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FOREWORD

This 1s a record of the Fourth Meeting of the
Muskeg Subcommittee, which was held in Edmonton, Alberta,
on March 2, 1655. A lilst of those 1n attendance 1is
included as Appendix A. The meetlng was the first to be
held in Western Canada, and was sponsored by the Assoclate

Research Council.

Under the directicn of Dr. N. W. Radforth, the
morning sesslon was devoted to business and to the reading
of progress reports of muskeg research which is now under-
way 1n Canada. The afterncon took the form of a technical
gsesslon with Dean R, M, Hardy and Mr. I. C. MacFarlane
acting as Chairmen. Four papers were presented and
discussed.
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Morning Session, March 2

Section 1

INTRODUCTORY REMARKS

by
Dr. N. W. Radforth

Dr. Radforth pointed out that this was the first
formal meeting of the Muskeg Subcommittee to be held in the
West, and that it was long overdue. Meetings of the Subcommittee
have been infrequent, the last having taken place in Ottawa late
in 1951. He reported that the working arrangements of the
Subcommittee have changed somewhat as business has been carried
on mainly through correspondence and the exchange of experilence.
Although this may appear to be astrange way to approach the

- subject 1t was brought about by the diversity in the knowledge

of the problems concerning muskeg. It has been only in the last
three or four years that the muskeg problem has recelved special
attention. The opening up of the North has brought special
problems to light. Because of the new terms of reference with
regard to muskeg, the approach to the problem has had to be
changed, resulting in this meeting.

The Chairman welcomed all those present, on behalf
of Mr. R.F. Legget, Chairman of the Assoclate Committee on Soill
and Snow Mechanics. He expressed Mr. Legget's regrets that he
could not be present. Although burdened with a very heavy
schedule, Mr. Legget still takes great personal interest in
muskeg research, and was most pleased that this meetlng was
taking place. Dr. Radforth recalled that 1t was seven or eight
years ago that Mr. Legget had consulted with him on the muskeg
problem, and had 1lnitiated research into that subject, maintain-
ing a personal interest throughout the years.



The Chairman mentlicned That Mr. Martineau of the
Quebec Departmeny of ghways had been gathering informatlon
on muskeg 1in tha2t provirca; and a r2poot prepared by him
would be present=31 at ths aftzrroon gession,
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Report on "Some IEnginsarinz Propevties of Muskegz'" ~ by C.B. Crawford

In tha 13
gave a brief revisw
represented the rzsu

out at tihe Divislon o;

rawford, M. I,C, MacFarlane
axplained thet th@ report
loery testae on muskeg carried
B 1du‘g Reuv rch, Consolidation tests
wers p@rformed 2N muskaz sampias, aad gzveral determinations werse
made of density, water content, ard RYCOﬁ&iDEd compressive atrength
of undisturbsd gamples, My, Crawf 3rd nad concluded that the
compression charatiaristics <f muske dupg d moyre on the dry denslty
of the material thin on whather “he sampls 1s disturbed.
Mr. MacPFarlans mantioned that thesa =a :ly test results were the
beginning of a2 more extensive program to be undertaksn by the
Division,
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Progress Report - by T, €, MacFarlane

In reviswing his work o datsa »n muskeg research,
Mr. MacFarlane ssid that mcat of his Time had beer: devoted to
a literature review ard to the przapayxaticn of a muskeg biblio-
grachy. He emphasized that this annotated bibliography was a
preliminary rveport., Hz recerted alss that valuable personal
contacts have beern established with other organizations
interested 1 muskeg rescarch: Dalonces Reszarch Board, Muskeg
Researzh Laboratory at M:zMastaer Jniversity, Bord Na Mona (Peat
Board) in Irelard, and Uniw—.&"tv College, Dublin., A start had
bean made c¢n the abridgement < Dr, Radforth's origiral paper on
classification of musksgs for the engineer,

As for the futuie, Myr. MacFarlane said he plaired to
continue his literature razview and to enlarge his bibliography.
A collectlon of relevant field data will be started; and the
information so obtaired will be made available to those
Interested. Eventuallyv, a program cf laboratory tests will be
undertaken to determins the phyvsical and mechanical properitiss
of frozen and unfrozen musksg. It 1g hoped therseby tce check
the conclusions drawn from the sfrength tezts whiech were zarrisd
out on Irish peats. It is also hoped fo correlate Dr. Radfocrth's
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classification system with The englneering properties of the
various kinds of muskeg.

Progress Report - by Dr. N. W. Radforth

Dr. Radforth reported that the muskeg laboratory at
McMaster was interested 1n extending the classification system
for muskeg and bringing it more into line with the problsms now
arising, and with the needs of the people involved with the
material. There 1s a particular desire tc assist those interested
in the survey of organic terrain preceding engineering dsvelop-
ment., He felt a lack of confidence, from almost every quarter, in
the problem of reporting and the use of adequate reference terms
for muskeg. He hoped to bring these out of the realm of intangi-
bility so that problems of trafficabllity, etc., could be dealt
with, Dr. Radforth said that the McMaster Laboratory had already
made some contribution to these probiemsa, but now the basic
information must be applied at his awn laboratory as well as by
others.

Dr. Radforth polinted out that muskeg involved not only
material, but alsc physiographic features which must be brought
into the pizture and into the definition of muskeg. This is
developed more fully in the paper on subsurface summer ice
conditions, recently published by the Royal Soclety*, The size
and general constitution of peaty materials and the conditions
under which they were fcund are all important to muskeg study.

He considered therefore that his approach f£o the muskeg problem
was Jjustified.

Reference was made to Handbook No. 1 (Qrganic Terrain
Organization from the Air, Altitudes less than 1,000 feet) as a
means of faclilitating the approach to organic terrain survey.
This handbcook 1s belng brought out under the ausplices of the
Defence Research Board, and wililil he avallable to all irterested
persons.

As to the future, Dr. Radforth 1s concerned with an
extension of the classification system for muskeg and indicated
that field work on specific areas, taken as type cases, should
be undertaken. He also referred to his work on subsequent hand-
books {No. 2, dealirg with altitudes from 1,000 to 5,000 feet,
and No. 3, for altitudes up to 20,000 feet). Three handbooks
are necessary because as one proceeds to a higher altitude,
ground patterns change and shapes take on a different meaning.

* Radforth, N.W. Palaecbotanical method in the prediction of
sub-surface summer ice conditions in northern organic terrsin.
National Research Councll, Assoclate Committee on Soil and
Snow Mechanics, Technical Memorandum No. 34, March 1955, 64p,
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Research will also continue into subsurface conditions,
Dr., Radforth recalled an observatlion made by Dean Hardy several
years ago, to the effect that It 1s important nct only to interpret
muskeg from highex altiftudes, but that the interpretation must be
extended below the surface of the ground. In this regard informa-
tion already avallable has been utilized.

