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Arctic Coastal and Ocean Engineering 
Dr. W. F. Weeks, our guest editor for this quarter of THE NORTHERN 

ENGINEER, is recognized as being eminent in his field, having creatively researched 
the physical behavior of sea ice for more than fifteen years. Presently, Dr. Weeks 
is a researcher with the U.S. Army CRREL and professor of Geology at Dartmouth 
College at Hanover, New Hampshire. Dr. Weeks' most current research has been 
on the mechanics of pressure ridge formation as well as the mechanisms involved in 
brine migration in sea ice. 

More commonly known as "Willy," Dr. Weeks spends his hours of relaxation 
playing jazz bass, skiing in the New England hills and, as he puts it, "thinking un
polluted thoughts and encouraging people to tow their own icebergs." 

Although marine engineering is a difficult and challenging area of investi
gation, it has an observational and "experimental" foundation that has ac
cumulated over many hundreds of years. This foundation, built on the successes 
as well as the failures of countless investigators, has been essential to the devel
opment of a theoretical basis for treating many of the problem areas in this 
field. On the other hand, major activity in the specialty area of Arctic ocean 
engineering dates from the 1960's when a major docking facility and a number 
of offshore drilling platforms were built in Cook Inlet, a bridge was designed 
for the Northumberland Strait, and the S.S. Manhattan sailed for Prudhoe 
Bay. It now appears certain that the 1970's will bring greatly increased en
deavor in this field with the design and installation of offshore platforms and 
coastal facilities that can withstand the severe ice conditions of the Beaufort 
Sea and the possible construction of a fleet of supertankers that will transit 
the Arctic Ocean on a year-round basis. 

Arctic ocean engineering is primarily concerned with combating the prob
lems caused by the presence of ice in the sea. There are, of course, numerous 
engineering problems related to the Arctic marine environment that are not 
caused by ice. These are, however, invariably less severe than similar problems 
encountered at more thermally hospitable locations and usually the methods 
and experience gained to the south are adequate to handle them. Many of the 
problems involving ice are very difficult. We must know the forces on either 
fixed or floating structures when they move continuously through both homoge
neous ice sheets and heterogeneous floes composed of a variety of ice types. 
We need to calculate the initial impact forces when a large mass of ice such 
as an old floe, a pressure ridge, or an ice island hits a structure. What are the 
forces that can be exerted during an incoming tide by the uplift of an ice sheet 
frozen to a fixed structure? What is the maximum expected weight of the ice 
that remains frozen to the upper portions of structures during periods of low 
tide? We must predict from meteorological and oceanographic information the 
magnitude of the frictional forces that will be exerted on shipping as a result 
of converging pack ice flow patterns. How do variations in the strain rate and 
the volume of ice under stress affect the observed bulk failure strength of the 
ice? Can we predict both the heights and locations of major ice pile-ups at 
coastal sites? What is an efficient method of modeling both the static as well as 
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the dynamic behavior of ice sheets? 
Many of these problems should be 
considered in terms of the probability 
of their occurrence. Because both ice 
growth and ice drift are controlled by 
weather the probability of certain 
combinations of meteorological events 
in the Arctic should be studied. 

For instance consider the design of 
a supertanker that will transit the 
Beaufort Sea during the winter. Even 
if we assume that we can build a ship 
that is safe from ice damage and that 
we can also accurately specify the 
thrust required to break through con
. tinuous cold ice of a given thickness, 
we still have serious problems. The 
ice conditions along any route will be 
extremely variable, ranging from large 
multi-year floes to open leads. We 
could play it safe and design a ves
sel that would move continuously 
through the multi-year floes at "high" 
speeds. This would be expensive in
deed. We could, of course, reduce the 
cost by reducing the power require
ments. The ship would then either 
have to negotiate around the old floes 
or, if that is impossible, ram through 
them-a slow process. To decide what 
is an optimum design will depend on 
more detailed information on sea ice 
conditions and properties than is cur
rently available. Only if we have suf
ficient data to allow us to accurately 
appraise the occurrence of different 
ice conditions can we hope to answer 
such questions intelligently. 

Man's encroachment into the Arctic 
marine environment has started and 
will undoubtedly proceed at an ac
celerating pace in the near future. The 
problems are formidable and our ex
perimental base is very limited. Ne
vertheless, I feel certain that well 
planned studies can, within reason
able periods of time, allow us to con
fidently design our way around these 
problems and that the "marine alter
native" will eventually prove the an
swer to the main obstacle that has 
hindered the development of the high 
Arctic: the lack of an inexpensive, de
pendable, large-volume, year-round 
transportation system. 

-W. F. Weeks 
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Icebreaker Gap? 
The Soviet Union and Canada 

have both developed their icebreaker 
technology, represented by the 44,000 
horsepower, 16,000 ton Lenin and 
the 24,000 horsepower, 13,000 ton 
Louis S. St. Laurent. Due to the 
pressures of World War II, the 
United States in 1943 designed and 
built the WIND class vessels, some of 
which were loaned to the Soviet 
Union where they had considerable 
influence on Soviet icebreaker de1.ign. 
After this burst of energy, ten years 
lapsed until the construction of U.S.S. 
(now U.S.C.G.C.) Glacier, an enlarged 
WIND class, but, even for her greater 
power, nowhere as good. The Cana
dian and Soviet vessels have been 
restricted in draught, the former 
because of the River and Gulf 
of St. Lawrence, the latter because 
of the vast shoals lying off the 
Russian Arctic coast. Now the U.S. 
is under pressure, not only be
cause of polar shipping require
ments but due to heightened interest 
in oceanography, to design and build 
new icebreakers. Year-round Arctic 
operation will require far more ship 
than the Louis or Lenin; Arctic Ocean 
operation places few restrictions on 
draught. But rumor is that the ships 
planned will, if at all, hardly exceed 
the Louis and they will be conven
tionally (diesel electric) powered. It is 
disappointing that in an era commit
ted to the brobdingnagian (Boeing 
747's, 300,000 DWT tankers, 50,000 
ton unit trains, etc) the U.S., so often 
a leader in applying advanced tech
nology, would choose to lag so woe· 
fully behind other nations in icebreak
er design, while staking its "national 
prestige" on the supersonic transport, 
a project of questionable value, even 
if of unquestionable feasibility. 

The U.S. needs a class of vessels on 
the order of 450 feet long, having an 
80 foot beam, with a draught of 40-45 
feet. It should be nuclear powered, 
exerting 60 to 80 thousand total shaft 
horsepower to three screws. Such a 
vessel is the minimum for year-round 
Arctic operation and should be a 
minimum for a U.S. endeavor. 

-J. E. James Jr. 



Ice Seasons In and Around Alaska 
Recently Phil Johnson has compiled 

information on the physical environment 
of Alaska which was published in the 
ENVIRONMENTAL ATLAS OF ALAS
KA in December 1969 by the University 
of Alaska. Much of the information in 
the following article was collected dur
ing his research but was not included in 
the atlas. 

Six major types of ice are found in 
and around Alaska and other northern 
lands. Lake ice, river ice, coastal sea 
ice and sea ice are the obvious and 
important types floating on the water 
surfaces. Snow, the fifth type, and 
ground ice, found both in permafrost 
and seasonally frozen ground, are also 
of importance, but they should be 
handled separately, and this paper 
will concentrate on the types of float
ing ice. 

Floating ice is found in all parts of 
Alaska except the Aleutian Islands 
and parts of the adjacent Alaska Pen
insula where the North Pacific Ocean 
maintains winter temperatures above 
freezing. The Pacific coastal regions 
of southeastern and southcentral Alas
ka lie on a relatively warm ocean and 
are protected by the Coastal Moun
tains from the colder regions to the 
north and east. However, the protec
tion is imperfect and freezing weather 
and ice occasionally occur as transient 
winter phenomena. 

In the Arctic, on the other hand, 
the summer period is short and ice is 
found most of the year. The sub-Arc
tic, which includes all of Alaska ex
cept its coastal periphery and which 
extends as a belt completely across 
North America and Eurasia, has 
roughly six months each of ice and 
non-ice conditions. 

Lake Ice 
Lakes are bodies of still, fresh wa

ter. Fresh water, upon cooling, con
tracts only until it reaches a tempera
ture of 39°F. If cooled further it ex
pands. So, when a warm lake is 
cooled during the late fall, the surface 
water sinks and is replaced by warm
er water from below until the entire 
lake is at 39°F. With further cooling 
the surface layers will begin to 

freeze. Since the entire lake must 
be cooled to 39°F before the sur
face layers can begin to cool toward 
the freezing point, a lake takes a 
lot of cooling before it will begin 
to freeze. Warm lakes must lose more 
heat than colder ones and deep lakes 
must lose more heat than shallow 
ones. When a lake does begin to 
freeze the ice forms in water that is 
extremely still and both the ice struc
ture and rate of freezing reflect this 
fact. 

When the sun returns to the north 
in the spring solar radiation warms 
the lake ice. Some radiation pene
trates the ice and causes melting at 
the boundaries of the crystals that 
make up the ice. Two processes are 
thus occurring at the same time -
melting is occurring at the surface, 
reducing the ice thickness, and inter· 
nal melting is causing ice crystal 
separation. Nonetheless, reduction of 
the lake ice takes a great deal of heat 
and a relatively long time. 

