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THE COLD REGIONS RESEARCH AND
ENGINEERING LABORATORY

CRREL

In nearly half the land of the Northern Hemisphere, the cold of winter freezes
the earth and covers it with ice and snow. Low temperatures continue throughout
the year in much of the Arctic and Antarctic, perpetually challenging the men
and women who live and work there.
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To adapt to the environmental conditions of these cold regions, we must fully
understand their special characteristics. We must determine how the cold affects
our activities and how our civilization in turn affects the cold regions. We must
also learn how to adjust to the extreme changes that take place between summer
and winter seasons.

Gaining this knowledge through scientific and engineering research, and mak-
ing the results available to governmental, military and other public organiza-
tions, is the job of CRREL —the Cold Regions Research and Engineering Labora-
tory of the U.S. Army Corps of Engineers.

THE MISSION

CRREL is a federal laboratory with a special mission—to understand the char-
acteristics of the cold regions of the world and to apply this knowledge to make it
easier for people to live and work there.

CRREL was created in 1961 by combining two existing Corps of Engineers or-
ganizations: the Arctic Construction and Frost Effects Laboratory and the Snow,
Ice and Permafrost Research Establishment. Between them the two labs brought
together at CRREL a group of research personnel with expertise in virtually all
aspects of cold regions science and technology.

As a Corps of Engineers lab, CRREL has the advantage of the Corps’ long-held
tradition of service to the nation. CRREL research facilities and expertise are
available to any federal, state or local agency that has need for them, and work
has occasionally been done for private organizations as well. This approach helps
to account for the diversity of research activities at CRREL and the overall char-
acter of the laboratory. Each research or study project, whether funded by the
Corps of Engineers or other agencies, has a well-defined scope and objective
chosen by its sponsor.

Sonar profiling of pressure ridge keel in Beaufort Sea
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Scanning electron microscope
CRREL PERSONNEL AND FACILITIES

Cold regions science and technology is a specialty that cuts across traditional
disciplinary lines. As a result, the CRREL staff is quite diverse, with specialists
from many different backgrounds. The total staff numbers about 300, including
more than 100 research scientists and engineers. These researchers include civil,
hydraulic, electrical, chemical and mechanical engineers, and agronomists, biol-
ogists, chemists, geographers, geologists, geophysicists, glaciologists, meteorolo-
gists, physicists and soil scientists. In addition, scientists and engineers from
other institutions often pursue long-term research projects at the laboratory.

The support staff at CRREL also comprises a variety of professionals. Admin-
istrators, suppori engineers, technicians, computer specialists, photographers, il-
lustrators, editors, typesetters, secretasies and dozens of others help to keep the
laboratory running smoothly. These personnel often bring their expertise outside
CRREL when needed for the research projects of other organizations.

The physical facilities that support the CRREL research effort really merit the
description “unique.” The main laboratory building contains 24 coldroom labora-
tories, many capable of achieving temperatures of -30°C or below. Along with

instrumentation in vehicle for measuring mobility through snow
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Model of ice control structure in Ice Engineering Facility

the cold laboratories are chemistry, physics, soils and electrorics labs with highly
specialized equipment for research at below-freezing temperatures.

In 1978 an Ice Engineering Facility was completed that is devoted to the study
of problems caused by ice in waterways. This lab, acclaimed as the finest in the
world, permits research that will lessen the effects of winter on the nation’s
waterways. In the Ice Engineering Facility is a refrigerated modeling area in
which scaled-down rivers, harbors and lakes can be studied, a tilting refrigerated
flume for river ice research, and a large test basin in which ice force problems
can be studied at nearly full-scale dimensions.

A Frost Effects Research Facility, to be completed in 1983, will be devoted to
the study of frost action in soils. This iaboratory will contain refrigerated re-
search areas for below-freezing testing of pavements, foundations and under-
ground utilities, and will permit the study of destructive freeze-thaw cycles in a
controlled setting.

CRREL also has an Alaskan Projects Office at Fairbanks with a research and
supporting staff to aid in conducting CRREL's many projects in Alaska. In Fox,
Alaska, CRREL excavated and helps to maintain a research tunnel in permafrost,
the only facility of its type in the Western World.

