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"Since I began to know the North, its
beauty, freedom and friendliness have
continually grown upon me. They were
there from the first but my eyves were

‘holden and I would not see them, for

even in that clear air I walked wrapped
in the haze of my bringing-up . . ..
Certainly it would take keen eyes to
read between the lines of McClure's
narrative of hardship and heroism the

soft beauty and homelikeness of Banks
Island as I see it."

(Vilhjalmur St€fansson, 1921)
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CHAPTER I

INTRODUCTION

1.1 Aaims and Objectives

The search for'neﬁ lands, as well as the finding
of mineral resources and hydrocarbons has. promoted interest
in Arcﬁic development. Unfbrtunately many of these acti-~
vities tend to produce either'physical or ecological
disturbance (e.g. Babb and Bliss, 1974a; Brown and érave,
1879; Mackay, 1970). The effect of any given sqrface
disturbance is difficult to predict as terrain responses
are subtle and vary from area to area. In general, compac-
tion of thé‘ground surface alters the thermal transfer
properties of the soil while removal of surface vegetation
alters the albedo. In most cases both these changes lead

to an increase in heat flux in summer, thereby increasing

the depth of thaw (e.gq. Mackay, 1970). Depeﬁéing on con-

trolling factors such as the ground ice content, the increase
in thaw may either be a few centimeters andtof little _
practical consequence or may lead tp gullying, thermokaést
development, and léndslide% (e.g. see Brown and Grave, )
1579; Heginbottom, 1974). Prediction of the physical
consequences of terrain disturbance is difficult therefore.

Within this general context, the thesis aims to

assess the importance of terrain disturbances associated

- . l
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with oil and\gas exploratlon. A modlfied form of the -
geoecological mapping approach (Everett et al., 1978}
‘was used.to asseSs terrain sens;t;v;ty at a number of
disturbed localities. 1In addition, terrain disturbances
in thq_vicinity of Sachs Harbour, on solithwest Banks Island
were examined in order to provide information as to the
nature and réte of man-inducéd thermokarst, and also to .
enable comparisons to be made between the types of terrain
-disturbances associated with oil and gas activities as

-

opposed to other economiF activities.

1.2 Study'Areas‘
1l.2.1 Fieldwork :

Three areas were examined during the 1980 summer
field season (figure 1l). Two were gellsites, one on
the northwest corner of King Christian Island ahd the
other in the Parker River area of northeast Banks Island.
The third locality was the community of Sachs Harbour
on southwest Banks Island. |

Panarctic Oils Limited, Calgary, provided access
to the two wellsites. The King Christian Islénd Dome
Wailis A~73 (77°52'N; 102°25'W) was an operating’well
at the time of the visit on July 27, 1980. Then, between
Jﬁly 30 and August 4, the abandoned Banks Island Chevron
Parker.River J=-72 wellwite (73°31'N; 115°52'W) was examined.f
This well had been drilled ddring the winter of 1978-

1379. In addition, en route to King Christian Island,

N\
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observations were made of terrain conditlons at Stokes
Range, Northern Bathurst Island. Between August 5 and
August 15, studies of the terrain dzsturbahces in the

vicinity of Sachs Harbour (71°59°'N; 125°17'W) were under-
taken.

. . - '
Air photo coverage of the three areas is variable,

- ranging from standard arctic coverage on King Christian
Island and northeast Banks Island to relatively good seguen-

tial coverage of the Sach5 Harbour area (table 1).

1.2.2 Dome Wallis A-73 wellsite,
- King Christian Island

King Christian Islané lies within the central
part of the Sverdrup Baéin, a2 physiographic region of
little relief, aeveloped on poorly consolidated, elightly
deformed Mesozoic sedimentary rocks. Geologically the
island is: " . . . a broad, ovate, north-westward'trending
structural depression - - . flanked by a closed anticline
on the eastern coast, and by eastward—dipping beds along
the western coast" (Balkwill and Roy, 1977, p. 1)

(figure 2). The two most widespread roc} types occurring
at the sugface are sandstones and shales of the Deer Bay
and Christopher Formations fespectively. .

. The area is underlain by continuous'end thick
permafrost approximately 400 m thick (Brown;‘1972, 1978).
Well developed thermal contraction Polygons are present
(figure 3). Typical active layer deptﬁs usualifbdo not
exceed 50 cm (Babb and Bliss, 1974b; Bliss, 1975).
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TABLE 1 .

AIR PHOTO COVERAGE OF THE THREE

STUDY "AREAS
e —— )
) Air photo Date Scale

ng Cﬁfis‘tian - _ .

Tsland _A-16751 | 176-178 1960 c. 1: 60,000

Parker River A~-17053 50-52 29/7/61 c. 1:101,000
A-17683 5-6 6/7/62  c. 1:101,500

Sachs Harbour A-15980 6465 14/7/58  ec. 1: 58,500
A-17381 41-42 29/8/61 c. 1:102,000
A-18646 4=6 18/8/64 . 1: 11,400
A-20917 79-84 3/9/68  c. 1: 4,800
A-22953 47-54 5/8/72  c. 1: 7,000
A-24088 43-48 26/6/75 c. 1: 5,700
A-25222 6-13 23/7/79 c. 1: 7,300 .
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Figure 2. Oﬁlique air photograph, King Christian Islgnd, showing
. dipping sedimentary strata. Note the degree of fluvial °*
dissection of the landscape. Photo: July 27, 1980.

Figure 3. Oblique air view of thermal contraction cracks developed

on sandy substrata, King Christian Island. Permafrost is

continuous and probably exceeds 400 m in thickness.
Photo: July 27, 1980.
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. No climatic station exists on the 1sland data
from the Isachsen Weather Station on Ellef Ringnes Island
are believed representative. Maximum air temperatures'
are approximately +iS°C, while minima fall to -50°C. Méggz
teyperature is approximd@tely ~20°C (table 2). Usually

the islapnd is snow-covered from September to late June:

. the period of summé? thaw lasts from early June to late

August.

- The island is best described ass..a polar seﬁi-J

desert with less than 20% cover of scattered véscular

plants: Puccinellia vaginata, Arenaria rubella, Papaver
Radicatum, and Saxifraga caespitosa predominate (Bliss,

3
1875); similar terrain and vegetation occurs on parts

¢of Southern Cameron {flgure 4) Soils are poorlw developed,
arctic regosels being most common. The geotechniéél

characteristics of the Christdpher Formation shales are

described as follows: " . , . lowpermeability, retains

water in summer, swelling clays, slopes undergo extensive

“d

solifluction, poor £ill material" (Balkwill andé Roy, _'?
1877).

-

Earthflows occur widely throughout the island

both below and above

arlne limit (Hodgson, 1977).

- table acting as a lubricated slip place. During the =~ ~
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. CLIMATOLOGICAL DATA FOR SELECTED
.. WESTERN ARCTIC STATIONS

" TABLE 2

-

A

(°C)

Mean Air Temperature

Precipitation

(mm)

Number of Frost-

Free Days

Isachsen

U2ZowukqggiZe 2

| (78°47'N; 103°32'W)

-

—

L]
OO H OOV

= R P
R0 & D L SR g~
L] [ ] L] 1 ] [ ]

[
OO PRNHOOOODO

Mean: -19.2°C

Sachs Harbeur

(71°59'N; 125°17'W)

DZounb o

\

Mean:

12.0

o

LU N
NEPAWOOH VLN WD
. . -

., - L]
HEHEHLOEUWO O MO

Total: 17

[y
OO0OOANHWOVNORDOOO

1

Mean: =13.4°C

Mean:

11.7 om
Total: 119.9 mm

Total: 55

Source: AES Records, 1976.
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Figure 4. Typical polar desert vegetation developed on sandy well-
drained surface, southern part of Cameron Island.-
Pudcinellia vaginata is the domjnant species with
scattered Oxaria digyna. Photo: July 27, 1980.

. ) N
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Figure 5.

[P S R

Oblique view of terrain underlain by shale of the Chris-
topher Formation, northwest King Christian Island.

the numerous mudflows which occur on this terrain.
Photo: July 27, 1980.

Note’
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summer of 1980, numerous earthflows were obser%ed in varying
localities {figure 5). "The low angle u;gn which such
movement takes place, ap@ the remarkably intaqt and apparently
stable surface of the aaja¢en£ Fundra makes the prediction

of such. ewvents ?i;tually impossiblé% (French, l§58a, pP-
12}).

The Dome Wallis A-73 well is located on the north-

western corner of tbexiségnd, within. 0.5 kim"of the coast,

.a shallow inte uve between two northwest-southeast flowihg

“rivers (flgure 6).

Wad

1.2.3 Che

Parker River J-72 wells;te,'
northea

Banks Island -

The Parker £}Ver wgllsite on northeast Banks Island
lies roughly at the boundary between two distinct phygio—
graphic regions:. 1) the al belt conStituting‘the
Principal dr;inage divide of the island, an§ 2)'£he ﬁevonian
Platéau (Fyles, 1962). The area lies at the maximum kn;wn

limit of the last classical Wisconsinan ice sheet

(Prest et al., 1968; Vincent, 1978, 1980a). The terrain

is an undulating upland surface dissected by tributaries.

of the Parker River (figure 7). In this area of northern

i
’

Banks-Islahd, the landscape is transitional between high -

Arctic polar..desert and low Arctic tundra.

-

The climatic conditions can be extrapolated from

those at Sachs Harbour (table 2). Mean annual temperafﬁre
N

is probably in the order of -15°C, and the number of

i
4
3
1.

N
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Figure 6.

-

Air photo of Dome Wallis A-
location and major terrain

73 area, showing wellsite
features (NAPL Al6751-178).
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Figure 7.
Island, July 30, 1980.

Typical landscape and vegetation in the vicinity of the
Chevron Parker River J-72 wellsite, northeastern Banks
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—" - frost-free days is approximatjiiaforty.- Precipitation -

.. .
is assumed to be as little as t experienced at Sachs

Harbour, i.e.-¢.. 100 mm per annum.

Vegetation on Banks Island comprlses some 350

species of which a large proportion are endemic (Kuc,

1974; Porsild, 1950, 1955; Savile, 1961).

Vegetation - ‘

- _— :
'is generally of low stature: in poorly drained areas

such<as valley bottoms, it forms a continuous meadow tundra

whzle in. well drained and xeric sites -the vegetation cover

_ -is dlscontlnuous. Many sgils of northern Banks Island

'have high Arctic affinities. They are hence‘aesignated‘

as polar desert’;ather than tundra soils (Tedrow and Douglas,
1964).

-
Ll i i e v R Rl e

In well drained localities, they are characterized
by a relatively thick active layer; depths in excess of

70 cm were measured during field work in 1980.

Surficial materials have been mapped by Vincent

(1978); sandy gravelly till from an early pre-Wisconsin

e a2 e N LS ke RS

glaciation veneers the area (figure 8). The description

of-a typlcal slope-soil catena sequence best exp&alns

payab LW,

the materlal,vegetatlon and slope assemblages. Till mantles

the polar semi-desert uplands, and the relatively steep-
sloping upland tundra (figure 9)

B T
TS FLANC IS P N

Ice wedge polygons

are not apparent from air photographs (figure 10). Never-

theless, éield observatlons at Johnson Point (French

- 1974a) reveal high but variable ground ice amounts rélated

Z
T
%
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e
D
1
b
o
5
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to ice wedges and massive icy sediments.
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73°30°N
11518 'w

Legend

&2 Area of -hummocky moraine
= Limit of ice advance and/or tili deposition

2% Llimit of submergence by "glacial Lake Parker
B3 Fluvial sediments

EZF Llittoral sediments :

k3 Offshore and nearshore sediments

& Glaciofluvial sediments ‘

E=) Ice-contact sediments

E&3 Jesse till, Amundsen glaciation

[TJKange till, Thomsen glaciation

== Pre-Mercy Bay Member of the Weatherall Formation,
Upper Devonian

[ Lake

Figure 8.  Distribution of{surficial materials in the

Chevron Parker River J-72, northeast Banks
Vincent, 1978; 1980a, b).
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hoto of part of northeast Banks Island showing the

ir p

10. A

Figure

f the Chevren Parker River. J-72 wellsirte

location o

(NAPL A 17683-3)
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The Chevron Parker River J-72 wellsite is located
h . . :

approximately 15 km inland from Passage Point (figure
10). The site is gently inclined towards the northwest

and isfarained by two small creeks.

l1.2.4 Saché-Harbour, ‘
southwest Banks Island T .

RN
Sachs Harbour is the only permanent settlement

on the island. There are approximately 150-inhabitants.
Figure 1l shows the spatial distribution of the settlement,
the-airstrip, the‘lake which supplies the.village; and

the road 'network'. _‘hjge major terrain units can be

- e

recognized: X the Sachs Harbour ridge, 2) sloping terrain
to the south, and 3) gentf; ;loping terrain to the north.
The Sachs Barbour ridge represents a major ice margin
recognized by Vincent T1978) and is composed of coarse
sandy and gravelly materials. The Village is located

on the lower south-faCing slopes. Above the village,

slopes are steep {15 20°) and support relatively sparse vegetation

with non-sorted solifluction stripes which surround Yravel
‘outcrops'. On the upland tandra north of the Sach&?
Harbour ridge, slopes, usually gentle (2~5°), extend towards
the Kellett River. Non-sorted polygons and thermal contrac-
tion cracks are widespread. .

