
 

March 3, 2022 Our File:  2389-021 

 

Kettle Creek Conservation Authority  
44015 Ferguson Line 
St. Thomas, ON  N5P 3T3 
 
Attn Jennifer Dow: 
 
Dear Ms. Dow: 

RE: FINAL 2021 Kettle Creek Floodplain Mapping Update at Port Stanley, ON 

Introduction  

Thank you for the opportunity to provide engineering services on this project. The main intent of 
the project is to update existing Kettle Creek Floodplain Mapping in Port Stanley. The study limits 
include the Kettle Creek and floodplain from Roberts Line to the Port Stanley Harbour (see 
Figure 1).  

Current floodplain mapping originates from the late 1980’s which has been updated and revised 
several times between 2005 and 2010 (Riggs, 2010). The availability of Light Detection And 
Ranging (LiDAR) data provides much more accurate topographic data of the river and floodplain 
system compared to topographic data that would have been available in the late 1980’s (which 
the current mapping is based on). Given the age of the existing floodplain mapping, the availability 
of large-scale LiDAR data, together with the advancement in the area of hydraulic modeling 
provide ample justification for updating existing floodplain mapping in Port Stanley. 

In the text that follows a summary is provided that details the work undertaken for the 2021 Port 
Stanley Floodplain Mapping Update project, including:  

 background data review,  
 field visit and topographic and bathymetric data collection,  
 characterization of flows (including climate change),  
 digital terrain modeling, 
 hydraulic modeling (including ice jams),  
 summary of study findings (inundation, access/egress and ice jams), and 
 floodplain mapping. 
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Background Data Review 

Kettle Creek Conservation Authority (KCCA) staff have provided key relevant background 
documents for use in this work. These documents include the Kettle Creek Hydraulic Study 
(Riggs, 2010), Dalewood Dam Hazard Potential Classification (GHD, 2020), and the Hydraulic 
Report for the Replacement of Meeks Bridge (CIMA+, 2020). Topographic and bathymetric survey 
from the work of CIMA+ (2020) was also provided. Further, digital drawings of bathymetric 
soundings of the Port Stanley Harbour from the lift bridge to the south end of the existing 
breakwaters, documented in Riggs (2019), were also provided, as were drawings of the 
soundings at the lift bridge (Riggs, 2020). 

Data from the background documents were used in the present project, when deemed 
appropriate. For example, dense river soundings collected by CIMA+ around the Meeks Bridge 
(near the upstream study limit) were used, along with Port Stanley Inner Harbour soundings from 
Riggs (2019 and 2020). Flow characterization and quantification available in Riggs (2010) and 
GHD (2020) reports were used in the present floodplain mapping update project. 

Available soundings from CIMA+(2020) were provided in digital form, and were directly used to 
characterize the riverbed in the area of Meeks Bridge. The sounding surveys from Riggs (2019) 
were provided as scanned drawings, which were geo-referenced and manually digitized in order 
to extract soundings from the lift bridge to the existing breakwaters. The digitized soundings were 
then used in the development of the digital elevation models (described in subsequent sections). 

Field Visit and Topographic and Bathymetric Data Collection 

A field visit by the undersigned was completed on September 8th, 2021, and was accompanied 
by staff from the KCCA. The site visit included a visual assessment at key locations in the study 
area, along with the collection of relevant topographic and bathymetric data at bridge and other 
river crossings. As the Meeks Bridge was under construction at the time of the field visit, 
topographic and bathymetric data could not be collected. However, data at this location from the 
CIMA+ (2020) work was used in the study. 

Remaining bridges included those at: i) Warren Street, ii) Railway Bridge, and iii) Lift Bridge. 
TRUE Consulting and KCCA staff visited each location and collected the following: 

1. Photograph of bridge opening, 
2. Top of deck elevation, 
3. Underside of beam elevations and measurements, 
4. Elevations at water’s edge, (left bank) toe of slope (left bank), several below water 

soundings, toe of slope (right bank), and water’s edge (right bank), 
5. Dimensions of opening, 
6. Location and number of piers (if present), and 
7. Other data that deemed relevant (i.e., embankment details, slopes, etc.). 

