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FOREWORD

The project which is recorded in this report has Leen
conducted by the Muskeg Rescarch Institute, University of New
Brunswick, under the auspices of the Government of Canada, Depart-
ment of Indian Affairs and Northern Development, as part of its
Arctic Land Use Research program.

In completing this work, the Institute is indekted to
Imperial 0il Ltd., Shell Canada Ltd., Gulf Oil Canada Ltd., and
the Inuvik Research Lakoratory for provision of support facilities,
test vehicles, and transportation in the field. The assistance
of Bomkbardier Snowmobile Ltd. in obtaining aerial photcocgraphs of
test sites and the interest and participation in the program cf
Foremost Developments Ltd. and Flextrack-Nodwell Ltd. are also
gratefully acknowledged.

It is our earnest hove that this report will form a
positive contribution to the concept of énvironmental conserva-

tion and that it will also prcvide a basis for fruitful discussion

among the interested parties.

Norman W. Radforth
Director
Muskeg Research Institute
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Introduction

Increased activity in the Canadian arctic and sub-
arctic in recent years has given rise to a number of problems
which attract effqrts in applied scientific research in an at-
tempt to find solutions. One of these problems has arisen from
petroleum exploration involving the use of tracked vehicles
for off-road transportation in support of seismic survey and
supply operations. It has been widely publicized that these
vehicles invariably leave trails behind them, and that these
trails may be particularly significant in tundra regions.

It is the contention of some that such trails actual-
ly constitute physical damage to natural ecosystems and are
therefore undesireakle. 1t has not been known conclusively,
however, whether or not all traffic results in ruin of ecolio-
gical balances over a wide aréa, and if not what level or
levels of disturbance could be considered acceptatle.

Disturbance of plant life, permafrost melt, sub-
sidence of the terrain surface, and erosion are all topics
which have been cormonly discussed, and yet there has lkeen
insufficient knowledge available about their relationship to
vehicular traffic to enable reccommendations to be made accu-
rately ccncerning the plenning of vehicular operations so that
any terrain disturbkance sustained would be within tolerable limits.

Vehicle activity associated with petroleum exploraticn

has been and continues to be heavily concentrated in the vici-




nity of the Mackenzie River delta. A major portion of this
activity occurs during the winter but some is also carried

out during the summer. It is evident that terrain sensitivity
to disturbance is higher in the summer when there is no pro-
tection from a layer of snow and the upper layer of the ground
is thawed to a depth of several inches.

In order to relate known amounts of vehicle traffic
to various aspects of terrain disturbance, an experimental
program was established during the summer of 1970. This report
is an account of the findings of that program. Also i?cluded
are recommendations for the implementation of standards recard-
ing off-road trackcd vehicle traffic based on the resu;ts of
the program.

! t




Program Objectives .

The overall aim of this work was "To assess the im-
mediate and long term effects of tracked vehicles in current
service by oil éompanies and operated under normal working
conditions during summer months, on tundra vegetation and the
thermal balance of permafrost soils, and to identify those
vehicle and track designs which are capable of meeting industry
transport requirements and are least detrimental to the tundra

environment".
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Approach and Prccedure

In designing the test program, several variables had
to be taken into account. These included characteristics of
the terrain in the Mackenzie Celta area, seasonal climatic chan-
ges during the summer, types of vehicles commonly used by petro-
leum companies in exploration programs, and the nature of the
operations in which these vehicles are normally involved.

Selection of test sites and vehicles used was control-
led to some extent by availability of support facilities and
suitable vehicles being located at these facilities.

The experiméntal program was divided into two sections
or phases. Phase I was conducted during the latter half of June,
1970 and was designed to enable detailed selection of test sites,
_checking of test procedures, gathering of some preliminary data,
and setting up contacts with various support facilities to be
done. On the basis of the findings of Phase I the prcgram for
Phase iI Was designed. A summary repcrt of Phase I is contained
in Appendix I of this report.

Initially, test site centres were selected at Tuk-
toyaktuk and Tununuk, N.W.T. and at Shingle Point, Y.T.(Fig.1l-4).
At each centre several sites were chosen, each one considered
to be representative of a particular terrain condition typical
of the area. |

Phase I tests were performed at Tununuk, in four sites.
Vehicles used included a light tracked carrier (Fig.5), a light-

medium four tracked carrier, a medium tracked carrier, and a




Fig. 1

Shingle Point Test Site
Locations

Scale Approx. 1:12000

Fig. 2

Tununuk Test Site
Locations

Scale Approx. 1:12000

Fig. 3

Tuktoyaktuk Test Site
Locations

Scale Approx. 1:12000
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medium tracked bulldozer (Fig.6). At‘each site, test lanes at
least 100 ft. in length were laid out and one vehicle was driven
back and forth in each lane. Photographs of the tracks were
taken after one, five, ten, twenty, forty, sixty, eighty and

one hundred passes (it was previously determined that cne hun-
dred passes is a typical number in scme vehicle operations).

The vegetative cover, depth to frost, surface profile, slope

and ground temperature were noted at each site, and soil and
vegetation samples were taken for later analysis. 2An attempt
was also made at one site tc measure drawbar pull of some vehicles
and simultaneously photograph the ground immediately behind the
vehicle tracks during the test. 1In this way it was hcoped that
it would be possible to correlate wzhicle veight and track de-
sign, drawbar pull and terrain surche disturbance.

Finally, durinc Phase I, a visual inspection of terrain
conditions at Tuktoyaktuk and Shingle Point was carried out to
ascertain the differences between conditions there and at Tununuk.

During Phase II several modifications were made in the
test procedure based on experience in Phase I. Multipass tests
were conducted on lanes 200 ft. in lencth and marked with a flag
every 20 ft. The first pass was made along the entire length of
the lane, the rext four passes stopped 20 ft. short of the end,
the next five 40 ft. from the end, and so on so that at the end

of a test the lene showed the effects of one, five, ten, twenty,




)
F#g. 5. Light tracked carrier.
i

Fig. 6. Medium tracked bulldozer.




Fig. 7. Heavy 4 tracked carrier.




