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Introduction
JFSA has prepared this report to consider the future development potential of lands within Concessions 3 and
4, parts of Lots 11, 12, 13, 14 and 15 in the former Geographic Township of Nepean, now City of Ottawa.
Specifically, a detailed analysis was undertaken by JFSA to refine the understanding of the nature/ character
of the Jock River flood plain downstream of Hwy 416 to the Rideau River. This document presents the
methods and findings of the 2-dimensional hydrological analysis and hydraulic computations undertaken in
accordance with the technical guidance on flood hazard delineation as laid out by the Ontario Ministry of
Natural Resources in 2002. Detailed flood plain delineation using recent LiDAR topography with 2
dimensional (2D) HEC RAS modelling of depth, velocity and conveyance channel characteristics is
provided, calibrated to the existing RVCA 1 dimensional (1D) HEC RAS model. JFSA staff conducted onsite field work to validate aspects of the data and analysis. Further, the document reports on the potential
impacts of placing fill throughout the study area, on both sides of the river, within the outer limit (flood
fringe) of the flood plain for the purpose of raising and removing land from the flood risk hazard. Stress
testing of the model and fill placement is undertaken, and conservative data and modelling choices were
made to ensure a prudent approach to future flood risk exposure.
Study Area
The study area is generally depicted in Figure 1. It extends along the Jock River corridor, from the
downstream side of Hwy 416 through Barrhaven and the community of Hearts Desire, ending where the Jock
River flows into the Rideau River. The area includes lands on both sides of the river, encompassing any
properties currently affected by the RVCA mapped Jock River 1:100-year flood plain and regulatory limit.
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Figure 1: Study Area

There are numerous tributaries outletting into the Jock River along this section, including several minor
unnamed tributaries and a group of former drains that are now significantly altered as outlets for stormwater
management facilities. The remaining tributaries of significance are on the north side of the river and are
known as the O’Keefe, the Foster, and the Clarke Drains, all of which also have stormwater management
facilities connecting somewhere along their length.
The Barrhaven catchment area of the Jock River is extensively urbanized with some cropland and aggregate
sites up to and around Hwy 416 and south of Kanata. However, the middle of the sub-watershed is largely
agricultural and progressively increases in wetland and woodland cover further up the Jock River basin.
The highest flow the Jock River has experienced over 48 years of record was 142 m3/s recorded by the Water
Service Canada (WSC) gauge at Moodie Drive in 1993. The 4 next largest historical flows of record at the
gauge ranged from 133 to 137 m3/s. See Appendix A [Technical Note: Updated Hydrologic Analysis of the
Jock River at Moodie Drive]. Overland flooding has been documented in low lying areas over mainly
agricultural land as recently as the spring of 2017. The RVCA has confirmed that they do not have any
reports of residential structures flooding within the study area (email GM-RVCA June 15, 2017).
Previous Studies
Two flood plain mapping studies that included the study area have been completed in the past. The most
recent is the Jock River Flood Risk Mapping Report (RVCA 2005 Jock R FRMR) dated June prepared by
PSR Group with JF Sabourin and Associated Inc. for the Rideau Valley Conservation Authority. This report
was based on two technical documents: “Hydrology Report – July 2004 – Jock River Flood Risk Mapping
(within the City of Ottawa)” and “Hydraulics Report – November 2004 – Jock River Flood Risk Mapping
(within the City of Ottawa).” The RVCA 2005 Jock R FRMR covers the reach between Ashton and the
Richmond Fen (reach 2) and from the Richmond Fen down to the Rideau River (reach 3 and 4). For reach 3
and 4, 34 years of records from the WSC gauge at Moodie Drive were used to provide an estimate of the
1:100-year flow at 196 m3/sec.
Previously in 1981, the Jock River Flood Plain Mapping Report, covering the reaches 3 and 4 downstream of
the Richmond Fen to the Rideau River, was prepared by Acres Consulting Services Ltd. for the Rideau Valley
Conservation Authority . At the time this hydrological analysis was undertaken, there was insufficient data (9
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years) at the Moodie Gauge to complete a single frequency analysis with any confidence; a localised regional
flood frequency analysis was completed. This analysis conduced that the 100-year event on the Jock River
was 186.6m³/s
These reports resulted in mapped regulatory flood plain boundaries implemented under Regulation 174/06
and previously 166/90 under the Conservation Authorities Act, R.S.O 1990, c.C.27.
Hydrological Analysis
The 2005 RVCA Jock R FRMR was completed using 34 years of annual flow data, starting in 1970, on the
Jock River from the WSC stream flow gauge at Moodie Drive. In consideration of the additional 14 years of
data now available, JFSA undertook further studies to identify any changes to the flood frequency analysis.
The RVCA 2005 Jock R FRMR utilized the Log Pearson type 3 (LP3) distribution to estimate design flows,
resulting in flows of 196 m3/s for the 100-year event at the Moodie Drive gauge location. As a precaution
against potentially under-representing current flows in the models, JFSA considered the additional recent 14
years of recorded gauge data and ran four different statistical distributions to fit the updated data. The 2005
study utilized a scaling factor of 1.03 to convert daily maximum flows to maximum instantaneous flows,
however the updated data set required a factor of 1.035. The Randomness test suggests that the peak flows
continue to be significantly random, and the Spearman test indicates the flows continue to be independent
events, however it also suggest that there is now a highly significant trend. Appendix A [Technical Note:
Updated Hydrologic Analysis of the Jock River at Moodie Drive] presents the results of the above analysis.
The results indicated that the additional data increased the flow marginally during the 2-year event, but
greatly reduced the 100-year flow for the same LP3 distribution as shown on Table 1.
Table 1: LP3 2005 and 2017 Flows
Frequency
Distribution
Year of
Analysis
Years of
record
Return
Period
(years)
2
5
10
20
50
100
200
500

