


STAFF: Editor, Carla Helfferich; Editorial Advisor, Lee Leonard; Assoc
iate Editor, Barbara Matthews; Subscriptions, Barbara Mecum; Type
setting, Paula Jones; Finance Officer, Neta Stilkey. EDITORIAL BOARD: 
John Bates, DOTPF, Juneau; Joseph M. Colonell, Woodward-Clyde Con
sultants, Anchorage; Mark Fryer, Consulting Engineers, Anchorage; Paul 
Goodwin, Variance Corporation, Anchorage; Keith B. Mather, Vice Chan
cellor for Research, UAF; Janet Matheson, Architect, Fairbanks; John M. 
Miller, Geophysical Institute, UA F; Tunis Wentink, Jr., Geophysical I nsti
tute, UAF; John Zarling, Mechanical Engineering, UAF. 

The Northern Engineer, Vol. 15, No. 3 2 



THE NORTHERN ENGINEER 

VOLUME 15, NUMBER 3 
FALL 1983 

CONTENTS 

Arctic Haze 
Glenn E. Shaw.........................................4 

The Hazards of Augustine 
Juergen Kienle and Samuel E. Swanson.....................1 0 

Strong Winds at Delta 
Gerd Wendler, Yuji Kodama, and Frank Eaton ...............15 

Geothermal Energy Studies in Alaska 
Donald Turner and Eugene Wescott .......................20 

4 
Remotely Sensed Rescues 

John M. Miller ........................................28 

Letters, Meetings ..........................................38 


COVER 

Augustine Volcano erupts, February 6, 1976. A nuee ardente- a cloud of incan
descently hot gases and tiny particles - cascades down the northeastern side of the 
volcano while ash clouds billow kilometers high into the air above; fresh black flows 
of mud and debris have left melted streaks through the snow on the mountain's side. 

15 A study of the hazards presented by this island volcano's violent eruptions is among 
the reports presented in this issue (see p. 10), which features a small part of the 
applied research - and more basic research with likely short-term applications 
accomplished by the faculty and students here at the Geophysical Institute. (Photo 
by G. Gunkel.) 

THE NORTHERN ENGINEER (ISSN 0029-3083) is a quarterly publication of the Geophysical Institute, University of Alaska - Dr. Juan G. 
Roederer, Director. It focuses on engineering practice and technological developments in cold regions, but in the broadest sense. We will consider 
articles stemming from the physical, biological and behavioral sciences, also views and comments having a social or political thrust, so long as the view
point relates to technical problems of northern habitation, commerce, development or the environment. Contributions from other nations are welcome. 
We are pleased to include book reviews on appropriate subjects, and announcements of forthcoming meetings of interest to northern communities. 
"Letters to the Editor" will be published if of general interest; these should not exceed 300 words. (Opinions in the letters, reviews and articles are 
those of the authors and not necessarily those of the University of Alaska, the Geophysical Institute, or The Northern Engineer staff and Board.) 

Subscription rates for The Northern Engineer are $10 for one year, $15 for two years, and $35 for five years. Some back issues are available 
for $2.50 each. Address all correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL INSTITUTE, UNIVERSITY OF 
ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. The University of Alaska is an EO/AA employer and educational institution. 
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Figure 1. Arctic haze as photographed near Barrow, Alaska, in April, 1978. 

INTRODUCTION 

The great clarity of polar air is legend
ary; polar explorers have frequently com
mented on it. Indeed, it should come as no 
surprise that polar air is frequently clear; 
there is no dust, there is no local air pollu
tion to speak of, and the polar oceans and 
land masses are covered with ice and snow 
most of the time. 

ARCTIC 
HAZE 
by Glenn E. Shaw 

Nevertheless, something started going 
awry, apparently around the end of World 
War II. People began reporting the exis
tence of haze at high-latitude locations in 
the Scandinavian and Alaskan Arctic. At 
first it was believed, as was often in fact 
the case, that the observers were report
ing visibility reductions caused by blowing 
snow or precipitations of ice crystals. But 

Dr. Glenn E. Shaw is a professor ofgeophysics at the Geophysical Institute, Univer
sity of Alaska, Fairbanks. He has been studying the arctic haze phenomenon since the 
mid-1970s and has published numerous articles on the subject. 
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in 1956 J. M. Mitchell, who was then a 
young weather officer stationed in Alaska 
(and now is a noted climatologist), flew on 
a B-29 USAF "Ptarmigan" weather recon
naissance flight and took a close look at 
the haze which was being reported by the 
pilots. Mitchell had a good eye for detail 
and he surmised from the color and the 
way it scattered light that the haze was 
composed of submicron-sized particles; 
there was no way that ice crystals or blow
ing snow could cause such effects. Mitchell 
published his interesting observations, but 
his paper apparently attracted little atten
tion and was soon buried in the literature 
and forgotten. 1 

In the early 1970s turbidity at several 
arctic stations was found to be higher 
than expected and to have a seasonal varia

3tion opposite to that at midlatitudes.2
• 

(Turbidity as used here refers to the hazi
ness of the atmosphere, and is usually ex
pressed in terms of how much sunlight is 
lost on its way through the atmosphere 
when no clouds are present.) This finding 
was entirely unexpected and puzzling. 
Subsequent investigations from 1973-1977 
confirmed that the haze was strongest in 
late winter/early spring (Fig. 1 ). 

Investigations were made with a research 
aircraft at Barrow to try to learn more 
about the haze. These showed that the 
haze concentration usually increased from 
the surface and reached maximum concen
trations at several thousand meters altitude 
(Fig. 2). From this, we deduced that the 
haze is not produced from nearby surface 
sources. The altitude of the haze, its hori
zontal extent covering hundreds of kilo
meters, and its association with air masses 
coming from the north have made it diffi
cult to understand exactly where the haze 
originates. All that could be said at the 
time of the early studies was that the parti
cles had been carried in from very distant 
sources. The source of the haze itself re
mained a puzzle. 

In 1976 studies of arctic haze were in
tensified. A series of chemical sampling 
experiments, carried out by Kenneth Rahn 
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and Randolph Borys at the University of 
Rhode Island, were aimed at determining 
the composition of arctic haze. The results 
were quite surprising. They told us that 
arctic haze is rich in elements associated 
with industrial pollution, such as vanadium 
(V) and manganese (Mn). Thiswasthefirst 
of several indications we now have that 
arctic haze is not natural in origin but is 
associated with industrial air pollution. 

THE SUMMER-WINTER CONTRAST 

The presence of haze in the arctic at
mosphere during winter is as surprising as 
its absence in the summer. Why is the sea
sonal variation opposite from that found 
at the midlatitudes? 

At most places the strongest pollution 
concentrations occur during summer. Near 
arctic coastal regions in summer, one can 

5 

imagine a suite of local particle sources: 
organic vapors, combustion products from 
wildfires, windblown material from loess 
deposits, and salty particles blown from 
the arctic seas, among others. These sources 
disappear in the winter and, in addition, 
air convection currents also disappear or 
are much weaker in winter. That is why it 
is so surprising to find a decrease, rather 
than an increase, in haziness as winter 
changes to summer in the Arctic. 

The winter-summer contrast is appar
ently Arctic-wide; we've found that sam
pled particles from the air at Thule, 
Greenland, at Spitsbergen, and near Fair
banks (representative of interior Alaska), 
all show pronounced winter maxima. In 
general, one can say that arctic air is clean 
in summer, but dirty in winter. 

Generally the haziness is small in the 
autumn months but starts building in late 
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Figure 2. Vertical profile of arctic haze over northern Alaska, representing the 
profile of optical extinction; it is more or less proportional to the particle mass 
concentration. 
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Figure 3. The arctic haze disappears in the late spring, with the onset of extensive cloudiness. Shaded areas are cloud-free. 

November and December, reaching a max
imum in March-April; after that, the haze 
virtually disappears. The disappearance of 
the haze in late spring is associated with 
the onset of extensive cloudiness in the 
Arctic (Fig. 3). Apparently the water drop
lets in the stratus clouds filter out the haze 
and clear the air. 

The arctic air remains very clear all 
summer, except for occasional inflows of 
smoke from wild fires burning in the tun
dra or in the high-latitude forests. In any 
case, the chemical pollution indication dis
appears in summer; all we find are occa
sional bursts of naturally occurring sub
stances, such as wind-blown dust, sea salt 
particles, or forest fire smoke particles. 

In late winter the situation is very dif
ferent: the entire arctic basin is then filled 
with pollution-derived substances. 

POLLUTION COMPONENT OF 
THE ARCTIC WINTER AEROSOL 

The conclusion that arctic haze is main
ly pollution-derived can be supported by 
studies of individual strong haze episodes 
that occur during winter in relation to the 
meteorological situation that preceeded 
the haze buildup. In this way. Wolfgang 
Raatz identified the major pollution trans

port pathways to the Alaskan Arctic. 
Raatz, working on his Ph.D. dissertation, 
found that the most important source 
region for arctic haze in Alaska is the gen
eral geographic area of Eurasia (Fig. 4).4 

North American sources contribute only 
in minor ways to the Alaskan-sector air 
pollution problem. Some of the major 
transport pathways of pollu
tion by-products to the Alas
kan Arctic are illustrated sche
matically in Figure 5. 

The strongest indication 
that arctic haze is pollution
derived comes from the high 
concentrations of pollution
associated elements, such as 
vanadium. A useful way of 
expressing the relative increase 
in concentration enrichment 
(or for that matter depletion) 
of an element is to compare its 
concentration with that nor-

Figure 4. Map showing that central Eurasia 
is the most important source region for 
Alaska's arctic haze.4 High and low pressure 
areas are indicated. 

mally found in the earth's crust. The 
strong enhancements seen in vanadium 
and manganese in the winter months imply 
that arctic haze consists of particles from 
industrial pollution. 

Another indicator of pollution is the 
gray coloration of winter filter samples. 
The color comes from the presence of 
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sooty, unburned carbon, an element I ikely 
to have originated from man-made com
bustion processes. Perhaps the most con
vincing evidence for a man-made source 
of the haze is the high concentrations of 
sulfate in the haze that always occur simul
taneously with the pollution tracers. Sul
fate accounts for more than one-half of 
the mass of atmospheric particles over 
Barrow (Fig. 6). By considering the trans
port and evolution of sulfate aerosol, Rahn 
and McCaffrey have found that the major
ity of it is likely to come from conversion 
of gaseous sulfur dioxide to particles.5 The 
major source of this is so2 is from midlati
tude pollution! 

WHY IS THE ARCTIC POLLUTED? 

The concentration of haze and gases 
such as sulfur dioxide in the Antarctic is 
about a tenth of that found in the Arctic. 
This is not surprising if the hypothesis is 
true that arctic haze comes from industrial 
activity, for 90 percent of the world's in
dustrialization is concentrated in the 
northern hemisphere. Strong convective 
storms in the Intertropical Convergence 
Zone near the equator prevent most north
ern pollutants from passing into the south
ern hemisphere. 

The arctic regions in general, and espe
cially the Alaskan Arctic regions, are dis
tant from air pollution sources. Within the 
northern hemisphere the atmospheric cir
culation patterns that transport pollutants 
north-south are less efficient in summer 
than in winter. In summer the east-west 
airflow effectively cuts off the arctic re
gions from the lower latitudes; this is a 
major reason for the low summer pollution 
at places such as Barrow. In summer the 
arctic air is almost as clean as the antarctic 
air. In winter, as we have mentioned, the 
arctic atmosphere becomes dirty. 

There are three reasons why arctic haze 
is most pronounced in winter: (1) increased 
winter emissions of pollutants, (2) more 
rapid and efficient poleward transport by 
meteorological systems in winter, and (3) 
longer residence times of the haze particles 
in the atmosphere. The third reason is 
based on the fact that clouds and precipita
tion are quite efficient at removing ("scav
enging") pollution particles from the 
atmosphere, and both clouds and precipi
tation are less prevalent in the Arctic dur
ing winter than they are in summer (Fig. 3). 
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Figure 5. A schematic presentation of the major pathways of industrial pollution into 

the Arctic. 

It also probably is true that particle 
removal rates decline substantially in win
ter due to the high convective stability of 
arctic air. Arctic air is analogous to the 
stable cold air which sinks down to the 
bottom of a deep-freeze chest. Because 
stability limits the strength and number 
of turbulent eddies, it takes longer for par
ticles to be removed by being carried close 
to and catching on or diffusing onto the 
surface. 

RESEARCH ON THE SOURCES 
OF ARCTIC HAZE 

Efforts are being made to trace the 
origins and pathways of arctic haze and 
to pin down the source regions in more 
detail. By observation alone, it is easy to 

eliminate eastern Asia as a major source 
of Arctic aerosol: the air from the Pacific 
pathway is the cleanest observed, because 
of the extensive storminess along the route. 
Likely source regions were early on sus
pected to be eastern North America and 
Europe, including the western USSR. 

Raatz 4 analyzed synoptic weather pat
terns occurring during and before episodes 
of arctic haze at Barrow. By using an iter
ative "closure" approach, he was able to 
demonstrate that most strong episodes of 
haze in the Alaskan Arctic are preceeded 
by surges of northward-flowing air over 
polluted areas in eastern North America, 
Europe and the Soviet Union. The pol
lution-laden air travels in characteristic 
large-scale anticyclonic air circulation 
patterns. 
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7Rahn,6
• on the other hand, investigated 

the use of chemical signatures in air sam
ples collected in the Arctic. Characteristic 
signatures of certain trace elements present 
in the aerosol component of arctic haze 
seem to relate to specific, albeit large, geo
graphical regions in which the pollution 
aerosol was injected initially into the at
mosphere. An example is the ratio of 
"non-crustal" manganese to vanadium 
which varies for source regions in the east
ern U.S., in Europe, Eastern Europe and 
the Soviet Union. Part of the reason for 
the variation pertains to the abundances 
ofelements present in fuels. Another factor 
may be sociological in nature, reflecting 
the variations in the air pollution controls 
in the different countries, the relative ratio 
of coal to oil burned, the number of auto
mobiles, etc. The central region of the 

Soviet Union, for instance, is a coal-based 
society with a heavy steel-processing in
dustry and, apparently, considerable air 
pollution. 8 The region is a heavy producer, 
relatively speaking, of submicron particles 
containing Mn, whereas V is a common 
submicron aerosol found in effluents from 
industrial sources burning fuel oils. Since 
the United States is an oil-based society, 
the Mn/V ratio is larger in pollution by
products from the Soviet Union than it is 
from the United States. The example 
shows the principle on which characteristic 
chemical patterns can be used to deduce 
relative strengths and source regions of 
pollution flowing to the Arctic. 

From analytical models of the transport 
of material from midlatitudes to the Arc
tic, it has been learned that arctic haze 
particles are mainly secondary products, 

Figure 6. Seasonal variation of pollution
derived sulfate and vanadium, Barrow, 
Alaska. 

having been formed from the conversion 
of trace gases, especially by the oxidation 
of sulfur gases. 5 The models indicate that 
the transit time to the Arctic is about 10 
days. Thus it appears that arctic haze is 
caused by particles and gases injected from 
the lower latitudes. Both Rahn and Raatz 
deduced that central Eurasia is the primary 
source region for arctic haze in Alaska 
during midwinter, whereas European 
sources become more predominant in 
spring. North American sources are fairly 
minor, contributing perhaps one-fifth of 
the arctic haze in Alaska. 7 

SIGNIFICANCE OF AIR POLLUTION 
AEROSOL IN THE ARCTIC 

The average size of particles making up 
arctic haze is around half a micrometer, a 
size comparable to the wavelength of vis
ible light (Fig. 7). Particles such as these 
interact strongly with sunlight and redis
tribute the radiation fluxes in the atmos
phere and at the surface. In addition, radia
tive interactions occur between the par
ticles and the infrared terrestrial (heat) 
radiative fluxes in winter, when the sun is 
down. What, if any, effect does the redistri
bution of radiant energy have on climate? 
Unfortunately a complete answer is not 
yet available. 

Preliminary calculations indicate that 
in springtime the haze introduces slight 
cooling atthe surface and a relatively strong 
heating within the haze layer itself. In 
winter, the haze would warm the lower 
layers of the atmosphere and the surface.9 

The response of weather, and ultimately 
climate, to such forced cooling and heating 
is difficult to predict because of complicat
ing positive and negative feedback mechan
isms. For example, the cooling near the 
surface and the heating aloft alters the 
dynamic stability of the atmosphere and 
introduces air subsidence which could 
affect cloudiness. The haze may also affect 
the nucleation properties of the arctic at
mosphere and through this mechanism 
change cloudiness and precipitation. Very 
little is known about the extent of these 
effects. 
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Figure 7. Electron microscope photograph 
of arctic haze particles collected at Barrow, 
Alaska. Most of the particles contain 
sulfur. They have been overcoated with a 
thin layer of barium monoxide so they 
can be photographed more clearly; the 
electron beam illuminating the sample 
casts slant shadows. (Photograph courtesy 
of Dr. E.K. Bigg.) 