River Ice 
Rivers, unlike lakes, are rowdy 

bodies of fresh water. They are small 
in width compared to lakes, are rela
tively shallow and are characterized 
by running water throughout the 
year. During the fall their level drops 
as they enter their winter low-flow 
condition. The remaining water is 
cooled rapidly to the freezing point 
because of turbulent mixing. Ice may 
form and break up repeatedly during 
freezing and the flowing water wiU 
carry the broken ice downstream un
til it lodges. 

A river really reveals its rowdy na
ture during breakup in the spring. 
When the snow begins to melt at the 
headwaters a pulse of high water 
starts to flow downstream. The river 
ice, which has been sound and has 
hardly begun to melt, is now sudden
ly lifted, broken loose from the banks 
and carried downstream. Since the 
water is carrying ice from upstream 
and the ice downstream is still solidly 
frozen in place the ice piles up and 
often jams and causes floods. Ice jams 
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and floods are characteristic of the 
spring breakup of northern rivers. 
Thus, while lake ice melts in place, 
river ice is exported down river. 

The Yukon River is a typical nor
thern river. Rising in the mountains 
and lakes of British Columbia, only 
a few miles from the sea, it takes an 
inland route of over 1800 miles 
through British Columbia and Yukon 
Territory and then bisects Alaska be
fore flowing into the Bering Sea on 
the west coast of Alaska. The table 
shows the average date of spring 
breakup for a number of places on 
the Yukon River and the distance of 
each from the mouth of the river. 

AVERAGE DATE 
DISTANCE OF SPRING 

PLACE FROM MOUTH BREAKUP 

Dawson, Y.T. 
Eagle, Alaska 
Fort Yukon 
Rampart 
Galena 
Pilot Station 
Akulurak 

1197 
1089 
896 
688 
481 
115 

mouth 

May 8 
May 9 
May 14 
May 16 
May 17 
May 17 
May 27 

The Yukon shows how the breakup 
proceeds downstream in a river. At 
the mouth the breakup is delayed as 
the water can escape into the ocean 
rather than raise its level. Conse
quently, at the mouth the ice is often 
melted out by the relatively warm 
river water rather than broken out 
and carried off. While the Yukon 
River ice has been broken and carried 
off, the ice in the nearby lakes is still 
relatively firm. 

The Mackenzie River system in 
Canada demonstrates the difference 
in breakup of river and lake ice. The 
Slave River flows north into Great 
Slave Lake from which it emerges as 
the Mackenzie. The Slave and Mac
kenzie Rivers open in May but ice re
mains in Great Slave Lake for ap
proximately three weeks after the 
rivers break up. 

Sea Ice 
For sea water, the freezing process 

is different than for lakes. The salt 
lowers the freezing point of the sea 
water to about 28.6°F but, at the 
same time and more importantly, it 
reduces the temperature of maximum 
density to the freezing point. We have 
seen how a lake overturns during the 
fall until the entire lake is at 39°F. 



The ocean will continue to overturn 
until the entire body is at the freez
ing point and will only then begin to 
freeze. Considering the depth of even 
shallow oceans and the fact that the 
ocean must be cooled l0°F below 
fresh water before freezing begins, 
it is obvious that oceans must freeze 
much later than lakes. Coastal regions 
are intermediate between the lakes 
and the ocean for their waters are 
shallow and often mixed with fresh 
water from the rivers. They freeze 
well before the ocean proper. 

Coastal sea ice also breaks up 
earlier in the spring than sea ice. Dirt 
may be blown on the coastal ice from 
land thus trapping solar radiation. 
Other factors that accelerate thawing 
of coastal ice are the relatively warm 
river water that pours into the coastal 
areas, higher air temperatures and 
less cloudiness than at sea, and the 
trapping of solar radiation which pen
etrates the ice to warm the sea floor 
below. 

The Bering Sea area shows com
parative breakup and freezeup dates 
for river ice and coastal and sea ice. 

AVERAGE AVERAGE 
TYPE BODY OF DATE OF DATE OF 

OF ICE WATER FREEZEUP BREAKUP 

River Unalakleet River Oct. 25 
Coastal Sea Nome offshore Nov. 12 
Sea Norton Sound December 

Ice Seasons 

May 17 
May29 
Mid·June 

Ice freezeup and breakup varies 
from year to year. As a measure of 
the variability in rivers, the dates and 
times for the breakup of the Tanana 
River at Nenana, near Fairbanks, are 
shown. Alaskan rivers north of the 
Coastal Mountains and Alaska Pen
insula and south of the Brooks Range 
freeze between mid-October and 
mid-November with the smaller rivers 
and more northerly rivers freezing at 
the earlier date. The rivers break up 
during May with the smaller and 
more southerly rivers breaking up 
first. 

Coastal sea ice begins to form on 
the Arctic coast in early October. On 
the northwest coast above Bering 
Strait it forms in late October to mid
November. In the Bering Sea it forms 
in early to mid-November. Breakup 
of the coastal sea ice begins in early 

NENANA ICE BREAKUP DATES 

1917-April 30 . . . . 11:30 a.m. 
1918- May 11 . . . . . 9:33 a.m. 
1919- May 3 . . . . . 2:33 p.m . 
1920- May 11 . . . . . 10:45 a.m. 
1921 -May 11 . . . . . 6:45 a.m. 
1922- May 12 ..... 1:20 p.m. 
1923- May 9 . . . . . 2:00 a.m . 
1924- May 11 . . . . . 3:10 p.m. 
1925- May 7 . . . . 6:32 p.m . 
1926- April 26 . . . . . 4:03 p.m . 
1927- May 12 ..... 5:42 a.m. 
1928- May 6 . .... 4:25 p.m. 
1929- May 5 . . . . . 3:41 p.m . 
1930- May 8 . . . . . 7:03 p.m. 
1931 -May 10 . . . . . 9:23 a.m . 
1932- May 1 . . . . . 10:15 a.m. 
1933- May 8 . .... 7:30 p.m. 
1934- April 30 . . . . . 2:07 p.m. 
1935- May 15 . . . . . 1:32 p.m. 
1936- April 30 . . . . . 12:58 p.m. 
1937- May 12 . . . . . 8:04 p.m. 
1938- May 6 . . . . . 8:14 p.m. 
1939- April 29 ..... 1:26 p.m. 
1940- April 20 . . . . . 3:27 p.m. 
1941- May 3 . . . . . 1:50 a.m. 
1942- April 30 . . . . . 1:28 p.m. 
1943- April 28 . . . . . 7:22 p.m . 

May in Bristol Bay and is generally 
complete by late May north to Ber
ing Strait, where it breaks up in early 
June. North to Point Barrow it breaks 
up in late June. On the Arctic coast 
it is later. 

Sea ice begins to form along the 
Arctic coast in October and forms in 
Norton Sound in early December. In 
the spring Norton Sound is not navig
able before the middle of June. The 
ice also begins to break up in Bering 
Strait and Kotzebue Sound in early 
June but heavy drift ice is found in 
those waters in late June. Further 
north the pack ice is mobile. It dis
appears from the lower Chukchi Sea 
but at Point Barrow may be driven 
either onshore or offshore by the 
winds throughout the summer. To the 
east of Point Barrow the winds com
pletely control the presence of ice. 

The frozen world is a different 
world from the summer unfrozen one. 
During the summer plants grow and 
blossom and produce seeds and ber
ries. Birds and sea mammals migrate 
north to bear their young. Insects 
abound. During the frozen period the 
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1944- May 4 . .... 2:08 p.m. 
1945- May 16 . .... 9:41 a.m. 
1946- May 5 . .... 4:40 p.m. 
1947- May 3 . .... 5:53 p.m. 
1948- May 13 ..... 11:13 a.m. 
1949- May 14 . ... 12:39 p.m. 
1950- May 6 . .... 4:14 p.m. 
1951 -April 30 . .... 5:54 p.m. 
1952- May 12 . .... 5:04 p.m. 
1953- April 29 . .... 3:54 p.m. 
1954- May 6 . .... 6:01 p.m. 
1955- May 9 . .... 2:13 p.m. 
1956- May 1 . .... 11:24 p.m. 
1957- May 5 . .... 9:30 a.m . 
1958- April 29 . .... 2:56 p.m. 
1959- May 8 . .... 11:26 a.m . 
1960- May 2 . .... 7:12 p.m. 
1961 -May 5 . .... 11 :31 p.m . 
1962- May 12 . .... 11:23 p.m . 
1963- May 5 . .... 6:25 p.m . 
1964- May 20 . .... 11:41 a.m . 
1965- May 7 . .... 7:01 p.m . 
1966- May 8 . .... 12:11 p.m. 
1967- May 4 . .... 11:55 a.m . 
1968- May 8 . .... 9:26 a.m . 
1969- April 28 . .... 12:28 p.m . 

level of activity drops. Many of the 
birds and sea mammals migrate 
south. The animal life which remains 
is often hidden by the snow and ice 
leaving the erroneous impression of 
a lifeless desert. No one sees the mil
lions of seals found under the Arctic 
sea ice. 

The tempo and characteristics of 
man's activities are also controlled by 
the ice seasons. For the Eskimo hunt
er the ice is a place to hunt and tra
vel. On the other hand the ship cap
tain finds ice a barrier and a hazard 
and he restricts his voyaging to the 
ice-free periods. Ice seasons will con
tinue into the future and man has the 
alternatives of using the ice as the 
Eskimo hunter does, or evading it as 
the migrating birds or airplanes do, or 
of resisting and fighting it as a shore 
structure or icebreaker does. Man 
in the Arctic must understand and use 
these three alternatives, sometimes in 
combination, and his success will de
pend upon his skill in making the 
proper choices. 

