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1.0 Type of Report  

Consent Item ☐ 

Item for Board Consideration ☒ 

 
2.0 Topic 
 

Buells and Butlers Floodplain Mapping Update (PR 00069) – Final Report 
 

 
3.0 Recommendations 
 

THAT Report IR-048-21, Buells and Butlers Floodplain Mapping (PR 00069) – 
Final Report, Be Received; and, 

 
THAT the Buells and Butlers Floodplain Mapping Update report (June 2020) and 
associated maps prepared by AHYDTECH Geomorphic Ltd. as part of project 
PR00069, Buells and Butlers Creek Floodplain Mapping Update Be Approved 
as the best information available to establish flood hazard and regulation limits 
along the watercourse; and, 

 
That staff Be Directed to use the results from the reporting and mapping to 
inform planning and permitting programs as well as other watershed initiatives 
effective immediately. 

 
 
 
 
4.0 Purpose 
 

The purpose of this report is to provide results of the Buells and Butlers 
Floodplain Mapping Update prepared by AHYDTECH Geomorphic Ltd. that will 
be used to inform decisions related to natural hazard management and 
watershed initiatives by Cataraqui Conservation staff. 
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5.0 Background 
 
Cataraqui Conservation works to mitigate the impacts of natural hazards (e.g. 
flooding and erosion), to regulate development within hazardous lands (e.g. 
floodplains), and conduct flood forecasting and warning services amongst other 
responsibilities. The creation and maintenance of natural hazard or floodplain 
mapping within the Cataraqui Region is an essential tool for defensive decision 
making and ensuring protection and resiliency within communities.   

 
Municipalities rely on floodplain mapping and look to Cataraqui Conservation for 
providing the necessary data to inform planning and development decisions 
within local communities.  

 
The Board will recall through report IR-056-20 Cataraqui Floodplain Mapping 
Strategy (PR 00037) that Cataraqui Conservation is developing a capital plan to 
update and create floodplain mapping throughout its jurisdiction.  The updating of 
the Buells and Butlers Floodplain Mapping was identified in the strategy. 

 
The project updates the existing outdated floodplain mapping for Buells and 
Butlers Creeks that flow through the City of Brockville.  The project considered 
changes in the watershed over the last 20 years, including changes to creek 
crossings, drainage areas, hard surfaces, and storage that is part of the system 
(2 water control structures), as well as the consideration for changing climate 
conditions. 

 
Natural hazard maps are used by municipalities and Cataraqui Conservation 
when updating official plans and zoning schedules, and in reviewing 
development applications to protect people and property from natural hazards 
and guide sustainable development activities.  

 
The Special Advisor on Flooding Douglas McNeil was appointed by the 
Government of Ontario to provide expert advice to the Minister of Natural 
Resources and Forestry for improving flood resilience and enhancing public 
safety.  Mr. McNeil’s report1 noted that “Having accurate floodplain maps help 
communities make efficient and effective planning decisions. The Office of the 
Auditor General suggests that up-to-date floodplain maps would allow 
municipalities to better plan for future growth in areas of low flood risk and build 
infrastructure and resiliency in high-risk flood areas.” 
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6.0 Strategic Plan 
 
This report supports Goal ‘B’ in the Strategic Plan, Cataraqui 2020. 
 
To implement policies that will protect life and property from natural hazards such 
as flooding and erosion. 
 

• Implement preventive policies for lands which may be subject to natural 
hazards. 

 
 
 
 
7.0 Input from Other Sources 

 
The General Manager, Manager, Watershed Planning & Engineering and 
Engineer, Water Resources worked with City of Brockville staff to undertake the 
project. 
 
Cataraqui Conservation through Capital Project PR 00169 (Buells and Butlers 
Floodplain Mapping Update) retained AHYDTECH Geomorphic Ltd. to review 
and update the floodplain mapping. 
 
Input was also provided internally by the Supervisor, Development Review, 
Manager, Conservation Lands, Technologist, Water Resources, Supervisor, 
Communications and Education, and GIS & Corporate Technology Analyst. 
 
Two public open houses were held to advise the public of the project and to 
receive feedback and questions.  On June 27, 2019 an initial open house was 
held to inform the public of the project initiation.  A second open house was held 
on May 17th, 2021 to and to present the findings of the consultant.  Due to the 
COVID-19 pandemic the second open house was held virtually.   
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8.0 Analysis 
 

Cataraqui Conservation has a total of 11 watersheds covering 3,800 km2 
(380,000 Ha or 1500 sq. mi) with a population of approximately 210,000.  
The length of the watercourses and shorelines is about 1,600 km of which 
approximately 800 km (500 miles) have been mapped over the past three or 
more decades. These numbers do not account for the over 200 inland lakes 
within the Cataraqui Region watershed.  Much of Cataraqui Conservation’s 
jurisdiction is unmapped with many of the previous mapping layers becoming 
dated based on new flooding information.  
 
The Buells and Butlers Floodplain Mapping Update was initiated as a 2019 
Capital Project (PR 00169 (Buells and Butlers Floodplain Mapping Update) as a 
priority mapping update due to significant fluctuations within the Buells and 
Butlers Creek watershed system and the identification of areas that were not 
included in the original floodplain mapping.  The mapping is critical to inform 
regulatory decisions in a developing area of Cataraqui Conservations jurisdiction.  
The report prepared by AHYDTECH Geomorphic Ltd. provides an in-depth 
modelling update to the mapping to reflect current conditions Attachment #1 
Buells and Butlers Floodplain Mapping update. 
 
Attachment #2 Buells and Butlers Creeks Floodplain Mapping Update includes 
the proposed additional and removed floodplain area.  The map compares the 
results of the recent modelling with prior mapping by indicating where floodplain 
extent has expanded or has been reduced.  With the exception of some isolated 
floodplain expansions throughout the system, there is limited change.  The 
greatest change is the inclusion of creek areas that were not previously mapped. 
 
Attachment #3 map shows the original Buells and Butlers regulatory floodplain 
currently in use. 
 
Attachment #4 map shows the updated regulatory floodplain in draft. 
 
As part of the consultation process for this project, the final public open house 
was held on May 17, 2021 as a virtual meeting.  The event was advertised in 
social media posts, a press release, and paid advertisement in the local 
newspaper.  Comment and questions from the public were limited.  Cataraqui 
Conservation staff responded to the questions received in advance of the open 
house.  The consultant and Cataraqui Conservation staff were available at the 
open house, questions were of a general nature and did not affect the results 
and/or outcome of the report. 
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The Buells and Butlers Floodplain Mapping update provides Cataraqui 
Conservation the ability to mitigate flood risk in the region and promote resilient 
communities.  Staff recommend adoption of the mapping update to inform 
planning and permitting programs as well as other watershed initiatives effective 
immediately. 

 
 
 
 
9.0 Financial Implications 

 
Funded through the Watershed Management Reserve, the Buells and Butlers 
Floodplain Mapping Update was eligible for 50% grant dollars through the 
Federal Natural Disaster Mitigation Program (NDMP). The project is within the 
budget allocation through PR00169 - Buells and Butlers Creek Floodplain 
Mapping Update.  
 
Funding for the project included $15,000 from the Watershed Management 
Reserve, $35,000 from the City of Brockville, and $57,500 from the National 
Disaster Mitigation Program for a project financial limit of $107,500. 
 
Due to the COVID-19 pandemic, extension of the funding approval was 
requested and approved with the interest to hold an in-person public open house.  
This was not feasible and a virtual meeting was held. 
 
Upon adoption by the Board, final financial reporting commitments can be 
completed and the project closed through the next Capital Closure Report. 
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10.0 Conclusion 
 

Implementation of the Buells and Butlers Floodplain Mapping Update will ensure 
that Cataraqui Conservation’s hazard and floodplain mapping program accounts 
for risk mitigation, follows best management practices, and directly informs 
planning and development decisions to support resilient communities.  

 
 
 
Respectfully submitted,  Approved for circulation, 

(Original signed by)  (Original signed by) 

Tom Beaubiah 
Manager, Conservation Lands 

 Katrina Furlanetto, M.Env.Sc 
General Manager 

 
 
 
Attachments: 
 

1) Buells and Butlers Floodplain Mapping Update Report including Appendices A-E 
prepared by AHYDTECH Geomorphic Ltd. June 2020 

 
2) Buells and Butlers Floodplain Mapping Comparison 

 
3) Buells and Butlers Floodplain Mapping Current 

 
4) Buells and Butlers 2020 Updated Floodplain Mapping (Draft) 
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1.0 INTRODUCTION 

AHYDTECH Geomorphic Ltd. was retained by the Cataraqui Region Conservation Authority (CRCA) 

to update the floodplain maps for the Buells and Butlers Creeks in accordance with the latest 

provincial and federal guidelines. The floodplain mapping update will help with the preparation of 

emergency plans and the development of appropriate land use plans with regards to natural hazards. 

The Buells and Butlers Creek watershed originates in Elizabeth Township which is to the north of 

the City of Brockville and moves in southerly direction towards the St. Lawrence River. The 

watershed has an area of approximately 53 km2.  

Figure 1.1: Buells and Butlers Creeks Floodplain Mapping Update Study Area 
 

The image above shows a map which displays the existing regulatory floodlines (blue lines) and 

additional creak areas included as a part of the scope of this study (light green lines). The scope of 

the study includes developing a hydrologic model for the entire watershed and producing floodlines 

within the municipal boundaries of the City of Brockville only. Please note, the horizontal and vertical 

datum for the maps and tables of this report are in UTM Zone 18 (NAD 83) and CGVD28 respectively. 
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2.0 BACKGROUND  

The Buells and Butlers Creeks watershed drains an area of approximately 52 km2 into St. Lawrence 

River. The watershed has two main branches – The Buells Creek and the Butlers Creek. The creeks 

meet in the City of Brockville before discharging into the St. Lawrence River. The study area has a 

generally flat terrain and the watercourse flows in a southern direction. The Butlers Creek originates 

at the northern part of the study area, which is mainly comprised of farmland and forests. It flows in 

a southerly direction till it reaches the City of Brockville, after which it starts moving into a westerly 

direction before the confluence with Buells Creek. The Buells Creek originates around the Buells 

Creek Reservoir which lies to the north of the city of Brockville. The Buells Creek tributary then flows 

southward till its confluence with the Butlers Creek. After the confluence, the reach moves 

southwards and into the St. Lawrence River. Figure 1.2 is a map which displays watershed of each 

Creek and the associated watercourses. 

