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COVER 
20 Ice dominates the life of northern river villages during spring breakup; here, part 

of a decaying ice jam comes ashore at Chalkyitsik. The long-term record of breakup 
on the Yukon, greatest of the Western Hemisphere's far northern rivers, is the subject 
of the article beginning on p. 20 of this issue. (True, Chalkyitsik is not on the Yukon, 
but the Northern Remote Sensing Laboratory could loan us two photos-cover and 
left-that well illustrate the right situation even if it is the wrong river.) 

THE NORTHERN ENGINEER (ISSN 0029-3083) is a quarterly publication of the Geophysical Institute, University of Alaska-Fairbanks- 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 $12 for one year, $17 for two years, and $37 for five years. Some back issues are available 
for $3.00 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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Remote Sensing In the North 

ALASKAN STREAM ICINGS 


by Kenneson G. Dean 

Stream icings, also known as aufeis or 
naleds, are seasonal flood phenomena 
found in high latitudes and alpine regions. 
Icings occur during subfreezing tempera· 
tures when water, forced by hydrostatic 
pressure, repeatedly overflows its ice cover 
and floods stream channels and adjacent 
low-lying areas. The flooding can extend 
several miles beyond the stream channel. 
Because the ground is frozen, floodwaters 
cannot drain but must freeze in place. This 
process repeats itself many times during a 
winter, possibly accumulating extremely 
thick sheets of ice. 

Icings constitute hazards that can dis
rupt transportation and communication, 
hinder field exploration programs, and 
present difficult engineering problems for 
drill rigs, pipelines, roadways, buildings 
and other structures in the Arctic and sub
arctic. Icings also signal groundwater seeps 
or springs and perennially flowing water, 
which are potentially valuable resources. 
Thus, for reasons both positive and nega
tive, it is important for planners and others 
to know where icings are likely to occur. 

The phenomenon is detectable on 
Landsat imagery recorded during winter, 
spring and summer, but in some cases a Figure 1. Summer Landsat image (band 5) of the Demarcation Bay area. Residual ice 
single year provides insufficient evidence sheets (A) are bright and coincide with overflows displayed in Figure 2. Numerous un
to be sure that icing is a problem in a given labeled ice sheets are also present. 
location. Landsat coverage of Alaska exists 
for 12 consecutive years, however, so the of Landsat images. Features mapped in METHODS AND PROCEDURES 
historical data are adequate. The intent of cluded residual ice remaining after the 
the study reported here was to map and spring thaw, water that had overflowed Stream icings were interpreted from 

display at a reconnaissance level the loca its ice cover during below-freezing temper Landsat multispectral scanner (MSS) data 

tion and extent of zones susceptible to atures, and braided streams possibly sus recorded during the 1972-19821ate winter, 
icings in mainland Alaska based on analysis ceptible to icings. spring and summer. The maximum extent 

Kenneson G. Dean is a Remote Sensing Geologist for the Geophysical Institute, University ofAlaska-Fairbanks. He received his 
Master's degree in geology from the University of Alaska. Presently he is investigating the influence of topography, geology and 
climate on icings, and trying to extend to Siberia the study of the distribution ofstream icings. 
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of icings observed on Landsat images was 
mapped regardless of how often and when 
the icing occurred. Images with minimum 
cloud cover and the largest number of 
icings were enlarged to provide complete 
coverage of mainland Alaska at 1 :250,000 
scale. These enlarged images were the pri
mary data source and were listed on each 
mapped quadrangle produced in the proj
ect. 

Copies of 1 : 1 ,000,000 scale images 
from other dates on file at the Geophysical 
Institute were used to provide supple
mental data. Icings observed on the small
scale images were compared to occurrences 
mapped from the enlarged images. Those 
features that coincided provided support
ing evidence for the initial interpreta
tions. Additional icings observed on the 
1:1,000,000 scale images were added to 
the maps. 

Visible wavelength (Landsat band 5) 
data were used to map the residual ice 

caused by late winter overflows that re
mained after the spring thaw (Fig. 1 ). The 
ice appears white on these images because 
of its far higher reflectance in visible wave
lengths than that of surrounding vegeta
tion, soil or rock. Occasionally the ice had 
a higher reflectance than nearby snow 
cover. 

Landsat images recorded in near
infrared wavelengths (band 7) were used 
to map late winter overflows (Fig. 2). The 
overflows appear dark gray to black on 
the images because water absorbs these 
wavelengths; its dark signature in the 
infrared contrasts clearly with the more 
highly reflective snow and ice. Enlarge
ments of the band 5 images showing resid
ual ice were more easily interpreted than 
band 7 images showing stream overflow. 

Correlation of the location of overflows 
with residual ice on Landsat images and 
with field observations supported the valid
ity of many interpreted features. Budget 

Figure 2. Winter Landsat image (band 7) of the Demarcation Bay area. Stream over
flows (B) are dark and coincide with ice sheets shown in Figure 1. Several unlabeled 
overflows are also present. 

and time constraints and the enormous 
size of the study area permitted only very 
limited field observations to check the 
interpretations. Cross-checking images re
corded on different dates and wavelengths 
helped limit misinterpretations of features, 
as did discussions with people who were 
familiar with specific areas. At a few loca
tions aerial photography was used to cross
check occurrences. Larger occurrences 
previously mapped by several researchers 
match well with those mapped in this in
vestigation.1"4 

The lack of multiple coverage and the 
presence of confusing signatures in some 
areas hindered the mapping or possibly 
encouraged misinterpretations. Those 
areas have been queried on the maps. Sur
face features that are possible to confuse 
with or that mask residual ice sheets in
clude snow cover (usually at higher eleva
tions). snow patches along floodplains, 
river ice, gravel and vegetative overstory. 
Features possibly confused with late win
ter overflow include dense spruce, dense 
leafless brush along streams, and exposed 
clear ice. 

MAPS OF STREAM-ICING ZONES 

Mapped features include residual ice 
sheets, overflows, and braided streams that 
possibly are susceptible to icings (Fig. 3). 
Residual ice is displayed as shaded areas 
on the maps. Most of the ice deposits lie 
within or near a stream channel (river or 
spring icings) although a few may be caused 

by groundwater seeps (ground icings). 
Residual ice sheets as small as approximate
ly six hectares ( 15 acres) were mapped; 
however, the identification and extent of 
these small occurrences is only marginally 
accurate. Ice sheets larger than 40,500 
hectares (100,000 acres) were mapped in 
northeast Alaska. 

Overflows were usually observed on the 
late winter images in areas where larger 
residual ice sheets were mapped. Typically 
the extent of observed overflows is larger 
than the residual ice sheets. Almost all 
overflows were located in stream valleys 
(river or spring icings). 

Icings are often associated with braided 
streams or may result in the formation of 

' 5braided stream patterns. 1 The bounda
ries of floodplains susceptible to icings 
were delineated by braided patterns ob
served on topographic maps or Landsat 
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images and close proximity to nearby icing 
zones. Typically, streams susceptible to 
icing are finely braided rather than coarse
ly braided. Invariably a meandering stream 
in mountainous regions with a relatively 
short, braided segment is affected by 
icings in the braided reach. If a spring is 
present, the icings have probably caused 
the braided patterns to develop. In moun
tainous regions, bifurcated channels were 
also observed in areas where icings occur. 

REGIONAL DISTRIBUTION OF ICINGS 

Arctic Coastal Plain 

Icings on the coastal plain are numer
ous in the east and sparse in the west. Most 
icings occur east of the Sagavanirktok 
River, where many of them coincide with 
known springs. 2 In portions of the eastern 
plain, calcium carbonate deposits on some 
icings suggest that the water has flowed 
through calcareous bedrock at depth.4 

The absence of icings in the west probably 
results from a difference in geologic and 
hydrologic rather than meteorologic fac
tors, since the arctic coastal plain lies in a 
single climatic regime. 6 

Arctic Foothills 

The distribution of icings in the foot
hills is similar to that in the plains (Fig. 4). 
Numerous residual ice sheets, overflows 
and unvegetated floodplains of braided 
streams were observed east of the Saga
vanirktok River. To the west few occur
rences were observed. The same conditions 
that restrict the development of icings in 
the western arctic coastal plain most likely 
affect the western foothills. 

Brooks Range 

The Brooks Range has the greatest 
density and the largest number of icings 
of any Alaskan area mapped in this study 
(Fig. 4). Ice sheets, overflows and braided 
streams susceptible to icing occur on both 
the north and south flanks of the range. 
Slightly more and larger icings occur on 
the north flank. Tens of kilometers of in
dividual valleys are often affected by con
tinuous or sporadic icings. 

Interior Basins and Highlands 

In the interior, between the Brooks 
and Alaska ranges, most of the mapped 
occurrences are residual ice sheets and 
braided-stream channels (Fig. 4). Few 

\; 
Figure 3. Stream icings in the vicinity of Demarcation Bay. Solid areas indicate resid
ual ice sheets; hatched areas indicate overflows; dashed areas indicate where presence 
of overflows is suspect; and open areas indicate braided streams possibly subject to 
stream icings. 

flows were observed on the images, 
except on those of the Seward Peninsula. 
Most observed icings were restricted to 
hilly and mountainous terrains, and were 
usually small and confined to subordinate 
stream valleys. Similar restrictions have 
been noted by others. 7 Icings in some 
areas could not be cross-checked with 
images of different dates and wavelengths 
because cloud cover had obscured the 
satellite's "view" of the ground. 

Alaska Range 

A large number of residual ice sheets, 
overflow zones and braided-stream reaches 
were mapped in the Alaska Range, al
though not as many as in the Brooks 
Range (Fig. 4). Some of the icings are sig
nificant in size, but generally they were 
smaller than those observed in the Brooks 
Range. More and larger icings form along 
the north flank of the Alaska Range com
pared to the south flank. Overflow was 
observed in areas of the Alaska Range 

where residual ice did not appear. Many 
of the finely braided streams have icings. 

Southcentral 

The southcentral region includes basins, 
uplands and mountains south of the Alas
ka Range to the Gulf of Alaska. Most of 
the mapped features are braided streams 
susceptible to icing and residual ice sheets, 
with only a few large ice deposits and 
overflows. Most of the icings are limited 
to streams or floodplains in or near up
lands or mountains rather than in the 
broad lowlands. Few occurrences were 
observed along the coast. Poor Landsat 
coverage due to cloud cover limited the 
number of images available for interpreta
tions for some areas. 

Alaska Peninsula 

Some residual ice sheets and overflows 
were observed on the Alaska Peninsula, 
but the majority of mapped features con
sist of braided streams possibly susceptible 
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Figure 4. Regional distribution of icings. 

to icings. Satellite coverage was limited 
here also because of cloudiness. 

SUMMARY AND CONCLUSIONS 

The 1:250,000 scale maps of stream 
icings display those zones where residual 
ice, overflow, and braided streams that 
may be susceptible to icings were ob
served on Landsat imagery. Features as 
small as six hectares ( 15 acres) and larger 
than 40,500 hectares ( 100,000 acres) were 
mapped. The maps illustrate that stream 
icings are common throughout Alaska. 
Usually icings recur annually near the same 
spot; however, their areal extent varies. 
The highest frequency and greatest density 
of icings are located in the Brooks Range, 
the eastern arctic coastal plain and the 
eastern arctic foothills; few occur in the 
western coastal plains and foothills. Gen-

The Northern Engineer, Vol. 16, No. 1 

erally, the number and size of icings steadi
ly decrease southward except in the Alaska 
Range where there are numerous seasonal 
stream icings.' In interior Alaska, icings 
are numerous but relatively small and re
stricted to tributary stream valleys. 

Almost all icings occur within or near 
upland or mountainous regions and often 
along finely braided streams. In the Alaska 
Range more and larger icings occur on the 
north side. 

Since this project aimed at finding 
stream icing zones in mainland Alaska, 
analysis of several years of Landsat imag
ery proved to be an adequate and relatively 
inexpensive method. It was not, however, 
intended to be (nor would it work as) a 
technique for locating all individual icings 
that might endanger human endeavors. 
The smallest icing that can be detected on 

the images is far larger than the smallest 
one that could close a road, for example. 
However, the maps prepared from Landsat 
imagery identify locales where such haz
ards are most likely to exist. 
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CONCEPT 

The underlying concept for this design 
stems directly from our experience in the 
Arctic: so many times during our Alaska 
travels, we have come across badly de
signed housing. It is inefficient, in that 
the codes and construction practices are 

lllllllllllllllllllllllllllll' 
II II~ 

by Dennis Nottingham and Marcia Stevens 

geared primarily toward a more temper
ate zone. It is inappropriate, in that more 

often than not the designs show 
little regard for the arctic lifestyle. 

The realities of arctic conditions and the 
way of life of arctic residents have not 
been adequately considered by the gov
ernment agencies that set minimal hous
ing standards; as a result, homes built to 
such standards have been uncomfortable 
at best, unusable at worst. 