At Shingle Point, small streams and sometimes larger
rivers flowing in gullies from the mountains across the coastal
plain to the sea are a common feature of the landscape (Fig.l).
Because of possible erosion developing in vehicle tracks up the
sides of the gullies, it was thought that it may ke useful to
have an example of this condition which could ke inspected at
intervals in the future. Therefore, in one test at Shingle Point,
a stream crossing was included. One hundred passes of a light
.tracked carrier were made through the stream.

Aerial photographs were taken at each of the test sites
to aid in their description.

It was hoped that two types of flat tracks would be
available for the tests, but in the end it was not possible to
arrange this.

The final part of Phasé 1T occupied the last week in
September. It was originally intended that tests performed in
August would be repeated at this time. There were, however,
several circumstances which brcught about a change in plans.

Freezing temperatures and light snow had prevailed at
Tuktoyaktuk for several days, but three multipass tests wi£h a
medium tracked carrier loaded with a seismic drill were perfor-
med. Photographs and frost depths for each site were taken. At
Tununuk, the living accommodations had been removed, and there
were no vehicles available of the type tested eérlier. There

was a snow cover varying from one to six inches at Shingle Point




and temperatures weie near 0°F. This was judged to be a winter
condition and therefore outside the scope of this work. Pho-
tographs and frost depths of the test sites were obtained.

At Shingle Point at the end of September, winter con-
ditions also prevailed so that no tests were performed at this
time. Photographs and frost depths were, however, taken at
each test site where work had been performed in August.

Finally, as a supplement to the main program, simi}ar
tests in ncrthern 2laska near Prudhoe Bay were observed. A four-
tracked twénty—ton carrier (Fig. 8) and a two-tracked 8 ton carrier
(Fig. 9) were operated over test lanes 1000 ft. in lengtﬁ(Fig. 10).
After each pass was completed, the vehicle turned around cutside
the test lane and travelled back cver the same path. This was
repeated for a total of either 10 or 20 passes depending on the

extent to which the terrain became disturbed.




Fig. 8. Four track 20 ton carrier - Prudhoe Bay

Fig. 9. Eight ton tracked carrier




Fig. 10. Test site in Alaska near Prudhoe Bay




Test ®esults and Cbservations
Test Sites

In selecting test sites at each of the three centres,
an attempt was made to pick terrain conditions which appeared
to be typical of each centre. TFor example, Shingle Point is si-
tuated at the edge of a gently rolling coastal plain in which
numerous stream gullies are a prominent feature. At Tununuk,
both macro- and microtopography are more rugged than at Shingle
Point, and vegetal growth is scmewhat heavier with larger woody
shrubs in evidence. The characteristics cf all the siteF are
presented in Table I below.

Vegetation classification in the first line of the table
is according to the sc-called Radforth muskeg vegetation classi-
fication system described in Appendix IL. Surface temperatures
and temperatures at the bottom of the thawed soil layer were
measured with a thermistor proke and depths to frost as well as
frozen surface crust thickness were determined by inserting a
calibrated steel rod in the ground. A surveyor's level was useé
to obtain slope measurements, and at some sites surface soil
samples were taken for moisture content analysis. When no samples
were taken, a visual estimate of moisture qonditions was made.
Figure numkers of photographs in this report de picting each of
the sites are also listed.

Each site has a characteristic feature which accounts for
its presence in the set of sites. These features are presented in

table II.




Fig. 17. Tununuk Test Sites 3 and 4

Fig. 18. Tuktoyaktuk Test Sites 1 and 2




forty, sixty, eighty and one hundred passes.

Drawbar pull tests were carried out with the camera
which was used to photograph the ground kehind the'fest vehicle
linked to the strip chart recorder used tc measure drawbar pull
and slip. In this way pull and slip measurements could be ac-
curately correlated with photographs of terrain disturbance.

The tests carried out at each site depended on the
vehicles available at the particular location. Phase II was
carried out during two different periods of time as a part éf
an attempt to assess the effects of seasonal climatic variations
on terrain conditions. The first series of tests was pérformed
during the latter half of August. At Tuktoyaktuk, test vehicles
included a medium tracked carrier fitted with a seismic drill,

a light tracked carrier loaded with a magazine and cement, and
a heavy four tracked carrier loaded‘with 30 tons of cement(Fig.7).

Turn tests were also performéd by laying out test
lanes in concentric 90 degree arcs having inside radii of 20,

40 and 60 ft. and having the medium tracked carrier, fitted with
the seismic drill, run four or five passes around each arc.
Photographs of the ground disturkance were taken after each pass
for later analysis.

A heavy tracked bulldozer was run in a multipass test
at Tununuk in one test site. At Shingle Point, a light tracked

carrier was operated in four sites and a heavy bulldozer in cne site.
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Test Site
Shingle Point 1
Shingle Point 2

Shingle Point 3

Shingle Point 4
Tununuk 1

Tununuk 2

Tununuk 3

Tununuk 4

Tuktoyaktuk 1
Tuktoyaktuk 2

Tuktoyaktuk 3

TABLE II
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Takle II
Characteristic Features

Very wet, predominant sedge cover, adjacent to
small lake.

An area of depressed centre polygeons in a large
shallow depre551on

A south-facing well-drained hillside with a
stream crossing at its base. Possibility of
erosion after traffic.

An upland, almost level area, moist, with mixed
sedge, shrub and moss cover.

High, dry, level plateau with moderately abundant
woody shrubs.

Moi st, sedge, and shrub covered depressed centre
polygons adjacent to a small lake, merging into
a south-facing hlllswde at one end of the test
lanes.

Wet to very wet (June), beconing much drier by
August, depressed centre polygons, sedge covere
adjacent to a thaw lake.

Southwest facing shrub covered slope, possikle
thermokarst by high exposure to sunlight, slope
encourages runoif erosion. '

Low-lying moist depressed centre polygons covered
by a mixture of sedges and shrubs.

South-facing, dry, rough slope covered with heavy
shrub grewth. : .

Sedge and shrub covered plateau with good drainage
only at edges. Otherwise drainage poor and mois-
ture content described by "moist to wet".