Arctic haze particles will deposit on the 
surface, though in relatively low concen
trations, and the environmental conse
quences of deposited acidity, sulfate, ni
trate, heavy metals and organic substances 
on the pack ice and tundra are not yet 
known. 

The most significant result of studies 
of arctic haze is the recognition that huge 
areas of the world are being affected by 
pollution aerosols and gases. On a monthly 
basis, the Arctic and Euro-Asian subarctic 
are all nearly equally polluted by sulfate 
aerosol, at least in winter. Clearly arctic 
haze is a multinational, even a multicon
tinental phenomenon. Future research 
should clarify many questions about arctic 
haze that are presently unanswered. 
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THE 
HAZARDS 
OF 
AUGUSTINE 

by Juergen Kienle 
and 
Samuel E. Swanson 
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3 IELUGA POWEI PLANT 

Figure 1. Location of Cook Inlet volcanoes, settlements, oil pipelines and platforms. 

INTRODUCTION 

Mount St. Augustine is a young sym has a diameter of about 12 km and from and at Lake Iliamna, 90 km north-north
metrical island volcano in Lower Cook its center rises a single symmetrical cone west. There is a road from Iliamna Bay to 
Inlet, 285 kilometers southwest ofAnchor about 1200 meters high. The island is un Pile Bay on Iliamna Lake, sometimes used 
age and 100 km west-southwest of Homer 
on the lower Kenai Peninsula (Fig. 1). The 
channel separating the island from the 
west shore of Cook Inlet is 10 km wide at 
its narrowest point. The circular island 

inhabited; however, from 1946 to 1949 
pumice was mined on its southwest flank 
for use as a lightweight aggregrate for con
struction materials. 1 The nearest popula
tion centers are on the Kenai Peninsula, 

to portage small boats from Cook Inlet 
into the Lake Iliamna drainage. Floating 
canneries or freezer barges sometimes lie 
in Kamishak Bay during the summer 
fishing season. 

Dr. Juergen Kienle is a professor of geophysics at the University of Alaska, Fairbanks. He is cu"ently engaged in geothermal 
energy research and volcanic studies in Alaska and Antarctica. Dr. Samuel E. Swanson, associate professor ofgeology at the Univer
sity of Alaska, Fairbanks, received his Ph.D. from Stanford University in 19 74. His cu"ent interests include studies of volcanic 
hazards and geothermal energy resources in Alaska. 
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Figure 2. Series of historic photographs from the north, show 1976 lava domes are marked. Chernaboro (1909 picture) 
ing the evolution of Augustine Volcano during this century. is a local corruption of the Russian name "Chernoburoy ,"mean
Reference points for comparison are P= pair of pinnacles, ing "black-brown." The 1976 picture shows the new crater 
D=two prehistoric lava domes, and L=lava flow. SP is the formed in January; fresh pyroclastic flows contrast black 
former South Peak, engulfed later by the 1963-64 lava dome. against the snow, and the arrow marks the place where one flow 
M is a mudflow erupted in 1963-64. The 1935, 1964 and jumped a cliff-forming old lava flow. 

Augustine is part of the Aleutian vol
canic arc which spans 3000 km between 
Kamchatka and mainland Alaska. The arc 
is the result of convergence of the North 
American and Pacific lithospheric plates. 
The Cook Inlet volcanoes Spurr, Redoubt, 
Iliamna, Augustine and Douglas are nearly 
perfectly aligned along the strike of a deep 
seismic zone marking the site of plate 
subduction in Cook lnlet. 2 

The bulk, if not all, of the visibl cone 
of Augustine has formed in post- lacial 
times, perhaps as recently as 17, 00 to 
13,500 years ago.3 In the 200 year since 
James Cook discovered and nam d the 

volcano on May 20, 1778,4 Augustine has 
had five significant eruptions, in 1812, 

101883, 1935, 1963/64 and 1976.5

Based on the historic record, it appears 
that each recent Augustine eruption 
greatly modified the volcano's appearance 
(Fig. 2). Typically, viscous dome intrusions 
ended the explosive phase of the eruptive 
cycles. Dome collapse produced extensive 
pyroclastic (literally, "fire-broken" mat
erial) flow deposits. This highly explosive 
activity coupled with the island setting, 
youthfulness and short recurrence rate of 
eruptions make Augustine the most 
hazardous volcano in Cook Inlet. 

The explosive characteristics of Augus
tine present hazards to lower Cook Inlet 
communities, to the fishing industry, to 
major water and air travel routes to 
Anchorage and, if oil development ever 
gets underway near Augustine, to petro
leum drilling and production platforms and 
nearby shorebased facilities (Fig. 3). 11 

The principal hazard farther afield, poten
tially affecting people on the Kenai Pen
insula and in the Iliamna Lake region, will 
be heavy ashfalls, muddy and acid rains, 
and possibly tsunamis at the shores of 
Cook Inlet, as happened during the 1883 
eruption. 
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Figure 3. Location of Augustine Volcano in relation to oil leases already sold (leases 
are cross-hatched). 

HAZARDS 

If one assumes that Augustine's erup
tive style will remain that of the past 200 
years, an assumption that seems reasonable 
based on the remarkably uniform chemis
try of the eruptive products, the chief 
hazards from futureeruptions of Augustine 
volcano will be debris avalanches caused 
by collapse of oversteepened sections of 
the upper structure of the volcano, pyro
clastic flows and nuees ardentes (glowing 
clouds) which may continue out to sea. 
Tsunamis capable of crossing Cook Inlet 
all the way to the eastern shoreline also 
may be generated. Tephra (airborne 
volcanic debris) fall will affect the island 
and a large area offshore; the dispersal of 
finer airborne material will depend strong
ly on prevailing wind conditions. Extreme 
dustiness can be expected for tens of km 
downwind from the volcano even when 

the volcano is not actively erupting, as 
freshly fallen fine ash is easily picked up 
by winds. Lava flows will almost certainly 
be confined to the island itself. Because 
Augustine Island is so small, there are 
simply no safe sites for permanent struc
tures on the island itself. Even under
ground structures could easily get buried. 

Pyroclastic Flows 

Pyroclastic flows are highly mobile air
and gas-cushioned glowing avalanches of 
hot, dry, rock debris. They may be genera
ted either by explosive eruptions (a hori
zontal blast as in the Pelee type) or the 
collapse of a vertical eruption column (as 
in the Soufriere type) or the non-explo
sive collapse of a volcanic dome (as in the 
Merapi type). These three eruptive mech
anisms are shown in Figure 4. Large 
volumes of hot air and other gases are 

evolved within pyroclastic flows and 
this, together with the force of the volcanic 
blast and the air cushion trapped beneath 
the flow, accounts for their mobility and 
great speed. Pyroclastic flows move as 
density currents flowing down the slope 
of the volcano following topographic 
lows such as stream valleys. Generally, 
topography influences the velocity and 
direction of the pyroclastic flows. Flows 
move rapidly down the steeper flanks of 
the volcano and lose speed on gentler 
slopes. However, some pyroclastic flows 
can move for considerable distances over 
horizontal surfaces because of their initial 
high velocity and the cushioning effect of 
the trapped air layer under the flow. 

Pyroclastic flows consist of a coarse 
basal glowing avalanche and a high billow
ing hot ash and dust cloud. The majority 
of the material involved is juvenile volcanic 
material either just erupted from the vent 
or from the collapse of an emerging dome. 
Blocks in the avalanche unit may be 
quite large (up to ten meters or more in 
diameter). Avalanches are generally con
fined to the bottoms of valleys, while 
the hot ash cloud that evolves from the 
avalanche spreads out both laterally and 
vertically. Under certain conditions the 
glowing ash cloud may separate from the 
avalanche, as occurred on May 8, 1902, 

A 

Figure 4. Types of glowing (pyroclastic) 
avalanches and associated nuees ardentes: 
A. Pelee (directed blast); B. Soufriere 
(column collapse); and C. Merapi (dome 
collapse.) 12 
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during the eruption of Mt. Pelee on the 
island of Martinique, West Indies. Mac
donald, summarizing early accounts of 
the eruption, states that on that day a 
great black cloud of ash was erupted to 
several km above the volcano and simul
taneously a horizontal blast was directed 
toward the city of St. Pierre through a 
notch in the crater wall. 12 Initially, the 
basal glowing avalanche and associated 
nuee ardente traveled together following 
the headwaters of Riviere Blanche, but 
about 2 km downstream the avalanche 
turned 90 degrees to the west, continuing 
to follow the river valley, while the 
nuee detached itself and proceeded along 
the original course toward St. Pierre. The 
city was completely obliterated and 
nearly all of its 30,000 inhabitants 
perished, all within two minutes after the 
onset of the eruption.1 2 

St. Pierre lies 6 km from the volcano, so 
the velocity of the cloud must have been 
about 150-200 km/h. The hot blast was 
so powerful that masonry walls 1 m thick 
were knocked over and a 3-ton statue was 
carried 12 m from its base. Most of the 
ships in the harbor were blown over, sunk 
or set afire. The bodies of people were in
tensely burned and many in the north end 
of town closest to the volcano were strip
ped of their clothing by the force of the 
blast. The nature of injuries indicated that 
the sudden heat was intense enough to 
turn water in human tissue to steam (order 
600 to 1000°C) and to soften glass. Only 
about 30 em of debris was left in the city 
after the cloud passed, indicating that it 
consisted mainly of hot gas and dust. 

In many respects Augustine is very 
similar to Mt. Pelee: 

• Augustine is now 4100 feet high, 
Pelee, 4428 feet. 

• Augustine erupted in the past 200 
years with an average repose time of 41 
years, Pelee 44 years. 

• Eruption volumes, eruption style, 
and geochemistry are very similar. 

• The craters of both volcanoes are 
breached, with the breach providing the 
preferred avenue for pyroclastic flows. 

• The distance of the vent from the 
nearest seashore is 4 km for Augustine, 5 
km for Pelee. 

Pelee can therefore serve as a direct 
analogy for many eruptive phenomena at 

Augustine. 

The fast-moving hot ash, dust and 
gases in the nuee ardente are perhaps the 
most hazardous elements of pyroclastic 
flows. The high temperatures in these 
glowing clouds and their great speed 
devastate life and propertY in their 
paths. A zone of hot air and gas spreads 
out well beyond the areas of major debris 
deposition and greatly expands the hazard 
zone associated with pyroclastic flows. No 
structures or life would survive in the ava

lanche zone itself. 
Eruptions of Augustine Volcano are 

characterized by pyroclastic flows asso
ciated with two of the three mechanisms 
shown in Figure 4. Horizontal blast de
posits have not been found, nor have 
horizontal blasts on the scale of the May 
18 St. Helens event been observed during 
historic eruptionsY Initially, Augustine 
eruptions are vent-clearing and may 
involve powerful low-angle or vertically 
directed blasts. Later in an eruptive 
episode, a dome often builds up in the 
vent and subsequently portions of it 
collapse, which can produce additional 
pyroclastic flows. Deposits of pyroclastic 
flows are found on all parts of Augustine 
Island. In fact, the island grew to its 
present size principally by accretion 
of such avalanche deposits. 

Knowledge of damage to structures on 
Augustine Island caused by pyroclastic 
flows is limited to the effects of the 1976 

eruption on research facilities at Burr Point 
and on a small structure on the northwest 
coast of the island. Both of these areas 
were on the edge of the paths of the 1976 
pyroclastic flows and were subjected 
primarily to the effects of hot blasts 
and nuees ardentes. The one or more nuees 
ardentes that overran our Burr Point camp 
in January 1976 detached themselves from 
the glowing avalanche (which turned 
northeast a few km upslope from the 
camp), swept over the camp and continued 
out to sea. One pyroclastic flow complete

ly collapsed the small hut on the northwest 
coast of the island. Falling debris dented 
the corrugated aluminum buildings at 
Burr Point and punched holes in the 
aluminum roof; one hole was 15 em in 
diameter. Temperatures were high enough 
to melt plastic objects and burn mattres
ses, and grass and tree stumps were charred 
along several kilometers of coastline at 
the northern and southwestern shores of 
the island. From sequential photographs, 
the speed of one nuee ardente in February 
1976 was measured as 180 km per hour 
(Fig. 5). 

One of the main unanswered questions 
at Augustine is how far across the water 
nUE\es ardentes would travel and how far 
the basal avalanche would proceed out to 
sea. Again we have to call on the Mt. Pelee 
analogue. During other eruptions besides 
the disastrous one of May 8, 1902, several 

Figure 5. Nuee ardente (glowing cloud) descending toward Burr Point on February 8, 
1976, 14:02 AST. The nuee reached a maximum speed of 50 m/sec. 
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nuees ardentes traveled as far as 8 km off
shore after descending 6.5 km down the 
4428 ft flank of the volcano. 

In summary, glowing avalanches and 
associated hot air blasts and nuees ardentes 
are the major hazards from pyroclastic 
flows on Augustine Island. The glowing 
avalanches present a hazard to any struc
ture built on the island or in the near 
offshore area. Thermal blasts and nuees 
ardentes present a hazard on the entire 
island and to a considerable distance 
offshore. Both can effectively carry 
across water for some distance, as evi
denced by the destruction of ships in the 
harbor of St. Pierre during the 1902 
eruption of Mt. Pelee. The effective 
range of the thermal effects is at least twice 
that of the actual avalanche deposits. 15 

The pyroclastic flows are generated 
suddenly and the time that people will 
have to react to them is extremely short. 
The distance that flows travel will depend 
mainly on their volume. Small flows may 
spend themselves before they reach the 
sea; larger ones may continue offshore. 
At the seashore the basal avalanche will 
continue under water while the accom
panying nuee ardente will detach itself 
and surge rapidly out to sea. 

Dry Debris Avalanches 

Massive slope failure of oversteepened 
portions of volcanic cones or summit 
lava domes causes large-volume avalanches 
of volcanic debris that is essentially free 
of water. Although it has long been known 
that wet flows occur (see below). this dry 
volcanic hazard has been recognized only 
since the eruptions of Bezymianny in 
195616 and Mt. St. Helens in 1980. 17 

When a debris avalanche occurs, it leaves 
behind a large horseshoe-shaped amphi
theater in the volcanic edifice. 18 Typ
ically, the travel distance of a debris 
avalanche is about 10 times the vertical 
drop, 19 which implies that these avalan
ches frequently travel far beyond the base 
of the volcano. The fringing distal deposits 
created by these avalanches typically form 
hummocky terrain, a landform that has 
been recognized on a large number of 
volcanoes but often had been misinterpre
ted as the result of mudflows. 

On Augustine Island, two hummocky 
onshore deposits may be the result of 
dry debris avalanche emplacement: the 
Burr Point deposit on the northern ex

tremity of the island, and the West Island 
deposit on the island's western shore. As 
early as 1920, Griggs thought that the 
Burr Point deposit strongly resembled the 
great landslide deposit he observed at 
Mt. Mageik in Katmai National Monu
ment; he suggested that the two deposits 
had similar origins. 20 It has been suggest
ed that the impact of a massive debris 
avalanche in the Burr Point area generated 
the tsunami of 1883, but the evidence for 
this so far is only circumstantial. 

Based on detailed offshore bathymetry 
recently acquired by the National Oceanic 
and Atmospheric Administration, we be
lieve the hummocky Burr Point and West 
Island deposits extend another two to 
three kilometers offshore. Three other 
lobate features that morphologically re
semble these deposits extend up to 4 km 
offshore on the eastern and southeastern 
flanks of the volcano. Samples recovered 
by divers from these two features all 
consisted of volcanic debris. Two C14 

dates from a soil horizon that directly 
overlies the landward continuation of the 
eastern deposits suggest a minimum age of 
1500 years. 

Apparently, the summit lava domes or 
the volcanic edifice of Augustine Volcano 
have collapsed repeatedly over the past 
few thousand years. There are two 
hazards associated with collapse-induced 
debris avalanches: these avalanches may 
bury anything in their path, and they 
could generate tsunamis by suddenly 
displacing great volumes of water when 
they hit the sea. The potential for edifice 
collapse, with the attendant possibility of 
massive dry debris avalanches, certainly 
exists now at Augustine; the 1976 acti
vity there included the extension of a 
very steep lava dome. Taking the 1883 
sea wave as a model, the tsunami poten
tially resulting from such an event would 
pose a considerable hazard to popula
tion centers and nearshore industrial 
facilities throughout the Cook Inlet 
region. 

Wet Debris Flows and Flood Deposits 

Wet debris flows and flood deposits are 
also common on Augustine Island. The 
1976 Augustine eruptive deposits show 
that surface pyroclastic flows and tephra 
are quickly modified by running water from 
snowmelt (or heavy rainfall). Identify
ing marks of these deposits include the 

presence of surface flow lines, natural 
levees and a lobate distal end. During the 
1976 eruptions these deposits formed an 
almost circular apron surrounding the 
Augustine vent. Lack of a well-defined 
drainage system on the island and the pres
ence of a thick snow pack for much of 
the year, further smoothing out the topo
graphy, act to produce these circular pat
terns of debris flow and flood deposits. 

