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1. INTRODUCTION 
IBI Group (formerly Planning & Engineering Initiatives Ltd.) was retained to prepare a Preliminary 
Stormwater Management Report in support of the Draft Plan of Subdivision for a residential 
development in Waterloo Ontario known as White Tail Crossing.  The site is located in the northwest 
part of the City of Waterloo in the area known as the Columbia Hills District (refer to Figure 1 for the 
site location).  The total property area is approximately 16.8 ha, of which approximately 5.8 ha are 
planned for development.  This Stormwater Management Report provides a comprehensive 
preliminary design for the developing area, and accounts for external drainage areas contributing flow 
to the site. This Report has been revised based on changes to the proposed design concept, and 
based on comments received from the review agencies. 

1.1 Purpose, Objectives, and Scope 
The purpose of this Report is to apply the criteria presented in the various background Reports and 
subsequent correspondence with regulatory agencies to complete a Preliminary Stormwater 
Management Report in support of the Draft Plan submission.  This will include the following: 

•	 A preliminary design and location of the stormwater management facilities for the 
development, which will provide water quantity and quality control, and erosion control; 

•	 A Preliminary Erosion and Sediment Control Plan and Maintenance Program for the 

development; 


•	 The determination and mitigation of stormwater thermal impacts of the development on 
Monastery Creek; 

•	 The determination of the infiltration requirements for the site by completing a water balance 
calculation; 

•	 An analysis of impacts and mitigation measures related to environmentally significant 

features; and
 

•	 A preliminary engineering design that meets the requirements of the applicable Environmental 
Impact Study, Subwatershed Management Plan, Provincial, Regional, GRCA, and City 
criteria. 

1.2 Background Information 
A variety of sources were used and reviewed for the preparation of this Report.  These include the 
following: 

•	 Scoped Environmental Impact Study, White Tail Crossing (PEIL and Associates, November 
2004, hereafter referred to as the 'EIS'); 

•	 Scoped Subwatershed Report, Doug Owen Construction Ltd. (PEIL and Associates, February 
1999, hereafter referred to as the 'Subwatershed Report'); 
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•	 Final Subwatershed Management Plan, Subwatershed Plans #313/309 (Planning Initiatives 
Ltd. and Associates, April 1996); 

•	 Final Stormwater Management Report Columbia Forest II  (Planning & Engineering Initiatives, 
March 2002); 

•	 Hydrogeologic and Geotechnical Investigation Final Report, CH2M Hill Canada Limited, 
December 2008; 

•	 City of Waterloo Design Principles for Stormwater Management Facilities, (September 1996); 

•	 Regional Official Policies Plan (ROPP), Region of Waterloo (September 2006); and 

•	 Stormwater Management Planning and Design Manual, (MOE 2003).  

2. EXISTING CONDITIONS 
The proposed White Tail Crossing subdivision is located within the Laurel Creek Watershed on 
Wideman Road west of Erbsville Road, East of the Wilmot Line as shown on Figure 1. The 
development is bounded by Wideman Road to the north, ESPA #19 and private landowners to the 
west and south, and the Laurel Creek Village Subdivision to the east.  Legally, the property is known 
as part of Lot 44, German Company Tract and Parts of Lots 1 and 2 of Registered Plan 593, City of 
Waterloo, Regional Municipality of Waterloo.  White Tail Crossing is part of several neighbourhoods 
envisioned for the Columbia Hills District in the northwest area of the City of Waterloo. To date, the 
Columbia Forest I, Laurel Creek Village, and the Clair Hills developments to the south have been 
partially completed.  The Vista Hills, Gies, and Activa-Greyerbiehl developments located to the west of 
White Tail Crossing are scheduled for construction in 2009. 

The site has rolling topography rising up from Wideman Road and then sloping down at the south end 
of the property.  Historically portions of this property were farmed, however these areas have been 
converted to a managed Christmas tree plantation over the past several decades.  A laneway bisects 
the property and provides access to the City owned McNally lands to the west.  A total of 
approximately 5.8 ha are planned for development and this developing area falls mostly within 
Subwatershed #308 of Laurel Creek. The southeast portion of the developing property lies within 
Subwatershed #309, and drains toward the Laurel Creek Village subdivision to the east.  Refer to 
Figure 2 for existing drainage areas within the developing area.  

The 16.8 ha property can be delineated into three areas. The northern third of the property, north and 
west of the existing laneway, is a relatively flat area consisting of old fields, plantation, and wetland 
areas.  These areas drain to a tributary of Monastery Creek northward through a portion of the 
provincially significant Sunfish Lake Wetland complex along the western boundary of the property, to 
its confluence with Monastery Creek at the northwest corner of the property.  The middle third of the 
property consists of a predominantly managed White Spruce plantation.  The majority of these lands 
drain toward the Monastery tributary, with the exception of the southeast portion, which drains toward 
the Laurel Creek Village development. The southern third of the property consists of an upland forest, 
which forms part of the Forested Hills ESPA 19.  These lands will remain undeveloped and have not 
been considered in this stormwater management analysis.   