-Philip R. Johnson 



Kinetics of Dissipation and Biodegradation 
Of Crude Oil in Alaska's Cook Inlet 

This article has been excerpted by 
THE NORTHERN ENGINEER from a 
paper presented at the ]oint Conference 
on Prevention and Control of Oil Spills, 
sponsored by the American Petroleum 
Institute and the Federal Water Pollu
tion Control Administration and held in 
New York on December 14-17, 1969. 
The authors of the conference paper are 
P. ]. Kinney, D. K. Button and D. M. 
Schell, all of the University of Alaska. 
Only the results of their study are enum
erated here; their methods and equations 
will be induded in the proceedings of 
the conference, to be available soon. 

In a study of the magnitude of oil 
pollution problems in Cook Inlet, 
Alaska, the physical dissipation and 
biodegradation rates of oil slicks were 
determined and combined with esti
mates of hydrocarbon input rates to 
assess the fate of oil in the inlet. It 
was hoped that the numbers obtained 
would be useful guides for both gov
ernment and industry. A second goal 
of the study was to develop better 
methods of monitoring petroleum pol
lution in natural waters. Generally, oil 
spill damage has been estimated with 
statistical inferences from the biologi
cal damage which has occurred. This 
damage has been very difficult to 
measure and has necessitated contin
uous monitoring. The present study 
was aimed at quantifying the specific 
mechanisms involved in dissipation 
of oil slicks, rather than the damage 
done by the oil. 

Cook Inlet was considered to be 
an open system 150 n miles long, 50 n 
miles wide at the mouth, with a total 
volume of 1.7 x 1013 ft. 3 Tides and 
tidal currents in the inlet are large. 
High velocity tidal currents are asso
ciated with these extreme tidal height 
differences. 

To consider the problem of oil pol
lution one must initially make an oil 
material balance in the system. The 
rate of oil accumulation must equal 
the rate of input minus the rate of 

output and minus the rate of con
sumption: 

Accumulation == Input Output - Consumption 

Input 
To estimate the order of magnitude 

of the accidental input term, data 
available from federal and state 
sources for years I966, I967, I968 and 
I969 on oil sightings in Cook Inlet 
were utilized. These data were com
bined with data on the amount of oil 
per unit area of a slick (IOO gal!mP, 
3 hr old; 30 gal/mi2, 8 hr old) from 
other measurements made (I) on a 
large pipeline break incident, and (2) 
from a small experimental spill. The 
results of combining the data indi
cate an accidental input term of 2,000-
IO,OOO bbl!yr, almost all of it in the 
form of large, reported accidental in
cidences. The waste water from rou
tine process streams discharged into 
the inlet from platforms, terminals, 
gathering facilities, and refineries and 
petrochemical p I a n t s contributes 
about 7,500 bbl/yr of oil. This total 
input of 9,500-I7,500 bbl!yr corre
sponds to approximately 0.3% of the 
total oil produced or handled in Cook 
Inlet. 

Output 

Flushing of an estuary depends on 
the river input rate and salt water 
replacement rate due to mixing en
trainment. The approximate time for 
an introduced pollutant to be reduced 
to IO% of its original concentration 
by flushing was determined to be 10 
months. An oil material balance re
sults in a steady state crude concen
tration of 0.82 to 1.5 pg/1" based upon 
yearly inputs of 9500 to I7,000 bbl!yr. 
Time to reach 90% of the steady state 
value would be approximately one 
year, starting from a zero concentra
tion. 

"1 pg/1 = I ppb 
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It was also determined that the 
major fate of gasoline and kerosene 
fractions is probably evaporation fo 
the atmosphere, with gasoline being 
essentially gone in eight hours. This 
mechanism is important in significant
ly reducing the water pollution. 

Consumption 
The major petroleum consumption 

term is microbial oxidation to C02 

and H20. Repeated aerial observa
tion of both small experimental spills 
and large accidental spills indicated 
the apparent half life of a surface 
crude oil slick in Cook Inlet was less 
than a day. Even in the case of a 
1000 bbl pipeline break, the oil had 
completely disappeared from the sur
face in three days. Of course the 
great turbulence of Cook Inlet, driven 
by 20-30 foot tides and up to 5 knot 
currents, is a major factor. 

Microorganisms capable of oxidiz
ing crude oil can be found through
out Cook Inlet. Plate counts and most 
probable number determinations 
show populations of approximately 
104 organism/liter with approximately 
10% of this population capable of 
utilizing crude oil. Of interest is the 
fact that a significant number of oil
oxidizing microorganisms enter into 
the oil phase, rather than remaining in 
the aqueous phase and working on 
the surface of oil droplets. Particles 
of water in oil emulsion mixed down 
into the water phase are literally 
micro-environments, and are oxidized 
by microorganisms existing in both 
phases. 

Degradation of the heavy crude is 
probably slower than that of the frac
tion below C25. Rather heavy artificial 
slicks confined in a carboy in the lab
oratory were rich in normal hydrocar
bons above this size after two months' 
incubation with a mixed culture. De
gradation of lesser concentrations of 
crude, 20 mg/1, appeared to be es-



sentially complete after two months 
at l0°C and less than 5% could be 
recovered at the end of one year. 

Biodegradation, then, proceeds first 
in the micro-environments of the wa
ter in oil emulsion, later in the oil 
drops, and is probably essentially 
complete in one to two months and 
certainly before surrounding water is 
flushed out of the inlet. The presence 
of silt appeared to have no effect on 
the process but mixing was extremely 
important. 

Ultraviolet oxidation of crude oil 
is estimated to be negligible com
pared to biodegradation and flushing. 

Accumulation 
Independent estimates of the ac

cumulation term were attempted by 
direct chemical analysis for hydro
carbons in the existing water and sedi
ments of Cook Inlet. Detection limits 
as determined by internal standards 
using silica gel and gas chromatogra
phy were of the order of 0.02 pgm/1 
for individual hydrocarbons in the 
CwC2:; molecular weight range or 
about .20 pg/1 of Cook Inlet crude. 
Analysis of samples of water and sus
pended sediments from stations dis
tributed throughout the inlet showed 
completely negative results to these 
detection limits. Thus these results 
indicate that the Cook Inlet system is 
not grossly polluted by hydrocarbons. 
However, the present detection limits 
do not allow an independent estimate 
of the relative effectiveness of flush
ing and biodegradation. 

The possible buildup in Cook Inlet 
of toxic transition metals from crude 
oil pollution was considered. If the 
highest value from above for the 
crude input is assumed and combined 
with the general ppm level of trace 
metal concentrations in crude, then 
the steady state level of trace metal 
concentrations due to oil input is 
limited by physical flushing to a value 
three orders of magnitude below na
tural levels. Thus this danger does not 
seem to be a real one in Cook Inlet. -

Where Oh Where 
Has the Lenin Gone? 

In moments of relaxation, Arctic 
buffs enjoy boasting of their achieve
ments, prophesying the prospective 
development of the North, and com
plaining about the boss-in approxi
mately that order. These harmless di
versions help them maintain their 
balance despite the demands of their 
professions. Now, unfortunately, their 
balance-and serenity-is threatened. 

How can these dedicated men re
lax today when an awesome mystery 
dogs their waking thoughts? Who can 
work until the frightful problem is 
solved? All their creative energies are 
directed to answering a single ques
tion: WHAT HAS HAPPENED TO 
THE LENIN? 

The Lenin, pride of the Soviet 
Union's fleet, was built ten years ago 
as the first surface vessel pow0red by 
an atomic reactor. She is, of course, 
an icebreaker, probably one ot the 
most efficient ever constructed, and 
serves with other Soviet icebreakers 
to keep the nation's northern shipping 
route open for about llO days each 
year. 

Some months ago the Manchester 
Guardian devoted a feature article to 
the disappearance of the Lenin. No 
one in the West has seen any report 
on the ship's activity since 1967, 
though prior to that her cruises were 
regularly noted. Dr., Terrence Arm
strong, leading western authority on 
the northern sea route, was consulted 
and expressed his belief that the So
viet icebreaker had suffered a very 
serious mishap. 

For some time after the Guardian 
article appeared, Arctic enthusiasts' 
diversion was discussing the Lenin's 
whereabouts. At many bull sessions 
conjecture about the mysterious ship 
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dominated the conversations. No new 
information was available on the ice
breaker so our friends have diligently 
worked up theories that would fill the 
knowledge gap. Forgotten now were 
brag and bosses: there was only one 
topic. Social success, promotions, self
esteem all depended upon one's skill 
in providing new variants explaining 
the enigma. 

Much of the narrative talent em
broidered upon a couple of basic situ
ations. One concerned the accident 
occurring when the Lenin's reactor 
unit was lifted from her at a repair 
dock. Someone slipped. Inexplicably 
the crane dropped the weighty con
tainer. Crash it went through the hull 
of the icebreaker, and down went the 
proud Lenin to the bottom of the sea. 

The other basic plot evolved from 
rumors that Soviet sailors had been 
treated for radiation burns. This sug
gested than an atomic ship's reactor 
had gone awry. Imaginative effort has 
enhanced the innumerable versions of 
this story. Acknowledged as the best 
of them was one that had the Lenin 
buried in a huge excavation made ex
pressly for that purpose. The man 
responsible for this solution is now 
recognized as a true "Arctic expert". 

