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Executive Summary

This report provides a summary of the analytical methods used and underlying
assumptions applied in the preparation of flood plain mapping for Mosquito Creek from
Mitch Owens Road to the Rideau River. The project has been completed in accordance
with the technical guidelines set out under the Canada-Ontario Flood Damage Reduction
Program (FDRP) (MNR, 1986), and the technical guide for the flood hazard delineation
in Ontario (MNR, 2002) as laid out by the Ontario Ministry of Natural Resources. The
1:100 year flood lines delineated here are suitable for use in the RVCA’s regulation limits
mapping (as per Ontario Regulation 174/06) and in municipal land use planning and
development approval processes under the Planning Act.
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1. Introduction
In September 2017, The City of Ottawa and three conservation authorities

(Mississippi, Rideau and South Nation) initiated the second phase of the flood risk
mapping program within the boundary of the City (the first phase ran from 2012 through
2018). A multi-year plan for mapping a number of high priority rivers and streams was
made. As part of this program, the RVCA has identified four streams, where the existing
mapping would be updated or mapping will be created for the first time. Mosquito Creek
is one of them.

There is no previous flood mapping of Mosquito Creek. However, engineered
flood risk mapping is available for the Rideau River (RVCA, 2017a). Information from
this study, when found useful, is used in the present study. Summary of available
information has recently been compiled by RVCA in a catchment report card of
Mosquito Creek (RVCA, 2013).

This report provides a summary of the analytical methods used and underlying
assumptions applied in the preparation of flood plain mapping for Mosquito Creek from
Mitch Owens Road to the confluence with the Rideau River (Figures 1 and 2). The
project has been done in accordance with the technical guidelines set out under the
Canada-Ontario Flood Damage Reduction Program (FDRP) (MNR, 1986), and the
technical guide for the flood hazard delineation in Ontario (MNR, 2002) as laid out by
the Ontario Ministry of Natural Resources. It also conforms to the ‘generic regulation’
guidelines of Conservation Ontario (2005). The 1:100 year flood lines delineated here are
suitable for use in the RVCA’s regulation limits mapping (as per Ontario Regulation
174/06) and in municipal land use planning and development approval processes under

the Planning Act.

MosquitoMapping2021.docx 11/10/2021 12:47:20 PM Page 3 of 42



2. Study Area
A total of 11.1 km of Mosquito Creek and its tributaries has been mapped

(Figures 2 and 17). The study area is in the south-central region of the City of Ottawa and
has significant existing development (Figure 4). About 50% of the area is currently
developed or slated for future development (residential, commercial, institutional, streets,
and recreational). About 35% 1is agricultural and about 12% is forest. Quarries cover
about 2% of the watershed area, while wetlands and open water makes up for the
remaining 1%.
The following streams were modeled and mapped:

e Mosquito Creek (7 km)

e Tributary A or Spratt Drain (2.5 km)

e Tributary B or Nolan Drain (1.6 km)

MosquitoMapping2021.docx 11/10/2021 12:47:20 PM Page 4 of 42



3. Data Used
LIDAR: High quality topography is the key to high quality flood risk mapping.

Digital Elevation Models (DEM) were derived from the 2015 LIDAR data procured by
the City of Ottawa (Appendix C). The 2015 data set has an acquisition density of about
10.4 points per square meter, and an estimated consolidated vertical accuracy (CVA) of
19.3 cm (Airborne Imagery, 2015). The vertical datum was CGVD28 HT2.0. The spatial
extent of the data set is shown in Figure C.3 in Appendix C. The City also provided
0.25 m contour lines that were derived from LIDAR data. However, we only used the
LIDAR points directly for this study, and the contour lines were never used.

The accuracy of the LIDAR data was checked in the field by RVCA staff in July-
August 2016. The true elevations of on-the-ground features that are identifiable on the
mapping were determined using RVCA’s survey grade GPS equipment (Trimble
R8/R10) and were compared with the elevations indicated by the LIDAR spot heights, to
determine that any differences between mapped and true elevations were within the
accuracy prescribed by the FDRP standards.

In total, 277 spot heights were verified (see Table C.1 and Figure C.1 in Appendix
C). As described in the FDRP guidelines (MNR 1986), the spot height checks are
considered satisfactory when 90% of the data points are within 0.33 m of the field
measurement. As shown in Table C.1, this criterion has been adequately met'. On
average, the spot heights are within 3.0 cm (Table C.1).

Watercourses: A GIS-based watercourse layer was obtained from the City of
Ottawa. It was a flow network generated by the City using their LiDAR topography,
augmented by culvert and bridge overrides to ensure hydraulic connectivity. This layer
was modified by RVCA’s GIS staff using the DRAPE 2014 imagery (Fugro, 2015) and
following the procedures outline by the MNR (2011). The resultant watercourses were
integrated into a jurisdiction-wide dataset maintained by RVCA’s GIS department.

Catchment Delineation: Catchments were derived using the ArcHydro and Spatial

Analyst extensions in ESRI’s ArcMap. The LIDAR topography was processed into a 1 m
DEM and then augmented by the RVCA watercourse layer. The augmentation involved

! FDRP (1986) Manual also specifies criteria for checking contour crossings. However, in this study we
used only LIDAR spot heights, not contour lines. Therefore, we did not check the accuracy of contour lines
supplied by the City of Ottawa.
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‘burning down’ the watercourses into the LiDAR surface and then filling the areas back
up, along with all other depressions, to form a cohesive surface devoid of localized sinks.
This hydrologically-corrected DEM ensures hydraulic connectivity throughout the
analysis surface. The subcatchments of the Mosquito Creek basin were generated off this
surface via pour points placed at key stream confluences and road crossings. The
resulting catchments were validated via the LIDAR topography and visual interpretation
using DRAPE 2014 imagery (Fugro, 2015).

Drape Imagery: The Drape imagery was collected during a period from 28 April

through 7 June 2014 with a horizontal accuracy of £0.5 metre (Fugro, 2015). This high-
quality colored photo clearly shows the rivers, creeks, land use, houses, buildings, roads,

infrastructure, vegetation and other details.

2017 Aerial photo: The 2017 aerial photo was captured during May 16-20, 2017.

It was provided to us by the City of Ottawa. It is accurate, sharp and in colour, and shows
various natural and man-made features clearly.

Building footprint: The ‘building footprint’ layer was provided by the City of

Ottawa for the area inside the urban boundary (Figure 6). It enables us to accurately draw
flood lines around buildings. This data layer contained information collected over a
number of years.

Land use: A GIS-based land use data set, containing information updated in 2010,
was obtained from the City of Ottawa. RVCA’s GIS staff further updated the data based
on information related to planning and regulations programs. Locations where land uses
had changed (e.g., forest cover replaced with agriculture) were identified by visual
inspection of the DRAPE 2014 imagery (Fugro, 2015) and recent observations by RVCA
staff. RVCA’s Planning staff provided Official Plans for the City of Ottawa (2018); the
future land use has been combined with the existing land use in Figure 4, but can be more
clearly seen in Figure 5, where future city center, commercial, employment, mixed
residential and low residential areas are identified. This future or ultimate land use has
been used for the estimation of hydrological parameters.

Imperviousness: A GIS-based data layer showing the impervious surfaces was

obtained from the City of Ottawa. It identified various impervious surfaces such as roads,

parking lots, buildings, etc. (Figure 5). This data was based on information collected over
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a number of years up to 2011 and was directly used in imperviousness calculation.
Designs for areas of future development were compared against the surrounding
community and conservatively correlated to TR-55 cover types: low-density residential
correlated to Y2 acre lots (25% impervious); medium-density residential correlated to %
acre lots (38% impervious); high-density residential correlated to town houses (65%
impervious); and commercial (85% impervious). This correlation guided the selection of
community-level imperviousness values for future development areas used to augment
the City of Ottawa data (Figure 5). The imperviousness varied in the range from 2% to
51% for the sub-catchments, with an average of 21% for the entire Mosquito catchment
(Table 3a). This data set was used in the hydrologic analysis.