The land (although rolling) within Subwatershed # 308 generally slopes from the southeast to the 
northwest.  As noted above, all runoff from these lands travels via overland to an intermittent tributary 
of Monastery Creek located on the western part of the property.  Runoff then flows to Monastery 
Creek, which is classified as a perennial potential coldwater stream (identified in the Subwatershed 
Report).  Monastery Creek is not located on the subject property. 
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The southern and western parts of the subject lands are bounded by a mature woodlot known as the 
Forested Hills (ESPA #19).  The Forested Hills have a high level of ecological significance to the area 
(hence the ESPA designation) and are to be preserved in their current condition. 

The Subwatershed Report indicates that the soils within Subwatershed # 308 are mainly Waterloo 
series soils (refer to page B-26), which are generally classified as Hydrologic Soil Group AB to B.  The 
CN numbers for the modelling for pervious areas are therefore based on soil conditions and land use.  
These values are summarized in Section 4.2 below. 

The Hydrogeological and Geotechnical Investigation confirms that the site is primarily silt/sand soils 
underlain by a less pervious continuous silt/clay layer.  This continuous silt/clay layer provides 
protection for the underlying regional aquifer.  Shallow groundwater flows are in a generally southeast 
to northwest direction, with seepage discharge to the Monastery Creek Tributary.  The south portion of 
the site primarily infiltrates to depth, whereas the portion of site north of the laneway discharges as 
shallow groundwater flow towards the wetland area to the west. 

3. PROPOSED CONDITIONS 
The developing lands are proposed to contain a 5.8 ha residential community (areas 201 to 204 on 
Figure 3, exact block areas and land uses are provided on the Draft Plan of Subdivision drawing).  
The overall development will include 43 lots and the development will also include stormwater 
management facilities, and access to the ESPA via an existing trail system.  The Forested Hills (ESPA 
#19) area will be preserved in its current state under the proposed conditions.  The site will be 
designed to drain to a dry stormwater management pond, which will provide water quantity and 
erosion control.  Water quality control will be provided using a treatment-train approach, consisting of 
an oil/grit separator (OGS) unit and additional polishing and extended detention in the stormwater 
management pond. 

Site grading will be completed to preserve the existing topography as much as possible while meeting 
the City of Waterloo's subdivision standards (i.e., maximum road grades, lot grading, etc.).  A storm 
sewer system will convey minor system flows (5 year event) to the stormwater management pond, 
while major system flows will be conveyed to the pond overland on the road network.  The stormwater 
management target release rates have been previously determined in the Subwatershed Report.  The 
Land Use Schedule provided on the Draft Plan of Subdivision summarizes the proposed land uses for 
the White Tail Crossing lands. 

Lot-level infiltration facilities will be provided throughout the development, which will continue to 
provide baseflow and infiltration within the developing areas.  An imperviousness of 65 percent has 
been calculated for the developing portion of the site, which reflects the proposed development 
envisioned for the site (public road, large lots, large houses, patios, driveways, etc.).  The aggregate 
imperviousness for the entire Draft Plan of Subdivision area is approximately 35 percent.  Proposed 
conditions drainage areas are shown on Figure 3. 

4. STORMWATER MANAGEMENT 

4.1 Criteria 
The stormwater management criteria for the White Tail Crossing area have been set through previous 
studies including the Laurel Creek Watershed Study, the subsequent Subwatershed Report, and the 
EIS.  The key requirements outlined in those Reports include: 
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•	 Maintaining the infiltration capacity and seepage characteristics of the site is a requirement of 
the Subwatershed Management Plan.  The proposed development is required to provide both 
infiltration to depth and maintain seepage toward the wetland to the east.  At-source infiltration 
measures will be provided to promote infiltration of clean roof and treated surface runoff to 
maintain existing infiltration rates as close to existing levels as possible.  The stormwater 
management pond will continue to provide discharge toward the watercourse;   

•	 Stormwater management facilities are required to provide water quality control for all flows not 
infiltrated across the site. The extent of treatment will meet water quality targets established 
in the Subwatershed Plan and MOE (2003) for Enhanced (formerly Level 1) Protection Level; 

•	 Stormwater management facilities are required to provide water quantity (peak flow) control 
for the 2, 5, 25, and 100 year storms.  The targets control post development flows to pre 
development levels as outlined in Table B4.3 of the Subwatershed Report; 

•	 Extended detention control for erosion control is also required for runoff volume in excess of 
the existing 100 year runoff volume as outlined in Table D1.3, Page D-27 of the Subwatershed 
Management Plan and are to be released over a 48 hour period; 

•	 Thermal impacts on Monastery Creek and its tributary must be addressed and mitigated; 

•	 Grading and servicing design must ensure that there are no adverse impacts on groundwater 
and on the adjacent significant natural features; and 

•	 All development must remain outside of the established buffers with the exception of minor 
encroachment to allow for the construction of retaining walls. 

The Preliminary GRCA SWM Submission Checklist in included in Appendix G. 

