (e.g., reference 7), a natural 
frequency of 33 cycles per second (period 
= 0.03 second) is defined to be the lower 
limit for rigid systems for which a static 
analysis is applicable for seismic qualifica
tion of equipment. Thus, a designer should 
try to maintain a level of frequency higher 

than this value. 

z 

PLAN VIEW 

ELEVATION VIEW 

~ct 
T~x 

l-b-1 
Section A-A 

(a) motion along Z axis 

SECTION A-A 
z 

Natural Frequency Formulas 

--v 

(b) motion along X axis 

Fs 

(c) rotational motion 
about Y axis 

AXES 
X= Parallel to the valve and pipe axis 

Y= Perpendicular to the valve body 

Z= Perpendicular to the valve and pipe axis 

Figure 2. Various modes of operator vibration on the support structure. 
The symbols mit and mz are the inertial forces along the X and Z 
directions. Jzii is the inertial torque about the Z axis. 

of the second unit, and so on. Thus, an 
engineer should consider the possible con
sequences of these effects and design 
equipment that is more resistant to earth· 

quakes. 
There is more to the design considera

tions that go into sizing operator supports 
for large valves in any industrial plant than 
will be presented here. This article des
cribes only the first part of the design 
procedure, that of determining the natural 
frequency of vibration of valve operators. 
In addition, we use a specific example to 
illustrate a step-by-step procedure, includ-
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ing some charts that should be useful to 
design or application engineers. The stress 
and deflection considerations will not be 
covered here. 

DESIGN THEORY 

The first step in establishing the correct 
size for the support structure is to set a 
criterion for the natural frequency of 
vibration of the operator. As Hudson

5 

points out, the range of period of vibration 
(period is the reciprocal of frequency) 
covered by typical engineering structures 
is from 0.1 to 3 or 4 seconds. Below 0.1 

Figure 2 shows the possible modes of 
the operator vibrating on the support struc
ture. The support structure is quite flex
ible for vibratory motion along X and Z 
directions, but it is much more stiff for 
longitudinal vibration along the Y direc
tion. Therefore lower frequencies are ex
pected in X and Z directions, and we need 
to perform frequency calculations only in 

these two directions. 
For motion along the Z axis, the mass 

of the operator moves parallel to the fixed 
end due to the two-support unbraced 
configuration and deforms as a frame, as 
shown in Figure 2(a). The spring constant 
of two parallel valve feet can be obtained 
from the frame deflection theory: 

2(12Eix) 
Kz = 

L3 
( 1) 

where E is the modulus of elasticity, lx is 
the area moment of inertia of one valve 
foot about its center parallel to the X axis, 
and L is the support length shown in Fig-

ure 2(a). 
The natural frequency is then 

(2) 

where M is the operator mass. 
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For motion along the X axis, however, 
the situation is somewhat complicated. 
The mass moves in an arc about the fixed 
end and deflects as a cantilever beam. De
formations due to both rectilinear and ro
tational components are present, as shown 
in Figure 2(b), resulting in a system with 
two degrees of freedom. The natural fre
quencies of such a system are presented 
by Tse et al. 8 

800.-----------------------~ 

(Y..7r)[C2 ± (C~- 4C,C3 )y,]y, 
fx = (3) 

(2C,)y, 

where 

C, = L
4

JzM; C2 = 8EizL(3Jz + L2 M); 
C3 = 48(Eiz) 2

• Here Jz is the mass mo
ment of inertia of the operator, and lz is 
the area moment of inertia of one valve 
foot about the Z axis. 

A third possible mode is a torsional vi
bratory motion of the operator about the 
Y axis. As shown in Figure 2(c), the tor
sional torque T produces two reactive 
shear forces Fs = T /2c on the valve feet, 
where c is the distance between the center 
of the operator and the center of the valve 
feet. The angular deflection caused by 
these forces is 

0 
¢J =- = 

c 

Hence the torsional spring constant is 

T 6E lzc2 

Kt= -= --
¢1 L 3 

(4) 

(5) 

and the torsional frequency is then given 
by 

(6) 

where Jy is the mass moment of inertia of 
the operator about the Y axis. 

Equations 1 through 6 show that the 
natural frequencies are dependent on the 
length L, width b, thickness t, and the 
centerline distance c of the support struc
tures. Thus a designer should know which 
of these parameters is crucial in designing 
a rigid system so that none of the fre
quencies falls below 33 cycles per second. 

To establish the effect of these param
eters, one needs to perform a series of 
calculations by varying them to see how 
they affect the natural frequency. From 
these calculations, a designer would be 
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Figure 3. Effect of the 
thickness of the support 
structure on the frequency 
of vibration of the operator. 
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Figure 4. Effect of the 
width of the support 
structure on the 
frequency of vibration 
of the operator. 
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able to select proper dimensions of the 
valve feet that provide the strength and 
rigidity with a minimum amount of mate
rial, and yet do not violate the minimum 
frequency requirement. To make the pro
cedure readily usable, let us select a base 
case from an actual design 9and subsequent
ly change various parameters to evaluate 
their effects on the frequencies. 

EXAMPLE 

Consider a 61-cm (24-in) butterfly valve 
of 1034-kpa (150-psi) rating with a Limi
torque manual operator weighing 1734 N 
(390 lbf). The dimensions of the operator 
support are: L = 30 em, b = 20 em, t = 
3.5 em, and c = 10 em (Fig. 2). The oper
ator is approximately cylindrical in shape, 
of 20.3 em radius (R 0 ) and 26.8 em in 
length (L0 ), with its axis along Y. We seek 
to compute the natural frequencies of vi
brations in various directions. 

Substituting the following values into 
Equations 1 and 2: 

lx = bt3/12 = 71.5 x 10-8 m4 and E = 
20 x 1010 N/m2 for steel, and M = W/g = 
177 kg, yields: Kz = 1.27 X 108 N/m and 
fz = 135 cycles per second. 

For Equation 3, only the negative sign 
in the ±expression needs to be considered, 
since we are interested in the lower value 
of the frequency. Using lz = tb3 /12 = 
23.33 x 10-10m4

, Jz = M(R 0
2 I+ L0

2 /12) = 
2.883 kg • m2 yields C1 = 4.133 kg 2 • m6• 

C2 = 2.753 X 108 m6 
• kg2 /s2, and C3 = 

1.045 x 1015 kg2 • m6/s4
• Substitution 

of these values into Equation 3 gives fx = 
320 cycles per second. Applying Equations 
5 and 6, we get Kt = 10.37 x 106 N • m, 
and Jy = MR0

2 /2 = 3.647 kg • m 2 and 
the frequency ft = 268 cycles per second. 

Therefore, all the frequencies are above 
33 cycles per second, and the system can 
be treated as rigid. Being a rigid system, 
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Figure 5. Effect of the 
centerline distance of the 
support structure on the 
frequency of vibration of 
the operator. 
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the structure can be analyzed by a static 
analysis method. In this method, a seismic 
acceleration of several g is applied to the 
mass as an inertial load. Stresses and de
flections are calculated at critical points 
and checked against the allowable values 
to ensure a safe design. 

From the base design, we can now ex
tend the study to determine the effect on 
the natural frequency when we change 
various dimensions. This study should 
identify which dimensions are most criti
cal for a suitable support sizing. A series 
of calculations have been performed by 
varying one dimension at a time while 
keeping all other dimensions constant. 
These results are displayed in Figures 3 to 
6. For example, Figure 3 shows how the 
three frequencies vary when the thickness 
of the supports is varied. These curves are 
helpful to designers in picking suitable 
support dimensions for a given valve and 
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operator. Using Equations 1 to 6, a series 
of such charts can be generated with a 
range of operator mass to cover a wide 
range of valve sizes. 

CONCLUSIONS 

Some general trends are easily recog
nized from the design curves in Figures 3 
to 6, and the following conclusions can 
be drawn: 

• All curves show that the frequency is 
generally the. lowest for motion along the 
Z axis, so one should check this first 
against the minimum frequency require
ment. 

• Figure 3 demonstrates that increasing 
the thickness would help raise the value 
of fz, while Figure 4 shows that increasing 
the width has a very minor effect on fz 
and would not be an economical design 
alternative. 

• Both fz and fx are independent of the 
centerline distance cas can be determined 
from Equations 2 and 3, and Figure 5. 
Note that ft increases linearly with c. For 
designs where ft tends to fall below the 
desired limit, one merely has to spread 
the valve feet apart without increasing any 
other dimensions to overcome this defi
ciency. 

• Figure 6 shows that increasing the 
length of the support structure decreases 
all the frequencies, whereas the other fig
ures illustrate that increasing all other 
dimensions generally increases all the fre
quencies. Hence, the length should be 
kept as short as the design perm its. 

• All the figures show that the frequency 
fx is generally higher than the others and, 
therefore, may not be a controlling factor 
in design. 
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Northwest Territories, Canada 
BURIED WATER AND SEWER SERVICE 
CONNECTIONS IN PERMAFROST AREAS 

by Sukhi Cheema 
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Figure 1. Typical double water service line (recirculating). 

WATER AND SEWER service connec
tions in the continuous and discontinuous 
permafrost regions of the Northwest Ter
ritories of Canada are characterized by 
special design features that make them 
functional in a harsh environment. They 
are designed and constructed to prevent 
water or sewage from freezing in pipes 
exposed to low ground temperatures and 
to ensure the structural integrity of ser
vice piping where it may be affected by 
frost action and permafrost degradation 
in trenches. 

The general practice in southern Cana
dian communities is to bury service pipes 
below the frost line. This is not practical 
nor easy in northern Canada because the 
frost line can descend to the top of perma
frost. The common practice in permafrost 
areas of the Northwest Territories is to in
sulate water and sewer service pipes, to 
install some form of freeze protection (re
circulation of water in service pipes, heat 
tracing, etc.). and to bury the pipes at 
shallow depths, with proper grades for 
sewer systems. 

Many different insulation techniques 
and freeze protection systems have been 
used in the past with varying degrees o.f 
success and expense. These have provided 
invaluable experience and have contribu
ted to the development of the system 
presented in this paper. This system has 
been tested successfully and has proven 
to be an excellent approach to the design 
and construction of water and sewer ser
vice connections in the Canadian High 
Arctic. It is being used in the Northwest 
Territories, which covers the full range of 
northern conditions from ice-rich soils to 
gravel, from discontinuous to continuous 
permafrost, and from areas of dramatic 
temperature variation below the tree line 
to High Arctic conditions. 

WATER SERVICE CONNECTIONS 

Water service connections consist of a 
1 00-mm-diameter duct of butt-fused Ser
ies 410 kPa high-density polyethylene 
(HDPE) pipe, with 50 mm of urethane in
sulation encased in a 1.14-mm polyethyl
ene jacket (Fig. 1 ). 

Two minimum 20-mm inside diameter 
(or 25-mm CTS, copper tube size) Series 

Sukhi Cheema, project manager of the Water and Sanitation Section of the Engineering Division, Department of Public Works 
and Highways, Government of the Northwest Territories, Canada, holds a B.S. and B. Eng. in applied science and civil engineering 
respectively and an M.S. in municipal engineering. He worked with a consulting firm for eight years before joining the NWT gov
ernment in 1983. 
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PO... YETl-M..ENE 
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Figure 2. Basic system components at a butt·fused 
water service connection. 

1100 kPa (minimum) HOPE water service 
pipes are field installed inside the duct or 
carrier pipe. The 20-mm water service 
pipes and a 13-watts/meter heating cable 
are taped together at 2-meter intervals 
using two turns of 50-mm-wide polyester 
packaging tape. Tapping or service saddles 
are bronze or stainless steel with stainless 
steel straps. The ball valves or angle ball 
valves used on the water service lines are 
bronze. The valves are connected to the 
polyethylene service pipes with 25·mm 
(CTS) adaptors per instructions provided 
by the pipe manufacturer. Valves, adap
tors, and couplings for the polyethylene 
pipe are supplied by the manufacturer 
with seamless 75-mm-long, tight-fitting 
stainless steel inserts to suit the pipe's 
internal diameter. 

The 75-mm-long inserts are installed 
in each end of the polyethylene pipe to 
be joined. For water connections at the 
water main, a sheet metal form is attached 
to the main and the service pipe as shown 
in Figure 1. This is filled with polyure
thane insulation to insulate the connec· 
tion completely. 

High-density polyethylene pipe is the 
most commonly used pipe in the North-

The Northern Engineer, Vol. 18, No.2 and 3 

HALF SHELL-----, 

BUTI FUSION---, 

HD.P.E. CARRIER 
PIPE-----, 

INSULATION 

HEAT TRACE 
CABLE---------., 

25 C.T.S. POLYETHYLENE 
WATER SERVICE LINES 

r---+A 

~'77::-~-------POL YETHYLENE JACKET 

+~:-----POLYURETHANE INSULATION 
(FACTORY APPLIED) 

r"W"~~'t------50 PACKAGING TAPE 

\W'....-~---100 H.D.P.E. CARRIER PIPE 

4---,1+-~~---25 C.T.S. POLYETHYLENE 
SERVICE LINES 

'-,n+-'*"~+---- HEAT TRACE CABLE 

CROSS SECTION A·A 

west Territories for water and sewer ser· 
vice connections; other types of pipe are 
not adequate. It is insulated and protected 
against mechanical damage by an extruded 
HOPE jacket ( 1.14 mm) for buried water 
or sewer service connections and a spiral 
metal jacket for above-ground service 
connections. The pre-insulated HOPE 
pipe and fittings are primarily joined by 
thermal butt fusion using specially de
signed equipment (Fig. 2). The HOPE 
jacket is usually yellow in color. However, 
if the jacket is to be exposed to sunlight 
for more than six months, a jacket con
taining carbon black is used as protection 
from ultraviolet degradation. 

The buried water and sewer service 
connections are individual HOPE pipes, as 
indicated earlier, with a minimum 50-mm 
rigid polyurethane insulation encased in a 
1.14-mm polyurethane impermeable plas
tic jacket. The rigid polyurethane insula
tion is used because of its low thermal 
conductivity, flexibility when exposed 
to low temperatures, light weight, high 
compressive strength, and high bonding 
strength. Its closed-cell structure reduces 
moisture permeation when it is in contact 
with water. Field spraying of urethane in-

NOTE' 
ALL DIMENSIONS ARE 
IN Ml LLIMETERS 

sulation (foamed in place; Fig. 1) is car
ried out using disposable foaming kits, 
with a compressive strength of 340 kPa at 
7 percent strain. Exposed urethane is 
coated with 0.8 mm of asphalt mastic and 
is covered with heat-shrink tape. The heat
shrink tape overlaps 25 mm as it is 
wrapped around the pipe, or around fit
tings and bends. 

Joints in piping covered with shop-ap
plied insulation are not allowed. The pre
insulated HOPE pipe and fittings are joined 
primarily by thermal butt fusion; for smal
ler-diameter pipes, thermal socket fusion 
is permitted. The joints (butt fused) in 
the field are insulated with prefabricated 
urethane half shells (Fig. 2). The half 
shells are then covered with an adhesive
lined heat-shrink sleeve. The sleeve is a 
heat-shrinkable cross-linked polyethylene 
tube with a flexible adhesive sealant thick
ly covering its inner surface. The sleeve 
grips the pipe, forcing adhesive into all 
pipe irregularities. This offers a high degree 
of resistance to chemicals and acids. The 
heat-shrink tape is cross-linked polyolefin 
with a hot-melt adhesive on one side. If 
heat is applied after wrapping, the tape 
shrinks tightly around the pipe insulation. 
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To provide freeze protection on water 
service connections, a pump is installed 
(Fig. 3) in each housing unit. One of the 
25-mm CTS service lines supplies the 
pump and the building, and the second 
25-mm CTS line functions as a return line 
to the water main. A flow switch is in
stalled in the supply line which is used to 
turn on the back-up heat tracing cables 
when circulation in the water service lines 
decreases. The flow switch is selected bas
ically according to the flow rates desired 
in the supply line; it is installed in the 
supply line to activate the heat trace when 
flow stops or when flow is less than a pre
determined set limit. The heat trace has a 
twofold purpose. First, it must prevent 
freezing of the supply and recirculation 
lines when circulation is lost. Second, it 
must be capable of thawing the supply 
and recirculation lines should freeze-up 
occur. It is not designed for, nor is it used 
as, a means of maintaining a normal flow; 
the heating cable is designed to thaw sup
ply and recirculation lines within defined 
or predetermined time limits. A self-limit
ing, low-watt density and flexible cable 
that can be cut to the appropriate circuit 
length on site is used. 

SANITARY SEWER 
SERVICE CONNECTIONS 

Sanitary sewer service connections in 
the Northwest Territories operate as nor-

The Northern Engineer, Vol. 18, No.2 and 3 



, , , , , , , 
.. ' ' ' ' ' ..... , , , , , " , 
. ' ... ' ' ' ..... . , , ; . ~ , 

600 MIN 

_j __ _ 300 

150 

150 MIN (230 IN ROCK) 

.------+--WATER SERVICE LINE 

~-+----SEWER SERVICE LINE 

150 

SAND BEDDING HAND 
4--+--...,. CEO & TAMPED 

:~ 
'~,~,~,~.-----&--------------------~-~-~-~-·,'·'.. '·'·'~' 

IN 150 (MAX) LIFTS 

e BEDDING MATERIAL SHALL BE COMPACTED TO 95% PROCTER DENSITY 
e MAINTAIN THE MINIMUM COVER OF 600 (IF PERMITTED) 
e MAINTAIN THE MINIMUM GRADE OF 2% (SANITARY SEWER SERVICE) 
e WARNING TAPE FOR WATER SERVICE SHALL BE BLUE IN COLOR AND HAVE 

FACTORY-APPLIED MARKINGS AT ONE-METER INTERVALS, I.E., "CAUTION-BURIED 
WATER LINE" 

• WARNING TAPE FOR SEWER SERVICE LINE SHALL BE RED IN COLOR AND HAVE 
FACTORY-APPLIED MARKINGS AT ONE-METER INTERVALS, I.E., "CAUTION-BURIED 
SEWER LINE" 

e WATER SERVICE LINES SHALL BE CONTINUOUS AND WITHOUT JOINTS OR SPLICES 
BETWEEN VALVES, I.E., STREET SERVICE VALVE AND BUILDING STOP 

e ALL FUSION JOINTS SHALL BE MADE BY A QUALIFIED AND LICENSED JOINING 
TECHNICIAN 

e JOINTS OR SPLICES WILL NOT BE ALLOWED IN HEATING CABLES 
• IT SHOULD NOT BE CONSTRUED THAT THE TRENCH LIMITS AS SHOWN CONFORM TO 

SAFETY REGULATIONS GOVERNING SUCH TRENCHES 
e ALL DIMENSIONS ARE IN MILLIMETERS 

Figure 5. Typical trench section of an insulated service pipe. 

ACKNOWLEDGMENT mal gravity systems and consist of butt
fused, minimum 100-mm diameter, Series 
410 kPa (minimum) HOPE pipes with 50 
mm of urethane insulation encased in a 
1.14-mm polyethylene jacket connected 
to the main with a go• bend (Fig. 4). 

Sanitary sewer saddles are one-piece 
stainless steel with a rubber coupling and 
gasket. The saddle is secured to the sewer 
main by stainless steel worm-drive hose 
clamps. A sheet metal form is attached to 
the sewer main and the service pipe to 
make a connection at the sewer main. 
This form is filled with polyurethane in
sulation after the connection is made, to 
insulate it completely. All sewer service 
connections are designed and constructed 
to achieve a minimum required 0.6-m-per
second velocity. The insulation system is 
provided in the same fashion as for the 
HOPE water service connection pipe. 

Insulated piping is bedded in sand with 
a minimum of 0.15 m of sand below the 
insulation, 0.15 m of sand on both sides, 
and 0.3 m of sand above the pipe insula
tion (Fig. 5). A continuous run of colored 
"warning" tape is laid on the sand bedding 
0.3 m directly above the water and sewer 
service. The tape is 150 mm wide by 0.15 
mm thick polyethylene. The warning tape 
for water service is blue and has factory
applied markings at one-meter intervals, 
"Caution Buried Water Service Line." The 
warning tape for sanitary sewer service 
connection is red and has factory-applied 
markings at one-meter intervals, "Caution 
Buried Sewer Service Line." 

