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INTRODUCTION

(1) The meeting was opened by Mr. Legget who wslcomed
those present on behalf of Mre CeLe Moerrill and himself. He
explalined that the purpose of the meeting was to provide a
broad general review of the research work which had been done
into permafrost not only in Canada but also in Alaska. It
was, therefore, a special pleasurs to welcome the American
guests present and to note that they included some of those
most expert in permafrost knowledge in North America.

(2) Mr. Logget explained for the benefit of the guests

the opesration of the National Research Council and its several
functions, He outlined the work of Associate Commlttees, under
the auspices of one of which this meeting was beling held. He

then described briefly the work of the eight Research Divisions

of the Council, finishing with an outline of the special functions
of the Division of Building Research.

(3) One of these 1s naturally the problem of building in
Northern Canada and 1t is this practical responsibility that

has led the Dlvision into its studies of permafrosts In order

to asslist this work and to serve building research in the North
generally, the Division has a Northern Research Station at Norman
Wellse Mre Legget indicated that other scientists would always
be wolcome at this Station and that he hoped one result of the
meeting would be more visitors at this northern outpost of the
Division of Building Research.

(L) Finally, Mr. Legget indicated that, even in the
practical work of building research, scientific aspects of
permafrost had not been forgottens It was therefore hoped

that the day would result in a general review of both practical
and fundamental studies of permafrost and assoclated phenomensa,
not only in North America, but with some thought to conditions
in other countries, It was planned to ask each person present
to outline what they knew of permafrost research and to devote
the afternoon to a general discussion based on these factual
statements,

- SUMMARY OF INDIVIDUAL REPORTS

(5) The following notes summarize the statements then
made by all of those attending the Conference. Names and
affiliations are listed in Appendix A. Wherever possible,
references to publications have been indicated, and are listed
in Appendix B.
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(6) JeAs Pihlainen = reviewed the history of the research
program of the Division of Building Research, starting with
the survey of buildings in the Mackenzie River Valley during
1950 (a),™ and the Division's participation in the 1951 Purdue
airphoto investigations in the same region (b). In 1952, the
Northern Research Station was established at Norman Wells and
its subsequent development was outlineds

(7) G.He Johnston = explained that one of the first field
projects of the Station, started in 1953, was experimental work
on drilling and sampling permafroste Thlis early work was soon
applied in the exploratory boring program at old Aklavik (c)e.
He desocribed the site iInvestigation work carried out on the
Aklavik survey under the followling headings: airphoto inter-
pretation, terraln studies, drilling and sampling. He also
discussed briefly the Dlvision's interest in the development of
light exploratory drilling equipment and methods for drilling
and sampling In perennially frozen ground.

(8) C.le Merrill - then described the planning of the survey

for the new site for the town of Aklavik, with which he had

been connected as project leader. He explained how the team

had been organized, how the 1nitial examination of aerial vhoto=
graphs was carried out at the Bullding Research Centre in Ottawa
and how this permitted the planning of a very incluslive field
survey durlng the short working seasons He outlined the logistics
of the operation which were quite unusual in view of the locatilon
of the area to be studied and the limitations of transportatione
He summarlized the fleld studies at the four selected sites and
explained how "East-Three" was finally selected (d),

(9) JeAe Pihlainen = outlined the opportunity that the construction
of a completely new town presented for a study of the effscts of
construction on permafrost and described the detalls of projects
that the Divislon i1s now carrying out at East-Thres. These

include studies of terrain, roads, bullding foundations, and run«
Wayse

(10) ReFes Legget = described one of the earliest investigations

of the Division of Building Research 1n comnection with the
dlistribution of permafrost in Canada which was carried out at
Uranium City, Saskatchewane. An inquiry had been received from

the Department of Natural Resources of the Province of Saskatchewan
when the new townslite of Uranium Clty was being planned. Since

its location 1s on the north shore of Lake Athabasca, it was at
first concluded that there could not be permafrost at this slte.

* Letters in brackets refer to references listed in Appendix B.
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Field studies, however, had shown that there was indeed psrma-
frost in some locations, although relatively shallow in depth,
probably not going deeper than 35 feets. Soil temperature
measurements had been made in the field. Studies were continued
and it was hoped eventually to publish a paper on the findings
of this location, since it is so obviously on the southern
border of permafrost (e).

