
Model 1 – Flow hydraulics

1. Interpolated velocity values (using kriging) near the surface (Figure 7) and near

the bed (not shown here) reveal a complex flow field due to several bank

irregularities and highly variable cross-sectional shapes.

2. The section immediately downstream from the bend has particularly high near-bed

velocities (and, hence, bed shear stress) close to the unstable outside bank when

no structure is used.
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Channel straightening and dredging

Channel straightening was extensively used in

the 20th century to improve drainage efficiency

and facilitate crop maintenance and harvest.

This process is associated with homogenization

of channel morphology, dimensions

Problems with current practice

1. Despite the successful implementation

of alternative management strategies

in other countries, maintenance of

straightened channels using dredging

continues to be primarily relied upon

in Southwestern Québec.

2. Bank stabilization projects are often

carried out to mitigate instability

issues at a local scale with little

concern about the watershed scale,

i.e. treating the symptoms rather than

the causes of erosion, and with little

guidance on suitable designs for

specific areas.

Research objectives

1. Identify and assess a range of

sustainable and socially acceptable

channel river management methods

for instability problems linked to

channel straightening that can be

employed in an agricultural context

(e.g. hydraulic structures, channel and

land cover alteration).

2. Use modelling approaches to predict

the effect of these methods on

sediment transport and flow hydraulic

conditions.

Figure 1. Mechanical 

straightening

(Beaulieu, 2007).

Figure 2. Channel 

instability by bank 

collapse and erosion.

Study watershed, stream and reach

The Richer Stream (Figure 3) is a small agricultural stream that was almost completely

straightened between 1943 and 1986. It is located in the St. Lawrence Lowlands near

the municipality of Saint-Marc-sur-Richelieu (45 km east of Montreal, Québec). The loss

in sinuosity and resultant increase in stream power triggered acute erosion problems.

Figure 3. The Richer stream has undergone significant planform change

between 1932 and 2006 near the municipality of Saint-Marc-sur-Richelieu.

Flow is to the right.

Model 1 – Flow hydraulics

A 3D computational fluid dynamics model

(Phoenics 2008 from CHAM) is used to

investigate the effects on flow field of employing

different hydraulic structures (bendway barbs

here) in a reach that is problematic for river

management due to adjacent residential

development and very limited space available for

vegetated riparian strips.

Channel topography (acquired with a total station

in 2007) was transformed into a 3D object that

was imported in Phoenics. Six virtual rectangular

barbs with a length of 4.5 m, a width of 40 cm

and a height equal to 90% of flow depth were

used in this experiment. Each structure was

oriented at 40º from the bank, causing a lateral

constriction of 38% (Figure 4). An upstream

section of approximately 100 m was used to

ensure that the flow was fully developed in the

bend section.

Model 2 – Sediment transport

A numerical model developed in Java

(TM) programming language is used to

examine hydrological and erosive

processes at the watershed scale under

different stream and basin-wide

management strategies that proved to be

successful in past restoration projects as

determined by documented monitoring

studies and interviews with practitioners

and managers.

Preliminary simulations have investigated

the effects on mean channel capacity of...

1. implementing a sinuous planform

2. creating vegetated riparian strips

3. altering climate (precipitation, 

temperature)

Innovations

1. This model uses parameters that are

available from most weather and flow

discharge stations (Figure 6).

2. Simulating the effect of a climate

change on hydrology and channel

morphology is possible.

3. RESULTS AND DISCUSSION
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Model 2 – Sediment transport

Each scenario was run 10 times as this sample size was

sufficient to obtain low standard deviations. Each

simulation was run for 2191 days starting on 1 July 2001.

This period corresponds to the estimated six-year period

that has elapsed between the last dredging operation

and the date where high-resolution topographic data

were acquired. The results are shown in Table 1.

Figure 6. Causal loop diagram exhibiting the

interactions among the main components of

the sediment transport model.

Table 1. Channel cross-sectional area change for height scenarios.

Scenarios 1 through 4 do not consider climate change, whereas

scenarios 5 through 8 assume an instantaneous 25% volume

increase in precipitation and intensity and a 2°C increase in

temperature. Scenarios 2, 3, and 4 are compared to scenario 1.

Climate change scenarios are compared to their no-climate-change

counterpart. The character ‘σ’ stands for standard deviation.
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Figure 7. Surface 

velocities (a) 

without barbs and 

(b) with barbs. 