Special thanks go to Mr. Forrest Krause, 
technical officer, and Mr. Mike Kirkwood, 
P. E., project engineer, Engineering Divi
sion of the Department of Public Works 
and Highways, for their assistance in com
pleting this paper. 
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The service connections described in 
this paper are now considered standard 
practice for the communities where the 
Government of the Northwest Territories 
is responsible for providing services. 
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Susitna Hydroelectric Project 

FUTILE QUEST FOR A PLAN OF FINANCE 

IN ALASKA two contemporary large
scale engineering projects are noteworthy. 
One is the development of North Slope oil 
resources, including construction of the 
trans-Alaska pipeline. This impressive 
achievement is the work of private com
panies and private capital. A second impor
tant contemporary megaproject in Alaska 
is one planned by a public agency of the 
state- the Susitna hydroelectric project. 
Planning activity on this project was re
cently suspended, and the current prospect 
for its revival is not good. Despite the un
happy fate of this project (or perhaps be
cause of it). the Susitna project is an 
interesting case study of public sector 
planning for a major infrastructure de
velopment project. 

This article considers only the finan
cial aspect of the Susitna project. As it 
happens, this is the critical dimension, 
because the failure to devise a workable 
and acceptable financing plan led to the 
project's demise. In this paper I will review 
the history of financial planning for the 
project from 1982 (date of completion of 
the feasibility study) through March of 
1986, when the project was put on the 
shelf. The objectives of this review are to 
explain why a workable plan of finance 
was so elusive and, more important, to seek 
insights from the history of the Susitna 
project that may benefit future planning 
for major energy projects. 

PROJECT DESCRIPTION 

The Susitna hydroelectric project was 
to include two dams along the Susitna 
River in the Talkeetna Mountains of 
southcentral Alaska. When completed, the 

by Gordon S. Harrison 

project would have a combined installed 
capacity of 1620 megawatts and an aver
age annual energy yield estimated at 6200 
gigawatt-hours. 

The Watana Dam, intended for oper
ation in 1996, was to be a rock structure 
885 feet high and 4100 feet long, capable 
of generating 1020 megawatts. At this 
height, Watana would be the fifth highest 
embankment dam in the world, and the 
highest in North America, exceeding the 
Mica Creek embankment dam in British 
Columbia (794 feet) and the Oroville Dam 
in California (771 feet). The Watana reser
voir would extend upstream 48 miles; it 
would be 1 to 5 miles wide, and it would 
have a maximum depth of 680 feet. 

The Devil Canyon Dam, located 32 
miles downstream from Watana, was 
scheduled to be operating by 2002. It was 
to be a double-curved concrete arch 645 
feet high and 1500 feet long, capable of 
generating 600 megawatts. The dam's 
height would include it among the nine 
tallest arch dams in the world, including 
the Hoover Dam in Arizona (725 feet) 
and lnguiri in the Soviet Union (892 feet). 
The reservoir for Devil Canyon would be 
26 miles long, Y:, mile wide at its widest 
point, and have a maximum depth of 550 
feet. 

ALASKA POWER AUTHORITY 

In the United States, major public 
sector infrastructure projects are typically 
built, owned, and operated by quasi
independent public corporations. So it is 
in Alaska, where the Susitna project is 
under the jurisdiction of the Alaska Power 
Authority (APA). The APA is a public 

corporation governed by a board of direc
tors appointed by the governor of Alaska. 
It has its own professional staff but relies 
heavily on consulting firms to provide 
engineering and other technical expertise. 

APPROACHES TO STATE 
SUBSIDIZATION 

Large infrastructure projects that are 
developed by public corporations usually 
rely on the sale of revenue bonds for 
financing. Revenue bonds are debt issues 
(the interest on which is usually exempt 
from state and federal taxation) sold in 
the national capital markets that are 
secured by income generated by the proj
ect (road tolls, electricity sales, gate 
receipts, and other fees charged to users 
of the project). 

However, Susitna was such a large, 
expensive project that it could not be fi
nanced exclusively by conventional reve
nue bonds. Payment of interest and 
principal on revenue bonds sold to cover 
all project costs would result in an exorbi
tant price for electricity in the early years 
of the project. Therefore, it was always 
assumed that the State of Alaska would 
need to subsidize the project. 1 

Two forms of state subsidy for Susitna 
were proposed during the course of project 
planning. One was referred to as state 
"equity" investment in the project. In this 
case, state appropriations would be used 
to pay some or all construction costs, and 
thereby reduce or eliminate altogether the 
requirement for borrowing. The second 
form of state subsidy was referred to as 
"rate stabilization." In this case, state ap
propriations would be used to help make 

Gordon S. Harrison was associate director of the Alaska Office of Management and Budget, and a director of the Alaska Power 
Authority from 1983 to 1986. This paper was presented to the conference on Global Infrastructure Projects, Alaska Pacific Univer
sity, Anchorage, July 8, 1986, sponsored by the International Federation of Institutes of Advanced Study. 
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payments of principal and interest on 
revenue bonds. Thus, state subsidy would 
be used to service debt rather than reduce 
the overall amount of debt. 

State subsidy to the project in the 
form of loans was among the financing 
mechanisms considered by project plan· 
ners, ·but loan alternatives were never 
fully developed and incorporated into 
financing plans for Susitna. 

The two main financing concepts of 
equity and rate stabilization can be illus· 
trated graphically. Line AE in Figure 1 
represents the real wholesale price of 
electricity from a large, hypothetical hy
droelectric project that is financed entirely 
by debt. This line gradually slopes down
ward to point E because hydro projects 
are typically built to accommodate load 
growth (resulting in lower unit costs), and 
because of the effect of inflation on level 
nominal debt service. At pointE, the initial 
debt is retired and the price of power 
thereafter is based on operation and main
tenance costs. 2 

Line BD in Figure 1 represents the pro
jection of wholesale electricity prices that 
would prevail without the hydro project. 
In the case of Susitna, this line represents 
the wholesale price of power in the Rail belt 
from gas- and coal-fired thermal plants. 
This projection assumes real price increases 
due to rising fossil· fuel prices and other 
costs of operations. 

Line BF in Figure 1 represents the whole
sale price of electricity from the hydro 
project with a combination of revenue 
bonds and state equity. In this case, the size 
of the state's equity investment reduces 
the amount of debt to that level which 
produces an entry price of power from the 
hydro project equal to the price of power 
from the thermal alternative (point B). In
creasingly larger equity investment in the 
project would further reduce the price of 
hydropower. If the project were entirely 
financed by cash grants from the state-
100 percent equity financing-the whole
sale cost of power would not have a debt 
service component, and it would represent 
the variable costs of operation and main
tenance only (this scenario is not shown 
in Figure 1 ). 

Figure 2 illustrates how rate stabiliza
tion works. Here, state contributions to 
the project do not reduce the amount of 
debt; rather, they reduce the price of 
hydropower (line AC) to the level of the 
thermal alternative (line BC) until the two 
are the same (at point C). Customers will 
pay for electricity along the line BC, with 
the state making up the difference through 
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Figure 1. Providing state subsidy in the form of equity reduces the requirement for debt financing. 
In this figure, the shaded area represents the amount of equity needed to make the wholesale price 
of hydropower equal to the wholesale price of power from the thermal alternative. 
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Figure 2. Providing state subsidy through rate stabilization requires utilities to pay for hydropower 
along the projected curve of the thermal alternative until the crossover point C is reached. This 
financing approach is more desirable than the equity approach from the state's point of view. 

rate stabilization. At the crossover point C, 
hydropower becomes cheaper than the 
alternative, and no further subsidy is re
quired (customers then pay along the line 
CE). An underlying assumption of this ap
proach is that customers will not be willing 
to pay more than they would otherwise 
pay for electricity, notwithstanding future 
savings that the project will create. 

It is evident from the relative size of 
the shaded area in these two figures that 
less state subsidy is involved with rate 

stabilization than with the equity ap
proach (on the basis of the general assump
tions underlying these curves). Also, it is 
no doubt evident that utility customers 
would prefer to pay along the line BF in 
Figure 1 than BCE in Figure 2. 

REAL AND NOMINAL DOLLARS 

Because ·of the long time involved in 
debt repayment, it is necessary to account 
for the effects of inflation when analyzing 
the cost of any major project. Thus, fi-
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nance planners and economists distinguish 
between real (or constant) dollars, which 
exclude inflation, and nominal dollars, 
which include the effects of inflation. In 
those terms, the cost of the Susitna project 
was estimated to be about $5 billion at 
prices prevailing in 1985 (real dollars), but 
more than $12 billion at the prices pre
vailing when the expenditures actually 
would be made (nominal dollars). 

REVIEW OF FINANCE PLANNING 

A review of finance planning for the 
Susitna project is best approached chrono
logically, beginning in 1982 when a major 
feasibility study was completed. 

1982 

In 1982 a feasibility study of the proj
ect was completed and three financing 
options proposed. During this time, how-

ever, the long-term oil price outlook was 
deteriorating. 

Acres American report. In March 1982, 
the firm Acres American released a major 
feasibility study of the Susitna project. 
The firm had been under contract to the 
APA since late 1979. The Acres American 
report proposed the two-stage construc
tion schedule described above under 
"Project Description." This project con
figuration and the supporting analysis 
became the basis for APA's license appli
cation to the Federal Energy Regulatory 
Commission (FERC). 

With regard to financing, the Acres 
American report proposed three options: 
( 1) 100 percent state appropriation of the 
total cost of construction, estimated to 
be $5.1 billion in 1982 dollars; (2) a state 
appropriation of $3 billion (1982 dollars), 
with the remaining project cost financed 

Table 1. Finance Plans for the Susitna Project 

with revenue bonds; or (3) a mm1mum 
state appropriation of $2.3 billion (1982 
dollars) with the remaining project cost 
financed with revenue bonds. (The Acres 
American and other major financing 
proposals are summarized in Table 1.) It 
is noteworthy that one of the financing 
options was a cash grant from the state 
for the full cost of the project. At this 
time, it was widely presumed that Alaska's 
statewide hydroelectric development pro
gram would be funded entirely by state 
grants. 

The other two financing options are 
variations of the equity approach shown in 
Figure 1. An equity contribution of $3 bil
lion would represent an entry rate for the 
project somewhat below point B in the 
figure; an equity contribution of $2.3 bil
lion was calculated to represent an entry 
rate at point B (i.e., at a price equal to the 

Total costs (billions) Finance options 

Report1 Constant$ Nominal$ 

Construction Construction Financing 

Acres American 
Feasibility Study 
(Mar. 1982) 

FERC License 
Application 
(Feb. 1983) 

5.1 
(Jan. 1982 $) 

5.1 
(Jan. 1982 $) 

Kentco Report 5.1 
for the Anchorage (1983 $) 
Chamber of Commerce 
(Jan. 1984) 

APA Economic 5.4 
and Financial (Jan. 1983 $) 
Up-date (Feb. 1984) 

Draft FERC 5.4 
License (Jan. 1985 $) 
Amendment 
(Nov. 1985) 

APA Draft Plan 5.4 
of Finance (Jan. 1985 $) 

(Jan. 20, 1986) 

15.3 0.0 

15.3 1.6 

15.3 1.7 

15.3 2.0 

13.4 3.4 

11.8 5.2 

11.8 4.4 

12.7 7.8 

12.7 7.8 

Total 

15.3 

16.9 

17.0 

17.3 

16.8 

17.0 

16.2 

20.5 

20.5 

1AH reports are available at the Alaska Power AuthoritY, Anchorage. 

Revenue 
forecast 

Battelle 
Report2 

Battelle 
Report 

DOR mean 
Sept. 1983 

DOR mean 
Dec. 1983 

DOR mean 
June 1985 

Not slated 

Constant$ (Same year as "Constant$" column) 

1 . 100% state appropriation of total capital cost 
($5.1 billion). Consistent with SB25. 

2. State appropriation of $3 billion with residual bond 
financing. 

3. Minimum state appropriation of $2.3 billion with 
residual bond financing. 

State appropriation of $1.8 billion with residual 
bond financing. 

State appropriation of $800 million in equity and 
$778 million in rate stabilization. Remaining 
financing requirements met by combination of REA 
guaranteed loan and municipal bonds. 

1. State appropriation of $1.5 billion in equity and 
$400 million in rate stabilization funds (RSF). 

2. State appropriation of $1.7 billion in equity and 
$350 million in RSF, plus an REA-guaranteed loan 
of $1.5 billion, with residual bond financing. 

State appropriation of $220 million for rate stabil
ization, with revenue bonding of full project cost. 

State to provide $520 million for rate stabilization by 
appropriation or pledging earnings from the Perma
nent Fund. $2 billion (nominal $) of project revenue 
bonds to be secured by Railbelt utilities. Residual 
bond financing issued by state and secured by 
Permanent Fund earnings. 

2 Alaska economic projections for estimating electricitY requirements for the Railbelt, Vol. 9, by S. Goldsmith and E. Porter, ISER, University 
of Alaska-Anchorage; Sept. 1982 report, Battelle Pacific Northwest Laboratories. 
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price of electricity from natural gas gener
ation at the time the project would begin 
operation). 
Changing revenue outlook. Worldwide 
crude oil prices had esca·lated dramatical
ly in the aftermath of the Iranian crisis of 
1979. In February 1981, the contract 
price for Alaska North Slope crude on the 
Gulf Coast had peaked at $36.90 per bar
rel, with experts predicting that prices 
would steadily increase into the distant 
future. Long-term revenue forecasts pre
pared in mid-1981, consequently, indicated 
that the State of Alaska would be phe
nomenally wealthy. The Acres American 
feasibility study referenced the long-term 
revenue forecast published by Battelle 
Pacific Northwest Laboratories as part of 
a major study of alternatives to the Su-

sitna project. Table 2 and Figure 3 show 
this revenue forecast. Clearly, cash financ
ing of Susitna was a plausible option in 
1981. 

In mid-1982, however, a dramatic de
cline occurred in the long-term revenue 
forecast, as indicated in Table 2 and Figure 
3. Full cash financing for the Susitna proj
ect was no longer an obvious possibility, 
but some form of state subsidy remained 
clearly plausible. 

Because of the revised revenue outlook 
between 1981 and 1982, some disquieting 
commentary on the viability of the proj
ect began to appear. A report by Tussing 
and Erickson in September 1982, for 
example, argued that the oil prices of 
1980 and 1981 were artificially high and 
could not continue to be tolerated in the 

marketplace; that lower oil prices nulli
fied most of the economic assumptions 
used to justify the Susitna project; and 
that, by implication, the state would not 
be able to provide the cash grants neces
sary to finance the project.3 

1983 
In 1983 an application for a federal 

license for the SusitRa project was filed; 
it proposed two financing options. In spite 
of this, however, the APA initiated new 
financial and economic analyses for the 
project because of continuing declines iR 
oil prices. 

FERC application. On 28 February 1983, 
an application was filed with FERC for a 
federal license to construct and operate 
the SusitRa project. With regard to finan-

Table 2. State of Alaska General Fund Revenue Forecasts, 1981 to 1986. 
(In $millions, nominal.) 

..1lli_ 1982 1983 

YEAR MARCH JUNE SEPT. DEC. MARCH JUNE SEPT. DEC. 

1985 8081 3487 3575 3567 2206 2981 3450 3514 3435 

1986 9278 3979 4259 4261 3523 3198 3564 3892 3699 

1987 10849 4569 4997 4817 3769 3385 3800 4240 4172 

1988 12179 4709 5147 4901 4181 3540 3753 4106 4280 

1989 13981 5242 5732 5379 4384 3554 3886 4442 4868 

!990 15074 5141 5348 S096 4324 3658 4108 4606 5100 

1991 16688 4717 4992 4549 4063 3374 3994 4290 4911 

1992 17932 4696 4866 4441 3988 3298 3983 4157 4863 

1993 19395 4611 4679 4235 3971 3250 4103 4105 4996 

!994 20326 4577 4652 4163 3990 3232 4173 4077 5058 

1995 20666 4268 4391 3892 3804 3092 3977 3827 4832 

1996 20818 4033 4020 3608 3644 2930 3854 3612 4715 

1997 20787 4246 4236 3786 3819 3008 4039 3741 4985 

1998 20520 4296 4276 3837 3889 3023 4129 3737 5110 

1984 1985 _!lli_ 

YEAR MARCH JUNE SEPT. DEC. MARCH JUNE SEPT. DEC. MARCH 

1985 3521 3340 3458 3343 3277 3253 3266 3290 3260 

1986 3702 3475 3584 3402 3037 2968 2954 3215 2721 

1987 4042 3921 3958 3446 3001 2777 2609 2925 2077 

1988 4194 3857 4065 3241 2764 2470 2243 2474 1614 

1989 4649 4148 4360 3290 2694 2403 2106 2397 1454 

1990 4837 4175 4425 3295 2652 2324 2048 2310 1419 

1991 4466 4237 4414 3204 2582 2259 1926 2289 1312 

1992 4394 4431 4561 3212 2515 2308 1950 2277 1232 

1993 4521 4579 4639 3263 2647 2337 1958 2327 1155 

1994 4535 4592 4490 3162 2551 2238 1862 2321 1096 

1995 4510 4535 4479 3118 2445 2160 1824 2348 1045 

1996 4516 4401 4465 3077 2315 2063 1753 2285 997 

1997 4527 4248 4353 2999 2282 2040 1750 2307 1083 

1998 4526 4125 4327 2931 2257 1998 1750 2307 1061 

Note: The 1981 forecast was prepared by the Institute of Social and Economic Reserach, University of Alaska 
for Battelle Nonhwest Laboratories; derived from forecast of petroleum severance tax and royalty income by 
the Alaska Department of Revenue, June 1981. The 1982 -1986 forecasts were prepared by 
Alaska Office of Management and Budget; derived from forecasts of petroleum severance tax and royalty 
income made by the Alaska Department of Revenue. These forecasts represent the 50th percentile probability estimates 
(there is an equal chance that the actual value will be more or less than the forecasted value). 
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Figure 3. State of Alaska General Fund revenue forecast, 1981-1986. 

cing, the license application stated that 
"costs for Watana through 1989 would be 
financed by $1.8 billion (1982 dollars) of 
state appropriations. Thereafter comple
tion of Watana is expected to be accom
plished by issuance of approximately $2.4 
billion (1982 dollars) of revenue bonds." 
It also stated that the Devil Canyon phase 
would be financed entirely by revenue 
bonds. No doubt in response to revised 
revenue forecasts, the APA had dropped 
the full cash financing option, and recal
culated the minimum state cash contribu
tion to be $1.8 billion, or $500 million 
less than the minimum contribution of 
$2.3 billion identified earlier in the Acres 
American report. 

Concern about the future price of crude 
oil-the keystone of the project's economic 
and financial feasibility assessments-was 
thereupon expressed by FE RC's staff. 
Noting several deficiencies in the state's 
application, FERC called for the APA to 
incorporate updated oil price forecasts in 
its economic and financial feasibility 
studies. In response to this and to other 
critiques of the existing analysis, as well 
as to the changing oil price outlook gen
erally, the APA contracted with the firm 
Sherman H. Clark and Associates (SHCA) 
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to provide updated forecasts. In the mean
time, a joint venture of two major engi
neering and construction firms, Harza 
Engineering and Ebasco Services (Harza
Ebasco), had been hired by the APA to 
provide engineering, design, and technical 
assistance in the FERC licensing process. 
Harza-Ebasco now initiated a review of 
the economic and financial studies for 
Susitna. 

1984 

During 1984 the financial dimension 
of the Susitna project began to receive 
serious attention from the APA, the legis
lature, and others. At mid-year, the long
term revenue outlook was robust enough 
to support an optimistic view that the 
project could be financed with the help 
of sizeable state grants. By the end of the 
year, however, it had become apparent 
to APA financial planners that a new 
approach was needed. 

1984 Up-date. In February 1984 the APA 
released the draft report Susitna Hydro
electric Project Economic and Financial 
Up-date. Much of this report was the work 
of Harza-Ebasco; it incorporated the oil 
price forecasts of Sherman H. Clark and 
Associates. The report validated the eco-

nomic feasibility of the project, but con
tained a lengthy discussion of the major 
unresolved financing issues facing the proj
ect. This report also introduced the subsidy 
mechanism of "rate stabilization." 

Several financing options were reviewed 
by the authors of the report, but two were 
advanced as the most feasible: (1) state 
appropriations of $1.5 billion for equity 
in the project, and $400 million for rate 
stabilization, with the remaining costs 
financed by revenue bonds; or, (2) state 
appropriations of $1.7 billion for equity 
and $350 million for rate stabilization, 
plus a $1.5 billion loan guaranteed by the 
U.S. Rural Electrification Administration 
(REA), with the remaining costs financed 
by tax-exempt revenue bonds (all figures 
in 1984 dollars). 