Description of CharacLerlstlc Features of Tundra
Disturbance Test Sites




It may appear from an inspection of Takle II that there

is some duplication of characteristics. It was felt however that

|
|

following traffic by vehicles, the variations in climate among‘the
three test centres could lead to different rates of response in the
form of vegetative regrowth, thermokarst and runoff erosion. Also
a complete set of test vehicles was nct availakle at each centre.
Therefore all three centres (11 test éites) were studied in order
to make the investigation as comprehensive as possible.

As compared with the Mackenzie Delta sites, the test
area in Alaska near Prudhoe Bay was unigue. Viewed at ground
level the flatness of the landscape was striking, and from the
air the boundaries of the depressed centre polygons were clearly
defined. Vegetation consisted of sedges and a very few shrubs all

of very low stature, as well as moss cover (Fig. 10).




Results of Multipass Tests

During observation of numerous tests it became apparent
that with increase in traffic by any given vehicle, the vegetation
and ground surface structure (microtopography) responded in vaéicus
ways. These were identifiable as stages in a process, and the action
of the vehicle tracks which produced these stages could be accounted
for.

In general, the vehicle tracks would commence by breaking
branches on woody shrubs and knocking leaves off if these were
present. The grouser bars on the tracks then gradually chopped
Vegetation, flattening it into the ground surface, scuffed the tops
of mounds exposing mineral scil, and then flattened the ?ounds
noticeably. This was accompanied by chopping and scattering of
vegetation,- -displacement of soil by the vehicle's weight, and was
followed by the grcuser bars picking up chunks cf peat and scatter-
ing them. 7If traffic was continued,‘ruts formed along t@e vehicle's
path and deepened until the permafrost table was reachedj

The prevalent terrain conditions and the charégteristics
of the particular vehicle invclved could definitely be Félated
to the response of the terrain to traffic. For the terfain, the
moisture content, vegetation composition, and depth to permafrost
appeared to be the major controlling factors. High moisture
content, cften accompanied by vegetation ccnsisting mestly of sedges
and depth to permafrost exceeding 10 cm. encouraged rapid rut
development. On the other hand, dry hillsides were commonly covered

with woody shrubs having a rugged root structure, and ‘although the




shrub stems and branches suffered rapidly, ruts were slower to

form under these conditions. In very wet areas the tracks running

'in open water produced a washing action which splashed peat out-
side the immediate path of the vehicle and on to the sides or
"banks" of the ruts.

Vehicle weight appeared to be the most significant
single variable affecting disturbance rate, heavier vehicles
forming ruts more cuickly than licht ones. Grouser bar design
on tracks is also important, but mostly in the early stages of
disturbance when the number of passes is low. The detent which
acts as a wheel guide along the centre of some tracks is res-
ponsible for creating an initial shailow rut often within one
or two passes. Differential velocities of the detent and side
portions of the track as it is pided up around the rear idler
wheel cause a shearing force in the centre of the rut. This
force produces localized vecgetation tearing in the rut surface.
So-called "flat tracks"” (Fig. 19) avoid this problem by having
straight grouser bars, bﬁt the U-shaped cross-section of these

bars has a noticeable chorping action. They also tend to trap

and pick up chunks of peat and thereby disturb the ground surface.

Analysis of a total of thirty multipass tests has resul-

ted in formulation of a disturbance classificetion system which
describes the various stages of vegetation &nd microtopographv
response to increasing amounts of traffic. The system is des-

cribed here in table IIT.




Fig. 19. Flat track on eight ton carrier in Alaska




DISTURBANCE
LEVEL

1

2

TABLE TIIT
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STRUCTURE

Undamaged

Slight damage

Mound top scuffing/
flattening '

Mound top destruction

Ruts start to form, less

than 50% structure
destroyed

Ruts slightly deeper,
more than 50% structu-
re destroyed

Ruts half bare

Ruts entirely bare

Ruts to permafrost

disturbance classification system

-

VEGETATION

Undamaged

Shrubs broken,
leaves knocked off

Cutting and/or flattening
of all vegetation

Tearing and scattering
of vegetation - 10%
destroyed

25% destroyed

50% destroyed

90% destroyed

100% destroyed

Vegetation and structure
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To illustrate some of the points suggested above,
reference is mace to severél photographs taken during the traffic
tests. Figures 20 to 32 show a comparison of a heavy (120000 ib.G.V.W.
vehicle and a light (9000 1b. G.V.W.) vehicle operating in Site I at
Tuktoyaktuki The more rapid progress of disturbance under the heavy
vehicle is obvious.

Figures 33 to 40 show ruts from a similar ligﬂt vehicle
in a very wet area (Shingle Point Site I). If a comparison is
made between figures 21 and 33, 23 and 34, 25 and 35, 27 and 36,

29 and 37, 30 and 38, 31 and 39, and 32 and 40, it will be seen
that the high ground moisture content at the Shingle Poimt site
has a profound effect on rate of terrain disturbance.

By conducting tests at three different times during the
summer it was possible to assess, to a certain extent, the effect
of season én terrain sensitivity. As one example, a bulidozer was
operated (blade up) at Tununuk, site 1 at the end of Ju?é and
again at the end of August. From Table I, average dept% to perma-
frost at this site in June was 8.44 cm while by the endjof August
it had reached to 35.2 cm. The effect of this recession appears in
a comparison of bulldozer ruts formed at each of these times as
showvn in figures 41 to 56. In June the permafrost near the surface
combined with the deep grouser bars on the bulldozer tracks to
carry most of the vehicle's weight. Rut depth could not grow to
a very large value. In August, however, the soft groqnd surface
allowed the vehicle to sink rapidly until it reached éhe permafrost

after about €C passes.

i

\

'




Fig. 20. Tuktoyaktuk, site 1, heavy vehicle 1 pass Fig. 21. Tuktoyaktuk, site 1, light vehicle 1 pass

vehicle 5 pass Fig. 23. Light vehicle 5 pass




Fig. 24. Heavy Vehicle 10 pass Fig. 25. Light Vehicle

Fig. 26. Heavy Vehicle 20 pass Fig. 27. Light Vehicle 20 pass




Fig. 29. Light Vehicle 40 pass



Fig. 32. Light Vehicle 100 pass



Fig. 33. Shingle Point, site 1,
- Light Vehicle 1 pass

Fig. 35. 10 pass

34.