In conclusion Dir. Radfortn szaid that he thought that

now was the time to bring in zn important comporent of muskeg --
the highly minsralizad matter directly baneath the peaty layer.

Report on the Infternational Peat Symposium - by I. C. Macfarlane

Mr. T.C. MacFarlane belefly reported oa the
International Peat Symposium which was held in Dublin, Ireland,
during July, 1954, The Symposium was sponsored by the Bord Na Mona
and brought *together more than 200 delegates from 19 countries to
"hear and discuss the 65 papers whizh were prasented. The Bord Na
Mona have since publishad a volume made up of the papers whlch ware
read at the Symposium., The cornfsrencs coverad a wide fleld of
subjects, including cliassificati-n of bogs and peats, survay
methods, milled peat and sod pea’ productlion methods, combhastion
in large and small boller furraces, gas turblnes, gasiflcatlon
plants and domestic appliances, wax extraction and reclamation
of bogs with and without fuel winning. Except for one paper,
little was said of the engineering propertles of peaty soils.
During the session cn classificaticn, the ambiguilty of terminology
in technical literature on peat was deplored. Recommendations
were made for the establlishing of an International Peat Institute
‘tocorreiate all phases of peat resezarch. One Canadian paper was
presented by A.A. Swirnrerton of the Dept. of Mines, which gave
the history of the peat industry in Canada. A report from Ireland
Indicated that work is being dore in attempting to correlate
surface vegetation and subsurface conditlconsg of a peat bog.

Mr. MacFarlane pcinted cut that the present intense interest in
peat problems is due largely t¢ the fact that peat areas represent
land which is nct highly utilized. This presents a challenge *tc
the botanist, agriculturalist, forester, industrialist, and
enginzer.



Section 3

Muskeg Bibliography

Mr. MacFarlans spoke briefly about the annotated
muskeg bibliography which he had prepared. He re-emphasized
the preliminary nature of this work, stating that he hoped it
would be extended as soon as time permitted to the reading and
abstracting of further literature. The 90 references included
in the bibliography are selected as beling somewhat representative
of the literature which is available on organic solls. They
are grouped into ten sectlions, depending upon their approach
to the problem, and cover most aspects of interest in a study
of organic soils. Thesy are as follows:

Section A: Extent of COrganic Terraln (4 references)

Section B: Origin of Organic Deposits (5 references)

Section C: Classification (5 references)

Section D: Surface and Subsurface Characteristics (11l references)
Section E: Properties of Organic Soils (10 references)

Section F: Road Construction over Organic Terrain (27 references)
Section G: Bog Blasting (10 references)

Section H: Trafficability Problems (1 reference)

Section J: Miscellaneous Engineering Problems (11 references)
Section K: Utilization of Organic Soils (6 references)

This bibllography has beean published by the Division
of Building Research as Bibliography No, 11, and may be
obtained from the Publications Section of the Division.
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have overlooked, are demanding better roads throughout the forest.

I would like to spernd a few minutes now to talk about
primary access roads. The type of road that 1s built in the paper
industry depends on the use to which 1t is to be put. For example,
if 1t is to be used as an access rcad only with no hauling of heavy
loads of pulpwood c¢over 1t, the standard of construction 1s much
lower than if the road is to be a combilination access and haul road.
When I speak of construction standards, I refer to those which are
set by each company 1in our industry bzcauge each pulp and paper
company for the most part pays for the conatruction cf its own
roads within 1ts timber holdlings or pulpwood 1lmits. Thege are
basically privates roads over which the company coacerned has
complete control. In constructing an access road, we choose the
best location possibla, are not tod particular about the amount or
extent of the grades, and try to avold crossirng muskegs. This type
of road usually follows a river where there 1s always scmes type of
bulilding material immediately adjacent tc the drainage. This
material 1s used to bulld up the grade and provide an 18- to
20-860% crown, with a 3:1 sicpe which iz the angle of irepose for
clay. Construction can be done almosgst entirely by machinery, by
using bullaozers to clzar and grub, draglines to throw up the
grade, scrapers to touch up the rough spots, graders to leavel
and shape the crown, and front-erd loaders and trucks to carry out
the gravellilng. The use of manual labour is confinzad almost
entirely to the preparation for and 1nstallaticn of culverts. We
have found that such a rcad might be longer and more crooked than
the shcrtest distance batween two points, but it 1s usually a
stahle, relatively low-cost road.

If a rcad 1s to be used for bocth access and haulilng,
much more thought and care must be given to its locatlon, the
staniard of comstructlion 1s much higher, and perhaps most important
of all, gracdes must be held to a maximum of 2 per cent. In this
case, 1t 1is desirable tc have as many long tangents as possible
and as few curves as possible. Faced wilth these regulrements, in
many cases it 1s not possible to avoid crossing a muskeg. 1
have found that it 1s useless and more costly to try to bulld
directly on top of the muskeg, say by placing corduroy and hauling
in fill material to bullda up the grade. When 1t 1s necessary to
cross a muskeg, it 1s lmportant to study the physical characteris-
tics, Although muskegs look alike, there are tremendous variatiocons
in their composition and depth even above the permafrost. There
may be shallow spots which can be lccated by observing the tree
cover as well as by actual testing. It 1s important to make this
study of the physical characteristics because 1n locating a road,
one would not deliberately run through a lake 50 feet deep, and
many muskegs are worse. We have found that extra time spent in
road location and muskeg testlng can szave many thousands of yards
of £ill and, consequently, many dollars.

Thus, wilth the location of the road carefully selected
through a study of aerial photographs and a palnstaking field
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investigaticn, we proczsed with the construction., Having chosen
the best location across the muskegs that cannct bz avolded, we
now must deal with the muskeg. Up untll now, constructlion has
proceeded reasonably well, but new procedures must be developed.
For instance; the muskeg will have to be cleared by hand as it
1ls too risky to send a 20-ton traztor over an open muskeg in
summer or even 1n winter 1f there is an insulating blanket of
snow covering the ground. The dragline must be equipped with
pads, which are made from five logs, 8 to 10 inches in dlameter
and 1€ feet long, cabled and holted together. These pads are
placed undzr the tracks of the dragline and provide some footing
and a distribution of the weight. The dragline must caat off all
the muskeg covering from beth tTh2 centrs of the road and the
ditches, digging down until the subsoll is reached. It is only
then that the cperator can start thinking about bullding up the
grade. The hreight of the grade 1s determinzsd by the gradient on
the road, the necessity to obtzin drainage, and the desire to
obtain quick drying.

Offtake ditches are requlired and we do not hesitate to
bulld these as we have found that they are worthwhile. The
frequency, size, and length of offtakss depsnd on ths general
conditions, and I cannot give any set rule for putting them in
except to say that they are an important adjunct to the road and
should never be neglected.

