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Permafrost 

About 20 percent of the land area of 
the earth (50 percent of Canada and 
the Soviet Union) is located in clima- 
tic zones where the mean annual tem- 
perature falls below 0?C. As a con- 
sequence, the phenomenon of freezing 
a thin surface crust of soil during the 
winter months, so familiar in more 
temperate climates, is reversed; the 
underlying soils or rocks remain peren- 
nially frozen while a thin surface layer 
("active zone") temporarily thaws dur- 
ing the summer months. This latter 
condition is known as permafrost. 

The soils in permafrost areas vary 
from coarse gravels to silts and or- 
ganic peats and mucks (muskeg). Oc- 
casionally plastic clays are encountered. 
Depending on the soil type and on the 
drainage and climatic conditions, the 
proportion and distribution of ice in 
the ground may vary widely, ranging 
from partially filling the void spaces 
between soil particles to lenses and 
wedges of ice in thicknesses of a few 
centimeters, to massive zones of ice 
with dimensions to be measured in 
meters and even decimeters. Spectacu- 
lar surface features often manifest 
themselves either as striking individ- 
uals, such as the "pingo" (Fig. 1), or 
as repetitive patterns over large areas, 
such as "ice-polygons" (Fig. 2). In re- 
cent years, interest in scientific studies 
of these features has heightened with 
promising signs of better understanding 
in such disciplines as geomorphology, 
glaciology, and historical geology. 
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ways and airfields, dams, water distri- 
bution and sewage disposal systems, and 
structures for all kinds of purposes. Be- 
cause of limited knowledge and the 
short time that could be allowed to 
elapse between the conception of a 
project and its completion, the design 
problems involved have been solved by 
judicious combinations of research, en- 
gineering analyses, field experience, and 
ingenuity. More complex and diverse 
projects involving the exploitation of 
mineral resources and the development 
of electric power on a large scale are 
now in the offing, requiring more ac- 
curate analyses if safe, economic de- 
signs are to be achieved. 

On 11-15 November 1963 nearly 
300 engineers and scientists from 12 
countries gathered at Purdue Univer- 
sity, Lafayette, Indiana, for the 1st in- 
ternational conference on permafrost. 
The proceedings of the conference will 
contain the latest maps defining the oc- 
currence and distribution of permafrost 
in Eurasia, Alaska, and Canada. New 
information on permafrost areas reveals 
that their southern boundaries creep 
ever further southward-that is, local- 
ities heretofore thought to be free 
of permafrost are now known to have 
at least sporadic permafrost areas. In 
fact, permafrost has been discovered 
near Thompson, Manitoba, and even 
on Mount Washington, New Hamp- 
shire. Air photographs and geophysical 
methods have been helpful in making 
these surveys, although additional re- 
finements are necessary where areas of 
sporadic permafrost are encountered. 
Vegetal cover may prove promising in 
this connection and the appearance of 
lichenaceous cover and the higher in- 
cidence of polyploidy are thought to 
occur where there is permafrost. 

Soil genesis in permafrost country, 
as related to geomorphic conditions, 
offers a medium of understanding as 
attractive as that gained by correlat- 
ing plant communities with soil types, 
and can even be used where no plants 
occur. The mechanics of surface-salt 
accumulation with upward movement 
of water and the association of soil 
salinity relations with the "active frost 
zone" indicate a basis for useful field 
comparisons and determination of site 
history. The existence in the normal 
Arctic soil profile of a permanently 
frozen organic layer generally 5 to 
15 cm thick at a depth of 40 to 130 
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it was suggested that this organic layer 
represents an accumulation during an 
abrupt warming of the arctic regions. 
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Fig. 1. Pingo, partially eroded by waves, 
on an alluvial island in the Mackenzie 
delta. The pingo is 7.62 m high and con- 
sists of a central core of ice doming up 
1.5 to 3 m. [J. Ross McKay] 

Carbon-14 dating indicated the age 
of the warming to be 8000 to 10,000 
years. It is worth noting that soil- 
forming processes are active in the 
ice-free Lower Wright Valley, Ant- 
arctica, under conditions void of humus 
and almost continuous freezing tem- 
peratures. 

