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Technical Memo 

 
March 27, 2009 
 
To: Bruce Reid, P.Eng. Director 
 Watershed Sciences and Engineering Services 
 
From: Ferdous Ahmed, Ph.D., P.Eng. 
 Senior water Resources Engineer 
 
Subject: Kemptville Creek Flood Risk Mapping –  
 Hydraulic Modeling and Map Production 
 
Staff Involved: Nazrul Howlader, Amanda Soutar, Ewan Hardy, Ferdous Ahmed 
 

This is the project completion report of the Kemptville Creek Floodplain Mapping 

Project that was initiated in 2007 and completed recently (see Figure 1). The mapping 

was done in accordance with the technical guidelines set out under the Canada-Ontario 

Flood Damage Reduction Program (FDRP) (MNR, 1984), and the technical guide for the 

flood hazard delineation in Ontario (MNR, 2002) as laid out by the Ontario Ministry of 

Natural Resources. This brief report documents the work done so far. A separate 

“documentation folder” contains all pertinent background information, data, and 

analyses, and is available to anyone wishing to scrutinize the details. 

 

Introduction 

Three previous flood mapping studies have been done within the Kemptville 

Creek subwatershed (MacLaren, 1972, 1983; Robinson 2003). However, the first two had 

limited spatial coverage, were done in an approximate fashion using the data available at 

that time, and were not up to the FDRP standard. The third study, done mainly for the 

Rideau River, covered only the most downstream part of the Kemptville Creek. Later on, 

it was found that the design flows were more conservative (higher) than needed to be, 



 
Kemptville Mapping_Final Report.doc 3/27/2009  1:55:41 PM Page 2 of 32 

resulting in higher flood elevations. The topographical base also left much to be desired. 

Therefore, the need for a more comprehensive mapping has been felt for a long time. 

In recognition of this, RVCA began planning for a more comprehensive flood 

mapping. Since high quality topography is the key to a high quality mapping, aerial 

photos at a 1:6000 scale were taken in November-December 2001 and, using them, a 

Digital Terrain Model (DTM) was derived in December 2006 by Base Mapping 

Company (see Figure 2). Moreover, by that time, about 38 years of flow data had been 

collected on the Kemptville Creek upstream of Kemptville (Water Survey of Canada 

Station No. 02LA006), enabling a more adequate design flow estimate. 

By 2007, sufficient data were in place to meet the standards for “engineered” 

flood plain mapping of a substantial stretch of the Kemptville Creek and its tributaries, 

and present project was initiated. 

 

Study Area 

The study area was essentially determined by the extent of the DTM (see Figure 

2). At the downstream end, the present mapping was tied to the existing mapping of the 

Rideau River done in 2003 (Robinson, 2003). The following streams were included in 

this study: 

• Kemptville Creek – from Rideau River to North Augusta 

• Kemptville Creek North Branch – from confluence to Bolton/Kyle Road 

• Barnes Creek and its two branches – from confluence to Highway 416 

The major settlement areas covered are the Town of Kemptville, Oxford Mills, North 

Augusta, Bishops Mills, and Garreton. 

 

Hydrological Analysis 

 A hydrological analysis (RVCA, 2007) was done in 2007 to determine the design 

flood flows at key locations along the streams mapped (Figure 3). A single station flood 

frequency analysis was done at the only streamflow gage location (Kemptville Creek 
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upstream of Kemptville, WSC Station 02LA006) to estimate the 1:100 year flood flow 

using the available streamflow data from 1970 through 2007. The CFA program of 

Environment Canada was used (Pilon and Harvey, 1993), which also produced flows 

with other return periods from 2 to 500 years. Flows at other locations were estimated by 

the method of area prorating. The 38 years of measured data was considered adequate to 

derive statistically valid flow estimates up to 1:100 year flow. 

A report summarizing the hydrological analysis was prepared in 2007 (RVCA, 

2007), and was approved by the Board of Directors in November 22, 2007. 

 

Data Used for Flood Hazard Mapping 

Aerial photo: The aerial photo was collected in November-December 2001 at a 

scale of 1:6000. This high quality black and white photo clearly shows the rivers, creeks, 

land use, houses, buildings, roads, infrastructure, vegetation and other details. 

DTM: Base Mapping Company was commissioned by RVCA to produce a DTM 

from the aerial photos (Figure 2) in December 2006 for the flood mapping purpose 

according to the specifications of FDRP program (MNR, 1984). Contour lines were 

drawn at 1.0 m intervals with 0.5 m interpolated lines. Other standard layers showing 

houses, roads, depressions, etc. were also produced. 