4.2 Water Quantity Control 
The stormwater management pond must provide water quantity control for the 2, 5, 25, and 100 year 
storm events.  The GAWSER hydrologic modelling for existing conditions was prepared in the 
Subwatershed Report and the target release rates for the 2 through 100 year storm events have been 
established as summarized in Table 1 (derived from Table B4.3, Page B-38 of the Subwatershed 
Report).  Peak flow targets are based on the developing portions of the subdivision and any external 
areas tributary to the stormwater management pond.  The outside pond berms will be left to naturalize 
and integrate with the buffers, and have not been included in the calculations. 

Table 1 
Peak Flow Calculations 

Subcatchment Area* Return Event 
No. (ha) 2 Year 5 Year 25 Year 100 Year 

3081 3.596 (Areas 205, part 202) 
Targets (m3/s/ha)  0.0012 0.0016 0.0021 0.0024 

Flow (m3/s) 0.004 0.006 0.007 0.009 
3082 1.540 (Area 203, part 202) 

Targets (m3/s/ha) 0.0013 0.0020 0.011 0.021 
Flow (m3/s) 0.002 0.003 0.017 0.032 
Total Area 5.136 

Peak Flow (m3/s) 0.006 0.009 0.024 0.041 
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The proposed drainage conditions boundaries are shown in Figure 3. The external wooded area to 
the east (within area 205) is to remain undeveloped, and will drain to the stormwater management 
pond. A portion of the residential development and road extension draining to the east (area 201) has 
also been excluded from the model, since runoff from this area will drain to the existing Laurel Creek 
Village subdivision to the east.  The Final Stormwater Management Report for that development 
(PEIL, 2002) accounted for 1.00 ha of drainage area at 55 percent imperviousness.  Area 201 is 0.74 
ha in area and with an impervious coverage of approximately 65 percent.  Therefore, flows from this 
area will not exceed those accounted for in the stormwater management modelling for the adjacent 
development.  This area is not tributary to the proposed pond and has therefore not been accounted 
for in the allowable peak flow calculations and in the modelling. 

The peak discharges from the site for the modelled storm events are required to meet the targets 
provided in the Subwatershed Management Plan (see Table 1). The stormwater management 
modelling for the White Tail Crossing development was prepared using the SWMHYMO98 computer 
program (refer to Appendix B for program input and output files).  The percent impervious for 
modelling purposes has been calculated as 65 percent for the developing area (area 202), which is 
reflective of the land use within the development.  Accounting for maintenance access paths, the 
imperviousness of the SWM pond block (area 203) is 25 percent.  Key modelling variables based on 
site-specific information are summarized in Table 2. 

Rear yards from Wood Nettle Way in the Laurel Creek Village development draining to the existing 
laneway will continue to drain to the northwest, via a swale and culvert located along the north edge of 
the stormwater management pond block. 

Table 2 
Preliminary SWMHYMO Modelling Variables 
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202 Proposed residential 3.935 1 - AB 65 0.65 0.65 2 

203 SWM pond block 0.540 1 - AB 65 0.25 0.25 20 

205 External wooded area 0.661 1 0.5 AB 50 - - -

Total Drainage Area 5.136 

A 3 hour Chicago style storm based on the City of Waterloo intensity-duration-frequency (IDF) curves 
has been used for the modelling of the 2, 5, 25, and 100 year storm events.  The rainfall depths for 
these events are summarized in Table 3. 
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Table 3 
Rainfall Depths 

Return Event Depth (mm) 

2 Year 32.4 

5 Year 47.5 

25 Year 69.1 

100 Year 89.9 

Using the SWMHYMO model, the pond volume required to reduce proposed development flows to the 
required levels was determined for the above events. Table 4 summarizes the total discharges from 
the site, and indicates that the proposed conditions peak discharges have been controlled to below 
allowable levels.  The ponding characteristics of the stormwater management pond for all storm 
events are shown in Table 5. 

Table 4 
Peak Discharges 

Return 
Event 

Existing Conditions 
Targets (m3/s) 

Proposed Conditions 
(m3/s) 

2 Year 0.006 0.006 
5 Year 0.009 0.006 
25 Year 0.024 0.007 
100 Year 0.041 0.008 

Table 5 
Stormwater Management Pond Storage Characteristics 

Return 
Event 

Water Depth 
(m) 

Water Elevation 
(m) 

Storage Volume 
(m3) 

2 Year 0.65 356.92 847 

5 Year 0.92 357.19 1,337 

25 Year 1.28 357.55 2,106 

100 Year 1.59 357.86 2,903 

Note: Pond Invert Elevation = 356.27 m 
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A 50 mm orifice opening will be provided in the pond outlet structure.  The preliminary stage-storage
discharge relationship calculations are included in Appendix A. Because of the required size of the 
extended detention portion of the stormwater management facility (for erosion control), the water 
quantity control for all events up to and including the 100 year storm can be accommodated for with a 
single outlet with a maximum water level fluctuation of less than 1.8 m.  Using this scenario, the 
extended detention volume provides additional water quality and erosion control benefits. For this 
reason, the outflows from the pond are below the requirements provided in the Subwatershed 
Management Plan (refer to Table 4). An emergency overflow weir will be provided for events greater 
than the 100 year storm. 

