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Summary 

The objective of this report is i) to determine the effect of less or no harbour dredging on 
upstream flood levels, and ii) to investigate the possibility of movement of a coal tar deposit 
located on the bed of Kettle Creek above the lift-bridge in the former village of Port Stanley, 
Ontario. Two additional objectives were added after the project started, and include iii) that new 
hydrologic and hydraulic models be developed for determining regional storm flows and extent 
of the regional floodplain, and iv) redefine the floodway concept in accordance with instructions 
provided by the KCCA Kettle Creek Conservation Authority. 
 
In order to meet the report objectives, river soundings were taken from the lift-bridge to the 
upstream limit of the study area. The cross sections from the river soundings were extracted and 
compared to cross sections used in previous hydraulic analysis from 1986. A number of 
sediment cores were collected in Kettle Creek, and sediment chemistry analyzed. Flood flow 
frequency analyses were undertaken in order to estimate flows from a range of return periods.  
 
Hydrologic model HEC-HMS was developed to estimate the response of the Kettle Creek 
watershed to a regional (Hurricane Hazel) storm. The regional flow was estimated via the HEC-
HMS hydrologic model, and is shown be similar in magnitude to regional flows computed by 
others. In order to study the response of above determined flood flows of the Kettle Creek within 
the former village of Port Stanley, a 1D model hydraulic model HEC-RAS was developed in this 
work. The river soundings were used to prepare cross section data, which were subsequently 
used in the hydraulic modeling. Results of the hydraulic model under regional flows were used to 
develop flood lines, which are shown in the main body of the report. The report also includes an 
ice jam assessment of the mouth of the Kettle Creek, as well as a brief section on sediment 
mobility. 
 
Three different scenarios have been tested with the HEC-RAS hydraulic model. The scenarios 
included the following harbour configurations: i) harbour dredged to full draft (EL. 168.0 m); ii) 
harbour dredged to recreational depths (EL. 171.5 m); and iii) harbour allowed to fully silt up (EL. 
172.5 m). The elevation representing the harbour fully silted up (172.5 m) is a conservative 
approximation of the conditions that could possibly be realized. A sediment transport model 
would be needed to fully predict the long-term patterns of sediment accumulation/scour, and 
thus estimate the ultimate harbour configuration under the no-dredge scenario. 
 
Flood impacts of the three harbour configurations are assessed, and are the following: If the 
channel depth in the harbour is maintained for recreational depths, flood levels would increase 
as much as 2.0 m below the lift-bridge under the regional flows compared to the base case in 
which the harbour is dredged to full draft. Under the no-dredge scenario, the increases in water 
level below the lift-bridge could be as much as 3.0 m, and 0.8 m upstream under regional storm 
conditions. In both of the scenarios, the increased water elevations overtops the walls of the 
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harbour structures under regional flows, and causes a significantly increased flood extent 
downstream of the lift-bridge in Port Stanley. A strategy could be devised for part of the harbour 
to be dredged deeper under the recreational scenario (to act as a sediment trap and a flood 
control measure), in order to keep the regional flood within the harbour walls. 
 
Under the no-dredge scenario the concept of the floodway will have to be re-examined. The re-
examination is necessary as the water surface elevations under the regional storm conditions 
under the no-dredge scenario are significantly different than under current harbour grades. The 
differences are particularly important in areas downstream of the lift-bridge. 
 
As ice jams are controlled by the cross-section at the lift-bridge, the future formation of jams 
would not change due to the lack of dredging. However the release of ice jams would be 
affected. Presently the deep outlet channel provides an excellent escape for the release of ice. If 
the downstream channel fills in, ice will move away slowly, perhaps forming additional jams 
downstream. This could result in extended periods of ice jam flooding.  
 
Based on the historic accumulation of sediment it is estimated that the harbour fills at the rate of 
approximately 0.25 m/yr, which translates to about 15,000 m3/yr of sediment that will eventually 
have to be dredged out of the harbour. 
 
Our HEC-RAS analysis supports the statement that critical threshold for sediment movement is 
reached for flows with return periods of 2-yr and above. During storm conditions, it is possible for 
the contaminated sediments to be moved by the forces exerted by the river. During calm periods 
(which accounts for most days of the year) sediments brought in by the Kettle Creek are likely 
deposited in the harbour downstream of the bridge. A detailed sediment transport study looking 
at long-term patterns of deposition/scour is needed to fully characterize the movement of 
sediment, and predict future deposition rates within the harbour. 
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1. Introduction 

Port Stanley is at the outlet of the Kettle Creek on the north shore of Lake Erie. It is located 
within the Municipality of Central Elgin and the watershed falls within the jurisdiction of the Kettle 
Creek Conservation Authority (KCCA). 
 
The federal government has historically dredged the Port Stanley harbour to serve the needs of 
commercial shipping. The federal government, however, has not maintained the dredged depths 
consistently and has expressed a desire to divest itself from the facility. Without dredging it is 
anticipated that sediments will accumulate in the harbour and the sediment accumulation may 
have an impact on upstream flood levels within Port Stanley. 
 
A study by Acres and Associates Ltd., September 2001 identified a coal tar contaminated area 
north of the lift-bridge on the west side of the Kettle Creek. The KCCA and the municipality are 
concerned that if the contaminated area is left, it will be moved by high flows or ice in the 
channel or by boat prop wash. There is also a concern that the contaminated area will require 
dredging to maintain adequate channel capacity for flood conditions (presently a non dredge 
policy is mandated by MOE in the contaminated area). 
 
The Kettle Creek Conservation Authority and the Municipality of Central Elgin are partnering on 
this hydraulic study for Kettle Creek within the developed area of Port Stanley. The initial 
objectives of the study were as follows: 
 

• Determine the effect of less or no harbour dredging on upstream flood levels; 
• Assess the potential movement of the contaminated sediments; 

 
As the study progressed, two additional objectives were added, and are: 
 

• Develop new hydrologic and hydraulic models in order to estimate the regional floodplain 
extent; 

• Redefine the floodway concept in accordance with instructions provided by the KCCA. 
 
The study area is comprised of Kettle Creek and surrounding floodplain from the mouth of Kettle 
Creek to just north of the Warren Street bridge. The study area is shown in Figure 1. 
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2. Background 

2.1 Historical Records 
Federal government records show harbour and river conditions from the 19th century and 
onwards. The mouth of the Kettle Creek has been functioning as a commercial harbour since 
Confederation. Dredging has been a constant necessity throughout the harbour’s history. 
 

2.2 Floodplain Mapping 
Cumming Cockburn Limited (1986) had completed a flood line mapping study for the former 
village of Port Stanley. Cumming Cockburn Limited (1988) also prepared a report entitled 
Engineered Floodway Kettle Creek-Port Stanley in 1988. The 1988 report was prepared on 
behalf of the Kettle Creek Conservation Authority and was prepared under the auspices of the 
Canada – Ontario Flood Damage Reduction Program (FDRP). 
 
The 1988 report defined the floodway as the extent of flooding associated with the 100-year 
storm event and identified on topographic mapping at a scale of 1:2000. The flood fringe was 
defined as the flooding associated with the regional flood level plotted on the same map. 
 

2.3 Ice Jam Monitoring 
The Ministry of Natural Resources established an ice-monitoring program for the Kettle Creek in 
1985. Ice monitoring stations were established at six locations evenly spaced from the upstream 
limit of this study area to the Canadian Hydrographic Service gauge station on the west pier.  
 
The Catfish Creek Conservation Authority has maintained records of ice thickness at nearby 
Port Bruce.  This information was beneficial in calibrating the ice jam model.  
 

2.4 Kettle Creek Sediments 
There are two areas in the Kettle Creek known to have petroleum hydrocarbon contaminated 
sediments.  The areas were investigated in 1988 by Canviro and again in 2001 by Acres and 
Associates Ltd. 
  
These reports describe Area 1 as the area immediately upstream of the railway bridge in the 
vicinity of the former Ultramar tank farm. Area 2 is upstream of the lift-bridge on the west side of 
the creek in the vicinity of the George Street drain. Sediments in Area 1 do not have toxic 
effects on aquatic organisms, although further testing has been recommended to completely 
verify the toxicity. Sediments in Area 2 on the other hand, have been confirmed as being toxic to 
the aquatic organisms, and are considered grossly polluted by the Provincial Sediment Quality 
Guidelines.  
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In categorizing sediment characteristics, Acres and Associated Ltd. collected 14 samples in 
Area 1 (upstream of the railway bridge) and 10 samples in Area 2 (upstream of the lift-bridge).  
Most of the contamination was found in layers of alluvial sediment consisting mostly of silt, fine 
sand, sand, gravel and some coarse gravel. Under the alluvial sediments a thick layer of highly 
compacted silts and clays were found, postulated as acting as an impermeable layer. The 
presence of contamination (hydrocarbons) was most obvious within the sediment layer, directly 
above the compacted silts and clays. Even though for some of the samples collected by Acres 
in 2001 contamination was found in soil layers that are in direct contact with water, in most of 
the samples contamination was found to be sandwiched by silty sand/gravelly sediment layers 
on top and compacted silts and clays on the bottom. 
 
 Note that sediment grain size distribution curves were not available in the report by Acres and 
Associated Ltd.  
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3. Existing Conditions 

3.1 Topography 
Land elevations were derived from May 1985 aerial photography that was undertaken under the 
auspices of the Flood Damage Reduction Program (FDRP). The mapping was provided on four 
1:2000 scale Flood Risk Maps prepared by Cumming Cockburn Limited in 1988. The plans 
were in referenced to North American Datum 1927.   
 
