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STRESSES ON SLOPE

Topography
Seismicity
River migration/incision
Recent glacial retreat
Human disturbance

LOSS OF MATERIAL STRENGTH

Weathered source materials

Intense rainfall and/or snowmelt events

Groundwater
Permafrost
Forest fires
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Energy, Mines and Hasourcas




generally on north-facing
slopes underlain by thick
organic mats and silt-rich soils

if present, restricts drainage

if thaws, adds moisture and
reduces strength

r?“;' " Ground ice on Haeckei Hill
- N
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In northern Alaska, permafrost is warmlng 0.25-1 °C/decac
to increased snow depths ' (Osterkamp, 2007) : i

In NWT (central/northern Mackenzie valley), permafrost is warming 0.3 to 0.6
°ldecade in response to increasing air temperature (Smith, 2005)

-____.-.Permafrost in southern Yukon and NWT is considered. v
not warming as fast £
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50. Mile.Creek tributary

Lipovsky et al., 2006 and Coates’ MSc, 2008
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* Usually triggered by river erosion or disturbance of vegetation.
* lce exposed in steep headscarp thaws and causes ongoing retreat.
* Material transported away in highly mobile flows that often travel several km.

Tributary of Peel River, 85 km east of Eagle Plains
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> Ground ice contents exposed in headscarp
up to 50% as thin veins < 1cm thick.

> Headscarp retreat rates averaged 30-40
m/yr between 1998 and 2004.

u ngth = 2200 m

eposit Width =1300 m




YUKON

. GI:'{).LGI‘._J[(__.!\L SLIRVEY Energy, Mines and Aesourcas
> River erosion exposed ice in ' ~ 2003 Photo

glaciolacustrine terrace prior to 1971.

> Headscarp retreat rates:
-1971-1979: 25 m (3 m/yr for 8 years)
-1979-1987: 112 m (16 m/yr for 8 years)

- 1987-present: a few meters

> Ongoing permafrost thaw related to
thermal and hydrological disturbance from
highway and nearby cleared fields.

Elevation Drop =11 m
Runout Length = 132 m
Source Area Width =107 m

> Buried utility lines rerouted above
ground and ongoing highway maintenance
required.

(from Huscroft et al., 2004) AT R = ]

Dates Active = 1971 to present

12
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bedrock

embankment fill

till

lacustrine silt

icerich lacustrine silt

sand

-, pre—oad construction surface

e | ground water flow

v
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pre-failure surface

> Base of bedrock slopes is common setting for ground
ice to form, due to converging groundwater flow into
fine-grained valley bottom sediments.

> 1996 boreholes through embankment found 2.8 to 3.7
m ice-rich silt beneath 8-12 m gravel fill (Paine & Assc, 1997)

> Thaw of ice likely accelerated by: e — o ~ Length=150m
- disruption of underground creek at toe of failure R Width = 250 m.

- water ponded by grabens (Sept. 2006) oy rea Impacted =2.8 ha

-_-Dates Active =1995 to present

- thermal heat transfer from dark fill
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> Scarps developed between 1989 and 2004.
> Large block below low scarp disappeared into lake between 2004-2005.
> Causal factors:
- creep of “warm” ice-rich permafrost on slope
- high ice contents from groundwater flow through confined glaciofluvial sediments

- thermal erosion by lake
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> Frozen till confined permeable glaciofluvial deposits during high
snow melt, triggering massive debris flow.

> Debris flow travelled nearly 5 km at speeds up to 40 km/hr).