What I just described holds true mainly for road bullding
over the muskegs of northern Ontaric. Elsewhere in the locatlon
line, the problems are fthe usual ocnes, 1.e., removal of trees,
clearing %o the subsoll, building up the grade above the waterline,
ditching, 1nstalling culverts, removal of boulders, cutting down
to the required gradient, and surfacing. If we can find an esker
on the locztion line, we follow it as thils type of ground affords
the cheapest construction cost,

We have found that the cost per mile over muskeg 1s
about triple that for constructlng a road over ordinary swamp
country, highland, and sandy ar=as.

Gravel plts are usually hard to find and never seem to
be close to the road job, and the search is for cheaper surfacing
material, Althcugh gravel is excellent surfacing material for our
type of bush roads and the cost high;, it 1s still cheaper than
other types. However, w2 have considered other treatment of the
surface, such as soll cement; calclum chloride, waste sulphite
liquor from cur own mills, and cthers, but we always come back
to gravel. The other Ltypae of surfacing are much more costly at
first, besides belng high for maintenance as they require
specialized eguipment., Gravel can be hiauled from ocut-of-the-way
places in winter and stock-piled for summer use or sven put in
place during the winter.
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I would like now to talk about the equipment that is
used over these roads and the loads that they must bear. If the
road 1s used for access purposes only, i.e., freighting 1in camp
bullding materials, moving equipment, handling camp supplies,
transporting men, moving gas and o¢ils, etc., the loads are
relatively light and not frequent. For example, 3- or 4-ton
trucks are used hauling loads of 6 to 7 tons, tractors welghing
20 tons are moved on low beds, light trucks and cars travel the
road. Malnly, the use 1s not constant and trips with one type of
unlit may only be twice a week. In wet weather, trips may be
convenlently postponed and the muskeg road allowed to dry out.

In this way, we are able to keep maintenance costs down to a
minimum., Of course, in winter there is no problem for, once

the frost sets in, 1t becomes a matter of keeplng the snow off to
‘permit easler travelling. The purely access road will allow
speeds of 20 to 25 miles per hour in summer dnd slightly higher
in winter, depending on conditions.

There 1s a trend in our industry to carry out summer
hauling of pulpwood over the all-weather roads that have been built
as combinatlon access and haul rocads which, as I have polnted out,
do cross muskegs. Speclally designed trucks and semi-trallers are
being brought into use, which in themselves welgh 20 tons or more.
On the semi-trallers, we load seven to eight cords of green pulp-
wood, each weighing about 2% tons, or a total load of 173 toc 20
tons. The total impact on the road then is around 40 tons and
might be greater. There would be several such units, each making
four or five trips per day over the road. The speed of these
hauling units is usually limited to a maximum of 15 miles per hour
while under load and 20 miles per hour during the return trip.
Therefore, you will see that our muskeg haul roads take a lot of
abuse and must be properly designed and built to withstand the
heavy loads.

What I have sald mainly applles to northern Ontario,
The muskegs 1in northeastern Manitoba are much worse lnasmuch as
the entire forested area 1s broken up with very large floating
bogs which have 1little or no tree growth on them. So far, there
are not very many all-weather roads bullt in this sectlon of the
Province, but muskegs and bogs have been avoided in thelr route.
In my Division, we have only one all-weather access road, built
by the Company, which follows a rilver drainage. There are soft
areas even in this location from which we have had to discard-
the top organic material and get down to the solid .clay soil.
You are perhaps aware that the best farming soil in Manitoba is
a heavy black muck, which 1s very ferftile. Thls type of subscil
extends into the forested areas and 1s not at all like the gumbo
or podsol soil of the clay belt. I was surprised to note that
forested areas, cleared off in the fall or winter, were growing
an agricultural crop the following summer. This will give you
some ldea of the growing qualities of this soil. Due to ths
usually low annual rainfall, which is 16 to 17 inches, and lack
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p.10 line 1 read *,.. There are a lot
of roads in Manitoba that are only

of gravel, there—ere—s—int— graded clay."
Dur zcness road 1s gravel surfaced only in the worst spots, arnd
we have found that by having the right-of-way cleared to 150 fest,
drylng 1s very rapld, and we experience very few delays during
the open season due to the condition of the road. This is
important because with a low annual rainfall, the forest fire
risk 1s greatly increased and we have to be able to get 1in with
men and equipment with the least possible delay.

The general topography 1in our part of Manitoba 1s flat,
with rock ridges which can be <ircumvented when a winter haul rcad
1s belng located. The timber 1ls ncoct %20 heavy and winter haul
roads can b2 bulldozed for as little as $150 per milz. 1% is our
practice to do this work in winter as 1t is impossible to do summer
bulldozing over the muskegs and particulariy floating bogs.
Vegetation Ls completely cleared off and stumps grubbed 2ut, Thus
we have a surface which can be easily levelled once the frcst has
set in. We keep the snow cleared off, and as a result, cars and
trucks can run anywhere ovar these bulldozed roads in the winter,
Pulpwecod is haunled by truck, truck and semi-trailler, truck and
slelgh tralns, and by tractors. We have found that thils type of
road construction is the cheapest and s¢ far we have been able to
avold costly construction of graded roads over the muskegs.

However, there 1is one problem that faces us each year,
and that 1s the breaking out of these winter haul roads aftar the
sinow has come and before th2 freost has a chance to penstrate, The
muskegs and bogs do not freeze to any appreclable degres I1f there
1s an insulating blanket of snow. Last fall an abnormal amount of
rainfall was experienced which left the swamps supersaturated; the
sr:ow arrived before the frost. PFaced with preparing a rcad, we
were doubtful as the advisabliiity cf sending a snowmobils over ths
bog, and so we sent men with snowshoes in to tramp down the snow.
Then, after zom2 frost came,a snowmcbile was passed ovar 1t, While
walting for the road to fraeze, progressively heavier tractors were
ent over it but this was dilscontinued after a tractor zark in
he bog, and later a truckload of pulpwood was forced off. The
xtraction of these units meant a loss of time, money and production,
I mentlon these things so that you can appreciats why ours is
hasically a winter operation in Manitcha.

)]

[ B

Suffice it to say that all-weather rcads bullt t¢ dats
are access roads., Haul roads are bulldozed ard only usead in the
winter time, and we are very careful in the use of equipment to
break out rcads untll we are sure tha* a good sclid bottom has
bzen prepared.