Thus, under these financing proposals, 
the state would not only pay a substantial 
portion of the project's construction costs; 
but would also create and finance a rate 
stabilization fund. This fund (as explained 
under "Approaches to State Subsidiza
tion") would then be used to offset 
enough debt service on the outstanding 
bonds to keep the project's wholesale 
cost of power equal to the cost of the 
best thermal alternative until such time as 
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the cost of alternative power for the proj
ect surpassed the cost ef hydropower (i.e., 
until the "crossover point" was reached). 

What characterizes the 1984 APA Up
date is i'ts sember assessment of the many 
conditions that would have to be met, 
and the public policy decisions and com
mitments that would have to be made, to 
finance the Susitna project successfully 
using multi -billion -dollar debt issues. 
Among these were the necessity for: (1) 
recognizing Susitna as one of the state's 
highest capital funding priorities; (2) pro
viding adequate security for the very high 
volume of debt, which might require a con
stitutionally dedicated stream of revenue 
from the state's petroleum resources; (3) 
obtaining tax-exempt status for Susitna 
bonds; and (4) immediately providing for 
sizeable state appropriations to the Susit
na fund, as well as for the retention in the 
fund (by annual appropriation, if neces
sary) of the interest earned on that 
money. 

Kentco report. Also ·early in 1984, a re
port on the Susitna project was issued by 
the consulting firm of William Kent and 
Company (Kentco). which was working 
under a contract with the Anchorage 
Chamber of Commerce. This report, too, 
recommended a combination of state 
equity, a rate stabilization fund, and re
sidual revenue bond financing. The pro
posal, however, called for a larger rate 
stabilization fund ($778 million) and less 
equity ($800 million) than the 1984 Up
date. (These amounts are 1983 dollars.) 
The report further called for a majority 
of the debt to be guaranteed by REA, 
with the remainder to be tax-exempt 
municipal debt. 

The Kentco report was optimistic in 
its treatment of the financing issue.4 Ad
dressing the Anchorage Chamber of Com
merce, consultant William Kent stressed 
that his finance plan "allowed a minimum 
need for state investment, spread the 
need for state appropriation over a larger 
number of years, and did not present a 
tax exemption problem." The plan, he 
said, "suggests· a need to start appropri
ating from 178 to 226 million dollars 
annually starting with this legislative 
session." 

tion for "equity investment in and rate 
stabilization for the Susitna project" in 
the amounts of $100 million for fiscal 
year 1985 and $200 million for each of 
the six succeeding fisca·l years.

5 

While the Watana construction cost 
figure of $3.75 billion was traceable to 
the Harza-Ebasco Up-date, the origin of 
the $1.3 billion (nominal dollars) total set 
aside by the continuing appropriation was 
a mystery. Many people assumed that it 
was based on the Kentco report and Wil
liam Kent's Chamber of Commerce speech. 

exceeded $1.2 billion, compnsmg the 
largest unrestricted general fund capital 
budget in the state's history. This was 
hardly a good indication of legislative will 
to sacrifice other capital projects in order 
to pay for Susitna. 

In any case, it bore no resemblance to the 
finance plans proposed in the Up-date or 
those being discussed by the APA staff 
and board. 

Meanwhile, APA staff continued to 
maintain that some $2 billion (constant 
dollars) was needed from the state to help 
finance the project. Thus, instead of the 
$200 million per year for FY1986-1991 
appropriated by the legislature, $578 mil
lion per year would be required-or at 
least $316 million per year if interest 
could accumulate in the Susitna fund. 6 

Revenue outlook. Was it reasonable to ex
pect that $316 million a year (plus interest 
earnings of the fund) would be forthcom
ing from the legislature for six successive 
years to finance Susitna? In mid-1984, a 
plausible argument indeed could be made 
that the money was available, if the legi
slature had the will to see the project 
through. Note that the revenue projections 
shown in Table 2 and Figure 3 for 1984 
are significantly higher than those made 
the previous year. If one were to project 
that the state's operating budget would 
grow at the rate of inflation (approximate
ly 5 percent) from a base of approximate
ly $2.2 billion in FY1984, then the 1984 
revenue forecasts suggest that the State 
would have over $1 billion a year during 
FY 1986-1991 to allocate for the capital 
projects and loan programs. Under these 
fiscal circumstances, appropriations of 
$316 million per year to a fund retaining 
its own investment earnings certainly was 
not, on the face of it at least, impossible. 

By the end of 1984, however, revenue 
forecasts had fallen to their 1983 levels.

7 

Also, additional oil price reductions 
seemed probable, due to a steady erosion 
of OPEC's influence over oil prices. 

1985 

During 1985 the APA and its consul
tants redesigned the Susitna project in an 
effort to facilitate its financing. Toward 
the end of the year a team of financial 
experts initiated work on a definitive plan 
of finance based on the reconfigured proj-

ect. 

Staging Proposal 

At its meeting of January 23,1985, the 
board of directors of the APA adopted a 
staff recommendation for a Susitna plan 
of finance that called for state appropria
tions of $1.94 billion over the fiscal years 
1985-1995 to a fund that would retain its 
interest earnings. This money would be 
used for both equity and rate stabilization. 
Minutes ef the meeting show that the 
board considered this option the best pre
sented to date, and directed the staff to 
continue refining it. 

Legislative action. During the 1984 legi
slative sessien (January to June). two 
measures were enacted that dealt with 
Susitna financing: (1) the legislature ap
proved the Watana project at a cost of 
$3.75 billion in 1983 dollars; and (2) the 
legislature made a continuing appropria-

There were other reasons, as well, to 
believe that the expectation of massive 
and continuing state appropriations for 
Susitna was unrealistic. Notably, the 1984 
Legislature had appropriated only $100 
million for Susitna for FY 1985, while 
total capital appropriations that session 

By this time, however, it was increas
ingly apparent to many people that if the 
project were to go forward, it would 
have to do so ·under a financing scheme 
that did not require such large state cash 
contributions. Among those recognizing 
this were high-level individuals in the par
ent companies of the Harza-Ebasco joint 
venture, who in January 1985 held infor
mal meetings with the Governor, APA 
executive staff, and board members to 
discuss a proposal for staging the con
struction of the Watana dam. Under this 
approach, Watana would be constructed 
in two phases· (the first and the third 
phase); the Devil Canyon dam would be 
the second, middle phase of the project. 
The virtue of developing the project in 
three phases instead of two was primarily 
financial. Three phases· ef construction 
would match more closely than two 
phases the growth of electricity demand 
in the Railbelt. As a consequence, there 
would be less unused capacity in the Wa
tana dam in the early years of project 
operation, and therefore a greater ability 
of utility customers to carry the burden 
of revenue bond financing. Thus, accord
ing to the staging proposal, all three 
phases would be financed entirely by 
revenue bonds, with a comparatively 
modest ·state cash contribution remain-
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ing necessary for rate stabilization only 
in the early years. 

In February the Board received a 
public presentation of the conceptual 
proposal and authorized Harza-Ebasco to 
develop it further in an expeditious man
ner. At its meeting of May 3, 1985, the 
Board approved the staged approach, and 
directed the APA staff to begin preparing 
an amendment to the FERC license appli
cation that incorporated the reconfigured 
project. 

and the environmental lobby, were openly 
asserting that the project was not finan
cially viable. They claimed that the bond 
market would not absorb so much debt 
for a single massive project intended for a 
comparatively small market area that was 
isolated from the power grid of the conti
nental United States. 

finance team estimated the maximum 
security that the Railbelt utilities could 
offer bondholders against the risk of the 
project's never being completed. 

fhe results of this analysis indicated 
that the upper limit of indebtedness for 
the utilities for the project was $2 billion 
(nominal). Thus, the State of Alaska 
would have to issue special revenue bonds 
to cover the remaining project costs; The 
State of Alaska, however, could not ade
quately secure that amount of bonds, even 
with the pledge of its general obligation 
debt capacity. After reviewing all plausible 
alternative sources of security, conse
quently, the finance team concluded that 
only a commitment of the earnings of the 
Alaska Permanent Fund would suffice to 
secure the state's special revenue bonds. 

By October, APA staff and consultants 
had prepared a comprehensive analysis of 
the economic and financial aspects of the 
new three-phase project. On the basis of 
assumptions about the cost of generating 
power from natural gas and coal (the next 
best alternatives to Susitna). the APA 
staff calculated that a rate stabilization 
fund adequate to keep the wholesale cost 
of Susitna power equal to its thermal 
competitor would require as little as 
$253 million (1985 dollars). During the 
1985 legislative session the continuing 
appropriation to Susitna of $200 million 
had been made, so there was already 
enough money in the bank to finance 
the project under this scheme (provided 
the interest on this money was allowed 
to accumulate in, or was annually appro
priated to, the fund). 

When the AP A released its draft License 
Application Amendment in November, the 
estimate of state contributions to a rate 
stabilization fund had decreased further to 
$220 million (1985 dollars). The primary 
reason for these low estimates of rate sta
bilization was the assumption that without 
Susitna large-scale coal plants would be 
required in the 1990s to meet Railbelt 
energy demand, causing substantial rate 
increases, 

Late in 1985, APA's executive director 
assembled a team of financial advisers {in
cluding several bond underwriters, bond 
lawyers, and others) to begin preparing a 
definitive plan of finance for the project. 

1986 

The team of financial advisers charged 
with preparing a workable financing plan 
for the Susitna project presented a draft 
plan of finance to the board of directors 
on January 23, 1986. The revelations con
tained in this document led directly to the 

·: .. the finance team 
concluded that only a 
commitment of the 
earnings of the 
Alaska Permanent 
Fund would suffice to 
secure the state's 
special revenue 
bonds." 

termination of the project two months 
later. 

Plan of finance. The draft finance plan 
presented to the Board in January was 
built on the premise that very little state 
cash would be available, and that all proj
ect costs would therefore have to be 
covered through the sale of revenue bonds. 
Summed over time, these bonds would 
total more than $20 billion (nominal). 
The key question was whether the 
utilities and the state could successfully 
carry that much debt. 

Preparation of a financial plan. By late 
1985 it was increasingly evident that the 
question of financing was critical for the 
Susitna project. In particular, financial 
advisers to the APA were concerned about 
the real-world problems of selling so much 
debt for a single project in the national 
market. These were the same individuals 
who had contributed the lengthy discus
sion of these problems to the 1984 Up
date. The task of marketing Susitna 
bonds was much more problematic now 
that the state equity contribution had 
been eliminated altogether. 

Pressure also was coming from the 
legislature for the APA to produce a cred
ible plan of finance for Susitna. Finally, 
critics of the project, such as representa
tives of public interest advocacy groups 

To assess the debt capacity of the util
ities, the finance team calculated the max
imum annual revenue that the utilities 
could generate for debt service, using as 
a basis the assumption that the utilities' 
customers could tolerate a maximum rate 
increase of 3 percent (real) per year. Then, 
using a 25 percent estimate for the maxi
mum tolerable one-time rate hike that the 
Railbelt ratepayers could withstand in the 
event the project never operated, the 
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The financial team also concluded that, 
beyond issuing special revenue bonds and 
pledging the income from the Permanent 
Fund as security, the State of Alaska 
would also have to provide a rate stabiliza
tion fund of $520 million (1985 dollars; 
or $2.3 billion in nominal dollars) and an 
additional $323 million ( 1985 dollars) pre
aonstruction licensing and development 
costs. The reason the rate stabilization 
requirement was higher than the APA 
estimate published in the draft FERC 
license amendment ($220 million, 1985 
dollars) is that the draft finance plan sta
bilized rates to the level of a 3 percent 
(real) annual increase in retail electric 
rates, rather than to the somewhat higher 
level of electric rates estimated by the 
APA to result from the best thermal 
alternative. 

At its meeting of January 23, the APA 
board requested its eKecutive director to 
submit the draft Susitna plan of finance 
to rigorous scrutiny by a major munici
pal bond underwriting firm, to test the 
validity of the finance team's findings. 
Under contract to APA, the firm of Pru
dential-Bache Securities then reviewed 
the analysis and conclusions of the plan, 
and concurred with them in a report dated 
March 21, 1986. Three days later, at its 
meeting of March 24, the APA board voted 
to withdraw the Susitna license applica
tion. 

REFLECTIONS ON THE OUEST 
FOR FINANCE: PROBLEMS 
WITH RATE STABILIZATION 

Even if a politically acceptable means 
of securing the state's Susitna revenue 
bonds had been found, it is doubtful that 
negotiations between the APA and the 
Rail belt utilities would have been consum-
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mated under the finance plan advocated 
by the APA-that is, with rate stabiliza
tion providing the only vehicle of state 
subsidy. 

At the time the Susitna project col
lapsed, negotiations between the Railbelt 
utilities and the APA for conditional 
power sales contracts had been under way 
for some time, but they were still in very 
preliminary stages. The underlying prob
lems of developing a contract that incor
porated a rate stabilization fund were 
therefore never fully identified nor con
fronted by the negotiators. 

Neither of the existing contracts be
tween APA and purchasers of power from 
its projects (the four-dam pool and Bradley 
Lake) incorporate rate stabilization. There
fore the following analysis of the rate sta
bilization approach is speculative insofar 
as the concept has yet to be implemented. 
Nonetheless, in the course of financial 
planning for the Susitna project, several 
seriously complicating features of rate 
stabilization emerged. 

Problems with Rate Stabilization 

There are two reasons for doubting 
that power sales contracts placing signifi
cant reliance on a rate stabilization fund 
could have been successfully negotiated 
between the APA and Railbelt utilities. 
The first has to do with the pervasive pub
lic opinion in the Railbelt region that the 
Susitna project was going to bring immed
iate rate relief, or at least stabilize electric 
energy prices at their then-current level. 
The second is that probably neither the 
utilities nor the state would have been 
willing to expose themselves to the risks 
that rate stabilization entails. 

Public expectations. Financing for APA's 
other major hydroelectric projects, the 
four projects of the so-called "four-dam 
pool" and Bradley Lake, relies on state 
subsidy in the form of equity. In both 
cases, state cash appropriations to the 
projects cover approximately half of the 
cost of construction, with the remainder 
of project costs covered by borrowing. 8 

This financing assures customers of a 
wholesale cost of power that is comparable 
at the outset to the cost of power from 
thermal plants. 

Railbelt residents had come to expect 
the same of the Susitna project. The proj
ect, after all, had long been touted as the 
most economical source of Rail belt power 
available, and the best defense against 
sudden and dramatic rate increases· likely 
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to be caused by the expiration of existing 
favorable contracts which made Cook 
Inlet natural gas some of the cheapest 
fuel in the country. 

By the time rate stabilization entered 
the financial picture in 1984, however, 
Susitna could promise favorable rates to 
consumers ooly in the long run. With rate 
stabilization, utility customers would 
have to pay along the price curve of the 
thermal alternative until a point some
where in the distant future (10 or more 
years after the project was operating). That 
price curve, consequently, would expose 
utility customers to the very same near
term rate shocks from rising fuel costs 
that Susitna was presumed to avoid. 

As this realization permeated the utili
ties' governing boards, the municipal gov
ernments, and the public generally, it is 
reasonable to expect that negotiations 
over Susitna power sales agreements would 

"Thus, a definite risk 
existed that the 
Railbelt utilities 
might have to pay a 
substantial premium 
for Susitna power. 
Further, the potential 
magnitude of this 
premium was very 

t , 
grea .... 

have become very protracted and compli
cated indeed. 

Allocation of risk. Amongtherisksassoci
ated with any major energy project, two 
are crucial: ( 1) the risk that the project 
will cost substantially more to build than 
assumed in feasibility studies; and (2) the 
risk that the price of competing energy 
sources will not perform as expected (i.e., 
will fail to increase, or not increase as rap
idly as thought). 9 Either eventuality will 
leave the project an overpriced producer 
in the market, at least in the near term. 
Somehow, then, these risks must be 
borne by the developer of an energy proj
ect or the purchasers of the power, oral
located between them. 

In the case of Susitna, contract negotia
tions between the APA and Railbelt utili
ties never progressed to the issue of the 
allocation of these risks. Nevertheless, the 
approach to project financing adopted by 

the APA after 1985-i.e., subsidy to be 
used exclusively for rate stabilization -so 
accentuated the risk of falling alternative 
energy prices that neither the utilities nor 
the state would have been willing to as
sume it. 

The risk of cost overruns on any major 
engineering project is always present, and 
has many potential sources. In the case of 
Susitna, the probability of significant cost 
overruns was not especially high when 
compared to major projects using new 
and complex technology and subject to 
strict governmental regulation (as in the 
case of nuclear power plants, for example). 
Nonetheless, ·it is unlikely that the utilities 
would have accepted any of this risk in 
power sales agreements with the APA. 

A risk ·that was more difficult to ana
lyze and to deal with in the Susitna case 
surrounds the behavior of alternative en
ergy prices. Here is where the risk-related 
problems inherent in rate stabilization 
financing became apparent. A rate stabili
zation fund of a fixed amount for Susitna 
would guarantee a floor on wholesale elec
tricity prices, based on a projection of 
prices from the thermal alternative. If al
ternative energy prices were to fall be
low this projected floor, access to them 
would be blocked by a Susitna power 
sales agreement. Thus, a definite risk 
existed that the Railbelt utilities might 
have to pay a substantial premium for 
Susitna power. Further, the potential 
magnitude of this premium was very 
great, as revealed in an analysis prepared 
by the APA in October 1985. 

The APA's 1985 risk analysis for Susit
na investigated the sensitivity of the re
quirement for rate stabilization to certain 
fossil fuel price assumptions.10 It showed, 
in particular, that the present value of the 
cost of a rate stabilization fund was only 
$253 million using a "base case" set of as
sumptions about (a) long-term crude oil 
price trends, (b) the future availability of 
Cook Inlet natural gas for electrical gener
ation, and (c) the method by which Cook 
Inlet gas prices would be set in the future. 
When those "base case" assumptions were 
relaxed, however, the present value of the 
cost of the rate stabilization fund soared. 
Under conservative but very reasonable 
assumptions, for example, the analysis 
showed that a fund of between $1 billion 
and $2 billion in 1985 dollars would be 
necessary to stabilize Susitna's rates at 
the level of the thermal alternative (nat
ural gas). The difference between the 
"base case" estimate of $253 million and 
this estimate, consequently, represented 
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Figure 4. Risk of cost 
overrun is the same under 
either form of subsidy, 
but the risk of fossil fuel 
prices being lower than 
expected is less with 
equity than with rate 
stabilization, Figure 5. 

Cost 
per kwh 

A 
B 

0 

the magnitude of the total rate premium 
that Susitna customers might have to pay 
if those conservative but reasonable as
sumptions proved true. 

Exposure to the risk of declining al
ternative (fossil) fuel prices is significantly 
less under the equity financing approach 
than the rate stabilization approach. This 
is because the gap between the cost of 
power from the hydro project and the cost 
of power from the thermal alternative will 
close sooner under equity financing. The 
differences between rate stabilization and 
equity in this respect are best explained 
graphically. Figures 4 and 5 illustrate that 
the risk of cost overruns are identical un
der both financing approaches, but that 
the risk of declining fossil fuel prices is 
greater under rate stabilization. The cross
over point C in Figure 4 occurs much 
sooner than the crossover point C in Fig
ure 5, thereby reducing the length of time 
consumers would have to pay a premium 
for hydropower in the early years, if an 
unexpected decline in fossil fuels should 
occur. 

From the consumers' perspective, a 
sizeable equity contribution is the pre
ferred method of providing state subsidy 
to an energy project such as Susitna, be
cause it minimizes risk and offers the pros
pect of rates lower than those that would 
otherwise prevail. From the state's per-
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RISKS OF EQUITY FINANCING 

Risk of price drop 

spective, on the other hand, rate stabiliza
tion is the preferred approach because it 
minimizes the state subsidy. The experi
ence of the APA with the Susitna project 
suggests that to the extent it is relied 
upon exclusively, rate stabilization may 
simply not be viable, particularly when 
used for a sizeable project and particularly 
in a period of unstable fossil fuel prices. 
When state subsidy in the form of cash 
grants is made to a project, the money 
should be used to reduce the overall level 
of debt for the project, rather than reduce 
the debt service burden in the early years 
of operation with the aim of keeping 
wholesale electricity costs ·comparable to 
a long-term projection of the avoided costs 
from alternative generation sources. 

SUMMARY 

In the course of planning for the Susit
na project, three sources of financing were 
proposed: (1) state appropriations to 
cover some portion of construction costs 
(equity); (2) state appropriations to cover 
some portion of the debt service on reve
nue bonds during the early years o.f proj
ect operation (rate stabilization); and (3) 
revenue bonds. 