To avoid such problems, the starting 
point for our design was a realistic con
sideration of the rural arctic environment 
and lifestyle. We assumed a heating index 
of up to 20,000 degree-days, blowing snow 
as a winter constant, and permafrost soils. 
Gas or oil would be available for heating, 
but would be expensive. Electricity might 
or might not be available; the same uncer
tainty applies for sewer or water systems. 
Transportation costs are likely to be high, 

Dennis Nottingham is President ofPeratrovich, Nottingham & Drage, Inc., of Anchorage, a consulting engineering firm special
izing in arctic engineering design. He is a registered professional civil engineer in Alaska and Washington. Marcia Stevens is a land
scape architect and a graduate ofLouisiana State University. She has a consulting practice in landscape architecture in Anchorage. 

The Northern Engineer, Vol. 16, No.1 8 



_.----- RIDGE ROW 

--,i<--------------=2~4:..._'-_:0:._'_'------:::-,......,::::::._____----,1<'-__.~ SNOW DRIFT RESISTANT 

:::t 	 WATER STORAGE (IF REQUIRED) 
::Jw IN TANKS BETWEEN TRUSSES::to -z 
~< 
:::ta: 
: < 
(Q 

,... I 	 SEWAGE STORAGE (IF REQUIRED) 
IN TANKS BETWEEN TRUSSES 

24'-0" ""'~a:"""ce1 I 
SNOW 

MACHINE ROOM 
AT 40° F 

(ARCTIC ENTRY) 
8'x21' 

0 
I 

0 ...,. 

LIVING AREA 

PLAN 

0' 5' 

14'-0" 

SECTION THROUGH HOUSE 

REFRIGERATOR OR OPEN 
AREA SET ASIDE FROM 
COOL SNOW MACHINE 
ROOM 

STOVE I HEATER I FURNACE 

EMERGENCY EXIT DOOR 

WINDOW SEATS 

10' 

VENTED ENDS 

ALUMINUM ROOFING 

1/2" C-D EX 

:'"iiiloof--- 15'*FELT 

2"x4" 

20" INSULATION ALL AROUND 

WALL AND CEILING FINISH 

T1-11 SIDING 

PREFABRICATED ALASKAN-MADE 
FIELD-BOLTED WOOD TRUSSES 
ALL AROUND 2'-0" O.C. 

WALL VENT 

3/4" T/G PLYWOOD FLOOR 

~..-:::::.._____ PLYWOOD GUSSET FIELD APPLIED 

'---- 5-2"x12" BEAM 

and the construction season is short. The 
residents' lifestyle involves using snow 
machines and hunting, so they need an 
area maintained at about 40 to 50° F year 
around for repairing machines and storing 

meat. 
Absolute simplicity, in both construc

tion and operation, was our basic standard 
for an efficient design. The final plan 
should easily meet all applicable State or 
municipal building codes. 

SITE 

We designed our house to be located on 
a specific site, Lot 8, Block 12, of a sub
division in the village of Wainwright, Alas
ka. Located near the shore ofthe Chukchi 
Sea, the site is gently sloping, moderately 
well drained, and underlain by continuous 
permafrost. It is ideally suited for a fro
zen pile foundation system. Electricity 
and a municipal water main are accessible 
to the site, but sewage is dealt with by 
the "honey bucket" method and must be 
hauled away. 

The climate is extreme, with tempera
tures ranging from -56° F in the winter to 
+78°F in the summer. Prevailing (and sus
tained) winds blow from the north-north
east. 

Since the sun virtually never rises above 
the horizon during the coldest months, 
when energy efficiency is most crucial, 
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6" Utility duct with smaller 

water pipes contained inside, 

all inside a 12" O.D. insulated 

pipe lying on top of the ground. 
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ALASKA 

SITE PLAN 

solar orientation is a comparatively minor 20" ±FIBER GLASS INSULATION 
factor in placing the building on the site. OR FOAMED POLYSTRENE 
However, proper orientation for the wind 6ml. VAPOR BARRIER ALL AROUND FLOOR, WALLS, 
is a major factor, to lessen snow loads and WALL AND CEILING CEILING, EXCEPT AS NOTED. 
drifting and generally to help keep the 
foundation frozen in place. The venturi 
ventilating system in our design must also 
be oriented with the prevailing winds, to SCREEN WALL VENT 

TYPICAL CHANNELkeep air infiltration highly controlled. 
ELECTRICAL 

HIGHLIGHTS 

Structurally, the house is made of pre· INTERIOR FINISH T1-11 SIDING 
fabricated wood trusses connected rigidly 
by, and strengthened by the diaphragm 

TRUSS
action of, light plywood sheets. The light
weight prefabricated truss system could 
be erected easily by unskilled labor; the 
trusses in our design are presently being 
manufactured in Anchorage and could be 
easily flown to Wainwright. No piece is 
over 12 feet long, and therefore the house 
components could be transported and as
sembled without difficulty. The shape of TYPICAL WALL SECTION 8 
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the building's envelope is a function of its 
lightweight truss construction and aerody
namically lessens wind effects and snow 
loading. Because the Arctic is generally 
considered to be an arid region, we as
sumed snow loads would be moderate and 
chose a design load for the roof of 20 
pounds per square foot. 

The foundation system consists of tim
ber pilings, 12 inches in diameter, seated 
approximately 10 feet in the ground. The 
piles are frozen in place within drilled 
holes sealed with slurry. The capacity of 
this system should be adequate to carry 
all vertical and horizontal loads. 

Because high construction and heating 
costs demand that an arctic home be rel
atively small, living spaces must be multi
purpose. Our design maximizes the general 
living area, where eating, relaxing and 
sleeping take place. The lower 7' 6" ceil
ing height is also both traditionally accept
able and more economical to heat. The 
generous arctic entry is also a large snow 
machine room, providing a vitally needed 
area for storing and repairing equipment. 
Space for storing food is planned for the 
outside corner of the room closest to the 
kitchen. 

The plan has an inward orientation, 
emphasizing a sense of shelter; it is not 
designed for a view site. The shuttered, 
triple-glazed windows are placed and sized 
so they may be used as fire escapes, and 
an extra door is provided primarily as an 
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SECTION A-A' 

emergency exit. Because the walls are ing and plumbing, although the house 
extra thick to contain the necessary insu could be adapted to a more sophisticated 
lation, window seats may be built in. system if desired. In isolated locations 

Mechanically, the house would be ex without water mains, the house could have 
tremely simple. The ventilation and heat a holding tank above the ceiling for a grav
ing systems are uncomplicated and easily ity water supply. Water could be pumped 
maintained. Because of the home's high into the tank by hand or with a small gas
energy efficiency, fuel requirements would oline-powered engine kept in an easily ac
be so low that the standard 55-gallon cessible place. The sewer system also has 
drum system found in the villages would a holding tank, under the floor. 
handle heating needs effectively. If heated Construction costs for a home such as 
with oil, this house could save $2000 to this can vary significantly in arctic regions. 
$3000 annually in fuel costs compared From past experience, however, we esti
to a conventional home with standard mate that the range should approximate 
stud walls. The centrally located space $40,000 to $50,000 for materials on site 
heater can be used as a cookstove as well. and $35,000 to $50,000 for erection 

The heater is also intended to provide costs, for a total cost of $75,000 to 
the domestic hot water with minimal pip- $110,000. • 

The Northern Engineer, VoL 16, No_ 1 11 



WHAT ARE NORMAL 
TEMPERATURES IN FAIRBANKS? 

by Sue Ann Bowling 
As represented graphically on long-term charts, "normal" base for the widely distributed Fairbanks temperature chart 

daily temperatures may be smoothed statistically into an eas that was published by the University's Institute of Water 
ily deciphered line, or the jagged day-to-day and week-to-week Resources in 1974. An older chart, prepared by Dan Wilder of 
fluctuations may be left in. The normal temperatures given the Geophysical Institute during the 1960s (Fig. 1). gives both 
by the National Oceanic and Atmospheric Administration the day-to-day fluctuations and (in the original) a generalized 
Weather Service are so heavily smoothed that, on the NOAA smoothed curve which showed distinct minima in mid-Decem
charts, day-to-day changes from January to July never show ber, late January, and mid-March. (That generalized curve has 
temperature decreases, and changes from July to January never been deleted here to simplify comparison with the next 
show increases. Nevertheless, the NOAA temperatures are the illustration.) 
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Figure 1. Temperatures at Fairbanks, Alaska, from a chart prepared by Dan Wilder of the Geophysical Institute during the 
1960s. The generalized curve in the original chart has been removed here for clarity. 

Dr. Sue Ann Bowling is an Assistant Professor of Geophysics at the Geophysical Institute, University ofAlaska-Fairbanks. Her 
special research interests are high-latitude air pollution, climatic change, and the day-to-day vagaries ofweather that go to make up 
climates past, present and future. 
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Figure 2. Fairbanks temperatures from a chart prepared by the author using National Weather Service recorded air tem
peratures, September 1949-December 1980. Note that the vertical scale has been expanded, compared to that in Figure 1. 

There has always been a question of feature remains - the rise in temperature common to both charts are the very wide 
whether these dips were simply statistical late in February followed by nearly con range ·between record high and record low 
fluctuations or were real indications of stant temperatures during the first half of temperatures in the winter mor:~ths, and 
changes in the pattern of the general at· March. March is the only month that is the much larger difference between daily 
mospheric circulation as the solar input likely to be cold if the previous month maximum and daily minimum tempera
changed through the year. One obvious was warm (and vice versa). suggesting that tures (the day-night contrast) in spring 
test is to ascertain whether the same dips this particular fluctuation may represent than in fall. 
and peaks appear in more recent years. a real tendency for the general circulation The difference between the charts does 
Figure 2 reproduces a newly prepared in the vicinity of Alaska to reorganize not mean. that either one is wrong. Cli
chart based on the Fairbanks record from itself at about this time of year. mate is not a constant at a given place, 
September 1949 through December 1980. Record temperatures on the new chart but changes from decade to decade and 
The smoothing is less than in Wilder's are based on the same period as are the century to century. In Fairbanks, winter 
earlier graph, but the low and high points mean temperatures; thus, if one or the temperatures since 1910 have varied with 
can still be compared. Although the two other chart shows a more extreme value - about a 20-year cycle. Over this period, 
charts overlap by roughly 10 years, the a record high temperature that is higher, 1 0-year mean January temperatures have 
differences are striking. The old mid or a record low that is lower - it is the been as high as -5° F and as low as -20° F. 
December cold spell has become a warm correct record temperature, because the With that kind of variability, it is hardly 
period, and the "January thaw" has be year in which it occurred is covered by surprising that average temperatures from 
come the coldest part of the year. One only one of the charts. Interesting points two different time periods disagree. + 
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DIRECT CONVERSION OF PEAT TO LIQUID 
FUEL: ALASKA'S RESOURCE AND 
OPPORTUNITY 

by Peter M. Molton, Alex G. Fassbender, and Michael D. Brown 

f?at is typically an Alaskan resource, and an opportunity, 
shared somewhat in the United States with Florida and Minne
sota. It is also a very neglected resource compared to coal, oil
shale and tar sands, although the State of Alaska has been active 
in recent years in mapping and developing Alaska's peat. Partly 
this neglect has been due to the nagging problem of what to do 

• 

with peat, once it is mined and transported. Although there are 
some high-grade deposits, peat is characteristically a low-grade 
fuel, very wet, and-especially in Alaska-containing high levels 
of ash. Once dried, it is very useful, but drying is costly and con
sumes fuel, and when it is burned, the ash can clog burners. 1 

Where peat exists, it can prevent agriculture because it is highly 
humic and acidic; few plants 
will tolerate a medium of 100% 
peat. 

As shown in Figure 1, north
ern countries have a super
abundance of peat. The extent 
of Alaska's peat resources has 
been well summarized by 
Donald Markle of the State of 
Alaska Division of Energy and 
Power Development3 : 

Peat resource investi
gations have been con
ducted for the past 
two years. There are 
107,000,000 acres of 
highly organic soils or 
peat in Alaska. Approx
imately 30,000,000 of 
this total are predicted 
to be outside environ
mentally and economic
ally unattractive perma
frost lands. Approxi-

Peat bog in the Susitna Valley 
(photograph courtesy of Neil 
Davis) . 