LP3
2005

2017

34

48

Flows

Flows

3

(m3/s)
92.7
122
133
140
146
148
150
151

(m /s)
90.9
123
142
160
181
196
211
229

For the purpose of the technical analysis in this report, JFSA has continued the use of the more conservative
RVCA 2005 Jock R FRMR flows of 196m3/sec.
The design hydrographs applied to the JFSA 2D modelling for this report were obtained from the 2005
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RVCA SWMHYMO model. JFSA has also undertaken a comparison of this simulated hydrograph with
historical observed events on the Jock River at the Moodie Drive gauge. Establishing the shape of the
hydrograph is important to test and demonstrate the impact that the placement of fill could have on flow
conveyance through the flood plain. A hydrograph that is too flat (slowly peaks and slowly recedes), will
under-estimate the impact of any lost flood plain storage due to grading changes.
Historical records from the WSC Moodie Drive gauge indicate that the highest flows in the catchment are
generated during the spring freshet. JFSA compared the shape of the simulated RVCA 2005 Jock R FRMR
hydrograph with that of the top 5 events (see Table 2) during the 48 year period of record in Appendix B
[Technical Note: SWMHYMO Model: Verification of Spring Hydrograph Shape]. The comparison indicates
that while the design hydrograph generated for the RVCA 2005 Jock R FRMR compare well with the
progression of observed maximum spring freshet events, the simulated hydrograph is slightly narrower than
the observed. The 2D hydraulic model prepared in support of this report therefore adopts the RVCA 2005
Jock R FRMR narrower hydrograph to ensure the flow conveyance results generated by the 2D model
demonstrate the more sensitive response.
Table 2: 5 Largest Jock River Events
Flow*
Date
19-April-1972
01-April-1976
14-April-1978
11-April-1993
08-April-1999
*Average daily flows provided

(m³/s)
136
137
133
142
135

Hydraulic Modelling
LiDAR Accuracy and Topographical Mapping
High quality topography is critical to the accuracy of simulated flood plain extents and elevations. JFSA
acquired processed LiDAR data flown in 2015 from the City of Ottawa for the study area at a resolution of 1
metre. Site specific proofing of the LiDAR data set was undertaken by comparison with a detailed elevation
survey undertaken by JD Barnes Limited within Concession 4, parts of Lots 13, 14 and 15, north of the Jock
River in January of 2017. This exercise found 97.3% of the spot heights to be within 25 cm of the reported
LiDAR data, and therefore determined to be robustly representative, and entirely appropriate for use in a 2D
Hydraulic model. Appendix C [Technical Note: LiDAR Review Memo] contains the details of the LiDAR
review exercise.
2D HEC RAS model
A 2-dimensional (2D) hydraulic model of the Jock River from Moodie Drive to the Rideau River was created
to allow for the assessment of potential impacts created by the placement of fill in the identified flood plain.
The 2D model was selected because it is able to route flows in a non-linear manner, thus accounting for
topographic changes through out the flood plain. The existing RVCA 2005 Jock R 1D model cannot assess
the effects of fill placement outside of the delineated effective flow area (see Figure 2 for effective flow area
J.F. Sabourin and Associates Inc. / ref: 1474-17
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boundary from RVCA 2005 Jock R FPMR). This is because the ineffective flow area in a 1D model is not
used in the calculation of channel conveyance, and therefore, placement of fill in the ineffective flow area
does not impact water levels or flows in the model. Rather, the ineffective flow area is delineated based on
the water surface elevations derived from modelling the effective flow area. However, the 2D model, when
used with flows that vary with time (hydrography), is able to make a more accurate interpretation of storage
available in the flood plain.
Figure 2: Map Showing 1D Model Ineffective/Effective Flow Area Boundaries