The pond outlet structure will discharge to a level stone spreader outlet.  Pond outflows will enter a 
150 mm diameter perforated pipe located in a vegetated level stone trench.  This will allow flows to 
discharge over a wide flat area, and sheet flow to the wetland to the west.  This type of outlet structure 
will ensure that existing diffuse drainage patterns of the site are maintained, contribute to the cooling 
of stormwater by contact, and prevent erosion by slowing and spreading flow over a large area. 
Details of the pond outlet and level spreader outlet are shown on the preliminary engineering 
drawings. 

4.3 Extended Detention Erosion Control 
As required by the Subwatershed Report, the pond must detain the 100 year volume in excess of 
existing conditions and release this volume over a 48 hour period (for erosion control purposes).  This 
volume has been calculated as approximately 467 m3 (Table 6). 

Table 6 
Extended Detention Volumes 

Extended Detention Storage 

Pervious Impervious* Total 
Target (m3/ha) 25 150 -

Developing & External Area (ha) 2.450 2.704 5.154 
Volume (m3/ha) 61 406 -

Total (m3) 467 
* Based on average 52% imperviousness for areas 202, 203, and 205. 

Based on a minimum orifice opening size of 50mm, a release time of 35 hours can be achieved for a 
volume of approximately 468 m3. A release time of 48 hours will be achieved for a larger volume of 
approximately 750 m3. 

4.4 Water Quality Control 
The Subwatershed Report requires that a water quality facility be provided to control the first 25 mm of 
runoff if it is not infiltrated. Based on an Enhanced Protection Level for the downstream receiver 
recommended in the Subwatershed Report, water quality control must be provided to achieve 80 
percent Total Suspended Solids (TSS) removal efficiency for 90 percent of annual flows.  A treatment-
train approach will be provided for water quality control using an oil/grit separator (OGS) unit and 
additional polishing and extended detention within the dry pond facility to achieve the required 
Enhanced Protection Level. A wet facility was considered, however based on the relatively small 
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drainage area, low overall imperviousness, infiltration of roof and surface water, and the issue of 
thermal impacts (see below), it was not determined to be the preferred alternative. 

A Stormceptor OGS unit (STC 9000) will be installed at the inlet to the pond to provide water quality 
control for flows generated from the developing areas tributary to the SWM pond.  The total drainage 
area to this OGS is approximately 4.59 ha (areas 202 and 205, average 57 percent impervious).  
Based on output from the Stormceptor CD Sizing Program software, an STC 9000 unit will provide a 
TSS removal efficiency of 81 percent for 94 percent of annual flows generated by lands tributary to the 
unit (refer to Appendix C). This OGS sizing is conservative since is does not account for storage and 
infiltration in the lot soakway pits. 

The unit meets the Enhanced long-term suspended solids removal requirements (80 percent TSS 
removal efficiency for 90 percent of annual flows).  The unit should be inspected and cleaned regularly 
(typically once every 6 to 12 months) as per the manufacturer’s specifications.  Although the unit by 
itself meets an Enhanced Protection Level, the treatment-train approach will provide additional tertiary 
treatment of runoff before it is discharged off site (polishing, extended detention). 

CH2M Hill completed a chloride loading analysis for this development, based on the salting of all 0.5 
km of two lane Municipal roads in the subdivision.  The analysis is included in Hydrogeological 
Investigation.  Based on the results of the analysis, salting activities will not cause chloride levels in 
the groundwater to exceed the Regional Reasonable Use criteria, and will not cause any cumulative 
effects to chloride levels in groundwater.  Note that the calculations are based on the conservative 
assumption that the road will be completely salted during the entire winter season. 

4.5 Thermal Impacts 
Acceptable coldwater habitat temperatures typically range from 10°C to 18°C, depending on the 
species present (based on information from MNR).  Monastery Creek has been identified as a 
potential coldwater stream.  The City of Waterloo provided system-monitoring data for Monastery 
Creek for the closest sampling station at the Wilmot Line, which is located upstream of the proposed 
development.  Temperature monitoring of Monastery Creek immediately downstream of Wideman 
Road has been ongoing since 2005, and results are provided in Appendix D. These data were 
considered more appropriate for this analysis, and were used for the proposed development to 
characterize potential temperature impacts on the creek as a result of stormwater discharge.  Based 
on the results of the monitoring from 2005 to 2008, summer temperatures in Monastery Creek ranged 
from 16 ºC to 25 ºC (refer to Table D1 in Appendix D). Equation H.3 from MOE (2003) was used to 
calculate the average urban runoff temperature.  Based on this methodology, the maximum 
stormwater temperature that could be expected to discharge from the pond would be approximately 
24°C (refer to Table D2 in Appendix D for calculations). 