Mylars of the flood risk mapping were scanned to create raster images and set to scale in 
terrain modeling software. The contours were traced, vectorized and translated to North 
American Datum 1983. Furthermore, a digital elevation model provided by the Ministry of 
Natural Resources of Ontario was used as well. 
 

3.2 Bathymetry 
Soundings were taken from the lift-bridge to the upstream limit of the study area on November 
1, 2004.   
 
Depth measurements are taken with a RESON Navisound 110 echosounder. The sounder has 
the following performance specifications: 

Frequency:    200 kHz 
Depth Range:  0.5m to 600m 
Resolution:   1 cm 
Accuracy:    1 cm (1 sigma) 
Pulse Repetition Frequency: 17 TX pulses per second 
Transducer:   RESON TC 2024.  
 

Horizontal positioning was recorded using a Trimble Ag132 DGPS with Omnistar satellite 
differential corrections.  The GPS unit has the following specifications: 

General: 12 channel L1 code phase receiver 
Update rate: 10 Hz 
Position accuracy Static (year-to-year): sub-meter differential 
Dynamic (pass-to-pass): 10-30cm (4-12 inch) 
 

The results of the sounding survey are presented on four sheets bound in Appendix A. 
 
Riggs Engineering carried out a comprehensive hydrographic survey of the harbour in May of 
2004 on behalf of Transport Canada.  This survey included cross-sections at 20 meter centers 
with soundings recorded at one meter spacings. The survey covered the area from the lift-
bridge to 500 meters south of the existing breakwaters. 
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In 1985 the Ministry of Natural Resources (MNR) undertook a sounding survey at regular 
intervals throughout the study area. The baseline of the survey was carefully overlaid onto 
existing survey control and the UTM NAD 83 coordinates for the survey points were calculated. 
This survey was compared with the 2004 survey.  The cross-sections at each station from the 
1985 survey are presented in Appendix B. 
 

3.3 Digital Terrain Model 
The topographical contours and the data sets from the two sounding surveys were combined 
into one file. The data was used to form a Triangular Irregular Network (TIN) model of the 
surface. The digital terrain model provides the basis for the hydraulic modeling used in this 
report. 
 

3.4 Sediment Characterization 

3.4.1 Grain Size 
There is an extensive history of sediment sampling in the Port Stanley harbour.  The federal 
government has frequently sampled within the harbour and Lake Erie approach channel as part 
of its maintenance dredging projects.  
 
Sediments in the approach channel south of the breakwaters are typically fine sand with less 
than 5% silt. This material originates from the erosion of the bluffs along the Lake Erie shoreline 
and sand fraction of the eroded material moves along the shoreline, driven by wind-generated 
waves. 
 
Sediments in the harbour between the breakwaters and the lift-bridge are impacted more 
significantly by the Kettle Creek and typically contain sand and amounts of silts and clays 
varying from 15% to 40%.  
 
The sediments upstream of the bridge have not been sampled consistently in the past and 
eleven cores were taken throughout the study area to supplement information from previous 
investigations.  The cores are presented in Appendix C. 
 
The location of these cores as well as other recent sediment sample locations is shown on 
Figure 2.  The cores indicate that there are silty sand and gravel deposits of varying thickness 
overlaying highly consolidated silt and clay.  
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3.4.2 Suspended Sediment Data 
Additional sediment information is available in the Water Survey of Canada database 
HYDAT2005 for the gauge at St. Thomas (ID02G002), where observations of flow, suspended 
sediment concentration and total dissolved solids are available. Most of the observations 
collected are from late 1980’s, with a limited number of observations from 1990 and onwards. 
Grain size data is also available from the HYDAT database for a number of observations. 
 

3.4.3 Chemistry 
Sediment chemistry is compared with criteria published by the Ontario Ministry of the 
Environment in its publication Guidelines for the Management and Protection of Aquatic 
Sediments in Ontario. These guidelines are generally referred to as the Provincial Sediment 
Quality Guidelines (PSQG). Sediment evaluation is based upon exceedances of effect levels 
established in the guidelines as well as background levels. The lowest effect level (LEL) is the 
level at which sediment is considered marginally polluted. For some parameters, naturally 
occurring background levels may exceed the PSQG LEL. If the concentration of a parameter 
exceeds the higher of the LEL and background level, it raises concern. The severe effect level 
refers to the concentration at which the sediment is considered grossly polluted.  
 
Four of the core samples upstream of the known coal tar deposits were analyzed for general 
chemistry and polycyclic aromatic hydrocarbons (PAH) by Maxxam Analytics Inc. The results 
are presented in Table 1 and Table 2. 
 
There were a number of exceedances of the metals and nutrients’ criteria in three of the four 
samples. Very trace amounts of PAHs were also detected but concentrations are in the order of 
magnitude below the lowest effect level of the PSQG. 
 
Sediment quality of Kettle Creek sediments has the potential to have a dramatic negative impact 
on the cost of maintenance dredging of the inner harbour sediments. In the past the most 
economical dredging has been to dredge the material and dump it in the lake a number of 
kilometers offshore. The acceptability of this approach is, among other things, very dependent 
on the sediment quality.   
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Table 1: Comparison of the sediment general chemistry to the MOE PSQG 

Element 

PSQG 
Lowest 

Effect Level 
µg/g  

PSQG   
Severe 

Effect Level
µg/g  

Sample #4  
2005-01-28 

µg/g 

Sample #6  
2005-01-28 

µg/g 

Sample #7 
2005-01-28 

µg/g 

Sample #8  
2005-01-28 

µg/g 

Metals 

Arsenic 6 33 1 2 2 2 

Cadmium 0.6 10 0.3 2.4 0.4 0.7 

Chromium 26 110 5.6 20.8 14.3 14.5 

Copper 16 110 16.4 25.8 21.9 22.6 

Iron 20,000 40,000 6,880.00 12,800.00 18,900.00 1,880.00 

Lead 31 250 6.8 26.1 12.9 13.8 

Manganese 460 1100 238 356 494 487 

Mercury 0.2 2 ND 0.07 ND ND 

Nickel 16 75 6 12.4 17.8 18 

Zinc 120 820 41.6 138 549 53.9 

Nutrients 

Phosphorus 600 2,000 379 719 61 597 

TOC 10,000 100,000 4,720 17,400 7,450 6,810 

TKN 550 4,800 68 1,070 352 216 
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Table 2: Comparison of the sediment polycyclic aromatic hydrocarbons to the PSQG 

Compound 
PSQG Lowest 
Effect Level 

µg/kg 

Sample #4  
2005-01-28 

µg/kg 

Sample #6  
2005-01-28 

µg/kg 

Sample #7  
2005-01-28 

µg/kg 

Sample #8  
2005-01-28 

µg/kg 

Anthracene 220 ND ND ND ND 

Benzo[a]anthracene 320 ND ND 11.0 18.0 

Benzo[k]fluoranthene 240 ND ND ND ND 

Benzo[a]pyrene 370 ND ND 8.0 10.0 

Benzo[g,h,i]perylene 170 ND ND ND ND 

Chrysene 340 ND ND 10.0 16.0 

Dibenzo[a,h]anthracene 60 ND ND ND ND 

Fluoranthene 750 9.0 18.0 18.1 27.6 

Fluorene 190 ND ND ND ND 

Indeno[1,2,3-cd]pyrene 200 ND ND ND ND 

Phenanthrene 560 ND 6.0 9.0 7.0 

Pyrene 490 8.0 14.3 16.3 20.3 

            

Acenaphthene   ND ND ND ND 

Acenephthylene   ND ND ND ND 

Benzo[b]fluoranthene   ND ND ND ND 

Napthalene    ND ND ND ND 
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4. Watershed Hydrology 

4.1 100-Year Flow 
Flood frequency analysis was carried out for the St. Thomas stream gauge on Kettle Creek to 
determine the 100-year flow. 
 
The annual maximum instantaneous flood series from Water Survey of Canada station 
02GC002 at St. Thomas is shown in Table 3. 
 
Table 3: Annual maximum instantaneous flood record for Kettle Creek at St. Thomas 

YEAR FLOW m3/s YEAR FLOW m3/s YEAR FLOW m3/s 
1967 121 1980 164 1993 165 
1968 275 1981 79.3 1994 88.5 
1969 155 1982 109 1995 103 
1970 124 1983 166 1996 83.1 
1971 93.7 1984 117 1997 131 
1972 142 1985 170 1998 89.8 
1973 161 1986 137 1999 85.8 
1974 118 1987 65.2 2000 147 
1975 114 1988 NA 2001 166 
1976 NA 1989 30.5 2002 69.3 
1977 193 1990 NA 2003 65.5 
1978 99.1 1991 90.2   
1979 196 1992 153   

 
The Consolidated Frequency Analysis Program (CFA) was used to check for independence and 
randomness. One value, for year 1989, was deemed to be an outlier and removed from the 
frequency analysis data set. Results were obtained for the 3 parameter Log Normal distribution 
(LN3) and the 3 parameter Log Pearson distribution (LP3). Both distributions yielded very 
similar results (see Figure 3).  
 