Further, TRUE/KCCA staff have surveyed the river bathymetry at a number of accessible 
locations within the reach between Sparta Line and Warren Street. Kettle Creek in the noted reach 
is outside the backwater influence of Lake Erie, and could be accessed without use of a boat. The 
surveying took place during low flow conditions when individuals could safely wade across the 
river. All topographic and bathymetric soundings collected by the TRUE/KCCA team was carried  
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out using a Real Time Kinematic (RTK) Global Navigation Satellite System (GNSS) receiver 
connected to a set of virtual base stations sending corrections in real time via a data-priority 
cellular network.  

For the reach of Kettle Creek influenced by Lake Erie backwater conditions, bathymetric 
soundings were collected by Callon Dietz on October 18, 2021. The data collection was 
accomplished using an eco-sounder mounted on a small boat. A total of 38 river cross sections 
were collected upstream of the lift bridge (spaced approximately 100 m apart). Using such a large 
number of surveyed river cross sections ensured that geometry of the riverbed is appropriately 
represented for use in hydraulic modeling and floodplain mapping work.  

All survey related work in this assignment used a first order vertical benchmark at the pier in Port 
Stanley (Natural Resources of Canada Benchmark Id. 973006) to ensure consistency and 
accuracy of the field survey campaigns. Vertical datum used in the surveying work was Canadian 
Geodetic Vertical Datum 2013, abbreviated as CGVD2013. All elevations reported in this project 
are to this vertical datum. 

The topographic and bathymetric survey data from all sources (collected previously by others and 
collected as part of this assignment) was assembled and used for the development of the 
hydraulic model ready digital elevation model. 

Characterization of Flows (Including Climate Change) 

The Kettle Creek watershed drains mostly agricultural lands between London and Port Stanley. 
The drainage area of the watershed is 434 km2, with creeks flowing generally in the southwestern 
direction towards Lake Erie. In the south portion of the watershed soils are generally well-drained, 
while soils in the northern portion are poorly-drained (GHD, 2020). The creek has deeply incised 
into the surrounding land mass over geologic time (in the order of 30 m). 

Most recent flow characterization of the available streamflow gauges in the watershed is 
documented in the Dalewood Dam Hazard Potential Classification Report (GHD, 2020). In that 
work, single station frequency analyses were carried out, along with statistical trend and 
homogeneity tests (prerequisite for frequency analyses). 

For this work, the single station frequency analysis of the Water Survey of Canada streamflow 
gauge of Kettle Creek at St. Thomas (id. 02GC002) was used. GHD (2020) report provides the 
flow values for various return period ranging from 2-yr to 500-yr at the 02GC002 gauge (shown in 
Table 1). As there is an increase in drainage area from St. Thomas to Port Stanley, the flows 
therefore require adjustment to take the increase into consideration. The technique of flow scaling 
was used in this work (also used in Riggs, 2010 and GHD, 2020). The scaling was completed by 
determining flow at the outlet (with the larger drainage area) using the scaling relationship 
recommended in the Ministry of Transportation of Ontario Drainage Management Manual (MTO, 
1997). The results of the flow scaling are provided in Table 1. 

To further verify the flows used at the outlet of Kettle Creek, regional analysis using the Unified 
Ontario Flow Method (UOFM), summarized in MTO (2016) was used to check the flow scaling 
results provided in Table 1 (note that not all return periods are available from the UOFM method). 



Kettle Creek Conservation Authority  - 4 of 12 - Our File:  2389-021 
Attn: Jennifer Dow 
 
 
Interpretation of the results indicates that the flow scaling technique used is appropriate, and thus 
shall be used in this work. 

