
P. O. Box 25024 CAMBRIDGE, Ontario N3C 4B1
Bus: (519) 220 1208; Fax: (519) 220 0283; www.jtbenvironmentalsystems.on.ca

25 October 2005

Joe Cavallo
LGL environmental research associates
22 Fisher Street, PO Box 280
KING CITY, Ontario
L7B 1A6

Dear Mr. Cavallo;

Re: Bryne Drive Meander Beltwidth Assessment

We have completed the meander beltwidth assessments of Whiskey and Lovers Creek Tributary
which flows across the proposed development Bryne Drive Extension in accordance with your
request.

Data sources for the analysis include:

 1:5312 (approx) scale Air Photo obtained by JTB Environmental Systems Inc;
 1:10000 OBM sheet 10 17 6000 49100;
 Site Visit and Field Assessment June, August, 2005;
 Other data provided by the City of Barrie and LGL environmental research associates

EXISTING CONDITIONS:

Whiskey Creek:
Whiskey Creek is a tortuously meandering, entrenched system which drains lands upstream which
are currently under development. Within the direct roadway Study Area the creek flows through
both open land and woodlot. There is direct evidence of bank erosion all along the creek, and in
some locations it is clear that cutoffs will occur.

The meandering is interesting due to the fact that the gradient along a good portion of the creek is
rather strong. Usually meandering of this nature occurs when steeper channels reach flatter plateaus;
however this is not the case in this instance. The entrenchment of the system, coupled with the
meandering pattern, indicates that the flows are flashy in nature, with rather steep hydrographs. The
relatively weak nature of the bank material contributes to the overall meander pattern as well.

With respect to crossing this system with a roadway, it will be vital to remain outside the meander
beltwidth. These studies will determine the erosion setback to which the crossing will have to remain
outside in order to ensure creek function is not impaired.



Plate 1: Whiskey Creek upstream of Highway 400: View upstream toward Harvie Road.

Plate 2: Whiskey Creek view downstream toward Harvie Road. Note the meandering prior to crossing at the culvert.



Plate 3: Whiskey Creek view upstream of Harvie Road. Note the bank failures and entrenchment.

Lovers Creek Tributary:

Lovers Creek has its headwaters in the vicinity of the proposed crossing. This system has a very
small upstream contributing area, some of which may have been extracted by prior development.

The creek itself is intermittent with little or no formal fluvial form upstream of Highway 400. At the
time of our site visits in May and August, 2005, the creek was dry. There is no indication of
meandering or bank cutting; however, like Whiskey Creek, it will be important to span the beltwidth
to maintain the existing function of Lovers Creek Tributary.

Plate 4: View upstream of Lovers Creek showing contributing area. Note no formal channel exists.



Plate 5: Close-up view of drainage at Lovers Creek. Note the lack of any formal fluvial form.

A walking survey was undertaken to determine the location of any active eroding banks or evidence
of lateral migration of the channel. No eroding banks were noted. Based on this field evidence, it
was determined that delineation of the meander beltwidth could be accurately gleaned from air-
photo evidence.

MEANDER BELTWIDTH DELINEATION:

Assessment of the meander beltwidth was undertaken in accordance with the Natural Channel
Initiatives meander beltwidth methodology.

According to the published procedures, there are two coarse methods to distinguish which meander
beltwidth procedure should be followed. The first involves following the meander pattern of the
system as it proceeds downstream. This procedure is utilized when the creek meanders around a
meandering belt axis. The second procedure involves following the down-valley meandering trend;
this procedure is used when the creek meanders down-valley along a linear axis. Both procedures
were applied here, although the most appropriate is the first procedure as the creek in question
‘meanders’ across a meandering belt axis (that is, not a linear axis in one principle direction).

In accordance with the Natural Channel Initiatives Flow Regime Diagnostic Criteria flow diagram,
which indicates the procedure to be followed in a belt analysis, the following decisions were made:



 Has landuse changed in the past or is it expected to change in the future such that the flow
regime has/will be changed?

o No, in that the flow regime will be matched with any SWM structures
 Have any engineering works been completed in the reach?

o No.
 Can a meander belt be defined?

o Yes,
Based on these decisions, Procedure I-A was followed to the extent possible.