5 pass




Fig. 38. 60 pass

Fig. 39. 80 pass Fig. 40.100 pass



Fig; 41. Tununuk, site 1, June,
Bullodozer 1 pass

Fig. 43. June, 5 pass

Fig. 42. Tununuk, Site 1, August,
Bulldozer 1 pass

Fig. 44. August, 5 pass



Yy

Fig. 45. June, 10 pass Fig. 46. August, 10 pass

Fig. 47. June, 20 pass Fig. 48. August, 20 pass
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Fig. 49. June, 40 pass

Fig. 51. June, 60 pass

Fig. 50. August, 40 pass

Fig. 52. August, 60 pass



Fig. 53. June, 80 pass Fig. 54. August, 80 pass

Fig. 55. June. 100 pass Fig. 56. August, 100 pass



The next set of photographs demonstrates another thermai
effect of seasonal change on terrain response. Tests were run with
a seismic drill vehicle weighing akout 46,000 1lb. at Tuktoyaktuk
site 3 at the end of August and again at the end of September.
Depth to permafrost was about 40 cm. in August and 30 cm. in
September, but in September there was also a frozen surface crust
varying in thickness from 5 to 10 cm. This crust inhibited the
Septemker disturbahce until about 30 passes had been completed.
Oncé this point was reached, the disturbance rate proceeded at
about the same rate as it had in August. Figures 57 to 72 illustra-
te this phenormenon.

The effect of local changes in microtopography and
ground water relations were most evident at the test site in
northern Alaska. When vehicles were driven through the narrow
depressions between adjacent pclygons, free Water in the depres-
sions was displaced with a washing action which spilled peat up
on the banks of the depressions. Observation of test sites
in the area where this had heen done one year bkefore showed that
this peat is a deterrent to groﬁth of vegetation which it covers.

An attempt has been made to guantify the relationship
between the weicght of a tracked vehicle and the number of passes
it completes in creating a given level of terrain disturkance as
defined in Table III. It is suggested that level 4 ke temporarily

accepted as an acceptable maximum level for purposes of discussion.




Fig. 57. 46,000 1lb. vehicle Fig. 58. 46,000 1b. wvehicle
: Tuktoyaktuk site 3, August 1 pass Tuktoyaktuk site 3, September 1 pass

Fig. 59, August 5 pass Fig. 60. September 5 pass



Fig. 62. September, 10 pass

Fig. 63. August, 20 pass Fig. 64. September, 20 pass



Fig. 65. August, 40 pass Fig. 66. September, 40 pass

Fig, 67. August, 60 pass Fig. 68. September, 60 pass



Fig. 69. August, 80 pass Fig. 70. September, 80 pass

Fig, 71. August, 100 Fig. 72, September, 100 pass
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The relationships between weight and number of passes for level 4
structural disturkance fof three test sites at Tuktoyaktuk in August
are shown in figure 73. Figure 74 shows similar information based -
on vegetation disturkance while in Figure 75 the response of struc-
ture_and_vegetation are averaged to give a composite picture.

Several features emerge from this analysis, especially
figure 75. Site 1, appears toc be the most delicate of the three
sites, followed by sites 3 and 2 in that order. 1In site.l,fthe
microtopography was fairly smooth initially and the vegetation
composition contained a large proportion of sedges. Mo%sture con-
tent here was comparatively high. In site 2, on the cther hand,
the ground was relatively dry, rough, hard and covered with robust
woody shrubs. It would seem that conditions of this type will
tolerate more traffic then those found in site 1. Both the cha-
racteristics and the response of site 3 lie between those of sites
1 anad 2.

Also, guite predictably, as the weight of the vehicle
increases, the numbker of passes that can be tolerated diminishes.
Over the range of weights tested there appears to be a roughly
linear relationship between these variables. This allows predic-
tion of the tolerable numher of passes for a wide-~tracked vehicle
of any given weight in the range treated here. In deciding cn
a limit to numker of passes for any propdsed tundra crossing,
it should ke possible to use this tyme of information toc plan

operations effectively and predictably.
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While the information in figures 73, 74 and 75 is
of limited use, the principle is believed to be sound and wider
successful application of the principle only requires additional
data for other terrain conditicns. 2lthough in this project
more data were accumulated for various other test sites,
there are as yet not enough data to enable further relaticnships
of the type shown in figures 73, 74 énd 75 to ke defined.

It may ke helpful to consider Table IV which descri-
bes the response of all the test sites to the same type of
vehicle. There are prokably considerable errors because the
three vehicles used although of the same type, were likely

[

not all exactly the same weight. However, these are the best

data availlable at this time.

TUK | TUK

_CENTRE SP |TUN| SP| SP SP | TUN | TUN | TUK | TUN

TEST_ SITE 1| 3 | 20 411713 32 14 12 1.1
DATE AUG|JUN |AUG |AUC |AUG |AUG |AUG [JUN {JUN | AUG |JUN

1 pass 7.611.,142.1(|2.3(1.1/1.1]2.5}1.1}1.4{1.1}~-~~

5 7.7(3.1(2.213.3|4.22.2{2.5(2.2(3.3|2.2|L--

10 8.7(4.212.314.3|5.3(2.3(3.63.3(4.4{3.3 |~~~

20 8.8|5.316.515.416.44.34.7(3.4[4.5]4.3 |~~~

40 8.8/6.417.71€.516.51(5.47.7|5.6{5.7|5.4{5.6

60 8.8|7.6(8.7|7.7|7.7{6.5(8.5|7.7({7.8|5.5(6.7

80 8.8!8.6(8.7(8.7|7.7]6.6(8.817.7[8.8|6.7{8.7

100 8.8!8.618.818.818.717.718.818.7i8.81€6.7{8.8

SP ~SHINCGLE POINT 18T DIGIT -~ STRUCTURE DAMAGE LEVEL
TUN -TUNUNUK
TUK -~TUKTOYAXTUK 2¥MD DIGIT -~ VEGETATICN DAMAGE LEVEL

TABLE IV - STRUCTURE AND VEGETATION DISTURBANCE AT ALL
TEST SITES AFTER TRAFFIC BY LIGHET TRACKED
CARRIERS WEIGHING APPROXIMATELY 9Q00 LB,
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It would appear that with one exception level 4 distur-
bance appears between ten énd twenty passes for a tracked vehicle
weighing approximately 4.5 tons. The exception is Shingle Poigt_
test site 1 which was easily recognizable by its very high soil
moisture content - (free water was visible on the ground surface).
Pending acqﬁisition of further data, it would seem practical to

extend the application of results displayed in figures 73, 74, and 75

to areas remote from Tuktoyaktuk, except for very wet regions.
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Turning Radius

Results of the turn tests appear in figures 76, 77 and
78 which show the effects of 5 passes of a 46,000 1lb. vehicle
at radii of 20, 40 and 60 ft. respectively. The tests were per.~
formed at Tuktoyaktuk, site 1.