Soil classification: A soils classification layer was obtained from MNREF’s LIO

(Land Information Ontario) database, details of which are documented in a report by
MNR (2012). Soil is classified into four categories (A, B, C and D) based on infiltration
capacity.

Group A soils have a high infiltration rate (low runoff potential) when thoroughly
wet; these consist mainly of deep, well drained to excessively drained sands or gravelly
sands. These soils have a high rate of water transmission.

Group B soils have a moderate infiltration rate and consist chiefly of moderately
deep or deep, moderately well drained or well drained soils that have moderately fine
texture to moderately coarse texture; these soils have a moderate rate of water
transmission.

Group C soils have a slow infiltration rate and consist chiefly of soils having a
layer that impedes the downward movement of water or soils of moderately fine texture
or fine texture; these soils have a slow rate of water transmission.

Group D soils have a very slow infiltration rate (high runoff potential) and consist
chiefly of clays that have high shrink-swell potential, soils that have a permanent high
water table, soils that have a claypan or clay layer at or near the surface, and soils that are
shallow over nearly impervious material; these soils have a very slow rate of water
transmission.

This report (MNR, 2012) describes the infiltration rate in qualitative terms

without giving numerical values. However, it appears to be based on the SCS’s original
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classification. USDA-SCS (1986) gives specific range of infiltration or transmission rate
(Group A: greater than 0.30 inch/hour; Group B: 0.15-0.30 inch/hour; Group C: 0.05-
0.15 inch/hour; Group D: 0-0.05 inch/hour). This soil information was used in
hydrological parameter estimation.

As shown in Table 2a and Figure 3a, Soil Group D is predominant (35%) in the
Mosquito catchment, followed by Group C (22%), B (21%) and A (12%). Thus, the soil
in this area has a good representation from all soil groups. Groups D and C with low
infiltration rate covers mainly the lower part of the watershed (Figures 3a and 3b); the
soil is fine sand and clay with low rate of water transmission. In the upper part of the
watershed, Groups B and A with high infiltration rate dominate; the soil is coarse and
gravely sand, well drained, and has a high rate of water transmission.

Soil in about 10% of the basin remains ‘unclassified’. For the purposes of
hydrologic parameter estimation, the unclassified soils have been assigned an
approximate soil group based on available information (Table 2a).

Soil Permeability: A GIS-based data layer showing the soil permeability was

obtained from the Ontario Geological Survey (2010). Four categories of soil permeability
were identified: high, low-medium, variable and low. These categories roughly coincided
with the soil groups (A, B, C and D). Table 2b and Figure 3b show soil permeability
information in Mosquito catchment. This information was not directly used in the present

analysis but was only used for corroborating soil classification data.
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4. Hydrological Computations
4.1 Overall Methodology

In the absence of any streamflow measurement — a common situation in many
small catchments — we have used a single-event hydrological model to estimate flood
flows at key locations along Mosquito Creek. This approach is sometimes referred to as
the ‘return period design storm’ method and is one of the acceptable flow estimation
procedures discussed in the provincial guidelines (MNR, 1986, 2002). In this method, a
synthetic design storm (hyetograph) of specified return period is fed into a rainfall-runoff
model to generate the corresponding peak flow, which is generally assumed to have the
same return period. This procedure is quite popular and is regularly used in studies
related to drainage, stormwater, flooding, and so on. This method is also accepted by
FEMA (2009), although they call it simply ‘rainfall-runoff modeling’.

For small catchments of this size, floods generated by summer storms are
expected to be larger compared to spring freshet and should therefore be used in flood
risk mapping. Past studies in this area support this notion.

Suitable data for calibrating the SWMHYMO model was not available. Therefore,
we have estimated the flood quantiles based on theoretical (or synthetic) storms and
uncalibrated hydrologic modeling as the best available methodology at the present time.
As described later in the report, lack of data also prevented calibration of the hydraulic
model.

Synthetic storms of various types and durations were first used to estimate the
1:100 year flood flows. Based largely on engineering judgement, one of the storms was
selected as suitable for the flood mapping purposes within the Mosquito Creek basin. The
selected storm was then used to estimate the flood quantiles for various return periods (2,

5, 10, 20, 50, 100, 200, 350 and 500 years).

2 For example, the 1:100 year summer and spring floods of Flowing Creek (with an area of 49.5 km?) were
estimated at 51 and 46 cms respectively by PRS/JFSA (2005) during a larger mapping study on the Jock
watershed; it was recommended that the summer flows be used for flood mapping. MVCA (2015) analyzed
snowmelt events using the Ottawa Airport data and concluded that ‘if a location on a river has a response
time somewhat longer than 12 hours, it would be expected that snow melt would govern” (as opposed to
summer rainfall). Within the Mosquito area, catchments response time is much lower (1.4 to 2.6 hours);
therefore, summer rainfall is expected to produce larger runoff than spring snowmelt.
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42 SWMHYMO Model
We have used version 4.02 of SWMHYMO model (JFSA, 2000) for estimating

the summer floods. This model is used widely in Ontario for both urban and rural
catchments.

As shown in Figures 2 and 7, the Mosquito basin has been divided into ten
catchments, and flood quantiles have been estimated at twelve nodes and ten catchment
outlets along the river and its tributaries (Figure 13, Tables 6 and 8). A schematic of the
SWMHYMO model is shown in Figure 8, where both the catchments and channel
segments used for flow routing are included.

The Mosquito catchment is within the City of Ottawa. Pertinent Official Plan
(City of Ottawa, 2003) and a recent Official Plan Amendment # 222 (City of Ottawa,
2018) indicate a good amount of land use change in this area, culminating to about 55%
developed area within the planning horizon. This is concentrated in five development
areas (see Figures 4, 5 and 6). We have used this information for the hydrologic analysis.
The hydrologic analysis therefore is based on the future condition as required by the
provincial guideline (MNR, 2002).

Among the available runoff-generating modules in SWMHYMO model, two
commands (CALIB NASHYD and CALIB STANDHYD) were considered for
calculating runoff from rural and urban catchments respectively. In case of Mosquito
Creek, five catchments are rural (imperviousness less than 20%) and five are urban (with
imperviousness higher than 20%). Therefore, both the CALIB STANDHYD and CALIB
NASHYD commands were used.

The CALIB NASHYD command, used for rural areas with imperviousness less
than 20%, requires the following input:

AREA = area of the catchment (hectares),

DWF = dry weather flow component (m?/s),

CN or CN * = original or conjugate (modified) curve number,

[A = initial abstraction (mm)

DT = computational time step (minutes),

N = number of lineal reservoirs, and

T, = time to peak (hour).
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Tables 3a-b list the parameters for all ten catchments within the Mosquito basin.
The dry weather flow or base flow was assumed to be zero (DWF = 0.0). A one minute
time step was used (DT = 1.0 minute). The number of linear reservoirs was set at three (N
= 3). These are typical values that hydrologists use in the absence of more site-specific
information.

For the catchments with more than 20% imperviousness, CALIB STANDHYD
command was used. Five catchments were in this category. The future land use was used
in the hydrologic analysis and flood risk delineation, in accordance with MNR (2002)
guidelines. CALIB STANDHYD command requires the following input parameters:

AREA = area of the catchment (hectares),

DWF = dry weather flow component (m?/s),

CN or CN * = original or conjugate (modified) curve number

(for pervious surface only),

TIMP = total imperviousness ratio (between 0.0 and 1.0),

XIMP = directly connected imperviousness ratio (between 0.0 and 1.0),

LOSS = type of loss over impervious surface,

DT = computational time step (minutes),

[Aper = initial abstraction on pervious surface (mm),

SLPP = average pervious surface slope (%),

LGP = average lot depth (m),

MNP = roughness coefficient for pervious surface,

SCP = linear reservoir storage coefficient for pervious surface (minutes),

[Aimp = initial abstraction on impervious surface (mm),

SLPI = average impervious surface slope (%),

LGI = average overflow travel length (m),

MNI = roughness coefficient for impervious surface, and

SCI = linear reservoir storage coefficient for impervious surface (minutes).

