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4.3 Geotechnical 
 
Geotechnical conditions for the Project at the project site have been identified as a valued 
environmental component (VEC) in Alberta Environment’s Terms of Reference for the EIA. The VEC 
includes aspects of the seismic activities, slope stability, drainage and erosion potential, both 
downstream and upstream from the project site. 
 
The geotechnical conditions in the project area were initially studied by AMEC Earth & Environmental 
(formerly AGRA Earth and Environmental) in 1999 (AGRA 2000) for the Project and then reviewed in 
summer 2004 (AMEC 2004) to assess any changes in the stability conditions over that five-year period.  
 
The following sections draw from their reports. 
 

4.3.1 Boundaries 
 
4.3.1.1 Spatial Boundaries 
 
The spatial boundaries for the geotechnical VEC are the valley walls and bottom of the Peace River 
valley from the headworks at the project site, including the upstream headpond area that encompasses 
a 26-km length. 
 
4.3.1.2 Temporal Boundaries 
 
The temporal boundaries for the geotechnical VEC extend from the early 1950s, established as pre-
Bennett Dam conditions, through to project construction and operation and, finally to project 
decommissioning in 2111. 
 
4.3.1.3 Administrative Boundaries 
 
There are no administrative boundaries for the geotechnical VEC. 
 
4.3.1.4 Technical Boundaries 
 
No technical boundaries were identified for the geotechnical VEC. The existing database and the 
information collected during the field and office studies for this EIA are sufficient to assess the potential 
effects of the Project. 
 
4.3.2 Description of Existing Conditions 
 
The existing geotechnical conditions in the project area are described in terms of seismicity (seismic 
activity), slope stability, drainage and erosion potential. 
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4.3.2.1 Seismicity 
 
The project area is in one of the most seismically stable regions of Canada (NRC 1998). Earthquakes 
with a magnitude greater than 5 on the Richter Scale are considered to be potentially damaging. 
The largest earthquake ever recorded in the prairie region south of 60° N, and the only one with a 
magnitude greater than 5, was a magnitude 5.5 event in south Saskatchewan in 1909 (GSC 1998a). 
In terms of peak horizontal ground acceleration (the parameter used to measure hazards to small or 
rigid structures), the project area is in Zone 0, where seismic hazard is lowest. In terms of peak 
horizontal ground velocity (the parameter used to measure hazards to tall flexible structures such as 
high-rise buildings), the project area is in Zone 1, where seismic hazard is the second lowest (GSC 
1998b). A review of recent changes to the seismic hazard zoning (Adams and Halchuk 2003) indicates 
that the project area is in one of the most seismically stable zones in Canada.  
 
4.3.2.2 Slope Stability, Drainage and Erosion Potential 
 
4.3.2.2.1 Geology 
 
Slope stability is largely a factor of geologic conditions in the area. Table 4.3-1 is a stratigraphic column 
of the project area, describing the geology. 
 
Table 4.3-1: Geologic Column of the Project Area 

Age Formation Description 
Colluvium: Slumped debris (bedrock, till and glaciolacustrine materials), talus and 
slopewash present on lower valley slopes. Textures are a mixture of clay, silt, sand and 
boulders. Present as isolated mounds and longitudinal piles. 

Recent  

Glaciofluvial and Fluvial: Fluvial floodplain deposits along the valley floor consist of silt, 
clayey silt, and fine sand, less than 2 m thick. These overlie coarser sands, gravels and 
boulders with thicknesses up to 29 m below the present river level. The coarser deposits 
are present at surface in some areas, on exposed river bars and on the channel bed 
beneath the river. 

Glaciolacustrine: Silt and clay forming the surficial sediment of the uplands in the project 
area. Thicknesses range from tens to hundreds of metres. The clay is silty and medium 
to highly plastic and is up to 5 m thick on the uplands near the headworks. 

Quaternary  

Till: Hard, dark brown, silty, sandy, medium plastic clay with some cobbles and gravel. At 
the headworks location, on the south bank of the Peace River, it is 6 m thick and on the 
north bank 35 m thick. The 35-m thick sections are believed to consist of valley infill 
adjacent to Hines Creek and Dunvegan Creek where the till rests directly on the 
Dunvegan Formation. 

Kaskapau Light and dark gray soft shale (90%) with thin sandstone interbeds (10%). Forms upper 
valley slopes in the project area, above elevations of 450 m (+/-10 m). Upper beds of 
strata are often weathered to highly plastic, soft clay. 

Dunvegan Medium gray, medium- to fine-grained micaceous and feldspathic, cemented sandstones 
interbedded with dark gray, fissile, silty shales and siltstones, outcropping on the north 
bank of the Peace River. Exposed bluff slopes present up to 100 m above river level 
near Dunvegan.  