In order to mitigate the thermal impacts on Monastery Creek, the following cooling features will be 
used (as outlined in MOE 2003): 

A. Infiltration 

The first 25mm of runoff from rooftop areas and paved road areas will be infiltrated.  The first flush of 
runoff from these main sources of heated stormwater will therefore not enter the stormwater 
management pond and will not discharge to Monastery Creek as surface flow.  This will eliminate the 
primary source of heated water. 
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B. Pond Configuration 

The pond will be designed as a dry facility to avoid large open areas of water.  Additionally, vegetated 
low-flow channels can be incorporated into the pond bottom to enhance contact cooling.  The pond 
length to width ratio is approximately 4:1, which will provide a long, shaded flow path. 

C. Riparian Planting Strategy 

Planting in flood fringe zone and adjacent to the low flow channels will help to shade the pond and 
minimize temperature increases during periods or inundation. The planting strategy can incorporate 
designs that shade pond areas when the vegetation reaches maturity, such as large shrubs or trees 
on the upper pond slopes. 

D. Contact Cooling 

Runoff from the development will be cooled via contact with underground structures such as storm 
sewer pipe, stone trenches, and stone level outlet spreader.  By routing discharge from the pond 
through a trench filled with clear stone, heat is transferred to the stone.  The length of the trench can 
be maximized to increase the opportunity for heat transfer.  The spreader will be shaded by plantings 
to prevent solar heating of the stone.  Sheet flow will then travel over approximately 30 m to 100 m of 
shaded and well vegetated ground surface, where mixing with seeping groundwater will occur within 
the wetland area to the west of the development. 

The peak flow from the pond during the 25mm event is 5 L/s.  The depth of this flow rate over the 
length of the stone spreader would be less than one centimetre.  As noted above, this relatively low 
flow rate will trickle through vegetation and mix and groundwater over a large area.  It is expected that 
the runoff will attain the temperature of the ground and the groundwater, which is typically well below 
15 °C. 

In summary, no increase in temperature in Monastery Creek is expected as a result of stormwater 
runoff. A variety of techniques, including infiltration of first flush heated runoff, contact cooling with 
stone and vegetated ground surface, mixing with seeping groundwater, and riparian shading will be 
used to cool runoff prior to discharge from the site.  Therefore, the thermal impacts from the site on 
Monastery Creek can be mitigated using these techniques.   

Measurement of pond outflow temperature should form part of the During-Construction and Post-
Construction Monitoring Programs as outlined below.  Additional modelling and/or calculations and 
analysis will be provided at the detailed design stage to ensure that all targets will be met. 

4.6 Stormwater Management Facilities 
The stormwater management pond will conform to the aesthetic standards established for the City of 
Waterloo and by MOE (2003).  The maximum water level fluctuation for the 100 year storm is less 
than 1.8m and the slopes are moderate (5:1 within the active storage area and 3:1 on average outside 
this area).  A minimum freeboard of 0.30 m has been provided from the maximum ponding elevation 
and the top of the pond.  A maintenance access route (4.0m wide) is provided to the inlet and outlet 
locations and this pathway could potentially accommodate a portion of the trail system linking to the 
City and Regional trails within the ESPA.  The pond will outlet to a spreader outlet overlain by a 
vegetation to provide cooling of runoff and prevent erosion.  A detailed Landscape Plan complying 
with MOE (2003) and City of Waterloo guidelines will be submitted at the final design stage.  The OGS 
unit will be installed at the maintenance roadway allowing for maintenance access. 

The preliminary design of the stormwater management pond and outlet details are shown on the 
preliminary engineering drawings.  The facility combines the water quantity and erosion components 
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of the pond into a single cell.  The pond is designed as a dry facility with a total active storage of 
approximately 3,546 m3. All development will remain outside of the Regulatory floodline. 

The pond will be situated to be above the high annual groundwater elevation, ensuring that existing 
groundwater flow will not be impeded.  As a result, the pond will remain dry except during rainfall 
events. The Hydrogeologic and Geotechnical Investigation provides information on the construction of 
the pond, including the stability of the berms. 

4.7 Water Balance and Infiltration 
The Subwatershed Management Plan requires that existing infiltration rates be maintained under 
proposed conditions.  Based on Table B3.3 (page B-30) from the Subwatershed Report, the total 
annual infiltration in the White Tail Crossing area is calculated as 228 mm/year.  Calculations are 
based on a total developing drainage area of 5.844 ha (areas 301, 302, and 303 on Figure 4). 

The development has been divided into a south area (area 301 and 302) and north area (area 303).  
As noted above, infiltration in the north portion of the site is directed as shallow interflow toward the 
wetland to the west.  In the south area, a strong downward hydraulic gradient provides infiltration to 
depth. 

South Area 

In order to meet the infiltration target, the first 25 mm of runoff from all rooftop areas (considered clean 
water) will be infiltrated immediately without entering the storm sewer system.  Additionally, the first 
25mm of runoff from paved road areas will be treated and infiltrated.  This will provide infiltration to 
depth. Infiltration facility details are provided on the preliminary engineering drawings. 