Information on Sachs Harbour is relatively plentiful
and includes both qualitative and quantitative information
(French, 1974b, 1975a, 1975b, 1976a, 1976b) as well as"

surficial geology and bedrock geclogy maps (Thorsteinsson

[

R Bt wt e Sl A

N bbb

PEFYNCIVER S R P v



18 ' g

Figure 11. Alr photo of Sachs Harbour. Note the terrain dlsturbance

adjacent to the airstrip. Photograph was taken “in 1964,
3 years after initial dlsturbance (NAPL A 18646-5).
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and Tozer, 1962; Vincent, 1978)5 Climatic data have been

recorded since 1955; .representative data are presented-in

b
-

table 2. Due tq its exposea location, winds are '
unusually strong Ee.g. mean velocity of 5.4 m/sec. in
'1967). Ajr phpté coverage is good by Arctic standards:
coverage at three or four year intervals since 1961 is
availéble (table 1).

| Typical undisturbed terrain on the Sachs Harbour -

"“ridge is shown on figure 12. Due to the coarse nature -
of the materials, thaw depths:are thick, often being in
excess of 1 m on steep southjéacing slbpes. Hummocky
~g£x§§'tundra is the most widespread communiﬁy on the ridge
and immediately to the north (figur; 13). 1In lowland
areas near the éoést, vegetation consists of wet grassy
tun&fa, sometimes heavily disturbed (figure 14). Due

to human activity, these southerly slopes are often organic

rich. Surface temperatures -are often high therefore but

thaw depths are relatively shallow. Particularly luxurious

tundra grass communities with Eriophorum sp. (Cotton Grass)
commonly develops {figure 15). On the gravel ridge and
' exposed uplands, lichen moss communities together with

scattered Dryas and Salix sp. occur.
)

i
—
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Figure 12, Typical undisturbed terrain, imediatmh of the

airstrip. Note the . gravelly material and thé\humocky
Dryas vegetation. ’ \
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Figure 13. Discontinuous hummgcky Dryas tundra. Note the thermal
é- contraction cracks in the unvegetated areas.
o

!
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Figure 14. Grassy tundra typifies the lower south-facing slopes of
the Sachs Harb ridge. View looking west from thed
village.

A Figure 15. Near dwellings, disturbed terrain is often organic-rich

rand Eriophorum sp. communities proliferate.
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! CHAPTER II
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REVIEW OF LITERATURE

2.1 Controls over Terrain
Disturbances ‘ N

The studies of terrain disturbance in the Arctic
range from thgxeffect on the vegetation cover‘(e.gf Bliss
éhq Weiﬁ?figaz) to the physical and thermal effects (e.g. ~
Beagi;e/et al., 1973; Brown and Grave, 1979; French, 1975a:
Mackay, 1977b). fThe degradation of permafrost is thought
to be greater in the low than in the high:Arctic where _
the difference between surface and ?ermafrost temperature
is greater (Babb and Bliss, 1974b). Recently, H. M. French
(1980a) has concluded that: " .'. . the nature, spéed
Iand controls over thermokarst development are now reasonably
well known." Nevertheless, many aspecté need further
investigation. For example, the U.S. Perma?rost Committee
of the Polar Research Board of the Na£ional Academy of
Sciences concluded that little is known abbut rates of heat
transfer in the thermokarst process (ﬁd hoc Stﬁdy Group on
Permafro;;,‘Polar Research Board, 1974).

The controls over permafrost terrain disturbance

can be summarized‘ﬁnder 2 number of Qeadingsj f

. pe
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.~ than-.air temperatures.
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2:1.1 The ground thermal regime

Permafrost is a thermal state where materials

¢

,remain frozen for more than one year (Browm and Kupsch,
1974): Ground temperatures vary with depth at different _
times of the year. This variation is a function of the
surface heat baiance, the heat flow from the earth's inferior
and the thermal properties of the earth material. Ground

surface temperatures are approximately 3 to 4°C higher

-

Soil temperatures in permafrost areas are highly

variable, as they are affected by localeyar}atlons ;n

Snow cover, vegetatlon, drainage, and so;l;composrthg.
For example, Brown .(1970a, 1972) has fou “that in high -

Arctic¢ regions, grouﬁ& temperatu S.can be 5% to-1l0°C

1ower at 10-30 cm depth-than in low Arctic reglons.

,Furthermore, summer soil temperatures measured on_the

Beaufort Plainrof-western"Banks Island are high compared
with other Arctic argas,'reflecfing the higR' thermal con-
ductivity and low heat‘capacity of these ﬁaterials (French,
1870 ). So%l temperatures also vary seasonally; during
the fall freeze-up, temperatunes cool from the surface
downwards, as air.temperatures drop, during which time
freezing also takes place frOm the permafrost upwards.
During the major part of the freeze—up period, much of

the active layer lies wlthin the freezing boundary, oY

'zero curtain'

;'L)“J

/
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. .

2.1.2- Water (ice) content

N

There are a number of ground ice types- in his

classification J. R. Mackay (1972) proposes - ten categories.

Three types are important in terms of thermokarst (Frenck,

1979). .

in all rock types; segregated ice varies from ice lenses
a few centimeters thick to massive’ice bodies; and, wedge

ice occurs as the result of the thermalhcontraction of

. Fa
. the ground.

Pore ice or ice cement exists in varying quant/ties

{

~

14

4

Pihlainen and Johnston (1963). have established

field methods to -describe ground ice both visually and
quaptitatively.

The amount of moisture may reflect the grain size

of the material. Usually soils with high ice contents

are fine-grained; these are the frost susceptible soils,

i.e. ". . . soils in which Significant detrimental ice

segregation cccurs when the requiSite moisture and freezin'

conditions are present" (Braown and Rupsch, 1974, P. 12).
As a rough guide, soils with mqQre than 10% by weighf’of )

particles smaller than 20}4 are usually frost susceptible

{

and will support ice lense growth In soils with greater

¥
pore space, water migrating to the freeZing Plane freezes

in situ. .Upon thawing and in unconsclidated sediments,

, / e ©
liquifaction may occur.

The liguid content of a soil is defined on a dry
A

A field sample, e.g. 200 g is first weighed
and then dried until its weight becomes constant. It

*

-
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: is then reweighed and the weight of the moisture lost

“is- ‘expressed as a percentage of the dry weight, accurate

to 0.1% (Krynine and Judd, 1957). 1In the field it is

possible to weigh the sample and air dry it. Since lce

contents may vary considerably w;thin a few centimeters,
it may be unrealistic to adopt-more sopnistlcated_weighing

and drying.techniquesﬁ(e;gl French, 1976a, p. 75). Ice

-contents are considered high when values range within

50~ 150%.

Excess ice is defined as the volume of supernatant

water to the vclume of saturated sediment, i.e. " . ., . the

ice in the ground.that exceeds the total pore volume that
the ground could have under natural unfrozen condltions“

{Brown and Kupsch,‘1974). Basically, it is the excess

ice which determines the degree of subsidence (figure

.16), thus, its assessment is absolutely necessary in any

terrain disturbance investigation. _
i ' The variable nature and distribution of ground.

‘ice prevent accurate prediction unless site specific condi-~

tions are’fncwn. For example, a study performed on the .

variability of ground ice at selected sites in the
Mackenzie valley (Heginbottom and Kurfurst, 1977) indicated

three factors to be particularly significant:

texture,

1) soil

2) slope aspect, and 3) surface drainage. -In

-

fact it was obvious'that (a) the higher the silt content,

the greater the water content, (b) scuth-faéing slopes

i
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Diagram illustrating how disturbance of a soil containing
502 excess water may lead to ground subsidence (Mackay,

1970). A) Before disturbance; B) Immediately after
disturbance; C) Long term result.

Figure 16.
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.

Qére drier than north~facing and contain less ice and,
(c)‘significant differencg#iﬂ ice.COntent exist between
poorly and well-drained areas.

Excess ice contents need to be evaluated quggtita-
tively. "Vﬁsual estimates of excess ice are deceptive Y
sinée a body of sediment may‘ﬁot_necéssérily contain excess
ice even though it may contain visible ice lenses, since
the sediment between the lenses may not be saturated with
ice and upon melting all Qater would be retained in the
voids™ (French, 1976a, p. 77). Field précedureé consist

of filling a container with fré;en sediment and allowing
' . : o

s ene

it to thaw. The volume of sdbernétant water (excess ice)
is expressed as a percentage of the tqtal saturated sediment.

Values. in the 70-80% range are considered exceptionally

high. ©

2.1.3 Vegetation

Vegetation is perhaps the most éémplex terrain
factor controlling the extent, distribution, and thermal
regime of permafrost (Frenéh, i976ai. In fact, it is
sO closely interﬁoven with other terrain factors that
it seems difficult to single ocut the role of vegetation
alone (Browni»1966). Végetation has both a direfct:. and

an indirect influence on permafrost. If modifies the

" thermal regime by shielding the underlying permafrost from

solar radiation, thereby decreasing air circulation, re-

taining moisture, and intercepting rain. It also

T
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provides.cooling of the scil by evapo-transpiration
(Benninghoff, 1952) while protecting it from the penetra-
tion of cold. "This insulating property is probably the

single most important factor in determining the thickness

of the active layer® (French,¢197$a, P. 60). As vegetatioﬂ .

pPlays a direct role in the heat transfer mechanism between
the ground and the atmosphere, any change will cause varia-

TN

tions in active layer thickness.
The role of vegetation varies for different lati-~
tudes: " . . . the significance of vegetation in governing
the occurrence of permafrost in soil decreases the more
the earth surface mean annual temperature is depressed
below the free21ng point" (Benninghoff, 1963, p. 1l).
The complexity of vegetation was reported, for

example, by T. A. Babb and L. C. Bliss (1974b), from the '

.high Arctic where the plant cover/active layer depth

relationship'appears non-causal. Due to severe growing
conditions, the‘development of a strong insulative cover
is inhibited and active layer’thiCRness appears related
to moisture conditions. This is supported by simulation
of active layer sensitivity (Goodwin and Outcalt, "1974).
It is clear that plant cover does not act simply as an
insulation barrier to sensible heat flow. Experiment§
show that, while removal of the vegetation and peat layer

from low Arctic tundra increases active layeriﬁhickness

“by 50 to 100% (e.g; Brown et al., 1969), replacement of
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the same material aé a mulch decreased it by 40% only
(Babb and Bliss, 1974b). Obviously, " . . . a complex
-of variables, of which radiation balance and insulative
caéacity of fhe 6rganic layer are only components, is
involved" (Babb and Bliss, 1974b, p. 552).

. éﬁhdies in the U.S.S.R. have shown that under
2 vegetation cover, the summer average monthly temperature
of the soil at a depth of 15 to 40 em is frequently lower
than the ground surface temperature: also that the depth
of thawing is less by a factor of 1.5 to 3.0 or more,
than in areas'where vegetation has:been removed and Qhere
the organic matter has been minimizgﬁ. "This effect of
vegefation increases with the bulk, height and density
éf the vegetation cover and-with the amount of oréanic
mattér deposited in and on the soil® {(Tyrtikov, 1964,
p- 79r.

‘Different types of yegétation—éover have different
effects on ghe underlying ground. 'Many investigators
have found that, of all ground cover types, spaghnum and

peat retard thawing the most. This is because these organic

‘materlals have a low thermal. conductzvzty especially when

dry. During summer, they effectlvely lnsulate the under-
lying soil; -during winter, they are good conductors of

cold since the water (ice)°content is high.’

Clearly, vegetation has an effect on the temperature

of the s0il and therefore a similar effect on the permafrost:
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in fact, it was.shown to influence climate, terrain, and
‘ drainage (Brown, 1963). 1Its remgval, or even lits distur~ -

bance may cause permafrost degraéatidn.

-

2.1.4 Material'properties

The control of subsurface material is probably
not as compiex as that of tegetation: it affects the thermal
regige of the ground simply by its physical or thermal '
properties, namely soil or rock reflectivity, conductivity, *
diffusivity, spec1f1c heat, and moisture conditions. Bare

soil or rock are known to have the greatest influence

on ground temperature as they reflect a large percentage
of the solar‘fadiation they receive. For example, albedo
values of 12 to 15% for rocks and of 15 to 30% for bare

. S0il are typical (Brown, 1970b). As a result, tﬁe thermal
cohductivity of silt is half that of coarse-grained eoils
and several timesTless than that of rock. Intakes of
preeipitation, evaporation iates, and the presence or
abseace ef moisture are all important as they modify these
properties. For example, in loose gravelly or sandy soils N
2 guick adjustment of soil temperatures to prevailing
climatic conditions can occur (French, 1970) .

Soil and rock  type are'cﬁaracterized by specific 1
thermal properties, whieh are reflected by soil moisture
conditions and directly influence active layer tﬁickness.
Other factors being equal, the active layer is thinner
under fine-grained soils.
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The}determination of the Atterberg Limits, which
are a2 measure of the plasticity and iiquidity of a sef@ment,
are of importance in determining terrain sensitivity (Frenc
1575a, p. 136). For example, if, upon thawing, thé natuial:
{(ice) content of the frozen soil.exceeds its ligquid limit,
liquifaction is possible for certain saturated fine-grained
soils.