To create the 2D model, low flow channel data was compiled from the 2005 RVCA Jock R 1D model crosssections and interpolated through the length of the channel. The overbank areas were created using the 2015
LiDAR refined topography. With the incorporation of this topography, potential placement of fill can be
modelled and produce measurable changes in flow conveyance. Appendix D [Technical Note: 2D Hydraulic
Model Overview] contains the details and description of the 2D modelling. As demonstrated in Figure 3, the
resulting cross sections in the 2D modelling product were compared back to the RVCA 2005 Jock R 1D
model cross-sections and found to be reflective of the general geometry with expected refinement of the
overbank area. See Appendix E [Technical Note: Comparison of 2D model DEM to existing RVCA 1D model
cross-sections]. The 2D model was refined to produce similar water level results as the 2005 RVCA 1D
model. Calibration was completed by adjusting Manning's Roughness values. Appendix D [Technical Note:
2D Hydraulic Model Overview] discusses the calibration process.
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Figure 3: 2D vs 1D cross-sections comparison.

Model Verification
In order to validate the accuracy of the existing 1D and 2D hydraulic model results, it is appropriate to
compare them with field data. JFSA undertook site reconnaissance and data collection fieldwork on the
Lower Jock River during the spring freshet in April 2017. Fieldwork details and records are available in
Appendix F [Technical Note: April 2017 Field Data and Hydraulic Model Verification].
Photographs taken on April 7th recorded the extent of inundation on the west and east sides of Borrisokane
Road, north of the Jock River, as well as near the Greenbank Road crossing further downstream. The photos
indicate that some lands were found to be inundated at and beyond locations expected by the model results
for the RVCA 2005 1D model and the JFSA 2D model when compared to the associated flow readings at the
Moodie Drive gauge and those recorded by JFSA staff the next day, April 8th, during similar conditions.
On April 8th JFSA field staff surveyed of water surface elevations with a Real Time Kinematic GPS at 4
locations on either side of Borrisokane Road, just north of the Jock River. The recorded water levels were
found to be somewhat higher than those produced by the RVCA 2005 1D and JFSA 2D models for that flow
event. JFSA staff also deployed an Acoustic Doppler Profiler (ADCP) to collect flow data, just downstream
of the Moodie Drive crossing, adjacent the Moodie Drive gauge location. Analysis of the collected data
approximated the flow at 122.3 m3/s, in comparison to the provisionally reported WSC gauge flow of 114
m3/s.
In April 1999 the Jock River experienced a sizeable event which was recorded with air photography
commissioned by the Rideau Valley Conservation Authority. Based on gauge data from the same period as
the photos were taken, the flow was 127 m3/s. JFSA used the 2015 LiDAR elevations at the observed flood
extent to approximate an equivalent water level at Hwy 416 of 91.7 masl down to 91.5 masl at Borrisokane
Road (based on the assumption that the topography of the subject lands was the same in 1999 as it was in
2015). The 2005 RVCA Jock R 1D model reported a simulated water level of between 91.44 to 91.17 masl
J.F. Sabourin and Associates Inc. / ref: 1474-17
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for this flow rate, and the JFSA 2D model reports a slightly higher simulated water level of 91.54 to 91.19
masl for the same flow. As such, both models simulated lower water levels than those interpreted from the
aerial photo.
As the RVCA has previously published a report (Otter – Hutton Creeks, August 2016) referencing the US
Army Corp of Engineers rule of thumb considering good calibration to be when a model predicts elevations
within 30 cm of observation; and the US Federal Emergency Management Agency suggestion of a 15 cm
tolerance, the JFSA 2D model adequately satisfies both criteria at most of the locations, slightly better than
the 2005 RVCA Jock R 1D model. A comparison table of simulated and observed maximum and minimum
water levels is available in Appendix G [Technical Note: Model Verification Using Aerial Flood Photography
(April 1999)].
Generally, verification of the 2D model against the 1D model was comparable, however the on-site work and
information suggests that the water levels generated by both models are slightly underestimating the water
elevations for the corresponding flows.
Delineation of Flood Fringe
The Technical Guide – River and Stream Systems: Flooding Hazard Limit published by the Ontario Ministry
of Natural Resources (MNR Technical Guide) states that a flood plain can be composed of a floodway and a
flood fringe, establishing a two-zone concept flood plain. The floodway is the inner portion where the
majority of flow is conveyed, and is required for safe passage of flood flows. Generally, the depths and
velocities are significant enough to pose a risk to life or property. The flood fringe, on the outer portion of the
flood plain, generally has lower flow velocities under 1 m/s and shallower depths below 1 metre.
Figure 4: 2-Zone MNRF Diagram