Dr. Peter M. Molton is Project Manager for the EPA :S sewage sludge liquefaction project at the Battelle, Pacific Northwest Labo
ratories in Richland, Washington. For the past nine years he has been involved in projects to develop a method for direct thermo
chemical liquefaction of organic materials that is commercially feasible and environmentally acceptable. Alex G. Fassbender is 
Principal Investigator for the EPA's sewage sludge liquefaction project at Battelle. He is a licensed Professional Chemical Engineer 
and was responsible for the design, procurement and operation of the continuous sludge-to-oil reactor system. Michael D. Brown is 
a research chemical engineer involved in the operation/modification of the continuous sludge-to-oil reactor system. He is a pilot 
plant specialist and has designed and/or operated systems involving catalytic and noncatalytic fvced and fluid bed gasification, 
molten salt gas cleanup, and NOx removal. 
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Generally speaking, the water and ash 
content of most peats makes them very 
poor substrates for conventional conver
sion processes. Alaska's peat is no excep
tion. Individual deposits may have lower 
than normal ash and water, and thus may 
be good candidates for fuel use, but the 
vastly greater bulk of Alaska's peat is un
suitable (Fig. 3) unless a better method can 
be found for its conversion. Hence, an 
economical method that is relatively in
sensitive to ash and water content is need
ed for converting peat to a higher-grade 
fueL This article describes a method being 
developed at Battelle-Northwest for sewII Peatlands 
age sludge conversion which may well be 
applicable to Alaska's peat deposits and 

Figure 1. World peatlands.2 which meets these criteria. The method is 
known as Direct Thermochemical Lique

requires drying and pelletizing; pyrolysis mately 5-6,000,000 acres of this faction, or DTL 

requires drying; and fermentation to alco
30,000,000 acre total could be ex


pected to be prime physical and hol or to methane only works on the cell

THE DTL METHOD 

economic deposits. The physical ulosic fraction of peat, which is often a 
DTL is a simple process in concept, and characteristics of the prime deposits minor component. Application of these 


indicate closely associated groups could be used instead of fermentation, 
methods to peat, and the results, have been 
of bogs with aerial extents ranging anaerobic digestion, pyrolysis, gasification, summarized in the proceedings of a sym
over 1 ,000 acres per bog, and depths or direct combustion as a way of tappingposium.6
averaging 8-14 feet. The peat itself 

has high dry weight density, good 

fixed carbon and volatile quality. 


The location of Alaska's peatlands is 
shown in Figure 2. It is an extensive inland 
resource for the most part, in contrast to 
oil, which is pumped from mostly coastal 
and ocean deposits. By comparison, coal 
deposits (as shown in TNE, VoL 15, No. 
2) are located in both coastal and inland 
areas. 5 Fairbanks, for example, derives its 
power mostly from coal from the Healy 
area fields in the Interior. 

There are various strategies for using 
peat once it has been mined. The simplest 
is to pack it in bags and ship it south for 
use in horticulture. Next is direct burning, 
usually in blocks cut from the ground and 
dried, as has been done for centuries (for 
example, in Ireland). After these simple 
approaches there are various chemical and 
biological conversion methods, which usu
ally do not work as well for peat as for 4 

Figure 2. Map of potential Alaskan fuel peat occurrences. 
coal or wood. Gasification, for instance, 
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Figure 3. Moisture levels in peat.4 

the energy present in wet organic materials. 
The technique is potentially useful in di
rectly converting peat, biomass (plantation 
residues, agricultural and forestry wastes). 
animal manures, sewage, municipal solid 
wastes, food processing wastes, and other 
carbonaceous wastes to liquid fuel. 

Direct thermochemical liquefaction is 
not new. Conversion of cellulose and other 
materials to oil and "artificial coal" has 
been reported since the turn of the century. 
Three major variants have been investiga
ted in the past: Aqueous conversion of 
residues in the presence of alkali at temper
atures between 250°-400°C; the same 
process with carbon monoxide and hydro
gen added as reducing gases; and nonaque
ous versions of these two, often using 
hydrogenation catalysts. To place the 
process in context, liquefaction is super
ficially similar to paper pulping and to 
peat dewatering through carbonization, 
but is operated under pressure at higher 
temperatures and with the addition of 
sodium or potassium carbonates. Instead 
of producing a clean white cellulose or a 
dewatered peat, products are gas (mostly 
carbon dioxide), oil, and an asphalt-like 
material. Yields vary with the quality of 

the original feedstock weight (depending 
mostly on its ash content). and oil quality 
likewise varies between a thick tar and 
free-flowing oil. 

In our basic research work for the 
Department of Energy, we have been 
studying the simplest DTL system, con
centrating on process chemistry. This has 
resulted in a series of articles and an in
creased understanding of the basics of the 
DTL process. In a typical experiment, the 

By Fuel 

Electricity, 5.9% Coal, 2.3% 

Petroleum 
Products. 

56.8% 

feedstock is mixed with water in a 30% 
slurry, up to 5% by weight of sodium car
bonate is added, and the mixture is heated 
in a sealed autoclave in the absence of ox
ygen at 250°-350°C for 1-3 hours. After 
cooling, oil, water, and gas products sepa
rate without centrifuging; asphalt and oil 
may be further separated by vacuum dis
tillation or solvent extraction if required. 
Using sewage sludge as a feedstock, we 
obtained 71% of the potential energy avail
able in the dry sludge in the form of oil 
with a heating value of up to 90% that of 
diesel oil. 7 Extrapolating these data, we 
believe that using the asphalt material as a 
fuel for the process would lead to a net 
positive energy recovery of 46% from peat 
having a moisture content of 80%, after all 
process energy has been subtracted. This 
extremely high value is possible because 
of the spontaneous separation of the oil 
and water phases after liquefaction, and 
the requirement for an aqueous slurry 
feedstock, thus avoiding drying and pellet
izing costs. The work with sewage sludge 
is being funded by the Environmental Pro
tection Agency, using our continuous 
flow DTL reactor, as described later. 

APPLICATION TO ALASKA 

Alaska has large oil reserves on the 
North Slope and probably in the Beaufort 
Sea. These are highly exportable reserves, 
able to supply both the U.S. West Coast 

and the Pacific Rim countries via the Alas
ka pipeline and sea transport. Coal reserves 
are located in both coastal and interior 

By Region 

Southeast, 6.0% 
Cordova/Kodiak, 1.3% 

Southwest. 4.0% 

Arctic, 0. 7% 

Railbelt, 86.0% 

the feedstock, ranging between 20-60% of Figure 4. Alaskan energy end use by fuel and region, 1979.3 
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TABLE 1. Conversion of Peat to Bitumen8 TABLE 2. Oils from Various Types of Biomass9 

(25.5 g peat, 60 g water, 2 hr./350°C 
in the presence of8.27 MPa of CO) Number of 

Compounds % 
K2C03(g) Residue Conversion % Yield%* Biomass Type Identified Aromatic Furans Aliphatic Others 

3.08 86 39 Cellulose 82 
4 1.70 92 45 Tree branches 67 
6 0.85 96 45 Peat moss 31 

10 1.70 92.5 46 Sewage sludge 16 

*3-5 g of light oils (not included) were also produced. 
Hops residue 18 

deposits, while peat exists mostly in the 
Interior. Development of Alaska's interior 
requires fuel. If the peat which layers the 
Interior could be used for energy, there 
would be less need for oil, thus freeing it 
for export or for use in the industrialized 
coastal region around Anchorage. The ac
tual situation regarding energy use ( 1979) 
is shown in Figure 4. 

As noted above, conversion of peat by 
conventional processes is fraught with 
problems because of the high ash and water 
content of most deposits. While a high 
ash content simply dilutes the organics as 
far as the DTL process is concerned (ex
cluding possible catalytic effects). a water 
content of 60-70% is ideal. Besides its ap
plicability to wet peat sludges, advantages 
of the DTL process include high efficiency 
of conversion (including humic substan
ces). and ease of product separation, to
gether with minimal costs of pretreatment. 
In principle it would be possible to fit a 
DTL reactor on the back of a truck, screen 
the peat to be used as feedstock, use the 
char from the process to power the lique
faction process, and come out with a posi
tive balance of almost half of the chemical 
energy in the wet peat in the form of a 
burnable oil with twice the energy density 
of the starting material. This statement is 
open to modification in the light of expe
rience, but similar results have already 
been obtained in our autoclave experi
ments with primary sewage sludge. 7 In a 
typical experiment with primary sewage 
sludge, 1 kilogram (dry weight) of undi
gested primary sludge having an approxi
mate heat of combustion of 20.9 x 1 06 

Joules was converted to 0.66 kg of liquid 
and solid products with combined heats 
of combustion of 14.9 x 106 J, or 71% of 
the original energy available in the sludge. 

The fuel requirement to process 1 kg of 
sludge is estimated to be 5.1 x 1 06 J (as
suming that the fuel is burned at 80% effi
ciency). If the process is fueled by its own 
products, the net recovery of energy from 
undigested sludge is 14.9 x 106 J minus 
5.1 x 106 , or 9.8 x 106 J, which is equal 
to 46% of the energy originally available 
in the sludge. 

So far we have been discussing sewage 
sludge as though it were interconvertible 
with peat, which may cause some confu
sion. Will the DTL process work with peat? 
There is direct experimental evidence that 
it will. In some early autoclave (batch 
process) work performed by others8, peat 
was liquefied using potassium carbonate as 
a catalyst. Some typical results are shown 
in Table 1. Also, in our own autoclave 
work we have liquefied a wide range of 
materials, from pine branches through 
pure cellulose to sewage, and found that 
the process had a surprising independence 
from and insensitivity to the nature of the 
feedstock in terms of yield and quality of 
product oil, although product composition 
varies somewhat, as shown in Table 2. 9 As 
long as the feedstock contains the major 
components-lignin, cellulose, hemicellu
lose, protein, and humic acids- DTL 
seems to work. Chemically, the process is 
an alkaline digestion, and it should work 
for almost any carbonaceous material ex

29 16 42 13 
60 4 25 11 
19 32 26 23 
44 0 6 50 
33 17 34 16 

eluding oil, coal and some synthetic poly
mers (for example, polyethylene). In fact, 
this can be an advantage for the scale of 
DTL system that we would consider for 
Alaska. A small town, for instance, could 
derive liquid fuel for heating from peat, 
but could also solve another problem at 
the same time, by mixing into the feed
stock the local primary sewage and garbage, 
and any other organic, wet waste. 

To estimate the economics, since we 
have not physically performed a DTL of 
Alaskan peat nor material and energy bal
ances on the products, we have to extra
polate from our previous results with sew
age sludge. On this basis, we showed that 
a 91 tonne/day plant, a size that would 
serve a city of 1 million in the U.S., could 
achieve payback in 6 years if liquid fuel 
were the desired product, and in 12 years 
if synthetic asphalt were desired. 7 (There 
are no real economies of scale associated 
with DTL; this calculation should also ap
ply to much smaller plants.) The assump
tions behind these conclusions are summar
ized in Figure 5 and in Tables 3 and 4. 

Our major assumption is that a contin
uously operating plant is needed for favor
able economics, and we see no reason to 
change that assumption. Since performing 
our original basic research for DOE and 
EPA, we have in fact obtained industrial 
funding for development of a continuous 

TABLE 3. Heats of Combustion 

Synthetic Asphalt Steam-Volatile Oil Leachate Char Cake 

Type 
cal/g 
Btu/lb 

HS-9 
8,730 

15,700 

HS-10* 
9,060 

16,300 

HS-9 
9,380 

16,900 

HS-10 
9,410 

14,000 

HS-6 
7,760 
5,400* 

HS-10 
3,020* 

*Calculation based on total mass including ash. 
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91 

Vapor-Liquid 
DTL reactor (for sewage sludge), and nowSeparator 

-,_;.1.;;;.29;,1 I min have a working continuous pilot plant with
Primary 

Sludge which we are testing our original estimates. 


Centrifuge 
In conjunction with this, a second phase 
of work for EPA involves an updated eco
nomic estimate for the process, which 
should be completed by fall 1984. The 

Water 
to Secondary reactor has been designed, built, and oper

Treatment ated to date with secondary sewage sludge 
(from Portland, OR), and with a mixture 

Dowtherm A Waste Water of peat moss and secondary sludge (from Dowtherm A 
Condensate Vapor 350°C Richland, WA). The mixture of sewage andChar Cake Solvent 

peat was successfully liquefied. Although 
this was a short preliminary run, and it 
was not practicable to obtain yield data, 
the conversion of starting materials to 
higher-energy products is readily apparent 
from the data shown in Table 5. In this 

26 kg/min experiment, the peat was added simply to 
Solvent increase the organics content of the secAsh 

Recovery
to Disposal ondary sludge so as to simulate a primary 

Fresh Solvent sludge. 

Determining the economics and envi
ronmental status of the DTL process are 

Light Oil to Storage 
the primary objectives for our current EPA 
project, together with an engine test of 
the product oil. Much of this data will be 
applicable in general to peat liquefaction 
in Alaska, although a separate study will 
be needed to determine the impact of such 
factors as scale-up (or scale-down) effects, 

Figure 5. Preliminary schematic for a sludge liquefaction plant. 	 and other engineering considerations. Polit
ical, cultural, and geographical factors are 

Waste Water 

TABLE 4. Payback Period for Several Sludge Liquefaction Process Options 

~Million 

Process 
Facility 

Cost 
Manufacturing 

Costs 
Sludge Disposal 

Credit 
Oil/ Asphalt 

Revenue 
Total 

Revenue 
Years for 

Sim~le Payback 

With 

With 
Dewatering 
Centrifuge 

9.8 2.97 1.98 1.79 3.77 12 

Asphalt 
Recovery Without 

Dewatering 
Centrifuge 

7.8 2.68 1.98 1.79 3.77 7 

With 
Dewatering 7.8 2.58 1.98 1,36 3.34 10Without Centrifuge 

Asphalt 
Recovery Without 

Dewatering 5.8 2.29 1.98 1.36 3.34 6
Centrifuge 

Credit for sludge disposal was estimated at $66 per dry tonne ($60/short ton). Revenue from sale of oil was calculated at 
$0.25/L ($40/bbl) and for the synthetic asphalt, $143/tonne ($130/short ton). These prices are representative of 1980 
prices for equivalent petroleum products. 
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TABLE 5. Starting Material and Products Composition 

Run #5 


Material c 

Richland secondary sludge 21.30 
22.64 

Peat moss 48.91 
47.68 

Sludge+ peat moss* 26.4 
26.7 

Sludge +peat moss 27.2 
29.3 

Char from LDV#1 ** 32.5 
30.7 

Char from LDV#2 38.4 
37.2 

Oil from LDV 76.2 
73.5 

H 

3.04 
3.12 

5.1 
5.0 

3.1 
3.1 

3.2 
3.5 

8.1 
8.1 

6.2 
6.1 

10.1 
10.1 

N 

2.31 
2.62 

0.74 
0.63 

1.3 
1.2 

0.2 
0.0 

1.0 
0.8 

2.0 
1.2 

2.2 
2.1 

* 	 Percentage of methylene chloride extractable material in the starting material was less 
than 1% (i.e., fats and oils). Percentages of methylene chloride soluble materials in 
char from LDV#1 and LDV#2 were 24 and 37%, respectively. 

fuels, DTL at present appears a good bet, 
and may play a part in the development 
of rural interior Alaska. 