Atterberg Limits pass thréugh four stages: liquid,
plastic, semi-solid, and solid. Determination of both
the Liquid and the Plastic Limits cansbe easily performed
in the laboratory. The Liquid Limit

& -
- _ water content R P
(LL = mass of dry soil x 100) is 2 measure of the minimum

amount of water necessary for the sediment to experience

A o _ _ water content,
flow. The Plasticity Limit (PL = Mass of dry Soil x 100)

is reached when the sediment becomes capable of being

permanently deformed without breaking. The difference
between LL and PL is the Plgsticity Index (PI) within
which the so0il has plastic propérties.

| In this context, the determinatibn:of the Plasticity
Index serves two purposesl First, it provides a qualitative
assessment of the soil's sensiti&ity to increasing water |
content. Second, it can be used with the plasticity chart
(figure 17) to determine the soil nature. The appropriate
liquid 1limit and plasticity index for a given soil arev
pPlotted on the chart. The so-called A line is given by

PI = 0.73 (LL-20). Basically clays are above while silts
' -
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are below the A line. In the shaded area this rule does
not.apply and a double class;flcation must be used, e.g.
the associatlon of any of the three followmng main soil

types: inorganic Sths or very fine sands, inorganic

clays, organic clays and silts.

2.1.5 Other factors

Relief, or more Precisely slope orientation and

Y

angle, influences the amount of solar radiation reaching

the ground surface. Generally, in the continuous perma-

frost zone, the active layer is thinner and the permafrost

thicker on north-facing slopes. Nevertheless, local climatic

conditions may overrule.. French (1970), reports from
northwest Banks Island that due to dominant southwesterly
winds which increase evéﬁoratioﬁ and latent heat loss
during summer, the active layer is thinnest on southwest-
facing slopes. Similar condltlons c;n occur on a micro-
scale, for example, variations in snow accumulation méy
modif} these patterns on and between peat mounds (Brown,
1970a}. | ?

Snow cover influences the'heat transfer'between
the air and the ground and henbe affects tﬁe'distribution
of permafrost (ﬁrqwn, 1870a, p. 25). Critical factors
are snowfall ;egfme and the length of time snow remains
on the ground. 1In the discontinuous permafrost, snow

is often a major control in the existence of permafrost.

For example, at Schefferville, a snow depth of 16"

*
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is critical in the development of permafrost (Nlcholson
and Granberg, 1973). In the continuocus permafrost zone
the active layer is usually thinner at snowbank‘localities.
The relationship is not always simple though és the effect
of snow on the ground thermal regime is determlned by

. the net balance of frost- penetration and thawing. For
example, snow accumulation in the autumn inhibits winter
frost penetration while sﬁbw remaining 1ong~iﬁfo spring
delays thawing. It has been éhowp that snow has the effect
of temporarily decreasing near-surface ground temperatures
in the-éctive laye¥. At Schefferville, variations in
Snow cover caused temperature variations éreater than
those resulting from vegetation cover (Brown, 1970a, p.
2€§.

Water bodies may alter the thermal regime df
perennially frozen soil. Under deep lakes which do not .
freeze to the bottom, sub-lake taliks develop. Their
"~ depth depends on factors_such as: " . . . lake area,
shape, depth, bottom configquration and water témperature,
the mean ground temperature and its pastLthermal history:
the nature of the soils and disturbances induced by nearby

d
lakes" (Mackay, 1962, p. 33).

2.2 Terrain Disturbance Studies :
The éiudy of terrain dist ances in permafrost

~areas is new; for example, less than ten Years ago, few

quantitative reports existed on the effects of man's

¢
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' activities in permafrost areas (Haugen and Brown, 1970).

“Types of disturbance vary from those involving large areas

such as thosexqggssfvfy fire and agriculture, to those

'-"relajed specifically to northern development. The latter

include buildings, roads, airstrips, borrow pits, seismic

_'lines, etc. Natural disturbances .also exist,.e.g. lake

drqinage,lfrost heaving,;fire;nand thermokarst. A problem
is to distinguish the long-term effects of man-induced

disturbance. from naturally‘occurring processes.

2.2.1 Thermokarst/ﬁrocesses

Surface d¥stur anoe of permafrost terrain especially

. leading to the compaction: and/or destruction of the surface

organic layer may result in an increase of summer thaw
depth and melt of the permafrost. 1If the permafrost is
ice-rich, this can lead to subsidence and instability,
a'otocess termed "thermokarst” {e.g. French, 1976a, p. 105~
133; Washburn, 1"980, p. 268-276). )

‘Thermokarst processes involve both a thermophysical
and a geomorphological aspect. That is, the rise in tem-
pefeture thaws any ground ice while tne surface subsides
&s water is released and soil material compacts (thaw

consclidation). Ground subsidence inevitably leads to

further thawing as the active layer is lowered. Although

.both .thermal erosion and thermokarst subsidence play a

role in permafrost degxaéation, the latter is much more

important, at-leastlin regions of low precipitation.

-~
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| . )
- While thermal erosion, or lateral permafrost degradation
(béékwearing) necessitates sufficient drainage, thermo-
karst subsidence, or petmafrosﬁ degradation frém above
(downwearing), can occur in‘}lgt undissected terrain °
(Mackay, 1970). The former Produces thaw lakes, thermo-
erosional niches, and ground ice slumps, the latter, espe-
 cially in'are;; of well-developed ice wedges, may ultimately
produce a new, lower surface with cloged depressions and
hummocky terrain (e.g. Czudek and Demek, 1970). It was
reported from Alaska that " . . : the top level of the -
hummocks is not uniform--an indication that many Of them =
have alsc undergone subsidence” (Rockie, 1942, p. 129).
Furthermore, local surface collapse inevitably creates
& change in extefﬁal coﬁdition; (e.g. snow agccumulation,
ﬁgisture regimes) such that the thermal regime is modified
‘and permafrost degradation occurs. |

Variables influencing thermokarst include:
1) the natural water content, 2) the insulating qualities
of éhe vegetation, 3) the depth of summer thaw, 4) the
. thermal conductivity of the material, and 5) the slope
angle and aspect. As terrain response%‘are subtle, the
effect of any given surface disturbance is difficult to
predict. It follows that site-specific investigations
are necessary.™

Thermokarst processes are probably underestimated

in North America. Once they are initiated, they are

A

Baaim fem a4

B ST S LR N T

P A r T O PPN Sy



" 38

- -

difficult to arrest and their effects are long:lasting.
Acbofding to French (1979, p. 153): " . . . stabilization
only begins 10-15 years after the initial disturbance

and probably is not complete until 30 years or more have

"
pas;edi o

Thaw slumps are reported widel& from the Canadian
Arctic (e.qg. French and Egginton, 1973; Lamothe and

St-Onge, 1961; Mackay, 1966). They are said to resemble ,
C . - t
those of temperate regions, though, because there is no

H -

» .
surface‘Q% rupture, the features characteristic of rotational
slides (e.g. lunate tension cracks) are absent (Mackay,

1966). The actual ﬁrocess.is best described by Frenchﬁl

-

and Egginton (1973, p. 205):

The erosion takes place through the thermal melting
of the ground ice, which causes a crumbling and
.slipping of ‘the overlying silts into the hollow that
- then liquify into mud through the addition of the
melted ground ice. Excavation, therefore, is by
mudflow and/or solifluction, and, occasionally, if
.there is sufficient moisture, fluvial (thermal)

erosion occurs forming a network of small channels
within the hollow. o

1

»

Thaw slumping is a particularly rapid process: rates
of headwall retreat of 7-10 m per annum were recorded
while their stabilization is not complete until 30-50

summers after their initiation (French and Egginton, 1973).

T o-

2.2.2 Causes of thermokarst

2
The following discussion summarizes the major causes

of thermokarst as described -in the literature. .More general

surveys can be found, for example, in Fxench (1979).
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Conptrols over thermckarst may be either geomorphic, vege-
tational or climatic. Each may lead to permafrost
degradation .(figure 18). ‘A more systematic treatment

of the more jmportant causes is presented below.

N

2.2.3 Fire _ L

Fire occurs frequently in forest and férest-tundra
regions, usually due to'lightning. Of short duration,
'mthe }bng-term effects remain to Bé evaluated (Brown and
. Grave, 1979). Though generally considered a naturally _
- occurring phenomena, it is discussed here as it is frequently
compared with otgsr forms of man-induced disturbances.
The degree of its influence depends on the vegetation
ahd soil conditions, and on the race of burning. In the
tundra zone fire is not as commeon due to the wet‘ground
conditioos-and the low proportion of woody species.
Following a fire, thermal and moisture regimes often undergo
considerable change. The active layer may increase (e.g.
Brown et al., 1969; Mackay, 1977; Wein and Bliss, 1973)
due to the absorption of—more_energy/into the soil through
darker surfaces (table 3). If all the vegetation is destroyed
by fire, provided the moss rddts are unharmed, active layer .
depth will not vacy. The incidence of skin-flows may also
increase following fire (Rowe et al.; 1975; Wein et al.,
1975). ‘ |

More serious are the effects of bulldozing of fire

guards wheqe the vegetation and peat cover are removed; .

=y

cdac el w rsakas eyl el o
-

P

Ak A,

I T Y N

Al . A

S D v b ATy



- ~omw19y) 30933v Aew §adlteyd orjewy(o pue 1euoy3e3adaa

j

e

T
~

1

. S c(6yl *d t6/61 ‘yousad) Isamy
‘opydiowosd moy Burjeaisnyyy wealeiq

‘81 2an8yy

»

30N30ISANS
ONNOYD

|

-@38v313y
301 §830X3

]

- 460H4YNYId

40 MVYHL

o e—

1®injey

uoluoHswe 2jjeuwn |
- DILYNIND
L uepy —
\
\ 1]
. a4
uoisSEe3ons ey [ - 1%nEN
\ vo) -o:n:uucou. IYNOILVIIOIA
- & aa | L.
SNINOIML - 4q S_a_.“,__n&.‘ 1 . L
HaAv1 amoy | Buiybnoty .
. voIRisai0f00 - .u '
f | h
WILBIINOIN: NJo1em Buipusig
ivineN
._sw__mm:h R vy R
* . OIHdHOWO3D
SNIHL sebueyo abruujmg .
- uep
UIAYT FAILOV : oo pooy
IUIWaAL O9IYeA
s11d mossog |
. 1 ' JONVYHD |

+

68300 —mtwmmem | NJOY ~Mbemmiees () AdAL

'

ty

¢




"

e T TR AT

TN VW TR TS s e IR T TR AP T NP S AT e W TRy g A T T ST Sl e

¢
*(sv8 d) ;P10 siwal (ea9A28 BuINg Uy punoj ses 3awrdax jvwisy) owes o '
' T , Yyl ‘umnjne aje
hha (®1ou) %Gz se yontl 8B pue aunf uf ¥0¢ 03 ¢¢ £q paseaiouy yjdap a194B] 9ATIOR B3 v:w
812u2 2ARM Ja0YB 230w paqiosqe ‘yaep £aaa Buyoq ‘eokjane orueBao paaaeyd mma?
- ' ’ q

*(gzy 'd) ,paxa318r8ox 9q jou pynom s98BO[ (1938M) 8DT W 2
90UapIEqns Lue 28nwoaq ‘wnmIXew ¥ Jou pug suE“=«E ® 81 yadop meyy, ug wmmmwoMM w:hw P
. . £

*(ot1 *d) ,mwo oz 4£q uuwuuzm.aﬁu Patanqg pry 2ayj w:u.mmuuoum umumxosum:u ayl o3 ang, .
. [4

*(001°1 wmv ,,83[0088N3 wnes1de -soroadsqns unjvuydea E:aoJQOMum peaxsyd Lquo nq *jead ayy
Jo owos ‘19337| 9yl {[B poAoWII DI} 8w wnioydoiay jo :usouwmm\waawu 03 ang,,
. ) b Y . * .H

-

83aJON Ty .
.

.

PEPRNRY

PR

—— e -




L = by o e e P T ST RIS AARE T 4 R rRSAC R e PTG ST

.mwumm.ﬁmc 18 pIAOCWIL Jed] .

.
. t

8aB3L 7

.. (1£61) woa30qurBay %08-09 | N.0E,89 91
. . 59 uoEEmm‘vuwﬁ .
(€L61) 88114 9 ulay - 4%09 1ouing A1ave muuma ¥-€ N,0£,89 3®1 '
: . P 1A — ) )
2961 (
. _ 4581 g23pra
' : %991 "
S C { X6 \4
P (0£61) Aexyoey £4581 guoregaxdap gavak g N,0E,89 3®]
/ n.. ~ (0L61) Aowag g yapnz) z U2 02 %55-06 sawak g
- . 1452 daumng ajey .
' (ZL61) uyoM % serld = %205 I3UIns maummw saeak g )
q (9L61) 88118 § Been - 205¢ yjuow 1 N,0E,69 3P1
' 32anog wucwvwmdsw. aggaIou Laaang pue uoT3BI0] - .
. ’ punoxy 18keq o>«%o< 2114 usemlag ajvwrxoxddy

uedg oy,

AYI4 V ONIMO'TI04 SASVAMONI HIdAU HHAVT RATIOV

£ dTdVI

.




43 . L L

the active layer thickens rapidly and subsidence occurs.
For example, the Inuvik fire of 1968 was subject to
detailed study (Heginbottom, 1971) and active layer changes

have been monitored from 1968 to 1976 (Mackay, 1977) -

"~ The active layer thickened rapidly during the first four

or five Years and then the rate of increase diminished.