But those days of hilarity and high 
spirits have passed. All is gloom and 
apprehension now. We can't go on 
this way much longer. There must be 
a genuine answer. Ships don't disap
pear into air (or even holes in the 
ground) without some word of con
firmation. Even the vaulted Russian 
security system has its leaks. Polar 
people plod along, tense for sight or 
sound of the Lenin, indifferent to 
family or job. Where is the Lenin? 

-William R. Hunt 



Port Clarence Sea Ice Testing 
Humble Oil and Refining Company 

contracted with the Institute of Environ
mental Engineering, University of Alas
ka, to gather data on sea ice strengths 
for late spring ice. Dr. Harold Peyton, 
ice engineer, directed the testing pro
gram. Mike Tauriainen, the author of 
this article, acted as project engineer. 

Port Clarence, the test site, is a 
small bay located 70 miles northwest 
of Nome that freezes over in Novem
ber and remains relatively undis
turbed until breakup in June. The 
primary objective of the test program 
was to obtain sea ice strength values 
for late spring ice. The field testing 
was initiated in early May 1969. De
velopment of new cutting and load
ing techniques enabled the testing of 
more than 100 in situ cantilever 
beams in sea ice up to five feet thick. 
The test results showed higher 
strength values than expected. 

The tests consisted of cutting a can
tilever beam, in place, in the ice sheet. 
Two parallel slots were cut through 
the ice; the slot length and separa
tion width depended on the desired 
beam size. A third cut was made at 
one end of the parallel cuts leaving a 
cantilever beam attached to the main 
ice sheet at the other end (Figure 1). 
The beam length was roughly 10 
times the ice thickness. The beam 

was then pushed down or pulled up 
depending on the desired direction 
of failure. Measurements of load, 
time, deflection, salinity, temperature 
and beam geometry were taken. A 
standard beam width of four feet was 
selected to maintain test control. 
About half the 113 beams were four 
feet wide. The other half were varied 
from one to 32 feet to try to detect 
any scale effect on strength. 

Loading times were varied from 
one to over 200 seconds. Most of the 
beams (80%) were failed in less than 
five seconds. The effect of loading 
rate on strength was an important 
part of our study in view of results 
obtained in earlier investigations; 
Peyton (1963) and Tabata and Aota 
(1967) showed strength to increase 
with stress rate. In a later work Pey
ton (1966) found strength to decrease 
at high stress rates. 

In order to efficiently cut and 
test thick ice we had to develop suit
able testing equipment. The first 
problem was a practical method of 
cutting beams 40 feet long in four 
feet of ice. Chain sawing, the method 
used previously, was too slow for 
thick ice. A trenching machine of the 
type used to cut a narrow trench for 
buried electrical cables was tested 

Figure 1: Preparing to test a beam. The beam with the loading gear set up on 
its free end will be forced down. The two beams on the right have been tested. 
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and found to be very satisfactory 
(Figure 2). On 30 inches of fresh wa
ter ice we had cutting rates of 12 
feet per minute. Cutting rates in four 
foot sea ice were excellent-up to 10 
feet per minute. The cuts were very 
straight with a clean vertical side. 
The machine, a Ditch Witch manu
factured by Charles Machine Works, 
had a boom capable of cutting seven 
feet deep and was powered by a 60 
hp. engine. The cutting teeth were a 
conventional design and cut a 6-inch 
wide trench. The trencher also had a 
front-mounted blade which was very 
useful in clearing snow from a test 
area. The only modifications we made 
were minor-ballast on the front and 
studded tires. 

Loading equipment for loads an 
order of magnitude larger than re
quired in past efforts had to be de
signed. We anticipated loads up to 
20,000 pounds and a loading time of 
two seconds. To provide this capacity 
we used hydraulic equipment with 
a beam-lever set up. The hydraulic 
arrangement consisted of a 40,000 
pound capacity cylinder fed from a 
hydraulic accumulator. By controlling 
the flow to the cylinder, we were able 
to vary load rates from 0.01 to 20 
Kg/cm2• 

Temperature cores were cut with a 
SIPRE 3-inch corer. The cores were 
taken within a foot of the fracture in 
two sections, each about two feet 
long. Temperature measurements 
were taken every two inches for the 
first six inches, including surface tem
perature, and every six inches there
after, including bottom temperature. 
The temperatures, measured with a 
thermist~Jr probe, varied from -1.6° 
to 0°C. 

The salinity was measured with a 
Beckman salinity bridge. During the 
first half of testing, brine drainage 
from the core was not observed. 
However, the core hole filled with 
water as soon as the first half of the 
core was cut, indicating considerable 
amounts of free brine in the ice 
sheet. Brine drainage was appreci
able in the cores made late in the 
program and the salinity samples 
had to be handled quickly. By the end 



Figure 2: Cutting a sea ice beam, in place, for testing ice strength. 

of May we were getting significant 
brine drainage no matter how fast we 
processed the cores, so the data must 
be viewed with caution. 

In one month the ice went through 
a rapid transition from winter ice to 
breakup. We began testing in early 
May, right at the end of the winter 
season, and continued until breakup, 
when the ice we were testing was 
breaking into pieces. The initial stage 
was a very firm ice sheet with a llz 
to Ph foot snow cover on May 1. The 
snow was essentially gone by May 16 
and small puddles of water were ap
pearing between the test area (one 
mile offshore) and shore. The ice sur
face became slushy and patches of 
seaweed were melting holes into the 
ice. By the 20th, melt water ponds 
were as much as six inches deep. One 
hole was noticed where this surface 
water was draining through, whirl
pool fashion. Seaweed patches began 
appearing above the general ice sur
face. Inspection showed the seaweed 
was preserving the ice beneath it. By 
the time the ice went out some sea
weed-covered ice hummocks were 
two feet above the surrounding area, 
indicating at least two feet of surface 
ablation. On the 22nd, the tidal cracks 
were noticed to be opening a bit but 
we could easily jump across them. By 
the 25th the entire ice surface was 
very slushy and quite irregular. A 
large lead had opened up beyond our 
first test area by the 28th. 

A shore lead opened up on the 30th 

and it was necessary to use a small 
boat to get to our test area. An aerial 
reconnaissance of the bay showed 
the ice to be generally deteriorated 
and large leads opening. On June 1 a 
strong south wind blew the ice out 
toward the middle of the bay. In a 
matter of three hours, the large ice 
sheet we were testing had broken 
into ice cubes. 

The range of test data values for 
113 beams is presented in the follow
ing table. 

PARAMETER 

length (ft.) 
width (ft.) 
thickness (ft.) 
load (lb.) 
time (sec.) 
deflection (in.) 
strength (Kg/ cm2) 

MINIMUM 

10.00 
0.83 
0.54 

stress rate (Kg/ cm2-sec.) 

18. 
0.4 
0.3 
0.67 
0,01 

MAXIMUM 

45.92 
31.67 
5.13 

11,877. 
289.3 

2.0 
8.13 

19.85 

The average strength value was 
slightly over 3 Kg/cm2• This is as 
high as values obtained for winter sea 
ice. The equation used for calculating 
the flexural stress CT is 

0' = 6 Pl!wh2 

where P is the failure load and I, w 
and h are length, width and thickness, 
respectively. S u r p r is i n g I y the 
strengths did not decrease as the ice 
sheet deteriorated. Unit strengths at 
breakup were as high as those for the 
beginning of the test program. The 
results show a general increase of 
strength with load rate. Direction of 
failure, up or down, had little effect 
on strength. 
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We successfully cut and tested very 
wide beams in thick annual ice. The 
equipment and procedures we used 
should enable a crew of five to test 
as many as 20 beams per day in ice 
up to seven feet thick. The trencher 
was the biggest single time saver, 
eliminating a lot of back-breaking la
bor. A suggested addition to the oper
ation would be a chart recorder read
out for load and deflection plotted 
against time. Crystal orientation at 
the fracture should also be recorded. 

Two results of these tests deserve 
further investigation. Our data indi
cates neither spring deterioration nor 
scale effect. Weeks and Assur (1969) 
discuss both these aspects and indi
cate their occurrence. Though we did 
not observe either effect, two possible 
explanations may be considered. Since 
the ice was warmer than -2°C it is 
quite possible that significant strength 
reduction had occurred prior to test
ing. However, that still leaves surpris
ingly high strength values. The ab
sence of scale effect may be the re
sult of all tests being in situ cantilever 
beams with only the beam width var
ied over a wide range. This lack of 
scale effect for in situ beams suggests 
that values so obtained would be di
rectly applicable to the practical case 
of ice forces encountered by an ice
breaker. 

The Port Clarence work suggests 
further testing be done in thick sea 
ice for both winter and spring con
ditions. The equipment and tech
niques outlined make this proposition 
entirely feasible. 
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BASIC CONSIDERATIONS OF 
ICEBREAKER MECHANICS 

It was felt that any issue dealing with 
Arctic ice engineering would not be 
complete without some mention of the 
S.S. MANHATTAN's epic voyage 
through the Northwest Passage. Thus 
the following article, which discusses in 
theory some of the major technical prob
lems which must be considered for de
sign of large icebreaking ships. 