(11) HeB. Dickens = outlined the recent reorganization of the
Division's northern responsibilities which now encompass the
broader field of building in the North in addition to including
work on permafroste. Mre. Dickens lntroduced Mr. Pe.Je Wllliamg,
who had recently Joined the staff of the Northern Bullding
Section, with interests iIn solifluction and patterned ground. He
mentioned one project that the Section was currently planning
for, concerned with the study of dyke construction at the new
Kelsey Generating Station belng constructed on the Nelson River
in northern Manitobae. He polnted out this was in an area of
sporadic permafrost and jointly with Mr. Ge.H. Johnston and Dr.
DeCe Pearce, outllined the problem in some detalle

(12) LeJo Chapman =~ mentioned the interest of the Ontario Research
Foundation in evapotranspiration studies at Norman Wells end drew
attention to the importance of these studles in relation to the
energy balance in frozen soil (f).

(13) Do Lane = emphasized the engineering problems of alrstrip
construction in permafrost areas and related this to the need
for design criteria with respect to the fill required to prevent
degradation of the permafrost in airfield constructions He also
mentioned the problems Imposed by permafrost on water supply

and sewage disposal in the North at the necessary living quarters
which always had to be associated with northern airports.

(14) JoK. Fraser - said that the Geographical Branch of the
Department of Mines and Technical Surveys has been established
for ten years, during which period they had had thirty field
parties in the Arctic, involved iIn regionsl studies of terrain
analysis (g). He sald that they had reached the stage when
more detailed and continuing work would be carried out in
specific locations. He indicated thelr Interest in patterned
ground and subsoil conditicns and reported that, to facilitate
this work, they were conslidering establishment of a northern
research laboratory in the Arctice.

(15) KeA. Linell - reported that the U.S, Army 1s responsible
for all Army and most Ue.Se. Alr Force construction in the North.
The UesSe Corps of Engineers established the Frost Effects
Laboratory in 19L); and the St. Paul Permafrost Division in 1945.
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Thess were consolidated in Boston in 1953 into what is known

as the Arctic Construction and Frost Effects Laboratorye. The
principal interest of the Laborstory is the determlnation of

engineering design criteria for military construction (h).

It does not include studles of snow and ice. Mr. Linell said
that thelr studies were carried out in three phases:

(1) Field investigations of existing structures

(11) Field test installations such as the pile
studles at Falrbanks

(1i1) Cold room and theoreticsl studies in the
laboratory dealing with thermodynamics and
heat flow analysise In such heat flow
studies, they are utilising two analogue
computerse.

They are measuring ground temperatures at about two
hundred locations in Alaska and Greenland. Pile tests at Fairbanks,
started in 1953, have pointed out the difficulties of instrumentation
and the need for further work on the instrumentation phasees They
are studying the effects of radlation and snow cover on the depth
of frost penetration as applied to the performance of various
structures.

Cold room studies include work on the effect of fine-
and coarse-grained materials on frost actione Some twelve to
fifteen varliables have to be investigated in this phase. Heat
flow studies Include both theoretical laboratory research and also
actual field worke Thelr studies had to encompass construction in
the worst permafrost conditions, since military requirements did
not always permit selection of better sitess He suggosted that
their experience had indiceted construction in the Sub=Arctic
posed more serious engineering problems than in the Far Northe

(16) W.K.W. Baldwin - expressed his pleasure at being at the
meeting and stated that Dr. Porsild would have been present but
for his absence in Russia. The botanical staff at the National
Museum are interested in permafrost as relating to Arctic vecge-
tation. They had no specific studies of permafrost but in
connection with Dr. Porsild's work on the flora of the Arctic (i)
end his own studies in the lowlands southwest of Hudson Bay (j),
they had seen the lnter-relation of permafrost and vegetatione.

He mentioned his intsrest in Norwegian studles of plant and
species communitlies in relation to such factors as snow cover and
frost intensity.
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(17) Dre Y.0e Fortier = reported on studies of permafrost carried
out by the Geological Survey of Canada (k)e Within ten years, the
bedrock geology of the Arctic islands is to be completed and
within five years, the mainland geology from the Mackenzie River
to Hudson Bay will be completede He mentioned briefly the work

of their Pleistocene Section and also the Engineering Geology
Section (formerly the Ground Water Section). They also have a
Geochemlstry Section which, while not directly concerned with
permafrost, may be able to give useful information in permafrost
studlese.