Cross-sectional 

velocities after 

bend (c) without 

barbs and (d) with 

barbs. Flow is to 

the right in (a) and 

(b) and moving 

away in (c) and (d).

Figure 4. Simulation setup. 

Flow is to the right.

Figure 5. Cartesian

mesh of the study reach

in Phoenics.

A Cartesian mesh (Figure 5) with a resolution of

320 x 240 x 20 cells was used to simulate

(without and with barbs) the near-bankfull event

measured in the spring of 2009 using a pressure

transducer and a propeller current meter

(discharge: 3.96 m³/s; inlet velocity: 0.58 m/s).

Water surface treatment was achieved using a

porosity approach for the top cell.

2. METHODOLOGY1. INTRODUCTION
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and substrate and is combined

with the removal of vegetation

and the creation of steeper

bank angles and bed slopes

(Figure 1). This generally

leads to unstable channels

(Figure 2) that are providing

ecological habitats of limited

quality and diversity.

Interpretation

1. The decrease in channel cross-sectional area was

significantly lower in the case of a riparian zone due

to vegetation that prevents most of the sediments

from entering the channel (Table 1).

2. No such evidence was found for the naturalisation

scenario which included the re-establishment of a

lower bed slope.

Future Research

A revised version of the model will help solve the

following limitations in the original model:

1. Assumption that sediment are always available to be

picked up by the flow. This is not necessarily true due

to compaction in dredged channel and bank cohesion

(due to vegetation).

2. Channel curvature impact on sediment transport not

taken into account..

3. Lack of validation of the various sediment transport

mechanisms.

1 2 3 4

Dredging Riparian zone Re-meandering Riparian zone +

re-meandering

Dredged channel (2001) 5.11 5.11 5.11 5.11

Simulated channel (2007) 4.86 5.06 4.86 5.06

Change (2007-2001±2σ) -0.25±2.5E-3 -0.05±3E-4 -0.25±2.2E-3 -0.05±6E-5

Difference with dredging - 0.199 0.000 0.199

P value - < 0.001 0.267 < 0.001

Scenarios without climate change (C.C.)Cross-sectional area (m²)

This research aims at predicting the effects on flow field and sediment transport of employing various stabilization methods in a straightened

agricultural stream with unstable banks. A computational flow dynamics model (Phoenics) was used to test stream barbs whilst a sediment transport

model was employed to compare the efficiency of vegetated strips and meandering scenarios with that of dredging. Upcoming research will improve

the model by solving the aforementioned limitations and test the main structures and strategies utilized in the field of river restoration in North America.

4. CONCLUSION

Interpretation

1. Results indicate that bendway barbs greatly reduce near-bank velocities, shear

stress (pressure exerted on the bed, related to erosion) and associated bank

erosion in natural river bends with irregular topography (Figure 6).

2. Higher bed and surface velocities were displaced from the outer bank toward the

channel center.

These preliminary results are similar to those obtained in a flume experiment by

Matsuura and Townsend (2004) and Minor et al. (2007).

Design Considerations

The numerous simulations performed (only two are shown here) also suggest that the

results can vary significantly depending on the location and dimensions of the barbs

used. The method was adapted to irregular channels from Matsuura and Townsend

(2004) by increasing barbs’ exposition to the flow by increasing their angle and

dimensions, resulting in important lateral constriction which is essential to reducing

near-outer-bank velocities. The consequences of this constriction should be

investigated to reduce potential adverse effects on aquatic habitat, which include

looking at the effect of these structures at various flow stages.

Future Research

Upcoming experiments will include validation (without structures) using 3D velocity

measurements taken with an Acoustic Doppler Velocimeter. Other structures (energy

dissipaters, submerged weirs) will also be tested using the 3D model to compare the

efficiency of various structures in reducing near-bank velocities. As pointed out by

Abad et al. (2008), the impact of turbulence due to the shear layer created by barbs

needs to be taken into account in future simulations.

5 6 7 8

Dredging Riparian zone Re-meandering Riparian zone +

re-meandering

Dredged channel (2001) 5.11 5.11 5.11 5.11

Simulated channel (2007) 4.80 5.06 4.80 5.06

Change (2007-2001±2σ) 0.31±5E-4 -0.05±7E-5 -0.31±3E-3 -0.05±1E-4

Difference with no C.C. -0.060 -0.002 -0.060 -0.002

P value < 0.001 < 0.001 < 0.001 < 0.001

Cross-sectional area (m²) Scenarios with climate change