Results of the frequency analysis are summarized in Table 4. 
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Table 4: Kettle Creek at St. Thomas flood frequency 

Return Period Yr.
Flow m3/s 

Log Normal
Flow m3/s   

Log Pearson 

2 118 119 
5 161 159 
10 189 186 
20 217 212 
50 254 246 
100 283 272 
200 311 299 
500 351 334 

 

 
Figure 3: Frequency analysis plot for Log Normal 3 and Log Pearson 3 distributions 

 

4.2 Flow Relationship – St. Thomas to Port Stanley 
The US Army Corps of Engineers Hydrologic Engineering Center’s Hydrologic Modeling System 
(HEC-HMS) model was used to study the hydrologic flow regime of the Kettle Creek watershed 
(USACE, 2000a). The HEC-HMS model with uniform rainfall over the entire basin indicates that 
there is only a small increase in flows at Port Stanley compared to St. Thomas. The actual 
relationship between flows at St. Thomas and Port Stanly depends on the type and frequency of 
hydro-meteorologic events (rainfall vs. snowmelt), basin characteristics (i.e., how much water is 
stored in the top layer of soil at the time of event), as well as other factors. For the purposes of 
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this study however, flows at Port Stanley are conservatively estimated through a simple 
drainage area proportioning. 
 
By drainage area proportioning, the 100-year flow at Port Stanley is estimated by: 
 

Qps = 272 × 434/329 = 359 m3/s 
 

where 272 m3/s is the 100-year flood flow estimated via Log-Pearson 3 distribution (see Table 
4), 434 km2 is the drainage area at Port Stanley at the start of the study area, and 329 km2 is 
the drainage area of the Water Survey of Canada stream gauge at St. Thomas. 
 
Flows for other return periods at Port Stanley were calculated by the same drainage area 
proportioning procedure outlined above.  
 

4.3 Regional Storm Calculations  
Estimates of the regional storm were made using the HEC-HMS hydrologic model. Watershed 
parameters for the HEC-HMS model were determined by using geographical information system 
(GIS) techniques using Ontario Ministry of Agriculture Food and Rural Affairs (OMAFRA) soils 
and land use data, as well as topographical data from the Ontario Basic Mapping program 
(OBM).  A total of 15 sub-basins were used in the hydrologic model (shown in Figure 4).  
 

 
Figure 4: Kettle Creek sub-watershed areas used in HEC-HMS modeling 
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Details of the HEC-HMS model are shown in Appendix C. Hurricane Hazel was used as the 
regional storm in accordance with KCCA policies and regulations. Hurricane Hazel represents 
285 mm of rain in a 48 hour period of which 211 mm occurred in a 12 hour period. An aerial 
reduction factor of 79.3 % was applied to the rainfall to account for the size and shape of the 
Kettle Creek watershed (see Figure 5). 
 

 
Figure 5: Circular area regional storm reduction 

 
To account for future urbanization, impervious areas in the HEC-HMS model were adjusted (see 
Table 5) to reflect official planning documents, as provided by the Central Elgin Planning 
Department. The main areas of increased urbanization are: 
 

• Talbotville - industrial  
• St Thomas north - industrial and residential 
• St Thomas south - residential 
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Table 5: Existing and future impervious areas 

Sub-basin 
Area 
km2 

Existing 
Impervious 

% 

Future 
Impervious 

% 
42B 38.4 2.0 2.0 
43B 17.4 2.0 2.0
44B 39.8 2.6 3.4
45B 40.6 2.0 2.0
46B 39.6 2.0 2.0 
47B 28.6 6.7 8.8 
48B 57.9 3.3 3.6 
49B 30.2 2.5 12.0 
50B 15.9 22.3 22.3 
51B 24.6 14.3 14.7
52B 15.8 5.2 5.2
53B 22.5 2.0 2.0 
54B 29.2 2.6 2.6 
55B 13.2 2.0 2.0 
SB1 20.5 2.0 2.0 

 

4.3.1 Dalewood Reservoir 
Dalewood reservoir storage was calculated from a digital elevation model based on the OBM 
1:10,000 mapping program. 
 
For calibration purposes of the HEC-HMS model it was assumed that the reservoir was 
operational and that storage above normal water level (live storage) would be utilized. 
 
The Ministry of Natural Resources policy for floodplain mapping requires that artificial storage 
created by dams be discounted. The assumption is made that a dam might fail during a major 
flood, or might have failed or been removed at an earlier date. Therefore, the reservoir was 
removed from the HEC-HMS model for the calculation of regional storm flows. 
 
Earlier estimates by Cumming Cockburn Limited (1986) and by Lathem Group (1987) had 
accounted for reservoir storage, thus resulting in lower regional flood flows. 
 
The regional storm flows computed using the HEC-HMS model at Port Stanley is 957 m3/s. 
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4.4 Previous Estimates of Regional Storm Flows 
Cumming Cockburn Limited (1986) estimated the regional flood at Port Stanley as 829 m3/s. 
Cummings Cockburn did not have the benefit of stream gauge data on Dodd Creek or upper 
Kettle Creek for calibration purposes of their hydrologic model. 
 
Part of the differences in our HEC-HMS estimate compared to the Cumming Cockburn estimate 
from 1986 can be explained by reservoir storage and increased urbanization. 
 
Our Port Stanley regional flow estimate compares favourably with the KCCA’s flood forecasting 
model KCIFF (Schroeter and Associates, 1992) which estimates a regional flow of 932 m3/s. 
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5. Kettle Creek Hydraulics 

The US Army Corps of Engineers Hydrologic Engineering Center’s River Analysis System 
(HEC-RAS) model was used to study the hydraulics of the Kettle Creek for both ice and non-ice 
related flooding (USACE, 2000b). HEC-RAS is designed to perform one-dimensional hydraulic 
calculations for a full network of natural and constructed channels.  
 
The HEC-RAS modeling system is typically used for calculation of water surface profiles for 
steady and unsteady gradually varied flow conditions. HEC-RAS can handle a full network of 
channels, or a single river reach. The HEC-RAS modeling system is capable of computing sub-
critical, super-critical, and mixed flow regimes and its associated water surface profiles.  
 
In order to study the hydraulic characteristics of Kettle Creek, two essential data sets are 
needed: i) Lake Erie water levels, and ii) Kettle Creek flows at Port Stanley. Lake Erie water 
levels are summarized in Section 5.1, while the regional flood flow (presented in Section 4.3) 
was used for determining the extent of the regulatory floodplain. 
 

5.1 Lake Erie Water Levels 

The hydraulic characteristics of the mouth of Kettle Creek are greatly influenced by backwater 
effects from Lake Erie. Lake level records for Lake Erie are summarized in Table 6. 

 
Table 6: Lake Erie water elevations 

1918-
2004 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Average 173.99 173.98 174.06 174.21 174.30 174.33 174.32 174.25 174.16 174.06 173.99 173.99

Minimum 173.21 173.18 173.20 173.38 173.44 173.45 173.45 173.43 173.38 173.30 173.20 173.19

Maximum 174.86 174.78 174.88 174.98 174.97 175.04 175.03 174.94 174.83 174.94 174.85 174.90

 

The long term average Lake Erie level is 174.14 m. Analysis of high flow conditions (100-year 
flows and above) showed that Lake Erie water levels had little effect on flood level calculations 
in the inner harbour area and above. A Lake Erie level of 174.0 was used for the flood level 
calculations which compared flooding under various dredge level conditions. 

 

5.2 Regulatory Floodplain 
In order to compute the regulatory floodplain, Lake Erie water level of 174.0 m was used as the 
downstream boundary condition, while the regional flood (957 m3/s) was used as the upstream 
inflow to the river system. The HEC-RAS model was constructed using the 2004 surveyed cross 

RIGGS ENGINEERING LTD.                                                                   17 



Kettle Creek Hydraulic Study 

section (see Appendix B), together with best estimates of the roughness characteristics of the 
channel and floodplain. After the water surface elevation was obtained from the model, a 3D 
surface was constructed in a terrain modeling software. Available topographic data was used to 
construct a 3D surface of the terrain in and around the river. The regional flood line was 
calculated by computing the intersection between the 3D water surface computed by HEC-RAS 
with the topographic surface. The computed regional floodplain is shown in Figure 6. Note the 
floodplain extent downstream of the bridge does not spill the banks in the harbour, as the 
harbour bottom was estimated at elevation 168.0 m (according to 2004 soundings). The harbour 
bed elevation used in the calculations is higher than 167.1 m, the dredge grade to which the 
harbour was previously dredged to by the Federal Government.  
 
The resulting flood levels using the regional storm flow of 957 m3/s are shown in Table 7. 
 

Table 7: Regional flood elevations – existing conditions 
Location  Flood Elevation m 

Harbour to Lift-Bridge 174.0 – 176.6 

Lift-Bridge to Railway Bridge 176.6 - 178.2 

Railway Bridge to Warren St. 178.2 - 179.5 

Above Warren St. 179.5 - 180.3 
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5.3 Floodway 
A floodplain is broadly defined as an area adjacent to the stream which is inundated when the 
discharge exceeds the normal capacity of the channel. In most jurisdictions in Ontario the 
discharge used to delineate a floodplain is the regional storm defined by the Ministry of Natural 
Resources. Typically, regulatory framework exists that limits development within the floodplain. 
 
The Kettle Creek Conservation Authority’s policy for the former village of Port Stanley (now part 
of the Municipality of Central Elgin) allows limited development within the outer limits of the 
Hurricane Hazel floodplain (defined as the flood fringe). The area within the floodplain, but 
outside of the flood fringe is defined as the floodway, in which development is prohibited or 
severely restricted. Figure 7 depicts graphically definitions of the floodplain, the flood fringe, and 
the floodway. 
 

 
Figure 7: Definition of floodplain, flood fringe and floodway 

 
 A study by Cumming Cockburn carried out in 1986 provided the floodway limits, outside of 
which development could be permitted. Cumming Cockburn assessed development in the 
following areas:  
 

• above the railway bridge, the west side on land presently occupied by a condominium 
complex;  

• below the railway bridge on the west side in the Lions park area; and  
• above the Warren St. bridge on the east side.  