The Broome-Runciman Reservoir lies to the north of the City of Brockville, within the Buells Creek 

watershed. The reservoir was constructed in 1966 and provides flow control, recreation and 

functions as a wildlife sanctuary. The Buells Creek detention basin was constructed at 1980 and lies 

south of the Broome-Runciman reservoir and north of the Highway 401. The Buells Creek detention 

basin attenuates peak flow within the Buells Creek to reduce the extent of flooding within the City of 

Brockville during heavy rainfall.   

Previous floodplain mapping study for the Buells and Butlers Creek has been conducted in 1975 by 

Crysler and Lathem Ltd., in 1984 by The Lathem Group Inc. and in 1996 by J.D. Paine Engineering. 

The purpose of this study is to make use of the latest software and watershed data to update the 

floodplain mapping for the Buells and Butlers Creek, following the current Technical Guidelines for 

Flood Hazard Mapping (TGFHM, March 2017).  AHYDTECH has undertaken the following steps to 

properly update the hydrologic and hydraulic models, as well as to complete floodplain mapping of 

the City of Brockville: 

1. Acquired and reviewed available hydrologic and hydraulic data and information in 

cooperation with CRCA staff; 

2. AHYDTECH developed two (2) Hydrologic models for the Buells and Butlers Creeks using 

HEC-HMS-  

 Continuous Model 

 Storm Event Model 
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3. Developed hydraulic models within City of Brockville municipal boundaries using HEC-RAS 

and SMS SRH-2D, and conducted simulation with flows calculated by the updated hydrologic 

models; 

4. Developed an Ice Hydraulic Model using HEC-RAS; 

5. Prepared Buells and Butlers Creek Floodplain Mapping and 

6. Prepared a final report detailing the methodology and results; 

 
 

    
 

 
 

Figure 1.2: Flowchart showing the steps followed to complete the objectives of the study 
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Figure 1.3: A map of the boundaries of the creeks 
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2.1 COLLECTION & REVIEW OF EXISTING DATA 

AHYDTECH project team had a project start-up meeting with the CRCA staff at the office on 

4th November 2018. The data required for the study are related to hydrology, climate, and physical 

conditions of the Buells and Butlers Creek. AHYDTECH reviewed and processed the following data 

and information from the CRCA: 

 Long term meteorological data from climate stations in and around the study area including 

rainfall, snow, total precipitation, and temperature; 

 Stream flow and water surface elevation data from a gauging station located within the 

study area; 

 GIS Land use, land cover, soil, and Digital Elevation Modelling (DEM) data; 

 Drainage, subwatershed and catchment boundaries; 

 GIS stream network data; 

 Historic & existing hydrologic models; 

 Historic & existing hydraulic models; 

 Digital copy of the existing floodplain map;  

 Existing reports and information related to this study including following report/data: 

o Bakers Fall Diversion Preliminary Engineering Study (Crysler and Lathem LTD., 

1977) 

o Broome-Runciman Dam/Buells Creek Detention Basin Dam Break Analysis (Trow 

Associates Inc., 2010). 

o Buells and Butlers Creeks Floodplain Study (Crysler and Lathem LTD., 1975). 

o Buells and Butlers Creeks Floodplain Mapping Update (Lathem Group Inc., 1984) 

o Hydrology for Floodplain Mapping Update Buells Creek (Lathem Group Inc. 1983) 

 

In addition, AHYDTECH collected meteorological data from Climate Ontario in order to obtain a 

complete time series of hourly climate data to run the continuous hydrologic model. 
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2.2  CHARACTERIZATION OF THE STUDY AREA 

The Buells and Butlers Creeks Watershed is largely rural in nature, with the City of Brockville lying 

to the south and occupying only a small portion of the watershed. The northern and central regions 

of the watershed are dominated by lands used for agriculture as well as forests, which includes both 

coniferous and deciduous trees. The land elevation of both Buells and Butlers Creek Watershed 

maintains a downward slope from the north to the south. The climate of a region plays a significant 

factor for affecting its overall water budget. Precipitation and air temperatures influence the form of 

precipitation, runoff patterns, evapotranspiration rates and soil and ground cover conditions. All the 

physical and climate characteristics of the study area are given below.  

2.2.1 SOIL CHARACTERISTICS  

Soil characteristics of the study area are mainly classified based on the soil texture, soil structure 

and drainage capacity of the soil. In this study Hydrologic Soil Group (HSG) classification (A, B, C 

or D) were used to classify the soils of Buells and Butlers Creeks watershed. Table 2.1.1 shows the 

hydrological soil condition of the watershed with their associated drainage capacity.  

Table 2.1.1: Soil Characteristics of study area 

 

It can be seen from Table 2.1.1 that more than two-thirds of study area is composed of soil type B 

which has moderate drainage. However, there is a substantial amount of low drainage soil type D 

(23.56%) as well as rapid drainage soil type A (10.75%). Soil type A is mainly present around the 

Buells Creek Reservoir as well as the northern segment of Butlers Creek. The region north of 

Highway 401 is dominated by soil type D. The region around the Buells Creek between Buell’s Creek 

Detention Basin and confluence with Butlers creek is also dominated by soil type D. All other areas 

are dominated by soil type B. Figure 2.2.1 shows the soil type map of Buells and Butlers Creeks 

Watershed.  
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Figure 2.2.1: Soil Group Map of Buells and Butlers Creeks Watershed 
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2.2.2 TOPOGRAPHY  

A Digital Elevation Model (DEM) of the study area was developed using LiDAR data with 1m x 1m 

resolution. The highest elevation with the study area is observed at the beginning of the Butlers 

Creek watershed which lies to the north of the study area. Both Creeks, steadily drop until they reach 

the St. Lawrence River. The elevation of the study area is lowest at that particular point. The DEM 

of the watershed is shown below in figure 2.2.2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2.2: DEM of Buells and Butlers Creek Watershed 
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2.2.3  LAND COVER 

The land cover map for the Buells and Butlers Creeks Watershed Shows that the most dominant 

land-cover was agriculture (42.1%) which includes open fens, croplands as well as pastures. Forests 

(38.72%) were also abundant within the study area. Deciduous and Coniferous forests were both 

observed. There are also marshlands within the study area, in close proximity to the Buells Creek 

Reservoir which has been classified as a water body. In the southern portion, the City of Brockville 

is classified as an urban settlement. More details regarding land cover are provided in Table 2.2.1 

and Figure 2.2.3. 

 

Figure 2.2.3: Land Cover map of Buells and Butlers Creeks Watershed  
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Table 2.2.1: Land Cover of Buells and Butlers Creek Watershed 

 

3.0  DATA COLLECTION 

Buells and Butlers Creek Topography/Bathymetry Survey 

After completing the initial desktop analysis and review of the existing data, AHYDTECH 

implemented a field program. The field program included topographic and bathymetry surveying of 

the reaches in the lower half of the watershedusing a Total Station and standard RTK/GPS survey 

techniques. The data was recorded in the geodetic control datum CGVD28 and all data files has 

been provided in the provincial UTM projections (NAD83). A Sonar and GPS/RTK unit mounted on 

a boat or unmanned survey vehicle was used for bathymetric surveying of the reaches along Buells 

and Butlers Creeks. The GPS was used to acquire geo-referenced water depth in the reach; 

Dimension of hydraulic structures such as that of bridges and culverts along the reaches were 

surveyed. Bathymetric survey of the Buells Creek reservoir was also performed using HY1500 

Echosounder. The data collected was then used to develop a stage-discharge-volume relationship 

which was incorporated into the HEC-HMS model. 

Verification of LiDAR Data 

The accuracy of the LiDAR data was checked using the RTK system in order to obtain the 

coordinates and elevation of several control points within the study area which were later compared 

with the LiDAR data. In Table 3.1 shows the vertical accuracies of LiDAR data with respect to the 

control points which AHYDTECH has surveyed. The differences between the elevations of LiDAR 

data and survey data were compared. It is observed that the differences were minimal, and the 

LiDAR data was determined suitable for use in the study. The Easting and Northing are as per UTM 

projections (NAD83) while the vertical datum is CGVD28. 
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Table 3.1: Comparison of vertical accuracies of LiDAR Data and field data 

 

4.0  HYDROLOGIC ANALYSIS 
 
 

4.1 METHODOLOGY 

AHYDTECH developed both a storm-event and continuous hydrologic models of the Buells and 

Butlers Creeks Watershed using HEC-HMS, a software developed by US Army Corps of Engineers. 

The Hydrologic Engineering Center (HEC) of U.S. Army Corps of Engineers developed HEC-HMS 

software to simulate the complete hydrologic processes of dendritic watershed systems. The 

software can be used to simulate infiltration, runoff generation, and flow routing. HEC-HMS has the 

capability to simulate evapotranspiration, snowmelt, and soil moisture variation processes, for 

continuous modeling. Advanced functions have been built in this software for gridded runoff 

simulation, model optimization, streamflow forecasting, depth-area reduction, model uncertainty 

assessment, analysis of erosion and sediment transportation, and water quality assessment. 

Hydrologic modelling was performed for this study in order to determine watercourse flow for various 

storm events throughout the Buells and Butlers watershed. Water Survey Canada discharge data is 

only available close to the outlet into the St. Lawrence River which was used for to calibrate the 

model computed flows. The model generated flows were used as upstream boundary condition data 

for hydraulic modelling.  

Comprehensive features have been integrated into HEC-HMS work environment, allowing database 

establishment, data entry, hydrologic simulation and results reporting. The friendly graphical user 

interface enables the seamless movement of the different parts in the software. The simulation 
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results generated by HEC-HMS can be stored in HEC-DSS (Data Storage System). The HEC-DSS 

data files can be applied in conjunction with other software for various hydrologic analyses, such as 

water availability, urban drainage, flow forecasting, future urbanization impact, reservoir spillway 

design, flood damage reduction, floodplain regulation, and systems operation. 