CRREL RESEARCH

Snow and ice

Basic to the understanding of the cold regions is the study of snow and ice. Be-
cause they change with the characteristics of their environment, snow and ice are
far more complex than most people realize.

CRREL scientists and engineers have extensively studied both freshwater ice
and sea ice. They have extracted drill cores from ice caps, icebergs and sea ice
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Drilling through ice in Antarctica Examining an ice core
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floes to scrutinize them with a number of analytical methods. Crystalline struc-
ture, which can greatly affect strength characteristics, has been investigated mi-
croscopically and with specialized radar devices The minute quantities of cer-
tain elements in ice cores have been determined to the precision of 1 part per bil-
lion, and electron micrographs have revealed trace particles in snow crystals
under thousands of powers of magnification

The accumulation of ice on helicopter blades, ship superstructures, and com-
munications antennas is a problem that has received considerable attention
CRREL researchers have explored the basic mechanisms that cause the ice accu-
mulation and have developed methods for its prevention

Ice can be a source of support fer buildings, vehicles and machinery placed
over water bodies or on glacial ice. But ice can also be a source of destruction
when sheets of sea ice crush against navigation structures or river ice smashes
against bridges. To make use of its positive aspects and to guard against its de-
structive effects, the engineering properties of ice must be thoroughly known
Strength testing of ice samples and the measurement of ice forces on instru-
mented structures has revealed much information about the basic properties of
different types of ice

Strength testing machine
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Snow also takes many different forms, depending on temperature, age, and
snowpack pressure. In glaciers, snow is transformed by the pressure of the accu-
mulating snowpack first into a consolidated substance called firn and then even-
tually into ice. The massive ice sheets —such as those in Greenland and Antarc-
tica—were formed in this way, and examination of the drill cores has revealed
thousands of years of climatic history.

Research on mountain glaciers has helped to explain the forces that were work-
ing thousands of years ago when much of the Northern Hemisphere was covered
with ice. The accumulation and breakup of the massive Antarctic glaciers have
been carefully studied, as any fluctuation could drastically affect the global cli-
mate and the level of the world’s oceans. Even the effects of the eruptions of Mt.
St. Helens on its glaciers have been observed bv CRREL scientists.

Melting of snow and the subsequent runoff are important to flood control and
hydroelectric power production. Predictive models developed for estimating
snowmelt and runoff have compared favorably with results from test sites. Even-
tually this work may result in accurate methods of predicting the amount and
rate of spring runoff into watersheds throughout the country.

Frozen ground

Along with snow and ice, the other major natural material in cold regions is fro-
zen ground This material is even more complex, as it can take a multitude of
forms. In the Far North, permanently frozen ground or permafrost is of particular
concern because ice-rich permafrost will melt and settle if seriously disturbed. In
virtually all areas with subfreezing temperatures, frost heaving can be a very de-
structive force to roads, airfields, pipelines, and all types of foundations.

An extensive effort has been made to understand the basic mechanisms of
frost heaving so that this phenomenon can be reliably predicted. Although heav-
ing can be prevented by placement of soils that permit sufficient drainage, these
soils are becoming increasingly scarce and expensive in many areas. Special tech-
niques, such as surrounding problem soils with water-resistant membranes and
precisely classifying soils with marginal frost susceptibility, promise to reduce
both construction costs and potential for frost damage.

-

Installing a temperature-
monitoring system in ground
along trans-Alaska pipeline haul

road
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As with snow and ice, the mechanical properties of permafrost and seasonally
frozen ground must be well understood before construction on these materials
can take place. A number of laboratory and field tests have been devised to de-
termine the moisture content and the frost-susceptibility of soils. In permafrost
regions, an extensive program has sought to determine the ground ice content at
substantial depths by electromagnetic methods and core drilling. CRREL re-
searchers have helped to discover the characteristics of the permafrost beneath
the Beaufort Sea near the oil fields at Prudhoe Bay, Alaska.

Cold regions construction

Among CRREL’s first accomplishments was the design of airfields and living fa-
cilities in Greenland and Antarctica. This emphasis on cold regions construction
has actively continued since that time. Major accomplishments have been the
moving of a 3300-ton DEW Line station in Greenland onto a new and more stable
foundation, and assistance in preparing design and installation procedures for
the thousands of piles that support the aboveground portions of the trans-Alaska
pipeiine.