 
At the request of KCCA a new floodway was assessed for the entire village of Port Stanley as 
part of this study.  
 
A floodway was established based on the principals established in the report by Cumming 
Cockburn (i.e., 10 m offsets from the top of creek banks and a minimum floodway width of 
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60 m). The only exception to this rule was the recognition of the Colbourne Street right-of-way 
alongside Kettle Creek. Here the floodway line was placed on the east side of the right-of-way. 
 
In general the elevations based on the floodway are 0.0 m – 0.1 m above those without the 
floodway. The floodway, together with the regulatory floodplain is shown in Figure 8. 
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5.4 Ice Jam Considerations  
The following information was used in the assessment of ice jams. 
 

• Historical flow records and Lake Erie level records; 
• Report on February 1985 ice jam from Ministry of Natural Resources; 
• Ice thickness records for Port Bruce Catfish Creek Conservation Authority. 

 
The February 1985 ice jam resulted from winter thaw and rainfall. An increase of 1.19 m in 
water elevation was recorded at the lift-bridge. The ice jam extended approximately 100 m 
upstream. 
 
The US Army Corps of Engineers HEC-RAS program was used to study the 1985 ice jam. The 
1985 field observations of the water and ice conditions were used to calibrate the model. The 
observed peak flow at the time of the jam at St. Thomas was approximately 152 m3/s and the 
corresponding peak flow at Port Stanley is estimated as 190 – 200 m3/s. The observed ice 
thickness was 30 cm +/- 10 cm. 
 
A joint probability approach was used to determine the frequency of various flood levels through 
Port Stanley based on likely ice jam occurrence as well as flood flows and Lake Erie levels. The 
three probabilities were summed to determine the combined or joint probability of exceeding a 
certain stage. The reciprocal of this joint probability is the return period. 
 
Figure 6 shows the flood stage frequency curves that were developed using the joint probability 
approach for that area just upstream of the lift-bridge, 1000 m upstream of the lift-bridge, and 
2200-m upstream of the lift-bridge. Table 8 shows flood levels for various locations and return 
periods. These computations involve uncertainties that are reflected by the upper and lower 
bounds. The flood stage observed due to the ice jam of February 1985 corresponds to a 
combined return period of between 10 and 30 years.  
 
Additional details of the ice jam assessment are shown in Appendix E. 
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Figure 9: Flood stage frequency upstream of lift-bridge Figure 9: Flood stage frequency upstream of lift-bridge 

  
Table 8: Flood stages at selected locations Table 8: Flood stages at selected locations 

Return Period, years Return Period, years 2 2 5 5 10 10 20 20 50 50 100 100 

Upstream lift-bridge 
174.0 – 
174.5 

175.0 – 
175.35 

175.5-  
175.7 

175.8-  
175.6.2 

176.3 –  
176.5 

176.5 – 
 176.7  

1000 m u/s lift-bridge 
175.7 –  
176.1 

176.6 –  
176.8  

177.0 –  
177.26 

177.3 –  
177.5 

177.75–  
177.85  

178.0-  
178.1 

2200 m u/s lift-bridge 
175.8 –  
176.2 

176.85 – 
177.4 

177.5 – 
178.0 

178.0- 
 178.4 

178.5-  
178.8 

178.8- 
179.15 

 

Years 



Kettle Creek Hydraulic Study 

6. Effect of Dredging on Flood Levels 

6.1 Harbour Sedimentation Forecast 
Port Stanley harbour has historically been divided into 5 sub-areas for the administration of 
dredging. The areas are summarized below: 
 
Area A  Harbour Approach Channel, south of breakwaters; 
Area B  Outer Harbour Channel, north of breakwaters; 
Area C  Inner Harbour from lift-bridge to south limit of the west pier but excluding Area D; 
Area D  Inner Harbour, east side, commercial fishing berth area; and 
Area E  Outer Harbour, turning basin. 
 
Each of these areas has been dredged to a different grade depth.  The approaches have 
typically been dredged to a deeper depth than the berths to provide a larger under-keel 
clearance during stormy weather, as well as to extend the interval between maintenance 
dredging contracts. 
 
The grade depths as advertised on Canadian Hydrographic Service Chart 2181 are as follows:  
 
Area A 7.0 m 
Area B  6.7 m 
Area C 6.4 m 
Area D   4.5 m 
Area E  5.5 m 
 
From 1980 to present the federal government has carried out eight dredging contracts. Note 
that dredging data summary does not always show the volume dredged for the individual area 
within the harbour. 
 
Contract payments have been based upon the volume dredged above grade so contract 
payment certificates will not give a true record of the total volume removed during the 
performance of the contract. Contractors will dredge a nominal depth below the contract 
specified grade to ensure the contract requirements are fully satisfied.  
 
The total volume removed is usually referred to as the gross volume dredged and is determined 
by calculating differences between the before and after dredging surveys.  
 
The gross volume dredged since 1980 is presented in Table 9.  
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Table 9: Previous dredging volumes removed (m3) 
 Inner Harbour Approach Channel Total 
    

1981 108,415 69,744 178,159 
1983    58,087 
1985   138,600 
1990  40,062  40,062 
1992 80,679 16,977  97,656 
1994  12,396  12,396 
1995    78,519 
2001 70,610 73,140 143,750 
Total   747,228 

 
In 1981, 1992 and 2001 the inner harbour sediments represented 62% of the total for those 
years. Conversely, in 1990 and 1994 only approach channel sediments were dredged. While 
infilling in the approach channel is a major concern to navigation, most of the infilling occurs in 
the inner harbour which has the potential to have an impact on the Kettle Creek water levels.  
 
Riggs Engineering Ltd. has carried out annual monitoring sounding surveys of the harbour and 
approach channel since dredging was last completed in 2001. The volume of infilling was 
calculated for each of the dredge areas.   
 
The annual rates of infilling in cubic meters are shown in the Table 10, where BD refers to 
before dredging and AD refers to after dredging soundings.  
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Table 10: Volume calculations (m³) 
Area C volume calculations (m³) 

  Volume Below Volume Above Change Since Change Since 
  6.4m elev 6.4m elev Prev. Period 2001 AD 

2001 BD Soundings 9,724 5,826    

2001 AD Soundings 22,843 440 -5,386   

2002 Soundings 11,388 6,176 5,736 5,736 

2003 Soundings 9,780 10,473 4,297 10,033 

2004 Soundings 6,386 24,774 14,301 24,334 
     
Area B volume calculations (m³) 

  Volume Below Volume Above Change Since Change Since 
  6.4m elev 6.4m elev Prev. Period 2001 AD 

2001 BD Soundings 16,014 16,307     

2001 AD Soundings 27,693 311 -15,996   

2002 Soundings 22,076 3,546 3,235 3,235 

2003 Soundings 14,744 5,975 2,429 5,664 

2004 Soundings 14,822 19,289 13,315 18,979 
     
Area A volume calculations (m³) 

  Volume Below Volume Above Change Since Change Since 
  6.4m elev 6.4m elev Prev. Period 2001 AD 

2001 BD Soundings 26,500 50,207     

2001 AD Soundings 47,013 1,277 -48,931   

2002 Soundings 40,912 26,522 25,246 25,246 

2003 Soundings 45,153 45,153 18,631 43,877 

2004 Soundings 28,964 68,409 23,255 67,132 
 
The average annual rates of infilling of the three areas are as follows: 

1. Area C   8,111 m³ 
2. Area B  6,326 m³ 
3. Area A  22,377 m³ 

 
The addition of Areas C and B represents the same area as described as inner harbour 
sediments in the analysis of the past dredging projects.  Analysis of the recent survey data 
suggests the rate of infilling in the inner harbour is in the same order of magnitude as the past 
projects.   
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The volume of infilling for areas B and C totals to 14,437 m³/yr. The quoted rate of infilling 
corresponds to a reduction in harbour depth of about 0.25 m/yr. This rate infilling will eventually 
interfere with small craft vessel navigation in approximately 15 years. Provisions should be 
made to dredge up to 15,000 m³ each year after the 15 year period of infilling. Dredging of areas 
B and C will be required on an on-going basis in the future to maintain recreational navigation.  
 

6.2 Impact of Dredging on Flood Levels 
Dredging of the inner harbour below the lift-bridge has been carried out by the Federal 
Government in the past. Dredging has maintained the inner harbour bottom to elevation 
167.1 m. The purpose of this assessment is to determine the possible increase in upstream 
flooding that would occur if i) significantly less dredging takes place, and ii) if dredging stops all 
together.  
 
For the purpose of assessing the impacts of dredging on flood levels, three scenarios were 
considered: 
 

• Dredging the harbour to 168.0 m, consistent with past dredging and allowing for some 
infilling; 

• Dredging for recreational boats to 171.5 m in the inner and outer harbour; 
• No dredging of the harbour, resulting in infilling of the harbour and beyond the lift-bridge. 

 
Summary of the analysis is presented in Table 11, and graphically in Figure 10 and Figure 11. A 
map showing proposed flood lines under the base case and no-dredge scenario are shown in 
Figure 12. The floodplain areas downstream of the lift-bridge in the recreational and no-dredge 
scenarios are similar in plan extent as the available topographic data is too coarse to define the 
flood line accurately. Since the area downstream of the lift-bridge is fairly flat, water that spills 
the harbour walls would likely travel laterally and would eventually empty into Lake Erie. The 
ability of the 1D hydraulic model HEC-RAS to correctly represent this situation is limited. A 2D 
hydrodynamic model with high resolution topography is needed to delineate the floodplain 
extents in the zone downstream of the bridge. Note however that most of the area downstream 
of the lift-bridge is in the 100-yr Lake Erie flood line. 
 