. It was found that thaw'depth aggradation followed an

exponential decay curve with absolute changes belng simllar
under the depressions and under the ridges.
Further complications arise when two disturbances

are combined. Observatidns have shown burned areas, when

_wet, to be more sensitive to vehicle traffic than contrel

areas (Wein et al.,‘1975);

2.2.4 Agriculture

-

Perhaps the‘mose'common cause of man~induced thermo-
karst on a large scale is, the clearance of the surface
vegetatlon for agrlcultural or construction purposes (French
1975a, P. 129). 1In Alaska, the ¢learing of vegetation
in the late 1920's resulted in mounds and pitted surfaces
(Rockie, 1942). The relatlonshlp between ground ice and
ground subéidegée was apparent: " . . . the severity of
surface pitting decreases more or less proportionally as

the depth to the upper surface of the ice mass increases™”

(Rockie, 1942, p. 134). Later, Péwe (1954) directly linked

the thermokarst topography with the melting of the under-

lying ice wedges. The mounds generally form within two

*
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or three years of the initial clearing, and ultimately

the fields must be abandoned or reduced to pastures.’

2.2.5 Buildings .

"It ‘has been said that 'to keep one's home level

in Fairbanks, one must level it every year.' This may

. Or may not be an exaggeration, but certainly, it has some

basis in fact" (Rockie, 1942,.p. 134).

~

The effect of a heated building on the thermal
regime of the permafrost considered similar to that
of vegetatioh’stripping or road construction (Lachenbruch,

1957).  Therefore, coarse-grained sediments of low frost .

susceptibility should be selected. Methods now being used

include 1) the 'active method', whereby permafrost degra~

datioﬁ is promoted in areas mainly of d%scontinuous
permafrost and .2) the 'passive method’, whereby £ill is
Placed over the permafrost to'prevent thermal change. . The

thickness of the £ill requiied can be calculated given

the thermal conductivity of the materials and the mean

air and ground temperatures at the locality (e.g. Ferrians,

x
Rachadoorian and Greene, 1969). Problems arisé when the

appropriate thickness is not calculated correctly (figure
19}. Also, where possible, space shdﬁld be provided for
the circulation of air between the ground and a heated

building SO0 as to minimize the heat transfer.
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Figure 19.

Dzagram 111ustrat1ng the effects of different thicknesses
of £111 on active layer®thickness and ground thermal

regime (Ferrians et al., 1969). A) Too little £il11;

B) Too much £ill; C) Thermal regimes: (1) effect of too
little £ill upon the thermal regime; (2) effect of too
mich £ill upon the thermal regime: (3) original tempera-.
ture at the permafrost table: '
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2.2.6 Vehicle movement - - Lo

Most studies have been concerned wzth the effects
of off-road vehlcles on vegetation (Radforth and Burwash,
1977). In addition to vegetation disturbance, compaction
of the underlying material may result. . Observations show
that soil bulk densities.and temperatures are hi?her, thaw
depths greater, and ﬁcisture contents lower along vehicle
tracks that in adjacent undisturbed terrain (Gersper and
Challinor, 1975). 1In ~another example, 'wet spots' were

i
observed on scraped surfaces in the .high Arctic and attri-

buted to the frequent application of pressure by the passage

of vehlcles on ice-rich ground (Prlce et al., 1974).

The dlstlnctlon should be made between the distur-
.bance caused by off-road vehlcles and that associated. with
summer roads. In winter transportation problems are
minimized since the grcqhd is frozen. Monitoring of-active
layer and of roed surface eievation of a snow'road near
Inuvik showed durlng the flrst Year, a 43% mean decrease
in plant cover whlle no significant varzatlon in surface )
elevation or active layer'thicknesség'was recorded
(Younkin and Hettinéei, 1978). Nevertheless, continued
monitoring is needed to assess long-term effects.. In another
case, where all vegetethf’Egﬁ)most peat was removed during
construction, active layer depth incréased from 33 cm in
the undisturbed area to 35 cm while the ground surface

- subsided 15 cm (Haag and Bliss, 1974).
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The most 1mportant factors controlling the degree
of permafrost dlsturbance are the amount of traffzc, the
vegetation type, and the sozl stability. In the case of
long-term impact, spil depth, draindye, slope, and the
pPresence of coarse terials all play a role (Sparrow et
cal., 1978}. The time of year and the type of vehicle are
also significant (Rickard and Broﬁn, 1974) .", Nevertheless,
pPrecise data are not always available as environmental
conditions'%ary due to time of year, snow and plant‘cover,
and the microarelief;

Recommendations may be summarized as follows: vehicle
-traffic. should be restricted to~winter-wherefprecautions
" should be taken to minimize damage (€.g. avoid sloping’

- terrain, the use of. low-pressure tire vehicles, etc.).

© Summer travel should be on roads, the route of which has
been selected so as to avoid‘ground ice bodies. Due to
the gently ‘sloping nature of the tpn&ra and the aridity
which characterizes many . arctic regions, the potential

for damage in many areas may be essentially aesthetic (French,

1978b).

2.2.7 Wellsites
01l and gas exploration involves the construction
of:sumps; the disposal of waste drilling fluids and the
search for aggregate for use at rig sites. Governmeot
land use permlts require most operations to be confined‘

to winter. Thus, sump construction and/or containment

r
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* *

of waste‘drillipg fluids becpme major concerns (Fregch,

1878c).

+

-

A stﬁdy of the disturbance adjacent £o an abandoned
wellsit€ drilled on the Alaskan North Slope in 1949 revealed
that h&mmocky thermokarst topographylassociated with the
melt of iée wedges is still active (Lawson et al., 1979).

It was concluded that the most intense and lasting distur-
bances were due to bulldozing, fuel spi;ls;.and vehicle
ﬁrails. Mdfeover, "Thereffect of surface_distufbance on
surface and subsurface materials and procesées in the Arctic
gs poorly understood" (Lawson et al., 1975, p- 53).

In a survey of terrain problems associate§ with
abandoned wellsites in Canada (French, 1978c, 19805), it
was concluded tﬁat approximately 30% experienced problems
related 4+o sumps and/or the containment of waste drilling
fluids. g;ast problems were associated with one-season
winter drilling oggrations. Two—sgason winter drilling,
~ in which the sump.is left open during the summer, and éne-

season summexr drilling operations usually present more

problems. | -

2.2.8 Linear facilities
?inéar facilities include railways, roads, hydro
lines, seismic lines, and pipelines. Their constructidh
may involve considerable terrain disturbance. For example,
in the late 1960's, both thermckarst subsidence and thermal

erosion were reported from portions of the Tuktoyaktuk L
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seismic lines where bulldozers had crossed areas of high.
ice content }Watmore, 1969). 1In the Mackenzie delta, summer
bulldozing for a seismic line resulted only in a slight

ihcrease in active layer depth- native speCies reinvaded

rapidly (Bliss and Wein, 1972).

'Ground swelling' (i.e. differential subSidence)
under railway beds was reported and described from the .
U. S.S.R. (Datskii, 1950). 1In fact, the construction of
railways @ay require the application of various techniques
as they do%er large areas where permafrost conditions may
be wvariable. Attention should be given to both soils and
drainage conditions and to the availability of sufficient

fill, which becomes a critical factor.

In northern Canada, the projected gas:pipelines

-

are of immediate concern. For land use impact. "The right-

of—way for northern pipelines is significantly wider than

in conventional conditions; both on the stage of working

on project specifications and in pPreparing working drawings"

{Spiridonov, 1972)r. .
Research for route selection for tﬁeinackenzie

transportation corridor as well as the construction of

the Trans-Alaska pipeline provide an abunéance of observa-

tions, data, and@ maps on the effects and sensitivity of

the tundra to man-induced disturbances (Everett et al.,

1978; Johnsonand Rowe, 1977). The experience gained has

led to0 many recommehdations. For example, in the case

R - it
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.zof‘a warm oil pipeline, irstallation above ground is
required to allow neat diesioation:through the air. By
contfast, as oipelines must be buried, and this may create
frost-heave.problems, especially in the discontinuous perma-
frost zone (e.g. Williams, 1979); Additional problems
may'also arise; for example, when pipelines cross rivers

or creeks they may be subject to ice denage (Ferrlans et
._el., 1969). Aas with most linear facilities, " . . . the
lcorrect selection of the route is practlcally imposszblel
without comprehenszve study; and the 1osses due to mistakes
incurred by the abEFnce of needed 1nformatlon would be
considered higher than the cost of research" (Splrldonov,
1972). At the present time, cost seems to be the most

limiting faotor, while construction techniqueé are related

to the soils.and permafrost conditions encountered along

the route. -

2.3 Terrain Sensitivity Maﬁping

2.3.1 Eistory of mapping in
permafrost regions

Early geomorphological maps {e.qg. §t—0ﬁge, 1965)
Sérve as a necessary stepping stone to the deve10pment_
of the applied aepects of geomorphology. The first applied
maps were those sponsored by the Geological Survey of Canada
and the Department of Indian Affairs and Northern Development,
wnen selection of the Mackenzie Valley Transportation

corridpor was undertaken in the early 1970's. These are
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the l: 250 000 Terrain Classification and SenSitivity Haps ) i

which illustrate land response to disturbances in relation ¥

to surficial géology (e.g. Hughes, 1970). Terrain

Disturbance Susceptibility Maps were also elaborated at

otk sk araa et b i

a larger scale for smaller areas (e.g. Rurfurst, '1973),

T

and terrain sensitivity photomosaics were: Prepared by 'J.’ - ]
C. Sproule and Assoc1ates, under contract to Indian and

Northern Affairs (Sproule, 1972-1574).
r o
In the mid 1970's, -2 Terrain Classification and

L ]
Evaluation Map was conceived as a pilot study for. integra-

ting both data collection and presentation, using a multi-

'dlSClpllnary approach (Barnett et al., 1975,-1977). By

' the late 1970's manv of these terrain maps existed, other

TR Sy ST |

examples being those by D. A. Hodgson ﬁ1978) ‘D. A. Hodgson

and S. A. Edlund (1977); and P. J. Rurfurst and J. J.

3 I S PP S A AP E,

Veillette (1977). The Trans-Alaskan Pipeline Project pro-

vided an-opportunity for 1:12,000 maps showing the 1andforms

PRSPy T D8 YT FIRN

expected in a 3.5 km wide corridor along the proposed route

(Kreig and -Reiger, 1976). Finally. K. R. Everett et al.

AV RTE v R

(1978) produced a geoecological terrain sensitivity map
of coastal tundra in Alaska which brings together a combina- %
"tion of soils, vegetation, and landform data. B
Current trends are that more detailed site specific
investigations and the retinement of the geocecological

mapping approach are .+o be expected (French, 1980a).

oL
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-2.3.2 -The §eoecological appréach

Susceptibility and sensitivity imply the response

of a given terrain type to impact. ‘As such, they are_highly

~subjective concepts. .For example, a sparsely vegetated

-range may generally be said to be less sensitive to distur-
bance as vegetation has a small thermal.- protectzon role

but it can also be .said to be highly sens;tive Af it is

considered as the range for ungulates (Barnett et al.,

1977). Therefore, it is essential for terrain characteriza-

tioﬁ to identify t#e regional differences which are signifi-t

cant_to the intended user.

Most often data for maps are drawn both from air

photo intefpretation and from field observations. Barnett

et al. (1975) suggest a2 minimum working scale of

1:250,000, whlle Webber and Ives (1978) argue}that a scale

‘smaller than 1:10,000 is of little practlcal ’”l

Obviously, the larger the scale, the more the map is appli-

cable with precision; scale selecty emains often influ-

enced by the available photographic and topographic map;,
and by the time ané money available.

J Basically, two different approaches can be
reeognized: the:geobotanical end the geoecological. The
former is the most widely used pe.g. Barnett et al.} 1975),

the latter the most recent (e.g. Everett et al., 1978).

‘Generally, in the geobotanical approach, surface material

is considered the key element of potential disturbance

while in the geoecological approach, a terrain sensitivity

v - - L PO R O 2
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map is produced bringing‘together a number of different

combinations of-soil, vegetation, arnd landform data.

a3t

Other approaches include those of T. A. Babb and

L., C. Bﬁise (1974b) where emphasis_is‘on sbil and'vegetation
susceptibility to disturbance. However, criteria to deter- -
mine the sensitivity g;oupingsfare-obscure: and the scaie -
used'(l:Z;QS million) is not useful.

. Synfthetic terrain eensitivity maps at a scale of:_
1:1,000,000 have been produced for tﬁehMackenzie Valley
(Van Eyk-an@ Zoltai, 1975). These incorporate mapping
by Kurfurst (1973) among others, and show surfmcial
geology and terraln senSLtivity based on ground ice, slope,
material, "and lnsulating cover. Other approachee _
z;Z{ﬁHe'the TAPS (TransziasEa Pipeline sttem) landform

ssification syetem. This provides a soil and terrain

*

conditioﬁs data bank which helps produce photomosaic " . -
maps’ at a scale of 1:12,000, together wzth geolog;cal and
geotechnical characterlstlcs (Rreig and" Relger, 1976) .

In the U.S.S.R., terrain sensitivity is.estimated on the

basis of previously existing geocryological maps (e.g.
engineeriog-geologicel maps, regionalization maps according

to type and intensity of therﬁokarst, thermal erosion,

and f;ost heaving)}. Furthermore, systematic photogeologic

mapping of areas under development is presently being

conducted (Brown and Grave, 1979). In North America,

Mackay (1972) has suggested that research into the origin

:
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of ground ice could contribute to a more economical terrain
disturbance mapping scheme An initial start has _been
made in this direction (e.g. Pollard and French, 1980).