This study reviewed available physiography, surficial geology, soil, topography, drainage system, 

soil and land use/cover data, information and reports to characterize the Buells and Butlers Creeks 

watershed. The impacts of impervious and pervious areas of a drainage area on the soil surface 

infiltration, soil layer percolation, and overland runoff factors were considered when conducting 

hydrologic modelling. Infiltration and runoff generation were calculated using the Deficit and 

Constant method for both the Storm-Event model and the continuous model. The only loss rate 

methods recommended for continuous simulation are "deficit and constant", "soil moisture 

accounting" and “Smith-Parlange”. The HEC-HMS software applies several methods for 

transforming excess precipitation into surface runoff. The Clark Unit hydrograph method was used 

for both the continuous and event models to simulate surface runoff. Both models applied the Simple 

Surface method to simulate surface storage. The models applied the Simple Canopy method to 

simulate interception and evapotranspiration processes. Stream routing for the study used the 

Muskingum-Cunge method. The Storm-Event model is preferably used for determining the design 

flow for frequency rainfall events. The continuous model was used for determining stream flow for 

historic storm events. The continuous model is suited for simulating sub-catchment response to 

different weather conditions, particularly dry weather and snowmelt conditions. Consolidated 

Frequency Analysis was performed using available instantaneous observed streamflow data to 

determine the flow at the outlet for different return periods.  

To summarize, the key steps of the hydrologic modelling process are as below: 

1) Collecting all available Meteorological and Basin data for development of Two Hydrologic 

models: a)  Storm-Event Model and B) Continuous Model.  

2) Consolidated Flow Frequency analysis was performed using Instantaneous Peak flows at 

the streamflow gauge. The results of this analysis were used to calibrate the Storm-Event 

model.  

3) Flow data at the streamflow gauge was used to calibrate the continuous model with 

reservoir controls are in placed. The continuous model was then run for the years 1998 to 

2018 without the control structures. Flow frequency analysis was run for the obtained 

simulated flows from the continuous model at each hydraulic node points.  
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4) Results from Hydrologic analysis were used as upstream boundary condition data for both 

One-dimensional and Two-Dimensional hydrodynamic models. 

Figure 4.1.1 shows a flowchart which highlights the various steps of the hydrologic modelling process 

  

Figure 4.1.1: The steps of the of hydrologic modelling process 

The following sections provides more details regarding the development of the Buells and Butlers 

Creeks Watershed hydrologic model.  

 

4.2 HYDROLOGIC MODEL DEVELOPMENT 
 
4.2.1 SUBBASIN / CATCHMENT DELINEATION  

The Buells and Butlers Creek watershed has a drainage area of approximately 52 km2. The outlet of 

the watershed is at the point where the flow from the watershed discharges into the St Lawrence 

river lying to the south of the City of Brockville. The CRCA provided LiDAR data and shapefile of 

associated waterbodies which were later processed to develop the streamflow network, subbasin 

boundaries and a stream flow outlet, and calculate catchment slopes as well as channel slopes and 

lengths. A Total of 48 subbasins were generated and named after the subwatershed it belongs to. 

Subbasins in Buells Creeks have the initials “BUE” while the subbasins in Butlers Creek have the 

initials “BUT”. A three- or four-digit number suffix were used, which provide each subbasin with a 

unique name e.g. BUT001.  
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4.2.2 METEOROLOGIC DATA 

For the continuous model simulation, hourly precipitation data from the seven climate stations listed 

below were applied for the hydrologic modeling. While a few of these stations are located within the 

study area, a majority of them are located quite a distance away from the study area. This is required 

due to considerable gaps in data from stations within the study area. The meteorological inputs from 

these stations were used for the long-term (1998-2018) simulations. The details about the 

meteorological stations are provided in Table 4.2.1.  

All available climate data of the selected climate stations within the Buells and Butlers Creeks 

watershed as well as nearby areas were collected and reviewed. Rainfall data from several stations 

outside the watershed were used due to gaps in the precipitation data. AHYDTECH developed a 

FORTRAN program for climate data processing and data gap filling. The gap-filling climate data 

includes daily total precipitation, hourly rainfall and temperature records. As Solar Radiation data for 

the entire simulation period was not available, Solar Radiation data for the missing periods were 

computed using WDMUtil, a program developed by AQUA TERRA Consultants and funded by the 

U.S. Environment Protection Agency (EPA). Cloud amount data obtained from various stations was 

processed in order to determine the shortwave radiation. Figure 4.2.1 shows the location of the 

various climate stations with respect to the study area. The data from these stations were collected 

from the CRCA and Climate Ontario. 
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Table 4.2.1: Climate stations used in the hydrologic modelling 
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Figure 4.2.1: Location Climate Stations used for hydrologic modelling  
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The HEC-HMS continuous model used the following hourly meteorological inputs to perform 

hydrologic simulation: shortwave radiation, hourly precipitation, air temperature and dew point 

temperature. FAO56 method was used to compute longwave radiation. The model used monthly 

average potential evapo-transpiration (ET) data as shown in Table 4.2.2. Reference values of 

evapotranspiration was obtained from the following site: https://farmwest.com/climate/et. The source 

of evapotranspiration data was Environment Canada. The temperature index method was used to 

model snow-melting in the watershed. Meteorological Data such as time series of Precipitation, 

Temperature, Dew Point Temperature and Solar Radiation were obtained from available gauge data 

and incorporated in the continuous model. 

 

Table 4.2.2: Monthly Evapotranspiration Values 

 

The Storm-Event model required precipitation data of design storm events. The design storms were 

determined using the SCS Type II distribution and the rainfall amount of corresponding return periods. 

The rainfall events have a 24-hour duration with the rainfall being distributed for each hour as per 

the SCS Type II distribution. The rainfall depths extracted are summarized in Table 4.2.3. The 

corresponding amounts of rainfall depth were extracted from the MTO IDF Curve Finder using the 

following link:  

http://www.mto.gov.on.ca/IDF_Curves/results_out.shtml?coords=44.586356-75.694214  
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Table 4.2.3: Rainfall Depth of Design Storms  

4.2.3 HYDROLOGIC PARAMETERS 

AHYDTECH applied Buells and Butlers Creeks watershed land use and land cover data for the 

hydrologic modeling. Hydrologic parameters such as the percent impervious area and maximum 

deficit is extracted from the soil data and land use information. The parameters (listed below) are 

required in the loss methods for each subbasin in the HEC-HMS models: 

 Initial Deficit – the amount of water needed to reach the storage capacity (mm) 

 Maximum Deficit – storage capacity of the soil layer (mm) 

 Constant Rate – the percolation rate when saturated (mm/hr) 

 Impervious Area (%) 

 

4.2.4 DEVELOPMENT OF HYDROLOGIC MODEL 

AHYDTECH developed two HEC-HMS models, a Storm-Event model and a continuous model. The 

Storm-Event HEC-HMS model only simulates the hydrological responses under a storm event during 

which the impacts of baseflow and evapotranspiration are considered negligible. Hydrologic models 

developed considers surface depression storage, infiltration, runoff generation, interactions between 

subsurface flow and evapotranspiration processes. These processed are simulate by “Surface”, 

“Loss”, “Transform”, “Baseflow” and “Canopy” components respectively. 

The canopy component in the subbasins represents interception and evapotranspiration processes 

in plants. Some of the precipitation was intercepted by vegetation and the rest fell on the ground 

surface. Intercepted water evaporated between storm events. Plants also extract water from the soil 

layer through transpiration. The “Simple Canopy” method was applied which is required to specify 

the parameters including initial storage (%) and maximum storage (mm). These two parameters 

represent the initial condition and capacity of canopy storage, which were assumed based on land 

use and land cover in the subbasin. The crop coefficient, which is a ratio applied to the potential 

evaporation, applied the default value 1.0 set in HEC-HMS. The simple uptake method provided in 

HEC-HMS was applied to incorporate with the loss method. Both the Storm-Event and continuous 

model applied the “Simple Surface” method built in HEC-HMS. It was intended to represent the 
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ground surface where water may accumulate in surface depression storage. Parameters including 

initial storage (%) and maximum storage (mm) were required in this method. These parameters were 

determined based on slope and water storage capacity of a subbasin. If there are wetlands, 

waterbodies, lakes and reservoirs in a subbasin, then a higher initial storage (%) and maximum 

storage (mm) was assumed. 

To perform continuous simulation, a continuous model using Deficit and Constant method as loss 

method was developed. The Deficit and Constant method use a single soil layer to account for 

continuous changes in moisture content. It considers the initial deficit and maximum storage of the 

soil layer, constant percolation rate when saturated and the impacts of impervious areas. Runoff is 

generated when the maximum storage of the soil layer is exceeded, or precipitation falls on 

impervious areas. For Deficit and Constant model - Clark Unit hydrograph, Muskingum-Cunge 

channel routing, Deficit and Constant loss parameters, Linear reservoir baseflow, Simple Canopy 

and Simple Surface methods were applied and calibrated.  

After the depth of surface runoff was computed by the selected loss method, the actual surface flow 

was calculated by the “transform” component in HEC-HMS. Clark unit hydrograph method was 

applied for both the event-based model and continuous model. Two parameters, including time of 

concentration (TC) and storage coefficient, were required in this method. The time of concentration, 

computed using TR-55 Technical Guideline, defines the maximum travel time in the subbasin and is 

used in the development of the translation hydrograph. Time of concentration (TC) was determined 

according to the TR-55 Technical Release by U. S. Department of Agriculture (USDA) and Natural 

Resources for Conservation Service (NRCS). The following information was used to estimate travel 

time, two year 24-hour rainfall amount, slopes, flow distance of precipitation excess on the land’s 

surface for three NRCS flow regimes- sheet flow, shallow concentrated flow and channel flow. HEC-

GeoHMS was used to calculate Time of Concentration (TC). The resulting translation hydrograph is 

routed through linear reservoir to account for storage attenuation effects across the subbasin, which 

is defined by the storage coefficient.  

The subbasins also included a “Baseflow” component. The “Linear Reservoir” baseflow method was 

applied. It uses a two-layer linear reservoir to model the recession of baseflow after a storm event. 

Infiltration was computed by the loss method is connected as the inflow to the linear reservoir. In the 

continuous model, the initial baseflow of each basin was specified as a volume per area per unit 

time. To perform baseflow computation, parameters including groundwater storage coefficient and 

number of groundwater reservoir needs to be specified. Groundwater storage coefficient is the time 

constant for the linear reservoir in each layer. The number of groundwater storage reservoirs control 
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the number of sequential reservoirs that the groundwater is routing through to attenuation the 

groundwater. The number of groundwater storage reservoirs was set as one. 