The MNR Technical Guide also provides other direction regarding delineation of the flood fringe in Section
2.7. An approach using a hydraulic criterion, with consideration to the upstream and downstream impacts on
existing and proposed development, is discussed as a mechanism to identify the floodway and flood fringe
boundary. Further, multiple regression equations are used to undertake a sensitivity analysis to test the impact
of placement of fill on flood levels, flows and velocities.
Section 4.11 discusses the option of a two-zone concept, and the delineation of the floodway. It states that “a
program must be selected that has the capability to carry out the necessary calculations. Normally trial limits
J.F. Sabourin and Associates Inc. / ref: 1474-17
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of the floodway would be specified, based on the geometry of the channel and the flood plain, and a trial-anderror technique used to adjust the floodway width until the increase in water surface elevations is maintained
within the specified maximum.”
The guide was published in 2001, and the development of software and modeling tools has progressed
beyond what was available at that time. JFSA has adopted the floodway boundary prescribed by the
delineation of an effective flow area in the RVCA 2005 Jock R 1D model and used the modern 2D HEC RAS
software to model potential impacts of placement of fill on flows, water levels and velocities. It is our
professional opinion that this approach is a robust replacement for the somewhat dated direction provided on
these matters in the MNR Technical Guide.
The suitability of adopting a two-zone concept delineating flood fringe areas that could potentially be safely
developed with no adverse impacts must consider whether the purpose of the flood fringe designation is to:
Scenario (i) allow flood proofed development to take place, or
Scenario (ii) support consideration of site alteration such as the placing of fill that would remove the lands
from the flood plain entirely
These scenarios are consistent with direction provided in the Provincial Policy Statement 2014:
3.1.6

Where the two zone concept for flood plains is applied, development and site alteration may be
permitted in the flood fringe, subject to appropriate floodproofing to the flooding hazard elevation
or another flooding hazard standard approved by the Minister of Natural Resources.

3.1.7

Further to policy 3.1.6, and except as prohibited in policies 3.1.2 and 3.1.5, development and site
alteration may be permitted in those portions of hazardous lands and hazardous sites where the
effects and risk to public safety are minor, could be mitigated in accordance with provincial
standards, and where all of the following are demonstrated and achieved:
development and site
alteration is
carried
out
in
accordance
with floodproofing
standards, protection works standards, and access standards;
vehicles and people have a way of safely entering and exiting the area during times of flooding,
erosion and other emergencies;
new hazards are not created and existing hazards are not aggravated; and
no adverse environmental impacts will result.

a)
b)
c)
d)

Appendix 4 of the MNR Technical Guide lists factors to be evaluated when considering the application of the
two-zone concept. As outlined below, they have all been considered and found to be favourable.
1. Frequency of Flooding
• Applies to areas where development is to be protected by floodproofing methods. This does not
apply if filling is being considered -Scenario (ii).
2. Physical Characteristics of the Valley
• Considers the steepness of valley slopes, instability of banks, etc. Does not apply in the present
case as setbacks are greater than 30 metres, plus meanderbelt width that the proposed flood fringe
area is far removed from this constraint.
3. Local Need
• Considers the suitability of flood fringe areas for development based on location. In general, good
land planning supports the maintenance and intensification of development within existing
settlement areas as would be supported by a flood fringe designation within the existing urban
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boundary. This will be addressed more fully in the Planning Rational prepared for the applications
made under the Planning Act.
4. Impacts of Proposed Development
• Increase in flood levels upstream due to restriction in flow area caused by filling or downstream
due to loss of flood plain storage. This report provides the full analysis of potential impacts caused
by placement of fill within the flood fringe area.
5. Feasibility of Floodproofing
• Determining if the feasibility and cost of floodproofing is suitable. This does not apply if filling by
the developer is being considered and has been found to be cost effective -Scenario (ii).
6. Constraints to the Provision of Services
• Considers the feasibility of servicing the area (water and sewers) which has been examined and
addressed by other consultants.
7. Ingress / Egress
• Considers access to low lying areas within flood fringe. This does not apply if filling is being
considered -Scenario (ii).
8. Changes in Land Use
• Land use downstream of the study area is generally established as built urban environment.
Upstream lands currently comprised of agricultural, woodlot and wetlands may be contemplated in
the very long term for development purposes, however any future urban expansion area would be
subject to master planning exercises supported by multi disciplinary studies. The potential filling
and development of flood fringe lands in the study area will neither jeopardize the viability of
future upstream land use changes, nor be impacted by potential future development which would
implement appropriate surface water management and design standards.
9. Administrative Capability
• Considers ability of City staff and local CA to study / review / apply concept. Both the City of
Ottawa and RVCA have the necessary expertise. In addition, long term administration will not be
required as per scenario (ii).
The MNR Technical Guide also indicates that the Regional Engineer of the Ministry of Natural Resources
shall be involved in decision making regarding potential application of a two-zone concept. JFSA staff have
followed up with MNRF on this aspect of review and designation. The response is provided in Appendix K,
and states that the position of District Engineer no longer exists and that MNRF no longer involves itself in
the evaluation and decision making regarding two-zone concept flood plains and related floodway/ flood
fringe designations unless requested to provide technical support where resources are lacking.
For the purpose of determining the floodway boundary under a two-zone concept, JFSA referenced the
effective flow area delineated in the 2005 RVCA Jock R 1D model. However, there is no record of the
rationale behind the location of this boundary in the relevant flood plain mapping report.
The JFSA 2D model indicates that the effective flow area is closer in to the channel, generally contained
within the banks of the river, compared with the boundary delineated in the 2005 RVCA Jock R 1D model as
shown in Figure 5. Please see Appendix H [Technical Note: Verification of Floodway and Ineffective Flow
Areas]. Alterations to grading beyond the RVCA 2005 1D effective flow area boundary have no effect on the
hydraulic performance of the flow within the flood plain upstream of the study area or downstream to the
Rideau River.
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Figure 5: JFSA 2D Model Technical Delineation of Flood Fringe