.~

Perhaps the best example cf the geobotanical approach
is that produced for the cOrnwallis,_Bathurst, Eastern )
Melville, and adjacent Jsiands of the Canadian Arctic =
Archipelago (Barnbzé/:;?:i., 1975, 1977). EHere, surficial
materials are considered significant elements of the terrain
when potential for disturbance is being considered.s There-

fore, they form.the nucleus. around which other terrain }

factors are_grouped > For a rational assessment of the

Problem it is believed information is needed on  (a) surfi-
cial‘materials, e.g. ice content, texture, engineering
propérties, (b) topoéraphf and'landforms, (c) geomorphic
brocesses, (d) drainage, (e) vegetation, e.g. percent
coverage, and composition, (£f) summer temperatures and
moisture balance in the soil, and (g) wildlife. The data
are gathered either from integrated studies or from aerial

photoé?ghhv, supplemented by ground reconnaissance with _

Shallow drill cores.

The geoecological scheme (Everett et al., 1978)
emphasizes both.the bioPhysical and the geotechnical proj
perties or the terrain. | '

The philosophy behind this approach is-based‘on.
the similarity between the vegetation{ soil, and landform

boundaries. In areas underlain by permafrost, existing
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1andforms provideea maximnmrinterrelationbbEtween soils

. and vegeti’ion. This is probably a’ reflection of the harsh
arctic environment, where plant, animal, and soil development
are governed by. 1im1ting factors, macroclimatlc differences,
,and5compet1tion between’ speciés. Under certain Tocal
”climatic conditions, or terrain and landform characteristics,
soil formation and vegetation colonization‘w;ll be a function
of fﬁe severe ennironment and of any limfting factor. For
example, unéerlyingra high-centered polygon, soils will

be cold, wet, apd mottled (e.qg. Pergelic Crzagnoll or Humlc
Cryvic Gleysol), a reflection of the reducing ‘environment.

The vegetation wall be that of relatively poorly-drairned

areas, e.g. Carex aquatilis, Saxifraga oppositifolia.

 Nevertheless boundary delineation remains subjective as .
terrain properties are highly variable even witnin a given

" landform unit. For example, the moisture content at the
edges of a - low-centered polvgon and in the center may vary.
The dlfference may be sufficxent to host different plant
speC1es. _
" Soil and vegetation maps'are combined with geomorphic
units. A master map is elaborated from which derived maps
-are.avallaple, depending on the user‘a needs.’ The,informa;
tion upon each landform unit must be manipulated in

response to factors such as.season, type of disturbance;_
frequencf of impact. As such " . . . perhaps the most

icomplex of all the derived maps developed to date involve

.
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tefrain‘éensiﬁiiity' (Everett et al., 1978, p. 363)." This
is dwe-fp the interdepeéndence .of many of the variables

and to the absence of unifying theories.or concepts on

.
terrain sensitivity.
At ]
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CEAPTER IIT
" WELLSITE DISTURBANCES

3.1 Introduction

In recent years, disturbances‘éssociated with oil ‘P
and gas exploratlon have changed in nature and extent. :
In the 1960's and early '70 s, important problems related
to seismic operations and to transportation aspects (e.g.
Bliss and Wein, 1972). Today, mainly because of the stric
application of the Territorial Arctic Land Use Regulations
and thé;qp-operation of industry, major concern has turned
to sump construction, the disposal of waste drilling fluids,
and vehicle movement around Wellsites (French, .1978a, p/ 12;
19805}. This present chapter examines terrgin:distu;gﬁnce

at two yellsités‘inrthe Arctic iélahéé.

3.2 Dome Wallis A-73 Wellsite, - .
King Christian Island

'3.2.1 Site laydut

The well was commenced on ﬂay iG 1980.. At the
time of the wvisit, terminal depth had nearly been achieved
(c.3669 m) (figures 20 and 21). The well was dlrectiopally
drilled and.the mud system being used was a barite/bentonite
;ixtdfé.

Aécess to the site was by helicopter from thé-

-

King Christian Island airstrip located on the southeast

57 -
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Figure 20. Oblique air view of the Dome Wallis a-73 wellsite, King .
Christian Island, July 27, .1980. Note the melt-out of the .
sump wall adjacent to the bladder farm and the wet nature
of the surrounding disturbed tundra.
-
T~
~
Figure 21.

Living quarters, Dome Wallis A=~73 wellsite, July 27, 1980.
Note the rutting which has occurred following vehicle

movement in early spring. At the time of visit, movement

. was restricted to the catwalk and access to the site was
by helicopter. '
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‘corﬁer of the island. The-site plan isﬁgiven as figure

22. The living quarters and the rig lie approximately -
0. 25 km from each other. The main sump is at right angles ..
to the rig pad and measures 90 x 25 m. At the time of

the wvisit, approximately 2 m of freeboard still remained

(figure 23). The lease area is gently inclined with a

relative relief of approximately 4 m. The area actually

covered by installations‘(i.e. rig, main sump, living

‘quarters, camp sump, burn pit,* and flare Pit) is small,

-approxlmately 5,000 m?, dlstrlbuted over the lease area

of approxlmately 85,000 m‘ ?he camp s;te lies approximatel}
7 m above sea level whileé the rig and the main sump are

between 4-5 m above sea level. '

3.2.2 Merrain conditibns

In thé spring of 1980, surficial drilling around
the well, undertaken by Alterra Survey Limited, revealed
the preseqce of siltsrone with ice contents varying from
nil, t; layers of ice, approximately 0.3 m in thickness
(table 4).

- In July 1980, investigations of active layer
conditions and surficial materials at a number of sites,
revealed-thaw depths varying from 30 cm in undisturbed
hummocky terrain to 50 cm in wet disturbed areas (figure
24). However the thermal regimes of sites 2 and 3 are
similar indicating that in the disturbed site, vehicle

‘-—-_&-___u‘_--_—-—

movement-has\not resulted in a significant increase in

Vs
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Legend
BB Rig
E3 Sumps-
Living quarters
Z%% Run-off channel

Source: A-ltérra Surveys Ltd., April 1980.

-

® Boreholes

(Alterra Surveys)
4 Wellhead

--—Catwalk

» —s8m—LContours, a,s.l.

@"@Thermal measurements sites :

Figure,\zz. Dome Wallis A-73 site plan,
/ -

King Christian Island.
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Figure 23.

61

Main sump, Dome Wallis A-73 wellsite, July 27, 1980.
Sheeting and boards reduce melt-out of the sump wall

adjacent to the rig.
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TABLE 4

SURFICIAL DRILLING DATA OBTAINED BY ALTERRA SURVEYS LiD.,
FROM BOREHOLE DRILLING IN A 30 m RADIUS OF

DOME WALLIS A~73 WELLHEAD

APRIL 10, 1980

‘Borehole Drilling Data
- A 0 3' Siltstone (no ice)
3 4" Ice
. ' 4 = 43' Siltstone (no ice)
B 0' - 43" Siltstone
) c 0" - 13" Siltstone with small ice lenses
13" 43" Siltstone (no ice)
D o' 8" Siltstone (no ice)
8" 131 Siltstone with small ice lenses
137 18' Siltstone (no ice)
18" - 28" Siltstone with small ice lenses
28' - 43" .. Siltstone (no ice)
E o' 15" Siltstone {(no ice)
P 15" = 16" 1Ice
16' = 43' Siltstome (no ice)
F o' 15 Siltstone with émall ice lenses
157 453" Siltstone (no ice)
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8 temperature (°C) .

depth ‘(cm)

v}
3

Figure 24. Active layer thermal regimes adjacent to Dome Wallis A-73
wellsite, King Christian Island, July 27, 1980.

. ’ Site 1: Undisturbed, hummocky terrain (dry) .,

Site 2: Und:.sturbed depression (wet).
Site 3: Vehidle track (dry).

Site 4: Churned up area (a) wet; (b) dry.
Site 5: Disturbed area, flat (wet)
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thaw, The limited role which the surface organic layer
plays in controlling the thermal regime of the active layer
}dn polar desert environment has been commented upon earlier

by Bliss (1975).

Although no obvious relationship was established
between ground-ice content,‘Surficial material, and vegeta—ﬁ
tion, excess ice contents were found to.be variable. For
example, samples of the icy sediment exposed in the main
sump's wall conta(ﬁ§§:§5-70% excess ice (figure 25).
Although such an ice ‘body was not revealed by the Alterra
Surveys Limite%kinvestigations, this ice body was exposed
throughout the sump and appeared to be wldespread Given

the silty nature of the overburden, it must be concluded

that the Dome Wallis wellsite is under;ain by highly sensi-

tive terrain.

3.2.3 Extent and nature of
terrain disturbances

.- -
-

Several reasons explain the considerable ahount
of surface rutting around the wellsite. First, the ice-.
rich nature of -the silty sediments inevitablf leads to
muddy conditions. In mid summer, walking between the
installations was only possible by 'catwalks' (figure 26),
and a helicopter pad had to be installed for normal access
to the site. Certain areas showed evégence of water

saturation of the active layer. Liquification, consegquent

upon repeated trampling by foot, was easily obtained.”f‘\\\\
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Figure 25.
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i ~
Massive ice exposed in the sump wall at Dome Wallis A-73 °
wellsite, King Christian Island. The origin of this ice

is uncertain; it may be beach-fast or sea ice buried
beneath si%;y colluvium. Photo: July 27, 1980.
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Second, wvehicle movement in the early thaw period probably *

' led to the destruction and removal of the surface organic .

layer as well as to soil compaction. In the case of - .
- c o ) .
) excessive movement, rutting has occurred (figure 27).
N .

_ Melt-oit around the sump is related to the presence
of ‘the massive ice body. éolyurethage ‘sheets, which line

the suﬁp‘walls, operated to reduce the -degree of melt-

H

cut. However, given the.unconsoliaated nature of the over-
sxden, its thinness (<l m), and the fect that the A-73
;s a sﬁmmer operation, degradatioﬁ of the sump walls
is 1nev1tab1e (e. g. see French and Smlth 1980 for thermal
‘cdndltlons adjacent to sumps).
- ‘__ " A ﬁumber of compactlon values were made at Warloua;‘
localltles around the r;gszte.fﬁThese are tabulated in
table 5; Modal shear strength values of undisturbed terrein
‘were 0.42 kg/cm?® while those for disturbed terrain were
significantly higher, ‘ranging between 0.47 and 0.%0 kg/cm?.
However, the fact that thermal regimes in both disturbed
§ and undisturbed sites were approximaeely the same (see .
figure 24) indicates that the incfease'in thermal conduc-
tivity associated with this. increase in oompac;ion is not
. siénificant.\\In allfprobability, the.more important contr i
over the thermel regime is the presefvation, albeit dead,
of any surface ‘organic materials, together with the local

N’
moisture conditions.

> -
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Figure 26, Extensivé vehicle rutting, as shown here,
Dome Wallis A~73 wellsite was probably caused in early
spring. Gullying along tracks was minimal on account of
the gently sloping terrain. Photo: July 27, 1980.

‘adjacent to the

[
.
IS

Figure 27.. Local site conditiéns at Dome Wallis A-73 wellsite, July
27, 1980. Silty colluvium, derived from Christopher Shales,
underlies the site. - :
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I TARLE 5 ;
: . . .
ACTIVE LAYER AND TERRAIN CONDITIONS ADJACENT
- TO DOME WALLIS A-73 WELLSIIE,
X " KING CHRISTIAN ISLAND - . .
(JULY, 1980)
‘Shear Strength
) Modal
Site . Act:we Layer Depth Rang\: Value
No. . Site Description . (cm) - N (kg/cp? (kg/em?) .
k
- . - - 1
1 Und:.sturbed humocky .3 7  0.26-0.63 0.42 3
terrain; clayey - :
silt ]
2 - .Undisturbed, depression; 350 7 4 0.06-0.19 0.10 _ ;
clayéy silt . % : . . bR
< " * - -}
3 Vehicle track,_ dry; . .36 7. 4 0.53-0.84 0.70 k
sile ‘o < : ]
4  Churned up area; between tracks 42 - 7  '0.03-1.19 0.70
‘S'ilty dry ’ . under track 28 . ‘ . -E
, ) ) - ‘ A N - ﬂ
5 Flat disturbed area, _ .« 58 3 0.42—0.4_9 0.47 . i
~ wet; silty clay . T i
- ‘ . } ’ . -A
: . e g A
& . . g
e~ < -~ N, . - . 5
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3.2.4 Dideussion
€ terrain at‘tbe Dome ﬁallis A-73 wellsite ‘is
characterized by a relativel high sensitivity. The major .
variables known to influen sensitivity, namely fine- .
-grained uncgnsolidated matexial and high ice contents, r?feg
are present “at the site. Given the shallowness of summer
thaw, it may be concluded that tpgiterrain is-particularly
sensitive to physical disturbance, either by removal or

compaction.of surficial,material

: . Vegetation is a@lex controlling factor in the ' .
high Arctic where the plant cover/active 1ayer depths rela-
tionship is non—causal (Babb and Blissu,1974b). Since

severe growing conditions inhibit the development of a

»

strong insulative. cover, active layer thickness appears
related to moisture co::ndit:’.c:ms~ Measurements of the “thermal .
regime at a number of both disturbed an undisturbed sites

show this effect (see figure 24). Furthermore, data indicate

1

. that disturbed terrain is usually cooler at the surface : ;f
‘and_warmerJat depth than adjacent undisturbed terrain.

. This.4ds probably due to the lowering of surface albedo
_following dis urbances, combined with the latent heat loss
caused by evaporation of_surface:noisture released by the

'tdegrading permafrost. ' I £§ : N X
Given the high sensitivity of the terrain as .