Hazards from debris flows and floods 
on Augustine are primarily related to buri
al. Wet debris flows quickly break up 
upon reaching the sea and do not present a 
hazard to offshore installations. 

Tsunamis 

Sudden displacement of large volumes 
of sea water from the impact of dry debris 
avalanches evidently has produced vol
canogenic tsunamis at Augustine, such as 
during the 1883 eruption. Davidson gave 
a vivid description of that October event: 

"Twenty-five minutes after the great 
eruption, a great 'earthquake wave,' 
estimated as from twenty-five to thirty 
feet high, came upon Port Graham like 
a wall of water. It carried off all the 
fishing boats from the point, and de
luged the houses. This was followed, 
at intervals of about five minutes, by 
two other large waves, estimated at 
eighteen and fifteen feet; and during 
the day several large and irregular waves 
came into the harbor... Fortunately it 
was low water, or all the people at the 
settlement must inevitably have been 
lost. The tides rise and fall about four
teen feet." 6 

Earthquakes associated with Augustine 
eruptions will most likely be too small to 
generate earthquake-tsunamis which in
volve large-scale displacement of the sea 
floor. If a tsunami should be generated at 
Augustine Volcano, platforms and vessels 
10 or more km offshore would probably 
experience only a relatively modest rise in 
sea level, but low-lying areas of coastal 
communities along the eastern shore of 
Cook Inlet from Clam Gulch south 
(Ninilchik, Happy Valley, Anchor Point, 
Homer, Seldovia, English Bay) could 
expect run-ups of 10m or more, depend
ing on local shoaling of the sea floor. 

Tsunami transit time depends on water 
depth; the velocity v of a tsunami is v = 

v'Q.d. where g is the acceleration of gravity 
(continued on page 30) 
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Photo courtesy of Tom George, Northern Remote Sensing Lab. 

STRONG WINDSATDELTA 
by Gerd Wendler, Yuji Kodama, and Frank Eaton 

Though farmers developing the Delta agricultural project in interior Alaska still 
confront enough difficulties to keep life interesting, they enjoy some advantages 
over the sodbusters who began the grain farms of western North America nearly 
a century ago. Delta's new pioneers have better equipment, improved seed varia

ties-and superior weather information. 
One particular weather concern in the Delta area is wind. (The concern would 

seem logical to any traveler passing through Delta, who is likely to have seen great 
clouds of dust blowing from exposed gravel beds on the Tanana River.) Is there 
enough wind to erode soil no longer covered by vegetation? If so, the farmers 
need yet more information to they can prevent the soil loss such winds might 
cause. What are the patterns of the strong winds? When do they blow, and from 

what direction? 

Dr. Gerd Wendler is a professor at the University ofAlaska-Fairbanks, working in meteorology; Yuji Kodama is a research assis
tant completing his Ph.D. in meteorology;· and Dr. Frank Eaton, recently with the Geophysical Institute, UAF, is now a physicist at 
White Sands Missile Range in New Mexico. This article is based on Report 2 77, available from the Geophysical Institute library, UAF. 
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Fortunately, climatological data have 
been collected for 20 years at Big Delta 
(64°00'N, 145° 44'W, elevation 389 m), a 
community about 15 miles from the agri
cultural project. Our task consisted first 
of analyzing this information, then of es
tablishing a recording anemometer station 
directly in the farm area so we could gather 
comparison data to check how useful the 
patterns revealed by the Big Delta records 
would be for the farmers' purposes. 

BIG DElTA WIND REGIME 

The station in Big Delta is located on 
the roof of the FAA building next to the 
airfield; the anemometer is 8.84 m (29ft) 
above ground level. We examined data from 
this station covering the period 1949-1969. 
Between 1949 and 1964 there were 24 
observations per day; since then they have 
been reduced to 8 (one every three hours) 
per day. The surrounding trees have prob
ably increasingly sheltered the station dur
ing the observation period. However, since 
the trees are some distance from the sta
tion, their effect on the observations 
should be small. 

The 20 years of data were used as one 
data set, thus ignoring any climatic trend 
in wind velocity which might have occur
red in the same time span. The mean wind 
speed at Big Delta for the 20-year period 
was 4.2 m sec-1 (9.4 mph), which is rela
tively high for interior Alaska. By compar
ison, Fairbanks and McGrath show a mean 
wind speed of about 2.2 m sec-1 (5.0 
mph and 4.9 mph, respectively). 

Because of its geographical location, the 
Interior is sheltered by mountain ranges 
against strong winds. To the south lies the 
Alaska Range and to the north the Brooks 
Range. Juneau, which is located in south
eastern Alaska, reports a long-term mean 
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Figure 2. Frequency vs. time of three classes of strong winds at Big Delta. 

wind speed of 3.8 m sec-1 (8.6 mph). Bar
row, located in the north, has a value of 
5.4 m sec-1 (12.0 mph).1 The relatively 
high winds at Big Delta are believed to be 
a result of its geographic setting. In winter, 
katabatic (downslope) winds frequently 
bring cold air from the hills lying to the 
east. 

The mean monthly wind speeds are giv
en in Figure 1. The maximum is observed 
in winter, which is in contrast to Fairbanks 
and McGrath, where a summer maximum 
occurs. Since winds in Big Delta are fre
quently of a katabatic nature, and since 
the surface cooling that drives such winds 
is most severe in winter, the fact that the 
maximum occurs at that time is not sur
prising. 

If the problem of blowing soil is to be 
considered, knowing the mean wind speed 

15 

is of only limited value. More important 
is thefrequencyof strong winds. We looked 
at these values for three classes: 5.67 to 
10.82 m sec-1 (11-21 knots), 11.33 to 
17.00 m sec-1 (22-33 knots), and above 
17 m sec-1 (33 knots), as presented in 
Figure 2. 

Wind speeds below 5.67 m sec-1 (11 
knots) do not usually cause soil erosion. 
The frequency of strong winds is much 
higher in winter compared to summer. This 
holds true for all three classes of wind 
speed (Fig. 2). 

The erodibility of soils by wind is a 
complex function of several parameters. 2 

A substantial amount of work on this sub
ject has been carried out by Chepil 3 and 
Bagnold.4 Erodibility is also a function of 
the season. Parameters such as vegetation, 
snow cover, soil moisture, and surface 
roughness change during the course of the 
year, and would change the ease of soil 
erosion even if the wind speed were con
stant. 

Erodibility of soils can be controlled 
to some extent by using different tillage 
practices and by leaving (or growing) strips 
of high-rising trees and shrubs between 
adjoining fields. If farmers are to use these 
methods, they must know from which 
direction the strongest winds occur. Fig
ure 3 gives the frequency of strong winds 

1>5.67 m sec- ( 11 knots) as a function of 
Figure 1. Mean monthly wind speed for Big Delta. wind direction. In summer most of the 
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can be either in spring, by planting winter 
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Figure 3. Frequency of strong winds >5.67 m sec·1 (11 knots) as a function of wind 
direction for Big Delta. 

strong winds come from the south, but in 
winter nearly all of the strong winds are 
from the east. Throughout the year, strong 
winds are seldom observed to have north· 
erly or westerly directions. The crossover 
points between the winter and summer 
wind regimes are in April and September. 

In winter the soil erodibility is substan· 
tially reduced because of the snow cover, 5 

which exists for about six months in inte

2 4 6msec·1 2 4 

rior Alaska. In summer a planted crop 
which reaches a certain maturity will pro· 
teet the soil against wind erosion. During 
the periods when the soil is most vulner
able to wind erosion because it has neither 
protection, Big Delta has two different 
wind regimes with a 90° difference in 
direction. 

Wind erodibility can be reduced sub
stantially for one of the two seasons. This 

2 4 6msec-1 2 

grain, or in fall if one waits until spring to 
till the ground; the roots of the harvested 
crop give a certain hold and protection 
against wind erosion. The latter method is 
not generally a desirable practice because 
the leftover roots can harbor insect pests 

or disease organisms. 
Since it is not possible to protect the 

soil in both seasons, it is difficult to choose 
the best alignment for the windbreaks. To 
protect the soil against wind erosion, wind
breaks should be perpendicular to the most 
severe storms. Figure 4 shows the frequen
cy and intensity of the winds at Big Delta 
as a function of direction on an annual 
basis for the four seasons. In spring, E and 
S winds have about the same frequency 
and speed (5 m sec-1 ). N and W winds are 
rare, and their mean speeds are only half 
of the other winds. 

In summer southerly winds dominate, 
with about 70% frequency and a mean 
speed of 5 m sec-1 • All other winds are less 
frequent and have lower speeds. In the fall 
(Sept-Nov). E winds dominate with 70% 
frequency and S winds occur somewhat 
above 20% of the time. Both winds have a 
mean speed of about 5 m sec-1 . Again N 
and W winds are infrequent and have a low 
intensity. In the winter, winds are gener
ally from an easterly direction (>90% fre
quency) with a mean speed of about 5 m 

1sec- . On an annual basis E winds occur 
with the greatest frequency,approximately 
70% of the time, and the second most fre
quent are S winds, about 25% of the time. 
Winds from both directions have a mean 
speed of about 5 m sec1 

. 

4 6 msec-1 2 4 6 m sec-1 
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Figure 4. Frequency of wind speed as function of direction for different seasons as well as for annual value, Big Delta 1949-1968. 
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COMPARISON WITH 
AGRICULTURAL AREA 

In March 1978 an anemometer was in
stalled at the Cherokee II site, directly in 
the barley growing area of Delta. The in
strument was a Woelfle-type mechanical 
cup anemometer recording on pressure
sensitive paper, located 2 m above the 
ground. The instrument was in place for 
one year, from 15 March 1978 to 15 March 
1979. No serious problems were encoun
tered except during one period in mid
winter, when the temperature dropped to 
-40°C and the instrument stopped record
ing for about 14 days. 

A comparison of Big Delta and Chero
kee II was carried out for wind velocities 
of a certain magnitude, that is for winds 
at Big Delta of 4.2 m sec-1 (15 km/hr). 
Light winds were omitted from the com
parison because they are unimportant in 
regard to soil erosion, are normally vari
able, and can easily be caused by local ef
fects. In Table 1 the ratios in wind speed 
at Delta and Cherokee II are given for three 
classes as well as for their average. Due to 
the respective heights of 8.84 m (29 ft) 

and 2 m, the higher wind speeds at Big 
Delta as compared to Cherokee II were 
expected. Furthermore, the increase in the 
ratio during the summer months was also 
expected. The vegetation increases the sur
face roughness and this should result in in
creased wind speed with height, as opposed 
to winter when the surface is snow-covered 
and smooth. Assuming linear increase of 
wind speed with the logarithm of the height 
above the surface, the roughness parameter 
of the surface can be calculated. The high
est values are found in summer and the 
lowest in winter.6 However, the actual val
ues are too high, which is believed to be 
caused by the trees and buildings surround
ing the Cherokee II site, sheltering it to 
some extent from the strong winds. Look
ing at the wind direction (Table 2), we can 
see the mean deviation in wind direction 
for the two sites. With the exception of 
the two summer months, the mean wind 
direction for Cherokee II is somewhat ad
vanced clockwise. The winter difference of 
about 20° seems to be the highest. Table 
3 summarizes the mean conditions for the 
whole year for three different classes. 

At Big Delta, E winds (winter) are ob
served most frequently with a secondary 

TABLE 1 

RATIO OF WIND SPEED OF 


BIG DELTA TO CHEROKEE II 


Class 1 Class 2 Class 3 
( 15-20 kmjhr) (20-25 km/hr) (>25 kmjhr) Average 

Mar. 16-Apr. 15 1.9 1.9 2.1 1.96Apr. 16-May 15 1.9 1.6 1.8 1.78May 16-June 15 2.2 2.3 2.1 2.22June 16-July 15 2.5 2.9 2.6 2.61July 16-Aug. 15 3.0 2.4 3.3 2.98Aug. 16-Sept. 15 2.5 2.4 2.8 2.58Sept. 16-0ct. 15 2.2 1.9 2.3 2.14Oct. 16-Nov. 15 2.5 2.4 2.2 2.34Nov. 16-Dec. 15 2.4 2.2 1.7 1.88Dec. 16-Jan. 15 2.0 2.5 1.6 1.66Jan. 16-Feb. 15 1.8 1.9 1.8 1.81Feb. 16-Mar. 15 1.8 1.7 1.7 1.71 

TABLE 2 

MEAN DEVIATION IN WIND DIRECTION 


BIG DELTA- CHEROKEE II 


aass 1 aass 2 Class 3 Average 

Mar. 16-Apr. 15 -2.2 2.6 -3.2 -2.28 
Apr. 16-May 15 -3.5 -15.4 -9.1 -8.57 
May 16-June 15 -10.2 -2.1 -12.1 -7.79 

June 16-July 15 16.0 
 23.3 -21.4 4.15 

July 16-Aug. 15 
 5.5 24.1 8.6 10.55 

Aug. 16-Sept. 15 -7.2 -9.8 
 6.9 -2.73 

Sept. 16-0ct. 15 5.8 
 -7.9 -14.8 -6.73 

Oct. 16-Nov. 15 -12.2 
 -7.7 -15.9 -12.49 

Nov. 16-Dec. 15 
 0.2 -15.9 -25.0 -21.21 

Dec. 16-Jan. 15 -11.3 
 -11.0 -21.3 -20.38 

Jan. 16-Feb. 15 -22.7 -18.8 
 -20.9 -20.88 

Feb.16-Mar.15 -17.8 -16.7 -21.3 
 -20.26 

TABLE 3 

A COMPARISON OF THE WIND CONDITIONS OF BIG DELTA 


AND CHEROKEE II ON AN ANNUAL BASIS 


aass 1 Class 2 Class 3 
Mean Wind Speed at Big Delta (km/hr) 18.15 22.53 31.75 

Mean Wind Speed at Cherokee II (km/hr) 8.38 10.93 16.70 
Ratio 2.17 2.06 1.90 

Mean Deviation in Wind Direction (degrees) -4.20 -8.08 -11.53 

Mean Absolute Deviation in Wind Direction (degrees) 27.18 24.83 25.83 
Number of Cases 498 369 1035 
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maximum of S winds (summer). For Cher
okee II there is a clockwise shift somewhat 
towards the west during the summer. 

In summary, we can statethatthewind 
regimes at Big Delta and Cherokee II are 
similar. Cherokee II showed about halfthe 
values in speed, which is believed to be 
caused by the lower sensor height, sur
rounding vegetation and buildings at Cher
okee II, not by the geographic setting. 
There are some systematic changes in wind 
direction. These differences have their 

maximum values of about 20° in winter. 

Nevertheless, we believe that the long-term 

wind records of Big Delta can be applied 

to the barley-growing area if some precau


tions are taken. 

LONG-TERM WIND REGIME 

Sand dunes provide an excellent record 
of long-term winds. For example, McKee 
analysed both wind speed and direction 
for a 15-year period at Holloman Air Force 

7
Base near the White Sands dune field. He 
found that most moderate ( 15-25 knots) 
and strong (above 25 knots) winds were 
largely from the southwest and occurred 
most frequently during March and April. 
There was also a short period in late win
ter characterized by strong north winds. 
Winds from other directions were generally 
too weak to be effective in dune develop
ment and migration. Skidmore and Wood
ruff discussed wind erosion forces and 
developed a method of analysis based on 
the capacity of wind to cause soil move

8 
ment such as is found in a sand dune field.

Aerial examination of White Sands 
shows that the sand dunes lie in broad 
bands at right angles to the southwest di
rection where Lake Lucero, a source of 
gypsum, is located. The effect of the north 
wind during late winter is also observable 
on the shape of the dunes. 

Though the Delta area is not a desert, 
there is a dune field in the vicinity. Figure 
5shows an infrared photograph taken from 
a U-2 aircraft in the Shaw Creek area just 
north of the wind sites examined in this 
study. The orientation of the dunes indic
ates a general southeast wind direction 
during times of moderate and high winds. 
This agrees with the results shown for the 
Big Delta and Cherokee II sites, as lighter 
winds are generally from the south during 
the summer months and from the east 
during winter. Thus, the long-term wind 
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Figure 5. Imagery taken from a U-2 aircraft, showing orientation 
of sand dunes. The trans-Alaska oil pipeline crosses part of the 

dune field. 

regime was probably similar to that found 
for the 20-year period analysed here. 