Now I would like to say something about secondary acce
which in my mind, 1s simpiy a qusstion <f maklng what we call a
tote road. In our business, 2 tote road 1is just a trall that has
to be used in the open season for infrequent trips t2 supplyv a
camp, or constructlon jcb, but may 2lso be used to transport fips
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fighting equipment. It always follows the line of least resis-
tance and stays pretty much to the high ground. It may be

crooked or straight, depending on the lay of the land, but
invariably 1s never over 30 feet wide. A team and wagon may be
used on it or a small tractor with a jumper or sloop. The loads
never exceed a ton and are usually much less. There are several
units being developed by various equipment manufacturers for use

on such roads. It was my privilege to see cne of these units,
which I think would be useful to us, being tried out last summer,
near Chip Lake just west of Edmonton., The manufacturers of
Bombardiers have turned out a small light tracteor-type snowmobile,
which they are calling the J 5. This is a one-man unit, which can
haul a wagon, sleigh, or sloop, and I believe 1is strong enough to
haul pulpwood 1n the winter. I am greatly interested in this unit.
Weighing slightly cover a ton, it can be used not only for toting,
but also to break out the winter haul rcads over the bogs without
too much danger of becoming maropned because 1t 1s supposed %o
float. There are hand tractors on the market which can handle

fire fighting equipment and which can be assembled and disassembled
in a matter of minutes by one man.

These developments, I believe, are limited in use to
the tote road phase of our operations as the trend 1s toward more
and better all-weather roads to speed up operations, improve
efficiency, and increase production,

Methods of bullding a tote road have not changed very
much in the last few years. They are usually cut by hand, with
the trees cut flush to the ground. The reasons for this are that,
in the flrst place, the surface 1s not disturbed and secondly,
the root system of spruce being shallow, a bearing surface 1s
provided. When it 1s necessary tTo cross a swamp or muskeg with a
tote road, all the brush from the tree tops and even the main stems
of the smaller trees are thrown right across the road. This
provides a bearing surface fcr the freighting unit and helps hold
it up. Sometimes it is necessary fo¢ lay corduroy in the road in
the really bad places, but this is usually avoided as it 1s costly
and must be kept 1n good repailr,

Pole tracks and plank roads were conslidered a satis-
factory means of crossing muskegs with tote roads, and for some
places, they were the best methods. I Imagline you can stlll see
the remains of some of the old pole tracks and plank roads that
were in use by the Eastern Canadian pulpwood industry. These
types were costly to bulld and expenslive to maintaln and, as a
result, were only used when no cother methoed could be found., I
am not aware of any pole tracks or plank roads presently in use
in Eastern Canada, although there may be some in a few very
- isolated spots. The trend is more and more to all-weather access
roads whilch, even though by comparlson costly to construct, are
cheaper 1n the long run because cf the resulting increas=d volume
and production,
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It could b2 safely said that winter roads over muskegs
are secondary access even though their prime purpose 1s for the
extraction of pulpwond. If we consider them as such, then the
followilng points are of interest.

With the long, cold Northern Canadilan winter with no
real thaws until break-up, the muskegs do make the best haul roads
because they are generally flat and straight rocads can be laid out.
Once cut, they do not grow upagaln for at least 50 years and
perhaps more. They can be cleared very cheaply. Provided an
operator is willing to take a chance with his equipment in breaking
the road, the wetter the muskeg. the better the road because all
the holes fill with water and freeze like a lake. 1In this condition,
they will suppeort heavy lcads because of the fibrous material that
freezes into thes ice. Without cold weather, freezing condlitions
and long winters, the Fastern Canzdian pulpwood industry could not
~take coff its annual harvest of about 10,000,000 units. Consequently,
the pulpwood lecggling operations are mainly winter propositions.

Access roads over muskeg for logging operatlons serve as
a means of fire protectlon as well, and for this purpose there are
not enough roads throughout the forests of Canada. Industry is
constructing as fast as conditions will permit and governments are
doing thelr part, but it 1s not fast encugh as witresg the huge
areas that are burned annually because they cannsct bhe reached
guickly by men with equipment. All large fires are small ones at
the start, and it is important to attack them when they are small.
It is true that aircraft plays an impoertant part, and of recent
vears, the helicopter has become a fire fighting unit, But think
how much more effective man could be 1f the forests were accessible
Trrough an adequate network of roads. The time will come no doubt
vhery guch will be the case, but in the meantime, we must content
~Mirselves with fighting the muskegs, and, until some economical
solution 1s found to the problem of getting across them, we will go
on "fighting" them.

In conclusion I would like to make a few genexval
Observations.

We have found that roads should be cut a year ahead of
operations as bulldozing usually makes the frozen crust cof the
muskeg or bog very rough and we have found this will settle down
during the summer.

Any snow at all, gven 2 inches, will retard the freszing
of a muskeg. In fact, we have found that a muskeg with nc snow
cover and exposed to extreme low temperatures might not freeza
because any moss protruding above the general water-level malkes
perfect irnsulation.

Snow or no snow, muskeg rcads have To be packed down
until the water comes up. This is for a winter haul road. For
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an all-weather graded road, we have found that the grade has to
be 5 to 6 feet above the water-level.

Packing the road down to obtalin a bottom is the first
and most important operation in preparing a winter haul road.

Once the muskeg is frozen down 4 to 5 inches, we plow
off any excess of snow that has not been frozen hard.

The road has to be dragged to cut off the high spots and
£i11l the holes. Several trips with the drag are required, with
increases in weight being added after each trip, to complete the
bottom for a perfect road.

Just as it pays to go out of your way to.avold deep
muskegs on a graded road, we have found that it pays to follow
these with a winter haul road.

Since the war, aerial photographs have become the
loggers' maps. The specles of timber can be easlily discerned. A
logger's knowledge of trees can usually tell him the depth and
nature of the soll they are growing on. This 1s important because
it eliminates costly field investigation.

Qur access requirements over muskeg, whether primary
.or secondary, are unique in that they must first of all serve a
prime function which 1s pulpwcod logging. We are interested in the
cheapest construction methods, which at the same time will be
lasting for the tenure of the areas that we have under license.
Qur traffic 1s controlled, and our equipment might be called
specialized. Unlike public highways, we can set up our own
standards to meet the conditions we have to work with. Thus I
would not promise to give advice on how to build roads in muskegs
because our policy of following drainages for all-weather roads
and adequate locatlon surveys have kept us away «£rom the
spectacular problems that require spectacular solutions and costs.

Discussion

The Chairman thanked Mr. Harrison for this report and
opened the meeting for discussion. Dr. Radforth brought to light
different techniques used in road bullding over muskeg. He
stated that various companies adopt certain methods to deal with
thelir own problems, and use those methods which seem best for
their individual needs.
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Section 5

Engineering Characteristics of Western Muskeg

by
Dean R. M., Hardy

Thls paper will review what 1is known cof the engineering
properties of muskeg and attempt tc delineate that which 1s not
known but might be of value to those concerned with problems of
access over muskeg areas. It 1s also Intended to direct
attention to research that might be undertaken on the subject.