‘e

discussed above, and- given the nature of the weII/d;illing

" / / .t *
-operations, some degree of"- terrain disturbance is to be :

'
‘\

s' . - : . - - | B
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expected. Since ‘the Dome Wallis A-73 well;ls a summer
operation, it is a 'worst case' situation._ In response,
the company has adopted several methods to minlmize dlstur—
bance. For, example, catwalks and platforms connect the
,various installations minimizing movement over the tundra.
Also, polyurethane sheeting has been installed to prevent
,sump\\eltfout. on the other hand, vehieles moved around
the lease when the ground was thaved, resulting in a high
‘degree of rutting and }ehicular disturbance. This probably
. ocourred in late spring. At_that,time, air- temperatures

N - ) — . .
were probably still below freezing and vehicle movement

was allowed under the Arctic,Land Use Requlations. However,

snow removal may have ledlto an increasé in albedo and

an artificial acceleration of the amount of thaw. Sate

spring 1s a critical: period th%fefore, since frozen ground

{cannot always be inferred glven the mean air temperatures.
Compared with other sites v;srted during the

summer of 1980, the DomelWallis site/possesses arhigh

sensitivity to disturbance- For.example, at e Stokes

Range wellsite on northern Bathurst Island,-the underlying

bedrock is a consolidated sandstone, there is little ground

.ice, and vegetation~1s virtually non-existent. As a result,

terrain sensftivity is low (figqure 28). . The area gs well-

drained and the abandoned wellsite is located on a

B

fglsenmeer; or block field surface. Disturbance was,

' minimal. For example, the construction of.the'airstrip

-
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Figure 28.

-
T
J‘j

Figure 29.

TyPicéi felsenmeer surface adjacent to the Stokes Range
wellsite, northern Bathurst Island,. July 27, 1980.
. ¢

-

, . . .- -
:ézokes Range wellsite, northern Bathurst Island. In such
a non-sensitive area, the construction of an airstrip
produces minimal disturbance.
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produced virtually no disturbance (fiéure 29} .

3.3 Chevron Parker River J-72°
Wellsite, Northeast Banks Island

3.3.1 Site lavout .

The wellsite was drilled during the winter of 1978-

1879. Since it was spudded on January 13, 1979 and drilllng

was completed by May 22 the whole operation was conducted
while.the ground was still frozen. Total depth achieved
‘was 3,010 m.

‘ Access to the wellsite was by winter road (figure

30) from the Hercules landing strip at Passage Point. " The
$1te plan (flgure 31) shows that the rig and living quarters

© lie relatlvely close, approxlmatelv 0.15 km distant.

§.3.2 Terrain conditions

Typical terrain of the area adjacent to the wells;te

(see figqure. ﬁ;{/sﬁSlSts of a till covered upland surrounded
o

by extensive pes at angles ranging from 2 to 20°. ﬁreas

of meadow tundra occupy poorly drained depressions. The
lease area exlibits a transition from upland tundra on
the upper slope to meadow tundra on the lower slope’ and

near the creeks (figure 32).  Average thaw dépths were

found to be'64 cm under undisturbed ground,‘both bare and

vegetated while in disturbed areas, active layvers vary

. between 50 and 60 cm‘deep. As at Dome Wallis A-73, these

values indigate the minimal insulative role played by the

vegetation,

D
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Figure 30. Access to Chevron Parker River J-72 was by winter road
from the airstrip at Passage Point some 15 km away.
Damage is minimal, in some areas the route of the winter
road is not apparent. Photo: July 28, .1980.
. . .
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G83#088rs

Flare pits

~390M— contours

#*" Road

Source: Alterra Surveys Ltd., November 1978,
Figure 31. Site plan of Chevron Parker River J-72.
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Figure 32.

»

General view of terrain adjacent to Chevron Parker River
wellsite, northeast Banks Island, July 28, 1980,

]

3

“»

“ L ———

COLOURED P

T

-

13

T T T e e e — v 1 4

——

TURES

L A PRSI % 08 % VT T



N

~ indicate 1) the low.degsge of cohesion of the underlying

n

" from vehicle movement and other activities. The latter

dgilling operations. - : - :‘ o .

‘landscape elements, both natural (e.g. stream channels)

T T e
A . ‘ ‘ o S 3
Soil shear strength values were found to 'be’ T
. 4 .

relativer 1ow, as compared to those recorded on King

Christian Island. For example, values in the order of

0.17 to 0.28 ig/ch‘in undisturbed areas and 0.28 to~0.39

kg/cm? in disturbed areas were measured. These values

sediments resulting from their sandy nature, 2) the rela-

‘tively small increase in compaction which has resultegd

is probably a':eilection of the nature of the winter well

- Field investigations did not reveal high ice con- /§

SR TUE TYRLE RRE  IR VI T PERENE L. o ry FEL PR SR Py WPV N Ty

tents in the underlying sediments. Only in valley bottoms
dccs=terrain of relwtively high sensitivity exist, due
there to the higher water contents and the presence of

vegetation.

* 3.3.3 'Extent and nature
of terrain disturbances ) .(f

A terrain disturbance map was compiled in the field

PR e PR SRV . vt el A 427

ot

G

by tape and Brunten survey (figure 33). The approach and Z

s

classification of terraid iypes was based upon the appli- .

A

cation of 1) the geoecologicai mapﬁing approach (e.g.

Everett et al., 1978) and 2) the identification of sQEZific

tzpcs and degrées of disturbance. ‘In total, three

.undisﬁurbed terréiniunits and seven disturbed terrain units

U s Nk i e it

were recognized. Additional symbols were provided for

»
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and man—made (e g. seismic shot holes). Natural units were
fclass;fied according to surficial material, percent
regetation cover, Presence or absence of patterned ground, and
slope. nisturbed areas were classified according to

either the degree of damage to vegetation (e g. surface
scuffing, vegetation dead) or to the nature of the distur- -
bance (e.g. borrow pit-area). The scale of the mapping

was 1:2;500. .

. This mapping revealed the extent of disturbed
terrain to be limited to the dreas adjacent to the wellsites
and living quarters; The largest disturbed area con\isted

‘of surface scuffing where only slight compaction has occurred
‘(figure 34). More heaVily disturbed areas were thosé\
immediately adjacent to the well head and north of thg
main sump. ' The latter Rrobably reflects the" a‘ea whejF
the excess sump material was placed. No eVidence of rutting
was observed and the sump infill had compacted well. There
was no evidence of spillage of waste fluids upon the tundra.
Additional disturbance was produced during the site
rehabilitation operations (figure 35) . These were.:

' essentially borrow pit areas where surficial materials

‘ were scraped and vegetation killed tfigures 36 and 37).

L

3.3.4 Disc on

”

The area possesses relatively low susceptibility

v o cm—ttn

to terrain disturbance. fhaw depths are natur 1 deep-

<iand differences in depth between disturbed and undisturbed

/

-

[ 4
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Figure 34. Disturbed area in 1c1n1t:y of Parker River J-72 wellsite
showing light ff:.ng and disturbance. Organ:.c material
- (Salix sp.) unqzmed in places as regrowth is- apparent.
- . Photo:. August 1980.
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Figure 36.
—

Figure 37.

€ 82

Infilling of depression left

River J-72 wellsite. Photo: August 3, 1980.

in main sump, Chevron Parker

General view of clean-up operations, Chevron Parker River .

wellsite.. Wellhead marked by the sign. Photo:

3, 1980.
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Sites virtuaily non*-existent. Furthermore,‘soil shear
. strength values dgrgot indicate severe compaétzon of the

-

ground during disturbance. The lack of evidence for ground
ice bodies and a h;gh ice content also poin:‘to a low
terrain sensitivity. Finally, the sparse vegetation cover
(5=~15%}) plays a weak insulative role- its dzsruption does N
not lead to significant 1ncrease in thaw depths.

Most disturbances are essentially physical that -

is, removal and/or dlsruption of surfrcial materlal and
. of vefetation. However, the sandy gravelly nature of )
'surficial materials, the lack of high ice contents, and
the gentle slope all combine to minimize subeequent terrain
disturbdnce. Areas affected by disturbance are restricted
to the lease area and,’ apart from the sump,- the major
terrain damage occurred during site rehabilitation.

‘The major co;;1usions emerging from thesé observa-.
tions are as follows: 1) In terms of degree of disturbance,
summer drilling, as represented by Dome Wallis A-73, pregents
more problems than winter drilling, as represented by +«-
Chevron Parker River J-72. 2) As discussed above, terrain
sensitivity is higher at the King Christian Island site,
wﬁere unconsolldated shales with high ice contents underlie

?(///the site, than on northeast Banks Island where the
surficia} materials are sandy tills with low ice contents.

The degree of disturbance at the Chevron Parker River J-72 is

small in comparison to that at Dome Wallis A-73.



—~ the Territorial Arctic Land Use Regulations. First the

.. ' o o 84

There are several observations of relevance to

. Deme Wallis, site illustrates that terrain damage, eépecially

rutting, can occur late spring. This is a critical"
) ~ * '

’

pericd and the necessity-of ¢close control of operations!

. o S .
at that time of year is highlighted. Second, the Banks ,fy/TT\

-

Island site illustrates that disturbance can occur dur:ng

clean-up, particularly associated with minor sump infill BN
. ' %
operations in late summer. The advantages of site rehabili-
L)
tation must outweigh the extra disturbance caused, before
*

such work is authorized.

»



" Island hés recently been clarified. Southwesterﬁ Banks

CHAPTER IV

TERRAIN DISTURBANCES AT SACHES HARBOUR

-

VA .
4.1 ILocal Terrain Conditions s

General information concerning the Sachs Harbour
area has already been presented in Chapter I. 1In this

chapter, information related to terrain disturbances is

L

‘presented.

-
>

4.l.i ‘Surficial materials

Interpretation of the glacial history of Banks

Island was overriden by an ice sheet in early Wisconsin'
times (Vincent, 1980b, p. 217). .A major ice margin, dated

from the Amundsen glaciation (Vincent, 1978, 1980a) lies

in the vicinity of Sachs Harbour where it forms a ridge

¢. 300 m high on which the airstrip is located (see figure

11). | | .
Coastal sections indicate the nature of the sedi-

ments whichtunderlie‘the settlement of Sachs Harbour.

Till is overlain by sand which is in turn covered by colluvium.

The colluvium is a solifluction layer, rich in gravels

and derived from the ,Sachs Harbour ridge. The sands are

- fine tomedium, yellowish, and well stratified, probably

of distal outwash origin. The till, characterized by a

, . 85

1
§
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-

_blue clayey matrix contains striated Paleozoic erratics;f’r\
probably derived from the Shaler Hountains of Vlﬂjoria
Island. - ' '

4.1.2 The aifstrip

. "The airstrip, built obliqﬁely across the crest

of the Sacpe Harbour ridge, is underlain by gravelly,

sandy sediments. Borehole data (ffench, 1975a) indicate
variable ground- ice conditions., For example, in unéiéturbed

terrain north of the airstrip, ndtural liquid content

.
- '

variges from 30-1,874% with excess ice values of 10-9é%‘
" (coarse sand and foliated ice respectively). On disturbed
terrain adjacent to the azrstrlp natural water coE;ent
varies between 40 and 129% while excess ice occupies 35

to 60% of the total sediment.volume (sand a;g g;evel and
fihe sand respectively). The ground ice conditions suggest
that " . . . the overall volumetric ground loss upon thawing
of the ice-rich sediments and the ice wedges may be as

high as 20-25%" (French, 1975a, p. 136). Natural water
(ice) contents were found to.exceed the liquid limits.

Upon thawing, thefe%ore; these sediments become extremely -
mobile and adjust t? any ‘ground surface changes that may
occur through the release of excess water. Ground ice
‘conditions as well as Atterberg limits are given in table

6' -

quézstency limits for sediments wiehin the disturbed

terrain adjacent to the airstrip at Sachs Harbour are

o

3
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ﬁletted on the plasticity chért'(figu:e 38). These samples
are described as inorganic silts and/clays'and/or very

fine sands. All possess low plasticity and thus are hlghly
L3

sensitive to dlsturbance.

Ll
-

o
Adjacent to the airstrip, a netwprk of ice wedge .
polygons is widely developed and particularly visible .
on air photogdraphs (see figure 11). .
'Utdistufbed active ‘layer depths are provided by
measuremeénts taken .in various upland tundra areas adjacent
to the iifstrlp 6f1gure 39a). Thaw depths are approxlmately
70 cm under vegetated areas and 80 cm under unvegetated
areas. These data indicate that vegetation is an lmportant'
thermal insulator in'tﬁese upland tundra sites. However
surfacelaﬁd g;ound temperatures are highly variable-aﬂa.
appear dependent on anglevand aspect ot the-slope.' ?or
example, highest surface temperatures are recorded on

*

steep south-facing slopes. - o 7

L

A-- »

4.1.3 The settleme%t

i _— . -

The townsite is underlain by colluvium, a prodﬁct-iﬁ

"} -

of mass-wastxng from the Sachs Harbour rldge. Ground- -

thermal regimes at a number of typlcal undlsturbed sites ;

-

-
- '

iA the .townsite are glven in figure 39b Thaw depths

vary between 60 and 70 cm for areasLWLth vegetation cover

greater than 50%. As such, thaw-depths.are less than "3
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The area thought most senSitive to disturbance

-

occurs .at the westérn limit of the settlement (see figure

l4).~ _This area possesses 'wet' tundra charactsristics- - -

™

vegetation is abundant, SOll magéaia} is fine,  and .the

-
»

j;idge topography favours the accumulation of large snowbanks

immediately‘ppslope. This area _hovwever, has been one -

" -

‘of the most heavily disturbed since vehicles freguently

-

traversed the area between- 1970 and 1975 in order to reach

the town dump Situated approximately 600 m to the west

- -

of the settlement.: -

v L)

4.2 Nature and Extent of
Airstrip Thermokarst

4.2.1 'Introduction y - _ .