Because the upstream drainage area is <25km2, and because the land use in the area is primarily
commercial/industrial with some development, Procedure 5 should be included in the analysis.

RESULTS:

Table 1 shows the results from the beltwidth assessment for Procedure 1 and 2 for Whiskey Creek

Reach
Reach

Distance
(m)

Channel
Length

(m)
Sinuosity

Beltwidth
Method 1

(m)

Beltwidth
Method 2

(m)
W1 130.0 132.5 1.02 10.0 10.0
W2 127.0 132.1 1.04 9.0 9.0
W3 317.5 342.9 1.08 11.4 22.0
W4 787.4 825.5 1.05 16.9 58.0

WNT 571.5 596.9 1.04 14.3 38.0
WNF 698.5 762.0 1.09 12.7 91.0

Total:
2631.9

Total:
2791.9

Avg:
1.06

Avg:
12.37

Min:
9.00

Max:
16.90

Avg:
38.00

Min:
9.00

Max:
91.00

Note: Beltwidth Method 1 refers to the meander pattern belt method; Beltwidth Method 2 refers to the
down-valley meander trend method. Reach W1 begins at Highway 400.

Table 2 shows the results from the beltwidth assessment for Procedure 1 and 2 for Lovers Creek Tributary.

Reach
Reach

Distance
(m)

Channel
Length

(m)
Sinuosity

Beltwidth
Method 1

(m)

Beltwidth
Method 2

(m)
LT-1 513.08 558.80 1.09 13.75

Max:28.0
Min: 9.0

27.50
Max: 35.0
Min: 20.0

Note: Beltwidth Method 1 refers to the meander pattern belt method; Beltwidth Method 2 refers to the
down-valley meander trend method. Reach LT-1 begins at Highway 400.



Figure 1: Location of Reaches used in the Meander Beltwidth Analysis



The Whiskey Creek system has been broken up into 6 reaches for analysis; the Lovers Creek
Tributary has one reach (Figure 1). This is standard procedure which allows for proper
delineation of meander characteristics based on similar reach characteristics. Since this system is
not constrained by any formal valley system, locations of crossings or tributary inputs were used
to delineate reaches. Reach distance (Column 2) indicates the straight-line distance of the reach,
Channel Length (Column 3) is the actual stream length. Sinuosity (Column 4) is used to
determine the degree of curviness of the channel in each of the reaches and overall, this is
important in determining degree of meandering which has an impact on stream migration
potential.

For Whiskey Creek, analysis shows that, using the meander pattern belt width method (Method
1), the average beltwidth for the reaches is 12.37m, ranging from 9.00m to 16.90m. The broader
method, Method 2, delineates an average beltwidth of 38.00m, ranging from 9.00m to 91.00m.
Sinuosity ranges between 1.02 to 1.09, having a value of 1.06 for the overall reach.

For Lovers Creek Tributary, analysis shows that, using the meander pattern belt width method
(Method 1), the average beltwidth for the reaches is 13.75m, ranging from 9.00m to 28.00m. The
broader method, Method 2, delineates an average beltwidth of 27.50m, ranging from 20.00m to
35.00m. Sinuosity has a value of 1.09 for the overall reach.

Beltwidth Procedure 5 follows the empirical equation

Wb = -14.827 + 8.319 ln(SP*DA)

Where Wb= meander beltwidth
SP = stream power (Wm-2)
DA = drainage area (km2)

R2 = 0.739 SE (standard error) = 8.63

The empirical relation is based on a larger dataset which included reaches which were both
stable and unstable, resulting in data scatter above and below the standard relation. For highly
eroding systems, addition of the standard error for the equation allows a safety factor for
meandering. In stable systems, addition of the standard error overpredicts the meander tendency
of the system.



