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1.0 INTRODUCTION 

In support of the Zoning By-law Amendment Application, GM BluePlan Engineering Limited (GMBP) provides 
this report that documents the proposed stormwater management design and servicing for the proposed multi-
storey high density residential development at 1166-1204 Gordon Street in the City of Guelph (City).  

  

The Owner is required to have a Professional Engineer design a stormwater management system and have the 
said Engineer supervise and certify that the stormwater management system is installed in accordance with the 
approvals given under Section 41 of the Planning Act. 

 

This report and stormwater management design is based on the following information:  

• Topographic survey, by Van Harten Surveying Inc., File No. 27080-19, dated February 18, 2021 

• 1166-1204 Gordon Street Residential Development, Site Plan and Project Statistics, by Broadview 
Architect, Revision No. 3 “ZBA/OPA”, dated TBD and received on March 24, 2023 

• Hydrogeological Study for Residential Development at 1166, 1170, 1182, 1190, 1200 and 1204 Gordon 
Street, Guelph, by GM BluePlan Engineering Limited, dated April 2023 

• The existing and proposed site details are shown on the GM BluePlan Engineering Plans. 

 

Aside from documents generated by GMBP, GM BluePlan Engineering Limited accepts no responsibility for the 
accuracy or completeness of the information supplied.  

2.0 SITE INFORMATION 

The 1.12-hectare subject property is located at 1166-1204 Gordon Street in the City of Guelph. The subject 
property is generally rectangular, with approximately 171 m of frontage along Gordon Street to the south and 
approximately 65 m deep, with the opposing side fronting onto Landsdown Drive to the north. The site is further 
bordered by 1210 Gordon Street to the east and 1160 Gordon Street to the west.  

 

The 1166-1204 Gordon Street properties currently contain detached single-family dwellings, asphalt driveways 
and garages. The overall site topography slopes from the north to the south. Existing runoff sheet flows 
uncontrolled to Gordon Street storm system. 
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3.0 GEOLOGY 

The site is located in the physiographic region known as the “Guelph Drumlin Field”, which is centred in the City 
of Guelph1. The local soils in this area consist of stony tills and deep gravel terraces typical of drumlins and melt 
water spillways2. Refer to the Hydrogeological Study for more detailed subsurface information. 

4.0 PROPOSED DEVELOPMENT 

The proposed development includes two apartment buildings with six (6) residential floors and one below grade 
parking level. Additionally, four (4) 3-storey townhouse blocks are proposed along Landsdown Drive. 

 

The City of Guelph provided the following drawings for information: 

• Dwg No. 2D-102 – Gordon Street Reconstruction – Gordon Street Proposed Works – Station 4+380 to 
Station 4+525, As Recorded, by AECOM, dated December 2002.  

• Dwg No. 2D-103 – Gordon Street Reconstruction – Gordon Street Proposed Works – Station 4+525  to 
Station 4+690, As Recorded, by AECOM, dated December 2002.  

• Dwg No. 2D-104 – Gordon Street Reconstruction - Gordon Street Proposed Works – Station 4+690  to 
Station 4+855, As Recorded, by AECOM, dated December 2002.  

• Dwg No. G-059 – Gordon Street Reconstruction – Gordon Street Proposed Works – Station 4+240 to 
Landsdown Drive, As Recorded, by the City of Guelph, dated January 1987.  

• Dwg No. G-059B – Gordon Street Reconstruction – Gordon Street Proposed Works – Station 1+680 to 
Station 1+880, As Recorded, by IBI, dated May 2004.  

• Dwg No. I-319 – Landsdown Drive Reconstruction – Station 1+110 to Station 1+260, As Recorded, by 
the City of Guelph, dated October 2009.  

4.1 Storm Sewers 

Based on record drawings I-319 and G-059 referenced in Section 4.0, there is a 300mm diameter storm sewer 
along east curb line of Landsdown Drive, starting to the south of the site and continuing to the north, eventually 
connecting to the 450mm diameter storm sewer on Gordon Street. This Gordon Street storm sewer flows north 
away from the site. 

 

It is proposed that all runoff from the two apartment building roofs is to be conveyed through a clean water 
collector to a proposed Brentwood Module 25 Series infiltration gallery at the northeast end of the site. Overflow 
from the Brentwood infiltration system will be routed to an impermeable stormwater tank at the northwest end of 
the site that outlets to the Landsdown Drive storm sewer through a 300mm diameter pipe. The roadway through 
the site, other paved surfaces, and the rear roofs and rear yards of townhouses are proposed to be connected 
to the impermeable stormwater tank and bypass the infiltration gallery. The front half of the townhouse roofs and 
front yards of townhouses will runoff uncontrolled to Landsdown Drive. The western area wrapping around the 
apartment buildings will flow uncontrolled west towards Gordon Street. 