It is the opinion of JFSA that the area shown in Figure 5 may be considered a non-effective flow area, with
depths less than 1 metre and velocities less than 1 m/s, and therefore may be technically considered as flood
fringe in accordance with the PPS provisions and MNR guidelines with respect to the two-zone concept. The
Jock River channel and adjacent corridor would be considered as floodway, essential for the conveyance of
1:100 year flows and with all the appropriate restrictions and prohibitions associated with a floodway
designation in the two-zone concept.
Establishment of proposed placement of fill boundary
In order to consider a revised constraint limit along the Jock River, downstream of Hwy 416 to the Rideau
River, the environmental and natural hazard boundaries must be established.
• 30 metre setback from the Normal Highwater Mark of the Jock River and tributaries
• 15 metres from the Top of Slope
• Geotechnical (Slope Hazard) limit [a site specific geotechnical evaluation has not been undertaken at this
time as the distance established by the other constraints is so great].
• Meander belt limit (Geomorphic Assessment undertaken by Parish Geomorphic Ltd. Additional on-site
review will be undertaken to confirm boundary).
• Two-zone concept boundary between floodway and flood fringe
The greatest of these constraints (Figure 6) results in a wide corridor varying from ~220 to ~340 metres
across. The lands outside this protected corridor may be considered for site alteration to support future urban
development.
J.F. Sabourin and Associates Inc. / ref: 1474-17
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Figure 6: Constraint Boundaries

Fill Placement in the Flood Fringe
The MNRF Technical Guide states that “the flood fringe is the area where development and site alteration
may be permitted, subject to appropriate floodproofing to the flooding hazard elevation or another flooding
hazard standard approved by the Ministry of Natural Resources.” The Provincial Policy Statement 2014 also
provides for site alteration in the flood fringe subject to certain conditions which can be met by placing fill to
achieve a grade at or above the required standard for freeboard (sections 3.1.6 and 3.1.7).
In order to consider establishing additional developable land within the designated urban area of Barrhaven,
the area outside the constraint lands (Figure 7) would need to meet an elevation at least 0.3 metres above the
1:100-year flood plain of the Jock River. Placement of fill on these lands would remove the flood risk
associated with overland flooding and the associated flood plain designation and restrictions.
A permit under O. Reg 174/06 is required from the Rideau Valley Conservation Authority (RVCA) to ‘place
or dump fill in a regulated area.’ The local RVCA policies (section 2.0) contain direction regarding the
placement of fill in the flood fringe, specifically that “development involving site grading or fill placement
may be permitted provided it will not have an adverse effect on the control of flooding, erosion, pollution or
the conservation of land.”
Control of flooding:
Evaluation of the feasibility of placing fill in the flood fringe must consider potential adverse direct or
cumulative effects on the control of flooding. The MNR Technical Guide recognizes that the impact of
encroachment caused by filling and/or development in a flood fringe area can result in:
J.F. Sabourin and Associates Inc. / ref: 1474-17
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a. increases in upstream flood levels;
b. increases in downstream flows and velocities; and
c. change in the timing of flows.
Using the 2D model JFSA tested the potential impact that the loss of storage in the proposed flood fringe,
through the entire study area, would have on upstream and downstream flows and water levels. Note that fill
will not be placed within 30 m of any watercourse/tributary.
Figure 7: Proposed Filled Flood Fringe