(18) H.E. Neal =~ mentioned that at Knob Lake, the Iron Ore Company
of Canada have encountered patterned ground on the uplands at
elevations of 2,00 to 2,500 feet. They have installed fifteen
thermocouples in bore holes. In the mining operation the main
problem arises in blasting the frozen grounde. Thermocouple readings
indicate greatest depth of permafrost to be about 150 feet. He
mentioned the difficulty of determining by thermocouple measurement
where the ground is frozen, since the ground temperatures are

close to 32°F,.

(19) Prof. Je. Brian Bird « told of the Knob Lake Sub-Arctic
Research Station of McGill University where there are normally
four cr five students, with Professor Ives in charge. The

Station 1s primarily concerned with meteorological work, although
many studies of a geomorphological nature are being made (1).

Snow banks and the processes occurring in them are an oxample.

The use of the Station by other interested persons is welcomeds
Prof. Bird said that he was particularly interested 1in heat
exchange between the air and the ground. He is at present working
on a physiography of the SubeArctic from the Mackenzie River to Hudson
Bay, where studies are belng carried out on superficial deposits,
that 1s, limestone and the bouldery upland surface deposlts,

(20) A.Te Bolcher = described the general intecrest in permafrost
research of the Arctic Institute of North America of which he is the
Executive Director. He explained that the Institute is an
international organization drawing the members of its Board of
Governors equally from Canada and the United States. It maintains

a library at its headguarters in Montreal but its main activity,

in addition to publishing "ARCTIC", is channelling funds to
research workers for research work in the Arctic. Mr. Belcher
promised all the assistance that the Arctic Institute could

render to the future development of permafrost research in Canadae.
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(21) Dre. A.L. Washburn - after being specially welcomed by the
Chairman, since he had come to the meeting almost immediately
following his return from Antarctica, explained that he had

become especially Interested during recent years in geomorphological
studies in the Arctic (m)e. During the last year or two, he had

been working in Greenland (n) and his studies there had aroused

his Interest in the quantitative aspects of solifluction and mass
wastinge He mentioned the correlation of botanical studies under
Dr. Hugh Raup with his own studies of frozen ground.

Dre. Washburn next described briefly some of the things
he had seen during his recent visit to the Antarctice In the
McMurdo Sound area, there 1s an absence of snow and ice during
some parts of the year. He had noticed that patterned ground seems
to be more prevalent on steep slopes iIn the Antarctic. He proceeded
to give some comparative notes between surface evidence of permae~
frost in the Arctliec and the Antarctice.

(22) PeJe Williams =~ described the studies that he had carried
out in Norway Into solifluction problems on thawing slopes (o).
He mentioned that he had recently joined the Division of Bullding
Research and hoped to carry out simllar studies in northern parts
of Canada, posslibly at Knob Lake.

(23) Dr, J. Ross Mackay =~ described sporadic permafrost which he
had studied in the Mount Garibaldl area of British Columbla in
which he had carried out field investigations. = He mentioned his
special Interest in buried organic layers which had been found
in permafrost in the northwestern part of Canada (p)e.

(2&) R.As. Hoemstock =~ mentioned the possible use of seismic methods
In permafrost and their potential use for investigation, noting
that the velocity of sound waves in frozen ground is much higher
than in unfrozen ground. He volced particular interest in the
difficulties of overland transportation in permafrost arease. He
next described briefly his early studies of permafrost at Norman
Wells, NeW.Te (q)e He mentioned current interest of the oil
companies of Canada in overland transportation problems, especlally
in muskeg areas, and pointed out that this problem was related

also to permafrost conditions, especially near the southern boundary
of permafrost. At the Chairmants request, he gave some general
details of the extent of bush road construction for current oil
exploration in western Canada (r)e.

(25) M. Fuchsberger =~ described the work being done by the Snow,
Ice and Permafrost Research Establishment of the U.S. Corps of
Engineers, explaining that SIPRE had taken over the permafrost
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research work which had been started under the U.Se. Corps of
Engineers, through its St. Paul Divisional Offices This early
work had led to the establishment of an experimental research
area at Falrbanks, Alaska, and observations were still continuing
at this locatione Mr. Fuchsberger explained that SIPRE is
becoming more concerned with fundamental Arctic problems,
esgpeclally those involving the use and effects of explosives

in frozen grounde.s They were actlvely pursuing studies of speclal
drilling methods in permafrost and expect to be carryling out field
work in this connection in Alaska in 1958, They will study the
use of different media for e¢irculating fluld, such ss o0ll and
compressed air and also experiment with different types of bits
and core barrelse.