To determine whether commercial 
shipping operations in the Arctic 
Ocean are economically feasible one 
must determine how long it takes to 
transport cargo from port to port. This 
is a function of many variables-most 
significant of which seem to be the 
(1) ice conditions and (2) velocity of 
the ship through the ice. The basic 
equation governing a ship's progress 
is the old classic F = rna. 

m = mass of the ship 
a = acceleration 
F = thrust - resistance 

Obviously when thrust equals resist
ance, velocity is a constant. When re
sistance is greater than thrust the ship 
will stop. 
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Thrust 
The thrust on the ship depends on 

the power of the propellers as well as 
the physical characteristics of the pro
pellers. The thrust characteristics of 
the propellers are generally de
scribed by the following dimension
less ratios: 

Advance Ratio: 1 

Torque Coefficient: KQ= 

Thrust Coefficient: KT= 

Efficiency: n 

Q =torque 
V =speed of advance 
n =rpm 
D =diameter 
T =thrust 
p =water density 

v 
nD 

Q 
pn2D2 

T 
pn2D4 

A typical set of open water character
istics is shown in Figure 1. 
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Figure 1: Open water characteristics for typical marine props. 
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Thus, given the ship's shaft horse
power, operating rpm., and the physi
cal characteristics of the propeller 
and by conducting fairly simple mo
del tests, one could predict the 
amount of thrust characteristic of a 
system. 

Resistance 

In order to move a vessel through 
any medium a certain amount of en
ergy must be expended. This energy 
goes into overcoming any frictional 
resistance plus any displacement of 
the fluid (wave resistance). 

For the case of water alone, many 
studies have been made, and in gen
eral the resistance is well described 
by the following equation: 

where 

and 

V =velocity 
S = wetted area 
p = fluid density 
RT =total resistance 

CR = coefficient of resistance 

= f(R F) 
e r 

VD 
R (Reynolds number) 

e v 

F 
v 

( Froude number) 
r jLg 

When a ship moves into ice the re
sistance of the ice greatly oversha
dows the resistance of the water. 
However, the problems are similar 
in that the ice must be moved out of 
the way and the friction forces muSt 
be overcome. Thus the resistance of 
ice to a ship's progress may be 
stated as 

where 
R B = resistance of breaking the ice 

RM = resistance of moving broken ice 

Rf = frictional resistance 

This equation expresses the tech
nical justification for the Manhattan's 



voyage through the Northwest Pas
sage. Since little is known of the mag

nitudes of RT and relative values of 

RB' RM and R ffor large ships in thick 

ice (3 feet to 12 feet), large scale tests 
were called for. 

The breaking resistance (RB) is a 

function of the ice temperature, 
thickness and salinity. In general that 
value increases with decreasing tem
perature and salinity and increases 
with increasing thickness. 

It is difficult to say exactly what is 
involved in moving large masses of 
ice out of the way of the ship, but it 
is certainly a complex function of ice 
thickness, pressure conditions and 
ship speed. Thinking simply in terms 
of the masses of ice to be moved, one 
would expect this to be a significant 
portion of the total resistance. 

The frictional resistance obviously 
depends upon the surface character
istics between the ice and the ship, 
and the pressure of the ice against 
the side of the ship. In areas between 
land masses where the wind forces 
the ice to be under considerable pres
sure, one would expect to find signifi
cantly large frictional resistance. 

The frictional resistance is prob
ably sensitive to velocity as well as 
ice-ship contact cha:·acteristics. Thus 
determination of the relative magni
tude of the frictional resistance might 
affect possible route selection deci
sions, avoiding areas of ice in con
strained areas under high pressure. 

To determine the total resistance 
of ice to a ship's movement should be 
quite simple. By producing a con
stant thrust in the engine room and 
steaming through an ice sheet of uni
form thickness, the relationship be
tween thrust and resistance could be 
calculated, and by trying various 
combinations of thrust and ice thick
ness a plot as in Figure 2 could be 
produced. 

Unfortunately Figure 2 is an inte
grated value of RT and does not tell 

anything of the three components of 
the total. As yet there has been no 
simple means devised to determine 

Figure 2: Probable velocity vs. ice thickness relationship for an icebreaker. 

the various components of the total 
resistance. Model tests are difficult 
to perform because of the difficulty 
of duplicating natural conditions of 
ice strength profiles and pressure 
conditions. Large scale tests are ex
tremely expensive as shown by Hum
ble's $40 million Manhattan cruise 
through the Northwest Passage. 

Kasheelian et al. have developed 
an equation expressing the resistance 
on icebreakers which, with some mo
dification by Assur, looks like 

of the Soviets' equation: (1) the fric
tion on the side of the ship is not con
sidered, (2) the data was most prob
ably gathered for fairly small ships 
with rounded icebreaker hulls, i.e., 
not applicable to large tankers where 
side friction is known to be signifi
cant, and (3) the statistical method 
used to analyze the data as well as 
how much data was involved is not 
known. 

Presently, Assur and others at 
CRREL are working on refining the 

R· B V 
-

1
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where R1 = resistance to the motion of the ship (tons) 
B =beam width (meters) 
h = ice thickness (meters) 
a = experimentally obtained constant = 0.004 
n

0 
= constant characteristic of ship's lines 

a-. =ice strength Kg/cm2 
Oi = coefficient = 59.46 
B

0 
= 1 meter 

V =velocity in meters/sec. 
V

0 
= 1 meter/sec. 

n1 = 0.153 to 0.308 depending on ship's lines 

The three terms inside the brackets 
on the right side of the equation 
represent (I) the breaking of the ice, 
(2) the pushing down of the ice, and 
(3) the movement of the ice back 
under the unbroken ice and away 
from the ship's path. 

There are several factors which 
tend to detract from widespread use 
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Soviets' equation by analyzing Coast 
Guard icebreaker data as well as in
formation gained from the Manhattan 

voyage. Reference 

Kasheelian, V. I. et al., 1968, Sopro
tivlenie l'da dvizheniiu sudna. [Re
sistance of ice to motion of a ship.] 
(from Assur) - E. Staples Brown 



The Underwater Shape of a Grounded Ice Island 
Off Prudhoe Bay, Alaska 
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L. R. Breslau, ]. E. ]ames ]r., M. D. 
Trammel and C. E. Behlke will present 
a paper on this study at the Offshore 
Technology Conference, Houston, Texas, 
April 21-24, 1970. THE NORTHERN 
ENGINEER feels fortunate to be able 
to give excerpts from that paper. 

Ice islands, as they are known in 
the Arctic, are tabular (flat) icebergs. 
Their origins are quite different from 
the more common pinnacled iceberg 
shown in most photographs and more 
commonly associated with Arctic 
waters. Tabular ice islands calve from 
glaciers which float out over the wa
ter; because the ice is already float
ing, the pieces which break off are 
quite large. In contrast, the pinnacled 
bergs, most of which come from west
ern Greenland and float down Davis 
Strait and into the North Atlantic, 
break off from glaciers that end on 
land, and they are smaller, vertically
oriented pieces of ice. 

Occasionally these islands ground 
and, as a result of the stresses of 
grounding, they break up. In 1968 an 
island estimated to be a few miles in 
extent grounded off the north coast 
of Alaska, scattering fragments ap-

Figure 1 

proximately along the 15 fathom 
depth line over a distance of a hun
dred miles (Figure 1). Most of the 
pieces were about 100 feet thick and 
averaged an acre in extent. Frag
mented islands of this type (their 100-
200 foot thickness is an order of mag
nitude greater than most pack ice) 
can withstand the action of pack ice 
and resist its forces. Carried by sub
surface currents they can and do 
move in a different direction from 
pack ice, masticating the pack ice in 
the process. The massiveness and 
strength of these islands make them 
ideal for stable platforms in the Arc
tic. Grounded, they are hard points, 
resistant to most pack ice action, and 
could be used for moorings, offshore 
platforms and the like. Ice islands 
have been used for scientific stations; 
among these were Arlis II, which 
broke up in early 1965 in the North 
Atlantic, and T -3, which is still oc
cupied. 

The ice islands off Prudhoe Bay, 
Alaska were the subject of several 
scientific efforts. One was an attempt 
to effect a permanent "capture" of 
two of the islands. The islands se-
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lected, each roughly the size of a 
football field, were about 100 yards 
apart and located 35 miles offshore 
at about the 15 fathom line, the mini
mum safe draft for jumbo tankers in 
the Arctic. Sea water was sprayed on 
the surface of the islands, increasing 
the thickness from 100 feet to llO 
feet and thereby adding approximate
ly 100,000 tons of weight to each is
land. This additional weight (approx
imately 10 percent of each ice island's 
original weight when grounded) 
caused the base of these ice islands 
to bear more heavily on the sea floor, 
and more firmly grounded them. A 
topographic survey was made of the 
above-water portion of these ice is
lands to determine the resulting 
shape of the islands. Subsequently, 
questions arose on the underwater 
shape of the islands, and a joint U.S. 
Coast Guard and University of Alaska 
field study was conducted to investi
gate this. 

Sonar Profiling 
The shape of the underwater sec

tion of the ice island was determined 
by acoustic echo-ranging, using a 
transducer. The transducer was at-



tached to a long pipe which was 
lowered through a hole in the sea ice 
adjacent to the ice island. By orient
ing the transducer so that the acous
tic wave traveled horizontally, it was 
possible to obtain a measurement of 
the distance from the transducer to 
the nearest point of the submerged 
portion of the ice island, within a 
given plane. By lowering the trans
ducer from the sea surface to the sea 
floor and thereby obtaining distance 
measurements in each horizontal 
plane so traversed, a vertical profile 
of the submerged portion of the ice 
island in the vicinity of the trans
ducer site can be obtained. By repeat
ing this measurement process at many 
separate transducer sites, it was pos
sible to obtain a sufficient number of 
vertical profiles to draw contours 
of the submerged portion of the ice 
island and thereby determine its un
derwater shape. 