Table 3b lists CALIB STANHYD parameters for all catchments and the CALIB
STANHYD is applied to those that meet the imperviousness criterion. The dry weather
flow or base flow was assumed to be zero (DWF = 0.0). A one-minute time step was

used (DT = 1.0 minute). These are typical values that hydrologists use in the absence of
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more site-specific information. The rest of the parameters and how they were estimated
are explained in Table 3b.

The CALIB STANHYD command of SWMHYMO model (JFSA, 2000, page
7.14) requires that the calculation of CN/CN* reflects the pervious surfaces only. This
calculation should not include impervious surface. We followed this requirement, as
explained further in Tables 3a-b. We note that this is not a requirement of the original
SCS CN method (USDA-SCS, 1986).

Two parameters (curve number and time to peak) are very important in

SWMHYMO modeling and therefore require elaborate discussion.

Curve Number Method: The curve number (CN) method of estimating runoff was
first introduced by US Department of Agriculture’s Soil Conservation Service (USDA-
SCS 1986) and is widely used in North America and elsewhere. This method is used in
the SWMHYMO model too. The curve number (CN) was calculated based on land use
and soil type (Tables 1 and 2a). Equivalent land use and associated CN from TR-55 were
first selected for each of the 39 land cover and 4 soils types found in this region (Table
4). For each elemental area with a particular land cover-soil combination, the appropriate
CN value was chosen; these CN values were then area-averaged over the whole
catchment to find the aggregate CN for the catchment. CN values varied from 66 to 87 for
different sub-catchments, with an average value of 75.1 for the entire Mosquito
catchment (Tables 3a-b).

Both the original SCS curve number method and its ‘conjugate’ or modified
version can be used in SWMHYMO. For this study, we have used the modified method —
commonly known as the CN * method — because this method was used for most of the
small subwatersheds within the City of Ottawa in the past. For parameter estimation and
calculation procedures, we have closely followed the original SCS manual (USDA-SCS,
1986) and a recent, comprehensive state-of-the-art review done by a task committee
(Hawkins et al., 2009).

The first step is estimating the CN value based on land use and soil type as given
in the SCS manual (USDA-SCS, 1986). We have used the following information:

e 2010 land use data set from the City of Ottawa
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e 2012 soil classification by LIO/OMAFRA/MNR (MNR, 2012)

Both data sets were available in digital format. Tables 1, 2a and 4 summarizes
parameters related to the estimation of CN and CN x. This process was automated in the
GIS system.

Once CN was estimated, then the initial abstraction (/4) in mm was calculated as:

IA =0.2S

where the soil storage capacity (S) in mm is related to CN and by the relation:

25400
254+ S

The ‘conjugate’ or modified curve number CN * was calculated using the

following equation:

100

L879(%%g——])115+-1

CN ==

The corresponding soil storage capacity (S *) in mm was related to CN x by the

relation:

25400
= ——
254 4+ S *

And the corresponding initial abstraction (/A ) in mm was calculated as:
[A = 0.05S *

The above equations were taken from Hawkins et al. (2009; page 35, 9 and 34

respectively).
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While using the NASHYD command in the SWMHYMO model, we have
calculated the initial abstraction (/A and IA *) values as a function of CN and CN x, using
the above equations. The same was done while using the STANHYD command for
pervious surfaces, with calculations described in Table 3b. However, while using the
STANHYD command for impervious surfaces, the initial abstraction (/A and IA x)
values were taken from the City of Ottawa Sewer Guidelines (City of Ottawa, 2012, page
5.28).

While the original CN was estimated based on the assumption of an initial
abstraction equal to 20% of the soil moisture capacity, subsequent research revealed that
the initial abstraction equal to 5% of the soil moisture capacity may be more appropriate.
The new curve number was called CN *, and the relationship between CN and CN * was
established. At present, both the original and the modified methods are widely used, with
more and more practitioners preferring the latter. However, given that they can be readily
converted to each other, one has the option to use any of them.

In this study, we have used the modified CN method, which means we have used
the CN * and [A * combination as input to the hydrologic model. Parameters for the
original CN method, namely CN and the associated A, were calculated and presented in

Table 3a for information only but were not used in the hydrologic calculations.

Time to Peak: The time of concentration (T,) of a watershed is defined as the time
required for water to move from the most remote part of the watershed to its outlet. Many
methods are available, mostly empirical and developed for specific conditions, to
estimate T.. Here, we have used the ‘velocity method’ originally introduced by Soil
Conservation Service (USDA-SCS, 1986) and later elaborated by Natural Resources
Conservation Service (USDA-NRCS, 2010). This method has a sound physical basis’,

3 The SCS velocity method is generally considered to have a sound physical basis and is often used as a
yardstick to evaluate other methods (see, for instance, McCuen et al. 1984; Grimaldi et al. 2012 and Sharifi
and Hosseini 2011). Grimaldi et al. found that as much as 500% variation is quite common when using
different methods to estimate time of concentration. They also made an interesting remark: “Indeed, it a
paradox that advanced hydraulic models, such as 2-D flood propagation models for hydraulic risk mapping
based on very expensive topographic and remote sensing data, are actually limited by design hydrographs
based on anachronistic parameters, such as Tc.” This is consistent with the commonly observed fact that
hydraulic calculations are much more accurate than hydrologic calculations. Also, from the practitioner’s
point of view, “as a general rule, methods that compute individual travel times for various types of flow
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i.e., the movement of water over the land and along the channel, although estimating
parameters — as the case frequently is in hydrology — is at best an approximation.

The time to peak (T,) is defined as the time between rainfall event and the
corresponding peak flow. It is related to the time of concentration as (USDA-NRCS
2010, page 15-3):

T, = 0.6T,

Both T, and T, were calculated using the method detailed in the USDA-NRCS
(2010) manual. The time to peak (T,,) was an input to SWMHYMO model (Table 3a). It
varied from 1.4 to 2.6 hours.

All estimated parameters necessary for the SWMHYMO modeling of the

Mosquito catchments are listed in Tables 3a and 3b.

Channel Routing: The ROUTE CHANNEL command of the SWMHYMO model
was used for routing the flow along rivers and streams. The model requires channel
length, slope, roughness, and a typical channel cross-section. Channel length and slope
are given in Table 3c. Figures 7 and 8 shows how the channels fit within the overall
model structure. Typical cross-section for each channel was based on the characteristic
main channel and adjacent floodplains where applicable. Manning’s roughness
coefficients for the main channel and floodplain were also assigned based on land use and
expected flow conditions. Care was taken to ensure that parameter values used in

SWMHYMO were consistent with those used in HEC-RAS model.

4.3 Selection of Design Storm

A wide variety of design (or synthetic) storms are available. However, a particular
storm is generally selected for flood mapping purposes after appropriate scrutiny. For this
study, synthetic storms of two types (Chicago and SCS Type II) and four durations (3, 6,

12 and 24 hours) were considered for hydrologic modeling (Table 5). These storms are

segments (for example, overland flows and channelized flows), and then sum the individual travel times to
estimate the total travel time, are thought to be the most reliable” (Bentley Systems 2007b).
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routinely used in Canada for both stormwater management and flood risk studies. Recent
studies in neighboring conservation authorities (SNCA 2014; MVCA 2015) as well as
within the RVCA (RVCA 2014, 2017b, 2017c, 2017d, 2018a, 2018b, 2018c, 2019, 2020,
2021) confirm the suitability of these storms for the purposes of floodplain mapping in
small basins.
The following synthetic storms were considered:

e 3 hour SCS Type II storm

e 6 hour SCS Type II storm

e 12 hour SCS Type II storm

e 24 hour SCS Type II storm

e 3 hour Chicago storm

e 6 hour Chicago storm

e 12 hour Chicago storm

e 24 hour Chicago storm

Hyetographs corresponding to these storms were generated from the most recent
IDF curve at Ottawa Airport (Station ID 6106000), obtained from Environment Canada®*.
This IDF curve was based on the most recent analysis using 39 years of data from 1967
to 2007 (with 2001 and 2005 data missing)’. Generally, the curve for a certain return

period follows an equation like:

. a
(b4t
where,

I = rainfall intensity (mm/hour), and

a, b, c = constants.