Table 11: Increases in flooding with reduced or eliminated dredging 

Channel Condition 
100yr  

below LB 
100yr  

above LB 
Regional 
below LB 

Regional 
above LB 

Dredge to 168.0 m (base case) 0.0 m 0.0 m 0.0 m 0.0 m 

Dredge to 171.5 m (recreational) +1.0 m 0.0 m +2.0 m 0.0 m 

Infills to 172.5 m (no-dredge)  +2.0 m 0.0 m +3.0 m +0.8 m 

LB = lift-bridge 
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Despite the above limitations, it is possible to devise a harbour configuration with dredging to 
recreational grades where one part of the harbour is dredged deeper (to act both as a sediment 
trap, and a flood control measure) that will ensure regional flood does not spill the harbour walls. 
 

 
Figure 10: Flood elevations for 100-yr flood with various lower channel depths 

 
 

 
Figure 11: Flood elevations for regional flood with various lower channel depths 
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6.2.1 Dredging for Recreational Boating Scenario 
Allowing the harbour to fill up to 171.5 m, and maintaining this elevation for recreational boats 
does influence flood elevations. For the 100-yr flows, the water surface elevations below the lift-
bridge are computed as 1.0 m higher when compared to the base case (when the harbour is 
maintained to 168.0 m or deeper). Even though there is an increase in water surface elevation, 
the increased water levels do not spill the banks and therefore do not affect flood lines under the 
100-yr flows. Upstream of the lift-bridge, there is virtually no change in flood levels. Under the 
regional flow conditions flooding impacts are felt below the lift-bridge with a 2.0 m increase in 
water level (where the water does overtop the banks), and no change upstream of the lift-
bridge. 
 

6.2.2 No-dredge Scenario 
For the no-dredge condition it was assumed the outer harbour and upstream channel would 
eventually fill to 172.5 m. In order to verify the assumption made and to determine the ultimate 
harbour configuration if dredging completely stops, mobile bed hydraulic simulations are 
needed. More sophisticated analysis of sediment transport considering various sources of 
sediments (river and lake), together with continuous modeling of patterns of accumulation and 
scouring within Kettle Creek and the Port Stanley harbour is needed to verify the assumptions of 
the ultimate harbour configuration. The mobile bed analysis should be based on sediment grain 
size distributions along the river and harbour, as well as on patterns of movement of sediment 
during storm and calm conditions. There would likely be some reduction in flood levels due to 
mobile bed conditions during a flood. Nevertheless, the infilling to 172.5 m assumed is 
considered a reasonable estimate of the total effect of no dredging given that more 
sophisticated analysis is not available. 
 
The impacts of the no-dredge scenarios are primarily felt below the lift-bridge and secondarily 
between the lift bridge and the railway bridge. From the railway bridge north there is a tapering 
effect and there are small flood level increases at the upper end of the study area. 
 
With no dredging, regional flood impacts are significant. Under the regional flood, water levels 
increase as much as 3.0 m below the lift-bridge and 0.8 m upstream when compared to the 
base case (when the harbour is assumed to 168 m). This results in a wider flood plain, 
especially below the lift-bridge where flood waters are no longer contained within the main 
harbour channel. Regional flood waters would spill from the harbour over to Carlow Road on the 
one side and Main Street on the other side. Also, part of Bridge Street would be under water. 
Results under the 100-yr case are similar, where the water level could be expected to increase 
as much as 2.0 m below the lift-bridge, with no change upstream. 
 
Note that under the no-dredge scenario the entire concept of the floodway will have to be re-
examined. The re-examination is necessary as the water surface elevations under the regional 
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storm conditions under the no-dredge scenario are significantly different than under current 
harbour grades. The differences are particularly important in areas downstream of the lift-bridge. 
 
Although there is no official dredging program above the lift bridge, local marina operators 
maintain the channel for berthing large hulled vessels such as sailboats. Additionally, prop wash 
from these boats helps maintain the channel above the lift-bridge. If no dredging takes place in 
the harbour, these large hulled boats will not be able to use the harbour. Under this scenario 
there will be no incentive for marina owners to continue to dredge and the river channel will tend 
to fill in. The scouring effects of flood flows in the river would be the only mechanism for 
maintaining the channel.  
 

6.2.3 Summary and Conclusions 
If the channel depth in the harbour is maintained for recreational depths (i.e., estimated as 
171.5 m) flood levels would increase as much as 2.0 m below the lift-bridge under the regional 
flows. Under the no-dredge scenario, the increases in water level below the lift-bridge could be 
as much as 3.0 m, and 0.8 m upstream under regional storm conditions. 
 
As ice jams are controlled by the cross-section at the lift bridge, the formation of jams would not 
change due to the lack of dredging. However the release of ice jams would be affected. 
Presently the deep outlet channel provides an excellent escape for the release of ice. If the 
downstream channel fills in, ice will move away slowly, perhaps forming additional jams 
downstream. This could result in extended periods of ice jam flooding.  
 
In summary, if no dredging is carried out the sand bar just outside of the harbour will likely 
widen and grow with time. The inner harbour area will silt in from river sediments as will the 
channel above the lift-bridge. A significant expansion of the floodplain, especially below the lift-
bridge will likely occur.  A minimum recreational craft dredge level needs to be maintained to 
minimize flooding impacts.  
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7. Contaminated Upstream Sediments 

7.1 Sediment and Scour Patterns 
Public Works and Government Services Canada (PWGSC) microfilm records were reviewed to 
determine if the federal government had carried out any surveys upstream of the lift bridge.  
Only one survey carried out in 1919 was in the records and preceded many structural changes 
in the harbour.  Consequently it has no value as a baseline condition for the objectives of this 
study.   
   
The cross-sections of the Kettle Creek are typically deeper now than in 1985.  The Lake Erie 
water levels were higher in 1985, which might explain part of the discrepancy. The scour and 
deposition in the Kettle Creek appears to be dependent on the hydraulic capacity required for 
the conveyance of flows and sediments. 
 

7.2 Vessel-induced Scour 
The scour impact induced on the riverbed by a fish tug propeller was assessed by conducting 
field experiments on December 14, 2004.  The commercial fishing vessel, Fishfinder V, 
participated in the experiment. 
 
A March-McBirney Flow-Mate 2000 portable flow meter was set up 0.3 m off the bottom of the 
riverbed in a location where the riverbed was at a depth of 1.9 m below water level. The fish tug 
drove past the flow meter in the upstream and the downstream direction. As the fish tug drove 
past the flow meter at a typical cruising speed, the water flow measurements were recorded. 
The flow meter was also set up at various depths directly behind the propeller of the fish tug. 
The water flow measurements were taken as the fish tug drove at a typical cruising speed. The 
general arrangement of the set-up is shown in Figure 10.  
 
Measured current in the river was recorded at 0.09 m/s, thus establishing background or 
ambient current conditions. When the fish tug drove past the flow meter in the upstream 
direction, the measured current was approximately 0.28 m/s and slowly diminished afterwards. 
When the fish tug drove past the flow meter in the downstream direction, the flow 
measurements typically rose to approximately 0.2 m/s and quickly diminished. When measuring 
the flow rate from directly behind the fish tug it was observed that the flow rate rose to flow level 
of 2.0 m/s.  
 
The field measurement confirmed that the fish tug propeller was able to induce localized scour 
on the riverbed. However, the scour effect observed was highly localized with minimal influence 
further than about 2 m away from the propeller.  
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7.3 Sediment Transport Under Flow 
The channel velocities and shear stresses for the 1985 ice jam were 0.7 m/s – 1 .6 m/s in the 
main channel, with shear forces as high as 100 Pa. Velocities in access of 1.0 m/s and shear 
stresses greater than 10 Pa indicate that bed erosion can be expected during this type of ice 
jam. The bed sediments (silt and coarse sands) will erode at 1 Pa and portions of the bed that 
are armoured with gravel will erode at approximately 10 Pa. Shear stresses of 10 Pa are 
attained under non ice conditions for the 2 year flood or greater. This applies to the area in the 
river opposite to the George Street Drain, where a coal tar deposit is known to exist. The 
downstream path of bed load sediments is likely to be concentrated in the lowest point in the 
channel (thalweg) where the velocities are greatest. The thalweg is usually located near the 
centre of the channel or towards the outside of a bend in the channel. 

The report by Acres and Associates in 2001 indicated that the coal tar contamination may be 
migrating downward until the impervious layer of compacted clays and silts is reached which 
may act as a trap. The Acres report also notes that “there is insufficient data/information to 
determine whether contaminants are moving downstream within the river system or whether 
they are pooled (and essentially immobile) on top of the dense underlying clay” (Acres, 2001, p. 
3-39). 

Since critical threshold for sediment movement is reached for flows with return periods of 2-yr 
and above, we can conclude that it is possible for sediments in the vicinity of the coal tar 
contamination to move downstream, at least during storm events. During calm periods (when 
flows in the river are low) it is likely that suspended sediments carried by Kettle Creek would 
deposit in the harbour area. 