Planning for the Susitna project began 
with the assumption that cash appropria
tions from the state's general fund would 
cover all project costs -·i.e., a 100 percent 

- Thermal alternative 
D 

- Thermal alternative 
with price drop 

- Hydro cost with overrun 

-Hydro cost 

Years 

equity approach. Later, it was proposed 
that a mix of state equity and revenue 
bonds be used to finance the project. Fol
lowing that, the concept of a rate stabili
zation fund was added to the combination 
of equity and revenue bonds (because rate 
stabilization tended to reduce the amount 
of required state equity). Finally, the 
equity component was eliminated alto
gether, and it was decided that financing 
for the Susitna project would be accomp
lished entirely by revenue bonds and a rate 
stabilization fund. 

This evolution of Susitna's financial 
planning was driven by the eroding out
look for state revenues and by uncertain 
evidence of legislative resolve regarding 
financial commitment to the project. 
From the beginning, it was recognized that 
Susitna would require a substantial subsidy 
from the state. Ultimately, an acceptable 
plan of finance for the project eluded the 
APA because the state did not have enough 
money to provide the subsidy the project 
needed. The end came because of the prob
lem of providing adequate security for 
the large volume of revenue bonds called 
for by the finance plan, and this problem 
stemmed from the state's inability to pro
vide equity investment in the project 
sufficient to reduce borrowing require
ments to levels that could be secured by 
the utilities through conventional power 
sales contracts. 
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RISKS OF RATE STABILIZATION FINANCING 

Cost 
per kwh 

A 
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Risk of price drop 

Even if a politically acceptable means 
had been devised to secure the Susitna 
project revenue bonds, it is unlikely that 
a workable contract could have been suc
cessfully negotiated between the Railbelt 
utilities and the APA that relied heavily 
on a rate stabilization fund of a fixed 
amount. There are two reasons for this 
evaluation of the situation: (1) utility 
customers in the Railbelt expected the 
Susitna project to protect them from re
tail electricity rate hikes, when in fact the 
rate stabilization approach assured them 
of rate hikes and would not result in sav
ings to customers for many years, and (2) 
the concept of rate stabilization entailed 
risks that neither the state nor the utilities 
would be willing to assume. From the 
point of view of public policy considera
tions, rate stabilization might be the pre
ferred approach to providing state subsidy 
to large energy projects because it mini
mizes state contribution. However, the 
experience of the Susitna project suggests 
that it is not practical. State subsidy for 
future hydroelectric projects (to the ex
tent it is necessary and available) should 
take the form of equity, i.e., it should re
duce the need for borrowing. 

NOTES 
1State subsidy was regarded by many people as 

desirable from a public policy perspective, 
because it provides a means of distributing 
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the state's oil wealth to citizens. Other as
pects of the issue of subsidy for the project 
are discussed in Gordon S. Harrison, "Science, 
Susitna and political decision making." The 
Northern Engineer, 1984, Vol. 16, No.3. 

2 Jn the real world, a project would never be 
without debt, because major renewals and 
replacements of the turbine, generator, and 
switchyard equipment would have to be fi
nanced through the issue of new debt. 

3 Arion R. Tussing and Gregg K. Erickson, 
"Alaska Energy Planning Studies," Policy 
Analysis Paper No. 82-13, a review of three 
consultant studies submitted to Alaska state 
agencies in fiscal year 1982, November 18, 
1982. See also, Richard Emerman, "The 
Probable Effect of Lower State Revenue 
Forecasts on the Projection of Electricity 
Demand in the Railbelt," policy and analy
sis paper 82-10, Division of Policy and 
Development and Planning, Office of the 
Governor, September 21, 1982. See testi
mony of Gregg Erickson on SB 25, SB 26, 
and SB 244 before House Finance Commit
tee on May 18, 1981 (minutes, p. 1325). 

4 The Kentco plan of finance was not realistic, 
however, because of cutbacks in federal 
funds for REA. In any case, the Susitna 
project would not have received favorable 
consideration by that agency because most 
of the power from the project would be sold 
to "urban cooperatives," which are accorded 
a low priority in the distribution of REA 
funds. See "Transcript of Questions and An
swer Session" following address by U.S. 
Senator Ted Stevens to the Thirteenth Alaska 
State Legislature, February 1984. 

5 The continuing appropriation was declared 
unconstitutional on August 30, 1985, by 
the Alaska Superior Court. 

Figure 5. Risk of fossil 
fuel prices being lower 

than expected is greater 
under the rate 

stabilization subsidy 
approach because 

it takes longer to reach 
the crossover point 

than with the equity 
approach, Figure 4. 

6 See minutes of APA board meeting of Novem
ber 9, 1984. 

7 Jt should be noted that the 30th percentile, 
risk-adjusted forecasts developed by the De
partment of Revenue were even lower, sig
nificantly, than the mean probability fore
cast shown in Table 2. The 30th percentile 
forecast reflects a 70 percent probability 
that the estimate will be exceeded, and is 
used by the executive and legislative bran
ches for budgeting purposes. 

8 Jn the case of the four-dam pool, the debt 
component is a state-funded long-term sub
sidized loan. In the case of Bradley Lake, 
which has just begun construction, the debt 
component will be project revenue bonds is
sued by the APA and secured by contracts 
with the utilities purchasing power from the 
project. 

9A third major risk is that the forecast demand 
for the output of the project will not mate
rialize. This was a major risk of the Susitna 
project, but one that was not taken seriously 
by Railbelt utility managers, who constantly 
chided the APA for its conservative estimates 
of load growth. Thus, it seems unlikely that 
allocation of this risk would have impeded 
contract negotiations with APA. 

10 The results of the analysis, in table format, 
were included in a package of material pre
pared by APA staff and consultants and dis
tributed to the Board of Directors at the 
meeting of October 2, 1985. The table is ti
tled "Sensitivity Analysis," but has neither 
table number nor page number. Further, the 
table is not reproduced in the APA's draft 
FERC license amendment, although the gen
eral outcome of the sensitivity analysis is al
luded to in Exhibit D, p. D-4-5, of the draft 
amendment. • 
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Bethel, Alaska 
KUSKOKWIM RIVER BANK EROSION 

by David C. Lanning 

Approximately 5 June 1985 the first thermoniche appeared near the end of the bulkhead and the 
dumped rockpile. There is still room for boats to dock. 

RIVER EROSION is occurring at Bethel 
because of permafrost degradation, wind 
and wave action, and main channel move
ment, with help from the primary and 
secondary (eddy) currents. The banks of 
the Kuskokwim River at Bethel have been 
eroding away at least since the city was 
founded at the turn of the century. The 
land lost has been some of the best and 
most valuable in the area. This article will 
discuss the nature of the problem and will 
focus on the massive erosion in 1985, which 
was caused primarily by eddy currents. 

In an effort to slow the continuing 
erosion and to repair the latest steel pipe 

"bulkhead," the 1986 Alaska State Legis
lature appropriated $4 million- adding to 
earlier expenditures. Whatever measures 
are taken, success cannot yet be guaranteed 
in the battle with the eroding river. We are 
still learning about erosive processes, de
spite humankind's long battles with 
moving water, and in the far north the 
picture is even more complex. The situ
ation at Bethel is typical for other settle
ments in the state as well; many towns are 
losing ground to the rivers. 

EROSION CONTROL STRUCTURES 

In order to prevent riverbank erosion 
at Bethel, private citizens had shielded 
the banks with wooden structures. Under
cutting and frost heaving quickly caused 
these to fail. In 1975 the city government 
started constructing steel erosion control 
structures, and a steel sheet pile cell was 
placed around the most critical location in 
town: the city dock. Emergency measures 
using filter cloth and submarine nets to 
stop erosion at other locations failed in 
1978. In 1982, in order to prevent erosion 
near the city dock and the petroleum 
loading facilities, 200m of steel sheet pile 
walls were constructed. 

Citizens began their own erosion con
trol projects by dumping junk cars and 
other metal scraps onto the river's edge to 
protect their individual properties. In 1983 
and again in 1984, the city used state fund
ing to construct steel pipe and sheet pile 
walls along the riverbank. This bulkhead 
extended from the main business area and 

David C. Lanning, a recent civil engineering graduate, has worked for the Alaska Public Health Service, the City of Bethel, and 
most recently for Brice, Inc., a heavy construction firm in Fairbanks. After documenting the erosion of the Kuskokwim River in 
Bethel (during 1985), his work as construction engineer for Brice has been on the breakwater and harbor on Saint George Island in 
the Pribilofs. 

32 The Northern Engineer, Vol. 18, No. 2 and 3 



Brown's Slough to the Mission Road area, 
a length of approximately 610 m. 

THE AREA 

Bethel has a population of about 4000 
people, about 50 percent Yupik Eskimo 
and 50 percent non-Native people. Bethel 
is the center of trade, transportation, edu
cation, government, and culture in a vast, 
thinly populated region of western Alaska 
known as "the Delta." 

The town is located about 1050 air 
kilometers southwest of Fairbanks and 
800 air km west of Anchorage. Its primary 
economic resources stem from its location, 
especially since it is the hub of a transpor
tation network. Its economy is propelled 
primarily by income from government (60 
percent). transportation (10 percent). and 
fishing (3 percent). Since the Kuskokwim 
River provides food and income as well as 
transportation, the problems caused by 
erosion are deeper than is economically 
apparent at first. 1 

THE KUSKOKWIM RIVER 

The headwaters of the Kuskokwim 
River are in the glaciers of Mt. Foraker in 
the Alaska Range. The river flows south
westerly on the north side of the Alaska 
Range and empties into the Bering Sea. As 
can be seen from the drainage area map, 
the Kuskokwim drainage makes up a large 
portion of Alaska: the entire drainage area 
is about 130,000 km2 (50,000 square 
miles), and the portion above Bethel is 
109,000 km 2 (42,500 square miles). The 
water from this drainage area flows 

PLATINUM 
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through two channels at Bethel. The main 
channel carries about 53 percent of the 
flow. 2 

Even though Bethel is about 105 km 
upriver from the Bering Sea, its location 
is affected by tidal backwater. This causes 
velocities in the river's downstream flow
called the primary current-to range from 
0.25 to 0.67 meters per second (mps), 
corresponding with the normal tidal ebb 
and flow. 

Actual river flow volumes at Bethel are 
not measured directly but are extrapolated 
from data taken upstream at Crooked 
Creek, Alaska. The highest recorded flow 
at Bethel, in June 1964, was calculated to 
be 16,400 cubic meters per second (cms).3 

The river is rated as the tenth largest in the 
U.S. In cross section, the river at Bethel is 
wide and shallow. The river necks down 
from about 275 m to 125 m wide as it be
gins one of its large meander curves. The 
depth of the main channel is about 14m. 
If we defined an aspect ratio for the width 
to the depth, it would range from 10:1 to 
20:1. 

SOILS 

The Yukon- Kuskokwim Delta area con
sists of an alluvial deposit· of silts and 
sands. Drilling for water wells in the area 
has indicated that the depth of the silts is 
about 180 m. The Kuskokwim and its 
tributaries have worked and reworked the 
soils in the old delta by natural meandering 
movements. 

Alaska Testlab, Inc.; found in 1984 that 
the soils in Bethel are relatively uniform 

The Kuskokwim River and drainage area.3 

with some local variations and could be 
classified into three basic types: 

• Silty sand grading to sandy silt with 10 
to 28 percent water content when found 
frozen; an average of 50 percent below 
the no. 200 sieve (0.074 mm); almost 
100 percent less than no.100 screen (0.147 
mm); frozen densities of 110 pounds per 
cubic foot (pcf). (For those 1mfamiliar with 
the screen sizes, the sieve number refers to 
the number of wires per inch. The higher 
the number, the smaller the holes left 
between the wires. In effect, almost every
thing that passes a no. 200 sieve is dust
sized or smaller.) 

• Silty fine sand with 26 to 28 percent 
water content when frozen; very similar 
to the type described above but with less 
silt; frozen densities of 108 pcf. 

• Sand with water content of 10 to 15 
percent when frozen; frozen densities of 
80 to 85 pcf, ice rich. 

The potential for these soils to settle 
when thawed can be seen from their high 
water content. When the water content 
exceeds the natural air spaces available in 
the soil, all of the volume of excess frozen 
water will appear as land settlement when 
the soil thaws. Alaska Testlab, Inc., also 
found that the average temperature of the 
frozen soils was about -1.1° C. 

The knowledge gained from drilling 
programs indicates that the entire area is 
perennially frozen, with a thaw bulb exist
ing under the river, several of the lakes, 
and Brown's slough. Even though the river 
does not have permafrost under it, it may 

KUSKOKWIM RIVER 

WATERSHED 

IIIOTI: .... , ... 
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Bethel on 30 July 1983; the Kuskokwim River flows right to left with the main channel farthest 
left. Note Hospital Cove (HC) and the preweakened locations (C1 and C2) where massive erosion 
later occurred, in 1985. (Aerial photo by North Pacific Aerial Surveys, Anchorage.) 

have one edge flowing along a frozen bank 
as the river meanders sideways across the 
frozen delta alluvium. When the very fine 
soil with a high water content is thawed 
quickly, it has almost no structure to hold 
it together and protect it from immediate
ly becoming part of the river's sediment 
load. On the other hand, if the river is 
moving sideways very slowly, the thaw 
bulb can precede the river and the soil will 
retain more structure to resist erosion. 

THE PARTICULARS OF EROSION 

River Processes 

Rivers may be thought of as having 
three forms corresponding to the three 
main areas through which they flow. The 
first form occurs in the headwaters where 
the river has steep slopes, high velocities, 
and is very erosive. The second form is a 
transporting phase, with moderate river 
slopes. Meandering rivers, like the Kusko
kwim at Bethel, are usually of this second 
form. Here, most of the fluvial erosion is 
local and the river promptly redeposits 
the sediment just downstream. The third 
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form occurs in the delta, where the river 
slopes are low, velocities are slow, and the 
river drops its sediment load over a broad 
area. 

At any particular place in a river, there 
is an equilibrium point at which the river 
carries as much sediment as it can. When 
this occurs, the river neither erodes the 
bottom nor deposits soil. This condition 
is determined by the river bottom's upper
most soil (called armor) and the local water 
velocity. When higher velocities occur, 
the faster flow will erode the protective 
armor soil until sands and gravels that are 
too heavy to move are left behind, again 
shielding the bottom. Thus, the highest
velocity flows determine the depth of ero
sion and therefore the nature and depth of 
the bottom. 

At Bethel, the water volume is greatest 
and the flow velocity highest in the spring. 
The spring flood generally determines the 
condition and form of the bed for the year, 
and also the location of the main channel. 

The Kuskokwim River at Bethel has 
some characteristics not usually associated 
with meandering rivers. The entire area is 

old delta, and it is underlain with almost 
continuous permafrost. When the river 
flows through these frozen areas it causes 
the soils to thaw, lose their structure, and 
erode easily. 

Flow in River Bends 

In order to discuss the erosion of frozen 
banks by moving water in bends and ed
dies, we need to consider the actual mech
anism that occurs in those curved flows. 
The most common misconception of flow 
in the curved channels at river bends is 
that the water actually bounces off the 
outer bank and reflects back into the main 
stream. While a stream of light may act in 
this manner, the flowlines cannot cross in 
moving water. When water flows around 
a bend, its momentum in heading straight 
downstream carries it higher on the outer 
bank than on the inner bank. This small 
rise in level provides the force for a cur
rent that cuts across the main channel and 
back toward the inner bank. The resulting 
velocity of the cross current is much smal
ler than that of the main current, but it 
does exist. 5 

Thus, the water does not flow in a 
straight line at the curve, but actually in a 
helical path around the river bend. The 
curvature of this path is a function of the 
radius of the bend. An apt example of this 
is seen when one wraps up a garden hose: it 
simply must be given a slight twist in order 
to make it roll around a curve smoothly. If 
a smaller circle is desired, more twist is re
quired. It is really a topological problem. 
For a smooth flow, all the water must take 
about the same path length. Therefore, the 
actual water velocities in a river bend are 
greater than the apparent downstream 
velocity. This increase in velocity is a 
function of the size of the radius of curva
ture. For a river bend of about a 6-m radius 
and a depth of 3 m, as in the eddy currents 
at Bethel, using the method described by 

/ 
/ 

/ 

/ 

/ 
/ 

/ 

----
Water flow in a curve: the water on top flows 
to the outside edge; the water on the bottom 
carries sediment from the outside toward the 
inside of the curve. 6 
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van Berlekom 5 and a similar relationship 
described by Jansen et al., 6 the actual ve
locity was calculated to be 1.1 times as 
great as the average downstream velocity 
of the current. This velocity increase may 
be significant in soils that are very sensi
tive, and is even more critical if the radius 
of curvature is very small and the water 
deep, as it may be when the eddy is first 
forming. At the point of separation, where 
the radius of the eddy approaches zero, the 
vertical velocity theoretically approaches 
infinity. 

Eddies 

Eddies occur at the point of separation 
from normal flow. They break off individ
ually at the point of separation. Their in
ternal flow pattern is the same as that of 
water flowing around a bend except that it 
returns 360 degrees back into itself. There 
is generally no flow of water into or out 
of an eddy; it is the same water recirculat
ing. This eddy-type flow is always helical: 
the water flows down along the outside of 
the swirling water mass, toward the center 
on the bottom, and up through the center. 
The outer edge of the water surface is 
elevated. 

The separated eddy gets its energy from 
the main current as it flows by. The eddy 
in turn spends this energy in friction along 
the banks and within itself because of in
ternal viscosity. Of critical interest in the 
Bethel case is that the currents of the eddy 
keep the eroded material within the eddy 
itself. 

Thermoniching 

Thermoniching is a pattern of river ero
sion that is caused by the melting of a 
permafrost bank at or below water level. 
When the bank is undercut sufficiently, 
the remaining cantilevered bank simply 
breaks off into the river. This pattern may 
occur in small localized areas or be more 
widespread. In places where large chunks 
slough off the banks in cantilever failures, 
the banks are protected somewhat from 
thermal and mechanical erosion simply 
by the presence of the collapsed but not 
yet picked-up materials. This slows down 
the rate of erosion to some extent. 

Thermoniching occurs because of heat 
transfer between the river and the frozen 
banks. It is more likely to occur in the 
summer, when the water is warmer, than 
during breakup when the water is very 
cold. The predominant process seems to be 
convection; the temperature and emissivity 
of the water and the banks are so similar 
that neither conduction nor radiation 
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The Kuskokwim River near Bethel, looking downstream from the end of the bulkhead: a view of 
the separation of the main river flow from the eddies. 

In June 1985 several more thermoniches appeared in the bank downstream from the first ones. 

should play much part. Calculations based 
on equations by Brown and Marco7 and 
Ashton8 for the convection coefficient 
indicated that convection could account 
for an erosion rate of 1 m of bank in 35 
hours. The actual rate of thermoniching 
observed in the banks of the Kuskokwim 
at Bethel was 1 m in 39 hours. 

THE BETHEL SITUATION 

Two completely different modes of 
erosion occur along the Kuskokwim River 

at Bethel: ( 1) during breakup high-velocity 
water determines the shape of the riverbed 
and the location of the main channel, and 
(2) during sum mer the warmer water causes 
thermoniches in the permanently frozen 
banks, especially where eddy currents af
fect the banks. The effects of these proc
esses are discussed below. 

Flood of 1985 

Information from the U.S. Army Corps 
of Engineers indicates that the spring 1985 
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September 1985: Hospital Cove (HCI is on the outside of a major bend where the river narrows and deepens considerably. The flow in Hospital 
Cove is relatively placid compared to the fairly violent flow in the newly eroding cell (C1). Since the bulkhead (B) has less friction than the natural 
river bank, the river arrives at the end of the bulkhead with more energy than it would normally have. This excess energy is dissipated along the zone 
of separation (dashed lineS) between the eddies and the primary flow. The energy transferred to the eddy near the bulkhead is still causing erosion 
whereas the downstream portion of the cell is beginning to stabilize. (Aerial photo by North Pacific Aerial Surveys, Anchorage.) 

flood on the Kuskokwim River was about 
a 10-year flood. 9 From other Corps of 
Engineers' data,10 this would indicate that 
the peak flow was about 11,300 ems 
(400,000 cfs). 