4 Information on IDF curve was obtained from Environment Canada’s website

[http://climate.weather.gc.ca/prods_servs/engineering_e.html].

3 City of Ottawa’s Sewer Design Guidelines (2012) contain an old IDF curve based on 1961-1990 data,
which yields somewhat smaller storm depths than the more recent IDF curve (based on 1967-2007 data).
We have opted to use the most recent IDF curve because it reflects recent climatic conditions, is based on
more data (39 years as opposed to 31 years), and is slightly conservative (produces bigger storms). The
FDRP Manual (MNR 1986) also recommends the use of most recent IDF information.
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From the EC IDF curve (Figure 9), equations were fitted via the STORM software
and constants determined for all return periods (Figure 10). These equations were then
used to generate rainfall hyetographs, for which we used the STORMS 2010 utility
software (version 3.0.1) from JFSA (2011). Figure 11 shows the storm hyetographs.
Hyetographs were input to SWMHYMO model, where they drive the rainfall-runoff
computation. This procedure was followed for all Chicago storms and the SCS 24 hour
storm. For all other SCS storms (3, 6, 12 hour durations), the distribution was taken from
the City of Ottawa Sewer Guidelines (2012; page 5.18).

Using the eight synthetic storms, the 1:100 year flows were computed for all sub-
catchments and at key locations along the stream (Table 6), which were then scrutinized
to select an appropriate storm for the purposes of flood mapping. This step is somewhat
subjective and requires engineering judgement. As expected, the longer duration storms
produced higher flows; usually the flow corresponding to a 3 hour storm was about 65-
80% of that produced by a 24 hour storm. The 24 hour SCS storms produced slightly
higher flows (8% on average) compared to Chicago storms. This relationship gradually
reversed with shorter storm durations, with 3 hour Chicago storms producing higher
flows than SCS storms (8% on average). This aligns well with expectations based on the
spatial distribution of land cover in the watershed.

The estimated flows from various storms were thus within the typical variation
associated with hydrologic computation; no storm produced extremely high or low flows.
This appears to endorse the notion that all storms considered here and associated flows
were within the realm of hydrological plausibility. No storm stood out as an outlier or as
unrealistic. In the selection of a storm for flood mapping purposes, we wanted to be as
close as possible to reality with a slight degree of conservatism. Considering all, we
selected the 24 hour SCS Type II storm as the most suitable for Mosquito Creek flood
mapping®. As can be seen in Table 6 and Figure 12, it produced the higher flows, but only
marginally so (6% higher than those produced by the Chicago storm). This selection was

¢ The hydrological analyses done here and the results obtained therefrom are considered suitable for the
purposes of floodplain mapping of Mosquito Creek only, and for no other purpose. It should be emphasized
that the methodology, storms considered and selected, modeling, and the estimated flood quantiles may not
be suitable for any other purpose, including land drainage, stormwater management and infrastructure
design. Any subsequent use of the data, model and other information contained in this report should be
made only after independent verification and scrutiny by qualified engineers/hydrologists.
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consistent with our philosophy of being as close as possible to reality, with only a slight

degree of conservatism to account for the uncertainty.

4.4 Estimated Flood Quantiles

After the 24 hour SCS Type II storm was selected for the flood mapping
purposes, the SYMHYMO model was run for all events with return periods from 2 to 500
years (Table 7). Input and output files of the SWMHYMO model are included in
Appendix D. Estimated flood quantiles at key locations were tabulated (Table 8 and
Figures 13 and 14a-b). Flood flows from this table were then used in the hydraulic

modeling; thus, this table is the link between hydrologic and hydraulic computations.

4.5 Comparison with Other Methods

In order to assess the reasonableness of the flood quantiles computed here (with
SCS Type II 24 hour storm), a comparison was made to those computed at other small
catchments elsewhere (Figures 15 and 16). Besides comparing the data points to each
other, three lines were drawn to provide the context. They are:
e Area pro-rating: based on Jock River at Moodie Drive; 1:100 year spring
flood of 196 cms based on measured data (PSR/JFSA 2004a)
e 1:100 year floods computed by the Index Flood Method (MNR, 1986)

e Creager envelope curve with a coefficient of 30 (Watt et al. 1989)

Figures 15 and 16 show that, in general, the Mosquito Creek flows are in the same
range as other catchments within the RVCA (taken from PSR/JFSA 2005; JFSA 2009;
RVCA 2014, 2017b, 2017c, 2017d, 2018a, 2018b, 2018c, 2019, 2020, 2021) and from
adjacent conservation authorities (SNCA, 2014; MVCA, 2015). One notable exception is
Bilberry Creek, which is fully urbanized with soils mostly composed of clay with a low
infiltration rate and shows higher flows. Urban catchments in Mosquito basin also show
similarly high flows. Some of the urban catchments within the Jock watershed also have
higher flows comparable to those in Bilberry basin.

We note that all of the estimated floods within the Mosquito basin are higher than
those given by the Index Flood Method, which was based on measured streamflow data

and was prescribed by MNR (1986) for estimating floods in the absence of better
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information. All data points are below the Creager envelope curve, which is the upper-
most limit of extreme flood flows in Canada. On the balance, we found that the estimated
Mosquito Creek flows are congruent with other information and are within the confines

of pertinent estimation methods.
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5. Hydraulic Computations
5.1 HEC-RAS Model

Following standard procedures (MNR, 1986; USACE, 1990, 2010), a steady-state
hydraulic model of Mosquito Creek and its tributaries was built. The HEC-RAS software
(version 4.1.0) developed by the US Army Corps of Engineers (USACE, 2010) was used.
It uses the same back water calculation procedure as HEC-2 (USACE, 1990), which has

been the industry standard since the 1970s, but with improved data processing and
graphical capabilities. About 11 km of streams was included in the HEC-RAS model.
Cross-Sections: The cross-sections used in the modeling were generated from the

latest topography (2015 LIDAR; Airborne Imagery, 2015) using GIS tools. While the

above-water part of the cross-sections generated from LIDAR is accurate (especially in
deep ravines), the under-water portion of the channel is sometimes not adequate in flatter
areas. In such cases, the under-water portion of the cross-section was adjusted from field
observation conducted specifically for this project and also from other available sources
(RVCA, 2015). Since the LIDAR were flown during low flow conditions, the adjustment
required for under-water channel was usually minor (less than 30-50 cm). The probable
impact of such minor adjustments on 1:100 year flood level is expected to be
insignificant as well. Therefore, the cross-sectional data was considered adequate for the
purposes of flood mapping.

In total, 176 cross-sections were used in our HEC-RAS model. Figure 17 shows a
schematic of the HEC-RAS model. Drawing MQ-1 in Appendix F shows the cross-
sections in greater detail, along with the computed Regulatory Flood Levels (RFLs) and
flood risk limits. The location and alignment of river cross-sections within the model
were based on engineering judgment as related to the expected flow conditions during
high flood events.

The cross-sections were designated as ‘ineffective’ and ‘blocked” when required.
This was done to distinguish between conveying and non-conveying cross-sectional
areas. This was geared towards making the best use of a one-dimensional model to mimic
three-dimensional river flows.