TABLE 1 – SINGLE STATION FREQUENCY ANALYSIS AT KETTLE CREEK 

Return 
Period 
[yrs] 

Q [m3/s] @ 
02GC002 

[DA = 331 km2] 

Q [m3/s] @ Outlet of 
Kettle Creek scaled 

[DA = 434 km2] 

Q [m3/s] @ Outlet of 
Kettle Creek, UOFM 

[DA = 434 km2] 
500 268.0 328.4  
200 249.1 305.2  
100 233.8 286.5 287.5 
50 217.6 266.6 256.8 
25 200.0 245.1  
10 174.2 213.4 186.2 
5 151.6 185.8  
2 113.4 139.0 105.2 

Estimates of Regional flow using hydrologic modeling are summarized in the Kettle Creek 
Hydraulic Study (Riggs, 2010), and are used in this work. The reported flow value for Regional 
flow conditions at Port Stanley is 957 m3/s. 

Provincial Policy Statement 2020 notes that Ontario should prepare for impacts resulting from 
climate change that may increase the risk associated with natural hazards. Impacts of future 
climate change on magnitude and frequency of flood flows within the Kettle Creek watershed has 
not been assessed in detail. Climate change assessment is a more involved exercise that requires 
generating appropriate hydrometeorological inputs and running hydrologic process models to 
obtain flow characteristics under future conditions. Given that such a detailed study is not 
presently available, this work applies a factor of 15% to peak flows to represent possible influence 
of climate change within the time horizon representing mid century (2050’s). Change factors 
ranging from 10-20% are commonly used in British Columbia (EGBC, 2018) even when large 
scale hydrologic modeling has been completed and are available.  

Floodplain mapping in this work is completed using flows with and without consideration of climate 
change. Note that floodlines estimated using the 15% factor should be considered for information 
purposes only until such time as more detailed climate change studies become available. 

Digital Terrain Modeling  

Large scale LiDAR digital terrain model is required for hydraulic modeling as it efficiently captures 
geometry of the terrain for large areas of land. However, LiDAR sensors are not able to penetrate 
the water’s surface, thus resulting in inaccurate elevations below the water line. Geometry of the 
terrain under the water’s surface is thus not captured using LiDAR, but is required for accurate 
assessments of river hydraulics. Combining LiDAR topography with topographic and bathymetric 
survey data are required to construct a hydraulic model ready Digital Elevation Model (DEM). The 
end product thus includes a digital surface accurate for both above and below water portions of 
the river and are used in all subsequent hydraulic modeling in this work. 

 



Kettle Creek Conservation Authority  - 5 of 12 - Our File:  2389-021 
Attn: Jennifer Dow 
 
 
The publicly available MNRF 2016-18 Lake Erie LiDAR data set was used in this assignment 
(MNRF, 2021). LiDAR data includes a Digital Elevation Model (DEM) having a horizontal 
resolution of 0.5 m x 0.5 m. The vertical datum of the MNRF LiDAR product was CGVD2013, and 
is consistent with the bathymetric and topographic data gathered during the data collection 
campaigns. 

The topographic survey within the study area was used to compare elevations between data 
collected using survey grade instrumentation and the LiDAR DEM product. In areas where the 
two sources of data overlapped, comparisons showed that on the ground measurements of 
elevations are consistent with the LiDAR DEM product, thus providing confidence in use of the 
LiDAR DEM elevations. 

For the Kettle Creek the bathymetric soundings collected during both field campaigns were used 
to create a Triangulated Irregular Network (TIN) model, and then convert it to a 0.5 m in-stream 
DEM. A customized procedure, similar to one provided by Merwade et. al. (2005), was used to 
transform the river alignment and the bathymetric survey from a Cartesian to a curvilinear 
orthogonal system. The reason for the coordinate transformation is that construction of a TIN 
surface using cross section based river bathymetry is much simpler in the curvilinear orthogonal 
system than in the Cartesian system. After construction of the TIN surface in the curvilinear 
orthogonal system was completed, the surface was converted back to the Cartesian system, and 
used to construct an in-stream only 0.5 m DEM. The in-stream only DEM uses only the surveyed 
bathymetry data.  