Both the Storm-Event and Continuous Model applied the Muskingum-Cunge method for channel 

routing, which uses combination of conservation of mass and diffusion representation of 

conservation of momentum. In HEC-HMS, there are five channel cross-section shape options for 

routing: circular, triangular, square, rectangular, eight points and trapezoidal. The trapezoidal section 

option was selected for all reaches as it is more representative of an open channel. The channel 

width, channel length, channel slope, Manning’s n and side slope were required as input for this 

method. Details of the parameters used for each subbasins are included in Appendix A.  

4.2.5 MODELLING RESERVOIRS AND DETENTION BASIN  

A dam named Broome-Runciman Dam, is situated downstream of Buells Creek Reservoir and Mac 

Johnson Wildlife Area and a detention basin named Buells Creek Detention Basin which lies to the 

north of Highway 401. Both facilities are regulated and has specific operation rules. According to 

MNR (2002) guidelines, in floodplain mapping studies, the analysis of flow-frequency relationships 

requires the conversion of regulated flows to de-regulated or natural flows. This requires any 

hydraulic structure that significantly affects the natural flows to be removed and streams to be 

modelled as uncontrolled flows in HEC-HMS. In this study, rating curves, generated using cross 

section data immediate downstream of these structures, were used to model uncontrolled flows of 

the creeks by reverse reservoir routing. This allowed the Buells Creek Reservoir and Buells Creek 

Detention Basin to be modelled as uncontrolled reservoirs in the HEC-HMS model. The reservoir 

elements act as natural controls and attenuates the flow passing through the Buells Creek Reservoir 

and Detention Basin.  

HEC-RAS 1D model was used to assess the effects of the control structure on the flow. Features of 

the control structures were incorporated in the HEC-RAS 1D model. Using HEC-RAS results, 

separate stage-discharge and discharge-storage relationship were obtained for both the Broome-

Runciman Dam and Detention Basin. These rating curves were then used in a separate version of 

the existing hydrologic models and applied for calibration of the HEC-HMS model at the gauge.  

HEC-HMS models were eventually calibrated assuming the operation at both the reservoir and 

detention basin as controlled.  

During field data collection, AHYDTECH’s Survey team conducted bathymetric and topographic 

survey along several segments of the Buells Creek Reservoir and Detention Basin. Several cross-
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sections were obtained, and a single cross-section was analyzed and processed for both Buells 

Creek Detention Basin and Reservoir to obtain a  

 Stage-Volume relationship  

 Stage-Discharge relationship 

These relationships helped to develop a rating curve for Stage-Storage-Discharge relationships 

which is incorporated into the HEC-HMS model. In the image below, a graph showing the inflow and 

outflow at the outlet of the Buells Creek Reservoir for 100-Year return period rainfall event. A 

considerable degree of flow attenuation due to the reservoir element was observed in the model.  

 

Figure 4.2.1: Inflow and Outflow for the Buells Creek Reservoir element for 100-Year storm 

4.3 HYDROLOGIC MODEL CALIBRATION 

As explained earlier, the continuous model applied Simple Canopy, Simple Surface, Clark Unit 

Hydrograph, Muskingum-Cunge channel routing and Linear Reservoir baseflow methods as well 

Snowmelt index method. The parameters of these methods were adjusted during the calibration. 

Initially, sensitivity analysis was performed to determine the sensitivity of the model to each 

parameter. A summary of sensitivity analysis is shown in Section 4.3.3. Calibration of the 

deregulated hydrologic model made use of only a single gauge station – Station no. 02MB010 which 

lies on the watershed just before the confluence of the Buells and Butlers Creek tributary with the St. 

Lawrence River. Daily flow discharge and yearly instantaneous peak discharge data was obtained 

from this station. The parameter values provided in HEC-HMS were adjusted in order to ensure the 

simulated data matched with the observed data as closely as possible. The sensitivity analysis 
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results helped determine the parameters that need to be adjusted in order to get the desired outflow. 

The parameters that were adjusted include the Storage Coefficient values, Canopy Storage values, 

Time of Concentration values and Snowmelt parameters. The calibrated parameter values for each 

sub-basin and reach element in Appendix A. Figure 4.3.1 below shows the simulated and observed 

flow at the model outlet for a certain time period. 

 

 

As shown in the figure above, the model generally captured the flow dynamics and the simulated 

flow has a similar trend with the observed flow. The continuous model was calibrated with respect 

to the daily observed flow between the years 2002 and 2009. The model result was validated with 

respect to the daily observed flow for the years - 2011 to 2018. Model results for complete time 

period (1998 to 2018) are provided in Appendix B. In order to further validate the deregulated 

continuous model, we used the 100-Year SCS rainfall event. By adjusting the antecedent moisture 

condition, the simulated 100-Year storm event provided flow which is similar to the observed 100-

Year return period flow. 

The Storm-Event model was calibrated with the 100-Year flow based on Flow Frequency Analysis 

of observed flow data from the gauge station.  More details about this procedure is found in Section 

4.3.1 of this report and in Appendix B. The model was calibrated in a similar manner as the 

continuous model as discussed previously. Calibrating Storm-Event model is simpler as it only 

requires the peak-flow of the model at the outlet to conform with frequency analysis results.    

Frequency analysis is a procedure to estimate the occurrence of extreme events. The purpose of 

the frequency analysis is to determine the magnitude of flood of a specific return period. An 

Figure 4.3.1: Simulated and Observed Flow at station 02MB010 
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understanding of the magnitude of flood frequency is necessary for flood line mapping, flood 

forecasting, floodplain management, and the designs of hydraulic structures such as reservoirs, 

stormwater management, and the designs of hydraulic structures such as reservoirs, stormwater 

management facilities and culverts.  

This study used the Storm-Event HEC-HMS model to simulate flows under design storms of different 

return periods. The model computed flows for design storms of 5, 25, 50, 100 and 350-year return 

events. Frequency analysis was also performed using the simulated flows from the continuous HEC-

HMS model. 

4.3.1 SINGLE SITE FLOW FREQUENCY ANALYSIS 

To conduct frequency analysis for design flows under storms of various return periods, the software 

Consolidated Frequency Analysis (CFA) Version 3.1 was used. This software was developed by the 

Surveys and Information Systems Branch, Environment Canada and recommended by the Technical 

Guide – River & Stream Systems: Flooding Hazard Limit (Ontario Ministry of Natural Resources, 

2002) for flood frequency analysis. 

This study used 23 years of observed flow data from the gauge station (02MB010) near the outlet to 

perform flow frequency analysis. The yearly maximum instantaneous discharge values between the 

years 1990 to 2018 were used for the analysis. The largest flow observed during this period was on 

19th January, 1996 (16.7 m3/s). The event-based model was calibrated in order to produce results 

similar to the flow frequency analysis results for the outlet. The results of the flow frequency analysis 

are shown in the table below. Theoretical probability distributions that were applied in this frequency 

analysis included: 1) Generalized Extreme Value distribution; 2) Three Parameter Lognormal 

distribution; 3) Log Pearson Type III distribution; and 4) Wakeby distribution. All flows are in m3/s. 

The parameter estimations for the distributions have been done using Maximum Likelihood Method 

or the Method of Moments. 

Table 4.3.1: Frequency Analysis Results of Instantaneous Peak Observed Flows (m3/s) 

The Storm-Event model was calibrated such that the flow at the outlet for 100-year return period 

flood flow was similar to the 100-year flow determined from frequency analysis results obtained from 

Distribution 2 Year 5 Year 10 Year 20 Year 50 Year 100 Year 350 Year
Generailized Extreme Value 9.88 13.2 15.1 16.7 18.5 19.6 21.1
Three Parameter Lognormal 9.96 13 14.7 16.2 18 19.2 20.8
Log Pearson Type III 10.2 13.2 14.6 15.6 16.6 17.2 17.7
Wakeby 9.98 13.1 15 16.7 18.6 19.8 21.3
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the Three-Parameter Lognormal distribution. In order to determine the goodness of fit of model 

results, they were compared with the results of different frequency analysis distributions. The Chi-

Squared test was used in order to determine the goodness of fit of event-based model results with 

respect to each distribution. There is no universally accepted method for determining goodness-of-

fit as per the 2017 Technical Guidelines. A lower Chi-Squared value represents greater goodness-

of-fit. Three-Parameter Lognormal had the lowest chi-squared value and thus is the ideal distribution. 

The results of Chi-Squared tests are provided in Table B.3.1 of Appendix B. The calibrated model 

has a flow of 19.17 m3/s at the outlet for the 100-year flood event which conforms to the results 

shown in the table above.  

4.3.2 CATCHMENT FLOW FREQUENCY ANALYSIS 

Yearly Peak flows for the years between 1998 and 2018 simulated by the continuous HEC-HMS 

model were applied to determine the annual peak flow-frequency relationships. The relationship was 

then used to determine flows of various return periods at the outlets and several locations within the 

study area, for comparison with the design flows generated by the Storm-Event and design storms. 

The 5, 25, 50, 100 and 350-year return period flows were determined through flow frequency analysis. 

Table 4.3.2 shows frequency analysis results for simulated flow at the outlet of the watershed, just 

before the St. Lawrence River. 

Table 4.3.2: Flow Frequency Analysis results of continuous model at the outlet (m3/s) 

 

The results of Flow Frequency Analysis for other hydraulic model nodes are shown in Table 4.3.6 

and Table 4.3.7 in Section 4.3.4. 

4.3.3 SENSITIVITY ANALYSIS 

Sensitivity analysis was done on both the continuous and the Storm-Event model. A table is given 

below showing the summary of sensitivity analysis of the Storm-Event model. The first row is marked 

with yellow color indicating that simulation was done with all the initially assumed values. From the 

second row onwards, the blue cells indicate how we have changed the parameter values, to observe 

the change in peak discharge for the 100-year storm, at the junction element named JBUE300 in 
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the HEC-HMS model. For example, (x1.5) means we have multiplied the initially assumed values for 

each subbasin by the factor 1.5.  

Table 4.3.3: Sensitivity Analysis summary 

 

It can be observed from the above results that the model is highly sensitive to most of the model 

parameters with the exception of parameters such as manning’s roughness coefficient. 

4.3.4 MODEL GENERATED FLOWS 

Flow tables have been prepared using following types of flood flows: 

a) Results of the event-based model based on design storm events and 

b) Results of the flow frequency analysis from the output of the continuous model. 

