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ABSTRACT 

 
Drainage conveyance channels face many problems especially those associated with the stability of side slopes and 

channel bed erosion and siltation. Reaching a stable flow regime may take years. Widening the channel and 

flattening the channel slope can reduce the erosion potential; however, this increases the cost and requires a bigger 

right of way. Channel lining has been a popular choice to overcome these issues, but choice of lining can also impact 

project cost and schedule. This paper provides an overview of the effectiveness of geosynthetic cellular confinement 

system (CCS) popularly known as Geocell in drainage channel scour protection. A novel polymeric alloy CCS was 

installed at the bed and sides of a highly erodible channel in a semi-arid region in Drumheller, Alberta. This region 

experiences very cold winters and hot summers. The conveyance channel, about 350m in length, had longitudinal 

slopes ranging from 1 to 10%. The design criteria called for the creation of a stable non-eroding channel bed and 

sides. Particular attention was needed to avoid the siltation of a downstream stormwater pond and the municipal 

drainage system by the sediment transported from upstream hill slopes. The entire channel was originally planned to 

be developed as a vegetated channel; however, site conditions demanded lining and erosion control work. Among 

different available lining options to control the channel erosion, a geosynthetic CCS reinforced gravel lined channel 

was selected for the project. Project schedule and budget were also the other important reasons for this choice. For 

the given channel geometry, the strength requirements of the CCS material and the possible utilization of anchor 

stakes to withstand the driving forces were examined. Additionally, the side slope stability and the infill gravel 

specification needed due attention. The support provided by the reinforced system against the downslope driving 

forces and hydraulic forces needed separate examinations. This paper discusses an innovative idea of channel lining 

where conventional channel lining methods are either difficult to install or become cost prohibitive. The discussion 

includes post monitoring of the channel sections after a full season of operation and after 8 years. The CCS, made 

from a polymeric alloy material, proved effective in resisting the driving forces and maintained the channel shape. It 

also helped to control sediment transport and remained effective after its installation in 2016.  
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1 INTRODUCTION 

Drainage conveyance channels often face challenges 

with stability, bed erosion, scouring, siltation and 

sloughing of the side slopes. Design channels, 

especially the bed and the side slope of the channel are 

continuously exposed to boundary shear forces 

resulting in reduced soil strength along the bank/bed 

interface. Reaching a stable flow regime may take years. 

One option to control the erosion and side sloughing is 

to widen the channel sections and flatten the side and 

longitudinal slopes; however, this can greatly reduce 

the flow velocity and lead to siltation. Additionally, this 

increases the project cost and requires a bigger right of 

way. Vegetated channels are often considered effective 
but in high velocity scenarios or where the vegetation 

growth itself is a problem, such as in cold and arid 

regions, channel lining becomes the optimal 

engineering choice. However, it is important to 

examine economic sustainability as the choice of lining 

type can also impact project cost and schedule. 

Cellular geosynthetic soil reinforcement has been 

utilized in many channel protection work as a 

sustainable, low-cost channel stabilization method. 

Cellular confinement systems (CCS), also known as 

geocells, have become a popular choice among 

designers. Pokharel (2010) has studied and explained 

the confinement mechanism of CCS indicating the 

possibility of using it for channel lining. Additionally, 

CCS have proven to effectively reduce the thaw 

heaving quantity and adapt to freezing and thawing 

deformation in cold regions which, if uncontrolled, can 

cause recurring maintenance and reduce the water 

utilization efficiency of conveyance channels (Wang et 

al. 2015). Chatterjee et al. (2023) has explained how a 



 

polymeric alloy CCS soil retention system has 

successfully stabilized a steep slope in a seasonal cold 

region above a tunnel portal in Edmonton, Alberta. 

Huang et al. (2025) also highlighted the confinement 

benefit of CCS and their performance in a seasonal 

freeze-thaw area. 

This paper details the innovative design of a highly 

erodible channel in the arid region of Alberta using 

Novel Polymeric Alloy (NPA) CCS for lining. The 

focus of this research is not to compare the CCS with 

other alternatives, but to discuss the design 

considerations to stabilize an erosion prone channel 

section in a seasonal freeze-thaw region where a 

combination of snow melt, thawing soil, and rainfall 

bring instantaneous high runoff into the drainage 

channel. 

2 PROJECT OVERVIEW 

The project discussed in the paper is located at a site 

along 12th Street SW in Drumheller within the Albertan 

badlands (Fig. 1). It experiences a semi-arid climate 

with very cold winters (~-410C) and hot summers 

(~+440C) and faces up to 302mm of rainfall and 

705mm of snowfall annually (Environment Canada, 

2024). The majority (62.5%) of rain falls from May to 

August. Campbell (1987) estimates the average annual 

erosion rate of 4mm per year in this region. This 

erosion is driven in part by the harsh climate combined 

with limited vegetation that creates large expanses of 

bare land which can increase overland runoff. 

Freeze-thaw cycles further exacerbate this erosion due 

to the loss of soil cohesion during thawing periods. 

