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�v  Preliminary Onsite Sewage Servicing Assessment Proposed Residential Development 6640 Seventh Line in the 
Village of Belwood, Township of Centre Wellington (Crozier Consulting Engineers, October 25, 2023 and 
subsequent updates) 

A copy of the AquaLogic report has been included in Appendix B of this report for reference. 
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�v  No Well Head Protection Area (WHPA) or Intake Protection Zone (IPZ) identified at the site or in the vicinity of 
the proposed development. 

�v  The ice-contact sand/gravel deposit area is part of a Significant Groundwater Recharge area, however, given 
the presence of till at surface or (generally) near surface, actual recharge contribution to regional groundwater 
flow systems (i.e. that would potentially support municipal water taking) is marginal.  

�v  The site is identified within an area of low intrinsic groundwater vulnerability, and the site is also not within 
any identified Wellhead Water Quantity Zone. 

�v  The high-water table condition measured at the site occurred in March 2022. A low water table condition at 
the site was observed in October/November 2022. The high-water table as defined in the GWS report should 
be used to plan the subdivision design. 

�v  The sand and gravel at surface will likely result in locally enhanced infiltration, however, the sand and gravel 
�����‰�}�•�]�š���]�•���Œ���o���š�]�À���o�Ç���^�š�Z�]�v�_���}�À���Œ���u�}�•�š���}�(���š�Z�����•�]�š���X�� 

�v  The nearby wetland areas likely contribute to the infiltration and availability of water in the shallow zone.  
�v  The underlying till unit will limit deeper infiltration and regional/local groundwater recharge. The upper till 

unit is likely weathered/fractured such that some horizontal flow would occur, in both the sand/gravel unit 
and upper till layer. In the overall area, including the site, this shallow horizontal flow could reach the local 
channel system and/or any tile drains where they occur. 

A Water balance analysis was completed by GWS for existing site conditions to characterize targets for stormwater 
management LID source controls implementation. The assessments examined average annual conditions and were 
developed according to standard water balance input/output methodology. Monthly actual evapotranspiration 
(AET) estimates were calculated for the sand/gravel and till surficial soils and site setting (hilly landscape, primarily 
agricultural land cover). 

�v  The AET estimates were developed according to a Soil Moisture Retention (SMR) value of 75 mm for the 
sand/gravel deposit (moderately deep-rooted crops on fine sand soil), and 200 mm for the till soils 
(moderately deep-rooted crops on silt loam).  

�v  Annual average precipitation is estimated to be 945.9 mm/yr. The AET on sand/gravel and till soil types is 
estimated to be 551.29 mm/yr and 571.29 mm/yr respectively. The difference between precipitation falling on 
the assessment area (direct input) and evaporation/evapotranspiration (direct initial output) is termed the 
�Á���š���Œ���^�•�µ�Œ�‰�o�µ�•�_�X�� 

�v  The site is generally open hilly lands in which it is assumed that natural runoff could occur. Surficial 
sand/�P�Œ���À���o�������‰�}�•�]�š�•�����Œ�����•���}�(���š�Z�����•�]�š�����Z���À�����}�‰���v���•���v���Ç���o�}���u���š�Ç�‰�����•�}�]�o�•�����v���������v�����������}�v�•�]�����Œ�������^���µ�o�š�]�À���š�����_�X��
Therefore, an IF of 0.6 (60%) is estimated. The remainder of the surplus (40%) in this area can become runoff. 
Similarly, the surficial till soils (cultivated medium clay + loam) have an estimated IF value of 0.4 (40%) and 
runoff of 0.6 (60%). The site is approximately 38.6 ha, of which approximately 19.8 ha (51%) is estimated to 
have sand/gravel at surface and 18.8 ha (49%) is estimated to have till soils at surface. Under existing 
conditions average on-site annual recharge is therefore estimated to occur at a rate of 0.195 m/yr. 

�v  It is expected that in order to adddress water balance requirements within the proposed development area, 
clean (roof and open land) runoff will be directed to LID lot level and/or conveyance control measures. In 
addition, end-of-pipe infiltration measures can also be considered. 
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AquaLogic concludes that the West Reach can potentially be enclosed by future development with appropriate 
stormwater management (SWM) practices to ensure no adverse impacts at the confluence with the North Reach. 
It is recommended that the North Reach, West + North Reach, East Reach, and Main Branch all need to be retained 
as open features with appropriate setbacks to adjacent future development.  Specifically, AquaLogic suggests that: 

� Ĝiven the lack of natural channel planform alignments, empirically derived meander belt limits were produced for 
each reach.  The empirical meander belt limit approach has proven to be fair and reasonable for definition of new 
development limits over existing altered watercourses, for use in realignment natural channel designs, and for risk 
assessments of existing infrastructure.  Future development options and scenarios are therefore recommended to 
apply meander belt limits of 16m, 19m, 16m, and 25m respectively, for the North, West + North, East, and Main 
���Œ���v���Z���Œ�������Z���•�X�_���� 

Resulting meander belt limits are presented graphically on Drawing SW2 (attached).  AquaLogic also noted that: 

� Ît is also recommended that the existing culvert crossing on the West Reach + North Reach be removed and 
localized channel restoration be implemented. It is also recommended that restoration works be implemented to 
replace the existing dam on the Main Branch with a barrier free ���Z���v�v���o���‰�Œ�}�(�]�o���_�X 
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�v  Discharge to County Road needs to meet its standards, including driveway upgrades; 
�v  Preference to pipe western watercourse feature rather than incorporation into the roadside drainage system; 
�v  Need to consider chloride infiltration in roadside works; 
�v  Township not aware of any flooding issues downstream of the site but would be open to potential mitigation 

measures; and 
�v  For maintained watercourse features Township noted a preference to ownership rather than easements  
Pursuant to the Pre-consultation meeting, WSP and Scheckenberger & Associates (S&A) engaged the Township 
Engineer (Colin Baker) regarding the roadway drainage approach; as part of that discussion, it was confirmed that 
the Township would consider a roadway drainage system comprised of shallow ditches on one side of the road 
with a sidewalk on the other. An example cross-section is presented below in Figure 3.1. 