The design. of roads and airfields has received particular emphasis. Experimen-
tal roads in New Hampshire and Alaska have tested new building techniques for
cold regions. A study of the “haul road,” built to bring materials to construction
sites along the trans-Alaska pipeline, has shown the 360-mile-long road’s response
to the harsh northern climate and its effects upon the surrounding environment.
In remote areas of Alaska, construction of airfields that are insulated from the

permafrost has prevented disturbance of the ground ice and deterioration of the
tundra.

Measuring movement of trans-Alaska pipeline
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Air-transportabie shelter

CRREL engineers have designed an air-transportable shelter for use in severe
cold regions, and have cunducted a long-term program on the correct design of
roofs in heavy snowfall areas. From an extensive statistical analysis, a method of
estimating roof snow loads for any area in the United States has been developed.
In one application of their expertise, CRREL engineers determined the roof load
at the time of the collapse of the huge roof of the Hartford, Connecticut, Civic
Center.

Other CRREL construction-related research has investigated the use of special
asphaltic paving mixtures and concretes that can be placed at low temperatures.
Blasting techniques for use in permafrost and on ice have been developed. And
CRREL engineers have worked with several agencies in remedying the detri-
mental effects of cold weather on existing facilities. In particular, a new program
is helping to find ways of reducing the “potholes” in northern roads.

Land transportation

In areas where no roads exist or where they are clogged with snow, land trans-
portation with conventional vehicles can be extremely difficult or virtually im-
possible. This problem has been addressed in two ways. First, methods are being
developed for predicting the performance of wheeled and tracked vehicles in
snow so that their design can be improved.

A second approach was a study of the use of surface-effect vehicles (“hover-
craft”) in arctic regions. These vehicles, modified for arctic use, were found to
work well over snow-covered tundra, and they had little effect on the underlying
permafrost.

B e >

Laying asphalt con

crete at Deadhorse Airfield, near Prudhoe Bay, Alaska
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a land treatment system

Environmental protection

Due to the instability of ice-rich permafrost and the short growing season in
northern regions, environmental protection is crucial. Several CRREL researchers
have taken part in studies of the climate and biology of northern Alaska that are
providing the first deta:led documentation of this environment.

The impact of civilization has also been closely monitored. A long-term study
has shown the effects of artificial oil spills on vegetation in a controlled environ-
ment, and the clean-up methods for spills along the trans-Alaska pipeline have
been carefully observed to determine their effectiveness.

Restoration of areas damaged by construction activities has been documented
and strategies developed to speed recovery. CRREL scientists have monitored
erosion control and restoration activities along the entire trans-Alaska pipeline
and on test slopes in New Hampshire and Alaska. Procedures for mapping wet-
lands through aerial photography and satellite imagery are being developed as
part of a nationwide Corps of Engineers land use inventory. Similar remote sens-
ing methods have assessed shore erosion in the Great Lakes and at Cape Cod and
determined the potential environmental impact of construction projects in
Alaska and northern Maine.

A multimillion dollar research program on improving methods for the land
treatment of wastewater is now drawing toward completion. Land treatment ren-
ovates municipal wastewatar in a scientifically controlled manner to maximize
the removal of waste substances and to minimize environmental effects and
energy costs. The land treatment research program has placed this new technol-
ogy on a firmer engineering basis so that millions of dollars will be saved in the
construction and operation of new systems.

X1

Sampling wastewater applied to
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Blasting an ice jam

-

High flow bubbler system (foreground) to keep ice from entering lock

Ice engineering

CRREL’s Ice Engineering Facility has already been used in a variety of ways to
improve winter navigation in cold regions. Studies of model icebreakers, con-
ducted in the large refrigerated test basin, have resulted in devices that keep ice
from damaging the ships’ propellers. Studies of the interaction of moving ice
sheets with test structures have helped to explain the destruction of offshore
navigation facilities and to formulate new designs.

Refrigerated flume studies have resulted in methods for minimizing ice accu-
mulation at dams and water intakes. Large-scale modeling of ice control struc-
tures in the Ice Engineering Facility’s research area has demonstrated how exist-
ing structures can be modified and riew ones designed to help protect shipping in
ice-clogged northern rivers. As ice jams cause serious flooding each year in north-
ern communities, the mechanics of ice jamming have received considerable at-
tention so that this phenomenon can be prevented or controlled.

