
HYDROGEOLOGY OF A COMPLEX CHAMPLAIN SEA DEPOSIT 
(QUEBEC, CANADA): IMPLICATIONS FOR SLOPE STABILITY
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6.Discussion and conclusion

5. Site conceptual model
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Sainte-Anne-de-la-Pérade
Québec, Canada

The St-Lawrence Lowlands are composed of thick, landslide-prone clayey sediments that were deposited when 
post-glacial seas inundated the area at the end of the Wisconsin glaciation. One important factor responsible 
for landslide developement is the pore water pressure increase, which reduces the effective strenght in the soil.
However, the hydrogeology of Champlain sea clay is not well understood and a simplified model is 
commonly used to conduct slope stability analysis. Here, a detailed hydrogeological study was conducted in 
Sainte-Anne-de-la-Pérade. The study reveals a complex groudwater flow pattern which can have significant 
impact on slope stability analysis.

3. Geotechnical profile 

2. Instrumentation
2.1 Weather station
   Barometric pressure sensor
   Tipping bucket rain gauge
   Pyranometer (solar radiation)
   Anemometer (wind monitor)
   Temperature and humidity
   Snow depth

2.2 Unsaturated zone
   Soil heat flux plate
   Thermistors (8)
   Tensiometers (5)
   Water content probes (5)

2.3 Saturated zone
   Vibrating-wire piezometers (22)
   Slotted-screen hydraulic 
    piezometers (9)

4. Results

Extent of post-glacial marine deposits (dark grey zones) and localisation of the know landslides in all types of materials (red dots) in the 
Province of Québec (Cloutier and al., 2017)
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Location 27099: summary of field investigations and laboratory tests

Field observations and groundwater flow modeling were used to create a
conceptual model that describes the dynamics of the local groundwater
flow system at the study site.

Hydraulic and poroelastic properties for material sampled on site

Data from Location 27099: September 1, 2017 to June 31, 2019

Located in
Sd  layeru

Results indicate that the piezometers on-site are influenced by both the
surface-water infiltration and the stage of the Sainte-Anne river. 

- Increased site monitoring, particularly from April to June
- Additionnal surveys to precisely assess the continuity of the layers and
  monitor the horizontal distribution of pore pressure
- Use of a 2-D transient flow simulation to represent groundwater flow

Recommendations
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Sediment 
Type 
(Unit)  

Interval 
(m) 

Piezometer 
depths  

(m) 

Triaxial cell 
sample 

depths (m)  

Vertical 
K                              

(m/s)  

Geometric 
mean 

horizontal 
K (m/s)  

n      
(-)        

Ss                

(m-1) 
LE    
(-) 

mv                

(kPa -1) 
Clayey silt 

(MS)  
0.0 – 0.9 - - 1.4×10 -6 - 0.45 - - - 

Fine and 
medium 

sand   
(SdU) 

0.9 – 3.5 2.8 - - 3.8×10 -5 0.33 - 1.27 - 

    4.4 6.09 – 6.19 4.5×10 -10   0.69 1.0×10 -4 0.97 1.0×10 -5 
Silty clay 

(USC)  
  

3.5 – 13  
8.5 9.22 – 9.33 1.1×10 -9 - 0.67 3.8×10 -5 0.92 3.5×10 -6 

12.0 11.13 – 11.24  5.3×10 -10   0.63 3.6×10 -5 0.92 3.3×10 -6 

Fine sand 
(SdL) 

18.0 – 
24.0 

20.0 - - 6.9×10 -6 0.37 2.5×10 -6 0.32 8.0×10 -8 

      26.19 – 26.28  8.5×10 -10           
Silt and 

clay    
(LSC)  

24.0 – 
35.0  

28.0 28.14 – 28.24  1.1×10 -9 - 0.50 6.3×10 -6 0.64 4.1×10 -7 

      32.08 – 32.18  7.1×10 -10           
Till              
(T) 

35.0 – 
36.7 

36.0 - - 3.0×10 -7 0.42 2.5×10 -6 0.24 6.1×10 -8 
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Two different flow 
s y s t e m s  w e r e 
identified on site, 
separated by a thin 
unsaturated zone 
present along the 
boundary of units 
U S C  a n d  S L S . 
Downward flow was 
found in 14 m of the
section above this 
unsaturated zone,
while hydrostatic 
condi t ions were 
f o u n d  b e l o w . 

In the post-glacial marine clays in Québec, conceptual models of 
groundwater flow is often assume a 1-D flow system in an isotropic 
homogenous material. The groundwater flow system at our field site is 
significantly more complex than this simple conceptual model. These
results have two primary implications for local slope stability: 1) units LSL 
and Sdu act as horizontal drains that relieve excess pore pressure 
within the massive clay layer, and 2) the fact that the clay mass does not 
extend to the base of the slope decreases the risk of a landslide on site. 
It should be noted that changing climatic conditions are likely to alter the 
seasonal distribution of pore pressures, as well as the stage of the 
Sainte-Anne river, complicating the process forecasting lanslide hazards. 
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