 
Figure 3.1: Preliminary Hybrid Road Cross -Section  

 
Ditch depths and lengths would be limited by having gutter outlets to capture roadway runoff and a roadway 
storm sewer, to capture treated runoff from the enhanced swales. This approach would address provincial 
requirements for a treatment train while also minimizing Township maintenance.  
Based on subsequent review with Centre Wellington (refer to e-mail from CW of June 11, 2024, a copy is included 
in Appendix A), it was ultimately determined that the Township would not support the modified roadway drainage 
approach.  Primary concerns were noted with respect to infiltration of road salt, operations and maintenance, and 
lack of precedent of similar application in other areas, among other concerns.   
Given that a hybrid road cross-section was not supported by Township staff, the current (revised) strategy has 
been developed on the basis of an urban road cross-section (i.e. curb and gutter). 

3.5.2 CRITERIA 
The stormwater management design criteria based on the Township of Centre Wellington, Grand River 
Conservation Authority Design Criteria, and the Ministry of the Environment, Conservation and Parks (MECP) 
Stormwater Management Guidelines include: 

�v  Quality Control: Level 1 (Enhanced �t 80% average annual removal of Total Suspended Solids (TSS))  
�v  Erosion Control: 24-hour retention of 25 mm runoff event  
�v  Peak Flow Control: Post- to Pre-Development Peak Flow Control for 2- through 100-year storm events 
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Opportunities to incorporate on-site infiltration measures (such as Low Impact Development (LID)) and 
groundwater recharge should be considered wherever feasible.  This is reviewed further in the following sub-
section. 

3.5.3 LID SOURCE CONTROLS - ALTERNATIVE REVIEW  
The Low Impact Development Stormwater Management Guidance Manual, (Draft), January 2022, MECP promotes 
the need for source controls through Low Impact Development Best Management Practices (LID BMPs). This is also 
consistent with the guidance in the Provincial Planning �^�š���š���u���v�š���~�W�W�^�•�����v�����š�Z�����d�}�Á�v�•�Z�]�‰�[�•���K�(�(�]���]���o���W�o���v���~�K�W�•.   

The MECP recommends a three-tier hierarchal assessment and implementation process whereby Tier 1 (preferred) 
provides volume controls using LID BMPs at source to capture and manage the 90th percentile runoff event which 
for Belwood would be between 28 and 29 mm.  

As noted in previous sections, the originally envisioned concept for the site involved a semi-urban\hybrid road 
section which would have allowed for the implementation of bioswales or infiltration galleries within one side of 
the roadway.  With the direction to implement an urban roadway section, these types of LID features are no longer 
considered feasible, and potential LID measures are hence more limited. 

LID measures are also considered constrained by the seasonally high depth of groundwater below surface.  As 
such, typical LID conveyance measures for urbanized roadways (i.e. perforated exfiltration pipes) would also not be 
feasible in this setting.  Limited roadway infiltration measures could be considered in the form of shallow 
infiltration galleries connected to roadway catchbasins.  However, these features would be infiltrating untreated 
roadway stormwater, which would have higher levels of contaminants including road salt during winter periods.  
As such, this approach may not be acceptable to the Township based on earlier feedback. 

In addition, given the lack of available Township water\wastewater servicing in this area, residences will need to be 
serviced by private water services (wells, in the front of the property) and wastewater services (septic tanks, in the 
rear of the property).  As such, private-side LID measures are not considered feasible given the limited available 
space remaining.  In addition, private side LID measures can be complicated by issues of long-term responsibility 
for inspection and operations and maintenance, �����•�������}�v���t�^�W�[�•�����Æ�‰���Œ�]���v���� in other areas of Ontario. 

Notwithstanding, it is recommended at a minimum that all rooftop drains\ roof leaders discharge to pervious 
(grassed) areas of the residential properties including rear yards where applicable, to promote on-site infiltration. 

As discussed in the subsequent section, the proposed end of pipe SWM facilities are proposed as wet ponds due to 
the need to provide a sufficient level of water quality control, given the infeasibility of source controls for quality 
treatment.  As such, infiltration through these features (i.e. dry ponds or hybrid wet\dry ponds with infiltration 
galleries) is also not considered feasible.  The constraints of the high depth of groundwater would also be a factor. 

Based on the preceding review, there appear to be limited options to support source controls and LID 
implementation to promote infiltration of stormwater.  The currently proposed approach has therefore focused on 
a more typical end-of-pipe SWM design (i.e. quantity and quality control), as outlined further in the subsequent 
sub-sections.  However, further review with the Township may be required. 