Criticism was made of conventional 
procedures for calculating thermal 
changes caused by impounding water 
or constructing roads and buildings. 
First, air temperature is only one vari- 
able governing the net heat balance at 
the air-ground interface; in permafrost 
areas ground and cloud cover may play 
equally decisive roles. Second, an un- 
frozen film of water persists around 
fine grained particles in frozen soils 
and the percentage of unfrozen water 
present is dependent on soil type and 
temperature (and to a secondary degree 
on the salt content in the pore water). 
Thus the heat released at the freezing 
front is not equal to the volumetric 
latent heat times the total volume of 
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Fig. 2. Patterned ground near Point Bar- 
row, Alaska. [Philip Johnson, Cold Regions 
Research and Engineering Laboratories] 
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water present in the soil pores, and 
latent heat is released (or absorbed) 
behind the freezing front depending on 
the temperature distribution. Moreover, 
the latent heat from fusion of ice 
formed from soil water may be different 
from that of bulk water due to soil- 
water interaction forces. Third, the 
Fourier heat equation, which implies 
conduction of heat only, does not ade- 
quately describe the heat-flow process 
as water is moved to the freezing front 
by hydraulic and thermal gradients. 
Some investigators believe in the exis- 
tence of a "threshold" gradient-either 
hydraulic or thermal-that must be ex- 
ceeded before water will commence to 
flow at all. However, experiments to 
date have not been sufficiently conclu- 
sive to convince all skeptics. It is evi- 
dent that these matters are subjects for 
intensive research if reliable predictions 
of changes in thermal regime are to be 
accomplished. 

The uncertainties that remain in the 
measurement and prediction of the 
mechanical properties of frozen ground 
were brought sharply into focus. That 
the deformation process is strongly de- 
pendent on time and temperature has 
long been recognized. Rheological 
models to predict overall behavior have 
been formulated and described mathe- 
matically. Even if this phenomenologi- 
cal approach to the problem is suc- 
cessfully developed (although we are 
still far from reaching this stage) it 
will hardly be possible to scale the re- 
sults of laboratory experiments to pro- 
totype conditions without due cogni- 
zance of the main physical processes 
involved-such as refreezing of water 
and melting of ice during creep and the 
movement of mineral particles by the 
freezing process. In the interim, such 
questions as the adfreezing strength of 
frozen ground around embedded piles, 
the long-term bearing capacity of foot- 
ings and caissons, and the magnitude 
and time-rate of the deformations to be 
expected, will continue to be deter- 
mined on a semi-empirical basis-a sit- 
uation that is not too heartening in the 
face of the larger and more complex 
projects currently being contemplated 
in the far North. The proposed Ram- 
part Dam, on the Yukon River north- 
west of Fairbanks, Alaska, is a case in 
point. If completed, the dam will im- 
pound a body of water larger and deep- 
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er than Lake Erie. 

Considerable progress in soil explora- 
tion and site selection was recorded. 
The role of logistics and of climate and 
terrain variables is now well under- 
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stood. The use of indirect methods, 
such as topographic maps, airphoto 
interpretation, and vegetal cover as 
aids in site selection has been carefully 
documented. Seismic and electrical re- 
sistivity techniques have been adapted 
for mapping the thickness of the "active 
zone" and the depth to rock, as well 
as the thickness of permafrost over 
large (and even relatively small) re- 
gions. Core-drilling techniques using 
refrigerated drilling fluids have been de- 
veloped and relatively undisturbed sam- 
ples of all types of frozen ground can 
now be obtained at costs that are no 
longer prohibitive. Precision ther- 
mistors for measuring ground tempera- 
tures with an accuracy better than 
0.02?C are available. The most favor- 
able sites for a given project can read- 
ily be selected, and detailed data on 
subsurface conditions can be obtained 
economically. The element of "sur- 
prise" previously considered acceptable 
in permafrost construction is no longer 
excusable. 