» . The major man-induced disturbance in the Sachs )

-~

Harbd\r vicinity is that assoc1ated Wlth the construction

and maintenance of the airstrip. This was built between

-1959 and 1962 and is located obliquely across the crest

of the Sachs Harbour ridge. While thé: west end of the

strip lies upon the crest, the east-end is aligned

-

southwest-northeast. As a consequence, grading of the,

airstrip was required to eliminat

epression.

For this purpose, as well as the initial constructieon,

approximately .Os’km’ of adﬁacent,terrain was disturbed

as material was removed during 1959 and 1962 (French,
. - ‘
1975a). - ' .

-



-

. Maps of the airstrip and adjacent disturbed terrain,
including the townSite of Sachs Harbour, for 1964, 1968,
-1972 1975, and 1979 may be used to trace the history )
-of terrain doterioration and recovery.’ From these maps,
information  such as the total disturbed surfaces associated
‘with the airstrip, and the sdrface area covered by standing
watsr\bodies.is coﬁpiled. These data are presented as
table%?:}\éi§3, the evolution of the pattern of ice wedge
thaw‘depressiOns\is mapped to evaluate the speed of morpho-

logical stabilization. Finally, disturbances of different

N —_—

ages .may be regognized; this provided the opportunity
for thermal measurements to be undertaken in the field
in 1980 so as to determine, within a time context, the

nature and rate of thermal stabilization.

.
-

+ The five maps produced from air photos are presentéd
as figures 40 to 44. Measurement errors are not believed
to be excessive as disturbed sur%gg;s were determined
to ths 0.0l cm? on the map, and exact scales were used
toloperate the transformations. A legend common to the
five - maps describes Both the natural units of the terrain
and the disturbed terrain (table 8). Classification of
fthe disturbed terrain was spatial, i.e. disturbances were
termed 'at-a-point', ‘'linear', or 'spatial', rather than

‘genetic, e.g. disturbances associated with the construction

of, the airstrip, with vehicle movement, étc.

.



a 93 _ . . -
. . A
» - . . - i
.TABLE 7 e

TABLE SHOWING SURFACE AREAS (OVERED BY STANDING :
WATER BODIES AND THE TOTAL AREA DISTURBED" -
ADJACENT TO THE SACHS HARBOUR AIRSTRIP,
— | —  1964-1979%

-

— Surface Cove:ed by Standing Water Bodies

Disturbed % of North South -

surfaces Total total area of airstrip of airstrip
Year © * (km®) (km?) disturbed (kem?) o (km2)
1964 0.67 - - ’ - ’ -

" 1968 .- . 081 . '0.157 19.38 0.063- 0.093
1972 : 0.80 192129 10.4 0.054 0.075
1975 . 0.74 0.026 - 1.9 0.010 0.016
197¢ - 0.76 0.045 3.4 0.019 0.026

S .

*Note the general decrease of standing water bodies. Data
-obtained from air photographs.

‘ | ' . oy

»
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. upland tundra areas with variable vegetation covers, slope

he N

: T 94 '-_."l | .
The mapping of 'disﬁurbed'-as-opposed to
,undisturbed' te:rain was somewhat subjective. Terrain’

was regarded as disturbed where 1t was clearly visible

material had been removed and/or vegetation disrupted.

'Because the scales of the air photographs are different,

ranging from 1:5,000 to 1l: 100 000, certain inconsistenc;es

may be present.

4.2.2 Early development,
1961-1964 (figure 40)

Hummocky thermokarst topography appeared within
three yedyrs of tne initial disturbance (see:. French,
1975a, p. 137; 1926a, p. 131): The 1961 air photographs,
although at a small scale, indicate small thermokarst
ponds developed on the southern edge of the airstrip.
By 1964, man-induced thermokarst terrain covered 0.67 km?.
The len§th of vehicle tracks and other linear disturbances,
also assgciated for the most part with the airstrip, totalled

,

15.5 km. Spatial disturbances are mostly restricted to

angles, and surficial materials.
- “The i964 air photographs also show a‘' number of
linear, through-like depressions. Thase'are tnoﬁgﬂt o
be due to preferential thawing along the line of ice wellges.
Their plan appéars consistent with a random orthogonal
pattern.. ﬂhilg thermokarst ponds and mounds typify much

of the borrow pits area, the ice wedge thaw depressions
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are appakegt only in-the'ngrthwest.porfibn of the disturbéd
areg'adjabéﬁt to the airstrip.

Also nopic;able on the 1964 air ?hotograpﬁs ié
2 gully in tﬁe east-end dirstrip.depression. This has
been cauSed;by water accumulating jin the borrow pits on
the higher.south side of the airstfip, ovefflowing across
the strip in the spring. 1In subsgquent years, ;ir ph&ios.
reveal thi§ gully to be a recurrent problem, relatéd to

the fact that the airstrip was not properly aligned across

‘the crest of the Sachs Harboizgaidge?\
k]
o

4.2.3 Extent in 1968 (figu;g’ETTJ
D .

In 1968, the disturbed terrain/adjacent to the
airstrip increased by 20% to 0;81 ?, as furthg; aggregate
was sought to gﬁédé the airstrip. This increase reflects
the paucity of suitable aggreg;te deposits which constitute
a thin veneer to the éachs Harbour ridge.

The‘same features were present in 1968 as were
‘observed in 1964, with minor modifications: 1) The ice
wedée‘thaw depressions, northwest of the airstrip, appear
more integrated than before; tﬁe'crude random orthogonal
paftern can be petter recognized. Adjacent undistufbed
areas reveal similar conﬁractioﬁ'crack patterns and support
the interpretation that these linear features reflgct'
the preferential thawing along ice wedges. 2) Standing

water bodies promoted by thermokarst subsidence and, to

some exteht, thermal erosion, have incréeased in size and

§ N
!
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numbér, particularly in the terrain south of the airstrip.

- . T—— R
_At this time, 19.8% of the disturbed terrain is occupied -

‘by water boqﬁes of which 12.7% occﬁr south of the airstrip.

-~ 4.2.4 Extent in 1972 (figure 42) T~

! . 4

In 1972, the thermokarst ponds and mounds, as

well as the ice wedge thaw depressions, remain essentially S
-

unchanged since 1968. Nevertheless, their dimension and.
number decreases; also, the number of standing water bodies
~occupies 0.129 km? or 10.4% of the disturbed area, the

majority being on the southern edge of the-ai;strip. ‘?Enally,

the linear depression pattern does not appear to be as s
distinct as in previﬁus years."Post-Eonstruqtion-disturbances
are known to have occurred between 1968 and 1972 and these

may have modified the pattern.

5 m i i e, o -oa e ity 128 ol B e

-
€

4.2.5 Extent in 1975 (figure 43)

PRUPN .
.

In 1975, the disturped area associated with the-

airstrip totals 0.74 km?, a 7.5% decrease from 13973 (table

e R e & o Aem

7). This may indicate a certain amount of terrain

F.

stab;lization associated with ﬁlant'recolonization. The
standing water bodies now occupy only 0.026 km? or 1.9%
of the disturbed area. On the other hand, watexr bodies
are now present on the airstrip itself and‘others have
appeared northeast of the airstfip. Gullying within the
borrow pits north of the airstrip now forms an organized

network. Further gqullying has developed just west of

-

" RA R AR s e



) *ZL/8/6 ioqoyd jo w3 .:oﬂmoua Arn2
tgduey (% {suorssoadap mwyy adpom 297, (¢ fsaypoq
*ZL6T ‘dFaasaye anoqaey syoug je :wnuamu peqan3isfq

uuumaso (9 ‘!saepinoys pue draasayy (g
aajea mcﬁvcmmw:NWIIMWuaa moxiog (|

’ _ . *ZS.*05/£562Z2-V "AVN

.. o4 (| tu e VER AN

=

~

B AR T A R

‘Th oandyy

tadanog

.



B T —
b e T P

-

.- *6L/9/9Z toaoyd jo wjm( ‘uorsora A[In8 j18An) (9
f8aapynoys pup aﬁWumuﬂ< (4 fsduey (v mmzoummwunwv zmcumwvazwannumwﬁvoa.

d93es Buppueig (z ¢s3yd #oxxog (T °G/6T ‘dyizeage Anoqaey sYawg @ ure1lL] paqan3syq *Ch aandfyg

"Ly ‘9% ‘Sy/980YZ~V TdVN :odanog

.
3

..m [ mmmw .M tr Tt * AN .. ——

101

~

e



N

N\

~requiring approximately 200,

v
b
i

,&(J 102 ] ] ):V\

the airstrlp as water collects in depressions, accentuatlng

t&iging and subs;dence. Small gullles now erode the north
shoulder of the axrstrlp and form small natural integrated

d;alnage channels.'

"4.2.6 Extent in 1979 (fiqure 44)

In 1979, the disturbed-:terrain aﬁounts to 0.76 km?,

ba51cally similar to that for 1975. * The surface covered
by thermokarst ponds has slightly increased since 1975,

reflecting both (a) the fact that thermal stabilization

. is still incomplete, and (b) recent borrow plt activity.

‘The pattern of the 1ce wedge thaw depress;ons does not

appeeg to have changed since 1972.

. 4.2.7 Current situatfon, 1980

= Field observations in the summer of 1980, enable

the pattern of terrain disturbance and recovery, as
described earlier, to be further refined. 1In particular,
the effects of adaitionel disturbance caused by ongoing
construction activity during 1?%0 were b;iefly examined.
Commencie;\in tPe spring of 1980, the airsFrip is being

extended towards the east, from 3,000 to 5,000' “in length

r

m®> of aggregate. The
borrow pits are located approximakely 10 km teo the west,
utilizing ice-contact material asso

Harbour ridge. A 'haul road® has bee onstructed along

the crest of the ridge to transport the material from
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the borrow-areas’ to the airstrip.
During the summer of 1980, several importgnt‘morpko—

logical changes occurred in the airs;rip thermokafst terrain.

Thése included the elimination of the recurrent ghlly

at the east-end depression. A culvert, 30 cm in diameter,-“

was repiaceé by a 120 cm diameter culver# to prevént the

L3

runoff waters from collecting on the south Side.of the
airstrip and then'overflowing onto the strip. Also, various
standing water bodies on ﬁhe shoulders of the airstrip
itself were infilled as a resuit.of renewed ajirstrip grading.
They are still numerous elsewhere, however, especially

on the northern side of the airstrip (figure 45). Field
observations alsq indicate'thé ice wedge thaw depression

"pattern continues to be well developed (figure 46).

4.2.8 Thermal stabilization

Field work in 1980 included the'examination of
the degree of thermal stabilization at various disturbed
sites. The previous air photo analysis sérved as a basis v
and enabled a time control to be pléced upon the disﬁurbed
sites observed in the summer of 1980. Based on 1) air
photo interpretation (e.g. extent of standing water bodiésf

and 2} the amount of recolonization and size of

Puccinellia vaginata, as observed in the field, three ages
of disturbances were recognized. These were: 1) 1l6- )

21l year old thermokarst terrain. This occurs in the north-

west -and southwest disturbed areas and is associated
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Figure 45,
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Standing water’Body, typical of the disturbed area
adjacent to the airstrip, August’ 1980,
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Figure 46.
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Ice wedge thaw depression, north side. of the airstrip.
Width is approximately 1 m. Note the Tevegetation
CPuccinellia vaginata), August 1980.
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year “old thermokarst terrain. This ocecurs also in the = ...

northeast disturbed terrain adjacent to the airstrip and

107

’ R

with the initial construction of the airstrip. 2) 8-186 .

is related to airstrip maintenance and subseqaentﬁaggregate %
searching. 3 Recent (i.e. less than tgkee year .o0ld) 3
disturbed terrain. This is associated with a) material z*ﬁ ;

which has been excavated from th Sachs Harbour ridge,
4
just east of the- settlement, ) 1979 construction at

the east-end of the airstrip, and c¢) borrow pits where
material is presently being excavated for the airstrip
extensron. Ground thermal regimes were-measured in these

disturbed sites of different ages 1figure 47). . - Lo

As thaw depths are often a fun“ion of the amount

of material removed, it is useful to compare the thermal

R PR NP PO

: rfgimes on the basis of their temperatures at 20 cm.

these depths, ground temperature is a more‘diregg/feflec-
tion of long-term trends. , ,”/ '

In thermokarst areas initially disturbed Between
1959 and lQGfﬁ\the mounds Possess a relative relief of

approximately 40 cm. Thermal measurements between the

mounds reveal thaw depths of-about 120 cm while ground

temperatures at 20 cm are between 8.5° and 10°C. Within

3
N

thefe same borrow pit areas, measurements taken between

thekmounds show thaw depths varying between 75 and 100 cm. °© -~

]

TTERT TP RO T LY P

At aldepth of 2n cm), temperatures are between 7.0° and

7.5°C. Thisgmay'indicate that the varying thaw depths




e A B AL AT € sy T A SRARE TS L L e A RO o ...n.u. Bue

IRl L e T E R A L]
.