3.5.4 PROPOSED SWM APPROACH  
Based on the preceding, a more conventional SWM approach has been advanced to address the requirements for 
the proposed development.  Two (2) end of pipe wet pond stormwater management facilities (SWMFs) have been 
proposed to provide the requisite quantity and quality control for the development.  Further details are outlined in 
the subsequent sub-sections. 
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It is noted that the majority of the proposed development will occur on the west side of the existing watercourse, 
and the SWM facilities have been located accordingly.  The SWM facility sizing has also considered future 
development phasing and staging.   

Notwithstanding, it is noted that additional residential development has been proposed on the east side of the 
watercourse, including 7 lots by severance\consent (north-�����•�š�����}�Œ�v���Œ�•�����v�������v���������]�š�]�}�v���o���ô���o�}�š�•�����o�}�v�P���^�š�Œ�����š���Z���[��
(south-east corner).  It is currently proposed that these areas develop without quantity\quality controls, and that 
the overall controls for the entirety of the development be provided by the two (2) proposed wet pond SWMFs.  
However, depending on the preferences of the Township, some primary quality controls could potentially be 
�‰�Œ�}�À�]���������(�}�Œ���^�š�Œ�����š���Z���[���•�µ���Z�����•��catchbasin inserts.  Further details are presented in subsequent sections. 

3.5.5 STORM SEWER SERVICING  
Based on the proposed urban road cross-section, streets are proposed to be serviced with conventional storm 
sewers, sized using Township criteria.  Storm sewers will discharge roadway drainage to the two (2) SWMFs on the 
west side of the development, or di�Œ�����š�o�Ç���š�}���š�Z�������Œ�����l�����•���‰���Œ���^�š�Œ�����š���Z���[.  The additional lots to be severed will not 
be expected to incorporate storm sewers. 

Further details on storm sewer sizing and calculations are provided in the subsequent sub-section. 
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Infiltration has been estimated using the SCS CN methodology. The SCS CN method is considered suitable for single 
event simulation. The land use parameters have been estimated based on the existing conditions aerial imagery 
corresponding to �'�Z�����[�• Curve Number land use categories. The soil type has been identified from the Preliminary 
Geotechnical Characterization Report (Chung & Vander Doelen Engineering Limited, September 21, 2022) and Land 
Information Ontario. In instances with multiple land use types within a subcatchment, values have been areally 
weighted. The CN values range from 72 to 85 for AMC II conditions. 

Initial abstraction values have been calculated based on estimated land use types and areally weighted for each 
subcatchment. Proposed values are included in Appendix C. The modelled time of concentration has been set at 10 
minutes, in accordance with the requirements of the Township of Centre Wellington Development Manual (June 
2024) for similar land use classes. 

Time of concentration values have been calculated using the Airport Method and the Bransby-William's Formula. 
The runoff coefficient of each subcatchment has been areally weighted from estimated land use. The Airport 
Method has been used to calculate the time of concentration of subcatchments with runoff coefficients less than 
0.4. Of the twelve (12) subcatchments modelled, only one (1) had a runoff coefficient greater than 0.4 thus 
requiring the use of the Bransby-William's Formula.  

Detailed hydrology parameters and calculations are included in Appendix C. 

Design Storms 

The hydrologic model has been developed to run the 2 to 100 yr design storm events and the Regional Storm. IDF 
data have been taken from the Township of Centre Wellington Development Manual for the year 2010 for the 
development of the Chicago 6 hr, the SCS Type II 12 hr, and the SCS Type II 24 hr distributions. Rainfall intensity 
data for each event are included in Appendix C. 

For the Regional Storm, two scenarios have been modelled to determine which yields the most conservative 
results: 

�x CN values at AMC II (normal) conditions, and the full 48-hour version of Hurricane Hazel (36-hour pre-
wetting period and 12-hour primary storm) applied 

�x CN values converted to AMC III (saturated) conditions, and the 12-hour version of Hurricane Hazel applied 

Areal reduction factors have not been applied due to the small size of the development and contributing drainage 
area (less than 25 km2).  

4.1.2 RESULTS 
Full hydrologic simulation results are presented in Appendix C; refer to Table C18 in particular along with Figure C1 
for a full summary of peak flows.  For the purposes of SWM facility sizing (as discussed in Section 4.2) the key 
reference is the overall peak flows at the downstream outlet of the system, i.e. at Wellington Road 19.  Peak flow 
results for this location for the three (3) design storm distributions assessed are presented in Table 4.1.  These 
peak flows will serve as the targets for the assessment of SWM sizing as noted. The results indicate that SCS Type II 
24-Hour is the most conservative and shall govern as basis for hydrologic and hydraulic modelling.  
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majority of the development other than true open space areas (i.e. greenspace or rear yards that drain directly to 
the creek block)    

The modelling (Visual OTTHYMO) applies the preceding as the total imperviousness; directly connected 
imperviousness has been estimated based on the degree of connectivity of impervious areas to the storm sewer 
system.  SCS Curve Numbers have also considered soil types and land cover under proposed conditions. 

Refer to Appendix C for detailed hydrology calculations under proposed conditions. 

A summary of the resulting drainage areas and imperviousness values to key locations of interest is presented in 
Tables 4.2a and 4.2b. 