The combination of topographic survey points and LiDAR geometry were used to construct a TIN 
surface at each bridge location within the study area (Warren Street, Railway Bridge, and the Lift 
Bridge). The TIN model at each bridge crossing used topographic/bathymetric survey points to 
capture the portion of the topography that is not available in the LiDAR data (i.e., under bridge 
decks). Each individual TIN model (at a bridge crossing) was then converted to a 0.5 m DEM, for 
final processing. Manual adjustments in some parts of Kettle Creek (i.e., under heavy vegetation) 
was required to ensure consistency in the overall digital surface.  

The 0.5 m DEMs representing i) in-stream bathymetry, ii) banks underneath bridge decks, and iii) 
manual adjustments from heavy vegetation were “burned into” (or merged with) the large scale 
0.5 m LiDAR DEM ultimately producing a hydraulic model ready product that accurately captures 
all above and below water terrain of the river and banks (required for accurate floodplain 
modeling). The merged digital surface (consisting of LiDAR derived ground surface, surveyed 
topography and bathymetry, as well as manual adjustments) include the best available geometric 
data for the study area. 

Hydraulic Modeling (including ice jams) 

The hydraulic analysis carried out in this assessment uses the Hydrologic Modeling Center’s River 
Analysis Systems (HEC-RAS), developed and maintained by the US Army Corps of Engineers. 
The HEC-RAS model is currently the standard hydraulic model widely used in North America and 
the world. HEC-RAS allows its users to carry out 1D and 2D river hydraulic analyses, using steady 
or unsteady techniques. Depending on the type of analysis required different variants of the 
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models were used. Version 6.1 of the HEC-RAS model is used in this work, as it is latest at the 
time of this writing. 

Implicit in 1D hydraulic models are approximations that allow river flow to travel unidirectionally 
from one cross section to the next, which may not always be accurate in cases of wide and shallow 
floodplains where overland flow patterns govern flow hydraulics. In such cases use of 2D 
hydraulic modeling is better suited to better capture the physics of the flow. 

In this work 1D and 2D variants of the HEC-RAS hydraulic model are used to quantify detailed 
behavior of the hydraulics within the study area. 1D model is used for comparisons to previous 
(historic) mapping, and for computation of water surface profiles for lower return period flows 
(from 2- to 50-yr flows), and for ice jam analyses. For higher return period flows (100-yr and 
Regional), a 2D variant of the model is used. Note that the 2D model is considered more accurate 
in capturing physics of the flow, but is also more computationally demanding. Flow statistics 
reported in Table 1 (at outlet of Kettle Creek) are used as upstream flow. 

Hydraulic roughness in terms of Manning’s coefficient was derived using 2020 SWOOP aerial 
photography within the study area. Values used in the modeling were based on typical roughness 
values correlated with the surface treatment. Table 2 shows the roughness values used in this 
work, and are consistent with standard practice for similar land use classes. 

Table 2 – Hydraulic Roughness Values 

Land use type Manning’s n value 
Forest 0.100 
Residential 0.025 
Fields 0.030 
Channel 0.035 

 

The downstream boundary conditions in Lake Erie were set as the 20-yr return period using the 
monthly average lake level statistic (estimated as 174.56 m CGVD2013). Hourly Lake Erie water 
level observations from the Port Stanley gauge (1961-2021) were downloaded and subsequently 
analyzed. Hourly data was converted to monthly data, and used to extract annual maximum 
monthly water level. The annual extremes were fit to several statistical distributions to estimate 
corresponding return period values. Statistical fits using method of moments and L-moments have 
yielded similar results. For the purposes of this work, Generalized Extreme Value distribution with 
parameters estimated using L-moments, was selected and used to establish downstream 
boundary condition for the modeling work. The Kettle Creek Hydraulic Study (Riggs, 2010) used 
a long term average of the Lake Erie water levels, which was lower than the values used in this 
assignment. Since the flood levels in Port Stanley (upstream of the Lift Bridge) are influenced 
more by the hydraulic gradient of the river than the backwater conditions of the lake, the starting 
value of the downstream boundary condition does not significantly impact flood levels and flood 
lines. For the area downstream of the Lift Bridge lake levels are the governing mechanism of 
flooding, that are summarized in the Port Stanley Coastal Risk Assessment (Zuzek, 2021) report. 