It is interesting to note that the trans
Alaska oil pipeline crosses part of the dune 
field in this photograph. Magnification 
shows that the pipeline is buried in the 
dune field, but is above ground outside the 

dune field. 
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Geothermal Energy Studies in Alaska 

by Donald Turner and Eugene Wescott 


In spite of evidence of enormous geo
thermal energy resources in Alaska, 1 al
most no utilization of this potential 
has occurred in the state up to this time. 
Mostly this is because there is too little 
knowledge concerning the location, ex
tent, and quality of individual geothermal 
reservoirs. 

The Geophysical Institute and the Alas
ka Division of Geological and Geophysical 
Surveys have recently been involved in two 
major programs funded by the federal De
partment of Energy and designed to (1) 

assess what is presently known about geo
thermal energy resources statewide, and 
(2) conduct the necessary geological and 
geophysical exploration at selected sites 
to define individual geothermal reservoirs 
and identify targets for exploratory and 
developmental drilling. Sites for the reser
voir definition program have been based 
on identified potential for economic devel
opment. Both programs were designed to 
stimulate public interest in the geothermal 
resource as a viable energy option for 
Alaska. 

A statewide geothermal assessment 
project was completed in 1980.2 The re
source definition work is now in its fourth 
year and has produced a number of inves

tigations and reports which have been of 
considerable use in state geothermal energy 
planning. Our initial reservoir definition 
project at Pilgrim Springs, north of Nome, 
has been successful, with the first two shal
low test wells producing large quantities 
of 190°F (90°C) water in natural artesian 
flow. 

3
.4 Wellhead electrical generation, 

greenhouse and warm-ground farming 
operations, village space heating, and a 
potential salmon hatchery were under 
consideration by the State Division of En
ergy and Power Development before the 
Division was disbanded by the Legislature 
in 1983. 

The Alaska Power Authority contracted 
with Republic Geothermal Inc. for explor
ation and drilling of the Makushin Volcano 
area on Unalaska Island. This program is 
budgeted at approximately 4. 7 million 
dollars. In 1982 three holes were drilled 
after geological mapping, self-potential 
and soil mercury surveys. One hole en
countered a temperature of 195°C. In 
1983 a well drilled to a depth of 1950 ft 
produced steam at 375° F ( 190°C) and at 
a flow rate of 500,000 lbs. mass (water 
and steam) per hour from a 3" hole. It is 
hoped that the high-temperature, vapor
dominated resource will provide adequate 

Dr. Donald Turner is a professor ofgeology at the University ofAlaska, Fairbanks. 
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Figure 1. Map of the lower Susitna basin showing the locations of dry wildcat wells. 
Those with normal temperature gradients are shown with open circles and total depths. 
Wells with abnormally high temperatures are shown with solid circles; the measured 
temperature and depth of logging are also indicated. 

steam for electrical power generation for 
the Dutch Harbor and Unalaska communi
ties and fish and crab processing industry. 

LOWER SUSITNA BASIN 
GEOTHERMAL AREA 

Known and potential Alaskan geother
mal resources generally can be grouped 
into three types: young volcanic areas 
(e.g., Aleutian Arc); hot springs associated 
with plutons whose fractured contact areas 
appear to localize deep, convective circula
tion of ground water (e.g., Chena Hot 
Springs); and sedimentary basins having a 
potential for hot water aquifers in areas 
of abnormally high geothermal gradient 
(e.g., parts of the upper Cook Inlet and 
lower Susitna basins). We discuss an exam
ple of this third category in this article. 

Turner et al. 2 discovered that four dry 
wildcat wells drilled in the lower Susitna 
basin (Fig. 1) encountered anomalously 
high temperatures, suggesting the presence 
of low-grade geothermal resources which 
could be used for space heating and agri
culture. Red Shirt Lake #1, a well located 
seven miles south-southwest of the town 
of Willow, was drilled through 1850 feet 
of Tertiary sediments and into granitic 
basement rock, bottoming at 2074 feet. 
The Schlumberger induction log indicates 
a circulating drilling mud temperature of 
39.4°C, which is high for this depth of 
drilling in December. Four hours after cir
culation was halted, the recorded hole 
maximum temperature was 76. 7°C, which 
must be about 10° lower than the equilib
rium temperature due to the cooling effect 

of the circulating drilling mud. Projecting 
76.7°C linearly to the ambient surface 
temperature implies a gradient of 123.1 °C/ 
km, four times the average crustal gradient 
(the normal conductive flow of heat from 
the earth's interior) of 30°C/km. 

Two wells near Big Lake (Knik Arm #1 
and #2) also show anomalously high tem
peratures (40.6°C and 40.0°C) and estim
ated gradients of 44.8 and 40.8°C/km, re
spectively. A third well to the east, Wasilla 
State #1, is also hot (29.2°C at 370 m) 
with an estimated shallow gradient of 
78.9°C/km. However, several other wells 
in the region show no indication of abnor
mally high temperature (Fig. 1 ). 

The pegmatite phases of the granitic 
rocks in some areas of the nearby Talkeetna 
Mountains are reported to contain uranium 
concentrations high enough to warrant 
mining operations. 5 However, regional 
background uranium and thorium values 
in the Talkeetna Mountains batholith are 
low. 6

•
7 There are no known volcanic sys

tems in the region to provide heat for a 
geothermal system. At the beginning of 
our preliminary study, we hypothesized 
that the heat produced by radioactive ele
ments in the subsurface granite might be 
retained by the insulating blanket of Ter
tiary sediments in the valley, suggesting 
that there might be a widespread hot water 
resource in the areas of the valley which 
are underlain by granitic basement. This 
model for the geothermal system in the 
lower Susitna basin is discussed below. 

Model A - Radiogenically Heated Aquifer 

Granitic plutonic rocks may be relative
ly enriched in uranium and thorium. 
Sometimes their coarse-grained, late-crys
tallizing phases, called pegmatites, may 
contain high concentrations of these ele
ments. Radioactive decay of isotopes of 
these elements gives off heat, so that heat 
flow in a radioactive pluton is higher than 
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Figure 2. Schematic model of a geothermal reservoir in sedimentary rocks of low 

thermal conductivity overlying basement plutonic rocks with pegmatites enriched in 
uranium and thorium. 

that in the adjacent "country rock" into 
which it was intruded. If the granitic rocks 
are blanketed by sediments of low thermal 
conductivity, then relatively high temper
atures can occur at the base of the sedimen
tary section over the radiogenic source. 
The areal extent of the geothermal anom
aly generated by this process depends on 
the shape and thickness of the radiogenic 
source, the concentration of uranium and 
thorium in the source, and the thermal 
conductivity and thickness of the overly
ing sediments. These relationships are 
shown schematically in Figure 2. This 
model corresponds to known geothermal 
systems on the east coast of the United 
States. It could also explain the anoma
lously high test well temperatures in the 
lower Susitna basin geothermal study area, 
although our presently available field evi
dence tends to favor an alternate model 
to be discussed later. 

The 1850-ft section of sedimentary 
rocks penetrated in Red Shirt Lake #1 
well consists of pebbly sandstone, siltstone, 
claystones, and coal. The coal beds in the 
section are comparative insulators. Coal 
has a thermal conductivity8 

, K, of about 
1 BTU/(hr)(ft2 )(°F/ft) comparable to 
0.38 for water at 60°C. In contrast, granite 
has K = 13-28 and sandstone 8-16. 

This type of sedimentary section is very 
likelyto contain good aquifers which could 
provide hot water for space heating and 
other uses. An exploration well (Anchor
age Gas & Oil Development Co. Rosetta 
#2) drilled near Houston, about 25 miles 
north of Wasilla on the Alaska railroad, 
encountered several aquifers including an 
artesian layer at 575ft. The granitic base
ment itself is not likely to contain aquifers 

except perhaps in weathered zones and 
localized fracture zones. 

As our preliminary work contined, we 
found evidence supporting a fault-control
led hydrothermal convection model (Mod
el B). The insulating sedimentary section 
may still play an important role, regardless 
of which model is applicable to this geo
thermal system. 

Model B- Fault-Controlled 
Hydrothermal Convection System 

Most hydrothermal convection systems 
derive their heat from large volumes of 
rock by deep circulation of water along 
permeable zones, which may be either 
stratigraphic beds or networks of faults 
and fractures. The temperature of the 
water is primarily dependent on the mag-

SW 

nitude of the regional heat flow and the 
depth to which the water circulates. Re
charge to the downward-circulating limb 
of the convective system may occur over 
both mountain areas and adjacent valleys. 
Figure 3 is a schematic diagram of a fault
controlled hydrothermal convection sys
tem, drawn in the plane of the fault. Cer
tain features of this model are unique to 
the lower Susitna basin and will be dis
cussed in detail later. 

Both models appear to be generally 
consistent with the results of our prelimi
nary study, but the very large extent and 
apparent orientation of discontinuous res
ervoirs inferred from our survey would 
seem to favor the fault model. 

RESULTS OF 1981 PROGRAM 

During the summer of 1981 we spent 
three weeks in the lower Susitna basin 
conducting reconnaissance geologic, geo
physical, and geochemical surveys designed 
to test our hypothesis, based on the anom
alous well temperatures, that a substantial 
geothermal resource exists in the area. We 
used the following methods: 

• Helium surveys in soil, soil gas and 
water, designed to detect the presence of 
upwelling hot water at depth (there are 
no known surface manifestations of a geo
thermal resource in the area). 

• A gravity survey designed to produce 
a map of the thickness of the sedimentary 
section overlying the granitic basement, 

Tertiary Sandstone, 
Conglomerate, Siltstone 

and Coal Talkeetn 
Quaternary Impermeable M 

Silt 8. Clay 

Figure 3. Schematic model of hypothetical, fault-controlled hydrothermal convection 
system for the lower Susitna basin. The fault, which lies in the plane of the figure, is 
presumed to be Tertiary and does not cut the impermeable Quaternary silt and clay 

layer that forms a cap rock for the Tertiary geothermal reservoir. 
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for the purpose of determining well depths 
required for a future drilling program. 

• Brief geologic reconnaissance map
ping and sampling of pegmatites in the 
Talkeetna Mountains and Mt. Susitna areas, 
with analysis of their uranium and thorium 
contents in order to evaluate Model A. 

• A seismic reflection profiling experi
ment near the Red Shirt Lake well, aimed 
at evaluating the effectiveness of our Nim
bus 12 seismic equipment to supplement 
well log and gravity data for determining 
the thickness of the Tertiary sedimentary 
section. 

Helium Soil and Water Survey 

Helium anomalies have been detected 
near geothermal sites throughout the 
world.9 Two factors may contribute to 
helium anomalies in conjunction with geo
thermal areas: most geothermal waters 
have a deep source and do not mix with 
the atmosphere; and the radioactive decay 
of uranium and thorium produces helium 
in the vicinity of the source waters. Helium 
is unusual in that its solubility in water 
increases with temperature above 30°C 
(Fig. 4). Pressurized hot water will be a 
very efficient scavenger of helium pro
duced by the radioactive decay of uranium 
and thorium contained in the rocks at 
depth, and will release helium as it rises 
towards the surface, cools and depressur
izes. Since helium is highly mobile it will 
find minute fractures, faults and other 
paths to rise to the surface. 

We sample the soil for helium in two 
ways. The first and easiest method is to 
drive a probe 75 em into the ground and 
draw off a soil gas sample which is then 
inserted into a small evacuated steel ampule 
with a syringe and sealed for later analysis. 
This method does not work well in wet 
soil or where the soil is rocky or frozen. 
In such conditions we use a soil auger to 
drill a hole 75 em deep. The soil core from 
the bottom of the hole is then quickly 
placed in a steel can and sealed with a 
portable canner. 

Lakes and ponds can be sampled for 
helium by collecting the water in a special 
bottle with a known fraction of air, shak
ing the sealed bottle to exsolve the helium, 
and drawing off a gas sample with a syr
inge. The gas in the syringe is then inserted 
into the same evacuated ampules used for 
soil gas, as described above. Western Sys

a: 
w 
1
< 
~ 
c 
w 
...J 
...J 

1
(/) 

c 
M 

E 
0 

....... 

rn 
~ 
Ol 

a. 
1
(/) 

M 

E 
0 

Figure 4. Solubility of noble gases in 
fresh water .10 

terns, Inc., of Evergreen, Colorado, per
formed the mass spectrometric helium 
analyses to a precision of 10 parts per 
billion. 

Normal atmospheric He concentration 
has been assumed to be 5.24 ppm, and any 
significant soil concentration above this 
represents an anomaly. It has been found 
that the background concentration of he
lium in surface waters is greater than the 
atmospheric concentration of 5.24 ppm. 
The lower Susitna basin is the first area 
where we have extensively sampled water 
in lakes and ponds. The significance of 
variations in the helium concentrations in 
water is not clear to us at this time. Exclud

ing one very high concentration of 10 ppm 
in a deep sample in Nancy Lake, we calcu
lated the mean regional water concentra
tion as 6.49 ppm, and considered values 
above this as anomalously high. We have 
taken >5.40 ppm to be significant in soil 
gas samples. 

Figure 5 summarizes the data obtained 
in our preliminary helium survey of the 
Willow- Big Lake- Wasilla area. Generally 
the water helium anomalies tend to fall in 
areas of anomalous soil values. There are 
a number of helium soil and soil gas con
centration values below the atmospheric 
concentration of 5.24. This curious effect 
is thought to result from a flow of other 
gases such as methane and C02 from 
depths below the soil sampling level, dilut
ing the helium gas fraction. Figure 6 shows 
the approximate geometry of areas be
lieved to be underlain by hot water reser
voirs based on the very limited data from 
the preliminary helium survey. In drawing 
the shaded helium anomaly patterns of 
Figure 6, we have considered all values less 
than 5.24 to be equal to 5.24. (In fact 
some may actually be greater than 5.24, 
but with our present sampling technique 
we cannot determine the anomalous pres
ence of other gases in the samples.) The 
following observations can be made from 
these figures: 

1. Our survey corroborates the hy
pothesis that helium anomalies should be 
present over areas underlain by hot water. 
The three surveyed wells with above
normal temperatures all give anomalously 
high helium soil gas values. Conversely, 
soil samples at the two normal temperature 
gradient wells surveyed gave normal atmos
pheric helium background values (Fig. 5). 

2. The helium survey is consistent with 
our original hypotheses, based on well 
temperatures, that a substantial geother
mal resource is present in the region. 

3. The areas believed possibly to be 
underlain by hot water are enormous, 
totalling about 40 square miles. This is a 
minimum estimate, based on an incom
plete sampling grid. 

4. There are definite, intervening areas 
of normal helium soil gas values indicating 
the absence of hot water and suggesting 
that the geothermal system does not have 
a single, interconnected, pancake-type 
reservoir under the area studied. 
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5. There is a suggestion of elongate 
trends in the anomaly patterns of Figure 
6, suggesting that these patterns could be 
fault-controlled. This evidence forms the 
basis for our preferring Model B (Fig. 3) 
for the geothermal system. Because there 
are no known surface faults in the areas 
of these trends, we suggest that subsurface 
Tertiary faults may be present which are 
obscured by the glacial drift that covers 
the entire region. The large extent of the 
helium anomalies would also tend to be 
inconsistent with Model A because base
ment pegmatite bodies of this size would 
be highly unlikely in this area. 

6. We found significant He anomalies 
as far east as we extended our survey (six 
miles west of Wasilla), suggesting that the 
anomalies could possibly extend as far east 
as that town, or even farther. The BP 
Wasilla #1 well (Fig. 1) indicates that sub
surface temperatures considerably above 
normal gradient are present within four 
miles of Wasilla. However, our later work 
in 1983 showed no helium anomalies near 
Wasilla or Palmer. 

7. Significant areas within the proposed 
capital site and along the Parks Highway 
appear to be underlain by hot water. How
ever, economic hot water usage would 
depend on hot water being found within 
a few thousand feet of the surface. 

Gravity Survey 

In a basin of low-density sediments 
underlain by a higher-density granitic base
ment, as is the case in the lower Susitna, 
a gravity map of the area can be converted 
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into a map showing approximate variations 
in thickness of the sedimentary section. 
Although the upper surface of the sedi
ments in the valley is essentially flat, it is 
possible for the thickness of the section 
to vary considerably because of the old, 
buried topography in the granitic base
ment. Estimates of thickness of the sedi
mentary section will be important for 
planning the drilling depths for future geo
thermal wells in specific sites in the basin. 

Figure 7 is a gravity map of part of the 
study area, based on data from our 1981 

12survey and some data from Barnes11
•

and Thiel et al. 13 The survey was carried 
out using a Worden gravimeter no. 491 
which has a battery-operated thermostat 
control unit. Altitudes were determined 

Figure 5. Map of the lower Susitna basin 
showing helium concentrations in soil, soil 
gas and water samples. 

Figure 6. Map of the lower Susitna basin 
showing estimated areas of high helium con
centrations (shaded areas). 

from various sources. Benchmarks with 
known surveyed altitudes were occupied 
wherever possible. 