Table 4 .2a.  Proposed Conditions Hydrology Summary  (North, West, East)  

Location  Reference 
ID  Subcatchment  Drainage 

Area (ha)  

Total 
Imperv  

(%) 

Directly 
Connected 
Imperv (%)  

North 
Channel  

1 PR-N2 43.12 N/A  

2 PO-N1 4.73 N/A  

3 PO-N2 1.67 N/A  

N\A Total (North at East)  49.52  N\A 

West  

4 PR-W2  9.98 0 0 

5 PO-W1 4.31 0 0 

N\A Total (Wetland)  14.29 0  0  

6 PO-W2 -4 1.91 50  10 

7 PO-W2 -1 0.85  50 5 

8 PO-W2 -5 1.27 50 5 

9 PO-W2 -6 0.91 50 8 

10 PO-W2 -2 0.86  33 9 

11 PO-W2 -3 2.15 44  26 

12 PO-W3 -1 1.56 50 1 

13 PO-W3 -2 1.99 50 7 

14 PO-SWM -N 0.83 30 30 

N\A Total (North SWMF excl 
wetland)  12.33 46.4  11.4 

N\A Total (North SWMF incl 
wetland)  26.62  21.5 5.3 
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Location  Reference 
ID  Subcatchment  Drainage 

Area (ha)  

Total 
Imperv  

(%) 

Directly 
Connected 
Imperv (%)  

East  

15 PR-E2 42.15 N/A  

16 PO-E1 1.48 N/A  

N\A Total (East)  43.63  N/A  

 

Table 4 .2a.  Proposed Conditions Hydrology Summary (Mid Branch and Total)  

Location  Reference ID  Subcatchment  Drainage 
Area (ha)  

Total 
Imperv  

(%) 

Directly 
Connected 
Imperv (%)  

Mid Branch  

17 PO-M3-3 2.17 50 9 

18 PO-M3-1 4.43  50 11 

19 PO-M3-2 3.14 50 11 

20 PO-SWM -S 0.67  56 56 

N\A Total (South 
SWMF)  10.41 50.4  13.5 

21 PO-M2-3 1.29 50 20 

22 PO-M2-2 0.99  N/A  

23 PO-M2-1 1.28 N/A  

N\A Total (West 
outlet to CR 19)  13.97 N\A 

24 PO-M1-1 2.23 N/A  

25 PO-M1-2 0.74  50 14 

26 PR-M5 1.57 N/A  

27 PO-M4  0.36 N/A  

TOTAL AT CR 19  N\A TOTAL  138.64  N\A 

 

Hydrologic modelling (Visual OTTHYMO) has been updated based on the above noted drainage areas for proposed 
conditions.  Detailed calculations are included in Appendix C.  The approach to quantity control (SWM) sizing is 
presented in the following sub-section. 
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4.2.1.2 SWM SIZING  

The sizing of the Stormwater Management (SWM) facilities has involved a comparative analysis between pre-
development and post-development conditions. The primary objective of these SWMFs is to mitigate outflows in 
post-development scenarios, ensuring they match the pre-development conditions for 2�t100-year storms at the 
combined outlet at Wellington County Road 19.  

To assess the difference in outflow, a unitary discharge (m2/s/ha) has been calculated based on peak flow at the 
outlet (m3/s) and the drainage area (ha) for both existing and proposed conditions during 2-100 year SCS Type II 
24-hour design storms. The unitary discharge has been assumed to apply at any node, by using the total drainage 
area at the node of interest.  Modelling of the SWMF has been accomplished using the Route Reservoir tool in VO. 

Sizing the SWMF required determining suitable discharge and storage values for each storm event. The discharge 
value has been obtained by considering the unitary discharge of the storm event and the total drainage area of the 
SWMF. Storage values have been derived using an estimated unitary storage value and the impervious area. 

The iterative process for SWMF sizing, involved an initial unitary storage estimate (m3/impervious ha) starting with 
a 2-year storm event. Using this estimate, a storage value (ha-m) has been calculated based on the impervious 
drainage area and inputted into the model along with the 2-year storm discharge value. 

The outflow at the SWMF has been compared to the outflow in pre-development conditions, which was 
determined by multiplying the drainage area of the SWMF with the pre-development 2-year unitary discharge. The 
percentage difference between the outflow in pre-development and post-development for the 2-year storm event 
has been assessed. Where the difference was too large (+/-), the initial unitary storage estimate was adjusted 
through iterations until the percentage difference was approximately 0% between existing and proposed 
conditions. 

Once the SWMF was sized for a 2-year storm, a unitary storage estimate for a 5-year storm was made, and the 
same iterative process was followed. This procedure was repeated for storms of increasing intensity from 10 to 
100 years. The sizing process continued until the outflow at the SWM pond location, and the outlet of the 
development achieved a percentage difference of approximately 0% between existing and proposed conditions for 
all storm events.  

SCS type-II �t 24 Hour storm governs based on detailed hydrologic modelling results and are included in 
Appendix C.  Results are presented in the following sub-section. 

4.2.2 RESULTS 
Full hydrologic modelling results have been included in Appendix C.  Key results for SWM facilities are presented in 
the following table. 

Table 4 .3a.  Simulated North SWMF Performance for Proposed conditions �I SCS Type II - 24 hour  

Attribute  
Result for Specified Return Period (years)  

2 5 10 25 50  100 

North SWMF Q P in (m 3/s) 1.957 2.966 3.838 4.670  5.491 6.221 

North SWMF Q P out (m 3/s) 0.822  1.313 1.713 2.166 2.313 2.474  

Peak Flow Reduction (%)  -58% -56% -55% -54% -58% -60% 

North SWMF Vol P (m 3) 2,137 3,172 3,953 4,721 5,515 6,363 
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Table 4 .3b .  Simulated South SWMF Performance for Proposed conditions �I SCS Type II - 24 hour  

Attribute  
Result for Specified Return Period (years)  

2 5 10 25 50  100 

South SWMF Q P in (m 3/s) 1.108 1.670 2.391 2.833 3.204  3.576 

South SWMF Q P out (m 3/s) 0.488  0.789  1.030 1.291 1.512 1.744 

Peak Flow Reduction (%)  -56% -53% -57% -54% -53% -51% 

South SWMF Vol P (m 3) 1,432 1,944 2,379 2,777 3,098  3,405  

The modelling results indicate no overflow for both ponds and the storage volume for 100-year storm is less than 
the permanent pool volume for both SWM facilities. Peak flow reductions range from  50 to 60% depending on the 
pond selected and storm event in question.   