Flood levels
Table 3 provides a comparison of the water levels at cross sections throughout the study area. The filled
condition 100-year flood elevations are derived from the RVCA 2005 1D model based on the routed flows
derived from the JFSA 2D model. Appendix I [Technical Note: Lower Jock River 2D Hydraulic Model
Results] provides details. The 2D HEC RAS software was not used to establish water levels in this exercise.
There is a suite of simulation options, both in terms of parameter and equation choices, that directly affect
water level results produced by the 2D model. At this time, based on JFSA’s experience and a review of
relevant documentation and studies associated with the use of 2D models, it is our opinion that this method is
not sufficiently robust (in comparison to the 1D HEC RAS model) for the purpose of generating water levels
from flows 1. The table demonstrates that no water elevation in the filled land condition will exceed the 100year water levels established by the RVCA 2005 Jock R FPMR. The most notable increase between the
1
A very relevant masters thesis, defended by Evan C. Deal at the University of Kansas ‘Comparison Study of One- and Two-dimensional Hydraulic Models for
River Environments’ in June 11, 2015 provides an excellent explanation of i) the difficulties in using 2D modelling for water level derivation, iii) the usefulness
of 2D models for identifying effective flows areas and iii) the robust outcomes of 1D HEC RAS calculated water levels.
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existing and filled conditions is found to be 9 cm at the upstream side of Prince of Wales.
Table 3: 100 year water levels
100 Year Water Level
(masl)

Description
Moodie Drive
Midway Moodie Dr - Hwy 416
U/S Hwy 416
D/S Hwy 416
Midway Hwy 416 - Borrisokane Rd
U/S Borrisokane Rd
D/S Borrisokane Rd
Midway Borrisokane Rd - Greenbank Rd
U/S Greenbank Rd
D/S Greenbank Rd
U/S Jockvale Rd
U/S Prince of Wales Dr

XS
ID
8648
8164
8660
7751
6745
5962
5950
4803
3681
3672
2595
211

RVCA 2005
Existing
Conditions
92.67
92.66
92.43
92.13
91.90
91.79
91.78
91.67
90.83
90.71
88.96
81.61

JFSA 2017
Existing
Conditions
92.64
92.63
92.39
92.07
91.82
91.71
91.70
91.59
90.73
90.61
88.85
81.46

JFSA 2017
Flood Fringe
Filled
92.66
92.65
92.42
92.11
91.87
91.75
91.75
91.64
90.79
90.67
88.92
81.55

Note: U/S & D/S Denotes upstream and downstream respectively.

Flows
The 2D model was altered to fill in all the lands in the undeveloped urban areas on both sides of the Jock
River, from Hwy 416 down to the Rideau River. The effect on the 1:100 year flows is provided in Table 4.
Although flows increased slightly (most notable at the Borrisokane Road crossing) from the 2D existing
conditions model in comparison to the 2D filled scenario, all flows were found to remain below the those
established in the RVCA 2005 1D existing conditions model. Please see Appendix I [Technical Note: Lower
Jock River 2D Hydraulic Model Results] for details.
Table 4: 2D existing and 2D filled and 1D peak flows

Model
1D RVCA
2D JFSA - Existing
2D JFSA - Filled Flood Fringe

Moodie Drive
XS 10144
196.0
196.0
196.0

Inflow Location
(m³/s)
U/S Borrisokane
Road
XS 6495
201.0
192.6
197.9

U/S Greenbank
Road
XS 3699
205.0
190.5
199.3

Velocity
The JFSA 2D model was used to calculate the difference in flow velocities between the existing and proposed
filled conditions. The graphic below (Figure 8) shows where velocity conditions increased and decreased.
There were marginal increases in the range of 0.15 m/s between Hwy 416 and Borrisokane Road. Negligible
increases were shown from Borrisokane Road down to the Rideau River in the realm of 0 to 0.075 m/s.
Upstream of Hwy 416 velocity was shown to decrease. See Appendix I [Technical Note: Lower Jock River
2D Hydraulic Model Results].

J.F. Sabourin and Associates Inc. / ref: 1474-17

Page -13-

Client: Barrhaven Conservancy Inc.

Hydrodynamic Analysis of Jock River

Figure 8: Velocity
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Timing of Flows
Changes to the timing of flows can be considered by comparing the hydrographs of existing condition peak
100-year flow for the 10 day spring event. The peak of the 100-year event in the filled scenario will occur
approximately 1 hour earlier than under existing conditions as can be seen in Figure 9 derived from Appendix
I [Technical Note: Lower Jock River 2D Hydraulic Model Results].
Figure 9: Hydrograph