A sonar, consisting of a shipboard 
console and underwater transducer, 
was used to make the echo-ranging 
measurements. The shipboard console 
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of the sonar measures 12xl6x7 inches 
and weighs 40 pounds. It includes the 
transmitter, receiver and recorder. 
Power input is 40 watts at 24 volts 
D.C. The sonar output is a one milli
second pulse at 48 KC, with a trans
mission rate of either 160 pulses per 
minute or 80 pulses per minute, for 
the 300-yard or 600-yard range scales 
respectively. The receiver provides 
the option of using stepped gain or 
time swept gain. The recorder is the 
stylus and dry recording type, which 
provides a rectilinear display of echo 
arrival time versus paper transport. 

The field operation was conducted 
in April, 1969. During this period the 
ice island was completely surround
ed by a full cover of ridged and hum
mocked sea ice with a slight snow 
cover. The sea ice cover in the vicini
ty of the ice island was irregular and 
variable in thickness from place to 
place. It was considerably more irreg
ular and much thicker on the wind
ward (north) side of the ice island. 
The sea ice had obviously drifted 
against the windward side of the is-
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land and had crumbled and buckled 
to form this rubble-line area. 

Access holes completed through the 
sea ice cover are shown in Figure 2, 
where they are labeled as sites A 
through K. About an equal number of 
access holes as were completed were 
attempted and abandoned. Sea ice 
thicknesses at access holes completed 
ranged from approximately four to 
eight feet. Sites A through K were 
subsequently surveyed using an opti
cal transit and their locations were 
determined with reference to a mark
er post on top of the ice island. 

The procedure to make a sonar 
profile consisted of lowering the 
transducer to the sea floor and then 
cranking it up to the surface at a con
stant speed, while continuously ping
ing at, and recording echoes from, the 
ice island. The pipe stem had distance 
markings on it and the transducer 
depth was noted and marked on the 
sonar record at five-foot intervals as 
the transducer was raised. A photo
graph showing the sonar profiling op
eration is presented as Figure 3. 

Figure 2: Contour chart of the grounded ice island measured off Prudhoe Bay, Alaska. 
The sonar station locations are shown A- K. 
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Figure 3: Operations and equipment at the site. 
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Figure 4: A sonar record with tracing 
taken at site B. 
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Figure 5: A one-to-one plot of the sonar record taken at site B. 

An example of the original record
ings of the vertical profiles of the un
derwater portion of the ice island is 
shown in Figure 4. Such recordings 
were rescaled as graphs (Figure 5). 
The original recordings of the profiles 
do not give a true impression of the 
ice island profiles because the hori
zontal and vertical scales of the origi
nal records are not equal to each 
other. The reason for the inequality 
is that each of these scales is gener
ated independently in any echo rang
ing profiling traverse. The horizontal 
scale indicates the distance from the 
transducer to the ice island. This 
scale is developed by the fixed sweep 
rate of the sonar stylus which records 
the arrival time of the acoustic echo 
from the ice island. The scale is 
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simply a function of sonar setting and 
was kept constant for all the profiles 
obtained in the field experiment. The 
vertical scale indicates the depth of 
the transducer below the sea surface. 
This scale is developed by the con
stant movement of the strip chart 
through the sonar recorder while the 
transducer makes its traverse from 
the sea floor to sea surface. This scale 
varied from profile to profile (it even 
varied within each individual pro
file) since the hand-cranking rate of 
the winch, which produced trans
ducer movement, was not always the 
same during the field experiment. 

The original recordings of the ice 
island profiles contain echo returns 
from the ice island, sea ice hum
mocks, and calved ice blocks, as well 



as extraneous information such as re
cordings of echo returns from the sea 
floor below the access hole, side re
flection from the previously men
tioned features, and scattered echo 
returns following specular reflections. 
The recording of extraneous informa
tion is caused by the beam pattern 
function of the sonar transducer, 
which is not sharply defined at its 
nominal boundaries as is that of a 
directed light beam. All sonar trans
ducers have some degree of transmit
ting and receiving response at any 
angle. In addition it should be noted 
that only the leading edge of the echo 
return is due to specular reflection, 
and only this portion of the echo re
turn contains the echo ranging in
formation useful to this study. 

The Underwater Contour 

The profiles reveal some interest
ing characteristics. Hummocked sea 
ice obscures the topmost portion of 
the ice island to a depth of 20 feet 
or so. Below that depth, all the pro
files, with the exception of the profile 
from site K, have a tendency to flare 
out with depth. This tendency to flare 
out is very pronounced in profiles ob
tained from sites H and D, and least 
pronounced in profile F. Profile K is 
nearly vertical. The flaring out does 
not in all cases continue to the bot
tom. The profiles of the ice isla:nd 
taken from sites A, B, D and E all 
seem to undergo a significant change 
in slope at approximately the 40-foot 
depth level. Some profiles show that 
the lower portion of the ice island is 
undercut in some places. This under
cutting is most pronounced in the 
vicinity of site B, but it also exists in 
the vicinities of sites A and K. The 
presence of a large calved ice block 
was detected in profile J. The lower 
surface appeared to extend to a depth 
of 65 feet. 

A contour chart was made from 
the profiles (Figure 2). There was not 
enough data taken to draw a good set 
of contours, but the contour chaJ,"t 
does give a general idea of the under
water shape of the island, particularly 
on the south side. On Figure 2, the 
known and inferred contours are 

shown as solid and dotted lines, re
spectively. Where a contour is under
cut, it is cross-hatched. 

There are certain consistencies 
which corroborate the profiles and 
contours. In the traverse for profile C, 
the transducer struck a solid obstruc
tion at 38 feet; a plateau can be dis
cerned on profile B. Hole C is almost 
in a direct line toward the island 
from hole B. A somewhat similar situ
ation occurred at holes G and H. At 
hole G, the transducer was stopped 
at 20 feet. Profile H shows a shallow 
slope. By tilting the top of the pipe 
string toward the island, it was pos
sible to lower the transducer a little 
below the depth at which it was first 
stopped. The existence of the calved 
ice block (Figure 2) was not obvious 
at the time the field work was done. 
Holes L and M were stopped at 12 
and 18 feet respectively, because of 
clogging by dry ice chips. The chips 
were fresh water ice, revealing that 
the hole had no contact with sea wa
ter. It was not until the equal scale 
profiles were plotted that the ex
istence of this block was suspected. 

No physical process is apparent to 
the authors that is capable of under
cutting the base of the grounded ice 
island. Drifting pack ice might im
pinge on the upper portion of the 
island and erode or accrete it, but the 
lower portion of the island should 
not be exposed to drifting pack ice. 
Nevertheless, the island is undercut 
in some sections. Perhaps this hap
pened as a result of pack ice drift 
against a glacial tongue before calv
ing produced the ice island, or per
haps the bottom surface of the ice 
island was fractured in this pattern 
during the grounding process. 

The question as to whether the ice 
island was undercut subsequent to 
grounding has important ramifica
tions concerning the utility of ice is
lands for fixed platforms. If the un
dercut surface was an original fea
ture, it might be possible to sonar 
survey a number of grounded ice 
islands and then make use of one 
which is found not to be severely 
undercut. 

PAGE FIFTEEN 

Cold Regions Research 
In Progress 

U.S. Army Cold Regions Research 
and Engineering Laboratory 
Terrain and Ecology of Cold En

vironments: Investigations are be
ing conducted to determine the 
unique features of the ecology and 
terrain of cold environments and to 
develop quantitative techniques for 
providing information on land 
forms, stream and river bed mor
phology, rheology and mass move
ment of soils for improvement in 
military mobility. 

Hydrology of Rivers and Lakes: 
Mathematical and analog models 
of rivers and lakes are being devel
oped. These models will be applica
ble to waters located in cold re
gions and be sufficient for rapid, 
quantitative prediction of hydro
logic and geomorphic properties 
from maps, aerial photography and 
remote sensing data. 

Degradation and Erosion Control in 
Permafrost Areas: Geobiological 
relationships which affect the sta
bility of permafrost are being iden
tified and quantified so that the ef
fects of man-induced changes can 
be predicted and principles of con
trol can be formulated. 

Rapid Tunneling and Drilling: New 
and improved techniques for rapid 
tunneling and drilling in frozen 
ground are being investigated. Co
operative field tests are being con
ducted on the feasibility of vibra
tory methods of penetrating and 
coring, with SONICO, Inc. 

CRREL personnel also planned and 
supervised the all-important ice-testing 
program on the S. S. MANHATTAN's 
first voyage through the Northwest 
Passage. When the ship was late in 
leaving and University of Alaska people 
were already on the east coast ready 
and waiting to board, CRREL arra11ged 
a fine one-week program on ice and ice 
testing to profitably fill in the waiting 
time. The Alaska party greatly appreci
ated CRREL's hospitality and the pro
gram put together on such short notice. 



Sea Ice Reconnaissance by Satellite Imagery 

A study of the Nimbus I Advanced 
Vidicon Camera System (A VCS) has 
recently been completed by members 
of the Institute of Arctic Environ
mental Engineering, University of 
Alaska. The purpose of the investiga
tion was to determine the feasibility 
of using high resolution photographs 
taken over the north polar region as 
a sole source of information for plot
ting ice cover. The data from the pho~ 
tographs were compared with ice re~ 
connaissance information from other 
sources collected at the same time 
(August~September 1964). 