Cretaceous 

Shaftesbury Clay shale. Weak and failure prone. Does not outcrop in the project area, located at 
depths of 30 m below river level near the headworks. 
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Physiographically the project area is part of the Alberta Plains. The landscape consists of a gently 
sloping plain deeply incised by steep-sided river valleys, specifically, the Peace River and its tributaries. 
The Peace River valley has a width of between 1.5 and 3 km at the top and 0.4 to 0.8 km at the bottom. 
The valley bottom is between 150 and 275 m below the uplands. The surficial sediments and Kaskapau 
bedrock on the upper river valley slopes have eroded to gentle slopes in many places, creating a 
hummocky appearance. Erosion of the more resistant, underlying Dunvegan bedrock has resulted in 
steeper slopes on the lower valley walls. 
 
4.3.2.2.2 Landslides 
 
Landsliding has been a factor in the landscape development of the Peace River valley and numerous, 
large landslides have been identified. The occurrence of slides is associated with the composition of the 
materials and geologic history of the valley. The Peace River valley in western Alberta can be divided 
into two types of parent materials. 
 
• For parts of its length, the Peace River follows the same course as a much larger river did before 

the glaciations during the Pleistocene epoch. The glaciers and their meltwater deposited a mixture 
of till, sand, silt and clay in the preglacial valleys and this material composes the present-day valley 
walls along these sections. The materials in the preglacial valleys are relatively weaker than the 
bedrock. High groundwater levels further weaken the unconsolidated sediments and make them 
more susceptible to landsliding.  

 
• For other parts of its length, the Peace River follows a new course, eroded through the covering of 

glacial deposits and the underlying bedrock. The resistance to landsliding varies with bedrock 
strength but the Dunvegan Formation is relatively strong, as such landsliding is uncommon. The 
areas above and below the Dunvegan Formation are weak marine shales that are susceptible to 
deep-seated landsliding. 

 
In the area covered by the project headpond and headworks, the Peace River is incised into competent 
Dunvegan bedrock and does not follow the preglacial valley. Landslides are less common in this area 
than along other stretches of the river. 
 
4.3.2.2.3 Processes Affecting Slope Stability in the Project Area 
 
Erosion and slope stability are affected by a number of factors, including climate, parent materials, 
relief, aspect, biota and time. Specific processes in the project area include: 
 
• The alteration of land upslope from the river valley may have a detrimental effect on the slopes by 

increasing the amount of moisture available to infiltrate the weathered bedrock.  

• The removal of trees (to create agricultural land or by fire) will reduce the amount of moisture 
removed from the ground through uptake and transpiration by trees.  
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• The addition of upslope water onto areas of the slope has the effect of decreasing the shear 
strength of the weathered bedrock, thus making the slopes more susceptible to shallow sliding into 
the headpond.  

 



For example, between km 7 and 8 of the headpond, the uplands are used for agricultural, including 
cattle grazing. Cattle grazing results in the removal of vegetative cover from the slope as well as 
diverting water along the cattle trails and concentrating it on the slope. This area, the most active with 
respect to landsliding along the headpond, corresponds to the area of most active land use. 
 
Slope aspect can also have an impact on the stability of the slopes along the headpond. North-facing 
slopes (i.e., on the south side of the river) are often wetter and have more established vegetation, 
specifically trees, than south-facing slopes. The higher moisture content results in increased weathering 
and the development of flatter slope angles on the south side. South-facing slopes are considerably 
drier and are covered predominantly with grass. These slopes are more sensitive to increases in 
moisture because of the lack of vegetation for water trapping and uptake. This fact and the lack of root-
strength reinforcement make the south-facing slopes more susceptible to shallow landsliding. 
 
4.3.2.2.4 Slope Stability Assessment 
 
Slope stability along the proposed headpond was examined through a review of existing literature and 
aerial photographs, and a field assessment to delineate slope types and processes that contribute to 
landsliding and erosion. 
 
The 1977 feasibility studies for the Dunvegan Hydroelectric Power Site, completed by Monenco 
Consultants Ltd., 1976, included an examination of slope stability along the proposed reservoir for three 
alternative dams:  

• low-head (41-m) 
• intermediate-head (69-m) 
• high-head (120-m) 
 
The reservoir behind the intermediate-head dam would have covered an area of 210 km2 and extended 
to Taylor, British Columbia (approximately 390 km upstream from Dunvegan). Mollard and Associates 
(1975), who carried out aerial geotechnical photographic studies of the proposed reservoirs, had the 
following comments on the intermediate-head reservoir: 
 
• Frequent occurrence of new large slides, similar in size and volume to past failures (i.e., several 

tens of acres in extent) are not expected to develop as a result of proposed reservoir construction 
and operation because colluvium-covered, considerably less slide-prone Dunvegan Formation 
forms the reservoir banks where reservoir waters are deepest; and unstable stratified sediments 
filling the preglacial valley bypass the lower end of the reservoir. 

 
• Many small slides (i.e., less than an acre in size) are likely to develop. These failures may be 

triggered by current and wave erosion at the toe of the slope and by reservoir-level drawdown, or 
both. These activities might also re-activate creep movements in some of the larger old slides, 
especially those failures that happen to extend farther down the sides of the valley walls. However, 
most of these slides should develop during the first few years of reservoir operation.  