Cumulative Effects
The cumulative effect of the proposal to place fill in the flood fringe is addressed by not limiting the analysis
to a single development property. Instead, the work undertaken by JFSA has analyzed the potential impact of
placing fill through the entire flood fringe within the study area, from Hwy 416 down to the Rideau River,
primarily within the urban area designation, but also on currently rural lands where they are adjacent the Jock
River and proximate to urban development boundaries.
Erosion and Pollution
An application for the placement of fill within the lands identified as flood fringe shall be supported by
engineering reports and plans providing for appropriate grading, geotechnical stability, required setbacks
from any watercourse, surface water management design considerations and robust erosion and sediment
control systems. A permit would be expected to include the implementation of these and other conditions
which would control the site alteration work and address the potential for erosion of the land base or within
the adjacent watercourses, or any pollution. Effective sediment and erosion control shall be deployed during
all phases of development. There is no component of the proposed fill placement on these lands that would be
expected to have an adverse effect on erosion or pollution provided appropriate standard mitigation measures
are in place
Plotting of the 2-year event downstream of Hwy 416 did not show any location where this event would have
contact/overlap with the proposed fill placement along the proposed flood fringe. As erosion is generally a
J.F. Sabourin and Associates Inc. / ref: 1474-17
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factor of frequent flow events, it was concluded that site alterations in the flood fringe would have no impact
on downstream erosion. See Appendix I [Technical Note: Lower Jock River 2D Hydraulic Model Results].
There can be pollution risks posed by allowing land uses which utilize substances of a chemical, hazardous or
toxic nature within flood susceptible areas. Development which could potentially contaminate flood waters
are not supported in flood plains or flood fringe areas. By placing fill to raise the land above the 1:100 year
freeboard of the floodplain elevation, flood waters will not be exposed to any potential deleterious substances
potentially generated by development. Only clean fill will be used.
Conservation of Land is generally understood to mean the protection, management, or restoration of lands
within the watershed ecosystem for the purpose of maintaining or enhancing the natural features and
hydrologic and ecological functions within the watershed (Conservation Ontario Section 28 Peer
Review and Implementation Committee, Draft Guidelines to Support Conservation Authority
Administration of the “Development, Interference with Wetlands and Alterations to Shorelines and
Watercourse Regulation”, 2008). The proposed fill locations shall not be within 30 metres of any watercourse
(including the tributaries), proximate to any unstable slope or within a meander belt limit. These buffer lands
adjacent the Jock River and its tributaries would be appropriately vegetated and zoned to support the
restoration and conservation and of their riparian functions. The proposed enhancement of natural heritage
features in the corridor shall support an overall net environmental gain along the Jock River corridor.
Sensitivity Analysis/ Stress Testing/ Climate Change
There is currently no established methodology or standard for addressing climate change in flood plain
analysis work and/or mapping. However, in the interest of addressing potential future regional climate
scenarios and maintaining a conservative approach, JFSA has investigated a range of alternative analysis and
adopted conservative parameters.
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Alternative Return Periods
Although there is no recognized performance standard to plan for future climate change mitigation, there are
return period recommendations in the document ‘National flood plain Mapping Assessment – Final Report’
June 2014 commissioned by Public Safety Canada and prepared by MMM Group /JFSA/Matrix Solutions.
This report proposes that the minimum regulatory event should be based on the 1:350 year flow rate. At a
more local level, it is our understanding that the City of Ottawa has been requesting local Conservation
Authorities delineate the 1:350 year flood lines for emergency planning purposes, allowing an opportunity to
assess the impact of climate change. The 350-year water levels are shown below in Table 5.
Table 5: 350-Year Water Levels
350 Year Water Level
(masl)

RVCA 2005
XS
Existing
Description
ID
Conditions
Moodie Drive
8648
92.85
Midway Moodie Dr - Hwy 416
8164
92.84
U/S Hwy 416
8660
92.62
D/S Hwy 416
7751
92.31
Midway Hwy 416 - Borrisokane Rd
6745
92.08
U/S Borrisokane Rd
5962
91.95
D/S Borrisokane Rd
5950
91.95
Midway Borrisokane Rd - Greenbank Rd 4803
91.84
U/S Greenbank Rd
3681
90.98
D/S Greenbank Rd
3672
90.84
U/S Jockvale Rd
2595
89.15
U/S Prince of Wales Dr
211
81.84
Note: U/S & D/S Denotes upstream and downstream respectively.

JFSA 2017
Existing
Conditions
92.82
92.81
92.57
92.24
91.98
91.86
91.85
91.74
90.86
90.74
89.00
81.66

JFSA 2017
Flood Fringe
Filled
92.83
92.83
92.6
92.28
92.03
91.90
91.90
91.79
90.93
90.79
89.08
81.75