The location and alignment of river cross-sections within the model were based

on engineering judgment as related to the expected flow conditions during high flood
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events. After the first iteration of flood line was plotted, the probable streamflow lines
along the actively conveying waterbody were drawn, taking into consideration the
presence of local topography, islands, roads, and bridges. This offered an overall view of
the regional flow pattern in plan view. Ineffective flow areas were then identified on this
plan and were entered into the model. This afforded a holistic and more realistic
identification of ineffective flow areas than would be possible when single cross-sections
are considered in isolation.

Channel Roughness: Based on our best understanding of the expected channel,

flow and vegetation conditions, the Manning’s roughness coefficient was estimated to be
0.027 to 0.050 in the main channel and 0.033-0.08 for the overbank areas (Table B.1 in
Appendix B). These values were consistent with standard values, such as those
recommended by Chow (1959).

Bridges/Culverts: Within the study area there are twelve road crossings (Table

11). As-built drawings were obtained from the municipalities. Moreover, field survey by
RVCA staff during 2019 and 2020 were used for determining bridge/culvert dimensions.
Road crossings and associated cross-sections were updated to match the as-built
information.

In modeling bridges in HEC-RAS, we meticulously followed the guidance
provided by USACE (2010). In this model, each bridge structure requires both a low flow
and high flow modelling method to be selected. None of the bridges modeled along
Mosquito Creek had piers; as such selecting the Energy Method for low flow
computations was most appropriate. High flow computations were also set to the Energy
Method, except for the following case where the Pressure/Weir Method was used:

0 River Road (between cross-section 1135 and 1140) as the bridge deck

and road embankment obstruct the flow, creating a backwater effect.

Flood Quantiles: The estimated design flows from the hydrologic analysis

(discussed above), with return periods ranging from 2 to 500 years (Table 8), were used
in the HEC-RAS model. Table 9 shows the flows that were input to the HEC-RAS

model.
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For each channel reach, flows at both upstream and downstream ends were
estimated form the SWMHYMO model (Table 8) and are listed in Table 9. As is the
usual practice, the higher of these two flows — almost always the downstream one — was
used for the hydraulic calculation in the HEC-RAS model. However, an exception was
noticed for the reaches between N3 and N4, and also for J2 and N5 of Mosquito Creek.
Here the SWMHYMO-generated flows at Node N4 were slightly lower than the flows at
Node N3 for all events (Table 9 and Figure 14a). Likewise, the flows at Node N5 were
slightly lower than flows at Junction J2. For the HEC-RAS model we have taken the

greater of the two for all individual events’ (Table 9).

Downstream Boundary Condition: Known or estimated water levels are usually

used as downstream boundary conditions in HEC-RAS models. In this case, estimated
spring flood levels and summer navigation level in the Rideau River are known (RVCA,
2017a), as shown in Table 10. However, the spring flood levels were not used because
the modeling of the Mosquito was done for the summer condition. The navigation level
was also found unsuitable because of grade difference (there was a 1 to 2 m drop of water
surface from Mosquito Creek to the Rideau River). This left us with the option of using
either a critical or normal depth condition. We have chosen the normal depth condition
because it was conservative and produced more plausible water surface profiles.

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 road crossings. Adjustments of model
parameters — mainly the channel resistance and contraction and expansion coefficients —

were made as necessary.

7 This can be explained by the presence of deep ravines and valleys along this reach. During small storm
events (e.g., 2 to 20 year), the flow in this reach is mainly contained within the main channel, the valley
storage does not come into play, and the downstream (peak) flow is greater than the upstream flow.
However, during high flow events (50 year and up), the flow fills the valley, the valley attenuates the flow
to a large degree, and the downstream (peak) flow becomes smaller than the upstream flow. In other words,
in this case, the attenuating effect of deep valley storage is more profound than the locally generated runoff.
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Suitable data to calibrate or validate the HEC-RAS model was not available.
Therefore, no calibration was done®. However, we exercised professional judgement and
tried to be slightly on the conservative side. Our approach of slight conservatism (a
combination of hydrologic and hydraulic computations) is also congruent with the current
notion of the Precautionary Principle, which applies when there exist considerable
scientific uncertainties about causality, magnitude, probability, and consequences of
different course of action (UNESCO 2005). The Precautionary Principle is also a key

policy of Environment Canada’.

5.2 Computed Water Surface Profiles

The HEC-RAS model was run with the design floods. The 1:100 year computed
water surface elevations and other parameters are shown in Table 13. Typical water
surface profiles and all cross-sections are included in Appendix B.

Computed water surface elevations for various flood events with return periods
ranging from 2 to 500 years are presented in Tables 14 and 15. It should be pointed out
that the model has been built for the expected conditions prevailing during intense
rainfall-generated flood events in the summer. Caution should be used when applying this
model to simulate water surface profiles for events of other magnitude and during other
seasons of the year.

Computed head losses across road crossings are listed in Table 12.

In cold climate areas like Ontario, spring floods may also be accompanied by ice
jams. Here we have only analyzed the summer floods, not the spring floods. We are

unaware of any ice-related flooding that caused significant concern in this area.

8 Given the constraints, this HEC-RAS model is the best we could build for the limited purpose of
floodplain mapping at this time. We recognize that this model may not be suitable for other purposes.
Further model improvement/adjustment/modification may be necessary for other purposes; it all depends
on the purpose of the modeling and the features and phenomena a model is meant to capture. We therefore
caution against using this model for other purposes without first confirming its suitability.

% Canada’s environmental policy is also guided by the precautionary principle and is reflected in the Federal
Sustainable Development Act (2008), which states that the Minister of Environment must “develop a
Federal Sustainable Development Strategy based on the precautionary principle”. The precautionary
principle states that: “Where there are threats of serious or irreversible damage, lack of full scientific
certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental
degradation”. In other words, the absence of complete scientific evidence to take precautions does not mean
that precautions should not be taken — especially when there is a possibility of irreversible damage
(Environment Canada, 2010).
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5.3 Sensitivity Analysis

Flood quantiles have the highest degree of uncertainty in our computation and is
most likely to affect the water surface profile. Therefore, we decided to test the sensitivity
of water surface profile to a wide variation in flow.

The sensitivity analysis was conducted to determine how much the computed
water surface elevations will vary with changes in the value used for the 1:100 year

discharge. Six flow conditions were tested:

. 1:100 year flow increased by 10%
. 1:100 year flow increased by 25%
. 1:100 year flow increased by 50%
. 1:100 year flows decreased by 10%
. 1:100 year flow decreased by 25%
. 1:100 year flow decreased by 50%

Figures 18a-c and 19a-c show the computed water surface profiles and the
differences in computed water levels for each condition. Figures 18a-c indicate that the
computed water surface elevations are less sensitive to the discharge value in the steeper
portions of the reach and more sensitive upstream of road crossings. The sensitivity
analysis indicates that the computed water level can vary in the range from -1.75 m to
0.80 m for a +25% variation in flow along most of the river reach, which is typical in the
hydrologic estimation of design flow. For a 50% increase in flow, the water level, on
average, can go up by about 0.30-1.10 m. This analysis indicates that the road crossings
have a significant effect on the flood level, especially in the downstream reach of
Mosquito Creek.

The sensitivity analysis provides an indication of the potential implications of
inaccuracies in flow estimation, and changes in the expected flood flows that might result

from urbanization and climate change.
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6. Selection of Regulatory Flood Levels
As per Section 3 of the Provincial Policy Statement under the Planning Act

(MMAH, 2005, 2014, 2020), the regulatory flood in Zone 2, which includes the RVCA,
is the 1:100 year flood. Depending on the local hydraulic conditions, the computed water
surface elevation, the energy grade or a value in between is generally taken as the
Regulatory Flood Level (RFL). Engineering judgment is applied to recommend an
appropriate value for the regulatory flood level at each cross-section, using the model
outputs and considering hydraulic characteristics of the river reach, and the inherent
limitations of numerical modeling.