Cross-Sections: River and flood plain cross-sections – the basic building blocks of 

hydraulic models – were generated from the high quality DTM using standard GIS 

software. For the most part this procedure captured the floodplain as well as most of the 

low flow channel in sufficient detail to be used in floodplain mapping. However, in some 

places, a substantial portion of the low flow channel was under water and field surveys of 

the low flow channel were conducted to supplement the DTM-generated profile. The 

surveying was conducted by RVCA staff in August and September of 2007. 

Channel Roughness: Following standard procedures (Chow, 1959), the resistance 

of the channel under possible high water condition was estimated from aerial photos and 

occasional field inspections. The Manning’s n was generally 0.035 in the main channel, 
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and varied from 0.050 to 0.065 for the floodplains. These values were consistent with 

those found appropriate in earlier studies (MacLaren, 1972, 1983). 

Measured Flow: As mentioned and analyzed in the hydrology report (RVCA, 

2007), the measured flow data of Kemptville Creek upstream of Kemptville (02LA006) 

was used for deriving the design flows. 

 Bridges/Culverts: There are 37 bridges and culverts (Table 1) crossing the streams 

within the study area. Their physical dimensions and other pertinent data were collected 

from earlier studies (MacLaren 1972, 1983; Dillon, 1993; Robinson, 2003) where 

available, and were surveyed in the field in other cases. The survey was conducted by 

RVCA staff in 2007 and, to a lesser extent, in 2008. The coefficients of contraction and 

expansion associated with bridges/culverts were estimated from available information 

using standard procedures (USACE, 1990, 2002). 

Oxford Mills Dam: This was the only water control structure in the study area. It 

has three sluices with adjustable logs. The dam is owned and operated by the Ministry of 

Natural Resources. According to their operating policy (MNR, 1985), the all logs are 

taken out during high flood events, leaving a sill level of 95.26 m. This setting was 

incorporated in the hydraulic model. The resulting water surface elevations and flood 

lines are therefore based on the assumption that the sluices are fully opened. 

 

Hydraulic Modeling 

Following standard procedures (MNR, 1984; USACE, 1990, 2002), a steady-state 

hydraulic model of Kemptville Creek and its tributaries was built. The HEC-RAS model 

(version 3.1.1) developed by US Corps of Engineers (USACE, 2002) was used. This has 

the same back water calculation procedure as HEC-2 (USACE, 1990) which has been the 

industry standard since 1970s, but with improved data processing and graphical 

capabilities. 

About 276 cross-sections were used in the model. Distances between sections 

along the stream center and left and right overbanks were calculated using GIS software. 

Bridges and culverts were inserted at appropriate locations. The Oxford Mills Dam was 
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also incorporated with setting for flood conditions as set out in the operational policy 

(MNR, 1985). 

 The design flows taken from the hydrologic study (RVCA, 2007), with return 

periods ranging from 2 to 500 years (Table 2), were used in the model. The water levels 

at the Rideau River confluence (Table 3), as determined from the flood mapping study 

(Robinson, 2003) were used as downstream boundary condition of Kemptville Creek. 

The confluences of the streams were designated as internal junctions with matching water 

levels in accordance with accepted procedures (USACE, 1990, 2002). 

Once the model was set up, the computed profiles and other parameters were 

scrutinized to assess the reasonableness of model outputs. Special attention was given to 

the computed water level and energy profiles near bridges, culverts and the Oxford Mills 

Dam. Adjustments of model parameters – mainly the channel resistance and contraction 

and expansion coefficients – were made as necessary. 

The rating curve (relationship between the flow and water level) at the gage 

location was used to check the validity of the model. It was found that the model was 

capable of computing water levels with high degree of accuracy (Figure 4). It turned out 

that the Manning’s n values estimated originally were adequate for the flood mapping 

purpose, and did not need any major adjustment. It may be pointed out that the 

Manning’s n is generally used for calibrating steady-state hydraulic models. 

The 1:100 year computed water surface elevations and other parameters are 

shown in Table 4. A few water surface profiles and all cross-sections are included in 

Appendix A. 

Computed water surface elevations for various flood events with return periods 

ranging from 2 to 500 years are presented in Tables 5a and 5b. It should be pointed out 

that the model has been built and tuned to simulate the 1:100 year flood levels; therefore 

the water surface elevations for other events – simulated using the same parameters, 

especially the Manning’s n values – are only approximate. This is because the river 

roughness varies with flow magnitude, with higher resistance associated with lower 

flows. 
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Regulatory Flood Levels 

As per Section 3 of the Provincial Policy Statement under the Planning Act 

(MMAH, 2005), the regulatory flood in Zone 2, which includes the RVCA, is the 1:100 

year flood. The computed water surface elevation is generally taken as the regulatory 

flood level (RFL). 