 
The expected slope stability effects of the Project, with an average head of 6.6 m and a headpond of 
26 km, would be considerably less than those of the intermediate-head dam with a head of 69 m and a 
reservoir length of 390 km. 
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Aerial photograph interpretation and field examination of the Peace River valley along the proposed 
headpond resulted in the identification of four slope processes or types: 
 
• Type 1: bluff slopes 
• Type 2: valley slopes 
• Type 3: large gullies with gently sloping colluvium 
• Type 4: steep gullies with shallow colluvium 
 
The total lengths of the four slope types assigned during the initial review of the aerial photographs are 
presented in Table 4.3-2. 
 
Table 4.3-2: Slope Types and Lengths Along the Headpond 

Slope Type North Slope  
(km) 

South Slope  
(km) Total Total 

(%) 
Bluff 6.4 0.0 6.4 12.3 
Valley 9.0 24.8 33.8 65.0 
Large gullies 0.3 1.1 1.4 2.7 
Steep gullies 10.3 0.1 10.4 20.0 
Total length 26.0 26.0 52.0 100.0 

 
The four slope types are described below. 
 
Type 1: Bluff Slopes 

Bluff slopes are found predominantly within the lower 3.5 to 6.5 km of the headpond on the north (left) 
slope of Peace River. They consist of intact exposures of interbedded sandstone and shale of the 
Dunvegan Formation that are periodically being eroded by the Peace River with minimal flood plain or 
debris protecting the toe of the slope. Along the headpond, they are typically 100 m high with slopes of 
45°. The slopes in the overlying Kaskapau shale and the surficial sediments are relatively shallow and 
undulating, indicative of previous landsliding activity. 
 
Sliding on the bluff slopes consists primarily of the surficial weathered layer. As the weathering 
progresses, the rock within about the top 0.3 m of the exposed face softens. This softening, combined 
with the effects of erosion at the toe of the slope by the river and water flowing over the upper slope, 
contributes to sliding of the weathered layer. 
 
Type 2: Valley Slopes 

Valley slopes are characterized by a small terrace or fan below the toe of the outcropping sandstone 
beds of the Dunvegan Formation. Slopes consisting of weathered bedrock, covered with a 
well-established growth of mature trees and ground cover, are present above the sandstone outcrop. 
Slope angles in the weathered bedrock are typically about 40° on north-facing slopes and up to 45° on 
south-facing slopes.  
 
Relatively shallow sloping and undulating deposits of Kaskapau shale and surficial sediments are 
present above the weathered Dunvegan slopes. Several large bowl-shaped features overlie the 
Dunvegan slopes, particularly along the south slopes between km 3 and 9 of the headpond. These are 
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relict features, indicative of previous debris-flow activity, and show no signs of movement in the past 
40 years. Two debris flows originating in these bowls were noted in older aerial photographs but these 
are now well vegetated and no activity was observed in the recent aerial photographs. 
 
Type 3: Large Gullies with Gently Sloping Colluvium 

At various locations (predominantly between km 9 and 12) along the headpond, large gullies are 
present containing gently sloping fans of colluvium (slide debris) that extend from near the crest of the 
slope to the river. These materials consist of earth-flow deposits that have infilled existing gullies that 
were cut through the Dunvegan Formation by meltwater. The infill material consists of debris from the 
upslope areas and gully sides that has slid or slumped into the gully and moved down to the river. The 
colluvium is comprised of a mixture of clayey silt, fine sand and scattered angular gravel, cobbles and 
boulders, originating from the lacustrine materials, till and shale that overlie the more competent 
Dunvegan Formation. 
 
Slope angles of the fans are typically between 25 and 30° with well-established gullies either cutting 
through the centre or along one of the flanks of the infill material. The colluvium is well drained and 
relatively dry and the gully side-slopes are almost vertical. The colluvium does not exhibit any signs of 
active movement.  
 
Slope development and landsliding mechanisms in the colluvium are expected to take the form of a 
gradual deterioration and shallow sliding of the material at the river’s edge. 
 
Type 4: Steep Gullies with Shallow Colluvium 

There are steep gullies with shallow colluvium at numerous locations, particularly on the north slope. An 
extensive stretch of shallow gullies lies between km 12 and 19 on the left bank. These gullies are 
typically over 100 m long, up to 30 m wide, with surficial materials estimated to be 1 m thick higher on 
the slope and greater at the base. These features, which consist of reworked and weathered silty 
shales, and loose clays and tills, deposit relatively small volumes of material into the Peace River. 
 
Between km 6 and 7 on the left bank, aerial photograph interpretation shows that two large debris flows 
occurred between 1950 and 1961 (M. Miles & Associates Ltd. 2000). The total volume of the flows was 
between 10,000 and 30,000 m3. The photographs indicate that these slides did not appear to have a 
significant impact on river navigation or the overall river regime. The flows were likely triggered by a 
combination of weathering and upslope drainage. 
 