The data in the flow tables were used as upstream boundary conditions for the 1D HEC-RAS model 

and 2D SRH-2D model. Details about the HEC-RAS and SRH-2D model are discussed in Section 

5.0 of this report. Both Storm-Event and continuous model are distinctively different from one another. 

The Storm-Event model is widely used in floodplain mapping studies for hydrologic analysis of storm 

events. It is suited for this study purpose as it determines the response of the catchment to rainfall 

events. Continuous modelling would be the preferred alternative for this study if hourly rainfall data 

was available for the study area for a particular storm event with greater intensity than 100-Year 

return period rainfall. From the flow tables shown above, the Storm-Event model generally computed 

higher flows at most locations when compared to the continuous model. The flow tables for HEC-

RAS are shown in the following segments. The flow tables for the SMS SRH-2D model are provided 

in Appendix D. 

 

 

 

 

Transform Routing 100 Year Storm

Simulation No. Storage Coefficient Manning's N
Percentage 

Impervious area
Initial Deficit (MM) Percolation Rate

Peak Discharge 

(M3/s)
A1 x1 0.035 x1 x1 x1 4.75
A2 x2 0.035 x1 x1 x1 4.012
A3 x0.5 0.035 x1 x1 x1 6.76
A4 x1 0.05 x1 x1 x1 4.67
A5 x1 0.015 x1 x1 x1 4.889
A6 x1 0.035 x1.5 x1 x1 6.1
A7 x1 0.035 x0.75 x1 x1 4.17
A8 x1 0.035 x1 x1.5 x1 3.91
A9 x1 0.035 x1 x0.5 x1 6.05
A10 x1 0.035 x1 x1 x0.75 4.863
A11 x1 0.035 x1 x1 1.5 4.66

 (Loss Method)
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STORM EVENT MODEL FLOWS  

Table 4.3.4 and Table 4.3.5 shows the flow corresponding to the flow direction map for HEC-RAS 

as shown in Figure 5.3.1 in Section 5.3 of this report, for different return period floods. This data 

was incorporated in the HEC-RAS model for Hydraulic Modelling. All flow values are in m3/s. 

 
 
 
Location as per Flow 
Direction Map 

E1 E2 E3 E4 E5 E6 

350-Year Flow 9.78 2.52 0.39 3.25 2.02 0.56 

100-Year Flow 7.28 2.08 0.32 2.35 1.57 0.45 

50-Year Flow 6.1 1.89 0.291 1.96 1.36 0.4 

25-Year Flow 4.96 1.7 0.26 1.62 1.16 0.35 

5-Year Flow 2.67 1.24 0.183 0.83 0.8 0.23 

 

Location as per Flow 
Direction Map 

N1 N2 N3 N4 N5 

350-Year Flow 13.66 24.43 7.41 6.16 4.3 

100-Year Flow 10.41 19.17 5.87 4.74 3.25 

50-Year Flow 8.89 16.7 5.41 4.1 2.75 

25-Year Flow 1.51 7.42 14.34 4.56 3.56 

5-Year Flow 1.03 4.48 9.382 3.2 2.49 

 

CONTINUOUS MODEL FLOWS 

Flow Frequency Analysis was performed for the continuous calibrated HEC-HMS model results. The 

yearly peak flows for the complete simulation period (1998 to 2018) was obtained and frequency 

analysis was performed using the software Consolidated Frequency Analysis (CFA) Version 3.1 as 

discussed in Section 4.3.1. The results of the frequency analysis have been tabulated below. The 

flow table (corresponding to the flow direction map in Section 5.3) was prepared using Log Pearson 

Type III distribution results. 

 

 

 

Table 4.3.5: Storm-Event model flow (m3/s) table for HEC-RAS (cont.) 

Table 4.3.4: Storm-Event Model Flow (m3/s) Table for HEC-RAS 
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Location as per Flow 
Direction Map 

E1 E2 E3 E4 E5 E6 

350-Year Flow 3.44 2.83 0.34 1.04 1.64 0.56 

100-Year Flow 2.96 2.20 0.27 0.94 1.30 0.47 

50-Year Flow 2.70 1.86 0.23 0.89 1.12 0.42 

25-Year Flow 2.39 1.69 0.21 0.80 1.01 0.37 

5-Year Flow 1.77 1.02 0.13 0.66 0.64 0.26 

 
 
 

Location as per Flow 
Direction Map 

N1 N2 N3 N4 N5 

350-Year Flow 5.50 16.95 6.26 4.66 2.01 

100-Year Flow 4.83 13.70 5.09 3.84 1.83 

50-Year Flow 4.48 11.90 4.46 3.41 1.75 

25-Year Flow 4.02 10.67 3.99 3.05 1.58 

5-Year Flow 3.15 6.95 2.64 2.09 1.34 

 

COMPOSITE FLOW TABLES FOR HYDRAULIC ANALYSIS 

This study compared flows of the storm-event and continuous models at hydraulic modeling 

inflow nodes presented in the previous tables. The higher of the two flows were used as 

input for the hydraulic models. Table 4.3.8 and Table 4.3.9 shows the composite flow tables. 

 
 
 
Location as per Flow 
Direction Map 

E1 E2 E3 E4 E5 E6 

350-Year Flow 9.78 2.83 0.39 3.25 2.02 0.56 

100-Year Flow 7.28 2.2 0.32 2.35 1.57 0.47 

50-Year Flow 6.1 1.89 0.291 1.96 1.36 0.42 

25-Year Flow 3.86 1.7 0.26 1.62 1.16 0.37 

5-Year Flow 1.99 1.24 0.183 0.83 0.8 0.26 

Table 4.3.7: Continuous Model flow (m3/s) table for HEC-RAS (cont.) 

Table 4.3.6: Continuous Model flow (m3/s) table for HEC-RAS  

Table 4.3.8: Composite Flow (m3/s) Table for HEC-RAS 
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4.4 FLOW ANALYSIS FOR CLIMATE CHANGE CONDITIONS 

Climate Change is difficult to predict and even more difficult to analyze. AHYDTECH performed a 

preliminary analysis of the impact of Climate Change on the model generated. The calibrated Storm-

Event HEC-HMS model was modified to emulate climate change scenarios with the only variable 

being the rainfall depth for different return periods. The rainfall-frequency table (Table 4.2.3) in 

Section 4.2, was obtained for the year 2010, and demonstrates present conditions. The IDF Curve 

lookup table also forecasts the rainfall intensity and depth for different durations for different periods 

in the future. For this analysis, the data for the year 2050 was used and provided in the table 4.4.1 

below.  

Year 
Rainfall Amount (mm) 

2-Year 5-Year 25-Year 50-Year 100-Year 

2010 53.1 70.5 96.6 107.2 117.9 

2050 57.6 76.8 103.2 112.8 122.4 

The rainfall depths for the year 2050 was incorporated in the Storm-Event model and was used to 

prepare an updated flow tables for the HEC-RAS model as below. 

 

 

Location as per Flow 
Direction Map 

N1 N2 N3 N4 N5 

350-Year Flow 13.66 24.43 7.41 6.16 4.3 

100-Year Flow 10.41 19.17 5.87 4.74 3.25 

50-Year Flow 8.89 16.7 5.41 4.1 2.75 

25-Year Flow 7.42 14.34 4.56 3.56 2.32 

5-Year Flow 4.48 9.382 3.2 2.49 1.48 

Table 4.3.9: Composite Flow (m3/s) Table for HEC-RAS (cont.) 

Table 4.4.1: 24-hour rainfall depths for different return periods for 2010 and 2050 
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Location as per Flow 
Direction Map 

N1 N2 N3 N4 N5 

100-Year Flow 11.07 20.22 6.16 5.02 3.46 

50-Year Flow 9.68 17.92 5.56 4.42 3.01 

25-Year Flow 8.33 15.81 4.91 3.89 2.58 

5-Year Flow 5.16 10.55 3.52 2.74 1.63 

 

 

 

 

 

 

 

 

 

5.0 DEVELOPMENT OF HYDRAULIC MODEL 

Location as per Flow 
Direction Map 

E1 E2 E3 E4 E5 E6 

100-Year Flow 7.79 2.16 0.34 2.52 1.66 0.48 

50-Year Flow 6.72 1.99 0.31 2.17 1.47 0.43 

25-Year Flow 5.67 1.82 0.28 1.82 1.29 0.38 

5-Year Flow 3.14 1.35 0.2 1.02 0.89 0.26 

Table 4.4.2: Storm-Event model Flow (m3/s) Table for HEC-RAS for Climate Change Conditions 

Table 4.4.3: Storm-Event model Flow (m3/s) Table for HEC-RAS for Climate Change Conditions (cont.) 
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5.1 HYDRAULIC MODEL SELECTION  

HEC-RAS is a software for one-dimension or two-dimensions simulations of the evolution of a flood, 

which could have a steady or an unsteady flow rate, sediment transport, change of the river bed etc. 

The name ‘HEC-RAS’ derived from the creators of the software: Hydrologic Engineering Center, 

which stands as a subdivision of the Institute of Water Resources, U.S Army Corps of Engineers 

(HEC), and "RAS" is an acronym from "River Analysis System". The software itself, has four main 

river analysis possibilities: the constant flow rate at the surface of a considered river profile; 

simulation of an unsteady flow of water; calculations of the sediment transport and modifications of 

the river bed; and analysis of the water quality (U.S. Corps of Engineers, 2003, Tate et al. 1999). It 

is a widely used tool to model 1D flow simulation and provides graphical results. Inundation mapping 

is accomplished in the HEC-RAS Mapper portion of the software and Tabular output is also available. 

Model results can be post-processed using SMS software to obtain and map detailed results. When 

the length-to-width ratio is larger than 3:1, a 1D hydraulic model can provide fairly good results (UK 

Environment Agency, 2009). More detailed information about HEC-RAS can be obtained from the 

website: http://www.hec.usace.army.mil/software/hec-ras/. 

Flows in river and stream are complex due to existence of the physical processes in the nature. 

These processes are not one-dimensional, rather, multi-dimensional. When there are hydraulic 

structures in watercourse along with obstructions, bifurcations, and variation of roughness in flood 

plain, these physical processes become further complex. These processes should be analyzed using 

two-dimensional governing equations, which will represent longitudinal and lateral variations of the 

flow fields. Because of the hydraulic structures, road/trail crossings, buildings and houses, flows in 

the main channel and floodplain would be multi-dimensional. It is more appropriate to apply a 2D 

hydrodynamic model to understand and analyze the flooding and inundation mapping in the Town 

of Brockville. AHYDTECH applied HEC-RAS 5.0.7 and SMS (SRH-2D) software for the hydraulic 

analysis and floodplain mapping of the tributaries of Buells and Butlers Creeks within the City of 

Brockville. SRH-2D can solve Non-Linear Shallow Water Equations (NLSWE) and uses both 

structured and unstructured meshes comprised of triangular and quadrilateral elements. 