However, near bridges, culverts or other water control structures, the computed 

water surface elevation may be substantially lower than the energy grade, with the 

possibility that the water level may rise to the energy grade near obstacles and under 

other perturbed situations. In such cases, the regulatory flood level is taken as the 

computed energy grade. 

Another possible situation is when the water surface profile is undulant, with 

downstream water levels occasionally higher than upstream levels. In such cases, it is 

possible that the water from the (higher) downstream end backs up upstream and elevates 

the water level. Therefore the upstream regulatory flood level is taken as the downstream 

water surface elevation. 

In summary, the following algorithms were followed in determining the 

regulatory flood level: 

• By default, set RFL equal to computed water surface elevation 

• If the computed water surface level is lower than the computed energy grade by 

more than 8 cm, set RFL equal to computed energy grade 

• If the RFL at any location is lower than the RFL at the next downstream section, 

set the RFL equal to downstream RFL 

When these rules are followed, the RFLs always fall between the water surface 

elevation and energy grade, equal the water surface elevation most of time, and equal to 

energy grade some of the times. And the RFLs always decrease in the downstream 

direction. These adjustments to model outputs are done because it is recognized that the 

numerical models can never be a perfect representation of real world hydraulic 

phenomena. 
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For the present study, the regulatory flood levels were computed this way and are 

tabulated in Table 4, along with the computed water surface elevations and energy 

grades. 

 

Flood Line Delineation 

Once the RFLs are established, the plotting of 1:100 year flood lines or flood risk 

limits is a relatively straightforward matter. Given the topographical information in the 

form of contour lines at 0.5 m interval, the inundated area below the RFLs can be easily 

delineated manually or by using automated computer programs. In the present case, it 

was done using the HEC-GeoRAS program version 4.0 (USACE, 2005), which has the 

ability to plot flood lines on topographical maps. The GeoRAS-generated flood lines 

were visually inspected to ensure that it conforms to hydraulic engineering principles. 

Identified anomalies (many of them actually) were corrected. Moreover, the GeoRAS-

generated flood lines needed some smoothening. 

At the end, the flood lines were plotted on 1:5000 scale drawings for the entire 

study area. In the dense urban areas, additional 1:2000 scale maps were also plotted for 

further clarity and convenience. 

 

Flood Risk Maps 

A set of flood map sheets is attached herewith, consisting of an index map, 

nineteen 1:5000 scale map sheets, and seven 1:2000 scale map sheets. 

The index map shows the overall study area, the river network, major settlements, 

road network, and other land marks. It also shows all the map sheets in outline. It also 

shows the overall flood risk limits, although at a much smaller scale. 

In each of the map sheets, rivers and streams with flow directions, contour lines, 

spot elevations, building outlines, and other land marks are shown. Cross-sections with 

chainage and regulatory flood levels are also shown. The floodway, which is basically the 

entire floodplain for the one-zone areas like the present case, has been shaded for easy 

identification. 
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Public Consultation 

An open house was held on November 12, 2008 at Oxford Mills. The draft flood 

maps were shown to the public. The technical steps feeding in to the mapping process 

were explained. How the flood maps are used by the RVCA and the municipalities was 

also discussed. The open house was attended by 36 members of the public as well as a 

Board Member and a municipal staff. The open house was well received and appreciated 

by the public. No major issue was identified in the open house, although a few helpful 

suggestions were received. 

The flood mapping was refined at specific locations based on the public input 

received during and after the open house. 

The mapping was also presented to the Middle Advisory Board on January 14, 

2009. Details of the mapping process and technical aspects were also explained. 

 

Project Deliverables 

The end products of this project are: 

1. The Hydrology Report 

2. The Modeling and Mapping Report (the current memo) 

3. The flood risk maps 

4. The HEC-RAS model files 

5. The “documentation folder” 
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Closure 

The hydrotechnical and cartographic procedures used in this study conform to present 

day standards of flood hazard delineation, as per the MNR’s Natural Hazards Technical 

Guide (MNR, 2002). The resulting 1:100 year flood lines are suitable for use in the 

RVCA’s regulation limits mapping (referred to in Section 12 of Ontario regulation 

174/06) and in municipal land use planning and development approval processes under 

the Planning Act. The water surface profiles will also be of valuable use in the flood 

forecasting and warning services of the RVCA. 

 

 

 

 

………………………………. 

Ferdous Ahmed, Ph.D., P.Eng. 
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Figure 3
Nodal Points
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Appendix A 

HRC-RAS Model Output 

 

(attached file: AppendixA.pdf) 
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