 

Based on record drawings 2D-103 referenced in Section 4.0, there is also a 300mm diameter storm sewer along 
west curb line of Gordon Street, starting in front of 1182 Gordon Street, and continuing south along Gordon 
Street. Currently, we do not propose any connections to this sewer. 

 

 
1 Chapman, L.J. and Putnam, D.F. 1985. Physiography of Southern Ontario – 3rd Edition. Ontario Geological Survey. 
Special Volume 2. 
2 Chapman, L.J. and Putnam, D.F. 1985. Physiography of Southern Ontario – 3rd Edition. Ontario Geological Survey. 
Special Volume 2. 
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4.2 Sanitary Sewers 

Based on record drawing I-319 noted in Section 4.0, there is an existing 200mm diameter sanitary sewer under 
Landsdown Drive. The apartment buildings portion of the site is proposed to be serviced by a 200mm diameter 
pipe that will connect to the Landsdown Drive system at the northeast end of the site. 

 

The 21 townhouse units are proposed to connect directly to the Landsdown Drive sanitary sewer through 
individual 100mm diameter services. 

 

Based on record drawings 2D-103 referenced in Section 4.0, there is also a 200mm diameter sanitary sewer 
along the east curb line of Gordon Street. Currently, we do not propose any connections to this sewer. 

 

Per Section 5.6 of the City of Guelph Development Engineering Manual the following allowances for sanitary 
flow should be used: 

• 2.5 L/s/ha for Schools and Townhomes 

• 7 L/s/ha for High Density Apartments  
 

Per Site Plan by Broadview Architect Inc., Issued for Pre-Consultation, dated “TBD”, received by GM BluePlan 
Engineering Limited on March 23, 2023: 

• Townhouse Area = 3,308 m2 

• Apartments = 7,884 m2 

• Total Site Area = 11,192 m2 

 

Table 1: Estimated Sanitary Discharge 

Land Usage Area (ha) L/s/ha Flow (m3/s)

Townhouses 0.3308 2.5 0.0008

High Density Aparments 0.7884 7 0.0055

Total 1.1192 0.0063  

 

Therefore, the estimated sanitary discharge to the 200mm diameter sanitary sewer on Landsdown Drive is 
0.0063 m3/s. 

4.3 Watermain 

Based on record drawing I-319 noted in Section 4.0, there is a 150mm diameter PVC DR-25 watermain beneath 
the southbound traffic lanes of Landsdown Drive. The apartment building portion of the site is proposed to be 
serviced by a 150mm diameter watermain connected to the existing 150mm diameter watermain on Landsdown 
Drive. 

 

The 21 townhouse units are proposed to connect directly to the Landsdown Drive watermain through individual 
25mm diameter services. 

 

Based on record drawings 2D-103 referenced in Section 4.0, there is also a 400mm diameter watermain along 
the west curb line of Gordon Street. Currently, we do not propose any connections to this watermain. 

 

Section B.2.2.2 Water Demand of the Region of Waterloo and Area Municipalities – Design Guidelines and 
Supplemental Specifications for Municipal Services dated January 2021 “…the specific usage rate is 225 L/c/d... 
For the City of Guelph, use the water demands as utilized in the City’s Hydraulic Water Model.” No water 
demands, peaking factors, etc., have been supplied by the City of Guelph. Therefore, 225 L/c/d has been utilized 
in the below calculation. 
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Proposed number of units: 

• 21 Townhouse Units 

• Apartment Building 1 – 61 Units 

• Apartment Building 2 – 61 Units 

• Total units = 143 units 

 

We have assumed 3.2 people per unit. 

 

Therefore, the Estimated Domestic Water Demand of (225 L/c/d) x (143 Units) x (3.2 people/unit) = 102,960 
L/day = 0.0012 m3/s is expected to be drawn from the 150mm diameter watermain on Landsdown Drive.  

 

The City of Guelph has advised that based on their modelling it was anticipated that expected watermain 
pressure at the development would be approximately 47 psi, which is below the preferred operating range of 50 
to 80 psi specified in the 2009 Master Plan. An internal booster pump system may be required to increase water 
pressure within the apartment tower section of the development. 

 

The Fire Underwriter Survey and Ontario Building Code methods were used to calculate fire flow demands for 
the subject site. See the table below for a summary of the calculations of fire flow demand and selection of the 
largest fire flow. See Appendix ‘A’ for detailed calculations. 