Sensitivity Analysis
As shown in Table 6, flows from the RVCA 2005 study data were approximated for the 100-year event ±20%
to determine the water surface elevation response to changes in the discharge values. The 100-year +20%
design event was found to be the approximate equivalent of the 500 year event, and the 100-year – 20% event
was found to be comparable to the 20-year event. Please see Appendix J [Technical Note: Lower Jock River
Sensitivity Analysis) for details.
Table 6: Applied flows
Design Event
10-Year*
25-Year*
50-Year*
100-Year -20%
100-Year*
100-Year +20%
200-Year*
350-Year
500-Year*
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Flow
(m³/s)
142
160
181
156.8
196
235.2
211
220
229
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Further analysis to consider the potential of a climate change influenced trend was undertaken by calculating
annual runoff coefficients for the catchment based on annual precipitation data with annual runoff volumes
(calculated from the Moodie Drive gauge) over the 48 year period. Runoff coefficients were found to range
from 0.28 to 0.62, however no trend was observed over time to support an obvious climate change influenced
progression. This data did indicate an increase in the variability of annual peak flows and runoff volumes
from year to year. Appendix A [Technical Note: Updated Hydrologic Analysis of the Jock River at Moodie
Drive] provides details of the above analysis.
Conservative Measures
The approach taken by JFSA to ensure that the results of the analysis are conservative are as follows:
• Use of RVCA 2005 Jock R FRMR data ending in 2003 instead of updating an additional 14 years to the
2015 gauge data which shows a significant reduction of the 100 year event flows (from 196 m3/s to 148
m3/s). Implementing these updated flows would lower water levels by as much as 0.56 m, on average by
0.38 m.
• Use of Log Pearson 3 Distribution rather than incorporating a S- curve distribution which fits the data better
and shows the larger events flattening more significantly.
• Use of 2005 Jock R FRMR effective floodway boundaries rather than the smaller corridor identified by the
2D hydraulic model as the effective flow area.
• Stress testing of the 350-year event and 100-year ± 20% flows.
• Applying the narrower spring hydrograph which is more sensitive to placement of fill in the flood fringe
and show more significant impacts.
• For the purpose of the analysis, fill was considered to be placed throughout the proposed flood fringe area,
however capacity will be retained in >60 m corridors along all the tributaries.
• A minimum of 0.30 metres of freeboard in the grading of fill to remove the flood fringe designated land
from the flood risk area is proposed as per the MNRF Technical Guide and RVCA local policies.
Conclusion
JFSA has created a 2D hydraulic model using the 2003 Moodie Drive gauge data set, updated LiDAR
elevations and the RVCA 2005 hydrograph to recreate the flood plain downstream of Highway 416 to the
Rideau River. The 2D model was applied to confirm the appropriate location of a flood fringe /floodway
boundary as per the two-zone concept. It was then used to assess the potential cumulative impact on flows
that could occur from the placement of fill outside the development limit boundary in the urban area, from
Hwy 416 down to the Rideau River. The resulting flows were then entered back into the RVAC 1D HEC RAS
model to calculate any water level changes. From the combined use of the 1D and 2D models, the following
conclusions were drawn:
• No water level or flow increases on lands upstream of the Hwy 416 crossing.
• No increase in 2 year flow velocity, therefore no adverse effect on erosion.
• Marginal change in downstream peak timing (in the order of 1 hour on a 10 day snowmelt and rain event)
which has no effect on the operation of downstream infrastructure.
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• Loss of flood plain storage in the proposed flood fringe areas decreases flow attenuation, therefore peak
flows will increase downstream. However, these peak flows are less than those used to evaluate the
resulting 100-year flood plain in the RVCA 2005 1D model.
• Due to changes in flows from the existing to the proposed condition, minor water level increases up to a
maximum of 9 cm upstream of Prince of Wales Drive, resulting in a 100-year water level of 81.55 masl.
This is 6 cm below the regulatory flood elevation of 81.61 masl.
Should the study be updated with 2017 flow data and a frequency distribution curve with a closer fit, JFSA
can confirm that even with the fill in place, expected 1:100 year flood elevations would be significantly lower
than currently established along this reach of the river.
Given the conservative parameters used to establish the above potential impacts, it is our professional opinion
that the proposal to place fill in the flood fringe for the purpose of removing the flood risk to the urban lands
is supportable under Provincial guidelines, and meets the requirements of the Conservation Authority’s local
policies.
Yours truly,
J.F. Sabourin and Associates Inc.

J.F. Sabourin, M.Eng., ing, P.Eng.
Director of Water Resources

Jonathon Burnett, EIT
Water Resources

Jocelyn Chandler, M.Pl., RPP, MCIP
Water Resource Planner/Project Manager
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APPENDICES:
A. Updated Hydrologic Analysis of the Jock River Gauge at Moodie Drive
B. SWMHYMO Model: Verification of Spring Hydrograph Shape
C. LiDAR Data Review
D. 2D Hydraulic Model Overview
E. Comparison of 2D Model DEM to Existing 1D Model Cross-Sections
F. April 2017 Field Data and Hydraulic Model Verification
G. Model Verification using Aerial Flood Photography (April 1999)
H. Verification of Floodway and Ineffective Flow Areas
I. Lower Jock River 2D Hydraulic Model Results
J. Lower Jock River Sensitivity Analysis
K. RVCA regulatory flood plain mapping boundary
MNRF email correspondence regarding District Engineer
L. Excerpts from MNRF Technical Guide – River and Stream System: Flooding Hazard Limit
M. Pocket containing CD of files with HEC RAS data
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