The test vehicle excecuted the 40 ft. and 60 ft. radius
turns without difficulty. On the 20 ft. radius turn, the inside
track frequently slipped on its sprocket, steering effort by the
vehicle operator was high, and tussocks were torn from the ground
surface.

Terrain surface disturbance appeared tc be at or below
level 4 in a turn with a 60 ft. radius. This is suggest?d to ke a
reasonable minimum turning radius for a vehicle of this size and
weight. Operations with smaller vehicles would prokably not be
inconvenienced by restricting turns to a minimum radius of 60 ft.,
and larger 'vehicles normally probkably have their minimum;turning_
radius mechanically limited to a value greater’than 60 £t. 1In
areas more sensitive than site 1, Tuktoyaktuk, it is pelhaps
possible that this 60 ft. minimum is too generous. In ﬁge writer's
judgement, however, such sensitive areas would tolerate almost
no traffic before level 4 disturbance was produced (c.f. Shingle

Point Site 1l). 2Analysis of Tabkle IV has shown this to be a rea-

sonable tentetive assumption.




Fig. 76. Turn test, 20 ft. radius

Fig. 77. Turn test, 40 ft. radius




Fig. 78. Turn test, 60 ft. radius
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Stream Crossing Test

Figure 13 shows a light tracked carrier passing through
the small stream used in this test at Shingle Point. As traffic
prcgressed, sediment lying on the stream bottom was disturbed
and carried downstream in the current as might be expected. Fol-
lowing the test the water in the stream cleared within an hour.
Shallow ruts at right angles to the stream emerged from it on both
sloping banks, and sediment carried out of the stream bottom Ly
the vehicle tracks was spread on the banks near the ruts.

It is suggested that assessment of the long term effects
of this test will depend on repeated inspection of the site in
the future. Immediate effects of the test appeared to be confined to
the shallow ruts formation. Stream flow rate and water guality
as observed visually did not seem to be altered in any way after

the disturbed sediment had flowed downstream.




....23_
Drawbar Pull Tests

It is quite well known that in order for a vehicle to propel
its weight up a slope, overcome rolling resistance of the groukd
and tow a trailer, the vehicle must exert tractive effort. This-
effort is sustained by shear stresses in thervegetation and soil
near the grdund surface. The maximum shear stress, and therefore
tractive effort, that can be sustained by the ground depends on
its shear strength which in turn depends on a number of other
properties.

If the shear strength is exceeded in applying tractive
effort, the ground surface fails aﬁd the vehicle tracks‘or wheels
slip. 1In the process, vegetation is torn up and soil is displaced.
In other words, the terrain surface kacomes disturbed. éFailurc
of the ground surface does nct signify corplete loss of tractive
effort. In fact maximum tractive effort is usually acconanied
by a slight amount of slip. i

For the purposes of these tests, an ;ttempt h%s been
nade to ;elate terrain disturkance level to various va%des of slip
in order to suggest a slip value that might correspond to a maxi-
mum tolerable terrain disturbance level. Given this value it is
a matter of mathematical calculation and vehicle performance
testing outside the scope of this project to determine slope and

load~-towing limits which might be imposed on vehicles to enakle

them to stay within terrain disturbance limits.
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The type of results derived from the drawbar pull tésts
conducted at Tuktoyaktuk in August is shown in figures 79 and ?0.
These photographs were taken in Test Site 3 and show the effecfs
of 19.7% slip and 100% slip (100% slip being the condition in
which the vehicle is not moving but its tracks are spinning).
Analysis of this and other tests has shown that maximum tractive
effort was developed at close to 20% slip and that this'éffort
was virtually sustained up to 100% slip. Terrain disturbance
was well within level 4 at 20% slip and in site 1 at Tuktoyaktuk
approached level 5 in places (permanent ruts just starting to form).
This level of disturbance was reached in one pass under drawbar
load conditions whereas it had been reached in between 5 and 15
passes in the multipass tests. Drawbar pulls at 20% slip varied
between 30% and 45% of the vehicle's weight.

It would appear that in operating tracked vehicles as
|

tractors towing loads or as carriers climbing slopes, s?ip should
be less than 20% to limit terrain disturbance to level 4{ This
amount of slip is consistent with net tractive effort d%ounting
to 30% to 45% of the vehicle's gross weight.

As is the case for the other tests this shouid ke
regarded as a tentative conclusion until regeneration of vegetation

in the test sites can be observed for several years and level 4

can be confirmed as a teolerakle disturbance limit.




Fig. 79. Drawbar pull test
19.7% slip

Fig. 80. Drawbar pull test
100% slip
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Vegetative Regeneration

During the course of the summer there were a few oppor-
tunities to visit and inspect test sites which had had some ti&e
to recover following traffic. One area near Prudhoe Bay in northF
ern Alaska had had almost a year for recoverj following traffic
amounting to ten or twenty passes of medium and heavy vehicles.
When viewed from the air, the tracks were certainly visible and
noticeable in contrast to the surrounding terrain. The vegetation
in some tracks was a darker green.

Closer inspection at ground level revealed that vege-
tation in the tracks was not only a darker green Lkut also slight-

i
ly larger in stature with more plant material in a given area than
in adjacent. undisturked arcas. Therc dicd not appear to be any
subsidence of the permafrost table in such locations.