Two gravity highs, labelled H in Figure 
7, are interpreted as representing north
south-trending basement ridges separated 
by a broad basement valley. South of the 
Castle Mountain Fault the sedimentary 
section is at least 12,000 feet thick. The 
gravity anomaly associated with this high
angle reverse fault is evident in the data. 
The regional anomaly due to the large ver
tical offset of the Castle Mountain Fault 
was removed from the data by use of a 
two-dimensional model. A high-angle 
reverse fault dipping at 60° with a density 
contrast of 0.375 was found to give reason
able fit to the data from about four miles 
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Figure 7. Map of the lower Susitna basin with 
simple Bouguer gravity anomaly contours in 
milligals. The two gravity highs are labeled H, 
and the cross section A-A' (see Fig. 9). 

Figure 8. Residual gravity anomaly map of 
the lower Susitna basin. Estimated areas of 
anomalously high helium concentrations 
from Figure 6 are shaded. 

south-southwest of the fault to 12 miles 
north-northwest of it. A vertical offset of 
10,150 ft was assumed for the fault. Fig
ure 8 shows the contour map with the 
residual gravity anomalies. The main fea
tures remain: two high ridges in the base
ment separated by a depression. Although 
we did not have sufficient time to extend 
the detailed gravity coverage to the west, 
a few data points indicate that the basin 
becomes deeper towards the Susitna River. 

On Figure 9, the cross section A-A', 
which contains the control point Red Shirt 
Lake #1, cuts across the two gravity ridges 
separated by a depression. The estimated 
depth to the top of the eastern basement 
ridge varied between 57 ft and 535 ft, for 
sediment densities of 2.32 and 2.12 respec

tively. We think these are reasonable den
sity limits. The estimated sediment thick· 
ness in the depression between the ridges 
ranged between 1210 ft and 1485 ft. We 

used the actual values along the profile 
for the sediment thickness calculations. 
Smoothing and using an average value for 
the profile would change these thickness 
values somewhat. 

By extension, the gravity high west of 
Willow is estimated to be underlain by 
granodiorite at a depth between 50 and 
500ft. 

Granitic basement rocks are not likely 
to contain aquifers, except where they are 
deeply weathered and in local fault and/or 
fracture zones. The Tertiary sediments in 
the area, however, are believed to contain 
excellent aquifers, based on available well 
logs. Helium anomalies exist at both the 
western gravity high and on the east flank 
of the eastern gravity high. It follows that 
geothermal aquifers may be encountered 
at shallower depths in these areas than in 
the area of the intervening basement valley, 
since there are thinner sedimentary sec
tions over the inferred basement ridges. 
For future work in these areas, the depths 
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Figure 9. Residual gravity profile for cross section A-A' (see Fig. 7). Lower part shows 
gravity data for Bouguer corrections of a = 2.32 and 2.67. Upper solid and dashed 
lines define sedimentary section depth limits for sediment densities of 2.32 and 2.12, 
respectively. 
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to basement can be determined by refrac
tion seismic profiling, galvanic resistivity 
vertical sounding and normal water well 
drilling. 

Geologic Mapping and Sampling 

No surface manifestations (such as hot 
springs or vegetation anomalies) of the 
inferred geothermal system in this area 
were found during our initial reconnais
sance. We spent two days mapping and 
sampling pegmatites in the Talkeetna 
Mountains and at Mt. Susitna, the granitic 
highlands bordering the basin. Adequate 
helicopter time was not available for this 
phase of the project and the survey was 
necessarily cursory. Fifteen samples were 
analyzed for uranium and thorium. None 
had values that can be considered anoma
lous. The low values do not support the 
radiogenic heating hypothesis, but our 
sampling was much too limited to provide 
a meaningful constraint for this hypothesis. 

Cuttings and granodiorite core were also 
analyzed from the Red Shirt Lake #1 and 
Fish Creek #1 wells (Fig. 1). The Fish 
Creek core contained low background 
levels of U and Th. Four picked samples 
of cuttings were prepared from the Red 
Shirt Lake well. Two of these contained 
low background levels of U and undetect
able Th, but the other two samples con
tained about 10 to 15 times the normal 
background U value for granite. These 
values may be encouraging for the radio
genic heating hypothesis, although it is 
possible that they may be due to unde
tected uphole contamination from over
lying sediments. 

As previously discussed, it is known 
that very high U and Th values are present 
in at least one area of the Talkeetnas; 
however, Forbes6 and Eakins and Forbes7 

report low regional background values of 
U and Th for the Talkeetna Mountains 
batholith. It is clear that more work will 
be needed to complete the evaluation of 
the two alternate models for the geother
mal system in this area. 

Seismic Reflection Profile 

The sedimentary section indicated in 
the log of Red Shirt Lake #1 is too thick 
for practical use of seismic refraction 
shooting to determine depth to the granitic 
basement. We made an experimental seis
mic reflection profile centered 2400 ft N E 

of the Red Shirt Lake #1 well, using a 
Geometries Nimbus 12 digital seismograph. 
The Nimbus 12 is not designed for reflec
tion work-it lacks automatic gain control 
and in-the-field channel mixing, To over
come these equipment limitations, we 
modified some 16-seismometer cables to 
match the input characteristics of the 
Nimbus 12. Thus we could put a spread of 
16 seismometers onto each channel. The 
spread of each group of 16 was chosen so 
that waves travelling nearly horizontally 
were cancelled out while waves propaga
ting nearly vertically added constructively; 
reflections were enhanced and surface 
waves and shallow refractions diminished. 

A 165 m array was set out, using 15m 
between group centers and 3 m between 
each geophone. Well-defined reflections 
were obtained although the 3 m spacing 
chosen was not optimal for the wavelength 
of the ground waves. Because no velocity 
vs. depth data were available to us for the 
sedimentary section, we can only calculate 
approximate depths to reflectors. 

First arrival travel time plots indicate a 
weathered layer about 10m thick with a 
velocity of 690 m/sec. The refracting layer 
underlying the weathered zone appears 
somewhat heterogeneous, with a velocity 
of about 1700 m/sec. We obtained a reflec
tion event at about 700 ms and a long path 
multiple at 1400 ms which appears to be 
from the granitic basement contact near 
565 m depth. The reflection events indi
cate a reflector dipping steeply to the 
southwest, which is in very good agree
ment with the gravity model profile shown 
in Figure 9. Although we do not have de
tailed velocity information, from these 
results it appears possible to do continu
ous profiling, by starting from a well with 
known basement depth, to augment the 
gravity data in a future study_ 

ECONOMIC PROBABILITIES 

An economic feasibility study for geo
thermal energy utilization for the proposed 
capital site in the Willow area was conduc
ted in 1979 by the Oregon Institute of 
Technology. 14 Based upon the tempera
turefound in Red Shirt Lake #1 well, north 
of the Castle Mountain Fault, the econo
mics appeared to be quite favorable. The 
OIT study examined five different options 
for using the assumed resource for residen
tial space heating, with varying well depths, 

different water temperatures, and various 
heating systems. The report concluded 
that none of these options had a payback 
period longer than seven years, and one 
would pay for itself in fuel savings alone 
in about three years. 

The OIT report's general conclusion of 
favorable geothermal economics would 
appear to be relevant for the study area 
north of the Castle Mountain Fault regard
less of the outcome of the capital move 
issue, assuming that present population 
growth trends continue. The economics 
would be even more favorable if geo
thermal reservoirs exist at the shallower 
depths (200-550 ft) suggested by the 
gravity modelling and helium survey. How
ever, the thickness of sediments south of 
the Castle Mountain Fault is much greater, 
and the economics of geothermal use in 
the Big Lake-Wasilla area would depend 
upon the presently unknown depths and 
temperatures of any geothermal reservoir. 

19831NVESTIGATIONS 

Subsequent to our 1981 geothermal 
exploration work, the Alaska Council on 
Science and Technology funded the Geo
physical Institute to carry out further 
detailed surveys in the area and to drill one 
or more shallow test holes. In July 1983, 
a crew consisting of co-principal investiga
tors D.L. Turner and E.M. Wescott, 
assisted by D. Bratt, R. Cottrell and B. 
Petzinger, carried out two and a half weeks 
of field work from the road system and 
with helicopter support in roadless areas. 

The previous helium survey was extend
ed to Palmer, and areas of interest were 
resampled in greater detail. Conditions 
were very dry in 1983 compared to the 
extremely wet conditions in 1981. As a 
result, the patterns of helium soil anom
alies changed somewhat. No helium anom
alies were found near Wasilla or Palmer. 
The mercury content of the soil was also 
sampled at as many stations as possible. 
(Mercury also has been shown to be an 
effective indicator of moderate- to high
temperature geothermal areas.) Geophys
ical techniques to locate depth to bedrock 
or geothermal reservoirs were employed 
in several areas of interest near or on the 
road system. 

Seismic refraction profiles on the grav
ity high west of Willow Lake may have 
located the granitic basement within the 
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reach of water well drilling rigs. Electrical 
resistivity vertical soundings and profiling 
revealed several areas underlain by the 
low resistivity characteristic of geothermal 
water. However, a cold, highly saline 
ground water was found in several wells 
from Nancy Lake to Willow Creek road. 
The cold saline water would produce the 
same resistivity indications as hot water. 

Self-potential surveys (which often 
show large anomalies in geothermal areas) 
were run over several promising areas. 
However, the dry conditions and high resis
tivity gravel tended to produce high noise 
profiles. 

Analysis of the 1983 work is in prog
ress, but may not be definitive because of 
the complexity of the results. The final 
test of a geothermal prospect is the drilling 
of test wells-often quite a few before 
reservoirs are located. The test drilling to 
evaluate the helium and geophysical survey 
anomalies will be carried out late in 1984. 

SUMMARY AND PRELIMINARY 
CONCLUSIONS 

Four dry wildcat wells drilled in the 
lower Susitna basin have encountered an
omalously high temperatures, suggesting 
that low temperature geothermal resources 
might be present which could be used for 
space heating and agriculture. There are 
no known surface manifestations of a geo
thermal resource in the area. North of the 
Castle Mountain Fault the basin contains 
about 2000 ft of coal-bearing Tertiary sedi
ments overlain by glacial drift and under
lain by a granitic basement. South of the 
fault the basin has been downdropped and 
contains a much thicker sedimentary sec
tion. 

A helium soil gas and water survey was 
conducted with an approximately one-mile 
grid spacing in order to explore for hot 
water reservoirs at depth. The helium data 
corroborate the temperature anomalies in 
the three hot wells studied and suggest that 
discontinuous hot water reservoirs total
ling at least 40 square miles may be pres
ent in the Willow-Big Lake area. The he
lium anomalies extend to within six miles 
of Wasilla, but are not present at Wasilla 
or Palmer. 

A gravity survey of the area indicated 
that two basement ridges are present. The 
Tertiary sedimentary section containing 
good aquifers is inferred to be thinner over 

these ridges than in adjacent areas and is 
believed to be accessible by normal water 
well drilling techniques. Helium anomalies 
are present over both basement ridges. 
Geothermal aquifers are therefore likely 
to be encountered at shallower depths 
over these ridges than in adjacent areas 
studied. 

We have postulated two possible mod
els-radiogenic heating of aquifers by U
and Th-rich basement pegmatites (Fig. 2), 
and fault-controlled hydrothermal convec
tion (Fig. 3) -to account for the geother
mal system in the area studied. The very 
large extent and apparent elongate orien
tation of most helium anomaly patterns 
appear to favor the fault model. 

Our initial study appears to indicate 
that a substantial geothermal resource may 
be present in the Willow-Big Lake area. 
However, very large gaps exist in the pre
liminary data base we have used to delin
eate this resource, and the nature of the 
geothermal system supplying the reservoirs 
is not understood. Reservoir depths and 
thicknesses are presently unknown. We 
have also been unable to determine the 
lateral extent of the suspected reservoir 
system. 

We emphasize that the presence of hot 
water has not yet been confirmed in the 
study area. Indirect evidence from our 
helium survey is very encouraging, but the 
actual confirmation of the suspected geo
thermal resource will require exploratory 
drilling and well testing. Drilling should be 
relatively inexpensive due to the shallow 
depths to suspected reservoirs inferred 
from the gravity survey. 
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Remote Sensing In the North 

REMOTELY SENSED RESCUES 
by John M. Miller 

What comes to mind when one considers remote sensing 
in the north? Snow and ice, among other things. The remote
sensing capacity featured in this article looks at a common 
hazard to shipping in icy arctic waters. 

The annual barge flotilla to Alaska's North Slope never 
had it so bad as the Soviet maritime industry in the western 
Chukchi Sea this winter. These two Landsat photos, provided 
by the "Quick-Look" eye of the Geophysical Institute's North
ern Remote Sensing Laboratory, document activities of Soviet 
icebreakers in rescuing a number of ships caught by this winter's 
early ice. The region is located about 500 km west of Point 
Hope, Alaska, 225 km south-southeast of Wrangel Island, and 
about 85 km east of the Siberian settlement of Cape Schmidt. 

These images were acquired just two days apart, shortly 
after the Soviet news agency Tass first reported arctic shipping 
difficulties of great magnitude. Figure 1 shows that the icebreak
ers, presumably including the atomic-powered "Brezhnev", 
have broken two loops in the ice (at "C" and "D") after carving 
a slanting trail from the more open ice near the upper right edge 
of the image. The loops were probably taken to encompass one 
or more ships stuck in the ice at that region. The Siberian coast 
appears in the lower left corner. 

Figure 2, taken two days later, documents further activities 
of the Soviet icebreakers. The trail leading to "C" and "D" 

Figure 1. Landsat image showing the initial phase of the rescue 
of ice-bound Soviet ships, October 22, 1983. 

John M. Miller is Senior Applications Engineer at the Northern Remote Sensing Laboratory, Geophysical Institute, University of 
Alaska, Fairbanks. His interests include systems engineering and digital-image processing related to remote-sensing applications. 
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now extends northward to another loop at "E", thus marking 
another presumed rescue attempt. The icebreakers then pro
ceeded further north to "F", where there is a much smaller 
loop (and possible rescue), before exiting the solid ice pack in
to the broken, large floes of the multi-year ice of the Chukchi 
Sea. 

Figure 2 also shows how the bold, broad access trail into 
the region of "C" and "D", initially 200 to 300 meters wide, 
has tended to close and freeze in just two days' time. And to 
the right of the "CDEF" operations is evidence of previous 
rescue efforts involving two loops at "A" and "8", with acorn· 
bined ingress and egress trail leading southward from the broken 
ice area. We speculate that these Landsat images reflect rescue 
efforts involving one or more ships in at least six separate loca· 
tions. In view of the initial Soviet reference of up to 50 ships, 
we may have here a record of an exceptional encounter of 
modern ships with sea ice. 

Also noteworthy is the major lead and a network of smaller 
leads that developed in the general region of the rescues since 
the first day's coverage. It is obvious that by the second day a 
strong offshore wind had stressed the shorefast ice, caused the 
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Figure 2. Landsat image showing nearly completed rescue 
operations, new fracture zones and open leads in the ice, 
October 24, 1983. 

major leads to develop, and broken up the formerly tightly 
packed multi-year ice. Ice thicknesses cannot be determined 
directly from Landsat data, but Institute experts on sea ice 
expect that the annual ice there should be less than one meter 
thick at this time of year. They also speculate that the shipping 
disaster was caused by multi-year ice being transported to this 
region much earlier than normal by unusual wind patterns, as 
shown on the seaward side of the ice boundary between the 
annual ice (near the shore) and the multi-year ice where the 
ships were trapped. 

Details of the real dimensions of this disaster, or near· 
disaster as the case may be, are hard to come by in the West, 
but one lesson is obvious-that the continuing saga of men 
battling the sea in ships could benefit immeasurably from 
timely satellite data to improve forecasts of navigation haz· 
ards, among other things. + 
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(continued from page 14) 

and d is the water depth. A tsunami gen
erated at Augustine would cross Cook In
let to English Bay and Homer in about 
half an hour. 

Lava Flows and Domes 

Volcanic domes are formed by viscous 
masses of magma moving up into a volcanic 
vent and forming a plug. Due to the high 
viscosity, domes show little tendency to 
flow. Continued upward movement ofthe 
magma mass may eventually oversteepen 
the dome, leading to its collapse, debris 
avalanches or pyroclastic flows. Both 
dome formation and partial collapse are 
highly probable events during future 
Augustine eruptions. 

Lava flows represent the rather quiet 
movement of lava out of the volcanic vent 
and down the flanks of the volcano. Lava 
flows may bury structures. If a hot lava 
flow encounters snow, melting may pro
duce wet debris flows. Due to the high 
viscosities of Augustine magmas, lava 
flows are not common on the volcano. In 
fact, only one major lava flow has been 
identified on Augustine Island. 

Tephra 

Tephra, as used in this article, refers to 
rock of any size erupted into the air by a 
volcano. The rock may initially be molten 
magma, but this material quickly solidifies 
upon entering the air. 