Organic terrain, as definzd by Dr. N.W. Radforth,
i1s the result of the growth of organic material under conditions
of excesslve molsture and with only slight oxldation of the dead
material, The wet conditions conduclve to muskeg growth are the
result of poor drainage in soils of silty or fine sandy types
immediately below the ground surfacs. These are usually underlain
by highly impermeable scll types sucn as clay, shale or rock, so
that a "perched" water table exists above the hard bottom,

A wide variety of muskeg condltions are encountered
in nature with degreées of supporting power ranging from that of
a heavy slurry to that of soft mud. The depth to the hard bottom
is a factor of considerable interest and it has been found that
this varles widely 1in different areas. In Ontario the Department
of Highways has reported that the depth to hard bottom seldom
exceeds 15 feet. Howsver, in Alberta the petroleum exploration
people have found it to extend to depths of 50 to 60 feet and,
occasionally, even more., At a lcocation west of Edmonton the hard
bottom was computed to be at a depth of 150 to 160 feet.

It 1is characteristic of saturated fine sands and
silts 1n a loose state that they have low shearing strength and
are readily liquefied by disturbinrg forces. They tend to "quick"
when distorted or disturbed under vehicle loads. This 1s one
reason why roads floated on the top of muskeg get out of shape
s0 quickly.

The phenomenon of liquefaction 1s of considerable
interest and one abouf which very llttle is known concerning
its fundamental causes. A road bullt over loose saturated silt
or fine sand may be capable of satisfactorily carrying a single
pass of a vehicle with no apparent damage to the road-bed.
However, if say ten vehicles, one after the other, are moved
along the road gradual liquefaction of the subsoll may occur
and finally the road becomes Impassable. With such a loading
condition - that 1s, several vehlcles travelling on a close time
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interval - the best remedy for the liguefaction effect is to
remcove the traffic from tue road for a period to permit the soil
to "set up" again. Theres is a real need for research into the
mechanics of the liquefaction of loose saturated =silts and

fine sands.

The fine sands and silts characteristic of soils
supporting muskeg growth are cof a type ideal for ice segregation,
that is for the formation of 1ce lenses in the soil, under
freezing conditiong. Thus road-beds bullt on muskeg are subjected
to severe heaving during the winter, and the formation of serious
frost boils during and immediately after the spring break-up.

The fine sands and silts alisc constitute the most
treacherous forms of permaflrost in far northern reglons. In these
80lls the formation of the permafrost is usually accompanied by the
growth of substantial ice lenses. The muskeg cover 1n such areas
provide an excellert insulation for the permafrost and consequently
the thickness of the active layer, that 1s, the depth of thawing
in summer, may be only a few inches below the organic cover.
However, 1f the muskeg 1z removed or if 1t 1s zompressed by a
road-~bed fill, 1ts insulation valuve 1s lost and an active layer
several feet thick may develcp In the summer with diszstrous
results to the road. courate data on the insulation characteris-
tics of muskeg are nct available and here again 1s a field for
rasearch.

Standard technicgues for rcad construction in muskeg
areas involve floating the road-bed on top of the muskeg with or
without the use of '"corduroying" or "punchin"; displacing the
underlying unstable material, thus sinking the rocad embankment
to a stable bottom by means of blasting, hydraulic pressure or
simply welght of embankment; or by pre-consolidating the underlying
unstable material by the use of sand drains and a surcharge of
embankment material.

The hazards in floating the road-bed on the muskeg
are, first, that if a certain limlting height and cross-sectional
dimension of embankment are exceeded then the underlying material
will be failed in shear; second, large and irregular settlements
are to be expected ang third, sericus damage from frost action
may occur, If trke s0il underlying the muskeg is falled in shear
then at such lccations the corstruction has, of its own accord,
reverted to a case where the displacement technique must be used.

A srearing fallure develops by displacement of the
s0l1l below the road-bed extending down to the top of the hard
bottom material. The sofft sgoil 1s displaced laterally and forms
a series of mud waves for a considerable distance on both sides
of the road-bed.

Theoretically, the safs embankment height against a -
shearing faillure and the magnitude of settlement fo be expected
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can be computed but such computations require a knowledge of the
physical properties of the muskeg material. A height of 10 feet
was arrived at in one such computation in my own experlence.

This was subsequently proven to be correct within an accuracy of
about 10 per cent by failure of the embankment where the computed
height was exceeded.

This same case permitted a computation to be made
for the average shearing strength of the wet silt within the
zone of failure below the muskeg. It worked out to be 82 to
84 1b. per square foot. This is an exceedingly low shearing
strength and means that the soll 1s so soft that it cannot be
successfully sampled and subjected to laboratory strength tests
with any of the conventiorial methods of sampling and testing.
The shearing strength therefore can only be determined by
computation following a survey of sectlions which have falled under
load or by in-place shearing strengths using a vane borer or
penetration tests. However, only a very few such strength
determinations have been undertaken and only the most meagre
data are available concerning the range of shearing strengths
of muskeg soils. The successful application of analyses of the
safe helght of road embankments placed on muskeg awaits the
results of further research on the strength of the soft
saturated soils underlying the organic cover. In-place tests
using the Swedish vane borer or alternatively penetration tests
appear to offer the best possibilities for determining the
shearing strength of the soft saturated solils below the organic
cover. However, despite the lack of soil data the floatation
procedure offers the most economical method at the present time
for the construction of low cost or temporary access roads over
muskeg areas.

The question is frequently asked: what 1s the
effect of placing "corduroying'" or "punchin'" on top of the
muskeg before building up the £ill? It will have no value in
increasing the stability of the embankment against a shearing
failure in the soft wet subsoil. However, it will help to
distribute the load over the surface of the muskeg, thus
preventing local fallure by rutting, and it alsc will have a
beneficial effect in reducing the susceptibllity of the
underlying soill to liquefactlion from vehicle loads on the road.

There are, in general, four displacement methods
which have been successfully used in bullding road embankments
over muskeg. The filrst of these involves raising the height of
the embankment untill a shearing failure occurs in the soft wet
subgsoll. Additional fill 1s added until the soft material is
completely displaced and the embankment rests on the hard bottom.
The procedure 1s somewhat wasteful of fill material and does not
produce a particularly stable embankment. Considerable settlement
and distortion usually follows but 1t 1s less than would occur by
floating the fil1l on the muskeg. The economical use of the method
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is usually confined to conditions where an embankment is required
of a height such that the subsoil would be falled in shear in any
event,

The second displacement method involves the placing of
dynamite charges 1n the soft subsoll below a fill floated on the
muskeg. The dynamite blast displaces the soft soll laterally and
the embankment fill drops to the hard bottom. A more stable fill
results than with the method of gravity displacement, The method
is also applicable to conditions where the height of embankment
required 1s not enough to produce a shearing failure of the wet
subsoll and when a more stable embankment 1s required than could
be secured by floating the f1ll on the muskeg.