Although in many cases the raw 
data appeared to be fragmentary, it 
was discovered that excellent maps 
can be constructed (Figure 1). In 
regions of good coverage, relatively 
minute changes in ice cover are easi
ly detected on a day~to~day basis. 
New, thin ice (1/10 to 4/10 cover) 
cannot be seen with the Nimbus I 
A VCS system. Greater ice concentra~ 
tions of older sea ice obtained from 
Nimbus I imagery agree with ice 
concentrations derived from other re
connaissance techniques. 

Some kinds of clouds, such as high 
cirrus, stratiform or stratus nebulosis, 
are nearly transparent to the Nimbus 
I camera for low sun angles over 
Arctic regions, even in cases where 
ground stations report solid, opaque 
overcasts. Cumulus and nimbus 
clouds do not exhibit this behavior. 
Comparison with data from the High 
Resolution Infrared (HRIR) suggests 
that consistently more reliable results 
are obtained with the AVCS-visible 
imagery system, except over dark, un
clouded geographical regions. This is 
in part due to the poor resolution 
(±7 miles) inherent in all electronic 
satellite infrared imaging systems 
which are not classified by the mili
tary. 

The biggest single fault of the Nim
bus I system was the lack of accurate 
navigational gridlines against which 
to reference the photographs. This 
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Figure 1: Ice map of a portion of the Northwest Passage. 

difficulty could be overcome by the 
use of stationary radio or laser bea
cons at sea which would establish 
fixed reference markers on the pho
tographs themselves. Other systems, 
such as the "DARMS" system em
ployed by the Soviet Union, could 
also serve as reference beacons. De
spite these difficulties, positioning ac
curacy is within ±2 near land masses 
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and ±20 miles for pictures 
sea. 

A world-wide polar ice map and a 
complete report in which our results 
are compared to ice pack limits ( es
tablished by other means) are avail
able on request from the University 
of Alaska. 

-T. D. Roberts 
H. Nelson 



Planning Marine Structures 

For Alaska's Arctic Regions 

Structures erected offshore in the 
Arctic seas will affect the sea ice 
flow to some degree. Therefore, be
fore Arctic marine structures can be 
built, the total effect of a collection 
of marine facilities must be evaluated. 

Ice Structures 

lands stopped the approaching sea 
ice and formed a barrier of sorts and 
sheltered the area shoreward of the 
85-foot contour. Smooth, generally 
stress-free ice lay shore-ward and 
even though it extended as far as 10 
miles from shore it had the appear
ance of shore-fast ice. 

Deep Water Marine Structures 
Observing this phenomenon, it 

seems natural to think of the islands 

structures may be subjected to ex
tremely high loads because of the 
pressure system, or the resulting pres
sure ridges may tend to protect the 
oil rigs from the polar ice mass; we 
can only speculate at this point. How
ever, we do know that the presence 
of a man-made structure is very like
ly to change the system that previous
ly existed in nature and the changing 
conditions as well as the existing con
ditions must be designed for. 

Shallow Water Structures 
Offshore drilling facilities erected 

in shallow Arctic waters (water up to 
30 feet deep) will probably be in the 
form of man-made islands. The pre-

During the winter of 1968-69 the 
Institute of Arctic Environmental En
gineering, University of Alaska, stu
died ice islands that were grounded 
near shore in the Beaufort Sea. Hun
dreds of these ice islands were scat
tered along 100 miles of the Beaufort 
Sea coast. Since most of these ice 
fragments were of uniform thickness 
(95 to llO feet) and because of the 
general gradual slope of the ocean 
floor in the waters off Alaska's North 
Arctic coast, the ice islands generally 
collected along the 70- to 85-foot 
ocean depth contour. Even though 
these ice islands were widely spaced 
(1/4 mile to one mile apart) along that 
depth contour, they caused an inter
esting phenomenon. 

An easily distinguishable pressure 
system developed along the outer 
edge of the ice island band. The pres
sure system grew until the bottom of 
its major ridges scraped the ocean 
floor, and the top of the rubble grew 
to a height of 20 feet and often high
er. It was apparent that the ice is-

A pressure ridge formed along the 85-foot depth contour. The grounded ice 
islands have apparently formed a barrier. 

being replaced by offshore oil drilling 
rigs located at regular intervals along 
the coast. It is difficult to know what 
consequences might occur 
pressure system developing 
to man-made 

Shore-fast ice appears in the foreground. Ice associated with the polar pack 
is in the background. Pressure ridge is caused by shear adion developed be
tween the two ice systems. 
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sence of such islands along the shore 
of the Arctic Ocean will affect the 
mode and time of breakup of the sea 
ice in the vicinity of the islands. 
Changing the time of breakup of the 
ocean near lightering points on shore 
could extensively affect the logistics 
of the summer, waterborne freight 
bound for use in the Alaskan Arctic 
oil fields. On the other hand, properly 
designed and located shallow water 
structures could change the mitural 
system to the benefit of coastal oper
ators. 

A good deal of money could be 
saved by a cooperative planning ef
fort including all of the offshore oil 
operators-the effect of a growing 
number of offshore structures upon 
the behavior of sea ice in the Prudhoe 
Bay area could be estimated and 
planned for. 

-Mark W. Fryer 



Winter Studies 
Of the Bering Sea 

Sea ice covers a large part of the 
Bering Sea in winter. The southern 
limit of the ice varies from year to 
year but coincides roughly with the 
200 meter contour of the continental 
shelf. The Bering Sea in summer is a 
well known ocean but the winter con
ditions are only sketchily known even 
in Soviet literature. This year the In
stitute of Marine Science of the Uni
versity of Alaska completed a three
week winter expedition on board the 
USCG icebreaker Northwind to study 
oceanographic conditions of the ice
covered Bering Sea. To my know
ledge this was the fourth American 
winter expedition. 

Cruise Track 
The Northwind sailed from Kodiak 

on January 28, 1970, and arrived at 
the ice edge in Bristol Bay on the 
31st. From Bristol Bay the ship pro
ceeded in the ice north and west to 
within 20 miles of the Siberian coast, 
off Cape Navarin, then east past St. 
Lawrence Island, and finally north to 
Nome, arriving on February 17. Ice 
conditions were generally favorable 
during the cruise. The small floe and 
pancake ice encountered at the ice 
edge gave way to large unbroken 
Hoes of a meter or more thick as we 
proceeded north. In the vicinity of 
St. Matthew and St. Lawrence Islands 
we met heavy, broken ice that was 
frequently pressured into high ridges. 
Weather during the cruise reflected 
the winter conditions. Air tempera
tures ranged from 10 to 15° above 
zero to 15 to 20°F below. Snow and 
high winds were common; velocities 
often averaged 40 knots with gusts 
as high as 70. Chill factors at these 
times were extreme. 

Scientific Program 
This expedition was planned to 

study the winter environment of the 
Bering Sea, especially the zone of 
the ice edge. Research activities in
volved an integrated program of hy
drography, chemistry, geology and 
biology. Hydrographic parameters in-

eluded temperature, salinity and wea
ther conditions. Studies of chemistry 
were concerned with concentrations 
of dissolved oxygen and inorganic 
nutrients in the water column, plus a 
detailed study of the components of 
the carbon dioxide system in the air 
and water. Geological work consisted 
of a study of sediments in sea ice and 
on the sea bed; this was coupled to 
studies of the structure and fabric of 
sea ice. Biological observations cov
ered a variety of organisms, ranging 
from the amount and species of ani
mals composing the fauna of the sea 

bed to measuring the standing stock 
and productivity of plankton in the 
water. In addition records were kept 
of birds and mammals seen on the 
cruise. 

The Winter Ocean 
Ice is the major feature of the 

northern Bering Sea in winter. Its in~ 
fluence is seen in all aspects of the 
oceanography including the collec
tion and measurement of samples. 

Preliminary results indicate a well 
mixed water column nearly uniform 
in temperature and salinity. The 
slightly lower surface salinity and 
uniform temperatures indicate a wa~ 
ter column in which stability depends 
on salinity, an example contrary to 
the general principle of stability in 
the open ocean. This water was satu
rated with oxygen and supersaturated 
with carbon dioxide (with respect to 
the air). The levels of dissolved inor
ganic nutrients were extremely high, 
a not unexpected finding. 
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The sea ice contained a well de· 
fined layer of sediment over a large 
area of the cruise track. The rivers of 
the Alaska coast are a suspected 
source of this sediment but under
standing of the mechanism awaits 
analysis of the ice structure data. 

Birds and mammals were most 
abundant around the area of the ice 
edge where leads and polynyas wert 
frequent. We collected four walrus 
for scientific study; the largest of 
these was nearly two tons. Considera
ble differences were apparent in the 
species composition of the benthic 

fauna along the cruise track. A quan
titative comparison will be possible 
in the future from the collected data. 

Water under the ice contained a 
low but measurable population of 
phytoplankton. An interesting com~ 
parison will involve the metabolic a"C~ 
tivity of the phytoplankton from 
summer and winter cruises. Little or 
no algae living on the undersurface 
of the sea ice was found. Previous 
experience combined with this find
ing suggests that these algae develop 
in the sea ice when the winter condi
tions subside with the advance of 
spring. 

This cruise of the Northwind is the 
beginning of a program of the Insti
tute of Marine Science to study the 
Bering Sea in winter. The support of 
the U.S. Coast Guard has been and 
remains essential to this program and 
for this we are most grateful. 