Hazards associated with tephra from 
Augustine Volcano include impact from 
falling particles, contamination of air with 
ash and, closer to the vent, thermal effects 
associated with hot ash. 

Tephra particle size ranges from less 
than one millimeter to several meters. Lar
ger fragments, termed bombs (diameter 
greater than 5 em). generally fall near the 
volcanic vent while the smaller lapilli (di
ameter 5 em to 3 mm) and ash (diameter 
less than 3 mm) are carried further from 
the vent. The finest-grained ash may be 
injected into the stratosphere by very ex
plosive eruptions and from there be dis
persed on a global scale. 

Winds strongly affect ash dispersal. As 
in the 1976 eruption, ash can be spread in 
opposite directions by surface winds and 
winds aloft. Some of the very large Janu
ary 1976 explosions penetrated the tropo
pause, depositing very fine aerosols and 
sulfur gases in the stratosphere. Kienle and 

Shaw10 demonstrated an increased turbid
ity of the stratosphere over Mauna Loa, 
Hawaii, following the January Augustine 
eruption. From trajectory analysis at the 
300 mbar (9 km) level, they further de
duced that the bulk of the January 23 
plumes were transported along the base 
of the subpolar jet stream following a 
southeasterly path over western Canada, 
across the western United States, into Ari
zona and then turned northeast over the 
mid-western states and the Great Lakes, 
to southeastern Canada and out into the 
Atlantic. The passage of the plume was 
seen over Tucson, Arizona, at an altitude 
of 7 ± 2 km in the evening twilight on Jan
uary 2521 and was instrumentally observed 
over Hampton, Virginia, at 12-14 km alti
tude on the evening of January 28. 22 

This very long distance transport of ash 
and sulfur compounds in the atmosphere 
and stratosphere occurred only for 
products of the more powerful initial 
vent-clearing eruptions, which injected 
material to heights of up to 14 km. The 
later less powerful and less voluminous 
eruptions ejected plumes to more moder
ate heights of up to about 6 km, and 
consequently tephra fall was more 
localized. 

Ash falls from Augustine Volcano can 
be expected to affect much of the Cook 
Inlet area from Anchorage to Kodiak and 
out to the Gulf of Alaska. For explosive 
eruptions, high altitude winds will control 
the ash dispersal. Prevailing high altitude 
winds at Kodiak are from the west and 
southwest. This wind pattern would force 
Augustine ash across Cook Inlet toward 
Homer. The lower Cook Inlet area may 
experience ash falls up to a few em in thick
ness. Table 1 gives ash collection data from 
the 1976 eruption. Heavy local ash falls 
at Iliamna and the lower Kenai Peninsula 
communities could harm vegetation and 
livestock and also contaminate surface 
water supplies, making them more acid. 

Machinery and aircraft turbines may suffer 
from severe abrasion and corrosion. In Wil
cox's excellent 1959 discussions of the 
effects of ash falls on cultivated areas, he 
gives a detailed account of ash fall over the 
city of Anchorage in July 1953, associated 
with an eruption of Mt. Spurr 125 km east 
of the city, and he also discusses the effects 
of the great 1912 Mt. Katmai eruption on 
vegetation, livestock and man. 23 The pa
per contains useful tables on the effect of 

gases on plants (p. 452) and on humans (p. 
443). It is worth noting that for both the 
Katmai and Spurr eruptions, ash dispersal 
was principally to the east, just as we 
observed for the 1976 Augustine erup
tions, confirming the prevailing high-alti
tude flow from the west or southwest in 
the Cook lnlet/Katmai region, regardless 
of season. 

During a period of heavy ash fall, the 
air is charged with ash particles that could 
be harmful if inhaled. A simple air filter 
(respirator) will remove the ash particles 
and render the air breathable. In January 
and February 1976, the air was extremely 
dusty in the vicinity of Augustine Island, 
even when the volcano was not in eruption, 
because strong winds picked up the dust 
from the island and spread it for tens of 
km offshore. 

Widespread fall of tephra can also have 
positive effects. Mathisen and Poe reported 
that the 1976 Augustine ash falls over 
Lake Iliamna had almost immediately 
boosted primary production. 24 The input 
of phosphorus and silica into the biologic 
system apparently increased chlorophyll 
and phytoplankton concentrations and 
produced a great change in species compo
sition, favoring silica-utilizing diatoms. 

Thorarinsson noted the complete dis
appearance of cod on the coast south of 
Iceland for two days following the ash fall 
of Hekla in 1947.25 Perhaps such short
lived migrations of fish do occur near Au
gustine following extensive tephra deposi
tion offshore, but no one has reported this 
yet. 

Tephra deposits are widespread on Au
gustine Island. Generally, the tephra layers 
are thin, on the order of a few millimeters 
to a few centimeters around the periphery 
of the island. Bomb distribution is restric
ted to the flanks of the volcano where the 
surface is littered with these large frag
ments. In 1976, bombs as large as 10 to 
15 em in diameter, weighing at least 1 kg, 
fell ballistically through the roof of the 
Burr Point research station 5.5 km from 
the summit. We infer that the bombs 
must have been transported in an oblique 
trajectory within an eruption column to a 
considerable height (several km) above 
the summit to attain that range. 

Grain size rapidly decreases with dis
tance from the volcano. For example, the 
maximum grain size of pumices (density 
.99 g/cm3 

) at Oil Point 35 km north of 
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TABLE 1 

SUMMARY OF AUGUSTINE ASH FALLOUT COLLECTED AT 


VARIOUS ALASKAN NATIONAL WEATHER SERVICE STATIONS 

AND OTHER SOURCES FOLLOWING THE JANUARY 23-24, 1976 ERUPTION 


Location* Date 

Anchorage 
(11th and E Streets) 
Cantwell 

McGrath 

Seldovia 

26 Jan. 

26 Jan. 
28 Jan. 
26 Jan. 
27 Jan. 

28-30 Jan. 
23 Jan. 

23 Jan. 

(Compiled by R. Motyka) 

Period of Collection 
Time (AST) Collection Area 

19:00 ==:2hrt 1 ft2 

15:30 
9:45 
? 
? 
? 

(after 1st eruption, ==: 1 m2 

before second) 
18:30-19:30 1 hr .92m2 

(after 2nd eruption) 
24 Jan. No observable fallout 

Talkeetna 26 Jan. 18:10 
27 Jan. 17:05 

Valdez (downtown) 26 Jan. 15:00 3 ft2 

Following February 1976 Eruption 
Homer 6-7 Feb. 16:30-16:00 23.5 hr 1m2 

*No trace was found at Iliamna (23·24 Jan.), Homer Spit (23 Jan., 6 Feb.) or Oil Point (29 Jan.) 
t Collector observed bulk of ash fall between 09:00·11 :00 AST, 25 January 1976. 
1:. First eruptive event only. 

:j: Second eruptive event only. 


the volcano was 15 to 20 mm. Damage and 
injury due to large falling blocks are prob
ably restricted to within a radius of about 
10 km of the volcano. 

For the dispersal of finer tephra par
ticles we may be able to use Hekla volcano 
as an analogy. Thorarinsson found that at 
3 km distance from the vent 80% of the 
material was between 0.15 and 5 em in 
diameter (maximum size 6 em). at 30 km 
80% was 0.05 to 0.50 em diameter (max
imum size 1.5 em) and at 70 km the max

23 25imum size was 0.2 cm. • The exact 
ranges depend on local wind conditions, 
muzzle velocities and height of the erup
tion column. 

Hazards to aircraft flying near or over 
an erupting volcano can be quite substan
tial. Takeoff and landing on ash-covered 
runways may be temporarily impaired, if 
not completely impracticable, due to very 
low visibility. Kienle and Shaw have 
documented hazards to aircraft pene
trating high altitude eruption clouds at 
large distances (>100 km) from the erup

ting volcano in January 1976.10 One of 
the eruptions occurred in the midst of an 
air defense exercise. The following is an 
excerpt of a report by two F-4E Phantom 
Jet pilots who had taken off from Galena 
on January 22, 1976, bound for King 
Salmon: 

The two jets were flying in clouds, 
cruising at 31,000 feet (9 km). We 
were still in the weather when sud
denly at 14:30 AST (January 23, 
00:30 U.T.), the ordinary grey clouds 
slightly darkened for a moment or 
two, then there was instant complete 
darkness. There was no turbulence 
associated with this darkness. The 
two jets were flying in close forma
tion about 10 meters apart. Had the 
lead plane not immediately turned 
on its lights, the following pilot 
would have lost contact; he could 
barely see the lead plane 10 meters 
away with its lights on. Upon land
ing in King Salmon the canopy of 
the aircraft was scoured, and the 

Weight (gm) of 
Accumulated Ash 

Fallout 
gm/m 2 

Fallout Rate 
gm/m 2 -hr 

5.1 54.9 ==:27.5t 

trace 
negI. 
trace 
trace 
negI. 

62.7 gm 1:. 

171.5 gm+ 

=:::62.7* 

_:j: 185.6 

trace 
neg I. 
.53 .63 

12.33 12.33 .52 

paint at the wing tips was sandblast
ed off. Very fine jewelers' rouge
colored material was ingested into 
the cockpit through the engine air 
intake. The material was sticky and 
was found in every nook and cranny 
of the planes. 
A second incident concerns three Jap

anese Airline jet aircraft in route to Tokyo 
on January 25, 1976 (as reported by Mr. 
K. 	Noguchi of Japanese Airlines): 

Cargo flight JL672 took off from 
Anchorage at 16:00 AST (January 
26, 02:00 U.T.). The DC8 was just 
about to reach its cruising altitude 
of 33,000 ft (10 km), 25 minutes 
after takeoff, travelling along air 
route J501, when it suddenly en
tered an Augustine ash cloud near 
Whitefish Lake, 25 km southeast of 
Sparrevohn. Upon landing in Tokyo 
the scoured center windshield had 
to be replaced and much ash had 
adhered to the plane. Slight abrasion 
damage was found on external radio 
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parts, landing gears and the air
conditioning system, but none of 
these parts needed to be replaced. 

Two other passenger planes, a Boeing 
747 and a DC8, also bound for Tokyo and 
departing an hour later, reported ash sud
denly adhering to the planes near Sparre
vohn which also caused minor damage but 
not as extensive as that to flight JL672. 

Passenger aircraft along air traffic routes 
near Augustine Volcano (e.g., Anchorage
King Salmon route) should divert from 
the volcano when it is in eruption. Unfor
tunately, diversions are frequently taken 
in the opposite direction, over the erupting 
volcano, in order to give the passengers a 
better view. How dangerous this can be 
was demonstrated during eruptions of 
Sakurazima Volcano in Kuyushu, Japan, 
on December 18 and 24, 1979, when fly
ing bombs cracked the windshields of two 
low-flying domestic aircraft. Fortunately, 
both planes landed safely.26 

Altitude alone may not provide ade
quate protection for aircraft. Passengers 
and crew aboard British Airways flight 9 
on the night of June 23, 1982, were not 
sightseeing; they were flying at 37,000 
feet on a regularly scheduled flight from 
Kuala Lumpur in Malasia to Perth, 
Australia. The trip was routine until the 
Boeing 747 passed about 100 miles 
south of Sumatra - and apparently the 
stars went out. The sudden exterior 
blackness was replaced by a brilliant dis
play of St. Elmo's fire across the wind
shield, instrument panel, and engines, 
but the crew had little time to marvel at 
the electrical show: within minutes, all 
four of the plane's engines had failed. So 
had some of the instruments. A thick, 
choking fine dust and sulfurous odor 
permeated the cockpit and cabin. Thirteen 
minutes later, and 25,000 feet lower, the 
crew was able to restart the engines. As 
they approached Jakarta for an emergency 
landing, the pilot fretted that he could 
see no ground lights; in fact, the crew 
could see nothing at all through the cock
pit windshield. It was completely opaque. 
Flight 9 nevertheless landed safely, and 
it was only after they were on the ground 
that passengers and crew learned that they 
had survived a flight through a volcanic 
ash cloud. Mt. Galunggung on Java had 
erupted a few hours before the flight had 
taken off, only miles upwind from its 
flight path. Ash from the eruption had 

"sandblasted" the windshield and melted 
into ceramic-like deposits on the surfaces 
of the engine turbines. About three weeks 
later, Mt. Galunggung erupted again- and 
the ensuing ash cloud sent a Singapore 
Airlines 747 limping into Jakarta on two 
engines. 2 7 

Large electrostatic charge buildup in 
active eruption columns can cause severe 
lightning storms, which may strike passing 
vessels or aircraft or block radio communi
cation. For example, we tended to lose 
our radio VHF signals from a seismic 
station behind the volcano when eruption 
columns were well developed. Eruption 
clouds can be seen on land- or ship- and 
aircraft-based radar. 10 During summer 
eruptions, forest fires may be started by 
lightning around the shores of Kamishak 
Bay. 

Visibility can be greatly reduced for 
short periods of time and at relatively large 
distances (> 100 km) when an ash-laden 
eruption cloud passes overhead. For pro
longed ash falls, even at moderate ash fall 
rates, the lasting darkness, if combined 
with interrupted radio, telephone and elec
trical services, could cause severe psycho
logical stress, perhaps panic. Near the 
volcano such conditions can be extreme 
and last for days. During many historic 
eruptions, survivors have reported that 
day becomes as dark as night. 28 Under 
these circumstances, evacuation of person
nel from, say, a drilling or producing 
platform offshore Augustine Island may be 
quite difficult. Heavy ash accumulations 
may have to be cleared from the roofs of 
such structures to prevent their collapse, 
and persons may have to wear respirators 
for days. 

Volcanic Gases 

Large quantities of gas are evolved from 
juvenile melt during an eruption because 
of the great decompression that occurs 
when new melt actually reaches the sur
face, but active volcanoes also emit gases 
without erupting molten material. 

Water vapor is the most common gas, 
followed by carbon dioxide, sulfur com
pounds (S02 and H2 S), carbon monoxide, 
chlorine and smaller amounts of other 
gases (CI2 , F2 , N+ rare gases, ±H 2 ). 

The dispersal of volcanic gases is pri
marily controlled by near-surface winds. 
Gases are most concentrated near the vent 
but become rapidly diluted downwind. 

Odors can often be smelled many tens of 
km downwind (a table that relates the 
concentrations of various gases to initially 
objectionable odor and to maximum 
allowable human exposure is given in ref. 
19, p. 443). so2 can be smelled at concen
trations of only 1 ppm, while the maximum 
tolerable amount is 10 ppm; chlorine is 
more dangerous, however, because while 
only 0.35 ppm are allowable, concentra
tions must be as high as 3.5 ppm before it 
can be smelled. Volcanic gases from Augus
tine Volcano can be spread by surface 
winds over the lower portion of Cook In
let. During the 1976 eruptions the gases 
were mainly dispersed east-northeast. In 
order to map out the most vulnerabledirec
tions we would need reliable average sur
face wind data for every month of the 
year at Augustine. 

Volcanic gases may be harmful if in
haled in sufficient concentrations for a 
long time. Hazards from such gases include 
suffocation, irritation of eyes and respira
tory systems, and corrosive effects asso
ciated with acid compounds. The presence 
of chlorine or one of the sulfur compounds 
produces irritation and a burning sensation 
in the eyes and lungs. However, at any 
distance from the eruption, these gases are 
mixed with air and ifthe chlorine or sulfur 
gas is removed by simple filtration (indus
trial gas masks work well) the air is safe 
to breathe. If a mask is not available, a wet 
cloth over mouth and nose does wonders, 
especially when wetted with a dilute solu
tion of sodium bicarbonate (e.g., baking 
soda or medicinal powders sold for acid 
indigestion). 

Freak accidents sometimes occur in 
volcanic areas when odorless C02 pools 
in topographic depressions. On February 
20, 1979, during eruptions of Dieng Vol
cano in Indonesia, 149 persons were killed 
by gas containing mainly C02 and H2 S 
which ponded in a low-lying area beside a 
road. People fleeing along the road to get 
away from the eruptive activity entered 
the pool of gas and suffocated. 29 

Chlorine and sulfur gases are extremely 
corrosive to metals. Rainwater combining 
with chlorine and sulfur gas can produce 
acid rains that are harmful not only to 
metals, but also to vegetation. Acid rains 
during the 1912 Mt. Katmai eruptions 
spread to Seward and Cordova and even 
to Vancouver (B.C.) and Chicago.28 The 
bulk of the acid in these rains is sulfuric 
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397 acid, as S02 combines with H2 0 in the 
atmosphere. Dilute solutions of baking 
soda or alkaline soap help to neutralize the 
acid and can be used to wash metal objects 
and irritated skin and eyes. 