4.3.3 Potential Interactions, Issues and Concerns 
 
Table 4.3-3 summarizes interactions between the Project, as well as past, present and likely future 
projects, and the geotechnical VEC. The concerns are related to the Project causing surface erosion, 
sliding and slumping and toe erosion of slopes. 
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Table 4.3-3: Project Environmental Effects Interaction Matrix: Geotechnical  
 Surface 

Erosion 
Sliding and 
Slumping Toe Erosion 

Project Activities and Physical Works 
Construction 
Cuts and fills  X  
Access roads X   
Stream crossings X   
Transmission line X   
Operation 
Increase in river level  X X 
Access road maintenance X   
Decommissioning 
Removal of facilities X   
Decrease in river level  X X 
Malfunctions, Accidents and Unplanned Events 
Failure of the headworks  X X 
Slope failure X X  
Other Past and Present Projects 
Cattle grazing X X  
Agricultural land clearing X X  
Borrow pits X X X 
Dunvegan Historic Site X   
Water-based recreation   X 
Canfor forest management area    
Devon Energy Corp. oil and gas lease X   
Bennett Dam  X X 
Transportation and utilities corridors X   
Dunvegan Bridge    
Devon Energy Corp. and Pembina Pipeline Corp. pipeline crossing 
Peace River at Dunvegan 

X   

Water intake pipe at Fairview    
Dunvegan West Wildland Park     
Likely Future Projects 
New borrow pits X X X 
Expansion of Dunvegan Historic Site X   
New or upgraded transportation and utility corridors    
BC Hydro Site C at Taylor X X X 

 
4.3.3.1 Surface Erosion 
 
The Project will have the potential to cause surface erosion:  

• during construction and maintenance of the access roads to the site 
• during construction of the transmission lines 
• during removal of the facilities upon decommissioning 
• the event of slope failure along the headpond 
 
The removal of vegetative cover during these activities will expose the soil to erosion. The erosion of 
surface materials is a concern because the materials can be deposited in the river and its tributaries, 
affecting fish habitat and water quality. Past and present projects that have already resulted in the 
removal of vegetation and provided the potential for surface erosion in the area include the construction 
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of the Dunvegan Historical Settlement, agricultural activities, oil and gas exploration, pipeline 
construction, transmission line construction, borrow pit extraction and road construction. 
 
Access roads, as shown in Figure 3.1-1, include 2.6 km of new gravel road, one bridge across 
Hines Creek, one bridge across Dunvegan Creek and 0.4 km of road upgrades. The south road 
alignment crosses an abandoned gravel pit before winding south, down the east bank of 
Dunvegan Creek. After crossing Dunvegan Creek, the road then follows the west slope of the 
Dunvegan Creek valley before turning west, paralleling the south bank of Peace River, about 10 to 
15 m above river level. The south road alignment does not impinge on any existing areas of instability 
along Highway 2. 
 
Portions of the south access road, particularly along the west side of Dunvegan Creek, will cross 
localized areas of recent or historic slope instability. Surface erosion may be initiated or exacerbated by 
the construction and operation of the road. The north access road will cross areas of greater stability. 
However, measures will be implemented to control erosion for both the south and north access roads 
and the design of the roads will endeavour to minimize disturbance to the existing soil and groundwater 
regime. 
  
4.3.3.2 Sliding and Slumping 
 
4.3.3.2.1 Headpond 
 
Raising the Peace River water levels at the headworks will result in reduced flow velocities along the 
river edge and, in turn, reduce lateral erosion acting on the valley toe. In specific areas there is 
expected to be increased lateral erosion due to the deflection of the river by the aggradation of existing 
sand and gravel bars. This increased lateral erosion may result in a slight increase of localized sliding 
and slumping at specific locations along the valley walls over the initial few years of operation.  
 
A failure of the headworks could also have a minor effect on the headpond as the drawdown could lead 
to localized slumping of small portions of the toe of the valley wall.  
 
As discussed in the Headpond Slope Stability Assessment technical report (AGRA 2000), the exposed, 
surficial portion of the bedrock slopes is expected to consist of softened material with soil-like, rather 
than rock-like, consistency. This softened layer will be sensitive to disturbance either by cutting at the 
toe or placing of fill. Construction of engineered works in this type of soil or bedrock condition is 
common throughout Western Canada and can be successfully mitigated to minimize disturbance.  
 
4.3.3.2.2 Tributary Valleys 
 
Based on the headpond elevations (at average yearly full-supply level of 347.9 masl), the three tributary 
valleys within the proposed headpond are the Ksituan River (km 2.2), Hamelin Creek (km 22.0) and 
Fourth Creek (km 26.3). The following are the expected effects of the headpond on the water level in 
the three tributary valleys. 
 
• Ksituan River: An increase in water level of approximately 6.6 m (347.4 m elevation) will occur at 

the mouth, tapering to zero net increase approximately 1000 m upstream. Based on a review of 
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photographs taken during the fall 1999 field reconnaissance, the slopes of the Ksituan River valley 
appear to consist of an accumulation of fluvial sediments and upslope debris along the river edge 
that overlie steep slopes of the Dunvegan Formation. Due to the historic low flows in the 
Ksituan River, the removal of debris from the slope toe has been outpaced by deposition and the 
lower portions of the slopes generally appear to consist of well-vegetated slide debris that has been 
able to essentially stabilize itself over time. This material has the effect of providing a buttress to the 
slope toe. 
 