For the HEC-RAS 1D model cross sections were extracted from the hydraulic model ready DEM 
(see above). A schematic of the 1D model is shown in Figure 2. The extent of the cross sections 
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was chosen to fully encompass flood lines from Regional flow conditions. The bridges were added 
to the model by entering their surveyed geometry (deck, soffit, piers, etc.). Ineffective flow areas, 
obstruction areas and levee nodes (dyke features at Union Road and the Railway embankment) 
were included in the modeling. The flows summarized in Table 1 were added to the upstream 
model boundary and were used in steady state HEC-RAS simulations. Water surface profiles and 
flood lines associated with each profile were extracted from the model for further 
processing/mapping.  

For the HEC-RAS 2D model, a large number (in the tens or tens or hundreds of thousand) of 
discrete elements are typically used to represent the geometry (river and floodplain) of the study 
area. Using a large number of elements allows for capturing geometry of the physical system with 
high degree of accuracy, especially when the goal of the assignment is to evaluate flow paths, 
depths, velocities and spill characteristics of flow areas resulting from passage of large flood 
events. The advantage of 2D modeling is that a range of flood flows (from small to extreme) can 
be assessed in time and space, while making a minimum number of assumptions (no 
assumptions on ineffective flow areas for example). 

Required data for 2D modeling includes: i) terrain surface that captures key geometric features 
within the river and floodplain (i.e., hydraulic model ready DEM), ii) a model grid or mesh that 
discretizes the study area into a large number of computational elements, iii) hydraulic structures 
(bridges, culverts, weirs, dykes, etc.), iv) initial and boundary conditions (flows and levels), and v) 
Manning’s roughness coefficients for the main channel and the overbank areas.  

Model grid for the study area was constructed using unstructured elements of varying geometric 
proportions. Fine resolution mesh was used in areas that were deemed to control flow 
characteristics, like main channels, bridges approaches, crests of roadways, top and bottom of 
slopes, etc. Coarser resolution mesh was used elsewhere in the model domain in areas that are 
not anticipated to actively convey flow but could still be inundated. Care was taken to include 
appropriate grid resolution in the model to capture relevant features, and still keep computation 
times to a minimum. Figure 3 shows the model schematic of the HEC-RAS 2D model in this work. 

Bridge structures were coded into the HEC-RAS 2D model in the same fashion as in the 1D 
model. Version 6.1 of the HEC-RAS 2D model allows bridge information to be included in similar 
manner as the 1D model variant. Care was taken to develop internal upstream and downstream 
breaklines according to best modeling practice to properly represent the geometry at bridges in 
2D (which ultimately control water levels upstream).  

Design flows (summarized in Table 1) were gradually added at the upstream model boundary in 
the 2D model to simulate peak flow conditions while ensuring the model achieves numerical 
stability. As the present analyses involves riverine floodplain mapping, flows were gradually 
ramped to reach design flow conditions. Once flows reached design conditions, they were applied 
sufficiently long to achieve steady state conditions in the system and thus obtain maximum water 
levels during the desired event. The resulting flood inundation extents were processed to 
ultimately develop the floodplain maps. 
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Ice Jams  

Ice jams in Port Stanley result from the constriction imposed by the lift bridge. Previous ice jam 
analyses were completed as part of the Kettle Creek Hydraulic Study (Riggs, 2010).  

For the assessment of ice jams within Port Stanley in this work, a limited scope ice jam modeling 
was carried out. Ice jams result from a combination of factors including i) ice conditions, ii) river 
flows, iii) lake levels, and iv) river geometry. A set of parameters were defined using a reasonable 
combination of ice jam factors, and 1D steady state HEC-RAS ice jam analyses were carried out 
using the model documented above. A conversation with KCCA staff revealed that ice thickness 
is monitored on a weekly basis during the winter months. Based on the past measurements, ice 
thickness of 0.3 m is possible up to Warren Street, and sometimes all the way to Sparta Line (the 
upstream extent of the study area). 