The 100-year peak storage volume for the north SWMF (6,363 m3) is within the preliminary design active storage 
volume of 6,400 m3, as shown on Drawing SW5.  For the south SWMF, the 100-year storage volume of 3,405 m3 is 
notably lower than the preliminary design active storage volume of 5,800 m3.  The south SWMF has been over-
sized to provide flexibility for interim development phasing\staging (i.e. if only the Phase 1 area draining to the 
south SWMF is developed first).  This will be reviewed as part of the subsequent detailed design phase however, 
including more explicit consideration of staging\phasing requirements. 

The resulting peak flow results at the outlet of the system (i.e. at Wellington Road 19) are presented in Table 4.4 
for the governing design storm distribution (SCS Type II 24-hour duration; typically governs for storage sizing given 
longer duration, particularly in more rural type environments). 

Table 4 .4:  Proposed Conditions �I Target flows at Wellington Road 1 9 �I SCS Type II 24 - hour  

Scenario  
Peak Flow (m 3/s) for Specified Return Period (years)  

2 5 10 25 50  100 

Existing Conditions  4.17 6.84  9.01 11.27 13.20 14.92 

Proposed with SWM  4.15 6.79  8.87  11.11 12.88 14.63 

Difference (Absolute)  -0.02  -0.05  --0.14 -0.16 -0.32 -0.29 

Difference  (%) - 0.5 - 0.8  - 1.5 - 1.4 - 2.5 - 1.9 

The results indicate that peak flows are controlled for 2-year to 100-year design storm at the ultimate outlet of the 
overall drainage system (Wellington County Road 19), which confirms that the SWM facilities will provide the 
required degree of peak flow control for the proposed development.  
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4.2.3 QUALITY AND EROSION CONTROL  
4.2.3.1 EROSION CONTROL  

As described in Section 3.5.2, it is also intended that the proposed SWM facilities provide typical erosion control 
through SWM facility extended detention (i.e. as per the 2003 MOE SWM Planning & Design Manual).  This 
typically involves the provision of 40 m3/ha of extended detention volume and a 24-hour drawdown time, for the 
25 mm storm event (4-hour Chicago Design storm distribution is typically employed.  The proposed conditions 
Visual OTTHYMO (VO) model described in the previous section has been employed for this verification accordingly.  
Results are presented in Table 4.5 

Table 4.5:  Extended Detention and Erosion Control Performance of Proposed SWMFs  

SWM Facility  Parameter  Result  

North SWMF  

Drainage Area 1 (ha)  26.62 Total (12.33 Direct)  

Required Extended Detention 1 (m 3) 1,065 (493) 

Simulated Extended Detention Volume (m 3) 718 

Drawdown Time (Hours ) 7.4 

   

South SWMF  

Drainage Area (ha)  10.41 

Required Extended Detention (m 3) 416 

Simulated Extended Detention Volume (m 3) 618 

Drawdown Time (Hours)  7.6 

1. Note that North SWMF includes external (undeveloped) area from wetland, both values are presented. 

The results indicate that in both cases the extended detention volume can be met (for the North SWMF, as 
calculated using the actual development drainage area rather than the total drainage area including the wetland).  
However, the drawdown time does not currently meet the typically required 24-hour duration (or 12-hour in 
constrained applications).  As such, as part of the subsequent detailed design effort, rating curve modification 
would be required to further optimize the low flow discharge to increase the extended detention drawdown time 
closer to the typically accepted values. 

4.2.3.2 QUALITY CONTROL  

Both of the proposed SWMFs are proposed as wet ponds in order to provide the requisite quality control for the 
westerly development.  Reference is made to the previous discussion of criteria in Section 3.5.2 (i.e. 80% average 
���v�v�µ���o���d�^�^���Œ���u�}�À���o�U���}�Œ���^���v�Z���v�������_���š�Œ�����š�u���v�š�•�����•���‰���Œ���š�Z�����î�ì�ì�ï���D�K�����^�t�D���W�o���v�v�]�v�P���˜�������•�]�P�v���D���v�µ���o�X���������š���]�o�•�����Œ����
provided in Table 4.6. 
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Table 4.6 a:  Water Quality Calculations for Proposed North SWMF  

SWM Facility  Parameter  Result  

North SWMF  

Drainage Area and Imperviousness  12.33 ha at 46.4 % (Direct)  

Required Permanent Pool Rate (m 3/ha)  128.5 

Required Permanent Pool Volume (m 3) 1,584 

Provided Permanent Pool Volume (m 3) 1,600 

 

Table 4.6b:  Water Quality Calculations for Proposed South SWMF  

SWM Facility  Parameter  Result  

South SWMF  

Drainage Area and Imperviousness  10.41 ha at 50.4 % 

Required Permanent Pool Rate (m 3/ha)  138.5 

Required Permanent Pool Volume (m 3) 1,442 

Provided Permanent Pool Volume (m 3) 2,800  

The results indicate that the north SWMF provides the required permanent pool volume, as does the south SWMF.  
The south SWMF has a much greater permanent pool volume than actually required.  This is due to two different 
factors.  The first is to maximize the active storage volume, by ensuring a large, flat area at the permanent pool 
elevation (i.e. interface between water quality and active quantity control storage volumes).  This can be re-
evaluated as part of the subsequent detailed design phase, including consideration of interim development 
phasing, to ensure the south SWMF meets quantity and quality control targets under interim and ultimate 
development conditions. 