Workable design practices for many 
common engineering problems have 
evolved. Water mains and sewers are 
carried above ground in insulated "utili- 
dors." Planned wastage or the circula- 
tion of heated water, to prevent freez- 
ing of water supply lines, is monitored 
and carefully controlled. The location 
of dependable water supplies is often 
a serious problem. For example, at 
Kotzebu, Alaska, it was found neces- 
sary to reclaim sea water to service the 
hospital and school. Experiments are 
under way to treat and recirculate waste 
water (and even sewage) for entire 
cities by procedures similar to those 
used in space capsules. Highways and 
airfields have been successfully con- 
structed by maintaining the ground 
cover and providing a sufficient thick- 
ness of nonfrost-susceptible granular 
base, with good drainage conditions, to 
avoid thawing of permafrost during 
the short summer season. 

Large-scale earthworks, such as may 
be encountered in open pit mining or 
in the diversion of rivers, involve enor- 
mous energy requirements. Nuclear 
blasting has been considered, and small- 
scale experiments conducted, but to 
our knowledge no project of this 
type has thus far been attempted. 
Increasing the temperature (and even 
thawing) of permafrost with solar 
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cial heat, has been used in the Soviet 
Union in an effort to reduce the energy 
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energy such as conventional blasting, 
rippers, and power shovels have proved 
to be more economical. 

The conference was sponsored by 
the School of Civil Engineering at 
Purdue University and presented by the 
Building Research Advisory Board of 
the National Academy of Sciences- 
National Research Council. Support- 
ing agencies were National Science 
Foundation, U.S. Army Corps of En- 
gineers (Cold Regions Research and 
Engineering Laboratories), U.S. Navy 
Bureau of Yards and Docks, U.S. Air 
Force Cambridge Research Labora- 
tories (Terrestrial Sciences Laboratory), 
Office of Civil Defense, Bureau of Pub- 
lic Roads, Caterpillar Tractor Company, 
U.S. Army Materiel Command, U.S. 
Public Health Service, and Office of 
Naval Research. 

Cooperating agencies included the 
National Research Council of Canada, 
Associate Committee on Snow and Soil 
Mechanics; American Society of Civil 
Engineers, Soil Mechanics and Foun- 
dations Division; American Society for 
Testing and Materials, Division of Ma- 
terials Sciences; American Geophysi- 
cal Union; and the Highway Research 
Board of the National Academy of 
Sciences-National Research Council. 

Proceedings will be available in the 
summer of 1964 and may be obtained 
by writing to Building Research Ad- 
visory Board, National Academy of 
Sciences, 2101 Constitution Avenue, 
NW, Washington, D.C. 
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Forthcoming Events 

March 

9-10.. Aerodynamic . Testing Conf., 
American Inst. of Aeronautics and Astro- 
nautics, Washington, D.C. (J. N. Fresh, 
David Taylor Model Basin, Code 630, 
U.S. Navy, Washington, D.C.) 

10-14. American Inst. of Chemical En- 
gineers, New Orleans, La. (AIChE, 345 
E. 47 St., New York 17) 

11-12. Instrument Soc. of America, 14th 
conf. on instrumentation for the iron and 
steel industry, Pittsburgh, Pa. (N. F. 
Simcic, Research Laboratory, Jones and 
Laughlin Steel Corp., 900 Agnew Rd., 
Pittsburgh 30) 

11-13. National Federation of Science 
Abstracting and Indexing Services, annual, 
San Antonio, Tex. (R. A. Jensen, The 
Federation, 324 E, Capitol St., Washing- 
ton, D.C.) 

12. Interplanetary Monitoring Platform 
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