Where traffic through puddles had splashed dark peat up on
the sides of depressions, covering the vecetatlon, plan7 growth
appeared to have been retarded and the covered plants vere yel-
low in cqlour as compared with undisturbed vegetation.‘;

At Tununuk it was possible to inspect in August the sites
where multipass tests had been conducted two months previously.
Figure 81 shows test site 2 following completion of 60 passes
by tWo light vehicles in June. Figure 82 is the same view of this
area in August. Considerable growth of vegetaticn in the ruts
is visible. Figures 83 and 84 show Tununuk site 4 in~June and
August respectively. One hundred passes of the same v%hicle were

»
v

completed in this site.




Fig.

Fig.

81. Tununuk test site 2
June, 60 passes

82. Tununuk test site 2
August




Fig. 83. Tununuk test site 4
June, 100 passes

Fig. 84. Tununuk test site 4
August
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Sites at Tuktoyaktuk where tests were performed at the
end of August displayed virtually no noticeable regrowth by the
end of September.

There was some recession of the pefméfrost table but
measurements showed the recession to be highly irregular and
variable. It was not possible to account for the variations, ex-
cept to suggest that the recession process was not complete
when the measurements were taken. If additional measuremen;s are

taken in the future, they may show more uniform response of the

permafrost to the surface disturbance. t
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Significance of Test Results

There is one major obstacle to establishing the rele-
vance of the test results in this report to future regulation of
off-road vehicle operations. That okstacle is the absence of an es-
tablished criterion which would allow an "insfant" decision to
be made regarding an acceptable level of terrain disturbance. It
is probable that there will be conflicting opinions as to what
constitutes acceptable terrain disturbance, and disagreement‘as
to whether all disturbance can be called damage. |

In many tundra areas even the slightest amount of
vehicle traffic will leave a perrmanent or at least a vér& per-
sistent mark on the surface of the terrain. Some will contend
that such a mark is intolerable kecause an undisturbed natural
system has been interfered with, even though vegetative growth
may actually have been enhanced. Thére will also undoubtedly
be a few advocates of unrestricted traffic on the groqnds that
there is no evidence that such traffic causes any more than &ery
localized damage over an area that is miniscule in comparison
with the total area of countryside with which we_ are concerned.

Either of these alternatives would make the decision
simple and would preclude the need- for. the type of study repor-
ted here. Neither seems realistic. The needs of industry and
society in general should be met without abusing the environment
by needless destruction. If this can be accepted as a working
principle it is possible to suggest a level of disturkance from

which the terrain will probably recover within two to three years.




This, it must be admitted, is a prediction based on-scanty factual
evidence. There now exist, however, documented test sites which
can be monitored during the next few years to confirm or disprove
the prediction. |
It was suggested earlier that level 4 disturbance is
an amount which can be tolerated. At this level there is slight
tearing and scattering>of vegetatidn with an estimated 10% of
the vegetation totally destroyed. The tops of mounds are scuffed
and packed down, but ruts have not started to form in the vehicle
tracks. 1In suggesting that this level should be accepted, it is
predicted that on terrain disturbed to this extent there will be
total recovery of all species of vegetétion originally found
there, there will be no permanent subsidence of the permafrost
table to bring about slumping of the surface known as thermo-
karst, and the abksence of ruts will avcid the problems of arti-
ficial channels on slopes leading to erosion by surface runoff.
Because of the need to observe recovery of the disturbed
test sites during the next few years, any attempt at this time
to classify terrain sensitivity to disturbance mhst be regarded
as a first approximation. 1In responding to damage at the time
it is inflicted rough, dry, shrub-covered slopes are the least
sensitive, followed by flat, moist, shrub and sedge covered areas,
then sedge, moss, and lichen covered depressed centre polygons,
and finally the most sensitive very wet sedge covered areas ad-
jacent to small lakes. It may prove through tiﬁe that the wet

areas will recover more cuickly than the dry regions. If this is
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so it will have to ke taken into acccunt in the final definition

of tundra sensitivity. |

!
The regulation of vehicle traffic to conform to terrain

disturbance limits will ultimately depend on an ability to recog-
nize terrain types and know their sensitivities. This information
could be converted into useable form by marping the sengitivities
of areas where traffic is likely to be concentrated. Tﬂe effects
of the seasons on response of terrain to traffic would have tc be
taken into account.

The design of the vehicle also has an effect on terrain
response as has been revealed to some extent in this report.
Vehicle weight is an especially impcrtant parameter. Track design
which incofporates sharp cutting edces and/or a detent in the

centre of each grouser appears to promote rapid disturbance.

! i

There is a need for additional investigation of the disturbing
[

influence of track designs other than those used in the#e tests

I

I

!
It has also been learned that wvehicle operat{ons can
f

and also of wheels and low pressure rollers.

be designed to minimize disturbance. 1In Alaska; it has been found

that making one or two final passes with the wvehicle ﬁracks over-

lapping the original path blends the shallow ruts with the adja-

cent ground surface and the vehicle path then becormes less ncticeable.
No mention has been made here of the effects of winter

traffic on the tundra surface. This would ke required for a truly

complete analysis of vehicular tundra disturbance. ‘
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Conclusions

Moisture content, vegetation composition and depth to perma-
ffost appear to be the primary factors controlling terraiﬂ
sensitivity to disturbance.

Traffic should be avoided in areas wheré open water is visible
on the ground surface.

The most influential factor of tracked vehicle desién affecting
terrain disturbance is weight.

Flat tracks having no detent in the centre are beneficial in
reducing terrain disturbance.

Based on the terrain disturbance classification sys%em des-
cribed earlier, disturbance level 4 has been selected tenta-
tively as a tolerable maximuin disturbance level. Level 4
consists of 10% damage tc vegetation and scuffing and flattening
of mounds. | ;

The effect of seascon on terrain sensitivity cannot Ee neglected.
Sensitivity appears to be directly related to proximity of

frost to the ground surface. ‘}
A minimum turning radius of 60 ft. for 5 passes of ény tracked
vehicle of the types tested results in terrain surface dis-
turbance equal to or less than level 4.

Conclusicns concerning stream crossings cénnot be drawn until
long-term observations of test sites have been completed.

In operating tracked vehicles as tractors towing loads or as

carriers climbing slopes, slip should be less thaﬁ 20% to




10.

11.

12.