When the stream velocity is relatively low and varies only gradually over
relatively long river reaches, the water surface can generally be taken as the RFL.

However, near bridges, culverts and other water control structures and on steeper
reaches where streamflow velocities are higher, and may change more abruptly, the
computed water surface elevation may be substantially lower than the energy grade level,
with the possibility that the water level may rise to the energy grade near obstacles and
irregularities in the channel profile or cross-section which may not be represented in the
hydraulic model. In such cases, the regulatory flood level is generally based on the
computed energy grade as a conservative approach, given that the model-generated water
surface elevation is less likely to be a true representation of flood risk in such situations.

Another possible situation arises when the computed water surface profile is
undulating, with downstream water levels occasionally higher than upstream levels.
When this occurs, it is more often an artifact from the simplifying assumptions of the
modeling scheme than a reliable prediction of the actual differences in streamflow
velocity and depth (and hence energy grade) from one cross-section to the next.
Accordingly, the regulatory flood level at the upstream cross-section is taken to be
equivalent to the downstream water surface elevation in these situations.

In all cases, the RFL is always between the computed water level and energy
grade line. Hence, for the sake of simplicity and consistency, the energy grade elevation

is often used as the RFL as a standard practice in delineating flood hazard areas.
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For the present study, the regulatory flood levels were set equal to the computed
energy grade and are tabulated in Table 13, along with the computed water surface

elevations and energy grades at each cross-section in the model.
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7. Flood Line Delineation
7.1 General

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 LIDAR spot heights, the inundated area below the RFLs can be easily delineated
manually or by using automated computer programs. In the present case, the automated
process was used for most of the river reach. However, it was done manually in areas
with complex topography, infrastructure, and overbank flow paths. The raw LIDAR spot
heights were extensively used in the plotting the flood risk limit.

Field surveys were conducted by RVCA staff in August of 2020 to verify
hydraulic connectivity through culvert openings and in flood prone areas (Table 17). This
information was used to plot the areas flooded through road openings.

The record of site-specific information associated with RVCA’s regulatory
approval process since 2011 was checked (Table 16). It was found that two site-specific
work would affect the flood risk lines. Appropriate adjustment of the flood lines were
made.

Drawings MQ-1 and MQ-2 in Appendix F depict the delineated floodplain.

7.2 Buildings in the Floodplain

Presence of existing buildings within the floodplain and associated variation in
the way a building could be exposed to flood risk required special attention. Recently,
RVCA has consolidated a few rules for drawing flood lines in the vicinity of buildings
(Appendix A), which have been followed in this study. Due to the limitations of the data
and methodology used in the current mapping done at a large scale, and the small degree
of (inevitable) subjectivity in drawing flood lines around buildings at a smaller scale,
RVCA recommends that, should the need arise for accurate flood line delineation near
buildings, site-specific information be taken into account when dealing with flood risk at
these locations. It is the practice of RVCA to refine flood lines when more accurate

information becomes available.
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7.3 Islands in the Floodplain

Presence of small islands, especially those associated with septic beds, within the
floodplain also requires special attention. Recently, RVCA has decided to show small
islands with an area less than 1000 m? as flood risk area (Appendix A) This guidance was

followed during this study.

7.4 Spill Sections

Four spill sections have been identified (Drawing MQ-1). All of them are minor
in nature and are expected to convey insignificant flow. Therefore, no flow adjustment
has been made. The spill from the Mosquito Creek near its outfall to the Rideau River
seems to be along an abandoned branch of the Rideau River. The other three spills flow

out of municipal drains and appear to be manifestations of local micro-topography.

7.5 Flood Mapping Data in GIS

The regulatory flood lines and cross-sections have been incorporated as separate
layers in RVCA’s Geographical Information System (GIS). In this system, one can view
the flood lines, cross-sections, design flow, water level, energy grade, RFL, and other
computed parameters. The flood lines can be overlain on the aerial photography or any
other base mapping layers that are in the system and at any scale that suits the user’s
need.

The regulatory flood line layer is maintained and updated as required according to
the established procedures of the RVCA (RVCA 2005).

Drawings MQ-1 and MQ-2 show the flood risk limits as delineated in this study.
At all cross-section locations, the RFL is indicated. The general surroundings and

landmarks are also included for easy referencing.
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8. Project Deliverables

The key information or knowledge products generated from this project are:

1) The Flood Mapping Report (this Technical Memorandum) — which

summarizes the analytical methods that were used and the underlying

assumptions
2) SWMHYMO model files
3) HEC-RAS model files

4) The flood risk limit lines in GIS format (shape files) — identifying the

extent of lands which are considered to be vulnerable to flooding during a

regulatory flood event (1:100 year flood)

5) The position and orientation of cross-sections used in the HEC-RAS

model, in GIS format (shape files) — which, when used in conjunction with

the HEC-RAS model output files, informs the user as to the estimated

1:100 year water surface elevation and the regulatory flood level for any

location in the study area

A “documentation folder” containing working notes and relevant background

information accumulated during the study process is maintained by the water resources

engineering unit within RVCA’s Watershed Science and Engineering Services

department.
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9. Closure
The hydrotechnical and cartographic procedures used in this study generally

conform to present day standards for flood hazard delineation, as set out in 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 (as per Ontario Regulation
174/06) and in municipal land use planning and development approval processes under

the Planning Act.

Ferdous Ahmed, Ph.D., P.Eng.

Senior Water Resources Engineer
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Table 1 Land use breakdown in the Mosquito Basin

Catchment| M1 M2 M3 M4 M5 TA1
Code |Land use description Area (km?) % Area (km?) % Area (km?) % Area (km?) % Area (km2) % Area (km2) %

1 JR1 Single -detached residential 0.35 3.96 0.68 30.59 0.47 7.84 0.07 13.31 0.07 4.58 0.61 9.62
2 |R1-L Linked Single 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 |rR2 Semi -detached residential 0.28 3.15 0.23 10.45 0.50 8.30 0.00 0.00 0.00 0.00 0.00 0.00
4 |R3 Row and townhouse 0.16 1.88 0.09 4.26 0.07 1.23 0.00 0.00 0.00 0.00 0.00 0.00
5 |R3-S Stacked townhouse 0.00 0.00 0.01 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 |R4-X Duplex, triplex, single dwelling with apartment unit 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 |R4 Apartment 0.18 2.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 |R5 Mobile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.92
9 |C1 Regional shopping center 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 JC2 Community shopping center 0.02 0.19 0.01 0.49 0.04 0.71 0.00 0.00 0.00 0.00 0.07 1.12
11 |C3 Other Commercial 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.39
12 |11 Elementary school 0.07 0.75 0.01 0.33 0.07 1.09 0.00 0.00 0.00 0.00 0.00 0.00
13 |12 Secondary school 0.06 0.67 0.00 0.00 0.05 0.78 0.00 0.00 0.00 0.00 0.00 0.00
14 113 Post-secondary school 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 |I3-r Student campus residences 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 |14 Hospital, rehabilitation, nursing home 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 |15 Other Institution 0.01 0.11 0.02 1.12 0.02 0.34 0.00 0.00 0.00 0.00 0.03 0.48
18 M1 Industrial 0.07 0.84 0.00 0.00 0.86 14.29 0.10 19.21 0.49 32.18 0.07 1.08
19 |M2 Industrial mall-condo 0.12 1.32 0.36 16.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 |TR Transportation 0.00 0.00 0.00 0.00 0.63 10.60 0.00 0.00 0.00 0.00 0.00 0.00
21 |JUT Utility 0.00 0.00 0.00 0.00 0.01 0.09 0.00 0.00 0.00 0.00 0.00 0.01
22 |COMM  |Communications 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 |OF Office 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 |RE-A Active recreation 1.21 13.83 0.05 2.03 0.30 5.04 0.00 0.00 0.00 0.00 0.00 0.00
25 |RE-A-s _ |Active recreation on school property 0.00 0.00 0.00 0.00 0.05 0.84 0.00 0.00 0.00 0.00 0.00 0.00
26 |RE-P Passive Recreation 0.36 4.14 0.22 10.05 0.42 7.08 0.25 48.88 0.06 3.81 0.00 0.00
27 |RE-P-s |Passive recreation on school property 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
28 |OS Open space 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.48 0.00 0.00
29 |ROS Idle and shrub Land 1.25 14.31 0.02 1.10 1.43 23.90 0.06 12.28 0.17 11.03 1.67 26.30
30 JAG Agriculture 3.36 38.39 0.09 4.15 0.15 2.53 0.00 0.00 0.60 39.60 1.12 17.62
31 V1 Vacant Land 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 |v2 Vacant building 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 |FT Forest 0.71 8.07 0.01 0.38 0.48 7.96 0.00 0.00 0.00 0.00 1.50 23.66
34 |ST Street 0.43 4.86 0.37 16.63 0.44 7.30 0.02 3.19 0.11 7.45 0.27 4.29
35 |QS Quarry 0.03 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 12.15
36 WL Wetland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.51
37 |WL-FT Wetland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
38 |WATER |Water 0.01 0.17 0.01 0.48 0.00 0.04 0.02 3.13 0.01 0.84 0.00 0.00
39 W Water 0.09 1.00 0.02 1.09 0.00 0.00 0.00 0.00 0.00 0.04 0.12 1.84