RS 8 4t iy g e P e
.ﬂ{

- ‘gsuorsgaadap (z), ‘syoomuny (1) pro iwak ¢ ue e
| . ) - ya ssay (9
puv 'pro 1eak ¢1-g (4 ‘pro 1mak 1z-91 (V :jo so3ls P3QiNIBYpP uo FaWTF0I TPwWiABY] HSE.M._. "Ly 2andyy _

1
»

- . .

twa) yidep

8

.

R 8 8

108

L0y

EQSQS_S’S




e 1. S

are‘mérely a reflection of the physical remofal of material.
Furthermore, thermal stabilization is incomplete Since

melting is still active; standlng water bOdlES ‘are still

numerous in this area. Under vegetated areas, thaw depths

were approximately 70 cm, while under unvegetated areas

they were approximately 80 cm (figure 39a). Furthermore,
under heavrly vegetated areas (90-95% vegetatlon) depths

‘.of thaw were approximately 55 cm (frgure 39b). It is

evident, therefore, that thermal stablllzation is still

incomplete in drsturbances 16-21 years old. ° . ot

In .2reas .more recently disturbed (i.e. 8-16 year o
A""f‘ 1

-
-

old drsturbances) thaw depths vary wrthmn even wider

range (see flgure 47) . Here again, m surements taken
e .
under depresszons show, on average’] shallower thaw depths

P S

iredilin

than those taken under mound At a depth of 20 cm,
temperatures range from to 8°C under mounds and from

5° to 6°C under depresdions. At 40 cm depth, temperatures

PRI SR TSR W R R W E Y W

are between 4° and g°C under mounds and 4° and 5°C under

depressions.

Ak

et L.l

For still younger disturhances (i.e. less than

three year o}d), thaw depths are even more variable. They

range betw en 25 and 90 cm beneath mounds and between
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sites (see figure 39).

It.can be concluged theiefore, that the older

disturbed terrain st a greater degree of thermal equili-

brium than the youngest dlsturbed terrain. In tbis context,
it may be recalfed that compactlon, and/or destruction

of vegetation leads to a significant increase in thaw
t

depth (see Chapter II). Compabison of thaw depths under

unvegetated undisturbed terrain with those under the oldest

disturbances shows the latter to be still in thermal

disequilibrium. However, by comparison, it can also be_ciearly

£:*shewn that the youngest disturbances'sho;\tki\z:eatest

gegree of disequilibrium. These data support e generaliza-

tion made by French (1979) that thermal stabilizition

begins only 10-15 years follow;ng the initial dlsturbance

v

and is not complete before 30 Or more years have elapsed

- -

4
3.3 Terrain Disturbance in the Townsite

_Dﬁring'the 1980 suﬁmer, seferal terrain disturbahce'
maps were made for those areas most affected by disturbances
within tbe-toﬁnsite. As for the wellslte studless

disturbances were described and classlfied on the basis
. of vegetation damage (e.g. vegetation covered, in the

case of built areas; vegetation mostly dead, where vehicles

have freguently traversed the tundra) . Gullying was also

cbserved.
*«

‘- One area mapped in detail is presented in figure
48, and illustrates the natu;e of terrain disturbance.
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- _The most extensive damage appears associated'with‘iutting

along vehicle tracks. This is concentrated in two areas:

{a) where vehlcles have crossed the tundra on thELI way

. to the town dump<hend (b) where vehicles have descended

the sloping terrain.between 'Government Row' and the main

road. These vehicle tracks have promoted gullying, which

in turn has been favoured by the gentle slope on whlch
the settlement is built.

The lqcal tdpography is conducive to the developmeﬁt

of snowbanks upslope from the village (French, 1975b)

and in the lee of the Sachs Harbour ridge.  These snowbanks'

pProvide spring meltwater which is channelled through existing

vehicle tracks, exposing ice wedges. The latter are then

subject to both thermal and fluvio-thermdl erosion. After

~

initial erosion, these gullies " . . « become the natdfal

sites for further activit& « e " (Fiench, 1975b, p. 463).
The importance of gull& erosion on sloping terrain,

consequent upon vehicle rutting needs emphasis since such

disturbances are not confined only to sites of o0il and

gas exploration in the Arctic.
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CHAPTER - V : SR
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Conclusions

Conclusions drawn from the present study relate

to an understanding)%g—éﬁérmokarst processes and the ef- .
fectiveness of thé Territoriél Land Use Regulations. The
observations presented in this thesis contribute to the
literature describing the impact of Arctic oil and gas
exploration. In addition, the nature of terrain disturbances
" linked with @ northern ‘eemmunity, such as Sachs Harbéur,'

may be of interest Eé.those involved in.northern settlement
Planning. The llmltatlons of the Present study, however,
must preface any discussion of these conclu51ons.

»

5.1 Limitations

The wellsites studied &ere chosen on logistical
rather than academic considerations. As a result, the
observations made at the two~ wellsites are not necessarlly
typlcal of all wellsites. In the case of the community
- studied, Sachs Harbour is essentially a prosperous hunting
community and as such may not be typical of northern

settlements. Vehicle traffic over the tundra by snowmobile,

L .
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motorcycle or truck and alrstrlp utilization is probably
heavier than elsewhere. Furthermore, the 'site of the
village, on a well vegetated south-facing slope underlain

-l

by ice—rich unconsolidateq deposits, is susceptible to

Severe terrain damage. Snow banks, immediately upslope

of e settlement, promote the formatlon of wet grassy

e S ko

tundra, highly sens;tlve to dlsturbance. The d;sturbed

sites are nevertheless of interest because of their variety

ot % i b

of 1)  ‘geodraphic locations, 2) terrain senéitivities

and 3) different times of year at which they were created.

' As the fieldwork was undertaken during summer, no

-

data on winter conditions were collected. Extrapolatlon

el o e

PR PSRN

of conditions from summer to winter and from one season

to another is difficult. In general, one can say that ‘ -

0 Aimd b i o

terrain disturbance in wintef is less severe than in summer

as the frozen tundra is generally snow covered and therefore

less sensitive to disturbénce. - _ ;
| One indication of the dégree of disédrbance of a

given site is the change in thg ground thermal regime. f

This relative}y direct approach was used iniéhe field.

Disturbed 51¥es were compared w1th undisturbed sites. Mea-—

surements recorded were then selected to be representative

—
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of each site. A better sampling design would now Se . .
possible in view of the limited time avallable at each Slte.
At Sachs Harbour, the spot“ nature of th observatlons
was supplemenfed by sequential air photo nalysis of the

development of terrain disturbance.

A further limitation concerns the climatic data:
As the two wellsites are not in the vicinity;of weather
stations, éxtrapolatioﬁs had to be made. This ;5 not
ideai although the discussion of these data is not detailea.
At Sachs Harbour; a weather station has existed since .
1955, approximately 1 km west of the airstrip.

. A fipal limitation relates;to applying the geocecolo-
éi;al mapping approaches. iIn spite of’the fact that this
approach was used in northern Alaska at a scale of 1:109,060
it would appear that the siterspecific nature 6f terrain
disturbances described in this study, is not conducive
to such a genéral mapping procedure. In essence, this was
because dlsturbed terrain occurred only within one landform
unit; in addition the main terrain variable of the geological

'approach was slope angle whjich was generally uniform. As

a -result, it was thouglit more appropriate to classify
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disturbed terraln on the basis of the damage to vegetatlon

and the cause of the dlsturbance.

.i-,,:.)

5.2 Thermokarst processes

This study provides information as to the nature

and rate of man-induced thermokarst in the Arctlc Islands

The air photo analysis at Sachs Harbour 1ndlcates that an

.irregular topography of hummocky terrain and standing
water bodies is created very soon after the initial dis—

turbance. Field observations suggest that this irregular

topography is influenced by the melt of underlying ice i
weage networks. Data presented support the conclusion of
Freach (1979) that the thermal stabilization of disturbed

ground beglns approximately 10~15 years after the initial

disturbance and that the stabilization probably takes 3

- - -

between 3 and 4 decades. The instability associated with. g
recent disturbances.is shown by 1) the difference in '
thermal regimes between disturbed and undisturbed terraln,

and, 2) the lack of unlformlty of thaw depths from site

to site.

A further conclusion relates to the control which

. .
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site specific factors exert over the thermokarst process.
For example, as illustrated by the King Christian Island
wellsite, plant cover in the High Arctic is sparse. As
a consequence, the plant cover / activelayer‘depth relation-
ship is non-causal. On the other hand, on southern Banks
Island the plant cover is linked with thermal regimes,
i.e. vegetation plays an important role as a thermal in-
sulator. Also, at Sachs Harbour, anglexand aspect of slope

were important; for example, highest surface temperatures

were recorded on steep south-faCing slopes.

5.3 Land Use Requlations

First, an obvious conclusion is that the degree of

terrain disturbance is directly related to both the sen- A
.
sitivity of the site and to the time .of year at which

the disturbance occurred. For example, thawing of the

ground surface was caused at the‘King Christian Island well
site, a high" ice content area and a summer operation,

while only superficial damage was observed at the Banks
Island wellsite which is underlain -by sandstone bedrock.

It is therefore; very important to assess the sensitivity

of ‘a site before a Land Use~Permit is issued; different
N \
\ '\“
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sites will require i/SiffFrent set of terms and conditions.
For example, if the-area is deemed highly sensitive, only

winter operations may be allowed

L]

Slte rehabllltat1%¥ as lllustratedrby the Parker
. River wellsite, was found questlonable 31nce addltronal
disturbance was caused by the clean-up operations. Cne
might quest;on, therefore, whether site rehabilitation 1s
i necessary to- the extent currently practised. .
The territorial ¥and Use Regulations were set up

\

%: 1970 at a time of r gééldly increasing oil and gas ex- .

Ploration-related act vities. Sln

some techniques

and equipment have ¢ nged (e.g. drilling fluids, vehicles)

and berhaps some of the Irms. angd conditions set need to

ébe amended. Without the e

-

\ﬁ&%&e been more severe than at'presentA(e;g. thermokarst

-

development at Sachs Harbour); in some cases damage even

ng regulations, damage may

\‘ with the Territorial Land Use Requlations cordybe less
v severe (e.g. spilling of drilling fluids over the tuﬁdra
instead of containment in a sump, when the walls are ice~rich).
A final point concerns, the applicetion of the
Regulations.. Perhaps they are effective in most cases but
not always correctly applies. The key to this problem.lies

in further applied research and monitoring of performance.
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<— ABSTRACT

>
Physical disturbances, adjacent to two exploratory

0il and gas ﬁellsites in the high'Arctic,rthe King Christien
Island Dome Wallis A?7B_aqd the Banks Island Chevron Parker
River J=-72 are described and compared with those occurring
at the commuﬂity of Sachs Barbour, on southern Banks -
Island. Conclusions drawn lead'to a better understanding

of the impact of man;induced'disturbances, and -in partdcular
the nature and-epeed of thermogarst. It was fodﬁd that

the control% over thermokerst include 1) moisture and

ice content, 2} vegetation, 3) material properties (e.g.

texture), 4) slope angle and aspect, and that they vary

from site to site in importance. Also thermal stabilization-

- <

of thermokarst terrain was found to begin only ten to
fifteen years following the initial disturbance and to

be complete after thirty or more years had elapsed. Distur-
bance is also a function of terrain sens;tlvity and the
time of year of the disturbance. For_example,_the Parker
River wellsite, drilled in winter presehted little physical
disturbance. ©On the pther hend, the King Christian Island
wellsite, drilled in summer and of high sensitivity, showed
great amounts of terrain disturbance. The effectiveness

' of the present Territorial Arctic Land Use Regulations

in minimizing terrain disturbance, in particular site
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rehabilitation, should be questionea as they influence

the overall degree of disturbance in the Arctic.
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- | RESUME

: Des perturbations de terrain associ&es 3 deux pults
de prospection p&trolidre dans 1 Arctique (le site de
forage Dome Wallis A-73 de 1'ile. Klng Christian et celui de
Chevron Parker River J-72 de 1'ile de Banks) sont décrxtg
puis compar&s 3 celles qui surviennent'a Sachs Harbour au
sud de 1'ile de Banks. |

Les concluszons conduisent 3 une compré&hension plus

compl3te de 1° impact des perturbations caus@es par 1'homme,. "

en‘particulier la nature et la vitesse du processus

thermokarstique. Les facteurs qui contrdlent le thermokarst

sont variables é’un site @ l'autre mais il ressort que les

plus$ importants sont: 1) f'humidité et le contenu dé glace de

sol, ‘Zi\la végétation, 3) les propri&tés du matériel,

4) l'angle de l'orientation de la pente. De plus, il semble

que la stabilisatidh-thermique du terrain thermokarstiqué

ne débute que 10 ou 15 ans aprés le début des perturbatiOns

et que l'Equilibre ne se réalise du'apré@s 30 ans ou plus.
Les perturbations sont aussi fonction ée la sensi-

bilité du terrainaet de-la saison. Par exemple; le site

de Parker River, foré'en hiver montre peu de perturbations

alors que le site de 1'Ile King Christian, foré en.été et

particulidrement sensible est beaucoup plus perturbé.
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On'peut s'interroger sur la pertinence des lois

4

actuelles (Territorial Arctic Land Use Regulatiohs), dont ia

porté€e influence le degr& de perturbation dans 1'Arctique,

en particulier la restoration des siges de forage;
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