The second reason for the sizing of the permanent pool for the south SWMF is to ensure that the south SWMF 
provides compensatory overall water quality treatment to account for the residential development along 7 Line, 
specifically Street E.  Note that the total area from Street E (south-east corner at Line 7) is 2.23 ha at 50% 
imperviousness.  As such, this area would require an additional permanent pool volume of 307 m3  This can clearly 
easily be accounted for in the sizing of the south SWM facility to offset the need for quality controls for this small 
development area (8 residences).  However, as noted previously if preferred by the Township, simplified primary 
�š�Œ�����š�u���v�š���u�����•�µ�Œ���•�����}�µ�o�����������]�v���}�Œ�‰�}�Œ���š�������(�}�Œ���^�š�Œ�����š���Z���[���•�µ���Z�����•�������š���Z�����•�]�v���]�v�•���Œ�š�•���~�������^�Z�]���o���•TM) to provide 
basic\primary treatment for the street and residences.  This would in turn reduce the amount of compensatory off-
site water quality treatment required. 

4.2.4  SWM FACILITY DESIGN CONSIDERATIONS  
The preceding sections have demonstrated that the proposed 2 SWMFs would be sufficient to meet the design 
criteria with respect to quantity control, erosion control, and quality control.  In addition to the preceding, a 
number of other design criteria require further consideration.  These are summarized below: 

  



 

 

 

 

Functional Servicing and Stormwater Management Report  for BelCal Development  
Project No.  WW22011051 
BelCal Inc  

WSP  
October 2025   

Page 23 

�v  Pond Inlets 
�v  Storm sewer inlets will discharge to the proposed forebays in both cases 
�v  Erosion protection would be proposed at the inlets (i.e. rip rap); details to be confirmed as part of detailed 

design phase 
�v  Pond Outlets 

�v  Stage-storage-discharge rating curves have been developed for both SWMFs (refer to Appendix C) 
�v  Outlet control structures to be determined as part of detailed design phase to match curves and confirm 

required layout 
�v  Outlet control for both SWMFs will require review to increase the extended detention time closer to the MOE 

standard 24 hours; the impact to the overall pond volume will also need to be considered, however extended 
detention volume was easily met despite the reduced drawdown time. 
�v  Preliminary outlet pipe layouts have been indicated on the layout drawings; erosion protection (rip-rap or 

riverstone) and connectivity (low flow channel) to existing watercourse to be confirmed as part of 
detailed design phase 

�v  Overflow spillways also to be incorporated (including erosion\slope protection); to be confirmed as part 
of detailed design 

�v  Backflow and Tailwater 
�v  For the North SWMF 

�v  The intent would be to discharge the SWMF as far downstream along the watercourse as possible to 
limit tailwater impacts, as indicated on Drawing SW5.   

�v  Based on the preliminary design the outlet piping would be set at the proposed permanent pool 
elevation (432.70 m), with a discharge (outfall) grade at the watercourse of approximately 432.40 m.  
The peak operating elevation (i.e. 100-year storm event) in the north SWMF has been estimated as 
434.50 m.   

�v  Based on the hydraulic modelling (refer to Section 5) for XS 334, the 100-year water level would be 
432.24 m.  Thus, backwater conditions are not expected to impact the SWMF performance. 

�v  For the South SWMF 
�v  The intent would be to discharge the SWMF into a dedicated storm sewer along the north side of 

Wellington County Road 19, sized for the 100-year discharge (refer to Drawing SW6). 
�v  Based on the preliminary design, the outlet piping would be set at the proposed permanent pool 

elevation (434.40 m).   
�v  Based on the hydraulic modelling (refer to Section 5) for XS 139, the 100-year water level would be 

429.63 m.  Thus, backwater conditions are not expected to impact SWMF performance. 
�v  Pond Liners 

�v  Based on estimated groundwater levels on site, impermeable pond liners are expected to be required to 
isolate the SWM facility permanent pool from the surrounding groundwater 

�v  Requirements to be confirmed by geotechnical\hydro-geological groups based on currently proposed 
design 

�v  Alternatives to be reviewed as part of detailed design (i.e. geomembrane or compacted clay) based on most 
efficient\cost-effective design (i.e. minimize excavation and disturbance 
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�v   Operations and Maintenance 
�v  Overall, both proposed SWMFs would be accessible from adjacent public roads 

�v  North SWMF �t Queen Street extension 
�v  South SWMF �t �t���o�o�]�v�P�š�}�v�����}�µ�v�š�Ç���Z�}�������í�õ�����•���Á���o�o�����•���‰�Œ�}�‰�}�•�������^�š�Œ�����š���^���_ 

�v  Dedicated maintenance access roads should be provided for both SWM facilities to permit access for 
future construction equipment (typically 4.0 m wide, slopes of no more than 10 to 15%) 
�v  Details should be confirmed as part of detailed design grading including any potential loss of storage 

volume due to grading requirements 
�v  Chain link fencing and signage should be incorporated around the SWMF perimeters to limit unauthorized 

access and note the potential risks to the public from unauthorized access 
�v  Phasing and Staging 
�v  Phase 1 limits (as per the application planner) are included in Appendix A and would include the most 

southerly portion of the development on the west side of the watercourse (i.e. draining to the south SWMF) 
�v  Based on previous sections, WSP has confirmed that the south SWMF should have sufficient capacity 

under interim conditions (i.e. Phase 1 only) to mitigate peak flow increases and provide the requisite 
quantity and quality control.   