The third methcd 1s 1denticel with the second procedure
except that hydrostatic pressure produced by pumping into grout
points below the fiil is used to displace the soft subsoil and
permit the f111 to drop to the hard bottom.

The fourth method involves the use of vertical sand
dralns in the soft subsoll with a surcharge loading the embankment
£ill., Rapid consolidation and increase 1in shearing strength of
the wet subsoll is 1induced after which the surcharge load is
removed. More specifically 12- to 18-inch diameter casing is
driven vertically through the soft subsoll, the casing 1s cleaned
out and the hole fitted with coarse sand as the casing 1s withdrawn.
These vertical sand drains are placed on a spacing of approximately
10 to 12 feet. A sand blanket 1s then placed on the surface and
the embankment f£1ill built up on top of the blanket to a greater
height than the finished grade. The exact height of fill is
computed on the basis of the subsoll characterlstic, the spacing
of the drains, and the number of months that the surcharge load
can be left on consistent with the construction schedule. After
several montns the surcharge load 1s removed and placed elsewhere.
The procedure can produce a highly stable road surface but it
requires a high degree of engineering skill to successfully
apply the method. It 1s 2lso expenslve. It has been successfully
used on sectilons of the New Jersey Turnpike in the U.S.A., as well
as on a number of industrial plant sifes. However, to the best
of my knowledge it has never been used in Canada.

Fallure conditions in the soft subsoll are always
accompanied by substantial deformatlcns in the soll and surface
of the embankment f111., In highway work the criterion that i1s
used for the design of asphalt pavements is a surface deflection
under wheel loads not exceeding 1/2 inch, or even less for high
quality rcads. However, on muskegs a much greater surface
deflection can be produced by a wheel load withcut 1t necessarily
breaking through into the soft subscil. Taking thils factor into
consideration leads to the possibility of using very flexible
surface mats on muskeg to spread the wheel loads to the soft
subsoil. A "basket" or a "membrane'" effect i1s secured in
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spreading the load. This principle has been ftaken advantage of
in the design of some of the tracked equlipment presently used by
the petroleum exploration people in muskeg areas.

Satisfactory theoretical analyses are not available
to permit the spread of load from a wheel through a highly
flexible mat to be computed. This problem offers one of the most
promising avenues for research to assist the petroleum exploration
people in their problems of access over muskeg.

In conclusion, I would like to emphasize that in
my opinion the first step which should be taken in working on
the problem of access over muskeg 1s have an exchange of ideas
and experlences between the practical field operators of the
petroleum exploration firms and those who have a scientific
interest in the so0ll actlion involved.

Discussion

The Chairman thanked Dean Hardy for his
illuminating talk and opened the discussion by asking if
Dean Hardy dld not think there were Canadlan muskegs on
which engineering tests could be performed, as was the case
in Ireland. Dean Hardy replied that the Irish peat could
be handled as a soil and soil mechanlcs tests carried out
on it, but it 1s in a much more decomposed state than are
our muskegs.

In answer to other queries, Dean Hardy
emphasized the importance of dralnage in construction over
muskeg. He also suggested that the raillways might have
some information on construction over muskeg. With regard
to the sand draln method, Dean Hardy mentioned that it
involved some controversy. A bulletin from the Highway
Research Board suggests that the method is not too
effective. However, from information available from the
construction of the New Jersey Turnpike, the A.S.C.E,
recommends the system. It is possible, though, for bands
of clay and layers of fine sand to cut off drainage through
the sand in the drains.
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Section &

Muskeg Problems in Quebec Highway Construction

by
J. O. Martineau
Asslstant Chlef Engineer
Department of Roads ~
Province of Quebec

(Read by Dr. Radforth in the unavoidable
absence of Mr. Martineau)

Road bullding through muskeg has never offered
great difficulties in Quebec, except 1n some very particular
cases. In the southern part of the Province, 1n which 1s to
be found the greatest mileage of the highway network, terrain
of thls nature 1ls rare and generally is of small extent. For
thls reason, 1t can often be avolded without much inconvenlence,
or worked through without much difficulty.

For many years, untlil about 1930, the technilque

~of bullding roads through muskeg consisted chiefly of the

laying of a mat made of logs and brush, covered with earth to

a depth of a few feet. Thls proved to be adequate for the

light vehilcles in use at the time and also as a foundation for
the gravel surface bullt up by the addition of granular material
as required. )

Even 1in those days, however, notable faillures
occurred, particularly at culverts and bridge approaches.
This was due to the practice of some municlpalities of building,
on such terrain, embankments conslsting of heavy material such
as fleld stone, or gravel contalning large stones and small
boulders. Gradual subsidence occurred, even under light
traffic. The repeated addition of such material, making the
embankment stlll heavier, resulted in further and faster
subsidence. In one particular instance, on the Lost Rilver
road near Lachute, a bridge and its approaches, which were
about three feet above ground on one day, were found to be
slx feet under water the next day.

However, the development of heavier traffic
brought some changes in the manner of deallng with organic
terrain., For example, one of the factors needing greater and
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greater consideration in the planning of adequate transportation
facilities was directness of route to reduce mileage, curvature
and cost of transportation, and to increase safety and comfort.
More than ever 1t hecame preferable to go through such terrain
rather than around 1it,

Furthermore with the advent of very heavy vehilcles
and heavier and faster trafflc, 1t became necessary to build hard
road surfaces. The use of mats then proved to be 1lnadequate,
particularly due to the variation occurring in the degree of
subsldence over the length and even over the width of the road-bed.
For instance, if the loads carried in one traffic lane were
greater than those in the other, then the subsidence of the road
varied accordingly. Consequently, other methods of securing a
more stable base had to be considered.

In the shallow organic terrain, 1t was found practical
to remove all of the objsctionable solil and to replacs it with
good material. Thus, a very stable base was oktained. This
practice is still being fellowed in all such cases on 1important
roads.

Such a method, however, was found to be too costly
where the organic soll reached a certain depth. So it was that,
in 1931, a new method {already used in the United States) of
sinking good material by blasting sideways the objectionable
material, was resorted tc iIn the reconstruction of the Montreal
to Sherbrooke highway, east of Lake Criford. In the previous
ten years two culverts had been lost completely over a stretch
of this road.

First, a fill of stone, gravel and sand was bullt to
a depth two feet greater than that of the soil to be blasted,
as revealed from previous soundings. Then, two rows of blasting
holes were dug extendlng along the whole length of the fill,
about five feet from the centre line. They penetrated the whole
depth of the fill and ore-half the depth of the organic soil to
be removed. These were blasted simultaneously. Next, a similar
seriesgs of holes were dug along the ocuter part of the fill and
again blasted simultaneously. It was then found that the fill
had completely subsided and had displaced the underlying organic
material. About 2,400 cubic yards of f£ill were used over a
stretch of about 200 feet long, reaching a depth of some 35 feet
at a certain point.