SUMMARY 

Up to half of the chemical energy in 
peat containing 70% water can be directly 
converted to a liquid fuel having up to 
15,000 BTU/Ib energy content; the char 
byproduct can fuel the conversion. This 
conversion, by direct thermochemical 
liquefaction, or DTL, has been demonstra
ted in the laboratory on a wide range of 
feedstocks, and in a continuous reactor 
using a mixture of peat and sewage. Our 
investigation of the process is currently in 
the small pilot plant stage; from this work, 
we should derive estimates for process 
economics, environmental acceptability, 
and the value of the liquid fuel product. 
If these factors are encouraging, then a 
further application of DTL could be for 
conversion of Alaska's shallow, wet, high
ash peat deposits to liquid fuel and syn
thetic asphalt. 
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**LDV =Let-down vessel. 

also much different in Alaska than they 
are in, for example, Richland, WA. 

IMPLICATIONS 

As discussed above, a process which 
began in the laboratory is gradually emerg
ing into the real world. At present, DTL 
looks good for converting sewage to fuel, 
and there is some experimental data to 
back up this statement. On paper, at least, 

.it looks feasible for conversion of Alaska's 
vast peat resources. By the same type of 
extrapolation, we conclude that DTL is 
not the correct choice where the water 
content of the feedstock is below 50%, be
cause this material can be directly burned 
to produce heat or electricity. Also, if 
feedstock must be collected from distant 
sources (such as for large plants using forest 
residues), or if it must be extensively pre
treated to make a water slurry, DTL is not 
the best conversion process. Conversely, 
in cases where the feedstock is wet, pulver
ized, available locally and on a small scale, 
DTL can double the energy density of the 
feedstock (on dry basis) and generate a 
liquid fuel. For small, isolated towns and 
villages in Alaska, where people now are 
paying high prices for petroleum-derived 
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YUKON RIVER BREAKUP: 
THE 82-YEAR RECORD 
by Andrew G. Fountain 


Rivers are of great importance in the 
day-to-day lives of the inhabitants in the 
Arctic and subarctic, much more so than 
in the more temperate and more densely 
populated regions to the south. The rivers 
supply a significant ·source of food and 
provide transportation routes in an other
wise roadless terrain. The breakup of river 
ice means the end of frozen overland high
ways and the beginning of water trans
portation. During the breakup period, ice 
jams and the floods they produce endanger 
the floodplain villages. Although some 
effort has been directed towards predicting 
these ice jam floods, much remains to be 
done.

1 
An examination of the river ice 

breakup statistics should yield useful in
formation regarding variations in breakup 
timing and geographical variability. 

The Yukon River is approximately 
3,000 km long and extends across the Alas
kan and Yukon regions in an arc from its 
glacial headwaters near the borders of the 
Yukon Territory, British Columbia and 
Alaska, to its mouth at Alakanuk on the 
Bering Sea (Fig. 1 ). Its watershed is approx
imately 900,000 km 2, of which 38 per
cent is in Canadian territory. The principal 
tributaries are the Koyukuk, Tanana, Por
cupine, Stewart, Pelly, and White rivers. 
The annual discharge at Eagle, Alaska 
(2,005 km from the mouth), averages 
2,329 cubic meters per second, with a 
maximum of 15,400 m% over the period 
of record. 2 

Despite the Yukon River's ranking as 
the fifth-largest river system in North 
America, little is known about its hydrol
ogy, and what is known pertains mainly 

to summer flow. During historical times, 
the Yukon has had major settlements 
along its banks since the gold rush days of 
the late 19th century but only a few stud
ies have been conducted concerning its 

5breakup process. 3- The work outlined in 
this article analyzes and summarizes the 
available breakup data on the Yukon River. 

DATA 

The data used came from two reports, 
which summarize the known breakup 

ALASKA 

pcEfo'oJ>_ 

dates for the Yukon River. 6 • 7 The original 
sources are divided into two categories, 
American and Canadian. Data for the 
American part of the river were supplied 
by the yearly reports of the U.S. Weather 
Service Climatological Data, Alaska. 8 For 
the section of the river in Canada the two · 
primary sources were Allen and Cudbird, 9 

and Kivisild. 1 The reports supplied data 
for 25 stations along the Yukon, as well 
as for the rest of Alaska, intermittently 
from 1896 to 1978. Since 1976 these 

i 

I 


\ 

YUKON 

5 KILOMETERS 

Figure 1. Map showing the location of the Yukon River, major tributaries, and villages. 
(Village abbreviation key is given in Table 1.) 
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78 years; Tanana, 66 years; Rampart, 48 
years; Eagle, 62 years; and Dawson, 79 
years. Whitehorse, Yukon Territory, has a 
long record but, because the water flow is 
regulated there by a dam, it is not included. 

There are a few inherent problems with 
the data. Over the years no attempt was 
made to standardize the observations of 
different individuals. This makes question
able the comparisons between stations and 
the continuity of dates at a single station. 
No known records exist indicating a 
change of observer at any of the sites over 
the years. However, this is not very serious 
for the purpose of this report, because 
"breakup" has been generally considered 
to mean the date when the river ice first 
starts to move freely despite any subse
quent ice jamming. 1° For a more detailed 
analysis of river breakup, a better data set 
with standardized observing procedures is 
required. 

ANALYSIS 

Frequency distributions were calculated 
for all the stations with more than 35 ob

Ice jamming during breakup on the Yukon River near Ruby, Alaska. (Photo courtesy 
servations (Fig. 2). The distributions are 

of Northern Remote Sensing Laboratory, UAF.) 
generally normal, with the notable excep

data have not been published, but were late the mean breakup date. These stations tion of Holy Cross where the distribution 

obtained in unpublished form from the are listed in Table 1. Several stations have is negatively skewed. Averages were calcu

National Weather Service River Forecast long records of breakup dates: Holy Cross, lated for each station and the earliest and 

Office in Anchorage. Another source of 
information was a series of reports by 

TABLE 1. List of Stations and Pertinent Data Bilello and Bates.4 

"Breakup" was not included in the Distance Number of 
U.S. Weather Service climatological reports upstream years of Breaku~ dates 
between 1961 and 1972; instead, the orig Station km record Earliest Mean Latest 
inal sources noted "first movement of ice". 
For this interim, the average of the "date 
of ice unsafe for man" and "date condi

MV =Mountain Village 
F L = Fortuna Ledge 

135 
247 

27 
25 

5/03 
4/25 

5/20 
5/14 

6/06 
5/30 

tions permit boating" was used in place of RM = Russian Mission 325 20 4/25 5/14 5/25 

the missing "breakup" dates. The average HC = Holy Cross 426 78 4/25 5/17 6/06 

of these two dates was found to be statis AN= Anvik 495 33 5/03 5/18 6/02 

tically indistinguishable from the actual KA =Kaltag 719 16 5/09 5/17 5/30 

breakup dates. The purpose is to approx NU =Nulato 771 35 5/02 5/16 5/27 

imate the trend of yearly breakup for KO =Koyukuk 800 12 4/30 5/16 6/05 

which these average values are satis GA =Galena 902 25 5/06 5/16 6/05 

factory. The result is the construction RU =Ruby 1,050 30 4/30 5/14 5/22 

of yearly breakup profiles from 1900 KK = Kokrines 1,100 13 4/28 5/12 5/25 

to 1978, of which only 17 years (22 TA =Tanana 1,240 66 4/29 5/13 5/25 

percent) were eliminated because of RA =Rampart 1,348 48 5/01 5/16 5/25 

insufficient data. The minimum criteri SV = Stevens Vi IIage 1,420 22 5/06 5/14 5/24 

on for constructing a yearly profile is BE= Beaver 1,547 23 5/07 5/14 5/23 

at least six well-spaced stations revealing FY = Fort Yukon 1,645 48 5/05 5/13 5/22 

an ice breakup trend. Cl =Circle 1,790 33 5/05 5/13 5/22 

Many records are incomplete and only EA =Eagle 2,005 62 4/25 5/09 5/18 

19 of the 26 stations have sufficient data DA =Dawson 2,117 79 4/28 5/09 5/28 

(a minimum record of 10 years) to calcu-
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latest breakup dates were determined 
(Table 1 ). Student's t-test was run on sev
eral samples of data from the 79-year 
record of Dawson, Yukon Territory, to 
determine whether 	a mean of a 10-year 
record sample, the minimum required for 
analysis, would statistically approximate 
the mean of a much longer record, so that 
records of different lengths could be com
pared. Results indicate that a 1 0-year 
record provided an acceptable approxima
tion. Another concern is whether the 
number of yearly observations at a station 
would affect the spread between the ear
liest and latest breakup dates. Fortunately 
no relationship is 	 found between length 
of record and spread between extremes. 
Figure 3 shows the trend of breakup on 
the Yukon River from Mountain Village 
(135 km from the mouth) to Dawson, 
Yukon Territory (2117 km upstream). In 
general, the trend shows later breakup 
dates proceeding downriver at an average 
speed of 3.2 meters per second (m/s). 
which is close to the mean spring water 
velocity of the Yukon River, 3.3 m/sY 
This is faster than the mean ice breakup 
velocity on the Mackenzie River, which 
was calculated to be 2.3 m/s from the data 
in MacKay_12 The Mackenzie breakup ve
locity is faster than its mean spring flood 
velocity, which is about 1.5 m/sY In 
several locations, the downstream breakup 
progression of the mean is reversed: from 
Rampart to Kokrines, and from Anvik to 
Fortuna Ledge. The latest date of breakup, 
unlike the earliest date, follows the trend 
of the average date. 

The annual sequence of breakup for all 
available stations has been drawn for data 
sets back to 1900; some are shown in 
Figure 4. In 17 years of data, the annual 
record contains five stations or fewer, and 
these years were deleted from this phase 
of the analysis. Considering the quality of 
the data, it is difficult to categorize the 
breakup regimes with any certainty; never
theless, several different types of breakup 
seem to be emerging. They are categorized 
as "progressive", "staggered", and "static" 
(Fig. 4). 

When the breakup of the Yukon River 
proceeds past each station in a downstream 
progression without long delays, it is called 
"progressive" breakup. This seems to be 
the most common form, occurring approx
imately 44 percent of the time (Fig. 4a). 
"Staggered" breakup occurs when break
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Figure 2. Frequency diagrams of river-ice breakup for six stations on the Yukon River. 
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Figure 3. Plot of the earliest, mean, and latest breakup dates on the Yukon River 
versus the station distance upriver. 
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up is reported at several widely separated 
points on the river within a few days of 
each other. This seems to produce a series 
of nearly simultaneous breakup fronts, 
giving a sawtooth appearance to a plot on 
the breakup date versus distance upriver; 
staggered breakup accounts for 31 percent 
of the record (Fig. 4b). Static breakup has 
no definite trend in the data (Fig. 4c) and 
occurs 25 percent of the time. These three 
categories are based on the pattern of 
breakup at several neighboring stations 
considered together. One breakup observa· 
tion may be considered anomalous, but 
several observations along the river togeth· 
er provide a much stronger case, and these 
cases are considered significant. In view 
of the proposed categories, the trend of 
the mean breakup dates (Fig. 3) can be 
considered staggered. This is an apparent 
contradiction to the most frequently ob· 
served trend of progressive breakup. 