�v  However, it is recommended that an updated analysis be completed once the specific details of Phase 1 are 
confirmed to verify this conclusively. 

4.2.5 STORM SEWER DESIGN  
The preliminary storm sewer design details have been provided in Appendix D, including the storm sewer drainage 
area plan (more resolute\ refined than the subcatchment boundaries applied for hydrologic modelling), and the 
resulting storm sewer design sheet.  The storm sewer design has generally applied a Rational Method Runoff 
���}���(�(�]���]���v�š���}�(���ì�X�ñ�ñ�U�����}�v�•�]�•�š���v�š���Á�]�š�Z���š�Z�����d�}�Á�v�•�Z�]�‰���}�(�������v�š�Œ�����t���o�o�]�v�P�š�}�v�[�•�������•�]�P�v���u���v�µ���o�����v�����š�Z�����À���o�µ���•�����u�‰�o�}�Ç������
for hydrologic modelling (i.e. 50% imperviousness).  The most currently specified rainfall intensity-duration-
frequency (IDF) values have also been applied.   

�d�}���������}�µ�v�š���(�}�Œ���š�Z�����]�v�(�o�}�Á���(�Œ�}�u���š�Z�����Á���š�o���v�������Œ�������š�}���š�Z�����(�}�Œ�u���Œ���Á���•�š���Œ�v���š�Œ�]���µ�š���Œ�Ç���~�v�}�Á���š�}���������‰�]�‰���������o�}�v�P���^�š�Œ�����š���Z���[�•�U��
a 5-year inflow of 0.80 m3/s (as generated by the hydrologic modelling described in previous sections) has been 
applied.   

The resulting storm sewer sizing is presented in Appendix D as noted.  For the north SWMF, storm sewers will 
range in size from 450 mm in diameter to 825 mm in diameter at the outfall to the north SWMF.  For the south 
SWMF, storm sewers in size from 450 mm in diameter to 1050 mm in diameter at the outfall to the south SWMF. 

In addition to the preceding 450 and 525 mm diameter storm sewers have been proposed for the servicing of 
�^�š�Œ�����š���Z���[�����š���š�Z�����•�}�µ�š�Z-east corner of the development (cul-de-sac development with 8 residences). 

 







 

 

 

 

Functional Servicing and Stormwater Management Report  for BelCal Development  
Project No.  WW22011051 
BelCal Inc  

WSP  
October 2025   

Page 27 

Structure coding in the HEC-RAS model has been completed. The hydraulic significance of structures has been 
determined based upon the opening type, the structure deck and the expected impact to flow conveyance and 
floodplain limits.  

HEC-RAS provides two (2) methods for modelling hydraulic structures, namely culvert method or bridge method. 
Based upon review of the completed field inventory,  the structures within the study area consist of culverts. If the 
culvert has been noted in the field inventory as open bottom, a natural channel M���v�v�]�v�P�[�•���v���À���o�µ�����~�]�X���X�U���ì�X�ì�ï�ñ�•���Z���•��
been applied to the bottom 0.1 m depth of the culvert.  

Ineffective flow areas have been assigned at each hydraulic structure crossing, applied to both the upstream and 
downstream bounding cross-sections. The approach is consistent with the HEC-RAS methodology, where a 1:1 
contraction rate has been applied for placing the ineffective flow areas on both sides of the structure face. On the 
upstream side, the ineffective flow area elevation has been assigned based upon the low point (spill point) in the 
roadway deck, whereas on the downstream side the elevation has been assigned based upon the midpoint 
between the bridge/culvert obvert and the deck low point, as WSP has applied in other floodplain mapping 
modelling.  

5.2.5 STEADY STATE FLOW TABLE  
The steady state flow table has been developed based upon the peak flows generated as part of the hydrologic 
modelling which has been completed in parallel to the hydraulic modelling.  The hydraulic modelling has simulated 
the 100-year event and Regional Storm.  

The flow change locations have been established based upon a review of all available flow nodes from the 
hydrologic models, noting key locations throughout the drainage area (i.e. upstream of confluences, at roadways, 
etc.). The flow changes have been applied at the upstream extent of the reach / subcatchment, which allows for 
the most conservative modelling approach for the subject reach. Best efforts have been made to locate flow 
change locations outside of the four (4) cross-sections bounding a hydraulic structure, to ensure that a consistent 
flow rate is applied throughout the structure.  