Exactly how much sediment would move downstream during storms, or if the sediment that is 
likely to move is contaminated or not, are questions requiring a separate sediment transport 
study. 
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8. Conclusions 

The main outcomes of this study are the impacts of various dredging scenarios on flooding 
within the former village of Port Stanley. Three dredging scenarios have been considered. The 
scenarios include: i) harbour dredged to full draft (EL. 168.0 m); ii) harbour dredged to 
recreational depths (EL. 171.5 m); and iii) harbour allowed to fully silt up (EL. 172.5 m). Note 
that the elevation represented the fully silted harbour is a conservative approximation of the 
conditions that could possibly be realized. A working sediment transport model is needed to 
predict the long-term patterns of sediment accumulation/scour, and thus predict the ultimate 
harbour configuration under the no-dredge scenario. 
 
Flood impacts of the three harbour configurations are assessed, and are the following: If the 
channel depth in the harbour is maintained for recreational depths flood levels would increase 
as much as 2.0 m below the lift-bridge under the regional flows compared to the base case in 
which the harbour is dredged to full draft. Above the lift-bridge, the impacts are assessed as 
minimal. Under the no-dredge scenario, the increases in water level below the lift-bridge could 
be as much as 3.0 m, and 0.8 m upstream under regional storm conditions. In both of the 
scenarios, increased water elevation overtops the walls of the harbour structures (under 
regional flows), and causes a significantly increased flood extent downstream of the lift-bridge 
for Port Stanley. 
 
As ice jams are controlled by the cross-section at the lift-bridge, the formation of jams would not 
change due to the lack of dredging. However the release of ice jams would be affected. 
Presently the deep outlet channel provides an excellent escape for the release of ice. If the 
downstream channel fills in, ice will move away slowly, perhaps forming additional jams 
downstream. This could result in extended periods of ice jam flooding.  
 
Based on the historic accumulation of sediment it is estimated that the harbour fills at the rate of 
approximately 0.25 m/yr, which translates to about 15,000 m3/yr of sediment that will eventually 
have to be dredged out of the harbour. 
 
Our HEC-RAS analysis supports the statement that critical threshold for sediment movement is 
reached for flows with return periods of 2-yr and above. During storm conditions, it is possible 
for the contaminated sediments to be moved by the forces exerted by the river. During calm 
periods (which accounts for most days of the year) sediments brought in by the Kettle Creek are 
likely deposited in the harbour downstream of the lift-bridge. A detailed sediment transport study 
looking at long-term patterns of deposition/scour is needed to fully characterize the movement 
of sediment, and predict future deposition rates within the harbour. 
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Appendix B: Kettle Creek Cross Sections 





































Appendix C: Kettle Creek Core Samples 
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RIGGS ENGINEERING LTD.  C1 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 03-425     
       
         
Sample #  S.S. # 1     
       
Coordinates: 42° 40.5805; 81° 13.1735     
  UTM Coordinates:  482010.5E  4724897.5N      
         
Site location: North End of Study Area     
 approx. 280 m North of Warren St. bridge     
      
      
Core/Grab Core      
         
Sounding: 0.9m   ELEV.   
Gauge:   0.5  -0.4    
Reduced sounding:   -0.4m *     
Time: 15:30   *     
Sample Description: sample length retrieved 650 mm     
  Sample saved for potential analysis *      
      650 mm   
      small gravel, sand  
      retrieved   
        
        
        
        
        
  depth of core driven 1000 mm -1.05     
        
        
        
Sample taken by: Dean Denniss, Marc Sajecki    sample loss 350 mm  
        
        
Date:  2004-12-14    clay plug not retrieved  
         
 
 
 



Kettle Creek Hydraulic Study 
 

RIGGS ENGINEERING LTD.  C2 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. # 2     
       
Coordinates: 42° 40.5172; 81° 13.2634     
  UTM Coordinates: 481887.4E  4724780.6N      
         
Site location:  North of Warren Street bridge     
 approx. 20 m N. of bridge     
 centre of Kettle Creek     
      
Core/Grab Core      
         
Sounding: 1.8       
Gauge:   0.5m      
Reduced sounding:    -1.3m     
Time: 15:50       
Sample Description: sample length retrieved 250 mm    
  Sample saved for potential analysis *     
   ELEV.    
   -1.3     
   -1.35 *   50 mm Fine silt   
   *     
   *   200 mm   
      firm clay  
   -1.55      
        
  depth of core driven 450mm    sample loss 200 mm  
       
        
       
Sample taken by: Dean Denniss, Marc Sajecki     
       
       
Date:  2004-12-14     
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RIGGS ENGINEERING LTD.  C3 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. # 3     
       
Coordinates: 42° 40.2942; 81° 12.9889     
  UTM Coordinates: 482261.2E  4724364.1N      
         
Site location: South of Railway Bridge     
 approx. 50 m     
 Centre of Kettle Creek     
      
Core/Grab Core      
         
Sounding: 1.6       
Gauge:   0.5m      
Reduced sounding:    -1.1m     
Time: 16:20       
Sample Description: sample length retrieved 350 mm ELEV.   
  Sample saved for potential analysis* -1.1    
   *     
   *   250 mm small   
      Gravel and sand  
        
   -1.35     
        
   -1.45   100 mm firm clay  
        
  depth of core driven 450mm    sample loss 100 mm  
      
       
       
Sample taken by: Dean Denniss, Marc Sajecki     
       
       
Date:  2004-12-14     
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RIGGS ENGINEERING LTD.  C4 

Sediment Sample Log  
        
        
Location:  Port Stanley, Ontario    
  Kettle Creek 
   
Project:  Project No. 04-452    
      
        
Sample #  S.S. # 4    
      
Coordinates: Lat 42° 40.5851 Long  81° 13.17317    
  UTM Coordinates: 482011.0E  4724906.0N     
        
Site location: North End of Study Area    
 Approx. 280 m N. of Warren St. Bridge    
 North side of Kettle Creek, approx.     
  5.6m S. of Northside of  water's edge    
  Ice Thickness- 220 mm    
Core/Grab Core     
     ELEV.  
Sounding: 0.94   -0.2   
Gauge:   0.74  *    
Reduced sounding:   -0.20 *    
Time:     *   415mm fine gravel  
Sample Description: sample length retrieved 660 mm *    
  Sample retained for potential analysis*     
  SAMPLE SENT FOR ANALYSIS*     
         
     -0.62    
         
     -0.74   120 mm soft-med clay 
         
     -0.86   125 mm firm clay 
         
  depth of core driven 890mm    sample loss 230 mm 
      
      
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth    
      
      
Date:  2005-01-25    
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RIGGS ENGINEERING LTD.  C5 

Sediment Sample Log  
        
        
Location:  Port Stanley, Ontario    
  Kettle Creek 
   
Project:  Project No. 04-452    
      
        
Sample #  S.S. #5    
      
Coordinates: Lat 42° 40.57763  Long  81° 13.1813    
  UTM Coordinates: 481999.8E  4724892.2N     
        
Site location: North End of Study Area    
 approx. 280 m N. of Warren street bridge    
 South side of Kettle Creek 8.0 m N. of South    
 side of  water's edge    
  Ice Thickness- 185 mm    
Core/Grab Core     
        
Sounding: 1.85      
Gauge:   0.74     
Reduced sounding:   -1.11    
Time:        
Sample Description: sample length retrieved 120 mm    
        
        
        
        
     ELEV.  
     -1.11   
         
     -1.23   120 mm very firm clay
        sample loss 50 mm 
  depth of core driven 170 mm     
        
      
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth    
      
      
Date:  2005-01-25    
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RIGGS ENGINEERING LTD.  C6 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. # 6     
       
Coordinates: Lat 42° 40.52478 Long  81° 13.25883     
  UTM Coordinates: 481893.7E  4724794.6N      
         
Site location: North of Warren Street Bridge( approx.40 m)     
 East side of Kettle Creek 5.7m W. of East ELEV.   
 side SSP     
 Ice Thickness- 170 mm -0.04     
Core/Grab Core  *     
     *     
Sounding: 0.78   *   340 mm fine gravel   
Gauge:   0.74       
Reduced sounding:   -0.04      
Time: 11:55        
Sample Description: sample length retrieved 770 mm -0.38    
  Sample retained for potential analysis*      
  SAMPLE SENT FOR ANALYSIS*    160 mm sand  
   -0.54     
      160 mm fine gravel &  
      Silty clay  
   -0.70     
      110 mm grey  
   -0.81    very firm clay  
        
  depth of core driven 1150mm      
         
      sample loss 380 mm  
        
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth      
        
        
Date:  2005-01-25     
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RIGGS ENGINEERING LTD.  C7 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. # 7     
       
Coordinates: Lat 42° 40.44012 Long  81° 13.22686     
  UTM Coordinates: 481937.0E  4724637.9N      
         
Site location: Approx 110 m South of Warren Street Bridge     
 Approx.Centre of Kettle Creek      
      
 Ice Thickness- 180 mm     
Core/Grab Core      
         
Sounding: 1.94       
Gauge:   0.74      
Reduced sounding:   -1.20     
Time: 12:50       
Sample Description: sample length retrieved 270 mm    
  sample retained for potential analysis * ELEV.    
  SAMPLE SENT FOR ANALYSIS* -1.20    
   *     
   *   125 mm fine gravel  
   -1.32     
        
      145 mm very firm clay  
   -1.47     
      sample loss 70 mm  
  depth of core driven 340mm      
        
       
       
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth     
       
       
Date:  2005-01-25     
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RIGGS ENGINEERING LTD.  C8 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. # 8     
       
Coordinates: Lat 42° 40.37691 Long  81° 13.18433     
  UTM Coordinates: 481994.7E  4724520.7N      
         
Site location: Approx. 240 m South of Warren Street Bridge     
 East Side of Kettle Creek     
 10.7 m off East Bank     
 Ice Thickness- 170 mm     
Core/Grab Core      
         