Rooftop infiltration facilities will be located at the front of each residential lot, allowing for maintenance 
access by City forces.  The soils in the south portion of the site are suitable for infiltration as will be the 
fill material moved for the north portion of the development to construct the stormwater management 
pond). Roof leaders and foundation drains will connect directly to a perforated pipe, which will be 
located in a stone-filled trench (no pre-treatment required). These systems will be similar to a 
residential storm sewer connection except the end will consist of a perforated pipe surrounded by 40 
mm diameter clear stone.  There will also be a by-pass directly to the storm sewer for occasions when 
the trench is full to allow the foundation flows to drain to the storm sewer. 

In all cases the trenches will be sized with capacity to store the first 25 mm of runoff from all roof 
areas. Current studies estimate that infiltration of 25 mm of roof runoff will provide 725 mm of 
infiltration per year.  The storage volume required in these trenches depends on the size of the lot.  
Table E1 and E2 in Appendix E indicate the roof area and trench dimensions for each of the 43 lots, 
and trench details are provided on the preliminary engineering drawings.  Lots 1 through 28 will be 
required to direct all roof runoff to a soakaway pit, which will be installed when the storm connection is 
extended to the lot line. Based on grading constraints, only the front portion of the rooftops for lots 29 
through 43 will be directed to a soakaway pit.  During construction, the base material of the pit will be 
recorded for use during the monitoring programs.  A factor of safety of 1.25 has been incorporated into 
the calculations as per the Subwatershed Report. 

A larger infiltration trench will be provided in the south end of the stormwater management pond block 
to provide infiltration of road water.  The trench will be comprised of a modular basket system (refer to 
preliminary engineering drawings for detail) and sized to contain the first 25 mm of paved roadway 
runoff, which will be treated to an Enhanced Protection Level first using the OGS unit outlined above.  
A valve will be provided at the inlet of the trench so that it can be brought off-line during the winter 
salting season.  Road trench sizing calculations are provided in Table E3 in Appendix E. A factor of 
safety of 1.67 has been incorporated into the calculations as per the Subwatershed Report. 
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Pervious areas under proposed conditions will continue to infiltrate at 75 percent of existing rates (171 
mm/year) to account for soil compaction during construction. 

Calculations in Table E5 in Appendix E indicate that existing infiltration to depth will be maintained 
under proposed conditions. 

North Area 

The primary function of the north area is to continue to provide seepage toward the wetland to the 
west.  The Hydrogeological Investigation indicates that 7,750 m3 of groundwater flux toward the 
wetland occurs on an annual basis.  The stormwater management pond will be constructed above 
existing ground and will remain above the groundwater table by at least 0.50 m. The stormwater 
management pond block is primarily pervious area, which will allow for continued passive infiltration, 
and will not impede the existing shallow groundwater flow toward the wetland.  Additionally, the stone 
spreader outlet from the pond will also provide clean, cool flow toward the wetland.  Therefore flow 
toward the wetland will be maintained as shallow groundwater flow, and enhanced as treated runoff 
from the pond. 

Water Balance Targets 

Based on information from the Subwatershed Report, the infiltration target (existing conditions) for this 
area is 228 mm/year.  Infiltration to depth will exceed existing conditions levels, as will seepage toward 
the wetland to the west.  The water balance for the Draft Plan area is summarized as follows: 

Table 6 
Water Balance Summary 

Parameter 
Existing 

Conditions 
(m3/year) 

Proposed 
Conditions 
(m3/year) 

Infiltration 13,324 16,263 

Runoff 7,130 12,739 

Evapotranspiration 32,142 23,595 

Total 52,596 52,596 

Water balance calculations for the south area only (infiltration to depth) are provided on Table E5 in 
Appendix E. The overall water balance calculations summarized in Table 6 are provided in Table E6 
in Appendix E. 

As outlined in Section 5.2.2.4 of the Region of Waterloo ROPP, development adjacent to a Regional 
Environmentally Significant Discharge Area may be permitted if it can be demonstrated that no 
adverse impacts are likely to occur on significant natural features as a result of: 

a) 	 engineering solutions required to protect structures from the effects of groundwater discharge 
and/or high water tables; and 

b) 	 underground services located in the path of groundwater flows or in high water table areas which 
are required for the proposed development; and 

c) 	 site grading and drainage structures proposed to channel natural groundwater discharges. 
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The proposed design includes the placing of free-draining fill, and all servicing, servicing trenches, 
building foundations, and stormwater management facilities will remain above the groundwater.  The 
existing movement of groundwater will not be impeded as a result of the development, and proposed 
infiltration measures will ensure that adequate recharge is provided throughout the developing area.  
Therefore, no adverse impacts are likely to occur on natural features as a result of the development. 

Based on the Hydrogeologic and Geotechnical Investigation, native soils in the south part of the 
property have a strong downward hydraulic gradient, therefore rooftop runoff discharging to the lot-
level soakaway pits will not be intercepted by servicing trenches. 