Energy, Mines and Hasourcas

August 2008 record rainfall:
* Carmacks: 62 mm rain in 5 days

* Burwash: 120 mm in 4 days

(Environment Canada)



June, 2006

Source Area Aspect = Northeast
Slope Above Source Area = 11-16°
Debris Flow Elevation Drop = 675 m
Runout Length = 5000 m

Source Area Width = 150 m

| Deposit Width = 700 m

Area Impacted = ~50 ha
Date Initiated = 1981
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Source area of
debris flows

LEGEND
“~ 2006 lake core
/ Private land

Kusawa Lake
Territorial Campground

Nad 83 Zone 8 UTM Grid
Contour Interval 100 ft
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KUSaWaNIaHEN:

(1)

Landslide Scarp Low Shrubs High Shrubs
1470 (unvegetated) {dwarf birch <40 cm) (dense willow up to 2 m)

(avg. slope 25°) avg. slope 12°) (avg. slope 11°) =132cm
=132 cm

1465

LEGEND

=133cm

1455 active-layer thickness
(Sect. 11, 2006 frost
1450 probing depths)

1445

1440+

Elevation (m)
(.11 adojs ‘Bae)
yuegmous Ag
pa1aA0d sselg)

10m

T T T T T T T T T T T T 1
- 0 15 20 25 30 35 40 45 S0 55 G0 €5 V0O 7S &0 85 90 95 100 105 110 115 120 125 130 135 140 145

Horizontal Distance Along Profile (m)

Snow i
Bank Low Shrubs Low Shrubs (grass, mossberry, Ssé':f
14954 {Labrador tea, lichen) dwarf birch <40 cm) P
. {avg. slope 13%) {avg. slope 15.57)
actwe-layer thickness G0 ocm
— 32.0  pug 25, 2003 test pi)
Resistivity (QOm)
L C T T I Fsl=lml=" T F T T T T 1 |
1475 L1 676 1142 1981 3263 5514 9319 15749
1470+
Emsﬁ—
=
O 1460+
®
o 1455-
w
1450+
|
1445+ E [ T —
(]
1440+ | 1Dm
1435 +—— —
o 5 10 15 20 25 30 35 40 45 50 55 B0 85 70 75 20 85 a0 g5 10Cc 105 110 115 120 125 120 135 140 145

Horizonlal Distance Along Profile (m)



RUSEWANEAKENEAT

Energy, Mines and Aesources

1981/1982 rainfall

High, but not unusual, rainfall was recorded in Whitehorse and
Otter Falls in the weeks prior to the 1981 and 1982 events.

— may not be representative of conditions at higher elevation at Kusawa
— intensity, duration and antecedent conditions are important

In the 2 weeks prior to the Aug. 31, 1981 event:
— Whitehorse: <1 mm on 4 scattered days, ~1 cm rain on Aug. 31
— Otter Falls: Aug. 26 — 6 mm, Aug. 31 — 8 mm

In the 2 weeks prior to the Sept. 16, 1982 event:
— Whitehorse: Sept. 1 (4 mm), Sept. 2 (5 mm), Sept. 8 (11 mm)
— Otter falls: Sept. 1 (11 mm), Sept. 2 (1 mm), remainder: dry

Thresholds values on the order of 1-7 mm/hr for durations <1 day

have been documented in literature to trigger landslides
19
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> Initiated from gentle slopes.

> Very large runout length, deposit
width and area impacted.

Pelly River
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Source Area Slope = 9-13°

Runout Length = 2500 m

Deposit Width

1700 m

Area Impacted = 195 ha

July 2006



Pelly §
Crossing

Aspect = North
Adjacent Undisturbed Slope = <5°
Elevation Drop = <10 m

Runout Length = 275 m

Width = 250 m

Area Impacted = 3.7 ha

Date Initiated = pre-1989

July 2006
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Infrastructure, property and water quality have been significantly impacted by permafrost-
related landslides in the past.

Permafrost-related landslides can be far-reaching, can remain active for decades, can
occur on gentle slopes of all aspects, and can impact large areas up to 200 ha.

They can be triggered by human and natural causes including road construction, river
erosion, forest fires, heavy rainfall and confined groundwater flow.

Basin characteristics and surficial material stratigraphy several km upslope of any area
targeted for development should be evaluated for permafrost landslide risk.

Development on fans should carefully consider the risk of debris flows.

The design of stream crossings should incorporate the potential for debris torrents to
occur.

Maps/models of permafrost distribution and hydrological parameters (rainfall intensity
thresholds for critical levels/rates of infiltration, saturation and runoff) would greatly
benefit landslide susceptibility modeling and risk management.
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