During eruptions involving new melt, 
as is the case for all historic Augustine 
eruptions, the volcano emits large amounts 
of sulfur dioxide and also substantial quan· 
tities of chlorine. 30 

In summary, gas-related hazards from 
Augustine Volcano are primarily related 
to the corrosive effects of chlorine and 
sulfur gases and accompanying acid rains. 
Hazards to health or life from these gases 
can largely be removed by simple filtration. 
Corrosion of metallic structures in lower 
Cook Inlet will be a problem during erup
tions of Augustine Volcano. The concen
trations of the gases and hence the level 
of the hazard is of course greatest near 
the volcano. 

HAZARD ZONES 

All of Augustine Island and much of 
the lower Cook Inlet area will be affected 
by future eruptions of Augustine Volcano. 
The approach to hazard zoning taken in 
this report follows the example of Crandell 
and Mullineaux for Mt. St. Helens Vol
cano. 31 The zones presented here list 
areas of potential danger from different 
eruption-related hazards, without distin· 
guishing between hazards to life and 
property, and then assess these hazards in 
terms of magnitude and expected frequen
cy. 

Assumptions 

Two key assumptions are made in the 
hazard zone analysis: 

First, the future eruptive pattern for 
Augustine Volcano will be similar to the 
past eruptive history. Magma composition, 
which plays a big role in determining the 
mode of eruption, has been relatively con
stant on Augustine Volcano for at least 
1500 years, implying a similar eruptive 
style for the past 15 centuries. The volcano 
has erupted several times per century and 
this active pattern is expected to continue. 

A second assumption involves the re
gional extent of hazard zones. Data are 
incomplete or nonexistent for some types 
of hazards associated with Augustine erup
tions, such as the extent of pyroclastic 
flows around Augustine Island and how 
far the associated hot gas clouds would 
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travel out to sea. In such cases historical offshore deposits, may change the hazard 
analogues have been selected to model the zones shown on Figure 6. 
Augustine hazards, especially the 1902 

Very High Risk Hazard Zone 
eruption of Mt. Pelee, 32 the 1951 erup
tion of Mt. Lamington in Papua,15 and A very high risk hazard zone includes 

the 1980 eruption of Mt. St. Helens. 33 all of Augustine Island and an offshore 

All of these volcanoes are characterized region to the northeast of the island (Fig. 
by a similar chemistry and eruptive style 6). Within this zone, hazards are associated 
and thus can serve as good models for with pyroclastic flows (nuees ardentes). 
eruptions at Augustine. volcanic bomb fall, dry debris avalanches, 

Hazards from Augustine Volcano are wet debris flows, tephra accumulation and 
principally associated with pyroclastic volcanic gases. 
flows, debris avalanches and tephra fall. Pyroclastic flows should be expected 

Hazard zones are shown on Figure 6. to accompany every eruption. Hazards 

Four hazard zones ranging from low risk accompanying these flows are associated 

to very high risk are distinguished around with both the basal avalanches and the hot 

Augustine Island. Boundaries between the nuees ardentes. During historic time, 
zones are not exact, but instead represent pyroclastic flows have moved down 
our best estimate of the effective range of all sides of the volcano, except for the 
a given set of hazards. Future work on southern flanks. However, postulated off
Augustine eruptive products, particularly shore debris avalanche or pyroclastic flow 

33 



Figure 7. Close-up of 1976 pyroclastic flow deposits on the Figure 8. "Hells Gate" at the base of the 1976 lava dome. Pyro
northern flank of Augustine Vol~ano. The sulfur-stained white clastic avalanches have eroded a U-shaped channel. Two persons 
appearing area at the base of the steaming 1976 dome is shown stand on old inversely graded pyroclastic flow deposits; on the 
to the right in Figure 8. (Both photographs by H.-U. Schmincke.) left is Dr. David Johnston (see Acknowledgments). 

deposits are found to the southwest of 
Augustine Island and thus future pyro
clastic flows might extend in any direc
tion. Due to the present crater config
uration and the shape of the 1976 dome, 
the next eruption is expected to direct 
pyroclastic flows initially down to 
the north flank of the volcano, hence the 
offshore extension of the very high risk 
hazard zone shown in Figure 6. Contin
ued eruption and dome removal may 
subsequently change the direction of 
pyroclastic flow and debris avalanche 
movement. 

Wet debris flows accompany many 
eruptions of Augustine Volcano and may 
continue for several years, depending on 
the amount of detritus accumulated on 
the slopes of the volcano. Wet debris 
flows may develop on any portion of the 
island and could extend for short dis
tances into offshore areas. 

A zone of volcanic bomb hazard is 
shown on Figure 6 as a circle with its cen
ter at the 1976 crater. The radius of this 
hazard zone is the distance from the 1976 
crater to the Burr Point research station, 
an area that sustained volcanic bomb dam
age during the 1976 eruption. Hazards 
associated with volcanic bomb fall may 
extend the limits shown, but we know that 
the area within the circle (including most 
of Augustine Island) is subject to heavy 
volcanic bomb fall. 

Accumulation of new material within 
the very high risk hazard zone is associated 

mainly with the deposits of pyroclastic 
flows and, to a lesser extent, with ash fall 
from eruptive clouds. During the 1976 
eruption of Augustine, pyroclastic flows 
deposited material tens of meters deep on 
the northeastern portion of the island 
(Figs. 7 and 8) whiletephraaccumulations 
from the normal ash fall formed deposits 
less than 10 em thick at the periphery of 
the island. Accumulation of air-fall tephra 
is largely controlled by the prevailing 
winds. In areas close to the volcano, 
deposition of air-fall tephra will be 
controlled by surface wind directions. 
Our experience during the 1976 eruptions 
suggests that all sectors of the volcano 
will be affected by tephra fall, with the 
northeastern and southwestern sector 
receiving most of the accumulation. 
Volcanic gas dispersal is also controlled 
by surface winds within the very high risk 
area and should follow the same pattern 
of air-fall tephra. Tsunamis associated 
with some volcanic eruptions could be an 
additional hazard. 

High Risk Hazard Zone 

The outer limit of this hazard zone is 
based on the presumed extent of offshore 
debris avalanches or pyroclastic flows. On 
the western edge of Augustine Island a 
broad submarine platform (Fig. 9) may 
represent submerged pyroclastic flow 
deposits or an old erosional bench. Be
cause of the uncertainty regarding the 

character of this terrain, the extent of the 
high risk zone in this region is uncertain. 
The western limit for this zone assumes 
that this terrain represents debris ava
lanche or pyroclastic flow deposits. If 
subsequent research proves this is not 
correct, the western extent of the high 

risk hazard zone would be reduced. 
Other offshore deposits are apparent on 

the bathymetry around Augustine Island 
and their lobate form and rough topogra
phy suggest they are debris avalanche or 
pyroclastic flow deposits. Pyroclastic 
flows did travel offshore during the 1976 
eruption, and Sparks et al. 34 documented 
submarine pyroclastic flow deposits off
shore of a volcano on Dominica in the 
West Indies. 

Hazards within the high risk zone are 
associated with debris avalanche and 
pyroclastic flows, tephra accumulation 
and volcanic gases. Hazards from pyro
clastic flows are related both to the basal 
glowing avalanches that account for most 
of the deposition of debris, and also to 
the thermal and blast effects from the 
nuee ardente that rises above the glow
ing avalanche. Hazards due to hot blasts 
from the ash cloud extend in a sear zone 
well beyond the termini of glowing ava
lanche deposition. At Mt. Pelee and 
Mount Lamington the hazard zone asso
ciated with the hot ash cloud extended 
up to twice the distance from the crater 
to the distal ends of the basal avalanche 
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Figure 9. Suspected pyroclastic flow deposits off Augustin.e Island's shore. 

hazard zone is taken to be three times the 
extent of the pyroclastic deposits. Tephra 
accumulation within this zone will vary in 
thickness from meters (pyroclastic flow 
and debris avalanche deposits) to less 
than a few tens of centimeters (air-fall 
tephra). All sectors within this zone will be 
affected by volcanic gas or air-fall tephra 
as controlled by surface wind dispersal. 

Moderate Risk Hazard Zone 

A zone of moderate risk covers most of 
lower Cook Inlet and much of the Kenai 
Peninsula (Fig. 6, insert). Tephra distribu
tion will be controlled largely by high
altitude winds. The high-altitude wind pat
tern for Kodiak (the weather station closest 
to Augustine Island with high-altitude 
wind data) shows a dominant westerly 
high-altitude wind flow. These persistent 
westerly winds account for the tephra dis
persal pattern over lower Cook Inlet shown 
in Figure 6. The outer limit of the mode
rate risk hazard zone is approximately the 
limit of one millimeter of tephra accumu
lation during Augustine's 1976 eruption. 
Moderate volcanic gas concentrations are 
expected within this zone. The major haz
ard associated with these relatively low gas 
concentrations is their corrosive effect on 
metal objects. 

Low Risk Hazard Zone 

A zone of low-risk hazards associated 

gases from Augustine Volcano covers much 
of southcentral Alaska. This hazard zone 
coincides with the area of trace tephra 
accumulation from Augustine's 1976 
eruption. Distribution of tephra within 
this zone is controlled by high-altitude 
westerly winds. Tephra accumulations are 
expected to be less than one millimeter, 
and low concentrations of volcanic 
ash will result in minor metal abrasion. 
This happened during the 1976 Augustine 

? 
1812 

Discovery 1778 

eruption, when electric utility workers on 
the Kenai Peninsula noted that their gas
fired generating turbines were performing 
more efficiently than usual. Mixed with 
the great quantities of air taken in by the 
turbines, the ash had scoured a layer of 
corrosion off the turbine blades. A little 
more ash could have presented a problem, 
since it could wear down the blades them
selves.35 

Data Gaps 

Several data gaps were found during the 
volcanic hazard assessment of Augustine 
Volcano. Some of these are currently be
ing filled while others are not being studied. 
Aside from the historic record, little tephra
chronologie data is available on the fre
quency of eruptions of Augustine Volcano. 
The short historic record ( Fig.1 0) suggests 
the recurrence interval is becoming short
er, with an average of two or three erup
tions per century occurring over the past 

C14200 years. geochronology done on 
paleosoils interbedded with tephra from 
the northeast side of Augustine Island indi
cates much longer average eruption inter
vals over the past 1500 years. To study 
prehistoric Augustine eruptions properly, 
detailed tephrachronologic studies should 
be done at sites in Kamishak Bay around 
Augustine Volcano. 

Wind data is not available for Augustine 
Island and predicting the dispersal of vol-

DATE 

with tephra accumulation and volcanic Figure 10. Repose time between Augustine's eruptive cycles is apparently decreasing. 
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canic gas and ash from the volcano requires 

use of high-altitude wind data from Kodiak 
or surface wind data from either Homer or 
Kodiak. High-altitude winds probably 
show little variation over the relatively 
short distances between Kodiak and Augus
tine Island. However, surface winds show 
considerable variation over relatively short 
distances due to the influence of surface 
topography, and thus the application of 
surface wind data from Homer and Kodiak 
to Augustine Island is probably not valid. 
Surface wind data from Augustine Island 
is much needed to assess the dispersal of 
low-altitude ash and volcanic gas from 
eruptions. 

The 1883 eruption of Augustine 
Volcano produced tsunamis of consider
able magnitude. 8 What exactly caused the 
tsunamis is not clear. Was it the sudden 
impact of a dry rock debris avalanche pro
duced by a collapse of the northern sec
tion of the volcanic edifice (Fig. 11) or 
were the tsunamis generated by fast-trav
elling pyroclastic flows entering the sea?36 

Hazards from eruption-related tsunamis 
have not been studied and warrant future 
work. 

PREDICTING THE NEXT ERUPTION 

Augustine will certainly erupt again and 
the eruptions will probably be similar in 
magnitude and style to the previous ones. 
We base this prediction on the constancy 
of volume and geochemistry that has been 
observed for the past five historic erup
tions and the composition of tephra back 
to 1500 B.P. Pyroclastic flow activity and 
lava dome formation will probably accom
pany the next eruption, with widespread 
ash falls affecting much of the lower Cook 
Inlet region, including both the eastern and 
western shores. The duration of eruptive 
activity is likely to be less than one year 
and to be intense only for a few months. 

Geophysical precursors to eruptions are 
known and are commonly monitored on 
other volcanoes, including seismicity, de
formation, changes in the electric and 
magnetic fields, changes in heat flux and 
fumarole temperatures, and changes in the 
geochemistry of the gases emitted from 
the volcano. Since 1970, we have tried 
several of these methods (except defor
mation and gas chemistry), on Augustine 
Volcano, and found seismicity the most 
reliable and practical predictive tool. 

The 1976 eruption was preceded by 
eight months of low-magnitude micro
earthquake activity, with a major earth
quake swarm of larger-magnitude events 
occurring only hours before the main 
vent-clearing set of eruptions on January 
23, 1976. A few preliminary explosions 
occurred before this earthquake swarm. In 
contrast, seismicity at Mt. St. Helens in
creased dramatically about two months 
prior to the catastrophic May 18, 1980, 
eruption, with March 20 marking the date 
of the first significant earthquake, of mag
nitude ML = 4.1. Frequent large magnitude 
events (ML = 4-5.5) and occasional har
monic tremors, indicating magma move
ment at depth, were recorded during the 
two months prior to May 18.37 The cata
clysmic blast of May 18 was triggered by 
the massive collapse of the volcanic 
edifice, which had been triggered by a 
major earthquake ( M L = 5.1). The only 
other important precursor was rapid 
uplift of an area just below the crater on 
the north side of the volcano beginning 
in late April, with as much as 6 m of 
outward bulging occurring between April 
24 and 29.38 

For Augustine Volcano, the future 
should include continued operation of 
the four-station seismic array on the island, 
and deformation should be monitored by 
geodetic means - because the future will 
certainly include more eruptions. We hope 
continued geophysical monitoring of the 
volcano will allow anticipation, if not 
prediction, of the next eruption. 
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LETTERS 


When we ran Michael Economides' article advocating a maximum of six inches of insulation in the walls of 
Fairbanks' residences (TNE Vol. 15, No.2), we suspected it might generate some reaction. Some? Good grief .. 

The following two "letters" are more properly mini-papers, but they illustrate the two main tacks the criticism 
has taken. Some correspondents took exception to the value system on which the article's arguments were based. 
That questioning of the ethics underlying the system is reflected in the first letter presented here. The other tack 
was put most succinctly by one writer: "This article is at a level appropriate to an exam or homework problem 
for CE 603, Arctic Engineering. In fact, optimal wall thickness was one question on the final exam I took from 
Dr. Eb Rice. As such it is not a contribution that merits publication; however, once published, its factual and 
analytical errors should be corrected. " The second letter presented here attacks on that factual/analytical front. 
Dr. Economides has promised to provide his own rebuttals for our next issue. 

Finally, for those of you who asked: I have no sidelines in either real estate or construction, and my own 
home has 12 inches of fiberglass in the walls. 

Some comments ... Optimum walls 
or optimum investment? 

Editor: 

The article by Michael J. Economides (TNE 15(2) :34-36) 
is about a confounding and very pertinent issue which is often 
misunderstood. Would that life's decisions were as clearcut and 
direct as his article appears to make them. 

Economides' article, especially considering his assumptions, 
is essentially accurate in its conclusions. Thus, I cannot refute 
or contradict any conclusions based on his arguments. What I 
would like to do is point up a few parallel arguments to show 
that the case for building homes in Alaska with 6-inch walls is 
not so clearcut, nor even as advisable, as he concludes. 

I also question a few of his numbers. He uses a value for He, 
the heat of combustion of heating fuel, of 145,000 BTU/gal. 
This is higher than any value I can find in the literature. For 
number 2 stove oil, a common value of 138,000 BTU/gal is 
normally assumed. Stone and Webster1 give a value for number 
2 stove oil of 140,620 on their relative energy data chart. Also, 
the more common fuel oil used in Fairbanks is number 1, which 
is similar to kerosene. It is used here because of its low temper
ature properties: it doesn't gel and clog fuel lines at -40°F. 
Stone and Webster1 rate it at 135,860 BTU/gal. It also costs 
more: $1.18/gal (1983)2 versus Economides'valueof$1.10/gal. 
Putting these latter values into his equation for annual heating 
costs yields: 

4 84 X 107 + 4.02 X 108 

CH = H~77 p = [ . (135,860)(.75~ ] (1·161 

= CH = 560 + 46x55 

This value is 14% higher than the one given in equation 10 
in the Economides article. 

The present value of heating costs, based on an 8-year 
analysis, is: 

PW = (4.96) [$560 + 4655/x] = 2777 + 23088/x 

The effect of this change is to raise the fuel cost curve in 
Economides' Figure 3 by about $500 to $700, which pushes 
the optimization toward the higher insulation levels. The num
bers are not arbitrary, however, and the incremental difference 

-Editor 

in the optimum shows that this optimization is rather sensitive 
to fuel costs. It also assumes inflation is equal to the interest 
rate, such that fuel oil is not inflated above the interest rate. 
This is a reasonable assumption, but stating it explicitly would 
serve to clarify it. 