 

 

Fig. 1. Project site map showing channel segments 1, 2, and 3.  

 

An existing drainage channel, 350m in length, was 

experiencing issues with stability, erosion, scouring, 

and sediment transport leading to siltation in the 

municipal conveyance system. Fig. 1 also shows 3 

segments based on the channel slope, segment 3 being 

the steepest and upstream. The natural rock bed in the 

area consisted of weathered sandstone and hard clay 

shale with weathered fines at the surface. Given the 

high content of the erodible fines in the soil, special 

attention was required to avoid siltation of the 

downstream stormwater pond and municipal drainage 

system. Fig. 2 shows the channel prior to stabilization. 

A vegetated channel was initially considered for this 

project. However, the steep longitudinal slope of the 

channel combined with the high run-off rates and 

highly erodible nature of the natural soil would present 

challenges for vegetation growth. There was a high 

possibility that the vegetation would be unable to reach 

full growth and establish a strong root system capable 

of withstanding erosive forces prior to high run-off 

events. As such, channel lining was deemed necessary. 

 

 

Fig. 2. Existing unlined channel erosion in segment 3. 

3 DESIGN 

 The goal of this project was to stabilize the channel 

bed, side slope and shoulder against the erosive forces 

of high run-off caused by rapid rain bursts and 

snowmelt. The design was also expected to allow 

vegetation growth with roots extending below the 

native channel bed. Stabilizing the channel bed, slope, 

and shoulders was meant to equilibrate the existing 

tributary gullies and prevent any new gully formation. 

Another concern with the existing condition of the 

channel was that portions of it were running along the 

toe of hills and mesas. Continuous scouring and erosion 

could destabilize the slope and lead to a potential slide. 
As shown in Fig. 2, the existing condition of the 

channel bed was an extreme cause of concern not only 

for erosion but also for the stability of the hillslope. A 

failure would have been inevitable in the rainy season if 

actions for stabilizing the channel were not taken 

immediately. 
The conveyance channel, about 350m in length, had 

longitudinal slopes ranging from 1 to 10%. The lower 



 

reach of the channel was flatter parallel to 12th Street 

SW and was steeper along the upstream hilly reach. 

There were three different longitudinal slope segments 

as shown in Table 1.  

 
Table 1. Channel design parameters. 

Segment 

(#) 

Longitudinal slope 

(%) 

flow velocity 

(m/s) 

flow depth 

(m) 

1 1 1.74 0.50 

2 5 3.11 0.33 

3 10 4.00 0.28 

 

The hydrological calculations and channel slope and 

cross section design were done by others and supplied 

to the authors for lining design. A trapezoidal channel 

with 1m bed width and 2H:1V side slopes was designed 

for a maximum discharge of 1.27m3/s. The total bed 

shear stress for segments 1, 2 and 3 were 30.31N/m2, 

108.53N/m2, and 190.26N/m2, respectively. Channel 

lining was required as the flow velocities and bed shear 

stresses for the given segments exceeded those 

permissible for bare soil (velocity = 0.46 to 0.76 m/s 

and shear stress = 1.5 to 20N/m2) as outlined by Alberta 

Environment (2003). In fact, the velocities in segments 

2 and 3 even exceeded the permissible value advised in 

that report for riprap with a D50= 300mm (3m/s).  

The lining design checked four major factors; i) the 

size of the particles required as infill in the confining 

CCS, ii) the resistive force from CCS required to 

restrict the downstream sediment transport, iii) the 

strength and size of the CCS required to hold the infill 

in place against the hydraulic driving force to mitigate 

the channel erosion, and iv) the number of anchors 

required to hold the CCS in place to control any 

possibility of side slope sloughing. 

The maximum traction stresses at the channel bed 

and sides were calculated using the hydraulic shear 

stress equation. The resistive stresses due to CCS were 

calculated using normal pressure to the interface of the 

channel bed and side slopes separately. The resistance 

offered by the anchor stakes was also calculated to 

guarantee a minimum factor of safety of 2.5 for this 

design. For side slope stability the driving sliding forces 

were checked against the sum of downslope interface 

friction, crest shoulder interface friction, toe resistance, 

and downslope stake resistances to meet a required 

minimum design factor of safety of 1.3.  

An NPA CCS reinforced gravel lined channel was 

selected for the project. The CCS was perforated and 

had a cell height of 150mm and an opening size of 

210mm x 250mm. The tensile strength of geocell was 

19kN/m. The lined channel design section is shown in 

Fig. 4. Steel J-hooks, 600mm long, were used to secure 

the stretched CCS at one hook per square meter to hold 

the cell in place against the driving forces. Gravel infill, 

having a maximum particle size passing 125mm was 

used. To help control fine sediment transport, only 7% 

of particles that were less than 12.5mm and 0% of fines 

were allowed in the infill.  

 

 

Fig. 4.  Channel design cross-section. 