As in other Alaska rivers, it is typical to 
have ice jams during spring breakup on the 
Kuskokwim. These cause a rise in the flood 
stage and probably decrease the velocity 
of the flow. Ice jams also make it difficult 

to compare the stages and velocities of 
flood flows from year to year. In 1985 
there was an ice jam downstream of Bethel. 
There are also indications that the second 
channel at Bethel was blocked with ice.9 

This composite picture of Hospital Cove was taken 1 March 1986 during the low winter flow. The placid flow pattern indicates low velocities and 
small erosion potential. 
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If the second channel was blocked, the 
actual volume through the main channel 
would have been much larger than a 1 0· 
year flood flow would indicate. 

Typical velocities during breakup are 
estimated to be a maximum of about 2 to 
3 mps, but the combination of ice influ
ences makes it virtually impossible to do 
more than estimate the velocities in the 
main channel during breakup in 1985. 
Later measurements indicated that the 
main channel was altered during this high 
flow in 1985. Changing from its normal 
sinuous pattern, the main channel aligned 
itself with the linear steel bulkhead where 
that bulkhead existed and moved toward 
the bulkhead as much as 18 to 30m. 

Anomaly of Hospital Cove 

Hospital Cove is an eroded cove on the 
outside curve of the river slightly down
river from the main area of Bethel. This 
cove appeared suddenly about 10 years ago, 
and has continued to grow. The location 
of this eroded cove has led to speculation 
that the permafrost thawed when vegeta
tion was cleared and the Alaska Native 
Health Hospital sewer line was placed 
there. Early bathometric surveys by 
George Silides, P. E.,11 indicated that the 
center of the cove was deeper than the side 
of the cove near the river channel. 

Hospital Cove grew quite rapidly at first, 
but it has since grown more slowly and ap
pears to be reaching a state of equilibrium 
with slow and gentle currents. In 1985 
the cove did not enlarge much at all. It now 
appears that Hospital Cove was the first of 

the erosive eddy cells to form at Bethel; 
two more cells appeared in 1985. 

The general opinion of most observers 
is that Hospital Cove was caused primari
ly by thawed permafrost and weakened 
soils. In both of the newly eroded eddy 
cells there are indications that the river had 
already found a weak spot. These two cells 
both grew quickly. As can be seen in the 
pictures taken during the winter low flow, 
their current patterns are stronger than 
those at Hospital Cove and this indicates 
that, at least on the upstream end, they 
will continue to grow quickly when the 
spring flood comes. 

It is anticipated that the bigger cell will 
reach a shape similar to, but bigger than, 
Hospital Cove, and that the smaller one 
will grow into and merge with Hospital 
Cove. That they will reach an equilibrium 
is suggested by apparently stabilizing 
banks on the bigger cell and the fact that 
neither has eroded deeper than Hospital 
Cove. Since a weak spot is starting to de
velop between the two cells, it seems pos
sible that another cell will occur there 
and possibly all the cells will merge. 

It appears to be significant that the 
depth of these eroded cells is about the 
same, perhaps because the contained sedi
ments limit the depth of scouring. 

Visible Erosion, 1985 

Breakup occurred in late May in 1985, 
and large thermoniches appeared in mid
June at the end of the Mission Lake bulk
head. A truckload of cobble-sized rock 
was dumped over the bank to stop the 

erosion, but to no avail. Soon there were 
two thermoniches, and over the summer 
a cell about 300 m by 50 m was formed. 
Another cell, elliptical in shape and 75 m 
by 60 m, was created by erosion slightly 
downstream from the large one and just 
upstream from Hospital Cove. However, 
Hospital Cove did not enlarge much during 
1985. 

SUMMARY 

The major erosion that occurred in 
Bethel in 1985 was caused by secondary 
currents. These cells will eventually stabi
lize, reaching an equilibrium. The flood in 
spring 1986 was very small and did not 
significantly enlarge the cells. The city of 
Bethel has since extended the bulkheads 
past the major sites of erosion and had 
rock-riprap-placed on the river bottom 
to help keep the main channel stable. 
However, if the main channel continues 
to migrate, the stability of the cells, the 
river banks, and the bulkheads is in 
jeopardy. 
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Composite photo of the smaller cell just upstream from Hospital Cove, 1 March 1986. The violent flow pattern indicates that this cell will continue 
to grow. 
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End of the Mission Lake bulkhead on 1 March 1986 during the lowest flow of the year 
when the lack of water has exposed the river bottom. This view is looking upstream into the 
larger cell. Note the relatively level bottom of the eroded area. The cover photograph was 
taken at point UB and the photograph with the landing boats was taken at point LB. 
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MORE ON BETHEL: the staff of Alaska magazine has 
brought to our notice a new book that enjoys the contributions 
of photographer James H. Barker, the person responsible for 
our dramatic cover photo (reproduced at left). 

Bethel: The First 100 Years combines Barker's efforts, as 
photographer and as photo editor who tracked down a trove 
of historical photographs, with those of journalist Mary Lenz, 
who provided a text that incorporates the first-person accounts 
of early residents' diaries, official reports, and more than 100 
interviews. 

The 199-page soft-cover book, which has more than 250 
black and white photographs plus a bibliography, was a 
centennial project of the City of Bethel. It is available from 
the Yugtarvik Regional Museum, P.O. Box 388, Bethel, Alaska 
99559, for $20 postpaid. + 
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GUIDING ALASKA INTO THE FUTURE 
by Ted G. Eschenbach and George A. Geistauts 

ALASKANS, more than most other U.S. citizens, want to be
lieve that they can determine their state's future development. 
Whether this belief stems from Alaska's small population, its 
embryonic stage of development, dreams appropriate to the size 
of Alaska, or possibilities fueled by petrodollars is less important 
than its result: Alaskans have a feeling of control. But turning 
that feeling of control into a particular future requires a consis
tency of motivation, of direction, and of action that h 
been achieved. Thus the key question is, 
choose a future and make it come true?" 

As we write (mid-1986). a crisis 
state government and much of the state's 
oil prices apparently caught much of the 
past planning has not emphasized flexibil 
sible contingencies. In fact, rna 
emphasize short-term survival 
prices will rise and the~oblem wi 

It is our hope that crisis can 
vising Alaska's strategic a oach to the 
argue that oil "shocks" make good 
the opposite-that oil shocks 
a consensus approach to policy 
Alaskan leaders supported the 
budgeting when oil revenues 
fective consensus. 

everyone agreed this was a ' 
spending prevented its i~D~~Wi·rnlft'tlfll 
lack of a CQP~t:tp,u~-u~~t:u ~1rr:>1t<>nv 

the currertf crisis. 
The oil price gyrations of the past ten years are not the last 

shocks Alaska will have to face, and assuming that future oil 
prices will be the sole source of shocks to Alaska's economy is 
extremely dangerous. Forecasting and the planning it supports 
cannot focus only on the Susitna dams, the Red Dog mine, and 
Beluga coal. Rather, it must include more speculative break
throughs: dirigible transport of natural gas, beamed power 
through satellites, a 20-percent increase (or decrease) in recovery 

of oil from Prudhoe Bay, a Japanese shift from nuclear power 
generation to Alaskan coal or gas, or an early shutdown of the 
trans-Alaska pipeline system due to terrorism or problems with 
corrosion of buried pipe. While the probability of any of these 
events is low, so was the perceived probability of the oil embargo 
and the power of OPEC (the Organization of Petroleum Exporting 
Countries) to raise oil prices. 

A consensus approach to policy development can allow Alaska 
the best of an uncertain future. In this article, we analyze 

rts and recommend a two-stage strategy for 
. The first stage is a one-time, Delphi-like 

techniques for group decision-making 
second stage is the establishment of a 

ans, we 
but our professional 

of advisory bodies which would work with 
branches of government. This ap

work of William Ouchi1 on the adaptation 
processes to American public sector de-

are only marginally interested in Alaska, 
logies exist for other undeveloped north

ieve that undeveloped regions of the 
processes similar to these to fashion 

hough they face completely different 

study of Alaska's long-range 
1982-83 for the Alaska Department 

in the state's future, 
a Delphi forecasting 

we conducted in 

Development. The Delphi method 
Greek oracle, but the modern proces~ 
RAND Corporation in the 1950s. A ty 
begins with a series of questionnaires. In the 
of experts answers questions that forecast 
bilities. A study team summarizes the responses incorporates 
them into the questionnaire for the next round, but the panelists 
are not told who was responsible for a particular prediction. On 
rounds after the first, panelists evaluate and possibly modify 
their predictions, explaining major differences between their 
position and the group consensus. 

Our Delphi study was a three-round, ten-month-long process 
that obtained the responses of nearly 100 prominent and expert 
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research and a Ph.D. in industrial engineering. His research includes studies in multiple rates of return in engineering economy and 
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Ph.D. degrees in management. His research and consulting interests emphasize strategic planning, long-range forecasting, and the 
role of boards of directors (particularly for nonprofit corporations). 
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... the Delphi panel predicted short-term declines in oil 
prices ... and an early reimposition of a state income tax. 

Alaskans to 60 pages of questions.3
•

4 In 1984, Alaska Pacific 
University and the University of Alaska-Anchorage (UAA) spon
sored a fourth round which allowed us to check for changes in 
the predictions. In early 1985, UAA sponsored an evaluation 
round focused on the use of and the weaknesses in the Delphi 
forecast and methodology. Finally, in our recent book,5 we 
analyzed these predictions, outlined several long-range scenarios, 
and asked 18 experts to comment on the predictions. 

This work aimed at forecasting (if and when) Alaska's future, 
rather than planning (how to assure the best possible future). For 
example, the Delphi panel predicted short-term declines in oil 
prices, construction of the Knik Arm Crossing and the Susitna 
dams by the year 2000, no movement of the capital, and an early 
reimposition of a state income tax. While no prediction is a sure 
thing, we can find no mechanism better than Delphi for predicting 
these major, long-term developments. Mathematical models can
not handle the discontinuities inherent in long-range forecasts 
of dynamic socioeconomic systems such as Alaska, and individual 
experts simply do not have the breadth and depth of large panels 
of experts. 

However, if large groups of experts are used without some 
mechanism that promotes consensus formation, the variety of 
responses will be overwhelming. While face-to-face meetings and 
conferences can allow more detailed communication, they are 
often dominated by the vocal and outgoing participants, and only 
a few people can actively contribute. On the other hand, the 
multiple rounds of Delphi questionnaires allow communications 
among all participants through reasoned comments and statistical 
summaries. 

Through observation of this Delphi process, we have become 
convinced that consensus processes for group decision making 
represent the best hope for formulating a coherent strategy for 
Alaska's future. Our conviction is reinforced by the effectiveness 
of consensus in Japanese management-private and public. While 
achieving consensus may be slower than proclaiming decisions 
from the top, it builds long-term commitment, and it allows faster 
and more effective implementation. 

THE NEED FOR CONSENSUS 

Most of us expect state government to guide and finance 
Alaska's development, yet there is agreement neither on an ap
proach to development nor on specific major projects or industry 
emphases. Even the state's purchase of the Alaska Railroad was 
instigated by the federal government's decision to sell it or close 
it. Lack of consensus is not due to any lack of discussion and 
debate; for example, the Susitna dam project has been the sub
ject of over $125 million in consultant studies, yet only recently 
has the state realized that financing must depend on a politically 
unacceptable source-the Permanent Fund. The present consen
sus is limited to a recognition that economic problems will 
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accompany declines in oil revenues, but does not extend to 
solutions. 

A plan for Alaska's future requires a consensus between Alas
ka's leaders and citizens. Such a consensus will include com
promises and hard choices on strategies and goals. So far, we have 
only agreed on the establishment-but not use-of the Permanent 
Fund. Current consumption of oil revenue is the default priority, 
which leaves for the future only ( 1) unfunded operating, main
tenance, and replacement costs for hastily conceived public 
facilities, and (2) generous, but overly expensive, government 
programs. 

Achieving this consensus will not be easy, and then it must be 
maintained through different political administrations, individual 
legislative sessions, and cycles in oil prices. Long-term leadership 
must replace short-term political advantage seeking, and a com
mitment to shared goals must replace an emphasis on subsidies, 
loans, facilities, and programs for everyone. But more than any
thing else, a consensus would have to shift our attention from 
spending wealth to creating wealth. 

A policy based on consensus is more stable than one based 
on just a majority vote.6

•
7 While voting can establish the degree of 

agreement, it can also substitute "power politics" for the develop
ment of a consensus. If a bare majority simply forces passage of 
legislation over minority protests, then consensus does not exist 
and fairly minor shifts in the balance of power can result in major 
flip-flops in policy direction. However, if the minority willingly 
supports the adopted policy, then consensus can transcend the 
terms of governors and sessions of legislatures, and actions can 
be initiated where the payoff is a number of years away. 

PREVIOUS ALASKAN PLANNING EFFORTS 

Since the 1968 Prudhoe Bay oil discovery, Alaskans have been 
aware of new possibilities for their state. Both state government 
and various citizen groups have attempted to define which poli
cies and programs would maximize Alaska's long-term economic 
well being, but for various reasons these initial steps have led 
neither to a consensus nor to concerted action. A brief review 
of some of these efforts reveals how difficult it really is to reach 
a consensus. 

The Institute of Social and Economic Research 

The Institute of Social and Economic Research (ISER) is an 
arm of the University of Alaska that includes economists, politi
cal scientists, and anthropologists acting within the normal auton
omy of a university. ISER's institutional identity and longevity, 
combined with the quantity and quality of its work (i.e., refer
ences 8, 9). have firmly established its position in the debate on 
Alaska's future. 

A common ISER theme is that market factors and Alaska's 
high costs currently prohibit development of non-oil resources. 
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Rapidly rising oil prices and predictions of continued 
energy shortages seemed to guarantee continued prosperity. 

Instead, many ISER researchers advocate "saving" a significant 
fraction of current oil revenues so that the state government can 
maintain an "acceptable" level of services when oil revenues de
cline. This suggestion is clearly unacceptable to advocates of rapid 
resource development, but neither those advocates nor the ISE R 
researchers have managed to form a consensus that includes the 
state's citizenry or leadership. 

The Alaska Public Forum 

The Alaska Public Forum (APF), a survey and public meeting 
program, was administered by the Alaska Growth Policy Council 
from 1976 to 1978. The 11- member council was established by 
Governor Jay Hammond to "broaden citizen participation in 
matters of statewide importance."10 The workshops and meetings 
of APF involved over 6000 people -about 1.5 percent of Alaska's 
population. Even more citizens participated through question
naires distributed at workshops and through the newspapers. 

During this period, the state's economy was booming due to 
construction of the $8 billion trans-Alaska pipeline, and the con
ventional wisdom was that permanent large-scale wealth would 
come with its completion in 1977. Rapidly rising oil prices and 
predictions of continued energy shortages seemed to guarantee 
continued prosperity. Not surprisingly, the APF process empha
sized goals for use (consumption) of Alaska's new oil wealth, 
rather than forecasting or detailed planning. The limited dis
cussions of development focused on renewable resources and 
virtually ignored the state's minerals, North Slope gas, and coal. 

APF's impact is hard to evaluate; many positions were reflec
ted in administration policies, but Governor Hammond's prefer
ences may have predated the APF process. However, our analysis 
suggests that whatever consensus was reached did not include the 
state's corporate leadership. Photographs of "typical" participa
ting Alaskans in the APF reports symbolize this-not even a single 
example of a person in normal business attire is included. 

Council on Economic Policy 

Operating in 1981-82, toward the end of the second Hammond 
administration, the 15-member Council on Economic Policy 
(CEP) included business leaders, resource economists, public 
policy experts, and state government officials; four members 
were from outside Alaska. Additional experts served on CEP 
panels. 

The four position papers and public policy forums of CEP 
focused on taxing the depletable resource industries, allocating 
financial responsibility for socioeconomic impact of large-scale 
development, developing Pacific Rim trade, and coping with de
clining oil revenues. CEP recommended that state government 
"adopt a more limited role in the Alaskan economy," and iden
tified 14 "principles"- for example, "oil revenues should be 
viewed as capital to be invested rather than operating income" 

The Northern Engineer, Vol. 18, No.2 and 3 

and the state government "should not engage in speculative con
struction of infrastructure." 11 

CEP did not lead to a general consensus on state development, 
but it did crystallize concern over the future, and many of its 
themes have since been repeated. However, this process was in
strumental in the state's realization that Alaska's prosperity was 
threatened by declining oil prices and Prudhoe Bay oil depletion. 
Composition of CEP and its panels included business people, but 
it was weighted toward academics and the Hammond adminis
tration; the legislature was not represented. Some "boomers" 
viewed CEP as the last gasp of a lame-duck governor. 

Compass North 

Compass North is a recent ( 1984-85) product of Common
wealth North, 12 a nonprofit corporation founded in 1979 under 
the leadership of former governors Egan and Hickel, to influence 
Alaska's development. Most members work in the private sector, 
but a number of public officials are also members. 

The "Compass North" report was produced by five commit
tees dealing respectively with ownership, leadership, local gov
ernment, resource development, and wealth management. The 
document draws on Alaska's constitution and emphasizes that 
Alaska's government "has an obligation as an owner to help sus
tain the economy-to use its land and capital to preserve and en
hance the private enterprise system." 

The report outlines general policies-for example, moving to 
a single formula for state support of local government. It also 
recommends development criteria-for example, state govern
ment should invest only in projects with a positive present worth
but with the exception of a natural gas pipeline from the North 
Slope, the report does not advocate any specific projects. 

Since it was issued only in February 1985, its long-range impact 
on development policy cannot yet be known. However, despite 
Commonwealth North's consensus approach, the recommenda
tions are highly controversial, and the representativeness of 
Commonwealth North can be challenged. For example, among 
the 77 Compass North committee members there is only one local 
and no state government official; financial institutions, attorneys, 
and nonrenewable resource industries are well represented, but 
fisheries and tourism are not. The committee also lacks signifi
cant geographical representation beyond Anchorage. 

The Delphi Study 

The references cited in the introductory section describe in 
detail the methodology used in our Delphi study, but we would 
like to make a few observations. First, even though the Delphi 
study was oriented toward forecasting rather than policy formu
lation, panelists had to rely on their expectations of probable 
policies that Alaska would follow. Thus, in part, by developing a 
consensus on future trends and events, the panel was also impli
citly developing a consensus on underlying policies. Furthermore, 
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panelists explicitly considered the desirability of certain events 
and policies. 

The high degree of consensus on the bleak future of agriculture 
in Alaska illustrates a second point: experts may not like the 
consensus, yet they do not substitute wishful thinking. Even 
though four-fifths of the panel felt agricultural exports would 
be desirable, the overwhelming consensus was that Alaska was 
unlikely to become a major exporter of agricultural products in 
the foreseeable future. 

The validity of all judgmental processes is subject to academic 
debate, but the Delphi process can be high in credibility. To 
achieve this, the expert panel must speak with authority and with 
objectivity. In this Delphi study the 91 panelists included former 
governors and other decision makers, technical experts, and ad
vocates; the panel membership was balanced by geography and 
orientation to development. Because of the panel's composition, 
the process did approach group decision making- Delphi as con
trolled group communication.13 

The event predictions of the original Delphi study and the 
scenarios of our book are more optimistic than the no-growth 
scenario expected by some economists-a difference that is 
crucial for designing Alaska's future (and a difference that in
creases the acceptability of the Delphi study). Even though many 
booms expected in the past have not materialized, and some 
busts have come unexpectedly, there has also been a consistent 
pattern of higher and higher peaks in Alaska's economic activity 
and population growth. Perhaps economists are more tied to the 
analytic results, which are strongly based on current conditions, 
and thus are substantially less optimistic. Perhaps the optimism 
comes because many panelists were part of the business and po
litical leadership of the state-people who believe "the possible" 
could become "the actual" and who are willing to take risks. 
Clearly failures come along with the rewards of success, but the 
panelists' decision criteria appear not to have emphasized safety 
and the status quo. 

The forecast's long-term impact cannot yet be measured, but 
panelist responses to an evaluation round stressed its usefulness 
in planning: the demand for the report was high, it has been cited 
by state officials, it provided part of the support for establishment 
of the Alaska Division of Mining, and it has been adopted as the 
long-range economic forecast of a leading Alaska bank. Thus the 
Delphi results are apparently having some incremental effect on 
public and private sector planning, but they cannot be character
ized as having a major impact on overall development strategy. 
The impact would probably have been greater if key state gov
ernment officials had been members of the panel, rather than 
being the clients contracting for the study. 