 

Table 2: Calculated Fire Flow Demands Using the  
Fire Underwriter Survey (FUS) and Ontario Building Code (OBC) Methods 

 Demand 

 FUS OBC 

Building (L/s) (L/s) 

Townhouse Block 1 117 75 

Townhouse Block 2 150 90 

Townhouse Block 3 100 45 

 

Table 2 above shows that Townhouse Block 2 demands the highest fire flow calculated using the Fire Underwriter 
Survey method. The largest fire flow demand on a per building basis is 150 L/s. Based on City of Guelph 
comments dated May 12, 2022, the hydrant H_1794 may provide 543 L/s of flow dedicated to fire flow, and 
hydrant H_517 may provide 105 L/s dedicated to fire flow. Therefore, the subject site fire flow demands may be 
accommodated by the fire hydrant H_1794. 

 

To reduce fire flow demand for the Townhouse Blocks, construction using limited-combustible or non-
combustible contents/building materials or the inclusion of a fire wall within the blocks may be considered. This 
would reduce the fire flow demand calculated by the Fire Underwriter Survey methods to below 100 L/s and 
allow hydrant H_517 to provide adequate supply. 
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5.0 STORMWATER MANAGEMENT 

5.1 Criteria 

The stormwater management criteria established by the City of Guelph, received by GMBP on October 4, 2021, 
are as follows: 

1. Control Post Development discharge from site to Pre-development rates for the 2 to 100-year Guelph 

Design Storms. 

2. Sites that do not have a positive outlet must be designed to provide storage on site for twice the 5-year 

design storm runoff volume. 

3. For commercial, institutional and high-density residential developments, excess runoff for the 2-year 

design storm is to be stored underground or on roof tops. 

4. Major storm flows are to be routed overland to the municipal stormwater drainage system. 

5. Excess runoff from the 5-year design storm may pond in parking areas of least anticipated use to a 

maximum depth of 0.3 metres. 

6. Clean runoff (roof water) should be directed to pervious areas for infiltration to encourage ground water 

recharge. 

7. Quality control facilities are required to remove suspended solids (oil and grit) from areas draining 

driveways and parking lots. 

8. The minimum acceptable water quality level for discharge to the municipal collection system is 70% 

TSS removal or an enhanced level 80% TSS removal - depending on the receiving water course.  

5.2 Modelling Parameters 

The City of Guelph mass rainfall data was used to model the full range of design storm events. The Chicago 
storm parameters and the total depth of rainfall for each storm are shown below in Table No. 2.  

 

Table 3: Chicago Storm Parameters 

 2 Year 5 Year 25 Year 100 Year 

a  = 743 1,593 3,158 4,688 

b  = 6 11 15 17 

c  = 0.799 0.879 0.936 0.962 

R  = 0.4 0.4 0.4 0.4 

td = 170 170 210 210 

Rainfall 
depth (mm) 

33.816 46.775 69.476 88.830 
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The Horton infiltration method was used in the MIDUSS model. The following parameters summarized in Table 
4 were used according to the City of Guelph Standards: 

 

Table 4: MIDUSS Horton Parameters 

 Impervious Areas Pervious Areas 

Manning’s ‘n’ 0.013 0.300 

Maximum Infiltration (mm/hr) 0.0 75.0 

Minimum Infiltration (mm/hr) 0.0 12.5 

Lag Constant (hr) 0.00 0.25 

Depression Storage (mm)  1.5 5.0 

5.3 Pre-Development Conditions  

For pre-development analysis purposes, the 1.12 hectare site was modelled as two drainage catchments. The 
pre-development drainage catchment is shown on Figure No. 2 and described below. The pre-development 
MIDUSS computer modeling is attached in Appendix ‘B’. 

 

Catchment 100 (0.80 hectares, 30% impervious) represents the west and south portions of the site including 
multiple family dwellings, garages, sheds and asphalt driveways. Runoff from Catchment 100 flows overland 
west towards Gordon Street. 

 

Catchment 101 (0.32 hectares, 30% impervious) represents the north and east portions of the site including 
multiple family dwellings, garages, sheds and asphalt driveways. Runoff from Catchment 101 flows overland 
east towards Landsdown Drive. 

 

A summary of the pre-development peak flow from the site for various design storm events are provided in Table 
5 below. 

Table 5: Pre-development Conditions – Peak Flow Rates From Site 

Catchment 2-Year 5-Year 25-Year 100-Year 

Catchment 100 – To R.O.W. on 
Gordon Street 

0.051 0.077 0.151 0.237 

Catchment 101 – To R.O.W. on 
Landsdown Drive 

0.023 0.034 0.076 0.122 

Total Flow from Site 0.074 0.112 0.227 0.349 
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5.4 Post-Development Conditions  

For post-development analysis purposes, the 1.12 hectare site was modelled as five (5) drainage catchments. 
The post-development drainage catchments are shown on Figure No. 3 and described below. The post-
development MIDUSS computer modeling is attached in Appendix ‘C’. 