Mre Fuchsberger outlined some of the work on patterned
ground which had been carried out by SIPRE in Greenland but added
that this project was almost complete. He referred to the early
photo 1Interpretation work that had been carried out by staff
from Purdue University. He described brlefly to the meeting the
SIPRE library facilities at Wilmette, Ill., and mentioned the
Field Station now located in northern Michigan (s).

(26) De Boyd and Ge Potter - reported jointly for the Meteorolo-
gical Branch of the Department of Transport, Mr. Boyd belng the
climatologlist seconded by the Department of Transport to the
staff of the Division of Bullding Resesrch. It was explained
that the chief interest of the Meteorological Branch in permafrost
problems wasg the correlation of c¢limate with the exlstence of
permafrost. Some studies of this correlation had been made but
nothing had been publisheds Mre Potter mentioned that his Branch
was soon to establish a project for the study of shallow ground
temperatures at twenty different locations and that the results
so obtained might be of assistance in future permafrost research
worke

(27) Dr. Res Spence Taylor = described the studies of patterned
ground which he had carried out on behalf of the Snow, Ice and
Permafrost Research Establlishmont and which had been described

in the thesls which he had prepared for his doctorate. This

work had not been published but he would be glad to make 1t
avallable to anyone specially interested. He noted that some
permafrost had been found in the foothillls of the Rocky Mountalns
in the west of Alberta,.

(28) K. Hawkins - explained that the Department of Public Works
has a great lnterest In construction work in the North. It
therefore welcomed the opportunity of participating in this
meeting. The Department hoped to use avery opportunity for
studying the effects of constructlion upon permafrost and the
performance of buildings in permafrost areas.
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(29) Ltes Cole Scott Lynn = explained that, despite his sarly
interest in permafrost, his dutles in the Canadian Army were
now somewhat removed from this fleld so that he had no official
connection with any permafrost studies In the Department of
National Defence. He was very glad to know that there was in
prospect a manual which would deal with construction methcds
in permafrost areas., The Chairman mentioned Col. Lynn's sarly
work in this field, noting in particular the excellent manual
which Col. Lynn had prepared (t) and the efforts that he had
made 1n developing one of the flrst general maps to show the
distribution of permafrost 1n Canada.

(30) Dre. Andrew Taylor = spoke briefly of his general interest in
permafrost and referred to field studies which he had made both
in the Arctic and the Antarctic (u)e.

(31) J« Day = explained that his own interests lay in the
development of agriculture in Northern Canada. The first
reconnalssance trips In the North for his Department had been
made by Dre. A. Leahey, who regretted that he could not be present
at the meeting (v)(w)e. Mr. Day mentioned that some work had been
done on the utilization of plant growth as an indicator of perma=
frost conditions. For example, 1t was known that birch trees
grow on frozen ground but that aspen do note He reminded the
meeting of the experlence that should he avallable regarding
field studies of permafrost through work done during the construc=
tion and subsequent malntenance of the Hudson Bay Railway.

(32) Dre ReFs Black = after referring to the studies which he
had made for the U.S., Geologlical Survey in Alaska, explained
that he was now studylng fossll patterned ground and post=
glaclial deposits in Wisconsine. He hoped that the interpretation
of these features coupled with his previous experience with
permafrost would suggest some useful conclusions regarding
processes of permafrost formation (x).

(33) Prof. A.De Misener = explained that he was interested

chiefTy in heat flow Irom the earth, which naturally affected
permafrost conditionse It had been found that heat flow from

the earth in the North was two or three times as much as that
masured in southern regions (y)e An unusual change in the

ground temperature gradlient had been observed at a depth of

about 120 feet but this could not be regarded as significant

until improved methods of measuring actual ground temperatures

had been developeds He had found that thermistors were preferable
to thermocouples for thlis purposee.
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(3l4) Dr. N.B. Hutcheon = brought the review of permafrost and its
problems to a close by a discussion of the effect of muskeg
cover on frozen ground conditions, suggesting that the effect

of the muskeg was much more complex than merely acting as an
insulating mediume. Dr., Hutcheon spoke of possible instrumen=-
tation that might be used for dctermining accurately depth of
the active layer, mentioning specifically the possible develop=
ment of a new type of probe and the appllcation of selsmic
technliques.