The trend of earlier mean breakup date 
with distance upstream also shows rever· 
sals at those points where the river ice 
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Figure 4. Three categories of river-ice break
up patterns: (a) "progressive," breakup pro
ceeds downriver; (b) "staggered," breakup 
occurs almost simultaneously at several 
locations on the river and proceeds down
river, lending a sawtooth appearance to the 
graph; (c) "static," breakup with no appar
ent trend. 
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breaks up at a station downstream before 
it breaks at an adjacent station upstream. 
Four clear cases are Rampart/Tanana, 
Tanana/Kokrines, Anvik/Holy Cross, and 
Holy Cross/Russian Mission. One might 
expect that the number of days between 
mean breakup dates at adjacent stations 
would be related to the frequency with 
which breakup at one station is earlier than 
at the other; however, this is not so. In 
fact, although the mean breakup date at 
one station can be earlier than at another, 
the probability of earlier breakup at that 
station can be less than 50 percent. Two 
examples are Holy Cross/Russian Mission 
and Tanana/Kokrines. The mean breakup 
date at Holy Cross is May 17, three days 
later than the next station downstream at 
Russian Mission. However, for the period 
of record, the river ice at Holy Cross breaks 
up before that at Russian Mission 79 per
cent of the time. A similar situation occurs 
for Tanana/Kokrines. The cause of this 
apparent inconsistency is that extreme 
values bias the arithmetic mean of a small 
sample. The probability of earlier breakup 
at one of two adjacent stations is not bi
ased and can be used to evaluate compari
sons that use mean breakup dates. This 
situation points to possible problems with 
using mean values to characterize river ice 
breakup data. Perhaps the mode, the most 
frequently observed date, should be used 
instead. 

The other two pairs of stations, Anvik/ 
Holy Cross and Rampart/Tanana, show a 
more frequent breakup at the downstream 
station before the upstream station, in 
agreement with the mean breakup date 
which is earlier at the downstream station. 
The Tanana River flows into the Yukon 
River at Tanana which may affect breakup 
there. No obvious influences on breakup 
between Anvik and Holy Cross were ob
served on 15-minute (1 :63,360 or inch-to
the-mile) topographic maps ofthat stretch 
of the river. 

DISCUSSION 

The frequency distribution of breakup 
may be related to the spring flood wave 
as it propagates downstream. 14 The spring 
flood wave is a period of maximum stage 
height and discharge caused by spring 
snowmelt and rain. If breakup of river ice 
occurs within a range of stage heights (a 
given stage increase creates upward forces 
on the ice cover, eventually to the break

ing point). then the shape of the breakup 
distribution over time at a particular sta
tion would be related in part to the slope 
of the stage height increase. If the spring 
flood wave rises rapidly at a station, then 
the breakup distribution would tend to be 
peaked (Fig. 5a). Conversely, if the wave 
had a gentle slope, then the breakup would 
have a flattened curve (Fig. 5b). As a wave 
propagates through a medium, its ampli
tude (energy) decreases and its wavelength 
increases. The cause of these effects is in
elastic collisions which absorb some ofthe 
wave's energy and disperse the wave. The 
same is true for flood waves traveling down 
a river. The wave becomes much more at
tenuated after repeated interactions with 
the channel and incoming streams; increas
ing river width also will decrease the am
plitude of any such wave. 

If the changing slope of the spring flood 
wave at least in part influences the ice 
breakup, it should indicate that the break
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Figure 5. Graph of stage versus time and its 
theoretical relationship to breakup for (a) 
a rapidly rising stage and (b) a slowly rising 
stage. A consistently rapid spring rise would 
influence the frequency of breakup dates 
towards a more peaked cluster. 
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up frequency distribution would also at
tenuate and shift later in time downriver. 

However, several important local factors 
influence the effectiveness of this mech
anism: river channel morphology, tribu
tary rivers, weather conditions, and ice 
strength. For instance, if the river banks 
are gently sloping, an increase in discharge 
would produce a smaller rise in stage com
pared to the rise between steep river banks. 
The confluence of a tributary river affects 
local breakup by introducing its spring 
flood wave into the main channel. Another 
important local influence is ice jamming. 
Its effect on ice breakup can be visualized 
as follows: 15 Ice breaks up at one locality, 
flows downstream, and jams at a more 
solid ice cover (or shallow spot) downriver, 
creating an ice dam. Water backs up until 
the dam breaks, releasing a surge that 
breaks up more ice downstream until the 
wave loses energy or the local ice and river 
conditions temporarily halt breakup and 
ice jamming resumes. The size of the surge 
wave depends on the lifetime of the dam 
and the water inflow rate, with the latter 
depending on local snowmelt and the ice 
conditions in tributary streams. 

The hypothesis of a spring flood wave 
modified by local conditions can explain 
the progression of breakup in the Yukon 
River. The general trend of breakup pro
gressing downriver is probably caused by 
the spring flood wave traveling down
stream. The agreement among the average 
spring flood wave velocity, average break
up velocity, and shift in breakup frequency 
distribution towards later dates (Figs. 2 
and 3) support this view. Deviations from 
this trend are caused by local influences. 
The trend reversal in mean breakup dates, 
if not caused by extremes biasing the 
mean, can be explained by tributary rivers, 
as in the case of Rampart/Tanana. Not 
enough was known about the local cli
matic and topographic conditions between 
Anvik and Holy Cross to permit an ade
quate investigation into the cause for the 
earlier breakup at Holy Cross. It is certain 
that ice jamming is significant but the lack 
of ice jamming data precluded an analysis 
of its influence. 

The year-to-year variability of the 
breakup trend depends on the weather. 
Winter conditions determine the thickness 
and maximum strength of the ice and the 
spring conditions determine the rate of 
ice weakening and rise in river stage. 

CONCLUSIONS 

Although the yearly breakup pattern 
of the Yukon River changes substantially 
from year to year, it can be divided into 
three categories (Fig. 3): progressive (44 
percent of the record), staggered (31 per
cent), and static (25 percent). These re
peated patterns are probably caused by 
different weather conditions before and 
during breakup that control the strength 
of the ice and regulate runoff. The mean 
dates of breakup generally become earlier 
with distance upriver, and the most com
mon pattern is considered to be staggered. 
The mean breakup date may be used to 
indicate the trend of breakup, but with 
caution because extreme values bias the 
data. The mode may be a better statistic 
to characterize the breakup period when 
longer records are available. 

The effect on breakup of local influen
ces such as ice strength, ice jams, river 
channel morphology, tributary rivers, and 
presence of a breakup wave cannot be ig
nored. In particular, ice jams are significant 
to the breakup process because they create 
conditions favorable for the pooling of 
water and its later release as a surge, pro
ducing further breakup downstream. More 
investigation is required to understand the 
relation of breakup characteristics to these 
factors. 

The term "breakup" must be used with 
caution, as different observers may use 
different definitions and hence vary in 
their reporting of when the breakup 
occurs. Using the average breakup dates 
for station comparisons and trends may 
lead to erroneous results because of the 
bias of extreme values. A more indicative 
measurement of typical breakup date, 
rather than the mean, might be the mode. 
However, more data are required than are 
now available to make general use of the 
mode in this study. 
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Building 
the 

Alaska 
Highway 

The Political Background 


by Claus..M. Naske 

......,._______. n January 1942, 

Harold L. Ickes, Secretary of the U.S. Departmentofthe lnteri· 
or introduced a lively topic at a cabinet meeting: he proposed 
to build a highway from the contiguous states to Alaska. Later 
he wrote in his diary that, much to his surprise, he found that 
Vice President Henry A. Wallace "had intended to bring up 
this subject later because he was discovered to be fortified 
with some maps and statistics." Ickes had the impression that 
everyone at the meeting "conceded the advisability of building 
this road or at least making preparations to build it." 

Claus-M. Naske is a Professor of History at the University of 
Alaska-Fairbanks. This article is based on material he gathered 
for a biography of Ernest Gruening. 
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Wallace suggested a route that would 
come down through the Canadian province 
of Alberta to Minneapolis, Minnesota. 
Ickes had a different route in mind. He 
proposed to build from Seattle, Washing
ton, to Prince George, over to Vanderhoof 
and Fort St. James, and thence to Atlin, 
all in British Columbia; from there to 
Whitehorse and Kluane Lake in the Yukon 
Territory, and then into Alaska along the 
Tanana River to Big Delta on the Richard
son Highway. Ickes had been told that 
this route would be about 2200 miles. Ap
proximately 450 miles of roads of some 

"A monumental 

task" is how the con

struction job facing 


the Army was de

scribed. It took nine 

months and six days 

to construct the pio

neer road. Its route 

was chosen because 


of the military neces

sity of supplying the 


airfields; soils were 

very poor in places. 

(U.S. Army Photo


graph.) 


sort already existed. The whole project, 
Ickes thought, could be built in 12 months 
at a cost of $50 million, or if construction 
was stretched over two or more years, 
building costs would be no more than $25 
million.1 

President Roosevelt listened to Ickes, 
and then suggested that the departments 
of Interior, War and Navy get together to 
consider the proposal. As soon as Ickes 
was back in his office, he summoned Paul 
W. Gordon, a devoted public servant who 
had been Superintendent of Indian Affairs 
in what was then the Territory of Alaska. 
Gordon served as the Department's Alas
kan expert. The Secretary instructed him 
to confer with a man from the National 
Geographic Society who, according to 
Vice President Wallace, had investigated 
both routes. Ickes found that there was 
general agreement that it was possible to 
build a highway to Alaska over a route 

that, "except for one or two feet of possi
ble snow at various times is practically 
open all winter long." The Secretary also 
knew that Roosevelt feared "the distinct 
possibility of an attack on Alaska by the 
Japanese," although he did not "necessar
ily look for this in the Aleutian Islands." 
In fact, Ickes gained the impression that 
the President "would not be surprised if 
we lost part of the Alaskan Territory down 
as far as Kodiak Island to the Japanese, at 
least temporarily during the war." Ickes, 
playing on the President's impressions, ar
gued that it might be impossible to supply 

Alaska without a highway, for Japanese 
naval units operating in the "foggy inland 
passage" might seriously impede American 
shipping.1 

I ekes, of course, had not been the 
first person to propose a highway to Alas
ka. His approach to the cabinet was built 
on information that came from the efforts 
of many people over many years. Most of 
his points-from which highway route was 
best to the Territory's vulnerability be
cause of its isolation- had been developed 
far earlier. 

In the 1920s, various individuals and 
groups had discussed in vague fashion the 
possibility of building a road north, but 
no steps were taken until 1929 when resi
dents established international highway 
associations in Fairbanks, Alaska, and in 

Dawson, Yukon Territory. These associa
tions were intended to interest people in 
Canada and the United States in building 
the highway and to lobby for legislation 
to carry out the project. At the same time, 
the government of British Columbia in
quired into the possibility of building a 
highway north and informally exchanged 
views with officials in Alaska. Soon many 
associations and commercial bodies in 
both Alaska and the contiguous states en
dorsed the idea. In Alaska, these included 
the chambers of commerce of Anchorage, 
Fairbanks, Juneau, Wrangell, Ketchikan, 

Seward, Sitka and Nome. In the states, 
other associations similarly expressed 
themselves in favor of the project: the 
Seattle and the United States chambers 
of commerce, the Automobile Club of 
Washington, the Seattle Mining Club, the 
Washington State Roads Association, the 
American Road Builders Association, the 
National Highways Association, and the 
American Automobile Association? 

On April 17, 1929, the Alaska Terri
torial Legislature memorialized Congress 
endorsing such a highway, petitioning that 
conferences on the subject be arranged be
tween representatives of the United States 
and Canada. It also appropriated funds to 
the Alaska Road Commission for a prelim
inary survey and for advertising the advan
tages of the project. Soon, people in the 
Department of the Interior, the executive 
agency most closely concerned with Alas
kan affairs, became interested in the high-
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way, and representatives of the State 
Department conducted conferences with 
Canadian representatives and collected 
maps and information. The Alaska Road 
Commission, responsible for the design, 
construction, and maintenance of roads in 
the Territory, favored the construction of 
the highway as soon as the Canadians had 
started on their section of the project.3 

On May 15, 1930, President Hoover 
signed a measure providing for the appoint
ment of special commissioners to cooper
ate with Canadian representatives in a 
study evaluating construction of a high
way connecting the northwestern United 
States with British Columbia, the Yukon 
Territory, and Alaska~ The commissioners 
made several reconnaissance flights over 
the general area, and the government of 
British Columbia undertook aerial and 

ground surveys in the northern part ofthe 
province. Also in 1930, Simon Fraser 
Tolmie, the Premier of British Columbia, 
organized and led an international auto
mobile caravan over the 815 miles from 
Vancouver to Hazelton. The trip's purpose 
was to explore the northern roads and ad
vocate extending the so-called Pacific
Yukon Highway system. Accompanying 
Tolmie's caravan were American represent
atives of various organizations and com
munities on the Pacific coast, the Depart
ment of the Interior, the Alaska Road 

Commission, and the press. At Hazelton, 
Randolph Bruce, Lieutenant Governor of 
British Columbia, George A. Parks, Gover
nor of Alaska, and representatives from 
numerous Alaskan communities greeted 
the caravan members. Following up on 
such high-level interest (and the Alaska 
legislature's 1929 appropriation). Donald 
MacDonald, a locating engineer with the 
Alaska Road Commission, conducted a 
survey for the Commission in 1931 to de
termine the best route from Dawson in the 
Yukon Territory to Fairbanks, Alaska; the 
ARC fulfilled its need to advertise the pro
ject's advantages by publishing an illustra
ted booklet entitled The Proposed Pacific 
Yukon Highway Connection: Washington
British Columbia-Yukon Territory-Alaska. 
The Canadians were also active in the 
cause, and British Columbia subsequently 

developed a substantial highway system 
which included a gravel-surfaced road from 
Vancouver to Hazelton.2 

On October 9, 1931, the members of 
the Canadian committee met with the 
American commissioners in Victoria, Brit
ish Columbia, to consider the desirability, 
feasibility, value, route, and cost of the 
proposed project. After thorough discus
sions, both sides unanimously agreed that 
the project was technologically feasible 
and that substantial benefits would accrue 
to both countries from the project, but 

that more information was needed before 
it could be definitely determined that the 
project was economically sound? 