Descriptive and Prescriptive Forecasts 

The planning processes described above generally produced 
descriptive or prescriptive visions of Alaska's future. However, 
none of these efforts resulted in a widely held consensus on a 
coherent strategic plan for Alaska's future. Their failure to do so 
can be attributed variously to narrowness of representation or 
of viewpoint, to a focus on forecasting rather than planning, or 
to the unacceptability of "bad" news. Even though specific plans 
have not been adopted, each of these consensus processes has 
contributed through attitudinal changes in participants and the 
state's citizens. 

Reflection on the Alaska experience, and on the basic nature 
of consensus, suggests that certain requirements must be met if 
a process is to have a high probability of reaching an implement-
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able consensus on policy. The process itself must be essentially 
nonpartisan and nonpolitical, objective, and credible. The state's 
leadership, from all sectors, must be included. The participants 
must be able to speak for, and commit, their organizations or 
interest groups. Participants, and their constituencies, must 
recognize the need to exercise enlightened, rather than narrow, 
self-interest. The sacrifices made to achieve consensus must be 
acknowledged-thus forming in Ouchi's sense "a social memory"1 

representing credits against which the sacrificing interest may 
draw at some unspecified future time. 

There must also be a clear recognition that consensus is 
required; perhaps the failure to reach consensus on Alaska's de
velopment is best explained by the absence of any apparent 
compelling need for an economic development policy as long as 
oil wealth kept rolling in. In that sense, the current crisis may 
even make it easier by forcing groups to cooperate and set aside 
past differences, so that the next governor may be ideally placed 
to initiate a comprehensive process for consensus formation. 

THE NEXT STEP 

It is clear from the discussion of previous planning efforts that, 
whatever the merits of their conclusions and recommendations, 
the processes and organizational structures were not adequate for 
achieving a general consensus on development policy and plans. 
Nor has such a consensus been reached in either the legislative 
or executive branches of state government. 

We believe that the current "planning" process - based on 
legislative action and executive branch initiatives, and the advo
cacy groups formed for each sector of the economy-emphasizes 
short-term objectives with a strong flavor of "bringing home the 
bacon" to the respective constituencies. As an alternative, we 
outline a two-stage approach for forming a consensus on long
term actions. The first stage is a version of "Policy Delphi" and 
the second stage creates a network of advisory groups to inform 
and advise government on consensus positions. 

Policy and Planning Delphi 

For a planning effort to succeed, a consensus is essential; 
otherwise the plan, no matter what its technical and theoretical 
elegance, will simply not be implemented. This consensus must 
include a significant cross-section of Alaska's political, entrepre· 
neurial, and technical leadership. The final product cannot please 
everyone, but the plan must not be unrealistic, technically flawed, 
or self-serving. However, even a good plan must come from a 
process with broadly based control and funding that emphasizes 
compromises and rational choices. 

Clearly, a group process of some kind is required- a conference, 
a nominal group exercise, or a modified form of Delphi. One 
promising design is outlined in Figure 1 and, as detailed below, 
it includes elements of each. First, a 20-member steering panel 
would be convened and the nominal group technique (structured 
discussion) would be used to reach convergence on problem def
inition. Second, a conventional Delphi exercise with a panel of 
approximately 200 Alaskan leaders would develop an industrial 
policy framework, while technical panels for different economic 
sectors and geographical regions would develop specific industrial 
policies. Cross-feedback between the main panel and the techni· 
cal panels would be used to integrate their work. 

Third, the study team, in close consultation with the initial 
20-member panel, would integrate the results of the panel exer· 
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Initiated by next governor 

One significant disadvantage is the diffi
culty in convincing participants and funding 
sources to yield authority to the process. 
Joint government- private sector sponsorship 
would be essential. Another is the risk that 
the invested money and effort will not lead 
to an effective consensus. If the process ends 
in disarray or if the results are not imple
mented, then the investment will have been 
squandered. Furthermore, such a failure may 
cast a heavy pall on the concept of planning 
in general. 

Technical experts on 
process 

20 members from broad 
spectrum of interests 

Use nominal group technique 
(structured discussion) 

APPOINT 
TECHNICAL PANELS 

(industries, regions, 
advocacy groups, 

labor, Natives, etc.) 

200 Alaska leaders (including 
industrial, legislative, executive, 
environmental, Native, non
profit, etc.; CEOs whenever 
possible) 

TheM-Form Approach 

William Ouchi's 1981 book, Theory Z, 14 

became a nationwide best seller, and one of 
the most influential presentations of Japanese 
management methods. In his most recent 
book, TheM-Form Society, 1 Ouchi turns to a 

AND 

TECHNICAL ANALYSIS 

POSITION PAPERS 

Delphi rounds with 
main panel; interaction 
with technical panels 
through cross feedback 

larger issue: the question of how to establish 
a cooperative relationship between business 
and government. There is no question that 
such a relationship exists in Japan, and that it 

PRIVATE SECTOR AND 
GOVERNMENT IMPLEMENTATION 

Figure 1. A modified form of the Delphi planning process. 

cises into a formal policy document. Fourth, panel participants 
from the first and second stages would present and discuss the 
results in public forums. And finally the study team, under guid
ance of the steering panel and considering comments from the 
public conferences, would prepare the final document. Policy 
concepts and recommendations would be implemented through 
both government and private sector responses. 

Given this overview of the process, what are its apparent 
strengths and weaknesses? First, it would have the participation 
of a broad cross section of Alaska's leaders-particularly legislative 
and executive branch members. Thus the process sets the stage 
for implementation by simultaneously building support for the 
policies being developed. Second, by emphasizing long-term ob
jectives in a forum without significant short-term incentives to 
participants, the process should lead to a plan that maximizes 
long-term "good." Third, the traditional advantages of Delphi 
still exist: panelists could schedule around other commitments, 
there would be more complete participation than that of a meet
ing where only one person can talk at once, and time would be 
available for thoughtful consideration of issues and the develop
ment of commitment. 
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has been a key element in Japanese economic 
development. In fact, this "teamwork" is 
not limited to the government- business re
lationship alone, but also extends to relation
ships between competing business interests, 
and among business and labor and civic 
groups. 

Ouchi argues that the failure of American 
businesses to develop a consensus before 
approaching Congress or the executive branch 
underlies many of our current economic 
problems. These governmental institutions 
lack the expertise and the time to balance 
competing arguments properly, even ignoring 
the problems posed by special interest groups. 
These arguments apply with even more 

force in Alaska where the state legislature is in session for only a 
third of the year. 

In contrast, Japan has established a hierarchy of industrial as
sociations, headed by the Federation of Economic Organizations, 
the Chamber of Commerce, the Federation of Employer's Asso
ciations, and the Committee for Economic Development, all of 
which interact with the Ministry of International Trade and 
Industry. Japanese legislators and government officials seek input, 
in the form of information and consensus positions, from this 
network of advisory bodies before acting. The structure and 
prominence of this network, and the consultative role it serves, 
create substantive pressures to subordinate self-interest to the 
good of the group. 

TheM-Forming of Alaska 

The state is an active participant in the development process 
through the provision of numerous subsidized loan programs and 
the provision of infrastructure for communications, transporta
tion, and power (user fees are often heavily subsidized). Yet the 
decisions of the state government on which sectors to promote 
and what actions to take in that promotion effort are heavily 
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based on regional political considerations (the power of certain 
legislators) and the number of dollars available to spend (a tunc· 
tion of oil prices). There exists a plethora of advocacy groups 
focused on the various aspects of development; however, there 
is not an overall hierarchical structure to combine these agendas 
into a common set of recommended policies and actions. Input 
into the government process comes through individual testimony, 
which often has an adversarial character, and through special
interest lobbying. 

An American version of an M-Form structure can draw upon 
the Japanese experience, but cannot mimic it exactly. What is 
required is a structure that encourages "collaboration between 
competitors." Ouchi points out that the network of associations 
and groups fosters constrained rather than rampant self-interest. 
Sacrifices on certain issues become part of the "social memory" 
to be repaid later as others in turn yield their self-interest. That 
it can work in America is illustrated by the cooperative attitude 
prevalent in the Twin Cities in Minnesota. There, an informal but 

structure could start with the initial commitment of two or three 
key business leaders, who over time develop the interest of their 
colleagues in the idea by a process of influence, educational sem
inars, and carefully chosen demonstration projects. With time a 
few staff members are hired, business groups educate themselves 
about !Jovernment, networks linking special interest groups 
emerge, and ultimately coalesce to guide the community's future. 

If an M-Form approach were adopted here, Alaska advocacy 
groups would be combined into an overall. hierarchical structure 
that would generate proposals and then refine them until a con
sensus was reached. At this point formal legislative and executive 
action would begin. In Figure 2, we outline a hypothetical possi
bility to illustrate this concept. 

The proposed Alaska M-Form structure would, at the lowest 
level, consist of individual businesses, unions, nonprofit corpor
ations, Native organizations, environmental organizations, local 
governments, etc. These would be represented- preferably by 
their chief executive officers (CEOs) -in sector advisory bodies 

Figure 2. Hypothetical interaction using thE! M·Form approach. 

influential network of organizations representing various inter
ests has succeeded in maintaining the vitality of the Minneapolis
St. Paul economy and its social structure. Even the origin of the 
term "M-Form" is an American managerial innovation, where 
"multidivisional" companies have middle managers who simul
taneously compete and cooperate. 

In order to work, M-Form advisory bodies must focus on de
veloping well-organized and credible information, and must pre
sent consensus positions to government rather than laundry lists 
of demands. This requires active, committed, long-term partici
pation of top managers of businesses and other organizations. 
As suggested by Twin Cities participants, evolution of such a 
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oriented along industry lines, Native interests, arts interests, 
regional interests, etc., which would attempt to develop the 
respective sector consensus positions together with supporting 
information. 

Because individual CEOs could, and probably would, belong 
to more than one advisory body (for example, an oil industry 
CEO could be a member of its advisory body, and also a member 
of an arts advisory body). interactions and overlap between bodies 
would be implicitly established; this furthers the social memory. 
In order to facilitate development and maintenance of an overall 
development policy, these groups in turn would be coordinated 
by a higher-level council, with perhaps 50-50 government-private 
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We must agree on and implement a consensus-based 
development policy that can respond to the current crisis 
and lay thefoundationfor coping withfuture crises. 

sector membership. Oversight would be obtained through en
couragement of media representation (not just coverage) on the 
various bodies, scholarly analysis by academic bodies, and public 
forums. 

The design of the M-Form advisory structure is deliberately 
vague; it must itself emerge from a consensus. If the Delphi 
process would be carried out first, design of the structure should 
be one of the objectives. Many of the required advisory bodies 
already exist in Alaska; the task is to create a network that en
courages enlightened collaboration rather than conflict. 

The key distinction between the two stages, the Delphi-like 
and the M-Form, is the difference between a massive one-time 
effort and a continuing structure. The one-time effort may be 
necessary to initiate a significant shift in the direction of state 
policy, but only a continuing structure can adequately respond 
as the future reality diverges from current expectations. 

None of this, of course, negates the need for thorough eco
nomic, social, environmental, and engineering analysis of pro
posed projects. Consensus must be based on the best technical 
information obtainable-the consensus process applies value cri
teria to the options revealed by technical analysis. In fact, these 
consensus processes should increase reliance on technical analysis 
over that shown by the current political processes. 

NEEDED: NEW APPROACHES 
AND NEW WAYS OF THINKING 

Alaska's plan for the future cannot be explicitly characterized, 
but it can be seen in the existing set of policies, statements, and 
governmental and private actions. Unfortunately, it is a continu
ally changing plan, one that seems to be managed primarily by 
the opportunities implicit in the continually changing level of oil 
prices and income. 

When oil prices, production volumes, and state revenues are 
high, the plans are large-scale. The details do not always support 
the wisdom of the grand plans, but we are ready to invest in our 
future as well as to spend to satisfy many current "needs." When 
revenues fall, it is investment and planning for the future that 
seem to suffer disproportionately compared to current consump
tion. 

There are those who say that we cannot stimulate develop
ment, that we are at the mercy of external market factors, and 
that the only viable alternative is to save for the rainy day. As 
evidence, they cite past proposals that have never advanced past 
the study stage. But before agreeing, we ask if Alaska has ever 
had a coherent development strategy. What are the goals? What 
are the priorities? Do we even have a long-run policy for investing 
Permanent Fund monies? Are a few feasibility studies really the 
same as a policy? Do our development policies, whatever they 
may be, transcend indivirluallegislative sessions and gubernatorial 
terms? 

Alaska is full of opportunities and possibilities. We, and our 
children, can build a more stable society and economy, but it 
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seems unlikely that it will occur by chance. Rather, it will require 
focused efforts by many Alaskans and by our private and public 
institutions, and it will require a recognition and understanding 
of Alaska as a system with interacting sectors. The leadership 
must come from the state's government and it must persevere 
despite short- and long-term objections-clearly the next gover
nor must play the pivotal role here. Similarly, the various sectors 
of private industry must lower their demands for fragmented aid 
from the government, and they must recognize that their sector 
is not always the most beleaguered, the most essential, or the 
one that is morally right. We must agree on and implement a 
consensus-based development policy that can respond to the cur
rent crisis and lay the foundation for coping with future crises. 

While some may feel that consensus cannot be achieved, and 
others may feel consensus processes are elitist and undemocratic, 
it is worth recalling that about 200 years ago a "panel" of prom
inent and expert Americans met and reached a consensus. As 
Alaskans prepare to celebrate the bicentennial of the U.S. Con
stitution, they might reflect on the potential value of consensus 
for Alaska's future. 
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Subarctic Alaska 

DESIGN IMPROVEMENTS FDR 
MINE ACCESS RDADS 

by Nils I. Johansen and Nicasio Lozano 

ANY KIND OF DEVELOPMENT must 
include some sort of transportation sys
tem. Historical examples are the land and 
water trails to the Klondike gold fields, 
and the riverboat traffic on the Yukon 
and Tanana rivers to support mining ven
tures and the growing towns in interior 
Alaska. Construction of access roads in 
permafrost regions of the Arctic and sub
arctic is necessary for the development 
and extraction of mineral resources and 
for reaching remote population centers. 
Reliable access to a mining property is 
very important for a successful operation. 

Permafrost was both a help and hin
drance to the early placer miners: the 
presence of frozen ground made drift 
mining of frozen placer deposits possible, 
but surface disturbances would turn the 
foundations for access roads or railroads 
into seemingly bottomless bogs in some 
areas. The annual spring breakup com
pounded the problems. 

Low-cost unsurfaced development 
roads, common in the Arctic and sub
arctic,1 are subject to the same thaw deg
radation that causes some of the worst 
highway maintenance problems in Alaska. 
In sections of the Alaska Highway that 
overlie ice-rich silt, differential settle
ments of as much as 5 feet have occurred 
where embankments have been placed 
over warm permafrost (30°F). 2 In fact, 
when the Alcan Highway was constructed 
during World War II, the ice-rich soil that 
turned to jelly when it thawed was called 
"bull's liver silt." 

Permafrost engineering has progressed 
since the Alcan was built. Many studies 
have shown there are ways to maintain 
the underlying permafrost by incorporat
ing insulation in the roadfill and to mini-

mize the embankment thickness by ad
justil'lg the depth of gravel and insulation 
to that appropriate to the local climate 
and anticipated axle loads. In Alaska, re
searchers are also studying culvert design, 
so that roads crossing drainage areas for 
streams and seasonal runoff can handle 
the heavy traffic associated with mining 
and other resource development. 

DRAIN DESIGN 

Cross drainage in Alaska is designed ac
cording to specifications in the Hydraulics 
Manual of the Alaska Department of Trans
portation and Public Facilities (DOTPF). 
A concentrated flow of water during 
spring breakup and summer rains can 
wash out roads with poorly designed drain
age systems. Because of the lack of field 
data during the construction of the North 
Slope haul road (Dalton Highway). two 
methods were used to determine flood dis
charges; the method showing the largest 
discharge was then used for selecting the 
size of the culvert to be used. The first 
method, the area constant drainage meth
od, assumed a flood peak south of the 
Brooks Range of 0.33 m3 per second per 
km2 of tributary drainage area, and a 
flood peak north of the Brooks Range of 
0.22 m3 per second per km 2 of tributary 
drainage area. The second method was 
based on a Bureau of Land Management 
method which estimated a 10-year and 
25-year recurrence interval flood. 

Roadway flooding and icing are major 
problems in Alaska, especially during 
spring breakup. In the fall, drainage chan
nels can become progressively covered 
with surface icings. Ice develops from 
natural factors and human activities. The 
natural factors are ( 1) an abundance of 

ground water in the supra-permafrost 
layer or annual frost zone of the soil, 
generally resulting from rainy weather 
prior to freeze-up; (2) low air temperatures 
and little snow during the first half of the 
winter; (3) proximitY of the permafrost 
table to the ground surface; and (4) sub
stantial snow depth accumulation during 
the latter part of the winter. Human ac
tivities that affect icing come from the 
construction of highways, railroads, air 
fields, structures, and other works that 
alter the natural surface hydrology. 3 

The Alaska Department of Transporta
tion presently uses several methods of 
thawing culverts where icing and flooding 
are problems: hot water boilers, steam 
generators, oil-fired barrel stoves, electri
cal heat tape, solar-assisted thawing de
vices (experimental). and, in the Kuparuk 
field, polyethylene is used to cover the 
inlet and outlet of culverts and is removed 
before spring breakup.4 

FILTRATION DIKES 

Studies made during the construction 
of access roads at Thule Air Base in Green
land described the use of coarse rock fill, 
consisting of cobbles and boulders, under 
the culverts. It was reported that water 
flowed through the fill the greater part of 
the time. In July, the flow measured ap
proximately 100 cfs, with no water run
ning through the culvert.5 Also, a deep fill 
of highly permeable material provided a 
satisfactory crossing under the road for 
an old stream bed or shallow valley having 
no surface flow. 

Carey3 reports that filtration dikes are 
being used in the Soviet Union but not in 
North America. Russian investigators 
have suggested that filtration dikes could 
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be used in many cases where small bridges 
or culverts are now specified. Also, Russian 
experience indicates that these dikes 
neither create nor aggravate icing, as might 
be supposed, because they do not disrupt 
natural conditions as bridges and culverts 
do. 3 Filtration dikes do not alter the 
cross section available for near-surface 
ground water flow and they serve as insu
lators, reducing the penetration of sea
sonal frost. It is reported that pore spaces 
within a filtration dike remain ice-free 
through the winter. Any water approach
ing the dike freezes at or near its face, 
which is cold, while its interior remains 
above freezing. Thus, during the spring, 
ice melts more rapidly on the face of a 
dike than within a culvert; hence, water 
flow across the right of way can begin 
earlier. Filtration dikes are claimed to be 
suitable for use across normally dry roads 
or across permanent streams where dis
charge is generally small. 

At Thule Air Base, it has been found 
that roadway and airfield embankments 
constructed of very coarse rocks permit
ted water passage for only a few years. As 
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thermal equilibrium was established in 
the embankment, ice filled the coarse fill 
pores and did not thaw during the brief 
summer season. Thus, the fills became 
dams to percolating water.3 

'
6 This may 

limit use of the dikes to warmer subarc
tic regions unless the fill is redesigned for 
a colder environment. 

The other problem facing this type of 
design is that the rapid and turbulent 
flow through very coarse material could 
lead to erosion of fine-grained materials 
in the original ground. This problem 
could be avoided if geofabric materials 
were used as part of the fill. 

THE STUDY 

The purpose of this study is to find a 
method to mitigate the problems of icing, 
upstream pending, and downstream con
centrated flow. Research was carried out 
at an experimental mine, the Silver Fox 
Mine, owned by the School of Mineral 
Engineering, University of Alaska-Fair
banks. Located about 20 miles north of 
Fairbanks, the mine is reached via a 2.2-
mile access road from the Elliott Highway. 

LOCATION MAP 

Station 92+00 

0 0.5 1 mile 

Originally, the Silver Fox Road was a trail 
following a ridgeline to the mine. Gradual
ly the trail was improved to become a 
road. Before the university purchased the 
property, the road was maintained inter
mittently. It was not plowed during winter 
months and the mine was not accessible 
until the road dried out in the spring. In 
early summer the road was repaired and 
the mine became accessible for a few 
months until winter snow again prohibited 
access. 

The surficial deposit of the mine area 
consists of fine-grained (silt to fine sand), 
light brown soil, 1 to 3 feet thick. The 
soil is of uniform texture and is generally 
covered by a layer of moss. ·Below this 
fine-grained soil is a layer of coarser tex
tured soil, 3 to 5 inches thick. This lower 
formation decomposes into sandy soil. 
The bedrock is composed of metamorphic 
and volcanic intrusive rocks. 