Sounding: 1.24       
Gauge:   0.74      
Reduced sounding:   -0.50     
Time: 13:35       
Sample Description: sample length retrieved 320 mm    
  sample retained for potential analysis * ELEV.    
  SAMPLE SENT FOR ANALYSIS* -0.50    
   *   20 mm coarse gravel  
   *     
   *   150 mm fine gravel  
   -0.67     
      100 mm very firm clay  
   -0.77     
      sample loss 50 mm  
  depth of core driven 370mm      
        
       
       
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth     
       
       
Date:  2005-01-25     
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RIGGS ENGINEERING LTD.  C9 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. # 9     
       
Coordinates: Lat 42° 40.37455 Long  81° 13.19286     
  UTM Coordinates: 481983.1E  4724516.4N      
         
Site location: Approx. 240 m South of Warren Street Bridge     
 Approx. Centre of Kettle Creek     
      
 Ice Thickness- 170 mm     
Core/Grab Core      
         
Sounding: 1.46       
Gauge:   0.74      
Reduced sounding:   -0.72     
Time:        
Sample Description: sample length retrieved 100 mm    
   ELEV.    
   -0.72    
      100 mm coarse gravel  
   -0.87     
        
        
      sample loss 70 mm  
        
       
  depth of core driven 270mm     
        
       
       
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth     
       
       
Date:  2005-01-25     
         
  Note: 2 attempts were made at West side of  Kettle Creek, Both samples lost  
  top of sample was coarse gravel, (UTM 481977.1E,4724512.6N)  
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RIGGS ENGINEERING LTD.  C10 

Sediment Sample Log   
         
         
Location:  Port Stanley,Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. #10     
       
Coordinates: Lat 42° 40.24638 Long  81° 12.85197     
  UTM Coordinates: 482448.0E  4724278.0N      
         
Site location: Approx. 50 m North of Matilda Street      
 East side of Kettle Creek     
      
 Ice Thickness- 170 mm     
Core/Grab Core      
         
Sounding: 1.95       
Gauge:   0.74      
Reduced sounding:   -1.21     
Time: 14:30       
Sample Description: sample length retrieved 75 mm    
   ELEV.    
   -1.21    
      75 mm sandy silty   
   -1.28   gravel  
      sample loss 55 mm  
        
       
       
       
  depth of core driven 130mm     
        
       
       
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth     
       
       
Date:  2005-01-25     
         
  Note: Ice thickness at Centre and West side of  Kettle Creek was insufficient  
  ( 50 mm) to safely carry out sampling in that area   
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RIGGS ENGINEERING LTD.  C11 

Sediment Sample Log   
         
         
Location:  Port Stanley, Ontario     
  Kettle Creek  
    
Project:  Project No. 04-452     
       
         
Sample #  S.S. #11     
       
Coordinates: Lat 42° 40.22554 Long  81° 12.83422     
  UTM Coordinates: 482472.2E  4724239.4N      
         
Site location: At North side of Matilda Street  ELEV.    
 East side of Kettle Creek -1.29    
 8.4 m off of East SSP wall *     
 Ice Thickness- 170 mm *     
Core/Grab Core  *     
          
Sounding: 2.03      450 mm soft/medium   
Gauge:   0.74     Silty clay   
Reduced sounding:   -1.29      
Time: 15:15        
Sample Description: sample length retrieved 450 mm -1.74    
  sample retained for potential analysis *      
        
        
   -1.9   ?? Firm  layer  
        
        
      sample loss 760 mm  
        
        
  depth of core driven 1260 mm      
          
        
        
Sample taken by: Dean Denniss, Marc Sajecki, Andy Zieroth      
   -2.55     
       
Date:  2005-01-25     
         
  Note: Three attempts made to retain sample, firm layer encountered at +0.6  
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HEC-HMS Model for Kettle Creek Basin  
 
Model description 
The watershed model components are shown in the Figure D1: 

 
Figure D1: HEC-HMS network schematic for Kettle Creek basin 

 
The components and methods used for the HMS Kettle Creek model are as follows: 

 
1. The meteorological component allows for hourly rainfall to be used to simulate storm 

conditions. Rainfall can be varied between sub-basins. 
2. Rainfall losses due to interception, infiltration, evaporation and transpiration are 

modeled by the Soil Conservation Service (SCS) Curve Number procedures. 
3. The pattern of direct runoff is modeled by the Soil Conservation Service unit 

hydrograph. 
4. The movement of groundwater (base-flow component) is modeled by the exponential 

recession method. 
a. The translation and attenuation of stream flow in river channels is simulated by 

the Muskingum-Cunge 8-point cross section method of river routing.  

RIGGS ENGINEERING LTD.   
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b. Outflow from the reservoir is computed by the storage indication method (level 
pool method). 

 
Model Calibration 
Hourly rainfall was provided for a number of storms by KCCA. Rainfall gauges are located at the 
stream flow gauge sites on Dodd Creek and on Kettle Creek above St. Thomas. The rainfall 
stations are only 12 km apart, but often measured very different rainfall amounts. It was 
therefore very difficult to ascertain rainfall distribution over the entire basin.  Daily rainfall values 
from gauge stations near the Kettle Creek watershed were used to better define rainfall 
distribution and allow rainfall inputs for each sub-basin.  Storms of August 1983, April 2000, 
June 2000 and July 2000 were calibrated in order to determine the various watershed 
parameters such as SCS curve numbers (CN) and initial abstraction (Ia) values etc. For the 
initial calibration purposes SCS curve numbers were based on soil and land use classification. 
The SCS default value for initial abstraction was used i.e. Ia = 200/CN – 0.2 (Ia in inches). To 
optimize calibrations, the Ia value was allowed to vary.  Calibration results for April 2000 and 
August 1983 are shown below: 
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Table D1: HEC-HMS calibration data for the April 2000 storm 

Kettle Cr. at St. 
Thomas 

Peak- 
weighted 

RMS Error = 
13.6 

April 2000 

Measure Simulated Observed Difference % Diff  

Volume (MM) 34.34 35.16 -0.82 -2.33  

Peak Flow (M3/S) 138.6 147.4 -8.8 -6  

Time of Peak 21Apr2000, 
05:00 

21Apr2000, 
08:00      

Time of Center of 
Mass 

21Apr2000, 
09:43 

21Apr2000, 
10:57      

Element Parameter   Initial Val Optimized 
Objective 
Sensitivity 
Function 

All Sub-basins 
Initial 

Abstraction 
Scale Factor 

  1 1.5238 -0.41 

 

 
Figure D2: Hydrograph comparison for April 2000 storm 

RIGGS ENGINEERING LTD.   
 

D3



Kettle Creek Hydraulic Study 
 

 

Table D2: HEC-HMS calibration data for the August 1983 storm 

Kettle Cr. at St. 
Thomas 

Peak- weighted 
RMS Error = 

13.6 
August 1983 

Measure Simulated Observed Difference % Diff  

Volume (MM) 32.42 35.18 -2.76 -7.85  

Peak Flow (M3/S) 152.3 166 -13.7 -8.2  

Time of Peak 11Aug1983, 
20:30 

12Aug1983, 
02:00 

   

Time of Center of 
Mass 

12Aug1983, 
04:04 

12Aug1983, 
04:48 

   

Element Parameter   Initial Val Optimized 
Objective 
Sensitivity 
Function 

All Sub-basins 
Initial 

Abstraction 
Scale Factor 

  1 1.4185 0.25 

 
 

 
Figure D3: Hydrograph comparison for August 1983 storm 
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RIGGS ENGINEERING LTD.   

A table of watershed parameters used for the regional storm calculation is shown in Table D3. 
The regional storm hydrograph generated using these parameters using the 48 hourly rainfall 
distribution (reduced according to the circular area reduction method) is shown in Figure D4. 

 

Table D3: Kettle Creek watershed HEC-HMS model parameters 

Sub-
Basin Ia CN Impervious 

% Lag Min Discharge/Area Recession 
Const Ratio/Peak

42B 15 77.19 2 228 0.0062 0.33 0.2
43B 15.3 76.9 2 310 0.0062 0.33 0.2
44B 13.8 78.62 3.4 255 0.0062 0.33 0.2
45B 14.2 78.18 2 270 0.0062 0.33 0.2
46B 15.5 76.66 2 391 0.0062 0.33 0.2
47B 15.6 76.56 8.8 235 0.0062 0.33 0.2
48B 14 78.43 3.6 459 0.0062 0.33 0.2
49B 14.4 77.88 12 338 0.0062 0.33 0.2
50B 14.5 77.84 22.3 182 0.0062 0.33 0.2
51B 13.9 78.54 14.7 230 0.0062 0.33 0.2
52B 16.6 75.37 5.2 144 0.0062 0.33 0.2
53B 14.8 77.41 2 163 0.0062 0.33 0.2
54B 18 73.81 2.6 270 0.0062 0.33 0.2
55B 14.3 78.02 2 241 0.0062 0.33 0.2
SB1 14 78.4 2 231 0.0062 0.33 0.2

 

 
Figure D4: Hurricane Hazel Hydrograph computed with HEC-HMS mode 
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Ice Jam modeling  
 
Appendix E has been prepared by J. Alex McCorquodale, Ph.D., P.Eng, on behalf of Riggs 
Engineering Ltd. 
 