-C. Peter McRoy 



Meetings II 

International Symposium 
The International Association for 

Hydraulic Research has announced 
a symposium on "Ice and Its Actions 
on Hydraulic Structures" to take 
place in Reykjavik, Iceland, Septem
ber 7-10, 1970. Contributions are in
vited on the following topics: classi
fication of river ice and lake ice, 
ice terminology and ice surveys; 
heat exchanges and frazil formation; 
ice cover formation and associated 
hydrodynamic effects; ice breakup 
and control; forces exerted by ice on 
hydraulic and marine structures; and 
ice modeling and its application to 
hydraulic engineering. Summaries of 
papers may be submitted by May 1, 
1970, to 

Prof. Bernard Michel 
IAHR Ice Symposium 1970 
Civil Engineering Department 
Laval University 
Quebec 10, P.Q., Canada 

Details on registration for the sym-
posium may be requested from 

Mr. S. Freysteinsson 
IAHR Ice Symposium 1970 
Verkfraedistofa 
Sigurdur Thoroddsen Sf 
Armula 4, Reykjavik, Iceland 

21st Alaska Science Conference 
In keeping with the theme for the 

1970 Alaska Science Conference, 
"Change in the North: The Physical 
Environment," the meetings this year 
will be held jointly with the Sympo
sium on Polar Meteorology sponsored 
by the American Meteorological So
ciety, the Symposium on Cold Re
gions Engineering sponsored by the 
American Society of Civil Engineers, 
and the Alaska Public Health Asso
ciation annual meeting. The confer
ence is scheduled for August 16-19, 
1970, on the University of Alaska 
campus. Papers in all areas of science 
will be welcomed, and especially 
those dealing with the physical en
vironment of Alaska. Information may 
be obtained from the AAAS Symposi
um Secretary, Geophysical Institute, 

University of Alaska, College, Alaska 
99701. 

Water Pollution In the North 
Space is still available for scien

tists and engineers interested in at
tending the international symposium 
"Water Pollution Control in Cold Cli
mates" announced in the last issue of 
THE NORTHERN ENGINEER. The 
symposium will be held on July 22-24, 
1970, on the University of Alaska cam
pus. 

For details, write to Dr. R. Sage 
Murphy, Institute of Water Re
sources, University of Alaska, Col
lege, Alaska 99701. 

Letters To 
The Editor 

Dear Sir: 
Dr. R. Sage Murphy's article "A 

Perspective View of Arctic Pollution" 
in your winter 1969 issue was written 
rather generally and simplistically 
(perhaps these are the constraints of 
the environment of the publication, 
to use Dr. Murphy's terms?), and 
some of his comments bear further 
discussion. 

First, Dr. Murphy's definition of 
water pollution - "the process by 
which man degrades a water resource 
such that its beneficial uses are pre
vented" - is just an eyelash shy of 
being good enough. In my opinion, 
pollution also includes any change in 
the characteristics of natural waters 
that prevents or diminishes future 
beneficial uses and opportunities. Dr. 
Murphy, explaining his definition, 
says that "a natural stream devoid of 
all nutrients necessary to support life 
forms" (are there any such streams?) 
"would not necessarily be polluted if 
it were to receive a strong acid dis
charge." I say it would - unless fu
ture swimmers will agree to wear 
acid-proof wet-suits. Later in the same 
paragraph, Dr. Murphy says a fish is 
not much better off being caught by 
an angler than killed quickly by in
dustrial poisons. Obviously the indi
vidual fish is not, but his statement 
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completely ignores the benefits to the 
angler and the possibilities of a sus
tained yield of fish from a managed 
(but unpoisoned) population. 

Second, I think our competence in 
water pollution control capability is 
somewhat overstated. "The major ef
forts" (Dr. Murphy says) "concerned 
with water pollution control techno
logy in northern regions need not be 
devoted to waste treatment techno
logy except in a developmental 
sense." Perhaps this is a less general 
statement than I think, but I wonder 
if everyone at a recent conference on 
marine oil pollution was wrong when 
they said there still aren't any effec
tive, economic, and biologically ac
ceptable clean-up techniques for oil 
spills on the oceans? And I wonder, 
too, if science knows the rates of pe
troleum degradation, emulsification, 
and evaporation in cold waters and 
under ice packs? Or maybe Dr. Mur
phy doesn't believe there is much oil 
in Alaska anyway, so this wouldn't be 
a major concern? 

Third, I think Dr. Murphy says in 
passing that a tropical rain forest does 
not have a "delicate ecology." (Either 
that, or it is not a hard environment, 
or both.) If so, he must not be aware 
of the extraordinary problems of ag
riculture in tropical regions, where 
the soil so quickly loses its fertility 
and structure under cultivation that 
only a few seasons of farming are pos
sible before the forest must be al
lowed to cover the ground again. 

I won't comment on Dr. Murphy's 
use of DDT as an example of what 
we will do if we must to survive; this 
letter is long enough now. 

But I do want to mention the au
thor's hopeful and happy-go-lucky 
summary: "In summary," (he says) "I 
believe the Far North and industry 
are compatible . . . mistakes will be 
made. I hope we are smart enough 
not to repeat mistakes made else
where but at least to make some origi
nal ones of our own." I hope he is 
right. I hope that in areas where we 
- society at large - decide to allow 
and encourage industrial develop
ment, we accept the costs of doing a 
good job. But wilderness and indus-



try are not compatible. If we want 
an Arctic wilderness anywhere under 
the American flag, we will have to 
keep industry out. I'm not talking 
about the entire Arctic, but I sure 
am going to fight for part of it. 

Sincerely yours, 
Robert B. Weeden 
Alaska Conservation 
Representative 

Science has made a START on mea
suring the kinetics of crude oil dissipa
tion and biodegradation, as can be seen 
in this issue of THE NORTHERN EN
GINEER, page 6. 

II Reviews 
II 

Numerical Prediction of the Thermo
dynamic Response of Arctic Sea Ice 
to Environmental Changes by G. 
A. Maykut and N. Untersteiner. 
Memorandum RM-6093-PR, No
vember 1969, The RAND Corpora
tion, Santa Moni~~. California. 

The RAND Corporation recently 
published a memorandum entitled 
"Numerical prediction of the thermo
dynamic response of Arctic sea ice to 
environmental changes" by G. A. 
Maykut and N. Untersteiner, both of 
the Department of Atmospheric 
Sciences at the University of Wash
ington (Memorandum RM-6093-PR). 
It is fitting that the RAND Corpora
tion with its interest in the Arctic Ba
sin (eg. Fletcher, 1965, 1966) as part 
of the global climatic system, and 
the group at Seattle under Dr. Unter
steiner with its extensive work in 
the Arctic, should have jointly pro
duced this excellent paper. 

Sea ice is a complex substance in 
its structure, composition and ther
mal properties. It responds to thermal 
forcing from both the atmosphere 
above and the ocean below by chang
ing in thickness. When it is overlain 
by a snow cover it may be considered 
part of a four-layer system: air, snow, 
sea ice, water, where the two solid 
phases of the system act as a thermal 
barrier in the free exchange of heat 
between ocean and atmosphere. Its 
effectiveness as a thermal barrier has 
been measured to reduce heat flow 

from water to air by two orders of 
magnitude (Badgley, 1961). The re
moval of the ice cover of the Arctic 
Basin would therefore have major in
fluences on the global climatic pat
terns, although the directions these 
changes may take have only been 
speculated on. 

Maykut and Untersteiner present a 
one-dimensional thermodynamic mo
del of sea ice which includes the ef
fects of snow cover, ice salinity and 
internal heating due to penetration of 
solar radiation. They give diffusion 
equations which govern the heat 
transport within the ice and snow, 
and they solve the equations by nu
merical integration until annual equi
librium patterns of temperature and 
thickness are obtained. The solutions 
of 28 cases are listed and illustrated 
graphically, using a variety of values 
of the surface heat balance compo
nents, both measured and estimated, 
as input data. The effects of changing 
the absorbed radiation, the ocean heat 
flux and the snow thickness on the 
ice are particularly carefully docu
mented. For example, when the ocean 
heat flux is increased from the esti
mated 1.5 to 6.0 kcal! cm2 year or 
when the albedo of the surface is re
duced by 20 percent from June to 
August, the ice will disappear. The 
model indicates that, of the various 
techniques proposed at times for 
large-scale ice removal, surface mo
difications to change the albedo 
would be the most effective. 

The computer program for the so
lution of the diffusion equations is 
attached as an appendix so that any
one with different input data can use 
it for his own particular case. 
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-Gunter Weller 
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Current 
Publications 

International Journal of Heat and 
Mass Transfer 

Pergamon Press 
Maxwell House, Fairview Park 
Elmsford, New York 10523 
Volume 12, No. 11, November 1969, 

A study of one-dimensional ice for
mation with particular reference to 
periodic growth and decay, by G. 
S. H. Lock, J. R. Gunderson, D. 
Quon and J. K. Donnelly. The pa
per considers one-dimensional ice 
formation near the surface of a 
semi-infinite domain. A series of 
experiments executed with water 
is described and the results com
pared with theoretical predictions 
for power law and sinusoidal vari
ations in surface temperature. The 
theoretical study is divided into 
two parts-analytic and numerical. 
The former consists of approximate 
solutions developed from a pertur
bation expansion and the latter in
volves making the space variables 
discrete and integrating the result
ing set of first order non-linear 
equations. 

U.S. Army Cold Regions Research 
and Engineering Laboratory 

Hanover, New Hampshire 03755 
(Available in photocopy or microform 

for cost of reproduction from the Clear
inghouse for Federal Scientific and Tech
nical Information [CFSTI] 5285 Port 
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