Initial Conditions 

The first phase of this research focussed 
on a thorough investigation of the existing 
road conditions and on gathering climatic 
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data in the mine area. Since the closest 
reporting station, Fairbanks International 
Airport, is 20 miles south and 1200 feet 
lower in elevation, it was necessary to ob
tain site-specific temperature and precipi
tation data. 

Present Conditions 

Along with the present research project, 
an appropriations bill passed by the Alas
ka State Legislature set aside funds for 
DOTPF to undertake a major upgrade of 
the Silver Fox Road, constructing a road 
loop around the mine portal for improved 
access and upgrading the existing road 
from the Elliott Highway to the mine. 

Work by DOTPF was coordinated with 
this project; actual improvement of the 
road commenced on 21 May 1985 and was 
essentially completed in late July 1985. 
Upgrading included clearing trees and 
shrubs on both sides of the road for a 
50-foot right of way. The road was sur
faced with gravel excavated from the 
area. 

The access road presents a totally dif
ferent picture. A wide (18-footl. elevated, 
and gravel-surfaced road now exists. 
Drainage ditches as deep as 6 feet in places 
were dug along the sides of the roadbed 
to assure adequate drainage. Culverts were 
installed at selected locations to facilitate 
cross drainage. 

road surface 

o1 

o2 

~~~~m~L--- weathered bedrock 
(schist) 

24' 

3% 
______ _;3~%~-------------------~ 

weathered bedrock (schist) 

After a field study was made of the 
road improvements, two culverts were in
stalled and instrumented with thermistors 
in early August 1985 so ground tempera
tures could be monitored throughout the 
year. The test site consists of a control 
culvert at station 80+00 and an experi
mental cross-drainage design at station 
92+00. The control culvert is a corrugated 
metal pipe (cmp) 54 feet long and 18 
inches in diameter. The road surface is 25 
feet wide and the total embankment 
width is 30 feet. The culvert was buried 3 
feet below the road surface and, where it 
extended beyond the embankment, it was 
covered by loose dirt. This culvert was 
expected to remain dry, except during 
spring breakup and summer rains. 

The experimental culvert at station 
92+00 is a cmp 24 inches in diameter and 
34 feet long. The base of the embankment 
is 34 feet wide. The culvert was buried 3 
feet below the road surface, over highly 
weathered bedrock, and serves as a cross
drainage passage for a small spring. 

A French drain was constructed direct
ly above the culvert. The drain was 2 by 3 
by 32 feet and consisted of "sewer rock" 
enveloped by geofabric (Typar 3401 ). In 
the Fairbanks area, sewer rock is used in 
septic tank installation and its size varies 
from 2 to 8 inches in diameter. The geo
fabric was used mainly to minimize piping 
and erosion of fine materials from the 
sides of the French drain when turbulent 
flow occurs. It also serves as a capillary 
break near the surface of the road. 7 At 
the control culvert at station 80+00, the 
sandy gravel used for road fill was placed 
above the culvert. At both stations the 

Two views of the 
control culvert at 
station 80+00: 
cross section (top) 
and longitudinal 
section (bottom). 

natural surface 
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top part of the embankment (2 feet thick) 
along the road consisted of sandy gravel 
(A-1) excavated nearby especially for road 
surfacing. 

Both culverts were monitored with 5 
strings of thermistors. Each string consisted 
of 23 thermistors spaced at 6-, 12-, 24-, 
and 60-inch intervals. These thermistors 
were assembled and calibrated to read to 
a tenth of a degree Celsius. These were 
read periodically using an 8060A true 
RMS multimeter. 

Two hourly temperature recorders were 
placed at the site, one on a northeast-facing 
slope and the other one on a southwest
facing slope. Two thermometers, used to 
measure the maximum and minimum 
temperatures between the periodic read
ings, were placed on each side of the 
embankment near the culverts. These 
thermometers monitored the temperature 
differences between the shaded and non
shaded sides of the road. The snow depth 
was monitored with snow poles through
out the winter. The field study included 
monitoring the change in temperature of 
the embankment with respect to time. 
Measurements were taken periodically 
from weekly to daily readings during 
spring breakup in May at 1, 2, 3.7, 4.5, 
and 6.5 feet deep at the culvert at station 
80+00, and at 1, 2, 4, 5, and 7 feet at the 
culvert at station 92+00. 

RESULTS 

The freezing and thawing indexes at the 
study site from July 1985 to June 1986 

were recorded and are summarized 
below: 

• Freezing index 2570°C (4627°F) degree 
days 

• Thawing index 1247°C (2245°F) degree 
days 

The mean freezing index for Fairbanks 
is 5500°F degree days and the design 
freezing index is 6500°F degree days. The 
mean thawing index for the same area is 
3000°F degree days and the design thaw
ing index is 3500°F degree days. 8 

The thermistor strings located at both 
stations were monitored from 19 October 
1985 to 1 July 1986. Culvert icing devel-

road surface 

r= 4· I 5.5· I 10.5' 10.5' 

Two views of the 
experimental 
French drain at 
station 92+00: 
cross section (top) 
and longitudinal 
section (bottom). 

weathered bedrock 
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oped first at station 92+00. This contrib
uted to the migration of the channel 
flow away from and higher than the ori
ginal channel. The culvert at station 
80+00 remained free of ice and open until 
mid-December, when ice started to build 
up from the outlet toward the inlet. 

Icing continued building up at the inlet 
of both culverts. At station 92+00 where 
water continued to flow from a spring, 
the icing grew faster, reaching a maximum 
height of 7.2 feet on 10 April. The thick
ness of ice over the road surface at that 
time varied from 1 to 2 feet, with the 
greatest thickness being at the inlet side. 
In the previous year (1985), the icing that 

geofabric 

sewer rock (2 in. to 8 in.) 

weathered bedrock 

9' 

24ln. cmp 
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began in early April was caused by snow 
melt; the natural spring froze that winter 
and hence the maximum ice thickness 
was only 10 inches in the ditch. 

In contrast, the 1986 icing continued 
to build until 10 April and at station 
80+00 reached a maximum thickness of 
4.2 feet. On 16 April it was noted that 
the spring was flowing under the snow 
and along the edge of the ice mass at sta
tion 92+00. The flow continued through 
the cut slope into the drainage ditch. The 
flow of water developed a channel through 
the snow all along the drainage ditch, 
reached the culvert at station 80+00, and 
continued flowing along the drainage 
ditch. The runoff from melting snow began 
about 20 April and lasted for a few hours 
during the day. The flow usually started 
after 2 pm when the air temperature rose 
above freezing. 

The snow melted faster on the cut 
slopes and slower beyond the cut slopes. 
Snow outside the right of way had melted 
completely by 6 May, but the ice on the 
inlet of the culverts and ditches persisted 
longer. After the snow was gone, seepage 
from melting ground ice appeared in the 
cuts and contributed to the runoff. By 17 
May, the flow of water at station 80+00 
had formed a large pond at the culvert 
inlet. 

On 23 May, the water from the spring 
flowed across the French drain above the 
test culvert at station 92+00. This flow of 
water contributed to the accelerated melt
ing of the ice within the culvert. Five days 
later, water was noted flowing through 
the culvert, while the culvert at station 
80+00 was still completely filled with ice. 

On 1 June a washout of the berm was 
noted at the inlet of the culvert at station 
80+00, due to heavy precipitation on the 
previous day. The same runoff flowed 
through the culvert at station 92+00, but 
the culvert at station 80+00 was still full 
of ice, even though the inlet portion was 
no longer blocked by ice. The culvert at 
station 80+00 was ice free by 22 June and 
another heavy precipitation flow went 
through this culvert in late June. 

ISOTHERMAL DISTRIBUTION IN 
THEROADEMBANKMENT 

The isothermal distribution in the em
bankments at the test culvert and at the 
control culvert varied significantly from 
time to time. The freezing front at station 
80+00 advanced downward faster than at 
the test culvert at station 92+00. This 
might have been due to the energy given 
off by the flowing water from the spring. 
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At both culverts, the coldest part of the 
embankment was at the centerline. This 
developed a trough-like isotherm, colder 
at the center and warmer at the shoulders 
of the road due to the insulating effect of 
snow and ice. 

During breakup, the coldest isotherms 
were found at the center of the embank
ment. It appears that the thawing front 
approached from every direction, includ
ing from the bottom. The isotherm dis
tribution for 1 May shows that the coldest 
temperature at station 92+00 is greater 
than - 2oC while at station 80+00 it is 
greater than - 4°C. By the end of June, 
the thawing front at both culverts had 
reached down to 7 feet. 

COMPARISON OF CENTERLINE 
THERMISTORS 

The comparison of the temperature of 
thermistor string no. 1 at a depth of 1 foot 
indicates that the temperature at station 
92+00 remained colder from October to 
mid-December than at station 80+00. 
From mid-December to the first week of 
January, the temperatures were similar. 
After that period, the ground temperature 
at station 92+00 remained warmer than 
at the control culvert. This appears to be 
the result of energy released from ice for
mation. The road surface above the cul
vert at station 92+00 was covered by 1 to 
2 feet of ice, and the thawing front reached 
1 foot deep a few days earlier than at sta
tion 80+00. The differences in centerline 
temperature at the two stations at a depth 
of 2 feet followed the same pattern as in 
string no. 1. Prior to spring breakup, 
the difference in temperature between 
the stations became greater. The tem
perature at station 92+00 at a depth of 2 
feet rose above OoC about a week earlier 
than at station 80+00. 

The ice in the test culvert thawed much 
taster than the ice in the control culvert 
at station 80+00. This was attributed to 
flow through the French drain. The tem
perature at the centerline and at the cul
vert-soil contact at station 92+00 reached 
OoC two weeks earlier than at station 
80+00. The string of thermistors at sta
tion 92+00 was 0.25 feet deeper than at 
station 80+00. Also, the culvert at sta
tion 80+00 was filled by ice prior to 
spring breakup. 

CONCLUSION 

It appears that the coarse material in 
the test culvert installation remained ice 
free except at the inlet shoulder. The cen
ter did not remain above freezing as 

reported by Carey,3 but it adjusted to the 
surroundings as the air temperature 
changed. In general, this layer of coarse 
rocks remained warmer than at 80+00 at 
the same depth, where local material was 
used. 

The culvert at station 80+00 was 
plugged by ice until mid-June. Water began 
flowing across the French drain at station 
92+00 on 23 May, as soon as the ice barrier 
on the left shoulder was gone. This fur
ther contributed to faster melting of the 
ice inside the culvert. The design used here 
appears to accelerate thawing of the em
bankment, contributing to earlier flow of 
water across an embankment. This de
sign could decrease the length of time a 
stream is impounded along roadways. 
With the elevated embankment and deep 
drainage ditches, the gravel-surfaced road 
remained accessible all year round. During 
the thawing period, the deepest rut was 
observed to be less than 0.5 inches at 
places where meltwater reached the road 
surface. 
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Figure 1. Thule Air Base was constructed in Greenland in 1951-1953 as the secret project "Blue Jay." This photograph, courtesy of CarlS. Benson, 
was taken about 1953. Note the distinctive Mt. Dundas behind the long buildings on pilings. 

THE SECRET PROJECT "Blue Jay," to 
construct Thule Air Base, began in Febru
ary 1951 with an initial survey of the site by 
the military and representatives of North 
Atlantic Contractors, who eventually built 
the base. In March the advance party of 
contractors, architects, engineers, and con
struction workers arrived; the U.S. Army 
Transportation Corps and Military Air 
Transport Service brought heavy supplies 
to Thule by sea and air; and the enormous 
building project began. By 1952 the Thule 
Air Base began operating; it was completed 
in 1953 (Fig.1). In 1983, 1500peoplestill 
used the facilities that were built to house 
6000 personnel. 

Although the 800 American service 
personnel reside in newer steel structures, 
the Danish civilians of DAC (Danish Arctic 
Contractors) who perform base mainten
ance and operations live in some of the 
original timber barracks. Many other origi-

nal buildings continue to be used. This 
paper will describe the successful founda
tion techniques that have made their con
tinued use possible. 

SITE CONDITIONS 

The climate in Thule (76°30'N latitude), 
690 nautical miles north of the Arctic 
Circle and 800 miles south of the North 
Pole, is similar to the arctic climate of 
Barrow, Alaska (71 o 18' N ). The base is situ
ated in a gently sloping east-west valley 
with a sand-silt surface containing pebbles 
and cobbles. The valley is devoid of vege
tation except in isolated hollows where 
moisture and fine-grained soil support 
grasses and other arctic flora. The prevail
ing wind is from the ice cap toward North 
Star Bay. Permafrost extends to a depth of 
1000 feet. 

In 1951 the sites for all the facilities 
were inspected by geotechnical engineers. 

Where surface indications showed that 
large areas were composed of approximate
ly the same type of soil, the engineers 
drilled only one test boring to serve for 
several buildings; when there was doubt 
that similar soils lay under adjacent facili
ties, the engineers made test borings at the 
site of each structure. The core samples 
were analyzed in a soils lab to establish 
the thickness of the non-frost-susceptible 
(sand and gravel) pads needed to protect 
the permafrost. 

CONSTRUCTION 

Since the ice content in Thule soils can 
reach 50 percent by volume (with the 
presence of ice lenses), every effort was 
made to avoid disturbing the underlying 
permafrost. The sand and gravel pads were 
laid directly on top of the seasonally 
thawed active layer, which in most areas 
was less than 4 feet thick (Fig. 2). This 

Alfred Mangus, P. E., the proprietor of a structural engineering consulting firm based in Anchorage, has a bachelor's degree in 
architectural engineering and an MSCE in structures. He has resided in Anchorage since 1962. 
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Figure 2. Typical foundation for 
building containing heavy equipment.1 

method, called the "direct method" by the 
designers, was used where the active zone 
was shallow, and indeed most of the set· 
tling took place during the process of lay
ing down the pads. 

In addition to sand and gravel pads, tim· 
ber pilings were used in the foundations 
for concentrated loads such as boilers, 
generators, and other heavy equipment, 
as well as under the columns and door 
tracks of hangars. All facilities have sand 
and gravel pads-which were 15 feet thick 
for some hangars. Use of pile foundations, 
however, was kept to a minimum. The 
maximum design load per pile was 12 tons, 
and the piles were installed butt end 
(largest circumference) down to increase 
the resistance to the force of frost-jacking. 
Piles were sunk into the permafrost to a 
depth at least twice the thickness of the 
active layer. All piles were pressure treated 
and completely impregnated with pre
servatives to prevent rotting from ground 
water. 

For heavy equipment such as boilers 
and generators, concrete mass blocks were 
constructed to stabilize the vibrating ma
chinery (Fig. 3). At Thule, the hot boilers' 
mass blocks also have an internal layer of 
insulation and an air space between the 
building and the ground to prevent most 
of the heat from reaching the ground. And 
the buildings do get hot: the DAC person
nel leave the garage-sized doors half open 
to vent hot air while the generators, still 
functioning to date, are running. Despite 
the high temperatures, the buildings have 
not settled; later additions to these facili-
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Figure 3. Timber pilings support heavier concentrated loads such as diesel generators, which 
require a concrete mass block to reduce vibrations during operation. 

Figure 4. An original 1951·53 generator facility (left) with a more recent addition (right) at 
Thule Air Base in Greenland. The original facility is constructed of timber and the addition was 
steel framed with concrete pad footings. Note the conduits on timber sleepers. 

Figure 5. Three-story-high barracks with concrete pad footings and tie beams. 
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Figure 6. Typical air-due1 ventilating foundation system from a U.S. Navy manual.1 

ties were also built as elevated buildings 
because of the success of the original 
foundations (Fig. 4). 

Most of the smaller buildings on the 
base were constructed of timber on pads 
not susceptible to frost. For sites on slopes, 
geotechnical engineers determined that the 
pads should be normally a minimum of 3 
feet thick. The pads, composed of well· 
graded sand and gravel, extended beyond 
the building and were sloped at 2:1 to 
prevent erosion. A combination of mud 
sills, dwarf columns, shims, and stringers 
was used to elevate the building floor 2 
feet 9 inches above the top of the pad, 
leaving an air space through which outside 
air could circulate freely. The only contact 
between the building and the sand and 
gravel pad is through timber members, 
which are intrinsically poor conductors of 
heat and are further cooled by the air cir
culating around them. Because this system 
was successful for the original barracks, 
the newer 3-story steel structure barracks 
and the identical North Star Hotel were 
constructed in a similar manner (Fig. 5). 
The timber barracks not now in use have 
been "mothballed," but may be used 
again if the base's mission and population 
change. 

VENTILATING DUCT SYSTEMS 

A pan-type ventilating duct is success· 
fully used in numerous foundations at 
Thule. The concrete pan or "tin pan" is 
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normally a reusable form supported by 
removable shoring used to cast concrete 
floor slabs with one-way joists, but it was 
used differently at Thule. At the base, a 
concrete leveling slab first was poured on 
the sand and gravel building pad. After 
this slab cured, the normally reusable 
forms were laid on top of the slab. A sec
ond pouring of concrete left these forms 
encased in place to form continuous chan
nels for air to flow below the building's 
finished floor. A layer of cellular glass 
insulation placed on top of the slab was 
covered by a third pouring of concrete to 
form the finished slab for the building. 
Some warehouses have this foundation sys-

tern only. Approximately every 10 feet, a 
group of 3 channels side by side removes 
heat from its area of the building floor. 

A more complicated but also successful 
variation of this solution is based on the 
same aerodynamic principles as is a chim
ney. Wind enters the system through air 
intake ducts (as shown on the left side of 
Figure 6), then flows into a plenum 
chamber that distributes the air into the 
floor slab channels. The cold arctic air re
moves radiant heat from the bottom of 
the building slab, and as the air becomes 
warmer it flows into the exhaust chamber 
and out the opposite side of the building, 
creating a continuous, smooth flow. The 

Figure 7. Exhaust side of a typica11951-53 warehouse. Note that the timber plenum chamber is 
divided into two sections to allow for an entry. 
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Figure 8. Corrugated metal pipe is used in an air-duct foundation system. 

Figure 9. Base runway fire station showing the office (right) and a garage 
(left). The office lies on a foundation system elevated by heavy timber. 
The four-door garage has an air-duct ventilated concrete foundation. 

pan-type ventilating ducts have been suc
cessfully oriented in either the long or 
short direction of the building, in accord 
with the prevailing wind direction. The 
damper for the system is located on the 
low side (intake) just like a damper in a 
fireplace. Sometimes dampers are also 
placed on the exhaust side to minimize 
the amount of debris blown into the sys
tem. The damper is closed manually in 
May and opened in October. This system 
is used on numerous successful slab -on
grade warehouses and garages on the base 
(Figs. 7 and 8). 

Buildings constructed in 1951-53 have 
timber intake and exhaust plenum cham
bers with access doors so that maintenance 
personnel can inspect and verify that the 
air is flowing properly. The plenum cham
bers are also framed in around door open
ings, windows, and mechanical heating in
take and exhaust louvers. 

The more modern Noncommissioned 
Officers' Club and laundry both have pre
cast concrete facades and foundation sys
tems.The precast concrete channel sections 
have proved to be successful air ducts. The 
web of the channel forms the leveling sur
face for the rigid insulation and concrete 
wearing surface. The channel flanges rest 
on top of cast-in-place concrete beams, 
with the duct channels running the long 
direction of the building. The designers al
so coordinated the architectural and me
chanical openings so that none occurred 
at the short end-walls of these buildings. 
(For a detailed drawing of the foundation 
cross section, see reference 3.) These build
ings have no plenum chambers. 

Several hybrid foundations are used (for 
the base fire stations and cafeteria). The 
runway fire station in use in 1983 consists 
of two garages, built atop a pan-type ven
tilation duct foundation, at each end of a 
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rectangular office building (Fig. 9). The 
office area has the elevated timber foun
dation system used for the warehouses 
and barracks (a typical base fire station is 
shown in Figure 10). The intake for the 

WIND-

INSULATING PANEL 

pan-type ventilating garage is a concrete 
plenum with a grating grill located below 
the elevated office area. Because the intake 
is protected from snow by the office floor 
above, there is no need for sheet metal 

EXHAUST STACK 16' HT. 

7 ON LEEWARD SIDE 

WINO 