The rise in water level of the Ksituan River will have both positive and negative effects on the valley 
slopes. As with the slopes in the lower portion of the headpond along the main Peace River valley, 
the increase in water level will have the positive effect of reducing the flow rates and associated 
erosion along the toe of the slope, where it will also provide a buttressing effect. The negative effect 
may be the softening and reduction of shear strength in the lower portion of the slope. 
 
The main issue with the softened materials near the toe may be the potential for a rapid drop in the 
water level due to a spillway failure or a complete headworks failure. In the unlikely case of a 
headworks failure, a sudden drawdown of the headpond could potentially mobilize shallow toe-
slope failures, which in turn could mobilize the upslope portions of the slopes. A drawdown of less 
than 3.6 m due to a spillway failure could lead to shallow, small-volume sliding near the toe. This 
would be a relatively small-magnitude, low-frequency occurrence. 

 
• Hamelin Creek: The headpond will result in an increase in water level of less than one metre at the 

mouth, tapering to zero net increase within a few tens of metres upstream. It is expected that this 
minimal increase in water level will not have a noticeable effect on the slopes of Hamelin Creek. 

 
• Fourth Creek: The creation of the headpond will result in a close-to-zero net increase in the water 

level at the mouth of Fourth Creek. The increase in water level is not expected to affect the slopes 
of Fourth Creek. 

 
Past activities that may have resulted in sliding and slumping along the Peace River include clearing of 
the land for agriculture and the subsequent irrigation of crops, allowing water to infiltrate the slope and 
facilitate movements. Similarly, cattle grazing can result in the channelling of runoff along cattle trails on 
the slopes.  
 
4.3.3.3 Toe Erosion 
 
The presence of the headpond and associated decrease in flow velocities will increase sedimentation in 
the headpond (see Section 4.6). The deposition of sediment will increase the rate of aggradation of 
sand bars which can deflect flows into banks on the opposite side of the river. This is only a concern at 
very specific areas where the deflected flows could result in erosion of the toes of slopes on the 
headpond shores. In general there will be a decrease in toe erosion along the majority of the headpond, 
compared to current conditions.  
 
Past and ongoing projects and activities in the area could also interact with the geotechnical VEC and 
result in toe erosion. Borrow extraction from the Hines Creek fan would have altered the flow regime of 
the river and potentially caused some toe erosion. Motor boats on the river will generate some waves, 
resulting in some toe erosion but the amount is small enough to be unmeasurable. The regulation of the 



river flow by the Bennett Dam is also expected to have had some potential effect on toe erosion 
through increases in lateral erosion. 
 
4.3.4 Residual Environmental Effects Evaluation Criteria 
 
A significant environmental effect on the geotechnical VEC is one that results in surface erosion, sliding 
or slumping, or toe erosion such that a significant effect results on one of the biological, heritage 
resource or human VECs. 
 
A positive environmental effect on the geotechnical VEC is one that decreases existing erosion 
processes. 
 
4.3.5 Effects Analysis, Mitigation and Residual Effects Prediction 
 
Table 4.3-4 presents the environmental effects analysis matrix for the geotechnical VEC and includes 
the proposed mitigation measures. The effects analysis is discussed in following sections. 
 
Table 4.3-4: Environmental Effects Assessment Matrix: Geotechnical - All Phases 

Evaluation Criteria for Assessing 
Environmental Effects 

Project Activity 
Potential Positive (P)  

or Adverse (A)  
Environmental Effect 
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Construction and 
Decommissioning 
 
(Access road 
clearing and 
construction, 
transmission line 
construction, and 
borrow excavation) 

Initiation of surface erosion which 
may result in the deposition of 
sediment in rivers (A) 

• Good operating 
standards, 
incorporated into 
project design 
(Section 5) 

• Environmental 
Protection Plan 

1 2 2/6 R 2 

Fluvial erosion on non-vegetated, 
unconsolidated materials at the 
toe of slopes covered by water 
(A) 

None proposed 1 2 5/6 I 2 Operations 
 
(Increased water 
levels in the 
headpond) Increased lateral erosion on 

banks opposite sand bars (A) 
None proposed 1 2 5/6 I 2 

Erosion of the toes of fans, 
upstream from the headworks, 
resulting in increased 
sedimentation and possibly 
blockage of the river (A)  

Emergency Response 
Plan 

2 2 2/1 R 2 Accidental Events 
 
(e.g., Failure of the 
headworks) 

Erosion of the river bank 
downstream from the headworks, 
resulting in increased 
sedimentation (A) 

Emergency Response 
Plan 

2 2 2/1 R 2 
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Table 4.3-4: Environmental Effects Assessment Matrix: Geotechnical - All Phases 
Evaluation Criteria for Assessing 

Environmental Effects 

Project Activity 
Potential Positive (P)  

or Adverse (A)  
Environmental Effect 

Mitigation 
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KEY: 
 