- 31 -

limit terrain disturbance to level 4. This amount of slip
is consistent with net tractive effort amounting to 30% to
45% of the vehicle's gross weight.

Even for disturbance exceeding level 4, consicderable vegeta-
tive regrowth of all species present is possible immediately
following the disturbance provided_the disturbance occurs
early in the growing season. bisturbance occurring during
the latter third of the growing season results in no signi-
ficant appearance of vegetative regeneration.

A final decision on tundra sensitivity classification must
await observation of test sites over a two to three year
period.

Effective use of a tuncdra disturbance and sensitivity clas-

sification system will depend on effective mapping procedures.




reported here, attempts should be made to:

l.

Reccmmendations

It is suggested that, as a result of the conclusions
|

Observe the changes occurring in each of the test sites and
prepare -a suitable report.

Study and report on the response of the terrain to traffic
by new track designs and by wheeléd vehicles.

Observe and document winter vehicle operations and record
their effect on the terrain as determined by inspection
during the summer season.

Document descriptions of typical summer vehicle operations
for use in assessing relevance of possible tundra traffic
limits. |

Survey terrain and climatic conditions in other arct}c ex-
ploration areas to determine suitability of disturbabce cri-
teria developed in this report. {
Develop and test route selection and mapping metho?%logy

which will take into account vehicle design, terrain sensi-

tivity, climate and season.
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UNIVERSITY OF NEW BRUNSWICK
FREDERICTON, N.B,, CANADA

MUSKEG RESEARCH INSTITUTE

Associate Director Director Associate Director
J.R., Radforth, B.Eng., M.A.Sc., P.Eng. N.W. Radforth, M.A., Ph.D., F.R.S.C. E.0. Korpijaakko, M.Sc., Ph.D.
Manager Research Coordinator
and and
Development Engineer Airphoto Interpreter

July 3, 1970

Mr. John Grant

Water, Forests and Land Division
Water Resources Section

Northern Economic Development Branch
Canada Department of Indian Affairs
and Northern Development

Ottawa 4, Ontario

Dear Mrﬁ-Grant:

[
In accordance with the terms of our agreement between
the crown and the Muskeg Research Institute, this letter
is respectfully submitted as a summary report describing
Phase One trials of Arctic Terrain Disturbance by Tracked
Vehicles. This program was carried cut between June 16
and June 24, 1970 in the Mackenzie Delta area by a field
party of four frcr the Muskeg Research Institute, Univer—
sity of New Brunswick. ’

Objectives of the program were to: :
I
1. Become acquainted with normal operating practlces in-
volving tracked vehicles in the Mackenzie Pelta arep.

2. Establish test sites at a location offering tyDical
terrain conditions and a selection of tracked vehlcles
suitakle for test purposes.

3. Conduct vehicle tests to enable terrain disturbance
to be observed and correlated with vehicle activity.




Mr. John Grant
July 3, 1970
page 2

4. Obtain data and sarples from the terrain tec facilitate

its description for future reference. ‘

5. Conduct a preliminary survey of other possible trials
locations to determine the necessity of incorporating
additional sites in subseguent vehicle trials.

In accordance with these objectives, the field party estab-
lished test sites at Tununuk Pointrat the south end of
Richards Island in the Mackenzie Delta, and selected four
test sites which appeared to be representative of typical
terrain conditions to be found in the area.

A light tracked carrier, a light-medium four-tracked carrier,
a medium tracked carrier and a medium tracked bulldozer were
incorporated in the tests.

At each jtest site, data consisting of vegetation cover,

depth to frost, ground temperature and elevations were ob-
tained to facilitate description of the sites. Soil and
vegetation samples were also taken from each site.

Test vehicles were operated at each site in several different
ways. At the first site, all vehicles took part and tests
were  conducted with all vehicles unloaded. Then the light
carrier and light-medium carrier were provided with payloads
and the tests were repeated. |

One test consisted of driving the vehicles kack and Qorth
along a test line at least 100 feet long and photogrdphing
the ruts after 1, 5, 10, 20, 40, 60, 80, and 100 passes to
determine and record the extent of the terrain distdrbance.

1
Another test involved measuring the recording dravkar pull
and slip of a vehicle while photographs were taken at in-
tervals vehind the test vehicle to record the extent of
terrain disturbance corresponding tc various amounts of
track slip.
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The drawbar tests were conducted in one site only while
the multipass traffic tests were conducted in all four
test sites.

As indicated earlier, the test sites were located on

terrain conditions judged to be typical of the area. Low
hilltops covered with short woody shruks, grasses, sedges,
mosses and lichens, slopes covered with similar vegetation or
predominantly with sedges and mosses, low-lying areas of
depressed centre polygons with sedge -and moss cover, and still
lower polygcons adjacent to small lakes and covered with
tussocks cof sedge were the main typical terrain conditions
found both in the general area and in the test sites.

It was okserved that frost depths varied from 2 to 12
inches, but were usually in the neighbourhood of 3 to 7
inches. '

With respect to the degree of terrain disturbance cbserved,
-there was some variation in the rate of disturbance devel-
openent from traffic depending on the weight of the vehicle,
type of track, and ground moisture content.

Terrain disturkance was most noticeable and deve loped most
guickly beneath the prominent "D" wheel guide sections in
the tracks.

!
The bulldozer tracks had fairly deep cleats which penetrated
immediately to the frost which supported the vehicle. There
was no apparent change in terrain disturbance afterfabout
20 passes with this vehicle. |

While the drawbar pull tests conducted were success #l in
that good measurements were obtained, it was difficlult to
establish any meaningful relationship ketween these measure-
ments and the corresronding terrain disturbance. Contin-
uation of these tests in Phase Two trials will depend on
whether a method can ke devz=loped to correlate exactly
terrain disturbance photographs with cther recorded mea-
surements.
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Detailed records of all guantitative data will be main-
tained and incorporated into any report emerging from
Phase Two of this program.

Members of the field party visited Tuktoyaktuk and Shingle
Point to inspect terrain conditions and to determine pro-
bable availability of vehicles and accommodation which
could possibly be used in Phase Tyo of the program.

The differences in climate, sub-surface mineral soil,
topography, vegetation, and ground water content between
these two areas and Tununuk suggest that all three loca-
tions should, if pessible, be incorporated in Phase Two
trials if results truly applicable to those areas are
desired.