SMS from Aquaveo is a public and private partnership software for 1D-2D hydraulic modeling. SMS 

uses a Graphical User Interface (GUI) for various type of numerical hydraulic, hydrodynamic and 

sediment transport models. It has a total of nine modules, as shown below, to pre-process model 

input data and to post-process model output data. In addition, SMS can import and use GIS shape 

& Raster file, CAD and LiDAR data for modeling. These modules along with the numerical models 
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provide SMS as a complete software for hydraulic, hydrodynamic and sediment transport analysis, 

including floodplain mapping and flood hazard analysis.  

SMS is the most popular 2D modeling software in the US and 60 other countries. The software has 

over 8,000 users from consulting firms, universities and government agencies. Based on 

AHYDTECH’s experience in hydraulic modeling, SRH-2D with SMS interface is the best 2D hydraulic 

and hydrodynamic modeling software for flood hazard and flood plain mapping analysis. For 

compiling, developing and providing stability of a hydraulic model, this software is easier and faster 

than the 1D steady HEC-RAS model. US FHWA has adopted SRH-2D for their hydraulic analysis 

projects because of its very impressive features and capabilities highlighted above. SMS with SRH-

2D is a complete software for hydraulic analysis, flood plain mapping and flood hazard analysis.   

The details regarding the SMS SRH-2D model are provided in Appendix D. 

 

 

 

 

 

 

 

 

 

Figure 5.1.1:  The various modules in SMS 
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5.2 HYDRAULIC MODEL USING HEC-RAS  

The detailed planform of the HEC-RAS model can be seen in the Figure 5.2.1. The hydrologic model 

was arranged such that the upstream rivers are at the outlet of corresponding basins. This enabled 

model to make inundation map of the study area more accurately. The HEC-RAS cross section 

geometry was prepared using DEM from LiDAR data and field data as discussed in Section 3.0. 

HEC-GeoRAS 10.2 of US Army Corps of Engineers and ArcGIS software were utilized to create 

cross-section geometry using LiDAR data. Figure 5.2.1 shows the different components of the HEC-

RAS model. More details of the HEC-RAS model components and results are shown in the 

Appendix C. The cross-section layout along with contour map has been provided in Appendix E. 

 

 

Figure 5.2.2 show the edge line of the HEC-RAS model boundary with respect to the watershed 

boundary. 

Figure 5.2.1:  Plan view of newly generated cross sections near project location 
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Figure 5.2.2:  Plan view showing HEC-RAS model boundary with respect to watershed boundary 
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UPSTREAM BOUNDARY CONDITION 

The flows of the 5, 25, 50, 100 and 350-year floods were obtained from the Storm-Event and 

continuous hydrologic models. The higher of the two values from the event-based and continuous 

model were used in modelling. Different discharge data were obtained at different stations of the 

reach, and these flow data were entered into the HEC-RAS model as boundary conditions, for 

hydraulic and floodplain mapping analysis. The flow values were placed at inlets and flow change 

locations in the HEC-RAS model for steady flow simulation. In the 1996 study by J.D. Paine 

Engineering, the flow values were increased by 30% in order to account for model uncertainty. 

AHYDTECH has not come across any policy guidelines or other floodplain mapping studies which 

suggests increasing the flow values by 30%. For this study, the flow values were not increased. The 

2017 Flood Hazard Mapping Technical Guidelines (C. Doherty, B. Adams and D. Haley. March 2017) 

suggests a minimum of 20 Years of flow data used in frequency analysis. As this study used an 

excess of 20-years of flow data, adjustments factors weren’t applied. The upstream boundary 

condition values are provided in Section 4.3.4 of this report.  

DOWNSTREAM BOUNDARY CONDITION 

It is important that the downstream boundary is far from the project study area to eliminate boundary 

effect on the hydraulic analysis. The model used 100-year return period water level (75.66 m) of St. 

Lawrence River near Brockville (Station no. 14400) as downstream boundary condition. Water Level 

data was available for the years 1980 to 2018 at this station. Frequency Analysis of daily water level 

was conducted in order to determine different return period water levels at the St. Lawrence River. 

The downstream boundary conditions were kept the same in hydrodynamic modelling of each storm 

event. The downstream boundary condition data will not impact the final floodlines produced based 

on this study as the impact of the downstream boundary condition does not extend beyond the St 

Lawrence River’s floodlines.  

MANNING’S ROUGHNESS COEFFICIENT 

Manning’s n coefficient reflects hydraulic resistance for flow in a river and flood plain. Roughness in 

the main channel is usually lower than that in the flood plain. It also varies in the flood plain depending 

on the type of land use/land cover. Manning’s roughness coefficients (n) were determined based on 

land use and land cover of the study area following the 2017 Technical Guidelines (C. Doherty, B. 

Adams and D. Haley., March 2017). The table below shows the range of values of Manning’s “n” for 

different land use/cover as per the guidelines. The dominant land use/cover along the left bank and 

right bank were determined and the Manning’s n value were assigned accordingly. 
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Table 5.2.1: Manning’s n Roughness Coefficient 

Open Channel  
 'n' 

Standards 
Calibration Range 

Minimum  Maximum 
Overbank 

Woods 0.08 0.04 0.12 

Meadows 0.055 0.035 0.07 

Lawns 0.045 0.03 0.055 

Channel 

Natural 0.035 0.025 0.045 

Grass 0.03 0.025 0.035 

Natural Rock 0.035 0.025 0.045 

Armour Stone 0.025 0.017 0.03 

Concrete 0.015 0.011 0.017 

Articulated Block 0.02 0.019 0.032 

Gabions 0.025 0.02 0.03 

Wood 0.012 0.011 0.013 
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5.3 HEC-RAS MODEL FLOW DIRECTION MAP 

The flows from the HEC-HMS model were used as upstream boundary conditions for the 1D HEC-

RAS model. The image below displays the Flow-Direction Map for the HEC-RAS model flows. These 

maps correspond to the flow tables as shown in Tables 4.3.4 to Table 4.3.9 in Section 4.3.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3.1: Flow Direction Map for the HEC-RAS model 
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5.4 ICE HYDRAULIC MODELING 

HEC-RAS allows the user to model ice-covered channels with known ice properties, or to simulate 

wide-river jams. In the first case, the user specifies the ice cover thickness and roughness at each 

cross-section. Different ice cover thickness and roughness can be specified for the main channel 

and for each overbank, and both can vary along the channel. In the second case, the ice jam 

thickness is determined at each section by solving the ice jam force balance equation. The ice jam 

can be confined to the main channel or can include both the main channel and the overbanks. The 

material properties of the wide-river jam can be selected by the user and can vary from cross section 

to cross section. The user can specify the hydraulic roughness of the ice jam or HEC-RAS will 

estimate the hydraulic roughness on the basis of empirical data. The river ice capabilities of HEC-

RAS were developed over 20 years ago through a joint effort by the HEC-RAS team at HEC and the 

Corps of Engineers’ Cold Regions Research and Engineering Laboratory (CRREL). Since that time, 

HEC-RAS with ice has been applied in rivers all around the world. HEC-RAS model developed for 

the floodplain evaluation was used to prepare an ice jam model. Snow course data from Brockville 

(SNOW MNR-1001) was used to develop the ice jam model.  Details of the HEC-RAS ice jam model 

results and properties table are shown in Appendix C. 

 

In brief, the Ice-Jam and Non-Ice-Jam Model differs from one another with respect to Ice-Cover data 

segment in the geometric editor, while other features remain identical. In the Ice-Cover table, there 

is an option to provide ice-cover thickness along the right bank, left and main channel, which is set 

to 0 meters by default. For each cross-section, the Ice-cover thickness value has been assigned to 

2.1 meters. This is the maximum recorded ice-cover thickness observed from the Brockville Station 

(Snow MNR-1001), and the modelling assumed the worst-case scenario. Furthermore, the three 

cross-sections taken immediately upstream and downstream of a bridge/culvert were assigned a 

porosity value of “0.4” as opposed to “0” in other cross-sections. Two cross-sections immediately 

upstream and downstream were provided the option to assume “ice-jam” was toggled on (or “Y”). 

The Ice-Cover table has been provided in Appendix C. 
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6.0 HYDRAULIC ANALYSIS & INUNDATION MAPPING 

AHYDTECH has followed applicable technical guidelines to undertake the hydraulic analysis to 

produce inundation mapping products. This study has prepared the inundation maps for the flows 

corresponding to 5, 25, 50, 100 and 350-year flood. Flow corresponding to 100-year flood is used 

for the Regulatory floodline generation. We have used the most conservative flows from both Event-

Based and Continuous HEC-HMS models in order to prepare the inundation maps.  

6.1 HEC-RAS MODEL RESULTS 

Observing the inundation maps for 100-year flood generated using HEC-RAS model, there are 

distinct flooding conditions throughout the study area. In the Butlers Creek before the confluence, 

the extent of inundation appears to be limited, even as the Creek moves southwards. Buildings do 

not fall within the inundation zone for the Butlers Creek. The extent of flooding within the Buells 

Creek north of Parkdale Avenue West appears to be minimal. Inundation can be observed along 

Parkdale Avenue West with roadways, parking lots and a few buildings falling under the inundation 

zone. In the Buells Creek south of 401 HWY and north of Central Avenue West, there seems to be 

a moderate degree of inundation. In the Butlers Creek and Buells Creek confluence, there appears 

to be a moderate flooding although residential buildings are not observed to be within the inundation 

zones. Overall, it can be observed that the 100-Year flood doesn’t result in significant flooding within 

the study area. 