Table 3: Meander Beltwidth Procedure 5 for Whiskey Creek:
Assumptions: -Reach is not artificially confined (though may be slightly topologically

confined)
-There have been no apparent changes to planform configuration
-There are no apparent changes to hydrological regime
-The system is not situated on bedrock
-The system is currently within a rural setting
-The drainage area is <25km2

Slope: 0.0140 m/m
2-Year Flow: 2.80 m3 sec-1

Drainage Area: 1.80 km2

Stream Power: 384.395
Beltwidth: 39.57m

Standard Error: 8.63m (steep gradient controls lateral migration)
Meander Belt Width: 48.20m

Table 4: Meander Beltwidth Procedure 5 for Lovers Creek Tributary:
Assumptions: -Reach is not artificially confined (though may be slightly topologically

confined)
-There have been no apparent changes to planform configuration
-There are no apparent changes to hydrological regime
-The system is not situated on bedrock
-The system is currently within a rural setting
-The drainage area is <25km2

Slope: 0.0089 m/m
2-Year Flow: 1.30 m3 sec-1

Drainage Area: 0.46 km2

Stream Power: 113.455
Beltwidth: 18.07m

Standard Error: 8.63m (no evidence of erosion)
Meander Belt Width: 26.70m

DISCUSSION:

There are a number of issues to consider. First relates to what method should be used to
delineate the mender beltwidth, as each method results in a different value. Because the system is
not confined to any formal valley which controls the downstream meander trend, it is not
appropriate to invoke Method 2, so results from Method 1 should be considered to be more
representative. The fact that Method 5 with the Standard Error produces a result well outside
the range for Method 1 creates cause for reflection.



The high discharge at the 2-year storm level for drainage areas as small as these, especially given
they are in till and are currently vegetated, is difficult to rationalize. It is not logical to assume
that the Lovers Creek Tributary, which is not a formal channel, needs to be spanned by a
distance of more than 26.0 metres. Field evidence does not support either of these results.
Therefore, we recommend that the results of Procedure 5 be introduced for information
purposes only and should not be utilized in the span decision matrix.

Given the field analysis indicates that there is little potential for meandering outside the current
pattern due to high slopes we recommend that a beltwidth of 12.40 for Whiskey Creek and
13.75 for Lovers Creek Tributary, centred on the representative channels, is the appropriate belt
width. Addition of the Bankfull Width and erosion setback access allowance is required for the
final belt span.

Currently the systems appears to be in equilibrium with the surrounding land use, however a
development application will create an alteration to this equilibrium state and within a dynamic
system, change will result. Because there is no confining valley, there are no constraints to
change laterally by the creek.

Finally is the consideration as to whether this can be called a meandering system or not. The low
sinuosity for each of the reaches and the overall length indicates that the system is not able to be
classified as “meandering”, but is to be classified as “mildly sinuous”. The boundary between 
sinuous and meandering, according to Leopold, Wolman and Miller (1964) is a sinuosity value of
1.5, whereby greater than 1.5 represents meandering and less than 1.5 represents sinuous. As the
value approaches 1.0, the channel is considered to be straight; in fact some researchers consider
a “straight” channel to have sinuosity values between 1.0 and 1.10 (eg. Knighton, 1988). 

CONCLUSION:

Based on the field and analytical evidence we conclude that the meander beltwidth determined
through application of Procedure 1 for the unconstrained situation is the appropriate belt
setback. This setback is calculated to be:

Whiskey Creek: Lovers Creek Tributary:

Meander Results: 12.40m 13.75m
Bankfull Width: 2.0m 0.0m (no channel)
Erosion Access: 6.0m 6.0m
Sum: 20.40m 19.75m
Belt on each side of
Centreline of creek: 10.20m 9.90m

With respect to spanning the channels for the proposed roadway, we recommend the meander
results indicated above, without the bankfull width and erosion access allowances, be used to
determine span width



If I can provide any further clarification as to the information provided above, please do not
hesitate to contact me.

Respectfully Submitted,

Dr. John T. Beebe
Fluvial Geomorphologist
President and CEO
JTB Environmental Systems Inc.