Background 
Daily flow records exist for Kettle Creek from 1945. The records are affected by ice during the 
months of December through March. Ice jams have occurred near the lift-bridge. There were 
documented ice jams in February 1985 that started to form north of Port Stanley on February 23 
and concluded with a relatively large jam on February 24 at the lift-bridge. This jam started 
downstream of the lift-bridge and extended a few 100 meters upstream. The stage rose up to 
1.19 m. The jams were associated with a winter thaw and rainfall that rapidly increased the river 
flow as shown in Figure E1 which shows the 1985 hydrograph and approximate time of 
occurrence of an ice jam. Two reports were prepared by the Ontario Ministry of Natural 
Resources (1985 and 1986). These reports document the river sections, available flows, and 
weather that related to ice jams. Newspaper articles on historical flooding were also included. 
The 1985 flood and ice jam was monitored with observations of ice jamming along Kettle Creek. 
Ice floe thickness and character were noted. 
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Figure E1: Kettle Creek flows (at St. Thomas) for February 1985 associated with the ice jams 
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The flood stage along Kettle Creek in Port Stanley depends on the stream flow, the ice 
conditions, and the Lake Erie lake level. Figure E2 shows the following estimated flood 
frequency curves: 
 

• St. Thomas Annual Flood Frequency based on Maximum Mean Daily Flows; 
• St. Thomas January-March Flood Frequency based on Maximum Mean Daily Flows; 
• St. Thomas January-March Flood Frequency based on Peak Flows; 

 
Kettle Creek at Port Stanley. January-March based on drainage extrapolation.  
 
Figure E3 shows the winter water level frequency curve for Lake Erie. Figure E4 shows 
recorded winter water levels January through March for Lake Erie. Ice records were analyzed to 
determine the probability of various ice thicknesses during the annual flood on Kettle Creek at 
Port Stanley. It was determined that 70 % of the time, the annual flood could occur at a time 
when ice may be present (December through March). The observed ice thickness varies from 
about 1 inch to 19 inches. Figure E5 shows the estimated probable ice thickness during the 
period of the annual flood based on data from nearby Catfish Creek. Figure E6 shows that the 
necessary ice conditions for an ice jam start in December and end in March with a peak in 
February.  
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Figure E2: Annual flood frequency curves for Kettle Creek 
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Monthly Winter Lake levels 
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Figure E3: Winter lake level frequency curve 
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Monthly Lake Level 
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Figure E4: Winter Lake Erie levels 
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Figure E5: Frequency of maximum ice thickness during the annual flood period 
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Figure E6: Ice jam potential (ice presence and flow fluctuations at St. Thomas) 

 
Methodology 
The US Army Corps of Engineers HEC-RAS program was used to simulate the 1985 ice jam. 
The field observations on the water and ice conditions were used to calibrate the model. The 
observed peak flow at St. Thomas was approximately 152 cubic meters per second and the 
corresponding peak flow at Port Stanley was estimated to be on the range of 190 -200 cubic 
meters per second. The ice jam option of HEC-RAS was used. The calibration parameters 
were: Manning’s n in the channel and over banks and the Manning’s n of the ice cover. The 
channel Manning’s n was in the range of 0.035 – 0.04 and the Manning’s n for the ice cover was 
in the range of 0.03 - 0.07 with the highest values in the region of the ice jam. The lift-bridge and 
the Warren Street Bridge were modeled using bridge and deck sections while the railway bridge 
was modeled using bridge sections only since the model indicated the deck would not flood. 
The cross-sections used in this study were taken from the Port Stanley Monitoring Programme 
Report by the Ontario Ministry of Natural Resources, August, 1985. The observed ice thickness 
was 30 cm +/- 10 cm or approximately 12 inches. Figure E7 shows schematically the locations 
of the cross-sections used in HEC-RAS.  
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Figure E7: HEC-RAS Cross-sections along Kettle Creek at Port Stanley 
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The flood stages at various locations along the study reach depends on the flow, the lake level 
and the ice conditions. Each of these variables is assumed to be somewhat random in nature 
and therefore joint probability analysis can be used to determine the resultant flood stage 
frequency curve for selected locations. The calibrated HEC-RAS model was used to determine 
stage flow response curves for selected locations along Kettle Creek with and without ice cover 
for various lake levels. These response curves were used to estimate the flood stage due to 
combinations of flood peak, lake level, and ice condition. The probability of these events leading 
to a specific flood stage is given by  
 
δpi = δp1 δp2 δp3   
 
where  δp1 is the probability associated with a selected flow class,  
δp2 is the probability associated with the lake level class, 
δp3 is the probability associated with the ice condition class (severe, moderate, low and none). 
 
This is carried out for a wide range of conceivable combinations of flows, lake levels and ice 
conditions to obtain the probabilities for each combination. These probabilities are summed to 
determine the combined or joint probability of exceeding a certain stage, i.e. 
 
PT {WL>X} = Σδpi {WL>X} 
 
The reciprocal of this joint probability is the return period, 
 
TR {WL>X} = 1/ PT {WL>X}  
 
Lake Erie levels have been recorded since around 1918. The monthly average winter water 
levels for 1985 are shown in Figure E4. These records show that the lake level was above 
normal at the time of the monitored ice jam in February 1985. 
 
Model Results 
Figure E8 compares the HEC-RAS simulation of the February 1985 ice jam with observed water 
levels. The ice jam affected the water levels from downstream of the lift-bridge to the upper end 
of the study reach.  
 
The formation of an ice jam with flows greater than 190 cubic meters per second resulted in 
average increases in stage of 1.4 m with ice thicknesses greater than 30 cm. At 100 cubic 
meters per second the increase in stage was predicted to be approximately 0.6 m.  
 
Figures E9 and E10 show the predicted channel velocities and shear stresses for the 1985 ice 
jam. Velocities in access of 1 m/s and shear stresses greater than 10 Pa indicated that bed 
erosion can be expected during ice jam events. The bed sediments (silt and coarse sands) will 
erode at 1 Pa and portions of the bed that are armoured with gravel will erode at approximately 
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10 Pa. HEC-RAS is a 1D model and cannot provide information on the distribution of shear 
stress across the channel or in ‘back-water’ areas. 
 
Figure E11 shows rating curves for three locations under ice jam occurrences. Figures E12, E13 
and E14 respectively present the flood stage frequency curves that were developed using the 
joint probability approach for that area just upstream of the lift-bridge, 1000-m upstream of the 
lift-bridge and 2200-m upstream of the lift-bridge. These results are summarized in Table E1. 
These computations involve certain uncertainties that are reflected by the upper and lower 
bounds shown in Figures E12 to E14 and Table E1. The flood stage observed due to the ice 
jam of February 1985 corresponds to a combined return period between 10 and 30 years.  
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Figure E8: Simulated and Observed Water Levels for the February 1985 Ice Jam 
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Figure E9: Velocities at Peak Flow During the February 1985 Ice Jam 
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Figure E10: Bed Shear at Peak Flow during the February 1985 Ice Jam 
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Figure E11: Typical Stage Rating Curves with an Ice Jam  
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Figure E12: Flood Stage Frequency Upstream of lift-bridge 
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Figure E13: Flood Stage Frequency 1000-m Upstream of lift-bridge 
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Figure E14: Flood Stage Frequency 2200-m Upstream of lift-bridge 

 
Table E1: Flood stages at selected locations 

Return Period, years 2 5 10 20 50 100 

Upstream lift-bridge 
174.0 – 
174.5 

175.0 – 
175.35 

175.5-  
175.7 

175.8-  
175.6.2 

176.3 –  
176.5 

176.5 – 
 176.7  

1000 m u/s lift-bridge 
175.7 –  
176.1 

176.6 –  
176.8  

177.0 –  
177.26 

177.3 –  
177.5 

177.75–  
177.85  

178.0-  
178.1 

2200 m u/s lift-bridge 
175.8 –  
176.2 

176.85 – 
177.4 

177.5 – 
178.0 

178.0- 
 178.4 

178.5-  
178.8 

178.8- 
179.15 

 
 
Conclusions 
 

1. The available data collected by the MNR on the 1985 ice jam was used to calibrate a 
HEC-RAS model for a 2.2 km reach of Kettle Creek at Port Stanley.  

 

RIGGS ENGINEERING LTD.   
 

E14



Kettle Creek Hydraulic Study 

RIGGS ENGINEERING LTD.   
 

E15

2. A joint probability model was developed to relate the annual flood stage frequency curves 
at selected locations to the Lake Erie water level, the Kettle Creek Flood frequency curve 
and the ice probability curve. 

 
3. The formation of an ice jam with 30 cm thick ice cover at flows of more than 200 cubic 

meters per second can increase the flood stage by 1.4 m. At 100 cubic meters per 
second the stage can be increased by 0.6 m. 

 
4. Ice jams result from the constriction at the lift-bridge. Even with a ‘no dredge situation’ 

below the lift-bridge, ice jams would not be expected to form below the bridge. If dredging 
is not carried out below the bridge, there will be no significant effect on the flood level 
above the bridge. However, the speed at which the ice disperses after the jam breaks up 
may be affected by the downstream channel capacity. Ice jams may, therefore, stay in 
place longer if the downstream channel is not dredged. 

 
5. The HEC-RAS model indicated that the average bed shear stress during an ice jam 

exceeds that estimated bed resistance of approximately 10 Pa in the main channel from 
about 100 m downstream of the lift-bridge to more than 500 m upstream of the lift-bridge. 
The conditions for sediment erosion due to severe ice jams can be expected to occur on 
average once in 10-30 years. Since portions of this area have contaminated sediments, it 
is highly probable that these will migrate into the lower shear stress zone in the Harbour. 
It should be noted that boat traffic could increase the frequency of resuspension of fine 
sediments. 
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