6.2 HEC-RAS ICE-JAM MODEL RESULTS 

The HEC-RAS Ice-Jam model produced vastly different results for the 100-year flood when 

compared to the non-Ice-Jam model results. It can be observed that in the Butlers Creek north of 

401 HWY, the extent of flooding isn’t significant. However, the part of the Butlers Creek south of the 

401 HWY exhibits moderate flooding with a few residential buildings near the creek and parking lots 

falling within the inundation area. Along the Buells Creek north of the detention basin, the extent of 

inundation is limited. As the Buells Creek moves south towards the confluence with Butlers Creek, 

the extent of inundation appears to increase substantially, particularly around 401 HWY, Parkedale 

Avenue West and Central Avenue West. Several buildings and parking lots are observed to fall within 

the inundation zone. Immediately downstream of the confluence, the extent of inundation is 

moderate. As the reach moves further downstream, the extent of flooding increases substantially, 

particularly near the Brock Trail. Overall, the impact of Ice-Jam appears to substantially increases 

flooding hazard within the study area. Flooding is particularly significant in areas along the creeks 

as the creeks pass through bridges or culverts. Compared with the 100-year flood flow without 

considering Ice-Jam, the Ice-Jam model appears to result in much greater inundation particularly in 
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the Buells Creek upstream the confluence. The inundation maps for both Non-Ice-Jam and Ice-Jam 

conditions have been shown in Appendix C. 

6.3 COMPARISON OF 1D AND 2D HYDRAULIC MODEL RESULTS 

The floodplain maps have distinct differences and similarities between the results of the HEC-RAS 

1D and SRH-2D models. In short, the results of the 1D and 2D models is different with one another 

in different areas. Below we have documented the comparisons for in dividing the whole area into 

four. The dark-green polyline refers of HEC-RAS 1D model result while the light pink coloured 

polygon refers to the SRH-2D result.  

HEC-RAS vs SMS SRH 2D Result Comparison  

Area 1: Buells Creek upstream of Hwy 401 

In this area, the extent of flooding is limited from downstream of the Broome-Runciman Reservoir 

up to the Buells creek detention basin. SRH 2D modeled floodplain extent is significantly greater 

than that of the HEC-RAS 1D model on the Canarm properties and upstream of Hwy 401.  

Area 2: Buells Creek downstream of Hwy 401 

In this area, the observed 1D and 2D model results have similar boundaries in downstream areas. 

However, a great amount of spill was observed in 2D model results near Central Avenue and 

Ferguson Drive which 1D model failed to capture. Therefore, the flooding extent is much greater in 

SRH 2D in this area up to confluence with Butlers Creek   

Area 3: Butlers Creek upstream of Hwy 401 

The 1D and 2D model results are quite similar in this region. In some places, 1D model results have 

greater extent than 2D (i.e. near Parkdale Avenue).  

Area 4: Butlers Creek downstream of Hwy 401 

The 1D and 2D model results are quite similar in this region as well. In some places, HEC-RAS 1D 

model results have greater extent than that of SRH 2D. Below, we have a series of image showing 

the inundation maps of 1D and 2D model results for 100-year flood. These images are shown for 

illustration purpose only, and no scale is provided in the images. Comparisons were made using 

digital files in SMS. Differences between the components of HEC-RAS 1D and SMS SRH 2D can 

be found in the previous sections.  
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Figure 6.3.1: HEC-RAS vs SMS SRH 2D output for comparison for 100 Year Flood (Buells Creek 
upstream of Hwy 401)   
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Figure 6.3.2: HEC-RAS vs SMS SRH 2D output for comparison for 100 Year Flood (Buells Creek 
upstream of Hwy 401 
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Figure 6.3.3: HEC-RAS vs SMS SRH 2D output for comparison for 100 Year Flood (Butlers Creek 
upstream of Hwy 401)  
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Figure 6.3.4: HEC-RAS vs SMS SRH 2D output for comparison for 100 Year Flood (Butlers Creek 
downstream of Hwy 401)  
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6.4 DIFFERENCES IN FLOODLINES BETWEEN THIS STUDY AND PAST STUDY  

The regulatory floodlines for the 1996 study seem to differ substantially from the results of this study. 

Below are the key reasons for which the floodlines of both studies vary with each other: 

1) Different Models used: This study uses HEC-HMS 4.2 for hydrologic modelling, and HEC-

RAS 5.0.7 and SMS SRH-2D for 1D and 2D Hydrodynamic modelling respectively. The 1996 

study made use of Othymmo as the hydrologic model and used HEC-2 for hydrodynamic 

modelling. Different models make use of different methodologies and thus different results 

are expected. 

2) Greater Period of Discharge Record:  The 1996 study was calibrated with respect to 

observed data for a very limited period (1990-1995). The Storm-Event HEC-HMS model for 

this study was calibrated with 23 years of data. Furthermore, this study had more recent 

years of data which was unavailable for previous studies and thus should be more 

representative of the current scenario. 

3) Assumption of 30% greater flow: The 1996 study assumed 30% greater discharge values 

of the hydrologic model flows because of uncertainty of hydrologic modeling data. 

AHYDTECH study has not made similar assumption because of sufficient hydrologic data 

was available for the modeling. Our study meets the current Provincial Standards.  

4) Change in Land use/cover: The land use within the entire catchment area has likely 

changed in the last 24 years. Land use/cover affects the hydrologic parameters within the 

study area. 

6.5 FLOODPLAIN MAPS 

The floodplain maps have been generated in the form of CAD drawings. The 1D HEC-RAS model 

results have been used to produce the floodplain maps. HEC-RAS 1D model is widely used for 

floodplain mapping. The 100-Year flood has been selected as the regulatory flood.  
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7.0 RECOMMENDATIONS 

This study has estimated the 100-year from two Provincial Standard methods: a) the Storm-Event 

model results and b) flow frequency analysis of the continuous model results. AHYDTECH 

recommends using higher of the two 100-year flows for the Regulatory floodplain mapping. 

Since ice-jam flooding is significantly higher compared to the 100-year Regulatory flood, it is 

recommended that any development in the ice-jam floodplains be protected using dry floodproofing. 

This approach would not limit development in these areas.  
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A.1 Sub-basin Parameters 

The tables below show the calibrated parameters values used for each sub-basin. 

 

Table A.1.1: Sub-basin Area and Canopy Storage parameters  
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Table A.1.2: Sub-basin Surface Storage parameters 
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Table A.1.3: Sub-basin Transform Method parameters  

 

 

 



Cataraqui Region Conservation Authority Buells  
and Butlers Creeks Floodplain Mapping Update   
 

A-7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cataraqui Region Conservation Authority Buells  
and Butlers Creeks Floodplain Mapping Update   
 

A-8 
 

 

Table A.1.4: Sub-basin Loss method parameters  
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A.2 Routing Parameters 
The outflow from each of the sub-basins were conveyed downstream using the reach element in 
HEC-HMS. Each of these reaches have parameter values as shown in table A.2.1. 

  

Table A.2.1: Reach element parameters  
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APPENDIX B: Hydrologic Model Results 

Attachment #1.3 - Report IR-048-21 - Buells and Butlers Floodplain Mapping
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B.1 Observed Flow Frequency Analysis 

AHYDTECH performed a flow frequency analysis using the observed flow data at gauge station 

02MB010. The analysis used yearly instantaneous peak discharge for 23 years for the analysis. 

The data summary, non-parametric test results and final result of each of the 4 distributions are 

shown in the following segments: 

Data Summary 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.1.1: Observed Flow Data – Input 
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Statistical analysis was made assuming that the sample is a reliable set of measurements of 

independent random events from a homogenous population. The validity of this assumption was 

verified using statistical significance tests. Nonparametric tests such as Test for independence, 

Test for Trend and Test for Randomness. Test results are shown below: 

 

 

Figure B.1.2: Nonparametric test results 
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Figure B.1.3: Nonparametric test results 

 

Figure B.1.6 represent the estimations of population mean, Standard Deviation (S.D.), coefficient 

of variation (C.V.), coefficient of skewness (C.S.), and coefficient of Kurtosis (C.K.) from the 

sample. These statistics are given for both the sample and its transformation in Naperian 

logarithms. (CFA manual). 
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Generalized Extreme Value (GEV) Distribution  

 

Figure B.1.4: Flood Return Period according to GEV Distribution 

 

Figure B.1.5: Graph Displaying Flood Return Period according to GEV Distribution  
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Figure B.1.6: Distribution parameters for GEV 

 

Log Pearson Type III (LP3) Distribution 

 

Figure B.1.7: Flood Return Period according to LP3 Distribution 
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Figure B.1.8: Graph Displaying Flood Return Period according to LP3 Distribution  

 

Figure B.1.9: Distribution parameters for LP3.  
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Three Parameter Lognormal (3LN) Distribution 

 

Figure B.1.10: Flood Return Period according to 3LN Distribution 

 

 

Figure B.1.11: Graph Displaying Flood Return Period according to 3LN Distribution  
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Figure B.1.12: Distribution parameters for 3LN 

 

Wakeby Distribution 

 

Figure B.1.13: Flood Return Period according to Wakeby Distribution 
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Figure B.1.14: Graph Displaying Flood Return Period according to Wakeby Distribution  

 

 

Figure B.1.15: Distribution parameters for Wakeby 
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Table B.1.1: Flow Frequency Analysis results for observed flow 

 

 

  

 

Figure B.1.16: Graph Displaying the Flow Frequency Analysis results for observed flow 
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B.2 Continuous Model Results  

 
Figure B.2.1: Observed and Simulated flow for the outlet for the year 1998 to 2001 
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 Figure B.2.2: Observed and Simulated flow for the outlet for the year 2002 to 2009 



Cataraqui Region Conservation Authority Buells  
and Butlers Creeks Floodplain Mapping Update    
 
 

B-14 
 

 
Figure B.2.3: Observed and Simulated flow for the outlet for the year 2010 to 2018 
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In the table and graph below, a sample of Flow Frequency Analysis results has been shown.  The 

results represent the flow at confluence of both Creeks (N2 as per flow direction map) for different 

return periods.  