By far the most difficult case ever encountered in
the Province was that of the Sherrington swamp, some twenty
miles south of Montreal. For the purpose of directness of
route, and to reduce the c¢cost of the right-of-way needed for
the construction of the new four-lane divided highway between
Montreal and Champlain, New York, it was decicded tc gc through
thls swamp for a length of 8,900 feet. Soundings revealed that



over a great part of this swamp the organic soil reached a
depth varylng from twenty to fifty-five feet.

A small shallow stream, the Montreal River, crossed
the swamp. The Provincial Department of Agriculture had
declded to dig out this stream, making 1t ten to twelve feet
deep, for the purpose of draining the surrounding land. It
had been thought that this work would result in the consolidation
of a sufficiently deep layer of orgaenic soll to permit the
building of the highway over at least some parts of it. However,
drainage did not prove to be a very great advantage because of
the great depth of the c¢rganic soil in general. The construction
method which was tried in this locatlon c¢onsisted of building a
very heavy stone fill, the toe cf which was overlocaded with fill
material for forced subsldence, pushing the organic soil sideways.
The fact that as much as 5,000 yards of stone per 100 feet was
sunk in this manner proved that some degree of success had been
achieved.

Unfortunately. this method was not entirely successful
since the underlying inorganic soll was not sufficlently
conslistent. What was really obtained by this method was, 30 to
speak, a floating fill with possible and even certain subsidence
under vibration by traffic as was later reveazled.

The four-lane highway, c¢f cement concrete construction
elsewhere, was bullt over the swamp with only three lanes with
a bituminous pavement, 1n order that it could be repaired more
easlly. It will probably be many years tefore thls section of
the Montreal to New York highway can be rebuilt as originally
planned.

Of late, one of the most important muskeg areas to be
dealt with in the Province is that of Havre St. Pierre on the
north shore of the lower St. Lawrence River, where a new
‘secondary type gravel rcad 1s to be built between Havre St. FPierre
and Mingan. Havre St. Plerre is surrounded by a large expanse
of organlc terrain and the only possible location for the new
road is through this terrain. A railroad had been built by the
company operating the Allard Mine, located about thirty miles
from Havre St, Pierre, and untold difficulties had been met with
during and after the construction of the railroad.

This muskeg extends some four miles between
Havre St. Pierre and Mingan. From the air, the terrain loocks
like a leopard skin, being dotted with numerous little lakes.
The muskeg sklrts the St. Lawrence River and 1ls crossed by
two 1lmportant streams, the Alnsliy and Romaine rivers. It is
about ten feet deep and iies cn a sand bottom.

Since the road was of secondary importance,
it did not seem justiflable to excavate or to blast the organic
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soil. Numerous gullies exlsted so it was decided first to

dig ditches on both sides of the proposed road. A year later,
the ground-level was found tc be two feet lower than it
originally had been. The dried organic surface layer had gained
important supporting power. It is hoped that before long this
muskeg will have dried deep enough so that the projected
secondary type gravel road may be bullt over it.

On the Talbot Boulevard, between Quebec and
Chicoutimi, numerous muskeg areas were encountered, none of
which were of great impcrtance, All of the organic soil was
excavated or blasted. However it appears that in one particular
location, near Lake Sept Iles, the contractor, for some reason,
had failed to remove all of the organic soil and trouble soon
developed. The weight of the fi1ll was pushing the remaining
organic soil sideways causing important subsidence of the
road-bed and pavement. As this occurrence was being observed, a
tour of this highway wasmade by Dean R. M, Hardy, of the
University of Alberta, accompanied by engineers of the
Department of Roads. At his suggestion, a counterweight fill was
built on each side of that small section of the highway, and no
further trouble has been experienced.

In the Abitibi region, numerous muskeg areas exist,
varying from three to ten feet in depth and lying on a very soft,
silty clay bottom. Severzl road sections have been built over
a log and brush mat, and additional gravel has to be spread now
and then where subsidence occurs. At Macamic, soundings have
revealed a layer of three feet of organic soil overlying a layer
of approximately thirty-five feet of this kind of clay. The
problem here, as often met with elsewhere, is not that of dealing
with the organic soil but, indeed, with the inconsistent under-
lying soll. Until a more advanced technique of road building in
muskeg areas 1s developed, the Department will continue to deal
with them as follows, according to conditions and requirements:

Avolding organic terrain;

Drainage to the greatest possible depth;
Building supperting mats of logs and brush;
Building a wlde sand mat by stages and grading;
Excavating the organic soil;

Blasting the organic soil;

Forced subsilidence by overloading;

Vertical sand drains to hasten consoliidation.

O~ NV =W -
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Section 7

Limitations in Assessing Subsurface Organic Terraln Characteristics
in Pre-construction Survey

by
Dr. N. W. Radforth

(Abstract of Dr. Radforth's paper)

Perhaps 1f I present some background information the
answers to some of the difficulties which have arisen in discussion
prior to this paper will be more obvious. The important approach
to the muskeg problem 1s to find a method of reference for muskeg
that can be utilized in reports. It must be found what can be
accepted in the term '"muskeg' and what cannot.

During muskeg studies in the Churchill area, 1t was
found that there were changes in the subsurface fossilized material.
Size and arrangement of particles provided different physical
relationships in different areas. Through examination of peat
samples from various sltes 1t was discovered that there were only
sixteen kinds of organic material; many more had been expected.
Thus, the problem of muskeg has been made simpler rather than more
difficult.

The problem 1s now one of interpretation rather than
classification. In order to interpret, 1t may be necessary to
know what 1s under the living layer for certain cases. Depth of
the muskeg can be estimated in a fairly reasonable manner.

Where peat 1s mined in Scotland, a solld mineral soil
foundation in the form of a cherty material is found. In our North
one may find clays, sllt, sand or gravel beneath the peat. It 1is
commonly assumed that silt 1s the only type of base in the sublayer
for peat. I hope my remarks will discourage this view.

Also, in many cases, the line of demarcation between )
the organic layer is not very sharp, giving rise to an indifferent’* » €2
layer (or mixed mineral and organic layer). This layer does not Bealow
present too great a problem because the classification system so
far in use helps in the location of these sublayers. However,
this layer has not yet been dealt with directly in the classifica-
tion system.

Finally, assessment of limitations cannot be achieved
unless it 1is done with the fundamental definition of muskeg before
us. This was given in "A Suggested Classification of Muskeg for

£ "L
he Engineer p.23 line 2 read "Also, in many cases,

the line of demarcation between
the organic and the mineral layers
is not very sharp, giving rise to
en indifferent layer (or mixed
mineral and organic layer).™
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" 'Muskeg' has become the term designating organic
terrain, the physical condition of which is governed
by the structure of the peat 1t contains, and its
related mineral sub-layer, considered 1in relation to
topographic features and the surface vegetation with
which the peat co-exists."