Table 5.3: Steady Flow Table  �I Existing Conditions  

River Reach RS 100 24H SCS 
(m3/s) 

Regional 12H 
(m3/s) 

River 1 West Trib 410 2.97 2.97 

River 2 North Trib 279 5.80 6.42 

River 3 Northwest Trib 85 8.49 9.32 

River 4 East Trib 120 4.25 5.21 

River 6 Main Trib 353 13.94 15.84 

River 6 Main Trib 158 14.92 17.10 
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Table 5.4 : Steady Flow Table  �I Proposed Conditions  

River Reach RS 
Proposed 

100 24H SCS 
(m3/s) 

Difference 
from 

Existing 
(m3/s) 

Proposed 
Regional 12H 

(m3/s) 

Difference 
from 

Existing 
(m3/s) 

River 2 North Trib 279 5.20 -0.60 5.96 -0.46 

River 3 
Northwest 

Trib 85 7.67 -0.82 9.54 +0.22 

River 4 East Trib 120 4.44 +0.19 5.25 +0.04 

River 6 
Main Trib 
(D/S East) 353 13.71 -0.23 16.45 +0.61 

River 6 
Main Trib 
(U/S CR19) 158 14.63 -0.29 17.22 +0.12 

Note that for consistency the same flow change locations have been applied as under existing conditions; 
applicable flow nodes from the hydrologic modelling have been applied to the nearest point of comparison.   

Under proposed conditions, 100-year peak flows are consistently below existing conditions flows, which is 
consistent with the SWMF quantity control sizing summary presented in the previous section. 

For the Regional Storm Event, localized increases are indicated which is typical given that SWMF are not normally 
sized to accommodate or control the Regional Storm Event, given Provincial Policy (ref. MNR 2002) which does not 
currently credit their function under the Regulatory Event (which in this case is the Regional Storm, or Hurricane 
Hazel).   

The minor peak flow increase at the north-west trib (former farm lane crossing) for the Regional Storm Event is 
likely attributable to the addition of flow from the former western trib (now north SWMF).This is actually 
conservative, as per Drawing SW5, the discharge is intended to be directed downstream of the east tributary 
confluence.  However, depending on the location of the overflow spillway (to be confirmed as part of detailed 
design), some flow could be contributed further upstream. 

Simulated peak flow increases for the main tributary (downstream of eastern and western tributaries) are 
indicated only for the Regional Storm Event and are considered generally minor in nature.  The final simulated 
increase at Wellington County Road 19 is less than 1% (0.7%) which is considered negligible and within the error 
tolerance of the modelling.   

Under proposed conditions, select riparian grading modifications have been proposed to ensure that the primary 
floodplain hazard is restricted to the proposed property limit or less.  The approach has been to provide additional 
storage in the overbank areas, while leaving the primary low flow channel and associated vegetation (approximate 
10 m width) untouched.  Overbank areas have been included to more than half the depth of the existing low flow 
channel relative to the top of bank.  It has also been assumed that no grading can occur on private property, such 
as 57 Wellington Road 19 which directly abuts the channel on the west side upstream of the existing culvert.  The 
channel modifications have been assessed iteratively to determine the required grading and storage to ensure that 
the flood limits can be reduced, such that the flood hazard is generally restricted to the proposed property line or 
less, consistent with GRCA direction (as per Appendix B).  

 For further details regarding preliminary cross-section modifications, refer to the HEC-RAS modelling included with 
the report (Appendix E).  Key modelling excerpts have also been included in Appendix E. 
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5.3.2 FLOODPLAIN OF EXISTING VS PROPOSED CONDITIONS  
The differences in floodplain between proposed and existing conditions has been assessed through a review of the 
inundation limits. As would be expected with the removal of River 1 �t West Trib in proposed conditions, there is no 
floodplain in the west region of the development.    

A comparison of the existing and proposed inundation (floodplain) limits is presented in Figures 5.4 and 5.5 for the 
100-year and Regional Storm Event respectively.  Proposed conditions floodplain mapping is also presented in 
Drawing SW7 (attached).  Comparison is made to the estimated existing conditions floodplain mapping as 
presented previously in Drawing SW3 (attached). 

As evident from the updated results, the proposed flood hazard (i.e. under Regulatory Event or Regional Storm) 
can be managed to the proposed property lines for the creek corridor.  Minor property line boundary 
modifications were necessary for lots 86 and 87 in particular to accommodate the expected flood hazard 
immediately upstream of Wellington County Road 19, as overbank grading modifications in this area are limited by 
the existing private property boundary to the west.   As such, the property boundary of lot 87 required adjustment 
outward.  

Further property boundary and overbank grading modifications may be considered as part of the subsequent 
detailed design phase to further optimize the limits of the flood hazard and developable land.  However, the 
current assessment has demonstrated that overbank grading modifications can feasibly manage the flood hazard 
to allow the development to proceed as proposed. 

It should also be noted that the developer and planner have proposed to implement a trail connection to 7th Line 
in the vicinity of the east tributary, including a future pedestrian bridge crossing of the north watercourse.  This will 
require further consideration as part of the future detailed design phase.  In general, it is noted that pedestrian 
bridges typically have a negligible impact on Regulatory flood levels, as they are generally open and overtopped for 
larger storm events.  Most Conservation Authorities typically exclude pedestrian bridges from regulatory floodplain 
�u�}�����o�o�]�v�P�����v�����u���‰�‰�]�v�P���]�v���t�^�W�[�•�����Æ�‰���Œ�]���v�����X�����,�}�Á���À���Œ�U���š�Z�����‰�Œ�}�‰�}�•�������‰�������•�š�Œ�]���v�����Œ�]dge should be assessed and 
this confirmed through hydraulic modelling, if necessary, as part of the future detailed design.  
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Figure  5.4 : 100-year Storm Event Inundation Boundaries for Existing vs Proposed  
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Figure 5.5: 12-hour Regional Storm Event Inundation Boundaries for Existing vs Proposed
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