The Memorandum from Dougan & Associates (December 2008) indicates that the increase in runoff 
from the pond under proposed conditions summarized in Table 6 would not alter the conditions within 
the wetland as it is already exposed to very active seepage.  

5. MAINTENANCE, MONITORING, AND RESPONSE PROGRAM 
The Subwatershed Report indicates that a Maintenance, Monitoring and Response (MMR) program is 
required for the during-development period.  The developer is responsible for maintenance monitoring 
and response activities until the end of the guarantee period. 

5.1 Pre-Development Monitoring 
Pre-Development Monitoring for the White Tail Crossing Subdivision was initiated in the fall of 2003 
and is ongoing.  Terms of Reference for the Monitoring were approved by the Review Agencies and 
are included in Appendix F. Pre-Development Monitoring for the White Tail Crossing development 
includes surface water and groundwater monitoring, as well as a terrestrial monitoring component.  
Results of this monitoring are submitted to the City once per year at the end of the monitoring season.   

5.2 During-Development and Post-Construction Monitoring  
The Guarantee Period Monitoring component (During-Construction Monitoring and Post-Construction 
Monitoring) of the MMR Program will begin when the first stage of construction commences and will 
continue until the end of the two-year guarantee period when the City assumes the road works and 
stormwater management facilities.  This monitoring will consist of the inspections of the specific 
stormwater management facilities.  The Pre-Development Monitoring will continue until the end of the 
guarantee period for the development.  Details of the Guarantee Period Monitoring are outlined as 
follows. 

Water quality testing for total suspended solids, temperature, dissolved oxygen, and bacteria will be 
conducted on effluent from the pond.  The Laurel Creek Watershed Study requires event-mean 
concentration with flow proportional sampling, and monitoring reports will be submitted to the City 
once per year at the end of the monitoring season.  Event-mean sampling will be conducted during the 
Post-Construction period only.  The target concentration from the stormwater management pond is 25 
mg/L. The event mean concentration of total suspended solids will be measured with flow proportional 
sampling while the other parameters will have a single sample taken at the inlet and outlet.  The 
following protocol will be used for sampling: 

•	 Suspended solid and flow samples will be taken (at the pond outlet) and recorded at several 
(usually 5 to 6) points over the entire period of pond discharge; and 

•	 The total suspended solids discharged are then divided by the total volume of water 

discharged to obtain the event mean concentration. 
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It is important to provide a response program if the targets for the stormwater management are not 
being met on a consistent basis.  The initial response to the identification of any problem (by 
inspections, monitoring, etc.) is to have the engineer conduct a detailed investigation of the problem 
area immediately to determine the source of the problem.  Once the source has been discovered, a 
brief report should be submitted to the City outlining the problem, the methodology and results of the 
detailed investigation and the proposed method of resolving the problem.  The City can then approve 
the proposed solution or suggest that another alternative be evaluated.   

Table 7 provides an overview of the inspection and monitoring requirements:   

Table 7 
Inspection Summary 

Facility Task During Construction Subsequent Years 

Frequency Comments Frequency Comments 
Stormwater 
Management 
Pond 

Regular 
Inspection 

After storm 
events (about 
4/yr) 

General 
inspection of 
facility, single 
samples 

Once per year General 
inspection of 
facility, event-
mean samples 

OGS Unit Sediment Depth 
Oil Accumulation 

Twice/year Measure and 
clean as needed 

Once/year Measure and 
clean as needed 

Infiltration 
Gallery 

Regular 
Inspection 

Twice/year Measure after 
storm and again 
3 days later 

Once/year Measure after 
storm and again 
3 days later 

Valve Operation Once/year Open valve in 
spring, close in 
fall 

Once/year Open valve in 
spring, close in 
fall 

Lot Level 
Soakaway Pits 

Regular 
Inspection all 
lots 

Twice/year Measure after 
storm and again 
3 days later 

Once/year Measure after 
storm and again 
3 days later 

Maintenance is critical for all stormwater management facilities to ensure continued operation and 
efficiency.  The maintenance requirements for the stormwater management facilities are based on 
information provided in MOE 2003 and the Subwatershed Study.  

Stormwater Management Pond   

Maintenance requirements for the pond will have several components:   

•	 Regular inspections:  The pond should be inspected on a regular basis to ensure that it is 
operating as intended.  During the first year, the pond should be inspected after each 
significant runoff event (i.e., about 4 times per year).  During subsequent years, the pond 
should be inspected on an annual basis.  The following items should be noted during the 
inspections: 

o	 Any noticeable damage to the pond structures (e.g., headwalls, trails, outlet 
structures, spreader outlet, maintenance access routes, etc.); 

o	 The condition of the vegetation in and around the pond; 
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o	 If there is an oily sheen on the water, or if the water is frothy or is there any other 
indication of a spill; and 

o	 The pond is draining down over 48 hours. 

o	 If any of these checks uncovers unusual results, then response actions are required 
as outlined below.   

o	 Vegetation replanting:  If the regular inspections reveal that the vegetation 
surrounding the pond is dead or dying, then it should be replaced with new material.   

o	 Trash removal:  During the regular inspections, any trash in or around the facility 
should be collected and disposed of in an appropriate location.   