Figure 10. Hybrid foundation used for base fire stations, 1951-53 construction. 

Figure 11. Typical base fire station, with an elevated heavy timber foundation (left) and a 
concrete air-duct ventilated foundation for the garage section (right). Three exhaust stacks and a 
wood plenum chamber are at the far right. 
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ducts or stacks for the building. The ex
haust stacks on the end of the building 
are similar to those for the standard tim
ber plenum chambers (Fig. 11 ). Access 
doors on these timber plenum chambers 
allow base personnel to inspect them to 
verify that air is flowing and that no snow 
has accumulated (Fig. 12). The base cafe
teria is of more modern construction, but 
it has the pan-type ventilating duct in the 
kitchen and loading dock area, while the 
dining area is an elevated building using 
steel framing (Fig. 13). 

BUILDING FOUNDATION FAILURES 

Only about 10 buildings in Thule, all 
using an air ventilating foundation system, 
have had their foundations settle because 
of degraded permafrost. None of the build
ings have collapsed and they have been 
used for other purposes when foundation 
settling was excessive. The largest of these 
are the hangars, 194 by 297 feet, built for 
the B-52 bombers that were originally 
stationed in Thule. One hangar is still used 
as the Military Airlift Command terminal 
building. Hangars 1 and 2 were constructed 
in 1951 and the other eight were completed 
in 1953. During 1953 extensive drilling and 
soil sampling we·re conducted in hangar 10, 
and more than 128 temperature sensors 
were installed in test pits and boreholes 
to a maximum depth of 40 feet below the 
hangar floor. (The conclusions drawn from 
years of study are listed in reference 4.) 
The structural systems of the larger 70-
foot-tall hangars consist of steel trusses 
supported on concrete piers with timber 

Figure 12. Timber plenum chamber with a 
personnel access door. 
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Figure 13. Exhaust stack side of the base cafeteria. Note that the stacks are below the roof line of 
the building. The elevated area serves as the dining room. 

piles, as described earlier. The under-floor 
ventilation uses 12-inch-diameter corru
gated metal pipes, on approximately 3-
foot centers, that cross the hangar in the 
sand and gravel building pad. The intake 
louver is 5 feet 4 inches above the ground 
while the exhaust stack is 32 feet 3 inches 
above the ground (the building eave height 
is 42 feet 3 inches). Sand and gravel (non
frost-susceptible) fill was placed over the 
corrugated metal pipe ducts, and after 
compaction a 4-inch-thick concrete level
ing slab (or bed) was constructed. When 
this bed had set, a 4-inch layer of cellular 
insulation was installed, extending over 
most of the bed but leaving room for con
crete curbs at three edges. Over this insu
lating pad was built a structural floor of 
rigid pavement 1 foot 3 inches thick, de
signed in accordance with the War Depart
ment Engineer Manual and the Portland 
Cement Association's booklet, "Design of 
Concrete Airport Pavements." 

The most distinguishing features of the 
typical air-ventilated foundation system 
building facade are the numerous ducts. 
The air duct cross section on the smaller 
buildings is actually larger than that for 
the gigantic hangars. The typical success
ful air duct building is only 82 feet wide 
while the large and unsuccessful hangar, 
at 297 feet, is about three times as wide. 
Therefore, if the successful proportions 
of duct diameter to building dimensions 
had been used for the hangar, the ventilat
ing ducts would be about 3 to 4 feet, in
stead of only 1 foot, in diameter. Another 
bad feature of this building is the horizon-

tal intake and exhaust stacks, which col
lect icicles over the mouths of ducts (Fig. 
14). Successful buildings with air duct 
foundations have vertical intake and ex
haust stacks. Exhaust stacks should also 
be above the roof level (for the same rea
sons as a chimney). as was the case for all 
the 1952-53 buildings except the hangars. 

By 1983 the slab in the center of one 
of the hangars had settled into a bowl
shaped depression about 9 feet deep, an 
example of permafrost degradation (or 
thawing) in an incorrectly designed air 
duct system. The rest of the building was 

Figure 14. A massive hangar has intake ducts 
that are too small for the size of the building. 
Note that some ducts have icicles partially 
blocking air flow. 
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Figure 15. The vehicle maintenance building. showing the slab which has settled (center). 
Constructed after the 1952·53 period, the building is still being used for vehicle maintenance. 
The exhaust stacks are not above the roof line and there is no access for inspection by 
maintenance personnel. 

Figure 16. Two water tanks successfully installed on permafrost. using a concrete pan-type 
foundation. 1952·53 construction. Note that the concrete has minor spalling near the rigid 
insulation layer and that pipes are stored in the air duct. 

Figure 17. A man observes small ice floes from an L·shaped sheet pile causeway. 
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undamaged, so it is used as an unheated 
storage area for materials and equipment; 
turning off the heat halted the permafrost 
degradation. The U.S. Army Corps of 
Engineers, Cold Regions Research and 
Engineering Laboratory (CR R E L), studied 
the hangar foundations in detail. 4 The de· 
signers were not certain that the hangar 
design would succeed.1 

The smallest unsuccessful building is 
the vehicle maintenance facility, which 
was still in use in 1983. The steel-framed 
building, constructed after the "Blue Jay" 
period, has settled about 3 feet in the 
center. The building has standard pan-type 
ventilating ducts, but it has no timber 
plenum chambers with access doors to veri
fy that the air ducts are open and function
ing. DAC personnel had cut holes in the 
concrete floor slab in the middle of the 
building to help determine the cause of 
failure, so that it was possible to stick one's 
hand into the air duct for inspection pur
poses. The tops of the exhaust stacks are 
well below the eaves of the building, and 
the repeating pattern of exhaust ducts is 
interrupted by large heating, ventilating, 
and air conditioning ducts. The building 
is larger than most of the slab-on-grade 
buildings on base, yet the pan-type venti
lating floor system portion is similar to that 
of the other buildings. CR RE L researchers 
attribute the localized settling in this 
building to hot water entering the soil 
directly below a vehicle wash rack, thaw
ing the permafrost (Fig. 15). 

SUCCESSFUL TANK FOUNDATIONS 

One successful foundation, for a pair 
of larger water tanks with a pump house 
resting on a concrete slab, is constructed 
in the same way as in the buildings with 
pan-type ventilating ducts. The duct open
ings run continuously along the long sides 
of the foundation. There is some minor 
cracking and spalling of the concrete 
covering the edges of the rigid insulation. 
The mass of concrete is needed to prevent 
wind forces from overturning the unit 
when the water level in the tanks is low. 
Any foundation settling can be visually 
observed by someone lying on the ground 
and looking through the air duct channel 
(Fig. 16). Steel tanks normally have a con
crete slab-on -grade, so this solution is a 
minor modification. 

COASTAL STRUCTURES 

The base has two structures in North 
Star Bay. One is a sheet-pile causeway built 
in a cellular coffer dam configuration which 
was used to protect the floating Ballistic 
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Missile Early Warning System (BMEWS) 
power plant. The floating power plant had 
been removed prior to 1983. The causeway 
is L-shaped and has mooring bitts located 
on the protected side of the causeway. The 
outboard face uses alternate pairs of sheet 
piles as a guard rail. Every other pair of 
sheet piles has been cut off 3 feet above 
the finished grade of the gravel-filled cells. 
A small steel bridge located in the cause
way at about the tenth cell from shore had 
been smashed by ice so that a vehicle could 
not be driven across it. The sheet pile cells 
were all intact; the only damage visible 
from the surface was rust on the steel and 
wind erosion of the gravel from the cells. 
On 28 September 1983, small icebergs 10 
to 15 feet long had gathered in the back 
side where there was a very slow current 
(Fig. 17). The ship berthing facility in use 
consists of a gravel and rock causeway 
leading out to a dock. The dock is a steel 
barge with a timber deck surface. The 
causeway supports half of the structure 
while the berthing face is supported by 
concrete-filled pipe piles (Fig. 18). The 
concrete piling on the outboard face has 
sustained some ice damage below the water 
line. 

The population of Thule Air Base con
sists only of adult military personnel and 
civilian employees. To save money, the 
electrical and water lines and other utilities 
were installed on top of the ground in ap
propriate protective enclosures. These en
closures rest on timber blocks (or sleepers) 
or 4-foot-high trestles constructed of 2x4s. 
In many locations, grade crossing struc
tures were built when the road was at the 
same elevation as the adjacent building 
pad. A rigid steel frame grade crossing is 
shown in Figure 19. Although not very at
tractive, the elevated structures are less 
expensive to build than to bury the lines in 

permafrost; elevated, they are also easier 
to repair or thaw. 

DISCUSSION 

About half of the successful buildings 
at Thule have air-duct ventilated founda· 
tions. Almost all of these facilities have 
had no foundation problems. The build
ings have a wide range of duct geometry, 
construction materials, and detailing. Even 
though foundations ventilated by air ducts 
were successful in Greenland and the mili· 
tary Distant Early Warning system (DEW 
line) construction in Alaska in the 1950s, 
they have not been used in Alaska in the 
1970s and 1980s because of the highly pub
licized foundation failures of the original 
hangars at Thule. 

The practicing Alaskan design engineer 
utilizes the patented thermal probe system 
for slab-on-grade designs because it was 
used so successfully on the trans-Alaska 
pipeline. This system had not been used 
in Thule as of 1983. Engineers are conser
vative and tend to remain with solutions 
that are successful and popular. Unfortu· 
nately, no one has emphasized the tremen
dous success of the Thule Base structures 
built on air-duct ventilated foundations, 
some of which are successfully function
ing hangars built after the 1951-53 period. 
Competition among experienced designers 
and the requirement for lower initial costs 
of facilities, however, may lead to the use 
of new air-duct ventilating foundations in 
Alaska. 

To be successful, air-duct ventilated 
foundations should have the following: 

• Exhaust stacks above roof level (for the 
same aerodynamic reasons as a chimney). 

• Access for maintenance personnel into 
plenum chambers (to remove any wind
driven snow), 

• Vertical intake and exhaust stacks (not 
horizontal). and 

• Architectural systems (windows and 
doors) coordinated with air ducts and ple
nums. 

Concrete foundations and floors are 
normally required for garages, water tank 
foundations, and industrial warehouses. A 
practical solution is to construct the facil
ity with a slab-on-grade foundation using 
precast doubleT-beams or channel sections 
to form the air ventilating ducts. The pan 
system probably is not as cost effective as 
precasting at a site or plant when barge 
transportation is available. Reference 3 
discusses sample calculation procedures, 
but the designer should have arctic engi
neering design experience and heating, 
ventilating, and air-conditioning design ex
perience before utilizing this sophisticated 
solution. 

REFERENCES 
1Metcalf & Eddy, Alfred Hopkins & Associates, 

Engineers and Architects. Repair and Main
tenance Manual for Foundations on Perma
frost, 1951-52 Construction, Thule Air Force 
Base, USAF, Thule, Greenland. Northeast 
District Corps of Engineers, New York, NY. 

2 U.S. Department of the Navy. 1975. Cold Re
gions Engineering. Design Manual, NAVFAC 
DM-9, March, Naval Facilities Engineering 
Command. 

3 Sanger, Frederick J. 1969. Foundations of 
Structures in Cold Regions. Cold Regions 
Science and Engineering Monograph 111·C4, 
June, CR R E L, U.S. Army Corps of Engineers. 

4 Tobiasson, Wayne. 1973. Performance of the 
Thule hangar soil cooling systems. In North 
American Contribution, Second Internation
al Conference on Permafrost, 13·28 July, 
Yakutsk, U.S.S.R. National Academy of Sci
ences, 2101 Constitution Avenue NW, Wash· 
ington, DC 20418, pp. 752-758. + 

Figure 18. A gravel and rock causeway supports the inland side of a steel 
barge dock, while the sea side is supported by concrete piling. Figure 19. Rigid steel frame used to provide a grade crossing for utilities. 
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• Meetings 
The call for papers is out for the 9th 

Ice Symposium of the International Asso
ciation for Hydraulic Research, which 
will be held at Hokkaido University in 
Sapporo, Japan, on 23-27 August 1988. 
Topics to be considered are: thermal re
gimes of waters in cold regions; ice initia
tion, growth, and deterioration processes; 
ice mechanics and properties; instrumen
tation and remote sensing in ice engineer
ing; modelling ice phenomena; hydraulics 
of ice-covered water; ice-jam processes; 
ice and wave interaction; ice control and 
management; structures and vessels in ice
covered waters; ice piling and ridging; and 
spray and atmospheric icing. Abstracts of 
300 to 400 words on any of these topics 
should be sent so as to arrive before 15 
November 1987 at the office of Dr. Hiro
shi Saeki, Department of Civil Engineer
ing, Hokkaido University, Kita-13, Nishi-8, 
Kita-ku, Sapporo 060, Japan. The ab
stracts should emphasize the significance 
of the results and/or the originality of the 
work, according to the announcement re
ceived here, and should contain applica
tions or note of the direct relevance of 
the study to ice problems. 

* * * * 

The 1987 Arctic Science Conference, 
also known as the 38th Alaska Science 
Conference, will be held at the Sheraton 
Hotel in Anchorage, Alaska, on 23-26 
September. This year's theme is "Alaska's 
Resources, Alaska's Future," but the un
stated thematic question might be Is 
There Life After Oil? As is typical for 
meetings sponsored by the American As
sociation for the Advancement of Science, 
this Alaska Division gathering will have a 
solid roster of technical sessions as well 
as an array of special symposia. Some of 
the featured topics are likely to provoke 
healthy debate, or perhaps even picket 
signs (Conflicting Uses of the Arctic 
National Wildlife Refuge, Renewable Re
source Management Across the Alaska
Canada Border, State Revenue and 
Expenditure Policies, for example). 

Font of facts about the Arctic Science 
Conference is ThomasA. Morehouse, Con
ference Chairman, Institute of Social and 
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Economic Research, School of Business 
and Public Affairs, University of Alaska
Anchorage, 3211 Providence Drive, An
chorage, AK 99508; (907) 786-7710. 

* * * * 

As short courses, these aren't properly 
"meetings," but they'll serve the purposes 
of information exchange and colleague 
contact perfectly well: Real Estate Acqui
sition for Local Public Agencies (12 May) 
and Rehabilitation of Existing B'idges 
(13-15 May). Both are part of the contin
uing education effort of the Alaskan 
Transportation Technology Transfer Pro
gram, and both are to be held in Juneau, 
Alaska. Further information may be ob
tained from GeorgeS. Mueller, Transpor
tation Technology Transfer Program, 525 
Duckering Building, University of Alaska
Fairbanks, Fairbanks, AK 99775-1760, 
or phone him at (907) 414-6152. He'd be 
happy to accept your registration fees if 
you're sure you'd like to attend: Real Es
tate Acquisition costs $20, including lunch 
and course materials, and Rehabilitation 
of Bridges is $50. 

• Noted 
NARL lives! The former Naval Arctic 

Research Laboratory near Barrow has been 
reactivated as the Ukpeagvik Industrial 
Center - National Arctic Research Labora
tory, or U IC/NAR L for short. Its new pri
vate sector owners, the Ukpeagvik lnupiat 
Corporation, are operating the facility as 
a center for logistical support of arctic 
projects by agencies and industry, much 
as it was run in the past. NAR L has been 
home base for some massive and signifi
cant projects, from the early investigations 
of Fletcher's Ice Island through the Tun
dra Biome study, the Arctic Ice Dynamics 
Joint Experiment, and many aspects of 
the Outer Continental Shelf Environmen
tal Assessment Program. 

UIC/NARL features include an 88-bed 
hotel (both standard rooms with com
munity rest rooms and showers, and suites 
with private bathrooms and parlors), of
fices, commissary, recreation facilities, 
and of course laboratories. The labs are 
equipped with benches, cabinets, running 

water, natural gas, compressed air, and 
both 110- and 220-volt alternating current. 
There are also EMF-shielded labs. Given 
the location and quality and range of sup
port services offered, the rates are good
and the setup is sure to be more comfort
able than tents on the tundra. 

For more information on U IC/NAR L, 
write Johnny L. Aiken, Director, Pouch 
UIC!NARL, Barrow, AK 99723. 

* * * * 

The farewell editorial on p. 2 of this is
sue makes an implicit comment on chang
ing times: a couple of decades ago, most 
women wouldn't have tried to pass them
selves off as engineering students, much 
less have tried for a summer job building 
roads. Nowadays, wily women would 
have just as much chance as sly men. 

By helping support the education of 
female student engineers, the Business 
and Professional Women's Foundation 
has certainly aided the transition. A recent 
press release from them notes that their 
Loan Fund for Women in Engineering 
Studies has awarded over $330,000 since 
1976. Loans are made to students within 
the final two years of their studies in an 
accredited program. Individuals may re
ceive no more than $10,000; the money 
may be used for related costs such as 
child care or transportation as well as for 
the direct costs of tuition and fees. For 
information on this continuing program, 
write Loan Fund for Women in Engi
neering Studies, BPW Foundation, 2012 
Massachusetts Avenue NW, Washington, 
DC 20036. 

* * * * 
One of the things we'll miss about run

ning The Northern Engineer is the enter
tainingly exotic mail it has attract~d. 

(Mind you, only a small proportion of the 
mail reached that level, but-like yeast in 
dough- it lightened the whole mass.) For 
example, we regret the inevitable discon
nection from the Press Office of the USSR 
Embassy in Canada, which sporadically 
and pragmatically declared us honorary 
Canadians worthy of receiving relevant 
press releases. Their most recent contribu
tion notes a visit by the then-Minister of 
Indian Affairs and Northern Development 
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of Canada, David Crombie, to the northern 
territories of the Soviet Union in spring 
1986. Crombie was shown evidence of 
"tremendous capital investments in those 
regions, mainly because 29 million people 
live there (only 85,000 residents in north
ern Canada)." Housing of a standard equiv
alent in comfort to that of Moscow or 
Leningrad is being provided, and in great 
amounts: "A five-year development plan 
for the Tyumen Region, a principal oil
and gas-bearing province in Siberia, pro
vides for the construction of 15 million 
square meters of housing, enough for up 
to 500,000 families .... " 

This will be no sprawl of log cabins. 
The authorities held an "All-Union Com
petition" for the best northern housing 
design, and what they prefer is compact
ness: "Our contributors have proven that 
the thermal efficiency of an apartment 
block, determined by its compactness in
dex, could be raised at least two times. 
Many recommend reducing the standard 
story height of 3 meters to 2.7-2.8 meters 
while increasing the floor space by 8 to 10 
percent," according to Alexander Sh ipkov, 
one of the architectural experts involved 
in the competition. Otherwise, these short 
stories will get no novel treatment; ef
ficient use of standard modules will allow 
the greatest economy of construction, 
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and multifloor (about 10 story) design 
will offer the best thermal efficiency. 

• Publications 
It's maybe not a rousing title, but it is 

a valuable topic: The Forest Alternative 
for Treatment and Utilization of Munici
pal and Industrial Wastes, a new book 
from the University of Washington Press, 
looks at a newly credible approach to a 
very old problem. The 592-page volume 
touches on many aspects of the title topic, 
from microbiological effects to public ac
ceptance, relevant laws, and regulations, 
to case studies and costs. Written by Dale 
W. Cole, Charles L. Henry, and Wade L. 
Nutter, the book is available for $50 from 
the University of Washington Press, P.O. 
Box 50096, Seattle, WA 98745-5096. 

* * * * 

New from Sweden: Scandinavian Ener
gy, a slim but full-color magazine which 
"informs readers throughout the world 
about energy research and development 
in Scandinavian countries," according to 
the issue received here. Articles included 
brief coverage of a study by a Swedish 
firm on recovering heat from sewage ef
fluent in Olympia, Washington; predicted 

bioenergy production in Sweden by 
1990; the "Suncourt" solar-tempered 
apartment complex outside Stockholm; 
the Scandinavian energy-efficient house 
of the 90s; and Swedish district heating 
projects in China, among others. The lan
guage is English, and the attitude is posi
tive-"better living through industrial 
progress" seems to be the magazine's un
stated motto. Free one-year subscriptions 
were being offered to readers outside 
Scandinavia; they were a little unclear 
about whether that meant two or four is
sues. Write, seeking clarification and stat
ing your work and field of interest, to 
Scandinavian Energy, Box 104, S-301 02 
Halmstad, Sweden. 

* * * * 
More and more we receive notices of 

"publications" that are not in print form; 
the newest texts are machine-readable. 
One source for engineering software in
formation is the Engineering Software 
Exchange. Their catalog lists newsletters, 
guides, and programs on topics as diverse 
as sequencing stops on a shipping route 
and professional distillation simulation. 
Membership in the Exchange is $90 a 
year, but the catalog is free from CAE 
Consultants Inc., 41 Travers Ave., Yonkers, 
NY 10705. + 
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