4 DISCUSSIONS 

Among the available options, gravel filled CCS was 

selected based on short- and long-term benefits. The 

project schedule and budget played the most important 

role in the decision. Options such as concrete lining and 

hand placed riprap were discussed, but these options 

were not viable as they exceeded the desired budget and 

timeline. The flexible CCS lining was relatively easy to 

install and could be filled with locally available gravel. 

The lined channel was constructed in March of 2016, 

Fig. 5 shows the installation of the CCS along the 

channel section and Fig. 6 shows the channel after it 

was filled with gravel.  

Along with stabilization, the expectation was to 

promote vegetation growth along the channel slopes 

and shoulders, having the roots of the vegetation 

penetrate through the subgrade soil 200mm below the 

gravel top, within a year after construction. For the 

given site conditions, the CCS played a crucial role in 

reducing the effects of water action on the landscape 

and promoting vegetation growth (Fig. 7 and Fig. 8). 

The CCS provided protection against sliding, tractive, 

and uplift forces from water action while preventing 

runoff and soil erosion to preserve the channel cross 

and longitudinal section. Additionally, the confinement 

provided by the CCS limited the sediment transport and 

stabilized the soil and channel slopes preventing 

potential sloughing along the slopes. It also resisted the 

frost-heave and thaw damages, as previously indicated 

by Huang et al. (2025), which could have exacerbated 

erosion. The loss of cohesion and soil strength arising 

during freeze-thaw cycles was counteracted by the 

lateral confinement provided by the cells. 

Perforation within the CCS promoted water 

infiltration and limited the impact of hydrostatic forces. 

Additionally, the CCS perforations created a surface 

that encouraged strong root establishment which helped 

vegetation reach full growth even at high flow 

velocities. The confinement also minimized top-soil 

loss through erosion, preserving the nutrients essential 

for plant growth as indicated by Chatterjee et al. (2024). 

The channel was designed and expected to have 

vegetation growth within a year following construction 



 

to allow for the channel to stabilize. Onsite monitoring 

of the project after 1.5 years after construction 

confirmed that the channel lining was performing as 

expected and remarkable vegetation growth was 

observed (Fig. 7) with the roots of the vegetation found 

to penetrate through the gravel layer and into the 

subsoil. Moreover, a site visit in 2024 showed that the 

CCS lining was still in place and the channel geometry 

had largely remained unchanged (Fig. 8). 

 

 

Fig. 5. CCS installation. 

 

 

Fig. 6. Channel immediately after construction. 

 

 

Fig. 7. Upstream reach of channel after 1.5 years. 

 

The entire CCS lining installation took 10 days, 

which would not have been possible with concrete 

lining or hand placed riprap. Although a separate cost 

comparison was not performed, with the use of cheaper 

gravel and less man-days required for construction, it 

was expected that the cost of CCS lining was 

significantly cheaper that other two options discussed. 

Since construction in 2016, no maintenance activities 

have been performed on the channel. This highlights 

the long-term effectiveness, durability and cost 

effectiveness of utilizing NPA CCS for channel lining 

in similar erosion-pone, cold climatic regions. 
 

 

Fig. 8. Channel after over 8 years. 

5 CONCLUSION 

The use of a Novel Polymeric Alloy Cellular 

Confinement System for channel lining in Drumheller 

provided an effective solution to control erosion, 

stabilize the channel, and promote vegetation growth in 

a challenging cold and arid environment. The lining 

successfully resisted the erosive forces of high-velocity 

runoff while promoting vegetation growth by 

preserving soil integrity and enhancing root growth. 

The CCS showed long-term performance beyond initial 

expectations with the channel remaining stable for over 

8 years following installation. This solution offers a 

practical model for similar erosion-prone regions in 

semi-arid and cold climates. 

REFERENCES 

Environment Canada. https://climate.weather.gc.ca/climate_norm 

als/index_e.html (accessed December 20, 2024). 

Campbell, I. A. (1987). Badlands of dinosaur provincial park, 

Alberta. Canadian Geographies, Wiley, New York, United 

States, 31(1):82-87. 

Wang, E., Fu, Q., and Lui, X. (2015). Application of geocell in 

cold regions canal slope protection. Information Engineering 

for Mechanics and Materials, ICIMM, Hohhot, China. 

Pinel, H.W., and Wallis, C.A. (1972). A botanical investigation in 

the Drumheller area, Alberta. Blue Jay 30:169-194. 

Huang, M., Liu, J., Pokharel, S., Dagenais, T., Chatterjee, A., and 

Lin, C. (2025). Full-scale testing and monitoring of 

geosynthetics-stabilized flexible pavement in Alberta, 

Canada. Geotextiles and Geomembranes, 53(1):427-444. 

Chatterjee, A., Pokharel, S., and Breault, M. (2024). Stabilizing 

green steep slope around tunnel portal using polymeric alloy 

geocell.  International Conference on Geosynthetics 2023, 

Rome, Italy, 1809-1814. 

Pokharel, S. (2010). Experimental study on geocell-reinforced 

bases under static and dynamic loading. University of Kansas, 

United States. 

Alberta Environment (2003). Guidelines for open channels.