Now one may proceed more precisely to an assessment of
the limitations involved in a pre-construction survey.

In most cases, limitations are assoclated with a precise
problem and that problem must be defined. 1In a given area, the
muskeg characteristics may be mapped and relationships between the
organic coverage and underlying mineral layer discovered. Upon
learning these relationships, problems of vehicle manoceuvrability
or performance may be solved by the route selection method. In
the same manner, road or bullding construction may be undertaken
with some assurance and a knowledge of future maintenance problems.

In assessing limitations it 1is helpful to classify the
surface coverage. This 1s not necessarily a job for a botanist
and indeed may become involved if tackled from a botanical stand-
point. For the engineer, coverage may be classified in terms of
stature and texture, or in other words, by form and consistency.
These classes arranged 1n groups will lead to an overall picture
of an area that in turn can give the key to subsurface characteris-
tics. Elghteen of these coverage classes have been portrayed in
Handbook No. 12, but representation of many more is possible by
rearrangement of the constituents.

Topography may also be used as a key 1in defining organic
terraln, By much research 1t was discovered that there were
sixteen majJor topographic characters and many of these occurred
faithfully with a certalin coverage designation., Descriptive
information is now avallable as to how these may be referred to,.

Colour, 1n assessing limitations, 1s of least importance
in adequately Interpreting organic terrain. It has been found that
it 1s possible to use colour chips from the Munsell Book of Color>,
It may be thought that colour would be infinite, but 1t has been
found that there are ranges.

In the interpretation of the limiting factors, the
documents already avalilable are useful. From the point of view
of seelng coverage one must interpret by shape, size, density, tone,
texture and pattern used together. These can be grouped to give
the answer with respect to the construction of organic terrain.

Naturally, such a system of classification 1s not
foolproof; there are parts of Canada that are unexplored. But
with regard to the areas that have been worked over, they will work.
Deviations are to be expected but 1t 1s not expected that any will
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disturb the basic principles established for interpretation.

Subsurface lce must also be dealt with as a limiting
factor in pre-construction survey. Eight 1ce patterns have been
defined thaE are assoclated with coverage and topographic
limitations™.

Thus, for pre-construction survey, though structure
of organic terrain can now be ascertalned by interpretive methods,
depth of peat and nature of the sublayer can be interpreted with
only partial certainty. Best use of Handbook No. 1 will be made
when the type of problem for which interpretation is to be made,
is kept before the observer. For all problems, best interpretive
results are obtalned when topography, ground-cover and colour are
utlilized in deriving interpretive data. For greatest clarity and
maximum certainty, laboratory analyses of cover on a microfossil
baslis are advised. This will assist materially in interpreting
the distribution of the various tyvpes of peaty construction and
terrain conditions derived through the application of the
Handbook.
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Discussion

When questioned about the possibilities of determining
glaclial features (e.g. eskers) from the surface, Dr. Radforth
replied that the possibilities are quite gocd. We can get an
idea of those things which cannot be seen from what is visible on
the surface. To the question of whether there was a llaison
between the Geological Survey and the Muskeg Research Laboratories,
Dr. Radforth answered that unfortunately there was none. He hoped,
however, that there will be in the future, through the medium of
the Subcommittee.
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The Chalrman noted that nothing had yvet been
mentioned about the problem of the petroleum industrlies, that
of temporary access to certain areas. As has been pointed out,
muskeg 1s not always frozen in the winter, and a ftracked vehicle
(preferably amphibious) should be devised tc¢ cross this material.
He suggested that a flexible track be designed to take advantage of the
basket or membrane effzct of the organic mat. He asked for
comments from representatives of the petroleum interests.,

Mr. R. a .iemstock thanked the Subcommittee on behalf
of the petrocleum industry for what he had learned at the meeting.
He sald that he had no idea that classification of muskeg had
gone so far. He did nct know 1f it would help men very much or
not to know what they were working in, He said that the basic
problem of the petrcleum industry 1s one of access, and that they
are looking for a method whereby they could get in and out of
an area quickly, cheaply and efficlently. This 1s the most costly
problem right now. IS the c¢ll exploration is succegsful, then
the next problem is to get temporary roads bullt which would last
as long as possible, or until supplies and personnel could be
moved in on a permanent basis. Few facllities were avallable to
the industry for practical research but information could be
collected by the companies and analyzed by research workers to
help bring fundamental research and practical fielid work together
in co-operation. A small laboratory sset-up 1s available for"
fundamental research, but the need is felt for direction as to
what to tackle first and suggestions would be welcome. Mr. Hemstock
thought that in the case of vehicle research and trafficabllity
studles, the fundamental propertiez of muskeg should be studied.

Dean Hardy explained that the interest of the petroleum
industry was great, as shown by the large number of representatives
at the meeting, although the companies had not been informed of it
untill Just twe days previous. He thought that the type of informa-
tion which would be of use to the petroleum or forestry industri=ss
was 1important. As to lialson with the petroleum industry.

Dean Hardy mentioned that a representative from the Petroleum
Assoclation 1is present. It might be recommended that they appoint
a representative to the Muskeg Subcommittee;, and in that way
channel back to the industry any useful information.

Dr. Radforth thought that this was an excellent
suggestion, and stated that this need for lialson between research
and industry would be brought to the attention of the Associlate
Committee on So0il and Snow Mechanics.

With regard tc access, Dr. Radfortir thought that now
that the fundamental work had been done, the next step would be
to get aerial photographs of the area in questlon and make fthem
avallable to the research people. They could help in 1lnterpreting
the subsurface conditions of the terraln and advise companilies as
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to route selection, maintenance, etc. He advocated the use of
Handbook No. 1 which was like a key in that it must be applied
in order to assess 1ts value.

On the subject of vehicle design, Dr. Radforth said
that co-operation here was very important too. He considered
that the designers of vehlicles knew nothing of the fundamental
characteristics of muskeg. He had been associated with vehicle
testing and had been able to observe performance over different
types of organlc terrain. With a knowledge of the fundamental
characteristics, the design of vehicles can be looked at anew.
At the present time, however, route selection seems to be the
logical approach to the problem.

Dean hardy suggested that liaison with the Army and
Airforce would be valuable and would provide information for
the design of vehicles. They had done conglderable research on
vehicles, many reports of which are now unclassified,

Dr. Radforth then thanked Dean Hardy for providing
facilities for the meeting in the Engineering Building of the
University, and for gathering so many interested people together
for it. He sald that 1t was gratifying to see such a response
to the meeting since muskeg 1s of great interest to him.

Dean Hardy replied that the success of the meeting
had been due largely to Dr. Radforth's efforts.

The session was then adjourned.
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