In 1933, the American commissioners 
submitted their report. They concluded 
that the project was feasible and could be 
constructed for approximately $2 million 
for the Alaska section and $12 million for 
the Canadian section. The distance from 
Seattle to Fairbanks was 2,256 miles: 
1,073 miles of roadway already existed, 
leaving 1,183 miles of new construction 
required. The commission recommended 
a stage·construction process; that is, the 
initial construction standards should be 
no higher than needed to serve the esti
mated traffic. Upgrading then could be 
undertaken as required. The commission 
proposed that the federal government pay 
90% of the construction costs for the A

A suitable route for 
the Alaska Highway 
was a hotly debated 
subject for many 
years, but early on it 
was agreed that Fair
banks would be the 
terminus. (Photograph 
from the Machentanz 
Collection, Alaska and 
Polar Regions Depart
ment !APRDJ, Elmer 
E. Rasmuson Library 
!EERLJ, University 
of Alaska-Fairbanks 
!UAFJ.) 

laskan section; the Territorial government 
should pay the remaining 10%.2 

The commissioners found two suitable 
routes for the northern end of the highway 
-either one of which would help open 
the Territory and contribute to its econom
ic development. The Dawson- Fairbanks 
route proposed in the early 1930s offered 
more comprehensive service to the Yukon 
Territory and to the Fortymile and Chick
en Creek gold mining areas in Alaska. How
ever, the Whitehorse-Kiuane Lake-Gulkana 
-Fairbanks route involved less new road 
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construction and served other important 
gold mining areas in Alaska.2 

The commissioners recommended that 
an agreement be reached with the Canadi
an government on the survey and location, 
specifications, cost estimates and resulting 
benefits, as well as financing plans for the 
highway. Furthermore, the commissioners 
encouraged the road-building agencies in 
Alaska and the Yukon Territory to con
struct a Fairbanks- Dawson road without 
waiting for adoption of the entire project? 
After submitting its report, the commis
sion, as planned, ceased to exist, and its 
recommendations were lost in the general 
uncertainties of the Great Depression. 

After some pressure by interested indi
viduals, including Alaska's congressional 
delegate Anthony J. Dimond, and Repre
sentative Warren G. Magnuson of Washing
ton, Congress passed legislation on May 31, 
1938, which provided for a five-member 
Alaskan International Highway Commis
sion authorized to work closely with a 
similar Canadian body in the planning and 
eventual construction of a highway con
necting the Pacific Northwest with Canada 
and Alaska. In August, President Roosevelt 
appointed the Commission. (President 
Roosevelt had favored the highway as early 
as 1935. In 1938 he had told Delegate 
Dimond that he was interested in the 
project and had talked with Canadian 
officials about it on various occasions, but 
unfortunately they had not responded 
positively.5 ) Magnuson served as chairman, 
and members included Ernest Gruening, 
then Director of the Division of Territories 

and Island Possessions; Thomas Riggs, a 
member of the United States Commission 
ofthe International BoundaryCommission 
(Canada) and a former Territorial governor 
of Alaska; James W. Carey, a consulting 
engineer from Seattle, Washington; and 
the durable Donald MacDonald, still a 
locating engineer for the Alaska Road 
Commission. Late in December 1938, the 
Dominion of Canada appointed a similar 
five-man commission. Since no funds had 
been provided for the work of the Inter
national Highway Commission, it accom
plished little. Finally, 11 months after the 
Commission was appointed, Congress pro
vided a meager $6,200 for travel and inci
dental expenses.6 

In June 1939, the members of the 
Canadian Commission planned an aerial 
reconnaissance survey of the proposed 
route. The flight began at Hazelton, British 
Columbia, on July 8, 1939, and ended 
seven days later in the Yukon Territory. 
Some of the Canadians flew over the so
called eastern or B route, which general
ly passed through Finley Forks, Fort 
Grahame, Sifton Pass, Liard Post, Frances 
Lake, thence along the Pelly River to Pelly 
Crossing, and from there over an already 
existing road to Dawson. Other Commis
sion members flew over a portion of the 
western route A, which lay between 
the Pacific Coast Range and the Rocky 
Mountains. It led from Prince George, 
crossing the Stikine or its tributary, the 
Tanzilla River, somewhere between Tele
graph Creek and Dease Lake in British 
Columbia; from there it went to the town 
of Atlin and thence northward around At

lin Lake to Whitehorse and onto Dawson 
and the Alaska-Yukon boundary, and from 
there via a variety of possible routes to 
Fairbanks.6 

Magnuson arranged a joint meeting of 
the Canadian and United States' commis
sions on July 24, 1939, in Victoria, British 
Columbia. After lengthy discussions, the 
U.S. commission members agreed with 
their Canadian counterparts that the A 
route, or one located close to it, seemed 
the most logical and feasible. Since none 
of the U.S. members, however, had seen 
the territory along the suggested route, 
they decided to make an aerial reconnais
sance of it. They started their flight from 
Vancouver to Dawson by way of Hazelton, 
Dease Lake, Atlin, and Whitehorse on July 
25 and returned by the Takla Lakes and 
Fort St. James. Gruening was a member of 
the party and furnished the following ac
count of the reconnaissance.7 

Canadian Airways provided a two
motored seaplane because there were no 
landing fields in British Columbia. Includ
ing the pilot, there were seven people in 
the plane. The party left Vancouver at 
noon and after about an hour's flight land
ed at Lake Williams. While the pilot gassed 
up, the passengers went to the settlement 
for lunch. At about 4 p.m., the plane was 

Several aerial surveys of proposed high
way routes were made, both by Americans 
and by Canadians, to determine which 
route was most logical and feasible. (Photo
graph from the Machentanz Collection, 
APRD, EERL, UAF.) 
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Alaska's congressional delegate, Anthony J. Dimond. (Photograph from Gruening Album 
427, APRD, EERL, UAF.) 

ready, but was unable to get off the lake. 
After two or three attempts, the pilot 
"gave it up, blaming the results on the 
stillness of the air. We were pretty much 
disgusted," Gruening observed. After leav
ing three people behind, the rest of the 
party took off "with not any too much 
to spare." At 9:30 p.m. they landed on 
Stuart Lake at Fort St. James. 7 

The party spent the next day at Fort 
St. James because Canadian Airways was 
unwilling to furnish another plane. Magnu
son complained to the Canadian govern
ment, and by midmorning of the 27th day 
of July a Stinson, a larger plane, finally ar
rived, bringing along the rest of the party. 
Neither plane was able to take off, how

ever, and Magnuson finally decided "that 
if anyone was to see anything he and I 
[Gruening] had better go on and assume 
that the Canadian Airways would supply 
a better plane. So off we went," in the 
larger plane, leaving the rest of the party 
again stranded in Fort St. James.7 

In the early afternoon the two men ar
rived at Hazelton, the northernmost point 
in British Columbia accessible by road. 
The plane landed on the river and was met 
by two members of the local Chamber of 
Commerce. After lunch they were off 
again, following a portion of the A route. 
It was beautiful and rugged country, but 
before long the two men concluded "that 
the difficulties of this path would be too 

great." There was too much snowfall and 
the terrain was too rough to build a road. 

After gassing up at Dease Lake, they 
next flew to Atlin where they arrived early 
in the evening. Harper Reed, the local In
dian agent, met the plane and made avail
able a valuable set of maps of the region. 
Another hour of flight took them to 
Whitehorse where they landed on one of 
the tributaries to the Yukon River. There 
they spent the night at the hotel owned by 
the White Pass and Yukon Route railroad 
which "dominates the small town...." It 
was not long before the editor of the local 
paper called on Gruening, and "took me to 
his office where he shut the door and ex
plained to me that he was strong for the 
road as was everyone else but that no one 
dared say so because the railroad was a
gainst it." In fact, "the railroad had been 
an impediment on the growth of the 
country and opposed all progress," the 
editor complained.7 

After a restful night, they awoke to bad 
weather with low clouds and mist, defi
nitely unsuitable for flying. The weather 
had cleared enough to make flying safe the 
next day, so the pair went on to Dawson. 
Gruening described the unfolding country 
beneath the plane as "rather monotonous, 
slightly rolling," and he and Magnuson 
agreed "that it would not be desirable to 
have the road extend to this interminably 
dreary country through Dawson, but to 
cut from Whitehorse through Kluane ...." 
They reached Dawson shortly after noon 
on July 29, and spent the night there in a 
hotel. 

On July 30, the plane headed for Klu
ane Lake, landing at Burwash where Pan 
American Airways stored gasoline. Gruen
ing and Magnuson agreed that this was 
"clearly the desirable route as the scenery 
here is the finest in America, the road pre
sents no difficulties and, in fact, is already 
constructed from Whitehorse to Kluane 
Lake-a distance of 150 miles. From there 
on northwest is a natural valley into Alas
ka." The two men flew along the route 
into Alaska and "found nowhere any en
gineering difficulties." The reconnaissance 
completed, the party returned to Van
couver on August 1, 1939.' 

Nearly a year later, in April 1940, the 
commission submitted to Congress its rec
ommendation that the highway should 
be built along the A route, despite "the 
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difficulties of this path" noted on the tour, 
for the following reasons: 

• It permits shorter branch roads 
being built as possible highway outlets 
to towns along the coast of southeast
ern Alaska; 

• It is more scenic, particularly near 
the Atlin Lake and along the north 
side of the St. Elias Range; 

• It would aid in the mining develop
ment along the upper Tanana River in 
Alaska; 

• A road could be constructed from 
the Tanana River northeast to Dawson, 
thereby giving Dawson access to the 
highway and aiding in the mining devel
opment of the Fortymile region in Alas
ka.6 

The Canadian Commission submitted 
its report in August 1941. It had spent con
siderable effort and man-hours in investi
gations, including elaborate cost estimates 
and analyses. The Canadians favored the 
B route, the eastern route following the 
Rocky Mountain trench. After consider
ing all the evidence, the commissioners 
had concluded that the B route presented 
few engineering difficulties, would be rela
tively inexpensive to build and maintain, 
and would provide convenient access to 
feeder highways from Alberta through the 
various mountain passes. It also would 
make available valuable natural resources 
and would lead directly to Dawson and 
from there to the Alaska boundary. Addi
tionally, the B route offered good con
nections with the air routes then under 
construction from midwestern airfields 
through Edmonton to Fort St. John on 
the Peace River, and from the Pacific 
coast through Prince George and Fort 
Mcleod to Fort St. John, and thence to 
Fort Nelson, Whitehorse, Dawson, and 
Fairbanks.8 

In the meantime, Delegate Dimond had 
submitted legislation in the U.S. Congress 
authorizing construction of a highway to 
Alaska. In August 1940, Secretary of War 
Henry L. Stimson commented: "the value 
of the proposed highway as a defense meas
ure is negligible and ... legislation pro
posed in the attached bill should not be 
favorably considered." A year later, Di
mond introduced legislation appropriating 

Seven engineering regiments, aided by forty-seven contractors employed by the Public 
Road Administration, worked toward each other from various points along the chosen 
C route. Governor Ernest Gruening visited the PRA camp in Whitehorse on October 
29, 1942. From left, Brigadier General James J. O'Conner, Commanding General; 
Governor Gruening; Colonel John Wheeler, in charge of the highway; and Colonel K. 
Bush, Chief of Staff. (Photograph from Gruening Album 43-1441, APRD, EERL, UAF.) 

a sum not exceeding $25 million for con
struction of the highway. This time, the 
Federal Works Agency recommended 
against constructing the highway because 
"plans looking to a working arrangement 
with the necessary authorities in the Do
minion of Canada ... have not matured 
sufficiently...." 9 

By 1941, however, the critical interna
tional situation caused by the impending 
threat of World War II had generated some 
support for the highway. On July 31, 
Mayor Fiorello La Guardia of New York, 
chairman of the Permanent Joint Board 
on Defense-United States and Canada, an
nounced that Roosevelt wanted "a real 
survey started as soon as possible to deter
mine the route of the proposed highway," 
and that he wanted "the road as a defense 
measure to facilitate the movement of 
men and equipment to Alaska in case of 
emergency. " 10 