Total 8.76 100 2.22 100 5.98 100 0.51 100 1.52 100 6.36 100

Note: Land use is based on City of Ottawa parcels which conform to the projected land use zoning according to the Official Plan of 2003, updated to Official Plan Amendment #222 in 2018, and as
outlined in Riverside South CDP Draft Land Use Plan (Rev. 7). Smaller adjustments were made to account for additional developments outside of the CDP.



Table 1 Land use breakdown in the Mosquito Basin (continued)

Catchment| TA2 TB1 TB2 TC1 Entire Mosquito
Code |Land use description Area (km2) % Area (km2) % Area (km?) % Area (km?) % Area (km?) %

1 |R1 Single -detached residential 0.10 4.63 0.98 29.63 0.36 17.17 2.00 30.19 5.69 14.37
2 |R1-L Linked Single 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 |R2 Semi -detached residential 0.00 0.00 0.00 0.00 0.00 0.00 0.72 10.88 1.73 4.36
4 |R3 Row and townhouse 0.00 0.00 0.00 0.00 0.00 0.00 0.37 5.60 0.70 1.78
5 JR3-S Stacked townhouse 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.02 0.04
6 |R4-X Duplex, triplex, single dwelling with apartment unit 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 |R4 Apartment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.45
8 |R5 Mobile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.15
9 |C1 Regional shopping center 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 JC2 Community shopping center 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.79 0.19 0.49
11 |C3 Other Commercial 0.00 0.00 0.01 0.35 0.00 0.00 0.04 0.63 0.08 0.20
12 |11 Elementary school 0.00 0.00 0.00 0.00 0.00 0.00 0.18 2.76 0.32 0.81
13 |12 Secondary school 0.00 0.00 0.00 0.00 0.00 0.00 0.08 1.17 0.18 0.46
14 113 Post-secondary school 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 |13-r Student campus residences 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 |14 Hospital, rehabilitation, nursing home 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 |15 Other Institution 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.41 0.11 0.29
18 M1 Industrial 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 1.59 4.01
19 M2 Industrial mall-condo 0.00 0.00 0.00 0.00 0.00 0.00 0.26 3.99 0.74 1.88
20 |TR Transportation 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.70 0.68 1.72
21 |UT Utility 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
22 |COMM  |Communications 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 |OF Office 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
24 |RE-A Active recreation 0.00 0.00 0.37 11.06 0.00 0.00 0.30 4.54 2.23 5.62
25 |RE-A-s _ |Active recreation on school property 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.38 0.08 0.19
26 |RE-P Passive Recreation 0.04 1.71 0.05 1.42 0.00 0.00 0.46 6.90 1.86 4.69
27 |RE-P-s |Passive recreation on school property 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.01 0.02
28 |OS Open space 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
29 |ROS Idle and shrub Land 0.74 33.41 0.27 8.01 0.17 7.78 0.10 1.52 5.88 14.84
30 |AG Agriculture 0.51 23.15 0.76 23.01 1.04 49.09 0.41 6.24 8.06 20.34
31 V1 Vacant Land 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 |v2 Vacant building 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 |FT Forest 0.64 28.81 0.66 20.01 0.43 20.12 0.25 3.70 4.67 11.78
34 |ST Street 0.10 4.51 0.20 6.11 0.10 4.53 1.23 18.56 3.26 8.23
35 |QS Quarry 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 2.02
36 WL Wetland 0.08 3.52 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.28
37 |WL-FT Wetland 0.01 0.25 0.00 0.00 0.03 1.32 0.00 0.00 0.03 0.09
38 |WATER |Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.14
39 W Water 0.00 0.00 0.01 0.27 0.00 0.00 0.05 0.79 0.29 0.73

Total 2.21 100 3.31 100 2.12 100 6.62 100 39.61 100

Note: Land use is based on City of Ottawa parcels which conform to the projected land use zoning according to the Official Plan of 2003, updated to Official Plan Amendment
#222 in 2018, and as outlined in Riverside South CDP Draft Land Use Plan (Rev. 7). Smaller adjustments were made to account for additional developments outside of the

CDP.




Table 2a Hydrological Soil Groups in Mosquito Basin

Soil Group area (km?) as percent (%) of catchment area
Catchment Area (km?) A B C D Unclassified A B C D Unclassified
M1 8.73 1.53 3.00 0.93 2.45 0.83 17.48 34.33 10.59 28.10 9.49
M2 2.22 0.00 0.26 0.08 1.71 0.17 0.00 11.66 3.74 77.05 7.54
M3 5.98 1.16 0.27 0.73 2.78 1.04 19.38 4.43 12.27 46.53 17.39
M4 0.51 0.00 0.00 0.00 0.34 0.17 0.00 0.00 0.00 66.61 33.39
M5 1.52 0.00 0.00 0.20 1.10 0.22 0.00 0.00 13.16 72.25 14.59
TAl 6.36 1.27 0.77 3.27 0.10 0.94 19.99 12.18 51.46 1.57 14.79
TA2 221 0.11 1.01 0.84 0.12 0.13 4.99 45.71 37.96 5.42 5.92
TB1 3.31 0.65 0.85 1.23 0.42 0.15 19.69 25.79 37.26 12.62 4.64
TB2 212 0.00 1.01 0.61 0.51 0.00 0.00 47.70 28.48 23.81 0.00
TC1 6.62 0.00 1.04 1.08 4.21 0.29 0.00 15.72 16.24 63.64 4.41
Entire Mosquito 39.59 4.72 8.21 8.97 13.74 3.95 11.92 20.75 22.65 34.72 9.97

Note: Based on MNRF's LIO (Land Information System) database and documentation by MNR (2012)

Note: Unclassified soils adjacent to stream channels were treated as HSG D. This was guided by an inspection of Figure 3a, where such areas were generally
surrounded by HSG D. These areas are also likely to have fine sediments deposited along the channel and surrounding banks, reducing permeability as seen in Figure
3b. Low permeability areas generally coincide with HSG D.

Note: Unclassified soils in all other areas were treated as HSG B. This was also guided by an inspection of Figure 3a, where the areas were generally surrounded by
HSG A and HSG B. Many of these areas coincided with high permeability in Figure 3b, however, many were associated with human activities (golf course, quarry,
subdivision, etc) and as such compaction and other degradations of the soils can be assumed. Undisturbed sites were either associated with lower permeability in
Figure 3b, or were surrounded by HSG B or HSG C. As such, an assumption of HSG B is only mildly conservative.