Table B.2.1: Frequency Analysis results for continuous model simulated flow at the confluence   

 

 

  

 

Figure B.2.4: Graph Displaying the Flow Frequency Analysis results at the confluence  
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B.3 Goodness-of-Fit Analysis of Storm-Event Model Results 

 

 

 

Distribution 
Return Period 

(Years) 
OBSERVED 
FLOW (m3) 

SIMULATED 
FLOW (m3) 

Chi-
Squared 

Value  

Generalized 
Extremized Value 

5.00 13.20 4.48 

17.63 

 

50.00 18.50 16.70  

100.00 19.60 19.17  

350.00 21.10 24.43 
 

Three Parameter 
Log-normal 

5.00 13.00 4.48 

16.84 

 

50.00 18.00 16.70  

100.00 19.20 19.17  

350.00 20.80 24.43  

Log-Pearson Type 
III 

5.00 13.20 4.48 

19.25 

 

50.00 18.60 16.70  

100.00 17.20 19.17  

350.00 17.70 24.43  

Wakeby 

5.00 13.10 4.48 

17.22 

 

50.00 18.60 16.70  

100.00 19.80 19.17  

350.00 21.30 24.43  

  

Table B.3.1: Results of Chi-Squared tests using event-based model results  
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D.1 HYDRAULIC MODEL DOMAIN & MESH 
For the Buells and Butlers Creeks flooding and inundation mapping, the SMS SRH-2D hydraulic 

model was extended from the Buells Creek Reservoir and south of Elizabethtown-Kitley to the 

outfall of Buells and Butlers creeks onto the St. Lawrence river. The lateral extent of the hydraulic 

model domain was also larger than the flooding area by Probable Maximum Flood. This study 

used SMS SRH-2D to develop a preliminary model to determine the lateral extent for the flood 

inundation analysis.  

 

The SRH-2D model domain has boundary fitting flexible mesh with different sizes depending on 

land use and land cover, size and shape of buildings/structures, and dimensions of hydraulic 

structures. SMS Map Module was applied to create the map coverage with the conceptual domain 

and polygons, and to define structured and unstructured mesh. The map coverage was converted 

to 2D meshes/grids. 

Figure D.1.1: Buells and Butlers Creeks Study SRH-2D Hydraulic Model Domain 
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The model meshes have fine resolution for areas where the model needs to accurately 

characterize hydraulic, hydrodynamic and flood flows. The model has a refined mesh in the main 

channel and coarse mesh in the flood plains. The refined mesh was created to represent physical 

process, especially near hydraulic structures, building footprint, locations of changing flow pattern, 

variations of flow paths, sudden expansions and contractions, and locations where the model can 

expect high turbulence and eddy flow. The mesh size and number of cells are related to the model 

computational time. Figure D.1.2 shows the zoomed view of SRH-2D Hydraulic Model Domain.  

 

 

Figure D.1.2: Buells and Butlers Creeks Study SRH-2D Hydraulic Model Domain (Zoomed) 
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D.2 2D MODEL TOPOGRAPHY, GEOMETRY AND BATHYMETRY 
A combined topography and bathymetry dataset was created using the SMS Scatter Module from 

the newly collected LiDAR data and the the refined survey topography/bathymetry data collected 

during survey by AHYDTECH. Figure D.2.1 depicts the hydraulic topographic data of the study 

starting the Buells Creek Reservoir and South Fairfield Rd of Elizabethtown-Kitley to the outfall of 

Buells and Butlers Creeks into St. Lawrence river.  

 

Figure D.2.1: Buells and Butlers Creeks Study SRH-2D Hydraulic Topographic Data 
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This dataset was applied for the 2D hydraulic model development and inundation mapping. The 

map polygons, using SMS Map Module, were converted to meshes/grids. 

Topography/bathymetry of meshes/grids were then interpolated from the combined dataset.  

Figure D.2.2 shows a zoomed image focusing on the primary and secondary area of the study 

which starts from gauge station at Butlers Creek downstream of the convergence of Buells and 

Butlers Creeks at the King Street West crossing (02MB010) and covers the entire City of 

Brockville.  

Figure D.2.2: Buells and Butlers Creeks Study SRH-2D Hydraulic Topographic Data (Zoomed) 
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MODELING HYDRAULIC STRUCTURES 

Any box culvert or bridge in the study area, whose opening span is greater than 2m, has been 

simulated as 2D bridge/culvert in the model. The SRH-2D model applies 2D drag and obstruction, 

and 2D pressure flow using two-dimensional continuity and momentum equations. The 2D model 

includes form/drag losses for bridge/culvert soffit and guard rail. Therefore, the 2D model can 

simulate turbulence, eddy viscosity and energy lose for the hydraulic structures. The 2D modeling 

option provides opportunity to represent the physical processes near and inside the hydraulic 

structures. The 1D bridge/culvert was coupled with the 2D model. 

UPSTREAM BOUNDARY CONDITIONS 

The HEC-HMS event and continuous model-simulated flows were used as upstream boundary 

conditions for the SRH-2D model. The Storm-Event model was calibrated with the 100-Year flow 

at the gauge and the continuous model was calibrated using daily flow data.  5, 25, 50, 100 & 

350-year flood flows were used as upstream boundary condition for the hydraulic analysis, similar 

to the HEC-RAS model. The flow direction map and flow tables for SRH-2D model has been 

shown in Section D.3 of this Appendix.   

DOWNSTREAM BOUNDARY CONDITIONS 

The SRH-2D model has options of subcritical/supercritical flow with known water surface 

elevation or known discharge. Water surface elevation boundary condition can be defined by a 

constant, time series, or rating curve. This model used the 100-year return period water level 

(75.66 m) of St. Lawrence River near Brockville as downstream boundary condition, as was the 

case in the HEC-RAS model. 
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D.3 SMS SRH-2D Model Flow 
The flow from HEC-HMS model was also entered into the SMS SRH-2D model as upstream 

boundary condition data. The image below shows the Flow Direction Map for the SMS SRH-2D 

model. 

 

 

 
Figure D.3.1: Flow Direction Map for the SMS SRH-2D model 
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STORM-EVENT MODEL FLOWS 

The table below shows the flow corresponding to the points in the image above, for different return 

period storms. This data was incorporated in the SMS-SRH2D model for Hydrodynamic 

Modelling. All flow values are in m3/s. 

 

 

 

 

Location as per 
Flow Direction Map 

H1 H2 H3 H4 H5 

350-Yr Flow 3.14 3.15 1.38 0.390 0.31 

100-Yr Flow 2.57 2.66 1.15 0.320 0.22 

50-Yr Flow 2.3 2.42 1.05 0.291 0.17 

25-Yr Flow 2.07 2.18 0.94 0.260 0.13 

5-Yr Flow 1.52 1.6 0.70 0.183 0.06 

 

 

 

Location as per Flow 
Direction Map 

I1 I2 I3 I4 I5 

350-Yr Flow 10.69 3.25 2.58 2.52 0.45 

100-Yr Flow 8.00 2.35 2.02 2.08 0.35 

50-Yr Flow 6.73 1.96 1.76 1.89 0.33 

25-Yr Flow 5.49 1.62 1.51 1.70 0.30 

5-Yr Flow 3.07 0.83 1.03 1.24 0.22 

Table D.3.2: Storm-Event model flow table for SMS SRH-2D (cont.) 

Table D.3.1: Storm-Event model flow table for SMS SRH-2D  
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CONTINUOUS MODEL FLOWS 

The Continuous HEC-HMS model was also used to determine flow at specific points for different 

storm events. The flow from HEC-HMS model was analyzed for different return period by 

performing frequency analysis and then entered into the SMS SRH-2D model as upstream 

boundary condition data. The flow values are shown below. All flow values are in m3/s. 

 

 

 

 

Location as per 
Flow Direction Map 

H1 H2 H3 H4 H5 

350-Yr Flow 3.06 2.95 1.42 0.34 0.38 

100-Yr Flow 2.44 2.35 1.13 0.27 0.25 

50-Yr Flow 2.11 2.03 0.98 0.23 0.19 

25-Yr Flow 1.90 1.82 0.88 0.21 0.1 

5-Yr Flow 1.21 1.16 0.56 0.13 0.07 

 

 

 

Location as per Flow 
Direction Map 

I1 I2 I3 I4 I5 

350-Yr Flow 3.92 1.23 2.19 2.83 0.447 

100-Yr Flow 3.37 1.10 1.72 2.20 0.360 

50-Yr Flow 3.08 1.03 1.48 1.86 0.310 

25-Yr Flow 2.75 0.93 1.33 1.69 0.277 

5-Yr Flow 2.05 0.75 0.82 1.02 0.180 

Table D.3.3: Continuous Model flow table for SMS SRH-2D  

Table D.3.4: Continuous Model flow table for SMS SRH-2D (cont.) 
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COMPOSITE FLOW TABLES 

 

 

 

Location as per 
Flow Direction Map 

H1 H2 H3 H4 H5 

350-Yr Flow 3.14 3.15 1.418 0.390 0.378 

100-Yr Flow 2.57 2.66 1.150 0.320 0.250 

50-Yr Flow 2.3 2.42 1.050 0.291 0.190 

25-Yr Flow 2.07 2.18 0.940 0.260 0.299 

5-Yr Flow 1.52 1.6 0.700 0.183 0.072 

 

 

 

 

 

 

 

Location as per Flow 
Direction Map 

I1 I2 I3 I4 I5 

350-Yr Flow 10.69 2.60 2.58 2.83 0.448 

100-Yr Flow 8.00 1.40 2.02 2.20 0.369 

50-Yr Flow 6.73 1.20 1.76 1.89 0.332 

25-Yr Flow 5.49 1.62 1.51 1.70 0.299 

5-Yr Flow 3.07 0.83 1.03 1.24 0.218 

Table D.3.5: Composite flow table for SMS SRH-2D  

Table D.3.6: Composite flow table for SMS SRH-2D (cont.) 
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D.4 Manning’s Roughness Coefficient 
SRH-2D hydrodynamic simulation uses a bottom drag method to account for bed boundary 

resistance. Manning is the default method in the numerical model. Using this method, Manning’s 

n coefficient reflects hydraulic resistance for flow in a river and flood plain. Manning’s n values in 

the main channel are usually lower than that in the flood plain. It also varies in the flood plain 

depending on the type of land use/land cover. Figure D.4.1 shows different material coverage 

assigned in our study area which was incorporated into the model as “Material Map”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D.4.1: Material Coverage of our Study 



Cataraqui Region Conservation Authority Buells 
and Butlers Creeks Floodplain Mapping Update   
 

   D-12 

Table D.4.1 shows different manning’s n for different material coverage of our study area used in 

SRH-2D material coverage map data. 

 

Table D.4.1: List of Manning’s n for different material coverage 

Material Coverage Manning's n 

Channel 0.035 

Floodplain 0.04 

Forest 0.065 

High Density Residential 0.08 

Low Density Residential 0.055 

Pasture 0.035 

Wetland 0.038 

Waterbody 0.025 

Roadway 0.021 

Unassigned 0.02 
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