Consultation with petroleum company personnel has revealed
that operations involving summer activity of tracked ve-
hicles c¢onsist mainly of seismic exploraticn and some drill
moving and supply operations. In travelling around the
Mackenzie Delta area by aircraft, it was possible to observe
the general extent of off-road tracks. Many were winter
trails not used during the summer. & minority appeared

to be summer trails. It was also obkserved that while seis-
mic lines ran in straight lines across country, supply
lines tended to fecllow level.ground as much as possible,
and avoided climbing over hills. Very few supply lines
observed were summer trails, and all winter trails trav-
elled across the numerous small frozen laken in the Tuktoy-
aktuk peninsula at every opportunity.

It is estimated that in a normal summer exploration or
supply operation, thirty to forty passes of tracked vehi-
cles over a given track would be required.

On the basis of the results described above, we have been
able to reach several conclusions which will have scme
bearing on the content of Phase Two of this program.
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1. The multipass test employed in Phase One yields ter-
rain disturbance information which is useful because it
can be related to vehicle operational practice and is in
a descriptive and repeatable form.

2., Drawbar pull tests may yield useful supplementary in-
formaticon if data acguisition methods can be improved
somewhat.

3. It will be necessary to employ a wider range of ter-
rain and vehicle types in Phase Two in order to arrive at
accurate conclusions concerning terrain disturbance gener-
ated by all types of tracked vehicle operations in the
Mackenzie Delta area.

Several recommendations are offered concerning planning
for Phase Two.

.
1. Further vehicle trials similar to those described
above should ke conducted in early August and late Sept-
ember.

2. Phase Two test sites should include Tununuk and other
locations selected cn the basis ¢f probable future cper-
ations an air photo inspection study of terrain con-
ditions. Tests in Tuktoyaktuk and Shingle Point would

be highly desiratle.

3. Phase Two trials should incecrporate a wider range of
vehicle types and sizes as well as various designs of
flat track.

4. Analysis of the guantitative results of Phase One
should ke included in the detailed report for Phase Two.

5. Phase Two trials should include:

-a. Multipass tests with loaded vehicles and test
site survey as in Phase One.

b. Muitipass tests with run length decreasing as
pass number increases.
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c. Multispectral aerial photégraphy of test lanes |
completed in Phase Two. I

d. Drawbar pull tests with precise correlation of
terrain disturbance with vehicle slip.

e. Stream crossings feature of Phase Two tests.

f. Turning tests

g. Martin and flat tracks.
Suitability of these tests for assessing terrain distur-
bance will be reviewed by Muskeg Research Institute prior
to the commencement of Phase Two.
We trust you will find this account of Phase One satisfac-

tory and look forward to receiving any comments concernlng
either Phase Cne or Phase Two.

Sincerely yours,

-John R. Radforth P. Eng.
Development Engineer |

JRR/gn ‘
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APPENDIX II

RADFORTH MUSKEG COVER CLASSIFICATION SYSTEM

An important feature of muskeg is that it is characterized
by a finite number of vegetation structural types. These types
consist of nine basic cover classes, each designated by one
of the first nine letters of the alphabet, listed in table I

in combinations called cover formulae.

cover class Description
A Trees over 15 ft. high
B Trees up to 15 ft. high |
Cc Non-woody, grass-like 2-5 ft. high
D Woédy, tall shrubs or dwarf trees

2-5 ft. high

Woody shrubs up to 2 ft. high

E
F Sedges and grasses up to 2 ft. high
G Non-woody broad-leaf plants up to
2 ft. high
H Leathery to crisp mats of lichen up
to 4 in. high
I Soft mats of moss up to 4 in. high

TABLE I - MUSKEG COVER CLASSES




The cover classification does not depend on the naming
of plant species, and since these classes can be used to

describe any muskeg, the system has worldwide application.

On any given muskeg area, certain of these cover classes
are found in combination, and the cover formula used to des-
cribe that muskeg area is derived by listing in descending
order of prominence the cover classes which can be observed

to be growing there. To be included in the cover formula,

any cover class must represent at least 25% of the total cover,

based on estimate from visual observation. This estimate
nay seem to be a rather subjective type of evaluation“ but
in practice there is rarely any doubt that a given cover
class represents more or less than 25% éf the total cover.

As an example of the application of this classif%cation
system, a muskeg area covered by tall spruce trees ov%r 15
ft. high, woody shrubs from 2-5 ft. high, and woody éhrubs up

I
to 2 ft. high would be referred to as ADE. A muskec area

||

covered by grasses and sedges up to 2 ft. high and a, carpet

of moss vould be called FI and so on.

1]

It might appear that all the combinations of the nine

cover classes in groups of two or three would lead to an unwieldy

number of possible cover formulae. In reality many possible




combinations, such as GAD, and BGC, do not occur. The most
common include: ADE, ADF, ADI, AEH, AEI, AFI, BDE, BDF, BEF,
'BEH, BEI, BFI, C, CI, DEF, DFI, DI, EFI, EH, EI, FI, FEI, FIE,

G, HE.

The fact that muskeg vegetal cover can be classified
depends on the recurrence of cover formulae on a worldwide
scale and this in turn reflects the orderliness and predicta-
bility of conditions such as peat depth, water content and
climate which prevail in areas where muskeg occurs. The
significance of this fact is that results obtained from tests
én one muskeg area of a given cover type are applicable to all

other muskeg areas with the same cover type.




corbinations, such as GAD, and BGC, do not occur. The most
common include: ADE, ADY, ADI, AEH, AEI, AF¥I, BDE, BDF, BEF,
BEH, BEI, BFI, C, CI, DEF, DFI, DI, EFI, DH, EI, FI, PFEI, FIE,

G, HE-

The fact that muskeg vegetal cover can be classified
depends on the recurrence of cover formulae bn a worldwide
scale and this in turn reflects the orderliness and predicta-
bility of conditions such as peat depth, water content and
climate which prevail in areas where muskeg occurs. The
significance of this fact is that results obtained f%om tests
on one muskeg area of a given cover type are applicable to all

other muskes arcas with the samc cover type.
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