It was not until October 6, 1941, that 
the War Department agreed that because 

of the increasing international tension, 
"the construction of this highway now ap
pears desirable as a long-range defense 
measure." Two months later the United 
States was at war, and military planners 
suddenly were interested in a highway link 
with Alaska. The War Plan Division now 
supported a road to supply Alaska in case 
of emergency. Connection between the 
Territory and the states was only by sea 
or air; Alaska was an island, the planners 
argued, and did not even possess an ade
quately developed internal transportation 
system. The international highway would 
be safe from enemy submarines, and could 
also supply the string of airfields under 
construction from Edmonton, Alberta, to 
Whitehorse and Fairbanks. Some planners 
had even grander ideas: they proposed a 
high-standard military road reaching all the 
way to Port Clarence on the Seward Penin
sula. A ship-ferry would cross Bering Strait 
and connect with a road traversing north
eastern Siberia to Yakutsk. From there 
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another road should be built to China, and 
still another to the Malay Peninsula in 
order to obtain vitally needed rubberY 

It was against this background, after 
years of discussion but virtually no action, 
that the President had asked a committee 
of Cabinet members to study the need for 
a highway. On January 25, 1942, Secretary 
of the Interior Ickes contacted Secretaries 
Knox and Stimson about the matter, but 
Stimson told him that his people still were 
pulling materials together and were not 
yet ready to meet. On February 2, the 
Cabinet committee met and, following the 
advice of the General Staff, the Air Staff, 
and engineer members of the War Plan 
Division, recommended that the road be 
built along the line of the staging airfields, 
located at Grande Prairie, Montana; Ed· 
manton, Alberta; Fort St. John and Fort 
Nelson, British Columbia; Watson Lake 

and Whitehorse in the Yukon Territory; 
and Northway, Tanacross, and Big Delta 
in Alaska. The committee and the military 
planners reasoned that this route would 
furnish a supply route to Alaska and, at 
the same time, service and supply the 
staging airfields, providing safety for per
sonnel ferrying aircraft from the states to 
the Territory. Next, the War Plan Division 
informed Brigadier General Clarence L. 
Sturdevant, the Assistant Chief of Engi
neers, that a decision to build had been 
reached and instructed him to submit a 
survey and construction plan. Just two 
days later, the general furnished a two
phase construction plan for a 1500-mile 
highway. In the first phase, the Army 
Engineers would push through a pioneer 
road, to be followed by civilian contrac
tors employed by the Public Roads Ad
ministration who would transform the 
pioneer road into a permanent one.12 

On February 11, Roosevelt approved 
the general plan and three days later the 

Chief of Engineers was instructed to pro
ceed. Roosevelt apparently selected the 
road along the northwest staging route be
cause of his concern over a recent report 
which told of numerous military aircraft 
crashing on their way to Alaska. The deci
sion to build the highway, however, was 
not immediately made public. On Febru
ary 18, Delegate Dimond complained that 
instead of pressing ahead with the con
struction of the highway, the President 
was now considering options such as build
ing a railroad to Alaska, constructing only 
part of the highway and utilizing water 
transportation for the remaining distance, 
or supplying Alaska by air. Dimond disa
greed with all three options and declared 
there had been more than ample study and 
discussion and "it is now time to act."13 

In the meantime, two high-ranking 
American officers and an engineer of the 
Public Roads Administration went to Ed
monton and visited James McArthur, 
General Manager of the Northern Alberta 

Roving tractors were continually pushing and pulling foundered the Public Roads Administration who would transform the 

trucks along the muddy pioneer road. In the first phase of the pioneer road into a permanent one. (Photograph from APRD, 

construction plan, the Army Engineers would push through a EERL, UAF.) 

pioneer road to be followed by civilian contractors employed by 
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Railways. It was a small railroad with one 
branch running northward to Fort McMur
ray, tapping the 2000-mile Athabasca
Mackenzie River system, and the other 
winding through the Peace River country 
to Grande Prairie and ending at Dawson 
Creek. It had limited rolling stock, only 16 
locomotives, a score of passenger cars, and 
a few hundred boxcars- but that was 
more than sufficient for its usual needs. 
McArthur at first "could hardly credit" 
his ears, stunned by the vast projects the 
U.S. officers detailed which, he knew, 
would completely revolutionize his rail
road. 

Next, the three Americans went to 
Dawson Creek where they inspected the 
Fort St. John- Fort Nelson trail and made 
an aerial reconnaissance of part of the pro
jected road. Then they headed forWashing
ton.14 

During February, discussions were held 
with Canadian officials to secure rights-of
way through Canadian territory, and on 
February 26, the Permanent Joint Board 
on Defense-United States and Canada 
recommended construction of the high
way. Formal agreement between the two 
governments was accomplished by an ex
change of notes which provided that: (1) 
the U.S. Army would make the necessary 
surveys and build the road; (2) the U.S. 
would maintain the highway during the 
war and for six months afterward, unless 
the Canadian government preferred to as
sume maintenance responsibility for the 
Canadian section earlier; and (3) at war's 
end, the Canadian part of the highway 
would pass to Canadian control. American 
citizens were not to be discriminated a
gainst in subsequent use of the highway. 

In exchange, the Canadian government 
provided the necessary right- of- way; 
waived all import duties, sales taxes, and 
license fees on equipment and supplies re
quired for construction; agreed to remit 
the income tax on the earnings of Ameri
can citizens employed in construction or 
maintenance of the highway and to facili
tate their admission to Canada; and permit
ted the use of timber, gravel, and rock 
along the route of the highway required 
for its construction.15 

On March 1, back in Edmonton, Mc
Arthur received a wire from Washington 
warning him that equipment and supplies 

had already started to roll. In the cold, 
bleak hours of March 9, 1942, with the 
thermometer standing at 30 degrees below 
zero, Dawson Creek residents were aroused 
from their sleep at half-past one in the 
morning by the arrival of a very long train 
-not one of the town's scheduled three 
weekly trains. The American Army had 
arrived, or at least a Quartermaster unit, 
which began unloading enormous amounts 
of supplies. Shipborne Quartermaster 
Corps units also arrived in Skagway on the 
Alaskan coast, transferred to the White 
Pass railroad and made the 111-miletripto 
Whitehorse; and those arriving at Valdez, 
farther up the coast, reloaded on trucks 
and went over the Richardson Highway to 
Gulkana. All this was part of the Army 
plan to build the road simultaneously from 
various points.14 

The construction job facing the Army 
was monumental. Participant- historian 
Philip H. Godsell had stated that the mag
nitude of the undertaking "can only be 
appreciated by looking back to the primi
tive conditions that prevailed in the United 
States in pre-Civil War days and visualizing 
the Army being called upon overnight to 
slash a wilderness road through forests, 

lllr 
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morasses and over mountains from New 

York to the heart of Kansas, or from Chi
cago to New Orleans. " 16 

No sooner had the selection of the route 
been announced than protests poured into 
Washington. Forexample, Charles Steward, 
chairman of the British Columbia-Yukon 
-Alaska Highway Commission, protested 
that the selection of the C route had been 
a serious mistake and that the A route 
should immediately be built "to serve both 
countries militarily and economically." 
Thomas Riggs, acting chairman of the 
Alaskan International Highway Commis
sion, told Roosevelt that the Army was 
making a serious blunder in building the 
C instead of the A route. The President 
defended the decision on the basis of war
time strategic considerations, stating that 
Canada had built the chain of military air
fields at American request, and that it was 
necessary to connect these airfields by a 
road.17 

Governor Gruening had come to Wash
ington in January on official business. It 
was to be a long stay during which the 
governor lobbied against the C .route. 
Early in February, Gruening and Dimond 
had called on Secretary Knox to advocate 

The group scouting possible routes for the Alaska Highway probably looked much like 
this one, undoubtedly led by Ernest Gruening (5th from right). (Photograph from the 
Gruening Collection, APRD, EERL, UAF.) 
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the A route. The two also visited Secretary 
Stimson, and then Gruening went to the 
President-protesting to everyone the se
lection of the C route. Ickes soon got wind 
of all these activities and told Stimson 
"that he should never let Gruening intrude 
on his time." In fact, the Secretary re
marked, Gruening's "place was in Alaska 
and the Department felt qualified to do 
whatever was necessary in the matter of 
the highway." Ickes also officially repri
manded the Governor, "taking very strong 
exception to his going over my head to 
confer with the Army and Navy and the 
President about a road to Alaska, when, so 
far as we had anything to do with this, it 
involved departmental policy which he 
[Gruening] was not in a position to deter
mine."18 

At the end of April, Stimson brought 
up the highway matter at another Cabinet 
meeting. Construction on the highway was 
in full swing by then; although the Secre
tary conceded that the best possible route 
had not been chosen, he maintained that 
it would do to service the airfields. Ap
parently, the vocal criticism of the Army's 
choice from so many sources had affected 
him, but he stuck by the decision, stating 
that the troops could not be pulled out 
and be put to work someplace else. Too 
much had already been accomplished and, 
in any event, other highways might well 
be built in the future.18 

In May, Senator William L. Langer, a 
maverick Republican from North Dakota, 
submitted a resolution calling for an inves
tigation "as to the location of the Alaskan 
highway, the so-called 'C' or 'prairie 
route'." Most Alaskans opposed the route, 
as did the Canadian and American mem
bers of the Commission which had studied 
the project, many members of Congress, 
and numerous interested and qualified 
engineers. On June 1, 1942, a subcommit
tee of the Senate Committee on Foreign 
Relations held brief hearings. It heard testi
mony from three officers who all agreed 
that the route selected was difficult be
cause of poor soils in places, but militarily 
necessary in order to supply the airfields. 
The civilians testifying described the poor 
and swampy soils, but conceded that the 
military probably knew best where to 
build the highway.19 

The military did hurry with the job. 
Seven engineering regiments, aided by 

forty-seven contractors employed by the 
Public Road Administration, worked to
ward each other from various points along 
the route. They finished the pioneer road 
exactly nine months and six days after the 
start of construction. The formal ribbon
cutting ceremony took place on November 
20, 1942, at Soldier's Summit above Klu
ane Lake, Yukon Territory. Shortly there
after, the first truck convoy, dubbed the 
"Fairbanks Freight," rolled north?0 

The 1420-mile pioneer road, built un
der extraordinarily difficult conditions 
and in record time, represented a major 
engineering feat. It had cost a total of 

The formal ribbon cutting ceremony for 
the opening of the Alaska Highway was 
on November 20, 1942 at Soldiers Summit 
above Kluane Lake, Yukon Territory. 
(Photograph from Army Corps of Engi
neers, Alaska District.) 

$19,744,585, the War Department report
ed. Of this, $9,547,826 paid for troop 
supplies, $489,213 for the Gulkana-Siana 
cut-off, $1,254,211 for temporary bridges, 
and only $8,453,335 for the actual con
struction?0 

Governor Gruening, although im
pressed with the engineering feat, had not 
changed his mind that the Army had made 
a colossal blunder in building the C route. 
The Governor asserted that the Alaska 
Highway "will have little or no value after 
the war. All the evidence that I have been 
able to gather, which appears to me con
clusive, is that the Canadians will not 
maintain it ...." 

Gruening then listed its numerous de
fects. To get to the Alaska Highway, pro
spective tourists would have to drive a long 
way from population centers such as Den
ver or Chicago in order to reach eastern 
Montana. In the process they would have 
to travel about "1,000 miles through un
interesting prairie country to reach the 
Canadian border." 

There were another 500 miles of flat 
country to Edmonton. From there to Daw
son Creek, the start of the Alaska Highway, 
the Province of Alberta "maintained more 
or less" a dirt road which had not been 
upgraded to an all-weather highway. 

The 902 miles from Dawson Creek to 
Whitehorse wound through "uninteresting 
country," and the scenery did not really 
become attractive until one passed White
horse. This was "far too long a voyage for 
the average tourist ... [who] would be in
finitely better off taking the boat from 
Seattle and ... up the beautiful Inside 
Passage." 

A branch of the Alaska Highway Fiad 
been extended to Haines at the upper end 
of the Inside Passage. This afforded tour
ists the opportunity to take their cars 
along on the boat and then drive some 
250 miles through Canadian territory 
until reaching Alaska again. Gruening 
maintained that, although the Haines 
branch was useful, the Canadians would 
have no interest in maintaining it "since 
there is nothing in this territory but 
scenery; it is without population and leads 
only into Alaska.'m 
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Shortly after the ribbon cutting ceremony opening the highway, became building permanent camps and maintaining the road. 
the first truck convoy, dubbed the "Fairbanks Freight," rolled (Photograph from Army Corps of Engineers, Alaska District.) 
north. With construction completed, the 340th's new assignment 

To improve this gloomy situation, the 
Governor proposed that the federal gov
ernment attempt to negotiate a land swap 
with the Dominion government. The Unit
ed States should offer Skagway and envi
rons to Canada in exchange for the ap
proximately 16,000 square miles of land 
extending north from the Canada- Alaska 
boundary, including the Haines branch 
road and that portion of the Alaska High
way leading from Haines Junction to the 
eastern Alaska boundary. Gruening be
lieved such a swap might help rectify the 
initial mistake of building the C route 
and make the Inside Passage from Seattle 
to Haines the major tourist route into 
Alaska. Haines would quickly become the 
major Alaska port since it gave access to 
the interior-allowing ships and boats to 

travel the protected waters of the Inside 
Passage rather than the storm-tossed Gulf 
of Alaska?1 

Le political pattern from which the 
long road north emerged is similar to the 
context of many Alaskan projects. First 
there was grass-roots pressure based on 
economics: businessmen and residents at 
both ends of the then-hypothetical high
way could see its direct dollar benefit. 
Organizations with parallel economic con
cerns, such as chambers of commerce and 
road builders' associations, followed soon 
after, providing the leverage to generate 
interest at a national-and in this case, 
international-political level. Yet without 

some external influence, there the matter 
might have remained, as many Alaskan 
projects have: a point of agitation (and 
frustration) for Alaska's Congressional 
delegation. The Alaska Highway might 
well have remained a paper project had 
not World War II intervened-at least un
til the Cold War of the following decade. 
In this light, it is interesting to speculate 
on when the trans-Alaska oil pipeline 
would have been built had not OPEC's 
actions changed the political and economic 
picture for Alaska's oil. 