Table 2b Permeability in Mosquito Basin

Permeability area (km?)

as percent (%) of catchment area

Catchment Area (km?) High [ Variable | Low-medium Low High [ Variable | Low-medium Low
M1 8.73 3.48 0.29 1.03 3.94 39.87 3.29 11.78 45.06
M2 2.22 0.00 0.22 0.08 1.92 0.00 9.77 3.61 86.63
M3 5.98 2.79 0.00 0.07 3.13 46.63 0.00 1.14 52.24
M4 0.51 0.00 0.00 0.00 0.51 0.00 0.00 0.00 100.00
M5 1.52 0.00 0.00 0.00 1.52 0.00 0.00 0.00 100.00
TA1 6.36 5.78 0.26 0.31 0.00 90.97 4.09 4.94 0.00
TA2 2.21 0.84 0.26 0.84 0.26 38.08 11.86 38.13 11.93
TB1 3.31 2.28 0.06 0.98 0.00 68.72 1.75 29.53 0.00
TB2 2.12 0.79 0.02 0.88 0.43 37.30 1.04 41.56 20.10
TC1 6.62 0.21 0.03 1.47 4.91 3.15 0.41 22.26 74.18

Entire Mosquito 39.59 16.17 1.13 5.67 16.61 40.85 2.86 14.32 41.97

Note: Based on Ontario Geological Survey surficial geology layer (OGS 2010)




Table 3a Estimated watershed parameters (Mosquito Creek)

Area Imperviousness CN‘? IA CN*? IA* Tc? T* Model 5
Catchment Method
(km?) (%) - (mm) - (mm) (hr) (hr) -
M1 8.74 115 70.6 211 59.4 8.70 2.93 1.76 NASHYD
M2 2.22 50.9 86.7 7.8 82.2 2.75 - - STANDHYD
M3 5.99 31.2 75.2 16.7 65.6 6.66 - - STANDHYD
M4 0.51 31.9 85.0 9.0 79.6 3.25 -—- - STANDHYD
M5 1.52 29.1 86.4 8.0 81.7 2.84 - - STANDHYD
TAl 6.36 5.0 70.3 215 58.9 8.87 4.15 2.49 NASHYD
TA2 2.21 2.2 66.3 25.8 53.7 10.95 3.06 1.83 NASHYD
TB1 3.31 8.5 68.5 234 56.5 9.79 2.27 1.36 NASHYD
TB2 2.13 3.8 74.2 17.6 64.3 7.06 4.27 2.56 NASHYD
TC1 6.63 45.1 84.7 9.2 79.2 3.33 - -—- STANDHYD
Entire Mosquito 39.61 21.0 75.1 17.37 65.7 7.02 - - -

1) Calculated from land use and TR-55 Curve Number tables (Urban Hydrology for Small Watersheds by USDA-SCS, 1986)

2) Calculated based on equation CN*=100/(1.879((100/CN)-1)1‘15+1) (Curve Number Hydrology by Hawkins et al., 2009)

3) Calculated based on the velocity method (National engineering handbook Chapter 15 by USDA-NRCS, 2010)

4) Calculated based on t, = 0.6 x t,

5) Watershed parameters presented here are suitable SWMHYMO inputs for NASHYD. Inputs for STANDHYD can be found in Table 3b

Note: CN* and IA* have been used in SWMHYMO; CN and IA are listed for information only.




Table 3b SWMHYMO STANDHYD parameters for urban catchments (Mosquito Creek)

SWMHYMO Catchment ID

Parameter
M1 M2 M3 M4 M5 TAl TA2 TB1 TB2 TC1
AREA (ha) 874.0 2223 598.8 50.7 152.0 636.3 220.8 3313 212.6 662.6
TIMP 0.115 0.509 0.312 0.319 0.291 0.050 0.022 0.085 0.038 0.451
XIMP - 0.458 0.281 0.288 0.262 - - - - 0.406
LOSS - 2 2 2 2 - - - - 2
CNper - 79.6 66.1 83.9 82.3 - - - - 79.0
CNper* - 71.8 53.4 78.0 75.7 - - - - 70.9
Pervious surface
AREAper (ha) - 109.2 411.8 345 107.8 - - - - 363.8
IAper (mm) - 3.25 6.51 2.44 2.73 - - - - 3.38
IAper* (mm) - 4.99 11.08 3.58 4.08 - - - - 5.21
SLPP (%) - 2 2 2 2 - - - - 2
LGP (m) - 68 98 73 117 - - - - 70
MNP - 0.25 0.25 0.25 0.25 - - - - 0.25
SCP (min) - 0 0 0 0 - - - - 0
Impervious surface
AREAImp (ha) - 113.1 187.0 16.2 44.3 - - - - 298.8
IAimp (mm) - 1.57 1.57 1.57 1.57 - - - - 1.57
SLPI (%) - 0.5 0.5 0.5 0.5 - - - - 0.5
LGI (m) - 1217 1998 582 1007 - - - - 2102
MNI - 0.013 0.013 0.013 0.013 - - - - 0.013
SCI (min) - 0 0 0 0 - - - - 0

See notes on the next page.




Table 3b(continued) SWMHYMO STANDHYD parameters for urban catchments (Mosquito Creek)

Parameter |Description
AREA (ha) [Catchment area. Calculated based on topography.
TIMP Ratio of total impervious area to catchment area. Calculated based on building footprint, roads, and the projected
land use.
Ratio of directly connected impervious area to catchment area. Estimated to be 90% of TIMP, based on results from
XIMP catchment-specific GIS analysis and guidance for similar hydrologic models (Civica, 2018, pg. 5). The selected
relationship was deemed slightly conservative and more representative than the 80% of TIMP relationship that was
used by others (SNCA 2014, JFSA 2014).
A pointer used to select the procedure to be used to calculate the losses over pervious surface. Optoins are: 1=
LOSS Horton infiltration equation; 2= SCS CN procedure; 3= proportional loss coeffient). We used option 2, which ties well
with the overall CN-based calculation.
Pervious Curve Number as per CALIB STANDHYD description for CN, "The SCS Curve Number for pervious surfaces",
on pg. 7.14 of the SWMHYMO Manual (JFSA, 2000). Undeveloped land uses, such as Agriculture or Forest, were not
modified. Developed land uses, such as Residential or Commercial, were processed in GIS to remove their
CNper . . L . . . -
impervious areas and the remaining pervious elements were assigned the CN for Open Space in Good Condition as
per TR-55 (USDA-SCS, 1986, Table 2-2a, pg. 2-5). Refer Table 4b. This is not an input to SWMHYMO, it is an
intermediate value needed to calculate CNper*.
CNper* Conjugate of pervious Curve Number, calculated based on equation CN*=100/(1.879((100/CN)-1) 1‘15+1) (Hawkins et

al., 2009, Eq. 47, Pg, 35)

Pervious surface

AREAper (ha)

Area of the pervious elements of the subcatchment, calculated as: AREAper = AREA(1-TIMP). This is not an input to
SWMHYMO, provided for reference only.

IAper (mm)

Initial abstraction for pervious surfaces, calculated as IAper = 0.2((25400/CNper)-254) as adapted from Eq. 2-2 and 2
4 of TR-55 (USDA-SCS, 1986, pg. 2-1). This is not an input to SWMHYMO, provided for reference only.

IAper* (mm)

Initial abstraction conjugate for pervious surfaces, calculated as IAper* = 0.05((25400/CNper*)-254) as adapted from
Eq. 2-2 of TR-55 (USDA-SCS, 1986, pg.2-1) and, assuming A=0.05, the conjugate CN methodology detailed in Curve
Number Hydrology (Hawkins et al., 2009, pg. 34-36).

SLPP (%)

Average pervious surface slope over which runoff travels. The values of SLPP usually represents the value of an