Various methods of keeping navigation locks free of ice have been devised to
help extend the navigation season of the upper Ohio River system and St Law-
rence Seaway. The development of underwater air bubblers to keep navigation
channels open has been applied extensively in northern harbors and navigation
facilities.

X1
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Checking heat flow data

Energy conservation

Due to the large heating requirements of buildings in cold regions, several pro-
jects have focused on conserving energy while maintaining comfortable living
conditions. Infrared sensing devices have been used extensively to detect heat
losses and wet insulation. From these infrared surveys, recommendations can be
made as to how to most cost-effectively improve the thermal performance of a
building’s walls and roof.

Heat pumps for reclaiming waste heat from industrial cooling water have been
studied and used to heat two buildings at CRREL. A method of analyzing the ther-
mal losses from heat distribution systems has helped to maximize the efficiency
of centralized heating systems, and a project in Alaska has assessed the use of
waste heat for improving agricultural production in the Far North.

Military operations

To aid the Army in preparing for military action in cold regions is one of
CRREL’s continuing concerns. Field tests have shown that snow fortifications can
be used for stopping small arms fire, and an extensive program has contributed to
the design of a new baseplate for a lightweight mortar.

Currently, CRREL is coordinating extensive tests on the effects of winter weath-
er on the electro-optical guidance systems used in modern weapons. The test pro-
gram will lead to an understanding of the performance of these systems during
heavy snowfall and other adverse weather conditions. Another program is exam-
ining the effects of the cold regions environment on land mines.

X

Mine sensitivity test



CRREL library

TECHNICAL INFORMATION

Since scientific and technological research depends on the effective transfer
of information, CRREL has a very active publication program.  CRREL publishes
approximately 100 technical reports, engineering technical letters and draft
translations each year, along with a general-interest newsletter. In addition,
CRREL maintains a current international bibliography of available cold regions
publications entitled the Bibliography on Cold Regions Science and Technology.
Approximately 100,000 publications have been accessioned to date. New CRREL
publications are listed in the laboratory’s information bulletin and in a cumula-
tive annual supplement. The results of many CRREL investigations are also pub-
lished in professional journals.

The CRREL library maintains an extensive collection of material on cold
regions science and technology. The library is open to the public and welcomes
requests from other organizations for information about cold regions technical
literature.

All CRREL publications can be obtained from the National Technical Informa-
tion Service, Springfield, Virginia, 22151. Many are available directly from the
CRREL Publications Office. For general information about the laboratory, con-
tact CRREL’s Public Affairs Office at the following address

USACRREL
72 Lyme Road
Hanover, New Hampshire 03755
Telephone: 603-643-3200
(Autovon 684-3400, FTS 834-3200)

CRREL welcomes requests from other organizations for assistance with cold

regions problems. These requests will be forwarded to the engineer or scientist
who specializes in the specific problem area
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MOUNTAIN GLACIERS
OF THE
NORTHERN HEMISPHERE

WILLIAM O. FIELD, EDITOR

VOLUME 1 (704 pp.)
® Western Europe
Soviet Union
Southern Asia
Latin America
United States (excluding Alaska)
Western Canada

VOLUME 2 (932 pp.)
® Alaska and Adjacent Canada
® Arctic Canada
* North Atlantic Islands

ATLAS (49 maps)

8% x11 inches
$30.50
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This three-volume work is a geographic study of mountain glaciers of the Northern Hemisphere.
Two volumes of text give detailed descriptions, with reference sources, of numerous glaciers and
glacier groups. Special emphasis is given to fluctuations of the ice margins in historic times. An
atlas volume shows the locations and outlines of glaciers in 49 plates. The work was performed by
the American Geographical Society on behalf of the US. Army.

The three-volume set, published by the Technical Information Analysis Center of the U S. Army
Cold Regions Research and Engineering Laboratory, Hanover, New Hampshire, is available from
the National Technical Information Service, Springfield, Virginia, 22161, U S.A. Payment may be
made by check or money order, or by charging to an American Express credit card. If you have an
NTIS deposit account the usual deposit account order form may be used. Foreign buyers may
send payment in the form of a check in U S currency, an international money order, a traveler’s
check or by charging to an American Express credit card

See reverse side for order form
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