Infiltration Facilities 

Maintenance requirements for the infiltration facilities will include:   

•	 Regular inspections of infiltration galleries:  Inspection of the infiltration gallery located in the 
stormwater management block should include measuring the depth of water in the facility 
immediately after a significant rainfall event (greater than 15 mm) and again one to three days 
later. These inspections should take place about three to four times per year during 
construction, and once annually thereafter.  If inspections regularly show that the facility does 
not drain properly, then remediation action will be required.  A site visit will be required in the 
fall to close the valve to shut down the operation of the gallery during the winter months to 
prevent infiltration of salt from the roads.  A visit is required in the spring to open the valve 
once road salting operations have ceased for the season.   

•	 Sediment removal: Over time, the inspections/testing of these facilities may show a decline in 
the rate of infiltration due to clogging of the stone trench.  Once the infiltration rate has 
declined so that the facility does not drain in four days, the facility should be removed and 
replaced.   

•	 Regular inspections of lot level soakaway pits:  Inspections of the lot level soakaway pits will 
also be required. All 43 facilities should be inspected annually.  Annual inspections consist of 
measuring the depth of water in the facility immediately after a significant rainfall event and 
then again one to three days later.  These inspections should take place about two to four 
times per year during construction, and once annually thereafter.   

OGS Unit (Stormceptor) 

Maintenance of the oil/grit separator (Stormceptor unit) is based on recommendations from the 
manufacturer and include: 

•	 Regular inspections:  Annual inspections should be carried out to determine if maintenance 
(clean out) is required based on the amount of sediment, which has accumulated in the unit.  
It is recommended that this inspection occur when the valve for the infiltration gallery is closed 
for the year. Clean out can then be completed before the next operating season.  

•	 Stormceptor Cleaning:  Clean out of the unit is conducted with standard vacuum pumping 
equipment (the same as that used for catch basin clean out).   
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The Terms of Reference for During-Development and Post-Construction Monitoring will be finalized at 
detail design.  Exact monitoring locations and frequencies will be established based on discussions 
with the City, Region, and GRCA. 

6. EROSION AND SEDIMENT CONTROL 
The GRCA has established guidelines, based on the Ministry of Natural Resources (MNR) Guidelines 
on Erosion and Sediment Control for Urban Construction Sites (1987), to determine erosion potential 
for a site. The erosion potential is based on slope gradient and length, and soil type. 

Since the downstream watercourse is classified as potential coldwater fish habitat, and is located 
within a Provincially Significant Wetland, special attention must be taken to prevent migration of 
sediment from the developing area during construction.  The erosion and sediment control measures 
for the subject lands will be provided in detail during the detailed engineering design, and will include 
(as a minimum) the following items: 

•	 Silt fence and temporary check dams (straw bales and/or rock) are to be erected before any 
grading or stripping begins on the site to protect adjacent areas from migration of sediment in 
overland flow. 

•	 A “mud mat” will be installed at the construction entrance(s) to the site to minimize the amount 
of sediment transported off the site on construction vehicles tires; 

•	 The stormwater management pond will be excavated in the first stages of grading, and will 
function as a temporary sediment control pond until grading and servicing are completed; 

•	 Any temporary sedimentation areas required for intermediate stages of construction will be 
provided on the Final Erosion and Sediment Control Plan; 

•	 All disturbed areas will be stabilized as quickly as possible to minimize the opportunity for 
erosion.  Any graded area not scheduled for construction within 30 days should be stabilized 
as per OPSS 572; 

•	 Inspections will be completed weekly or after an event greater than 13 mm as outlined in the 
Subwatershed Management Plan, and submitted monthly to the City and the GRCA; 

•	 The OGS unit will be inspected and cleaned on a regular basis during the construction period; 

•	 Slopes greater than 5:1 must be stabilized using suitable geotextile material and seeded or 
sodded as soon as possible; 

•	 During construction, slopes must be maintained with a dense cover of grass; and 

•	 Regular monitoring inspection and reports will be completed and submitted to the City. 

Preliminary details for erosion and sedimentation control have been provided on the preliminary 
engineering drawings. 

7. CONCLUSIONS AND RECOMMENDATIONS 
This Report demonstrates that the proposed conditions for the White Tail Crossing development 
satisfy the requirements for stormwater management established in the Subwatershed Report, EIS, 
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PRELIMINARY WATER QUANTITY CALCULATIONS 
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PRELIMINARY SWMHYMO MODEL INPUT AND OUTPUT 
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APPENDIX C 


PRELIMINARY WATER QUALITY CALCULATIONS 
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APPENDIX D 


PRELIMINARY THERMAL CALCULATIONS 
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PRELIMINARY WATER BALANCE & INFILTRATION CALCULATIONS 
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APPENDIX F 


PRE-DEVELOPMENT MONITORING TERMS OF REFERENCE 
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