Magnitude: 
 
1 = Low: e.g., a few persons, 

species and habitats affected 
 
2 =  Medium: e.g., a moderate 

percentage or number of 
persons, species and habitats 
affected within the study area 

 
3 = High: e.g., a large percentage or 

number of persons, species and 
habitats within the study area 
affected 

 
 
Geographic Extent: 
 
1 = less than 1 km² 
2 = 1–10 km² 
3 = 11–100 km² 
4 = 101–1000 km² 
5 = 1001–10,000 km² 
6 = greater than 

10,000 km² 
 
 
Duration: 
1 = less than 1 month 
2 = 1–7 months 
3 = 8–36 months 
4 = 37–72 months 
5 = longer than 72 

months 

 
 
Frequency: 
 
1 = less than 11 events 
per annum (a) 
2 = 11–50 events/a 
3 = 51–100 events/a 
4 = 101–200 events/a 
5 = more than 200 
events/a 
6 = continuous 
 
Reversibility: 
 
R = reversible 
I = irreversible 
 

 
 
Ecological and Socio-cultural and 
Economic Context: 
 
1 = relatively pristine area or area 

not adversely affected by human 
activity 

 
2 = evidence of adverse effects 
 
N/A = not applicable 

 
4.3.5.1 Surface Erosion 
 
Surface erosion—a potential effect of road and transmission line construction, borrow pit excavation 
and the removal of facilities during decommissioning—has the potential to affect fish habitat and water 
quality. Surface erosion was not observed to be a problem in the project area. The proposed alignment 
for the access road does not impinge on any existing areas of instability along Highway 2 and therefore 
is not likely to have significant adverse effects on the stability of the main highway (Thurber 2003). 
Construction, operation and decommissioning activities will be carried out following standard good 
practices, as outlined in Sections 3.3 and 5. These practices include the development and 
implementation of erosion protection procedures.  
 
By following standard good practice and implementing the erosion protection procedures, adverse 
effects of the Project on surface erosion are rated as not significant. 
 
4.3.5.2 Sliding, Slumping and Toe Erosion 
 
Figure 4.3-1 provides an indication of the projected changes in water levels caused by the Project as 
compared to the river levels before regulation of Peace River by the Bennett Dam. The figure has been 
divided into two zones that reflect the types of shoreline features that would occur at the elevated water 
levels. The main area of focus is when the average annual flows and flood events are within or higher 
than the upper range of pre-Bennett Dam flows and therefore not confined to the banks of the pre-
Bennett Dam channel. Using these inundation levels, flow is expected to act on slopes that have 
historically not been subjected to prolonged flows or higher flood events. The main effects will be in 
areas of unvegetated, unconsolidated sediments. 
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Zone 1 represents the length of the headpond where the average annual river flow levels and flood 
events will be higher than those prior to the regulation. Using the 1:50 year flood return as a 
reasonable, mid-range event, the portions of the slope that will be affected the most are the isolated 
shallow gullies containing shallow colluvium within the lower 7 km of the headpond along the north (left) 
slope. The main effects on slope stability will be the submergence and softening of weathered bedrock 
and slope debris currently above water. As the water level increases in this area, the flow velocities 
along the bank will decrease. The effects of wave erosion are expected to be negligible within this 
reach. Residents near Dunvegan indicate that high winds in the valley are infrequent and provincial 
wind isotach maps indicate that the Peace region has the lowest wind velocities in Alberta (ESBI 1999). 
 
Zone 2 represents the reach of the headpond where the average annual post-project river levels will be 
within the upper range of average annual pre-Bennett Dam flow levels and 1:50 year flood levels will be 
lower than pre-Bennett Dam levels. Flood waters in this area will be acting on previously inundated 
slopes. The effects will likely be confined to the reworking and redistribution of the fine silty fluvial 
terraces at the base of the majority of the slopes. The section along the left bank from km 12 to 17, 
where numerous steep gullies with shallow colluvium terminate at the riveredge, also has a high 
potential for erosion due to flooding (1:50 year and less). 
 
The slopes along the entire length of the headpond were assessed for any increase in the rate of the 
existing, ongoing slope processes due to the effects of the headpond. This assessment incorporated 
the results of the field assessment, the aerial photograph review, the hydrology report (MSA 2006) and 
experience with similar geological conditions in the region.  
 
Table 4.3-5 identifies the reaches along the headpond that will be affected by lateral erosion. 
 
Table 4.3-5: Reaches of the Headpond Affected by Lateral Erosion 

Reach  
(km) Bank Comments Erosion Potential Rating 

1.2 to 1.8 Left Deflection by alluvial fan at mouth of Ksituan river will direct 
the flow against the left bank. However, the flow velocities 
will be low because of the higher water levels induced by the 
headworks structure. 

Low 

6.0 to 7.0 Left The ongoing sedimentation within the south side channel 
resulting from the regulated flow regime may increase the 
flow concentration within the main channel to the north. 