GENERAL DISCUSSION

(35) Following lunch, the meeting turned to a general
discussion of permafrost problems in Canada. This covered

almost the entire field indicated by the foregolng detailed
reports. Although no concluslions were arrived at by the meeting,
the following notes give the sense of the discussion and are
recorded, not as "conclusions", but as suggestive of the direction
in which future permafrost research in Canada may be expected to
proceed:

(36) Permafrost Terminology =

It was clear to the meeting that an agreed-upon
terminology for permafrost would be a most desirable aid to
further worke. Mention was made of a start in this direction
by American agencies and it was generally hoped that such a
project could be completed before permafrost research advanced
too far,

(37) Deep Holes in the North =

The possibllity that the Division of Building Research
might be able to sink a deep hole In the Mackenzle Delta using
i1ts permafrost drilling rig was generally welcomed. It seemed
clear that, 1f such a hole could be properly instrumented, it
would yield useful information when correlated with records from
existing holes at Resolute Bay, Point Barrow, and Thule. The
possibllity of using dry holes that may be sunk for oll explora-
tion was noted. American guests promised their co-operation if
and when such a hole could be put down and it was suggested that
useful advice might be obtained from the Waterways Experiment
Station of the U.S. Army at Vicksburg, Miss. The exact location
of the hole was not discussed but Division of Building Research
representatives promised that all interested would be consulted
before any final decisions were made.




(38) The Active Layer =-

A useful discussion took place regarding the problem
of measuring accurately the depth and the formation of the
actlve layer in permafrost areas. It was suggested that
possibly a neutron meter might be used iIn investigating
this matter but the consensus seemed to be that it would be
desirable to develop, if possible, some simple seismic method
of determining the depth to the frozen material. It was clear
to the meeting that the problem, although superficially simple,
1s actually most complex. Correspondingly, it was agreed that
thorough study of the matter would be most valuable.

(39) Patterned Ground =

A correspondingly useful cdiscussion took place
regarding patterned ground phenomena. 1t was pointed out that
these are linked with the general problem of frost action in
soils now being investigated in the Division of Bullding Research
laboratory. Mr. Es« Penner described some of his work and Dre
Washburn suggested that the entrainment of fine particles in
upward flowing water during the development of ice lenses might
possibly be an important factor in the formation of patterned
ground. Dr. Mackay mentionod that he had received a grant from
the National Research Council for such studlies. Dr. Baldwin
mentioned the remarkable examples of patterned ground to be
found in the Hudson Bay Lowland. Drs Bird described something
of the work being done iIn this field at the Knob Lake Station of
MeGill University.

(,0) Engineering Problems =

The latter part of the meeting was taken up by a
number cf references to the engineering problems in permafrcst
areas recognized by those present. These may be listed as
follows:

(1) the installation of piles as foundation units
and the effect of such piles on the thermal
regime of the ground.

(1i1) the construction of embankments and other
engineering works upon frozen ground and the
effect of such structures, such as the embankment
at the Kelsey Generating Station, on the thermal
regime of the ground,

(111) the problem of icing of roads and other routes
which may be constructed across frozen ground
such as has developed in some sections of the
Alaska Highwayo
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(iv) the selection of sites for new building
installations such as those which have had
to be constructed for the DEW Line and ttre
Mld-Canada Line.

(v) various difficulties associated with solifluction,
especially on sloping ground.

(vi) the effect of freezing upon the properties of
and the ease of handling iron ore such as that
which is now being mined in the Knob Lake districte.

(vii) the whole question of thermal flow from the
ground, its effect on ground stability and upon
structures erected on frozen ground.

(viii) the construction of pavements, not only for
" roads, but more particularly for large paved
areas such as airfieldse.

(1x) the general question of soil temperature

variatlion which can be clearly seen.to affect
a variety of englneering operations.

CONCLUSION OF MEETING

(41) Mr. Legget brought the meeting to a close by expressing
the thanks of the Council for the attendance of all those present,
special thanks being expressed to the American visitors. Even
though the discussions had been so informal, a summary record of
the meeting would be prepared when time permitted 1n relation to
sumrer fleld work, and this would be clrculated to those present.

(L2) The meeting had shown clearly the many interests
concerned with permafrcst research and suggested the desirability
of co=ordinating such efforts in Canada through the medium of a
sub=committee of the Associate Committee on Soll and Snow Mechanics,
following the pattern which had proved so successful in the case

of soil mechanics and muskege. If and when such a sub-committee

was organized, one of 1ts early tasks might be the organizing of

a public meeting to discuss permafrost problems in Canada, again
following the examples in the fields of soil mechanics and muskeg
research, The meeting adjourned at l:30 p.m.
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