It is also interesting to speculate on 
the fate of an Alaskan political figure to
day who would object to the route of a 
federally provided highway because it was 
not scenic enough, as Gruening did-even 
in the crisis days of war. No one can tell 
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now how differently southeastern Alaska 
and northwestern British Columbia would 
have developed had the A route been se
lected for the Alaska Highway, and it is 
true that most bulky goods destined for 
Alaska come by sea. Yet time has shown 
Gruening's concerns were excessive. No 
land was exchanged, the highway has been 
maintained and improved over the years, 
and thousands of travelers have used it. 
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Final inspection of the highway included Alaska 
Congressional delegate Anthony Dimond (with 
blowing tie) and Alaska Secretary of State (later 
U.S. Senator) Bob Bartlett (center). (Photograph 
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A Simple Device to Improve 

Low Temperature Driving 
by Jack Coutts 

L 

Many cars and trucks tend to hesitate 
and stumble (cough and sputter) when 
their drivers try to accelerate at very low 
ambient temperatures, even if the cars' 
engines are thoroughly warmed up. Some 
vehicles show the acceleration problem at 
0° F, others at -20° F or colder. This er
ratic response can be very irritating, 
especially when compounded by the dif 
ficulties of driving in subarctic winter dark 
and ice fog. 

The acceleration problem is limited 
mainly to 4- and 6-cylinder 1-block en
gines in which the intake manifold hangs 
on the side of the block where it is ex
posed to cold air. The hesitation and 
stumbling problems are not prevalent in 
most V-block engines, where the intake 
manifold is not as exposed to cold air be
cause it is bolted to the block between 
the heads and usually has hot engine cool
ant circulating through it. Many older 
(pre-1970) vehicles did not have the ac
celeration trouble because they operated 
at much richer carburetor settings. 

There is one method for curing the 
coughs and sputters without sacrificing 
the better fuel economy of newer vehicles 
with leaner carburetor settings. The tech
nique is to transfer extra heat from the 

A: Heat control valve assembly D 
8: Exhaust manifold L: Length of longest manifold 
C: Intake manifold 

X-X: Section (see fig. 2)
D: 	 Manifold gasket 

Figure 1. Gasoline engine manifolds. 

exhaust manifold to the intake manifold 
to vaporize the gasoline, thus ensuring 
smoother combustion (no stumble) and a 
lower level of exhaust emission. A simple 
shroud can be fabricated to serve as a 
conduit to transfer the heat. An additional 
benefit of such a heat transfer shroud is 
that it shields the intake manifold from 
the cold air blast from the radiator fan. 

FABRICATION 

The heat transfer shroud can be made 
from 16-gage or thinner sheet metal, some 
long 1/4-inch bolts, and fender and lock 
washers. Ceramic felt (high-temperature 
fiberglass) insulation may also be used to 
improve the efficiency of the shroud. 

Figure 1, showing typical manifolds for 
an 1-block engine, also shows why a shroud 
may be helpful. 

Notice how the intake manifold sticks 
out like fingers to the wind and acts as an 
excellent heat exchanger to cool the pre
heated charge (air and fuel mixture from 
the carburetor). The cold charge is the 
source of the acceleration problem. Dif 
ferent engine types may have many differ
ent configurations for their manifolds, 
but both manifolds are usually mounted 
on the same side of the engine block, with 
the exhaust manifold located below the 
intake manifold. Figure 2 shows the man
ifolds at cross section XX (Fig. 1) with a 
mounted heat transfer shroud. 

Jack Coutts is a graduate chemical engineer and a professional civil engineer who believes that application ofsimple technology 
can make life in cold regions more comfortable. 
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Figure 2. Manifold section with shroud. 

The ceramic felt insulation may not be 
necessary; however, it will insulate the 
intake manifold from the shroud, which 
may be very cold from radiator fan blast. 
If both manifolds are not on the same 
side of the block, then insulating the in
take manifold and heated air inlet duct 
will help improve acceleration. The shroud 
to fit over the manifolds (Fig. 3) is made 
by folding in the sheet metal along the dot
ted lines shown to 90° angle bends. It will 
then look like an open box. The "L" di
mension is the length of the longest man
ifold (Fig. 1). All dimensions must be 
taken from the manifold as shown in Fig
ure 2. (Caution: do not work on a hot 
manifold. IMPORTANT: When dimen
sioning and installing the shroud, make 

tle linkage operation or with the power 
brake hoses.) 

The 5/16-inch holes are for the 1 /4-inch 
mounting bolts. They need to be drilled 
so they will match after the metal is fold
ed in, or they can be drilled after fold-in. 
They should also be located so that the 
mounting bolts will miss the parts of the 
manifold that go to the intake or exhaust 
ports (fingers). To hold the shroud in 
place, the mounting bolts should fit snug
ly against the inside curve of the mani
folds. 

The holes for the carburetor and the 
exhaust outlet should be at least 1/2 inch 
larger than the carburetor base or exhaust 
outlet to allow for easy installation. Addi
tional holes will be needed for other ap
purtenances on the manifolds. The heat 
control valve should not rub against the 
shroud. If there are many attachments to 
the manifolds, it may be easier to make a 
paper or cardboard pattern and check it 
for fit first. 

To install the shroud, slip the folded 
"box" over the manifolds, insert the 1/4
inch bolts with two fender washers and 
one lock washer and tighten. The fender 
washers are mounted against the shroud 
under the bolt head and under the lock 
washer, which is against the 1/4-inch nut. 

5/16• diameter holes for 1/4• bolts 

t 
0 0 0 0 w 

--------~-------------------------~-----------t---
1 I H 

________ !_________________________!_______ ---t--
0 0 0 0 w 

_l_ 
~w + ~w-1 

Hole for exhaust outlet 

Figure 3. Pattern for shroud. 
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Many die-hard Alaskans usually do not 
bother with cold-weather automotive 
problems until the temperature drops to 
-20° F or colder. Then few of us have a 
heated garage in which to work. Given 
that reality, it is fortunate that a tempo
rary heat-transfer shroud can be made and 
installed in a matter of minutes. The only 
required materials are a 9-mil aluminum 
press plate (presently available at the lo
cal newspaper printing plant for 30 cents; 
prices elsewhere may vary) and several 
feet of tie wire. The wire used to bind 
concrete rebars is suitable. The press plate 
can be cut to size with ordinary scissOfs. 

Aluminum 

Engine 
Block 

Figure 4. Aluminum press plate shroud. 

Since the plate bends as easily as thin card
board, gloved hands are the only tools 
needed to form it. The wire is looped to 
hold the shroud in place. The shroud is 
easier to install if it is made as two pieces, 
fore and aft the carburetor. A cross-section 
view of an improvised shroud is shown in 
Figure 4. 

CONCLUSION 

As an experiment, aluminum press plate 
shrouds were installed on two vehicles in 
the winter of 1971. They improved the 
low-temperature driveability of 6-cylinder 
1-block engines. At that time, the dealer
ship's garage solution to the acceleration 
problem was to ream the carburetor jets. 
This probably would only have reduced 
fuel economy and increased emissions. 
A shroud was also successfully installed 
on a 1976 car with an 1-block 6-cylinder 
engine to improve its driveability. Heat 
transfer shrouds are a much more effec
tive Alaskan solution to an Alaskan 
problem. + 
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LETTER 
Followup to Icebreaker Story 

Editor: 

Additional information is available regarding the Soviet 
icebreaker activities highlighted in the fall issue of The Northern 
Engineer (TNE 15(3):28-29). Soviet newspapers dated October 
20, 22 and 25, 1983 (brought to my attention by Professor 
William Barr of the University of Saskatchewan) and Aerospace 
Daily, January 27, 1984, contained the following information: 
The Soviet shipping newspaper Vodnyy Transport reported that 
by mid-October five ships were still jammed in the ice. The 
cast in order of appearance: 

Ships Icebreakers 
Kamensk-Uralski, tanker Leonid Brezhnev (nuke) 
Urengoy, tanker Admiral Makarov (oil) 
Amguyema, freighter Yermak (oil) 
Pioner Uzbekistana, freighter Vladivostok (oil) 
Pioner Rossii, freighter Leningrad (oil) 

All five ships were bound west (!!) to Pevek. (If I were a 
ship captain, I'd sure rather be heading east in this part of the 
world in October!) 

The pride of the Soviet fleet, the nuclear-powered icebreaker 
Leonid Brezhnev, plus conventional icebreakers Admiral Ma
karov and Yermak reached this group of ships on October 19. 
Led by the Brezhnev, the three icebreakers mounted an unpre
cedented ice-rescue operation.These three icebreakers with com
bined power of 163,000 hp were used to escort a single ship 
at a time through heavy ice. 

By October 21, the icebreakers had rescued the two tankers 
Kamensk-Uralski and Urengoy and escorted them to a safer 
zone of looser ice. (This safer zone probably was in the area 
shown in the upper right corner of the Landsat images published 
by TNE.) 

The Yermak stayed with the two rescued tankers while the 
other two icebreakers returned to the three freighters still sol idly 
jammed in the ice. All three had been rescued by October 25 
(the day after the last Landsat image was obtained over this 
region). The previous 48 hours were devoted to extricating the 
Amguyema, for she was severely jammed among ice which had 
rafted and heaped to great thicknesses. Twelve hours were re
quired merely to turn the freighter around. (This probably was 
the maneuver that produced the most convoluted ship-trails 
labeled as C, D, and Eon the Landsat image.) 

The Soviet account states that several icebreakers were 
working in tandem, which would explain why the ship trails 
on the Landsat images show up so clearly. One would also 
assume the icebreakers would have used the same trail repeat
edly where possible. Weather reports listed temperatures down 
to -31°C (-24°F) in the region, which would help explain the 
rapid refreezing of the ship trails shown on the Landsat images 
of October 22 and 24. 

In the meantime two more conventional icebreakers, the 
Vladivostok and Leningrad, became involved in the rescue. Vla
divostok was guarding the three freighters, now also in the safe 
zone, while Leningrad was escorting Pioner Uzbekistana toward 
the safe zone of rather open ice. This made a total of five ice
breakers brought to the rescue of five Soviet ships inextricably 

The photo in question, from TNE 15(3):29. 

jammed in the ice, and explains why observers in the western 
world termed this a major shipping disaster. 

It was in this same area that the Soviet freighter Nina Sagay
dak was crushed by the ice and sank on October 8, with her 
crew having been rescued by helicopter. She was the only ship 
suffering a total Joss, although a sister-ship Kolya My ago tin was 
also severely damaged and barely was able to limp out of Arctic 
waters. Numerous other ships received lesser but significant ice 
damage. 

A later Tass dispatch, dated January 23, 1984, stated that 
dozens of ships were trapped in the ice earlier in the winter in 
the eastern sector of the Arctic. The Tass dispatch also claimed 
that instruments aboard the Soviet spacecraft Cosmos 1500 
were used for ice reconnaissance and helped find ice-free areas to 
plan optimum routes for the icebreakers in rescuing the trapped 
ships. Cosmos 1500, launched September 18, 1983, was termed 
an ice-detection satellite and apparently returned high-resolu
tion images using side-looking radar. 

If the Soviets had an operational ice-reconnaissance satellite, 
one cannot help wondering why the ships became trapped in 
ice. Was Cosmos 1500, as the first of its kind, chiefly an R&D 
project intended for evaluation and research by scientists, 
rather than an operational program intended for the maritime 
industry? Maybe the Soviet scientists were crunching numbers 
from the ice data on their computers while the ice was crunching 
the Soviet ships; when the data were fully processed and ana
lyzed, then perhaps their value and utility became obvious in 
view of what happened to the ships caught in the ice. We can
not know, but who can stop us from speculating? 

John Miller 
Geophysical Institute 

Fairbanks 

Missing or wrong in our last issue: the bottom of early oil wells was 
assumed to be, but rarely was, straight down (caption, p. 4); a frost
susceptible soil contains at least (not "lease"- p. 1 0) 2% fines by weight; 
as Figure 2 showed, the potential decreases as the distance from the soil 
particle surface is increased (not "decreased"- p.11); and the work repor
ted by Stringer and Zender-Romick (p. 16) was supported by the U.S. 
Department of Energy Appropriate Technology Small Grants Program. 
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