Low 

9.0 to 11.5 Right The ongoing sedimentation within the side channel 
upstream from the creek mouth resulting from the regulated 
flow regime may increase the flow concentration within the 
main channel. 

Low 

16.5 to 17.8 Left As the bar along the right bank at km 16 builds and the flow 
is deflected by the mid-channel extension of this bar, the 
flow will be deflected against the left bank.  

Low 

18.3 to 19 Right Over the next 50 to 100 years, the north side channel is 
expected to close off due to channel narrowing and 
sedimentation resulting from flow regulation, which may 
force the flow against the right bank. 

Low 

21 to 21.5 Left As the bar and alluvial fan at the mouth of Hamelin Creek (at 
km 22.0) stabilizes, the flow against the left bank will be 
accentuated. 

High 
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Table 4.3-5: Reaches of the Headpond Affected by Lateral Erosion 
Reach  
(km) Bank Comments Erosion Potential Rating 

21.5 to 23.0 Right The point bar along the left bank in this reach may build over 
time and promote erosion of the right bank and alluvial fan 
at km 22. However, as the Hamelin Creek fan already 
constitutes sediment that resides in the headpond (the foot 
of the fan is approximately only 1.5 m high), erosion of 
sediment from the fan was not considered in the sediment 
budget. 

High 

23.0 to 25.0 Left Over the next 50 to 100 years, the right side channel may 
close off due to the channel narrowing and sedimentation 
resulting from flow regulation. However, as the channel is 
straight in this reach, the effect on erosion of the left bank 
will likely be small. 

Low 

 
Mike Miles and Associates (MMA 2006) examined shoreline stability along the area where post-
development water levels will exceed pre-Bennett Dam two-year flood levels. This area extends 
downstream from about km 17. Post-development wave action, or possibly ice action, could accelerate 
naturally occurring bank erosion or shoreline instabilities. This is more likely to occur in the lower 
section of the headpond in areas that have not been previously exposed to fluvial processes. Areas that 
were previously exposed to river reworking before river regulation by Bennett Dam will have lag 
deposits on the surface that will be relatively resistant to erosion. Sites that are potentially susceptible 
to erosion include those where mass wasting or weathering has produced erodible materials or in 
situations where the river bank or valley wall is composed of unconsolidated sediments. Shoreline 
erosion is not expected to affect the headpond sediment balance in a noticeable way. Background 
suspended sediment concentrations are also sufficiently high during the spring and summer that it 
would be difficult to detect project-related increases in sediment loadings.  
 
The impoundment of the headpond will have the positive effect of decreasing the overall flow velocity 
along the edge of the river and the negative effect of increasing erosive attack on specific areas by the 
increased rate of aggradation of sand bars and resulting deflection of flows into banks on the opposite 
side of the river, as noted above in Table 4.3-5. This increase in lateral erosion will occur where bars 
have been forming on an ongoing basis, especially since regulation of the flows by the Bennett Dam in 
1972. A more detailed discussion of the long-term river past and future river morphology issues is 
presented in Section 4.6, Surface Water Hydrology and Groundwater. 
 
In the unlikely event of a failure of the headworks, the areas affected by the river level fluctuations will 
have minimal effect on the competent sandstones and shales of the Dunvegan Formation. The highest 
potential for this kind of river fluctuation initiating landsliding into the headpond would be for the shallow 
colluvium-filled gullies situated on the slopes in the lower 7 km of the headpond. The areas affected 
would be along the north (left) slope between km 6 and 7. This is an area where the steep fans of 
colluvium enter the river from the slopes above. The effect of a sudden drawdown on these features 
could potentially mobilize shallow failures at the toes of these fans, which in turn could possibly 
mobilize the upslope portions of these fans as well. Based on a visual estimate of the volume of 
sediment available, there is less than 15,000 m3 of material that could be mobilized in such a scenario. 
Two historic debris flows in this area observed on the 1961 aerial photographs, delivered between 
10,000 and 30,000 m3 of debris into the river. It is considered that this type of failure would not be rapid 
and would not be detrimental to the operation of the proposed structure or the river regime. This would 
be considered to be a low-magnitude, low-frequency event. 
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Thurber Engineering Ltd. conducted a geotechnical evaluation in 2003 to supplement the AMEC 
studies (Thurber 2003), particularly on the aspect of slope stability issues, and provided the following 
recommendations that will be implemented by Glacier Power. 

• A stable road alignment will be achieved by applying particular care during detailed design and 
construction, and by providing on-going maintenance where portions of the access road cross 
localized areas of recent or historic slope instability along the west side of Dunvegan Creek. 

• Detailed site reconnaissance will be necessary to confirm the selected alignment of the access road 
and transmission lines and to identify potential borrow sources if additional fill material is required. 

• Test hole drilling should be conducted at key points along or above the alignment, particularly 
where slope stability issues are identified. 

• Survey information along the alignment should be collected to allow the road designers to estimate 
volumes of require cuts and fills and culvert locations. 

• Slope indicators may also be required in selected holes to allow ongoing monitoring of the slopes. 
 