For the hydraulic modeling in this work, ice jam thickness of 0.3 m was assumed to occur between 
the harbour and the Warren Street Bridge. The HEC-RAS 1D steady state model was used to 
determine water surface profiles within the study area resulting from 2, 5, 10, and 25-yr storm in 
combination with a 0.3 m thick ice sheet from the harbour to Warren Street. The lake level in the 
simulations of ice jams was set at 174.56 m CGVD2013, same as in the clear water (non-ice) 
conditions. 

It is not customary to carry out ice jam assessments using combination of scenarios, as it is 
unlikely that all flood mechanisms would occur at the same time. For example, combinations of 
100-yr lake level with 100-yr flood with an ice jam would be extremely rare. As a reasonable 
scenario this work considers 20-yr lake level in combination with an ice jam, with floods ranging 
from 2-yr to 25-yr. 

Summary of Study Findings 

100-yr and Regional Inundation Limits 

The natural floodplain of the Kettle Creek in the upstream portion of the study area has been 
historically infilled by construction of embankments that support the Port Stanley Terminal Railway 
on the east, and Union Road on the west. The said embankments act to restrict the limits of flood 
inundation, as long as floods do not cause them to overtop. Figure 4 shows inundation extents 
for the 100-yr and Regional Storm conditions. The 100-yr floodplain is generally bound by the 
noted embankments north of Port Stanley, and stays generally close to its existing river alignment 
in the southern reach. The 100-yr flood does not spill the existing harbour walls. This statement 
is true for existing and future (climate change factored) flows (as shown in Figure 5) and depends 
on lake levels during flooding conditions. In this work flooding was evaluated assuming a 20-yr 
monthly lake level occurs during the course of the flood. Impact of overtopping the harbour walls 
from coastal flooding is covered in Zuzek (2021). 

The Regional flood line has been found to inundate wider areas than the 100-yr flood (as 
expected). The inundation in this case extends beyond the Union Road and Port Stanley Terminal 
Railway embankments, with the flood either causing overtopping (at Union Road on the western 
floodplain) or causing backwater that extends upstream (at Sunset Drive on the eastern 
floodplain). The Regional flow has been found to overtop Warren Street east of the bridge, and 
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thus cause inundation of the area running parallel to the river between Warren Street and Kettle 
Creek. This area was previously not identified as floodplain in the Kettle Creek Hydraulic Study 
(Riggs, 2010). The more refined analyses carried out in this work using 2D flow modeling indicates 
that overbank flow upstream causes Warren Street east of the bridge to overtop, and act like a 
weir. 1D hydraulic modeling (including one carried out in this work) did not capture dynamics of 
overbank flow, and thus did not identify this mechanism of flooding.  

Figure 6 shows inundation extents from the Regional flow conditions with and without climate 
change. As expected, higher flows under climate change conditions incrementally flood wider 
areas.  

Assessment of Access/Egress 

For the purposes of evaluating access and egress (to and from Port Stanley) during times of 
flooding the 2D hydraulic model was used to estimate depths and velocities along traveled road 
surfaces. Access/egress is evaluated using Regional flow conditions. Traveled road surfaces are 
defined as access roads used during times of flood hazards. Vehicles traveling on access roads 
can include cars, trucks, and emergency vehicles (firetrucks, and ambulances). Hydraulic 
modeling carried out produced spatially varied depths and velocities that are used to evaluate 
whether the traveled surfaces meet existing Provincial access/egress standards.  

The Provincial standard for access/egress is evaluated based on depths, velocities, and a product 
of depth and velocity. MNR (2002) states that reasonably low risk conditions for pedestrian access 
during times of flooding are reached when depth does not exceed 0.8 m, velocity does not exceed 
1.7 m/s and a product of depth and velocity does not exceed 0.4 m2/s (MNR 2002, Appendix 
p.27). Thus, if any one of three quoted criteria are exceeded, the Provincial standard is considered 
not met.  