An additional discomfort I have with Economides' con
clusion is that his context for the homebuyer's decision is 
unrealistic. He uses the present worth method, which measures 
the economic value of a decision in terms of its earning capacity. 
This assumes that the prospective home buyer is confronted 
with two equal economic choices: either buy a house or invest 
the money at some earnings rate. These are not truly equal 
options. After all, a person (i.e., family) must live somewhere, 
and the home has tax and appreciation aspects not available in 
some other investments. It's difficult to live in the money 
market. Also, the choice of capital recovery analysis over the 
present worth or vice versa, is only that-a choice. 

Perhaps the most important of Economides' conclusions, 
with which I completely disagree, is his last paragraph: 

Deciding the size of the wall may depend not so much 
on total present worth as on the present cash flow situa
tion and the resale value of the house. Since "super
insulation" does not seem to pay off, a consumer with 
a set amount of funds as down payment and a certain 
future earning capacity might consider the purchase of 
a larger house with less insulation. 
I believe, that if the buyer's present cash flow situation and 

the resale value of the house are more important than the total 
present worth, highly insulated walls are the best option, not 
the opposite, as Economides has concluded. The means used 
to do this will be the Energy Mortgage Value method (EMV). 
The fundamental intent of my argument is to encourage incor
porating energy concerns into building practice and simulta
neously develop a better housing stock in Alaska. By better, I 
mean more economical, more comfortable, more durable, and 
well designed for the climate (not more costly to the buyer!). 
This can't be done using the economic approach Economides 
cites. 

Energy prices will increase. There have been reversals recent
ly, but few people would be willing to bet on prices diminishing 
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over the next few years. To allow for the market to adjust to 
TABLE 1 the increases, there needs to be a commonly accepted method 

ENERGY MORTGAGE VALUE SCHEDULE3 of energy accounting. The resistance to this in the housing 

Mortgage Interest Rate (%) EMV (30/Year Term, S)* 

12.00 97.18 
12.25 95.42 
12.50 93.72 
12.75 91.99 
13.00 90.42 
13.25 88.81 
13.50 87.34 
13.75 85.84 
14.00 84.39 
14.25 82.99 
14.50 81.63 
14.75 80.34 
15.00 79.11 
15.25 77.88 
15.50 76.63 
15.75 75.47 
16.00 74.35 
16.25 73.26 
16.50 72.20 
16.75 71.16 
17.00 70.13 
17.25 69.16 
17.50 68.21 
17.75 67.25 
18.00 66.36 

*Values are derived from standard amortization tables. For example, at 
a 15% interest rate over 30 years, a $1 ,000 note would cost $12.64 per 
month. Dividing the $1,000 by $12.64 gives a quotient of $79.11, which 
is the principal equating to a $1.00 per month loan payment at 15% over 
30 years. 

TABLE 2 
EMV DEBT-TO-INCOME RATIO ADJUSTMENT (PITI+E)3 

Energy-
Base Home Efficient Home 

Cost $60,000 $63,000 
(base+ $3,000 EMV) 

Monthly Payment $607 $635 
(20% down) 

Taxes, Insurance $115 $115 

PIT! $722 $750 

Energy $75 $37 
($75-$38 savings) 

PITI+E NA $787 

Minimum Monthly $2,578 $2,578 
Income ($722 is 28% of $2,578) (no change) 

Debt-to-Income 28% 30.5% 
Ratio ($787 is 30.5% of $2,578) 

Ratio 0% 2.5% 
Adjustment (from the $38 per 

month energy savings) 

market is because there are so many participants: secondary 
market lenders, appraisers, builders, real estate personnel, con
sumers. But all of them need to provide, or have, a functional, 
saleable home.3 

The key to convincing everyone in the system is to develop 
an accounting system to establish the added real property value 
of energy-related home investments. 

The Energy Mortgage Value method of establishing added 
value is based on the amount of energy saved relative to the 
cost of the investment to achieve the savings. EMV is derived 
in exactly the reverse way payments on a loan are computed. 
For example, if a loan for $3,000 is financed at 15% interest for 
a 30-year period, the monthly payment would be about $38. 
This means that a $38 per month energy savings on a 30-year 
mortgage at 15% has a mortgage value of $3,000 (EMV). Table 1 
shows the EMV per dollar saved per month for various interest 
rates. A $50 per month saving results in an EMV of $4,859 at 
12% interest ($50 x 97.18 = $4,859). This means that $4,859 
could be added to a mortgage principal with essentially the 
same monthly cash flow. 

Table 2 helps to clarify what the energy mortgage value 
does for the prospective homebuyer. The table compares a 
"base" home with $75/month energy costs to an energy-efficient 
home with half those costs, $37 per month. The key to the 
EMV approach is shown in the debt-to-income ratio column. 
By crediting the new homebuyer with an EMV for his extra 
capital costs due to the PITI (principle, interest, taxes, insur
ance) of the energy-related improvements, he can now buy a 
more expensive (energy-efficient) home. The debt-to-income 
ratio is adjusted upward because less money will be needed to 
buy energy. This is the key to the EMV, and banks must be 
willing to give the debt-to-income ratio adjustment to make it 
work. The monthly cash flow is the clincher: for the energy
efficient home, the PITI + Energy, (the monthly cash flow) is 
$787; for the base case it is $797 (722+ 75), $10 more. This 
demonstrates that one can conclude exactly the opposite of 
Mr. Economides, if all the players cooperate. This is, if the 
buyer's cash flow and the resale value of the house are most 
important, the buyer would be better off buying a well-insulated 
structure (i.e., R-30 to R-40 walls, R-38 to R-50 ceilings) than 
one with 6-inch walls. 

The resale value of a superinsulated house is much more 
protected because there is less risk of energy-related deflation 
of its value. If the price of fuel doubled in five years, there is a 
good chance that Mr. Economides' "optimum" house would 
command a lowerselling cost than a corresponding well-insulated 
house. A rather extreme example of this occurred in Fairbanks 
and other areas of the country in the late 1970s. Because all
electric homes had much higher heating costs, they were dis
counted as much as $5,000 below the value of comparable oil
heated homes. 

A brief mention of the other less economic, but very 
desirable, benefits is in order. Simply burning less fossil fuel in 
the Fairbanks airshed, with its ice fog and air quality problems, 
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would be a positive feature of well-insulated housing. The house 
itself would very likely require less maintenance due to conden
sation, plumbing failure and other insulation-related problems. 
The house will be more comfortable. The quality of the housing 
stock would improve, because the economic incentive is present 
to improve the lot of the future buyer of "used" housing. 
Tighter housing, as it relates to air leakage, will also reduce heat 
loss of a home, depending on its construction. This source of 
heat loss was neglected in the Economides article. 

The conclusion is: if we gave energy conservation a clear 
recognition in our financing schemes, the result would be an 
equal cash flow for better housing with a more secure potential 
resale value. 

The Energy Mortgage Value method of financing new 
homes has already been used in the state of Washington, and 
presentations on the method were made last winter to several 
Anchorage financial leaders, to little avail. This is due mainly 
to the low-cost natural gas available in Anchorage. However, 
energy costs for the rest of Alaska are four to ten times higher 
than in Anchorage, and it is hard to understand why this method 

Optimal insulation: An alternative economic analysis 

Editor: 

In a recent article (TNE 15(2) :34-36), Michael J. Econo
mides claimed that the optimal wall and ceiling insulation 
thickness for Fairbanks was six inches. By reevaluating the 
economic assumptions, calculations, and conclusions, it can be 
shown that more reasonable economic assumptions easily justify 
much thicker insulation. 

While the physical assumptions and heat loss calculations 
are not reexamined here, two assumptions do merit more treat
ment. First, reducing the percentage of the wall that is solid 
wood and the rate of heat loss through the framing is the basis 
for many superinsulated designs. Thus, if a wall is 8" or thicker, 
a far more detailed analysis of framing techniques and heat 
flows is necessary. 

The second assumption concerns the economics of providing 
framing for different thicknesses of insulation. For example, 
the common combination of R-19 walls and R-38 ceilings is 
not justified by the approximately 10% higher temperatures at 
a home's ceiling. 1 Rather, the trusses or deep joists required to 
support snow loads make it very economical to have thick ceiling 
insulation; there is no extra cost for providing space for that 
insulation. On the other hand, 2x4s are adequately strong for 
most walls, and increases beyond 2x6s increase framing costs 
significantly. Because of these framing costs, both this article 
and Economides' are actually more applicable to ceiling insula
tion than to wall insulation. 

RESTATEMENT OF THE PROBLEM 

The total conductive heat loss (excluding ventilation/ 
infiltration and radiation) is calculated using equations based 
on the heating degree-day index, the thermal conductivity of 
the materials, and the thickness of the material. The following 

has not received more attention from the Alaska State Housing 
Authority. 

It appears that the consumer with a set amount of funds ... 
and certain future earnings (i.e., everybody) would do well to 
purchase a well-insulated house according to the EMV concept. 
It remains for the "system" to make this a standard financial 
procedure. 

Richard Seifert 
Energy Specialist 
Cooperative Extension Service 
University of Alaska-Fairbanks 
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calculations are for Economides' hypothetical house with 2300 
sq. ft of walls (including 10% windows) and a roof area of 2600 
sq. ft located in Fairbanks (14,600 degree days per year). Equa
tion 1 is a slight restatement of his equation 5, and expresses 
the annual heat loss in BTUs as a function of insulation thick
ness, x, and its thermal conductivity, k. 

Gloss = Gwindows + Gwalls + Groof 

Gloss= (.6)(.1)(Awall)(14,600)(24) 

+ (.9)(Awalll ( 14,600)(24)/ I 

+ (Aroof)(14,600)(24)/I. (1) 

It is worth noting that equation 1 could be simplified enor
mously. The window term is a constant that does not affect 
the optimization problem, and the wall and roof terms could 
be evaluated on the basis of cost or heat loss per sq. ft. 

The BTU heat loss of equation 1 is converted to dollars by 
assuming fuel oil with 145,000 BTU/gal at a cost of $1.10/gal 
and a furnace efficiency of 75%. For the hypothetical house 
the annual cost for heating, CH, with x inches of insulation 
(Economides' equation 10) is: 

CH = 490 + 4066/x (2) 

Letting c1 stand for the insulation cost per sq. ftand (P/A, 
i, n) stand for the present worth factor at an interest rate of i 
and for a period of n years, then equation 3 is the total cost: 

Total Cost= Ch [(P/A, i, n)] + Cl [(Awall + Aroof)] (3) 

Since both Ch and c1 are functions of the insulation thick
ness, x, equation 3 can be differentiated and set equal to 0 to 
solve for the optimal thickness. Equation 4 gives the theoreti
cally optimal thickness, assuming fractional inches of insulation 
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could be purchased. These can easily be rounded to thicknesses 
actually available. 

r=-.,..--- { 1 if using my insulation cost } 
x = 3.3468-yf(P/A, i, n) .8048~ if usi~~ Economides' (4) 

msulatton cost 

ECONOMIC ASSUMPTIONS 

To optimize wall thickness, the heating cost is balanced 
with the insulation's installation and purchase cost. The results 
are identical whether Economides' present worth approach or 
equivalent uniform annual cost2 are used. However, three of 
his other assumptions are not justified and do influence the 
results. 

The 12% interest rate he used is unrealistically high. The 
inflation-adjusted rate of return for the stock market over the 
last 50 years has been 6.1 %,3 while returns for more secure 
investments are lower. Estimated inflation rates for fuel costs 
and for the economy can be used to calculate the true cost of 
mortgage payments and heating bills.4 Even with this more 
complicated analysis, inflation-adjusted rates of about 6% are 
used. While corporations may achieve higher real rates of return, 
most homeowners receive lower rates of return over inflation. 
Using rates lower than the conservative estimate of 6.1% would 
justify even thicker insulation. 

As Economides correctly observed, homeowners in Fair
banks and the rest of Alaska typically sell their homes before 
the 20- to 30-year mortgage is paid off. However, the eight-year 
amortization period he used implies that improved insulation 
has no value when the house is sold. Assuming that $5000 worth 
of extra insulation is worth $3660 eight years later is equivalent 
to assuming a 20-year amortization period (at a 6.1% interest 
rate-$4150 at 12%). While the exact worth of the insulation 
when the home is sold or the exact amortization period ( 15 to 
30 years) is uncertain, eight years with no "salvage" value is 
clearly too short. The reasonably conservative value of 20 years 
is used here. 

As in Economides' article, only fiberglass insulation is 
considered here; however, using actual quotes from contractors 

Figure I 
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rather than linear extrapolation shows that labor costs/place
ment time increases with thickness but at a slower rate. In many 
cases, a 5Y.-inch thick batt will require about the same place
ment time as a 3Y.-inch batt, not half again as long. As shown 
in Figure 1, data from Anchorage and Fairbanks contractors 
results in a flatter curve than Economides shows. (Anchorage 
prices have been multiplied by 1.075 because a 5-10% difference 
was estimated.) This flatter curve is particularly significant for 
8-, 10- and 12-inch insulation. 

COMPARISON OF RECOMMENDED WALL THICKNESS 

For all three of these economic assumptions Economides 
chose values which reduce the benefit of additional insulation 
or increase its cost. As shown in Figure 2, the net result is a 
significant understatement of "optimal" wall thickness. Under 
the simple assumptions on framing costs used in both analyses, 
11 or 12 inches is a better choice than 6 inches. 

Table 1 summarizes the results of various combinations of 
assumptions. The 8- vs. 20-year amortization period is slightly 
more significant than the 12% vs. 6.1% and the installed cost 
of the insulation. But it is clear that changing any of the three 
erroneous assumptions increases the recommended insulation 
thickness. 

CONCLUSIONS 

While a more sophisticated analysis might show that 
Economides' conclusion of 6 inches may be correct for walls, 
it is only due to the framing costs which both he and I have 
ignored. However, as shown in Figure 2 and Table 1, more than 
11 inches is an appropriate thickness for ceiling insulation, not 
the 6 inches Economides recommends. 

His most important error is missing the significance of the 
shape of the optimization curve(s). As shown in Figure 2 and 
for all combinations in Table 1, it is more costly to underesti
mate the optimal value than to overestimate it. That is, having 
too much insulation may over 20 years cost slightly more; how
ever, having too little insulation may cost much more. 

Figure 2 
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go up than down, which increases the insulation's value. InflaTABLE 1 
tion is likely to reduce the cost of future mortgage paymentsRESULTS FOR COMBINATIONS OF ASSUMPTIONS 
more than the cost of heating, which increases the insulation's 

Optimal value. Thus, it might be wise to purchase even more than theInterest Amortization Ceiling "optimal" 11.5 inches.
Rate Period Insulation Insulation

(percent) (years) Cost (inches) 
Ted G. Eschenbach 

6.1-TGE 20- TGE TGE 11.3 Associate Professor of Engineering Management 
12.0- MJE 20- TGE TGE 9.1 University of Alaska-Anchorage 
6.1- TGE 20- TGE MJE 9.1 

6.1- TGE 8- MJE 
 TGE 8.3 REFERENCES12.0- MJE 8- MJE TGE 7.5 

12.0- MJE 20- TGE MJE 
1 

Shirtliffe, C. J. 1972. Thermal resistance of building insulation. Cana7.4 
dian Building Digest 149.6.1-TGE 8- MJE MJE 6.7 2 

12.0- MJE Rice, E. 1975. Building in the North. School of Engineering, University 8- MJE MJE 6.0 of Alaska, Fairbanks, AK. 
3 

1bbotson, R.G., and R.A. Sinquefield. 1976. Stocks, bonds, bills and 
Source of assumptions: MJE = Economides; TGE =Eschenbach. inflation: Year by year historical returns (1926-1974). Journal of 

Business 49(1): 11-47. 
This observation is particularly important because of the 4 

Eschenbach, T. G. 1982. Inflation and Alaska's residential energy condegree of risk in this problem. Fuel costs are far more likely to 
servation loans. The Northern Engineer 14(3):14-19. 

MEETINGS sessions are planned on environmental conference publicity chairman, Stephen C. 
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**** 

nual meeting, to be held 15-17 August of soils, facilities planning, and project 
Among the offerings at the 1984 Alaska 

1984 in Fairbanks. AWMA, formed in development. 
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wastewater treatment. Since the Interior addressed to Dr. Daniel Smith, Technical 
neers, planners, policymakers, and real

is the mining hub of Alaska, any technical Program Committee Chairman, Depart tors," according to the meeting brochure 
papers on the impact of mining upon ment of Civil Engineering, University of 

received here. The one-day professional 
water quality would be especially appro Alberta, Edmonton, Alberta T6G 2G7, seminar will be only one part of an exten
priate. Canada. 

sive meeting. Major conference sessions**** Persons interested in presenting a paper 
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