The access road design will endeavour to minimize disturbance to the existing soil and groundwater 
regime. Potential effects of access roads will be mitigated by minimizing the removal of existing trees 
and vegetation, avoiding deep cuts or fills, and using culverts extensively to avoid disruption of existing 
surface water drainage paths. Detailed road design will also include extensive use of geogrids or 
geotextile fabrics to achieve a stable subgrade without extensive subexcavating and importing of 
granular material. If significant fill is required in some areas, consideration will be given to the use of 
lightweight fill. 
 
Special measures will be used, as required, to control erosion during construction and in the long term, 
particularly near Dunvegan Creek. These may include: 
 
• rip-rap armouring at the bridge structure 
• hydroseeding of any cut or fill slopes  
• hay bales, wattle fencing and other synthetic erosion control products 
 
Adverse effects of the Project on sliding, slumping and toe erosion are rated as not significant. 
 
4.3.5.3 Cumulative Environmental Effects 
 
Potential developments identified for the cumulative effects assessment case include probable borrow 
pits, the proposed expansion of the Dunvegan Historic Site, the proposed development of BC Hydro’s 
Site C at Taylor, and potential expansion of existing transportation and utility corridors. Details on the 
development of Site C are not available and its potential geotechnical effects are not known. The other 
potential developments may contribute to surface erosion and, in the case of new borrow pits along the 
Peace River, additional sliding and slumping and toe erosion could occur, depending on their locations. 
It is assumed that these projects will be required to have erosion control measures in place and that 
erosion, sliding and slumping will be controlled or minimized. Given the observation that surface 
erosion does not appear to be a problem in the area, and that sliding, slumping and toe erosion related 
to the Project are not expected to be detectible within natural occurrences, the contribution of the 
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Project to cumulative effects of surface erosion, sliding, slumping and toe erosion is rated as not 
significant.  
 
4.3.5.4 Residual Environmental Effects 
 
Table 4.3-6 is a residual environmental effects summary matrix for the geotechnical VEC. Residual 
adverse environmental effects are predicted to be not significant. 
 
Table 4.3-6: Residual Environmental Effects Summary Matrix: Geotechnical 

Likelihood of Significant 
Effects Phase 

Residual Environmental Effects 
Rating, including Cumulative 

Environmental Effects1

Level of 
Confidence Probability of 

Occurrence 
Scientific 
Certainty 

Construction NS 3   
Operations NS 2   
Decommissioning NS 2   
Malfunctions, accidents and 
unplanned events 

NS 2   

Project overall NS 2   
Key: 
 
Residual environmental effect rating: 
S  = significant adverse environmental effect 
NS = not-significant adverse environmental effect 
P = positive environmental effect 
 
Level of confidence 
1 = low level of confidence 
2 = medium level of confidence 
3 = high level of confidence 

 
 
Probability of occurrence (based on professional judgement) 
1 = low probability of occurrence 
2 = medium probability of occurrence 
3 = high probability of occurrence 
 
Scientific certainty (based on scientific information and statistical 
analysis or professional judgement) 
1 = low level of confidence 
2 = medium level of confidence 
3 = high level of confidence 
 
N/A = not applicable 

Notes: 
1 As determined using established residual environmental effects rating criteria for the geotechnical VEC 
 

4.3.6 Monitoring 
 
No monitoring of the effects of the Project on the geotechnical VEC is planned. Ongoing maintenance 
of the access road will be required, however, particularly along the west side of Dunvegan Creek where 
portions of the road will cross localized areas of recent or historic instability. 
 

4.3.7 Summary 
 
The reach of Peace River between the headworks and Fourth Creek has favourable bedrock geology 
for the Project. The valley is cut through bedrock in this area, rather than through the less stable 
deposits of the preglacial Peace River valley. Current slope processes (weathering, erosion, sliding and 
slumping) encountered within the headpond will continue during the Project. The headpond will result in 
a modest, but not observable, increase in the rate of these processes during the initial few years of 
operation. Over time, the rates of these slope processes are expected to decrease to current levels. 
The effects of the Project on the geotechnical VEC are rated as not significant. 

 

 Jacques Whitford © 2006 PROJECT 50541 October 2006 4-33 

 


	Geotechnical
	Boundaries
	Spatial Boundaries
	Temporal Boundaries
	Administrative Boundaries
	Technical Boundaries

	Description of Existing Conditions
	Seismicity
	Slope Stability, Drainage and Erosion Potential
	4.3.2.2.1 Geology
	4.3.2.2.2 Landslides
	4.3.2.2.3 Processes Affecting Slope Stability in the Project


	Potential Interactions, Issues and Concerns
	Surface Erosion
	Sliding and Slumping
	4.3.3.2.1 Headpond
	4.3.3.2.2 Tributary Valleys

	Toe Erosion

	Residual Environmental Effects Evaluation Criteria
	Effects Analysis, Mitigation and Residual Effects Prediction
	Surface Erosion
	Sliding, Slumping and Toe Erosion
	Cumulative Environmental Effects
	Residual Environmental Effects

	Monitoring
	Summary