Access/egress road profiles evaluated are those surface that are anticipated to be inundated 
during Regional storm conditions. Table 3 lists the locations of the road profiles considered, while 
Figure 7 shows their locations on a plan area map (along with direction arrows for each profile). 
Figures 8 to 13 shows profile plots for ground surface vs water level (top), velocity (middle), and 
depth (bottom). By having the profile data in Figures 8 to 13 the Provincial access/egress standard 
was evaluated. Summary of depths, velocities and their product is shown in Table 4, where it is 
identified that most access/egress roads within the study area do not meet the required Provincial 
standard under Regional flow conditions. 

Table 3 – Access/Egress Profiles 

Profile I.D.. Description 
1 Roberts Line downstream of Meeks Bridge 
2 Colborne Street north of Warren Street 
3 Warren Street east of bridge 
4 Colborne Street north of Bridge Street 
5 Carlow Road near the marina 
6 Union Road north of Warren Street 
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Table 4 – Access/Egress Summary  

Profile I.D. Depth 
[m] 

Velocity 
[m/s] 

Depth x Velocity 
[m2/s] 

Is Provincial Standard 
Met [Yes or No] 

1 2.0 0.5 1.0 No 
2 0.55 0.1 0.06 Yes 
3 0.35 1.6 0.56 No 
4 1.3 1.7 2.21 No 
5 1.0 0.05 0.05 No 
6 2.5 0.21 0.52 No 

 

Assessment of Ice Jams 

Simulations of ice jams are extremely sensitive to the thickness and extent of ice in the inner 
harbour and upstream river reach. For this assignment an ice thickness of 0.3 m is selected in 
the area between the harbour and Warren Street. The water level in Lake Erie was set as in the 
clear water flood conditions (documented above). Simulations of water surface profiles were 
carried out using the HEC-RAS 1D hydraulic model developed in this work, with the ice jam option 
turned on. Flood events ranging from 2-yr to 25-yr were considered in the simulations. 

Results of the ice jam analyses are shown in Figures 14 (for 2-yr and 5-yr floods) and Figure 15 
(for 10-yr and 25-yr floods). By inspecting the output it is readily observed that ice jams 
significantly increase the upstream water surface elevations compared to clear water flood 
conditions. In comparing the 25-yr flow under clear water conditions (no ice) with the 25-yr flow 
under ice jam conditions, the water levels around Warren Street could rise as much as 1 m. This 
means that area around Warren Street could experience flooding with a 0.3 m thick ice jam with 
a 25-yr flow that is comparable to flood profiles that are somewhere between the 100-yr and 
Regional (clear water flow) conditions (see Figure 16).  

Even though limited in scope, ice jam analyses performed have revealed extreme effects of 
harbour ice as the mechanism that could significantly exacerbate riverine flooding in Port Stanley 
(a known consequence). The thickness and extent of the ice will determine the severity of the 
flooding that could ensue. A more comprehensive assessment is required before any more 
conclusions could be drawn. In the meantime, it is recommended to keep monitoring ice thickness 
and its upstream extent on regular basis, as it can have significant impact on riverine flooding in 
Port Stanley. 

Floodplain Mapping 

The floodplain mapping shown is shown as report style figures in this document. The hydraulic 
models (1D and 2D versions), along with inundation extends (in vector and raster formats) were 
provided to KCCA for further use and processing in their Geographic Information System, as per 
the agreed upon scope. Metadata associated with the digital products was included, to ease 
integration of the mapping products in the existing systems. 
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Should you have additional questions or require additional clarifications, please do not hesitate to 
contact the undersigned. 

Yours truly, 

TRUE CONSULTING 

 

Pat Prodanovic, Ph.D., P. Eng. 
Water Resources and Coastal Engineer  

PP/mm 

Enclosures  
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