 

Catchment 200 (0.24 hectares, 100% impervious) represents the apartment building’s rooftops. Stormwater 
runoff from Catchment 200 is proposed to be attenuated at a controlled rate by roof drains. Catchment 200 is 
modeled with six roof drains, complete with three weirs in each. The roof drains are proposed to discharge into 
the infiltration gallery underneath the north amenity area. Overflow form the infiltration gallery proceeds to the 
storm reservoir also under the north amenity area and ultimately discharges to the Landsdown Drive storm 
sewer. The stage storage discharge calculations for the infiltration system, roof discharge controls, and storm 
reservoir are presented in Appendix ‘C’. 

  

Catchment 201 (0.17 hectares, 85% impervious) represents the townhouse front yards and front half of roofs. 
Stormwater runoff from Catchment 200 is proposed to flow unattenuated to Landsdown Drive. 

 

Catchment 202 (0.17 hectares, 60% impervious) represents the townhouse rear yards and rear half of roofs. 
The runoff generated from this catchment is directed to rear yards and overflows into catch basins throughout 
the asphalt parking area and will enter the storm reservoir system and ultimately discharge to the Landsdown 
Drive storm sewer. 

 

Catchment 203 (0.4 hectares, 90% impervious) represents the proposed parking lot, driving isles, side walks 
and some vegetated surfaces between the townhouse blocks and apartment buildings. Runoff from this 
catchment will be directed to the catch basins throughout the asphalt area and will enter the storm system and  
discharge to the Landsdown Drive storm sewer.  

 

Catchment 204 (0.14 hectares, 20% impervious) represents the west side of the site, between the apartment 
buildings and the Gordon Street right-of-way. This area includes grassed areas and sidewalks. Under post-
development conditions, this area will sheetflow unattenuated overland towards the Gordon Street municipal 
right-of-way.  

5.5 Infiltration 

An infiltration gallery is proposed to be located under the north amenity area. This infiltration gallery is proposed 
to be a Stormtank Module 25 infiltration gallery and be 7 m long, 5 m wide, and have a depth of 0.3m. The 
proposed infiltration gallery will provide a base area of 35 m2 and approximately 9.9 m3 of stormwater storage. 

 

Insitu permeameter testing is proposed to be completed at one location once the site layout has general approval 
from the City of Guelph. The permeameter test should be completed at the gallery location. For the purposes of 
this report, as tests have not yet been completed, a hydraulic conductivity of 1x10-5 cm/sec has been assumed 
at the bottom of the proposed infiltration gallery. This is equal to an infiltration rate of approximately 30 mm/hr, 
which reduced by a Safety Correction Factor of 2.5 equates to 12 mm/hr Design Infiltration Rate.  

 

For the purposes of design and water balance calculations, a Design Infiltration Rate of 10 mm/hr has been 
utilized. 
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Table 6 below compares proposed grade of the infiltration gallery compared to interpreted seasonal high 
groundwater elevations.  

 

Table 6: Ground Water Table vs Underside of Infiltration Galleries 

Location 

Grade 
Elevation 

(m) 

Bottom of 
Infiltration 

Gallery 
Elevation 

(m) 

Ground Water 
Elevation 

(m) *1 

Infiltration Gallery 

(under North Amenity) 
343.60 342.38 341.75 

*1 Ground water levels are based on Figure 6 “Interpreted Groundwater Contour Plan” from the Hydrogeological 
Study report.  

 

To meet the City of Guelphs requirements, the underside of infiltration gallery should be 1.0m above seasonal 
ground water table elevations. However, based on constraints on piping from the underground parking garage 
to the infiltration gallery, we have been able to achieve 0.63m of separation. See Section A-A on Drawing SSP. 

5.6 Routing 

The hydrologic model MIDUSS was used to create the design storm runoff hydrographs and to route the 
hydrographs. The routing results for the proposed Infiltration Gallery 2, located under the northwest entrance, is 
summarized in Table 7 below.  

 

Table 7: Brentwood Infiltration Gallery - Stage-Storage-Discharge Capacity 

 

Available Capacity Actual Capacity Used 

Peak Flow 

m³/s 

Storage 
Volume 

m³ 

Storage 
Elevation 

m 

Peak Flow 

m³/s 

Storage 
Volume 

m³ 

Storage 
Elevation 

m 

Bottom of Gallery 1.00E-04 0.00 342.38 --- --- --- 

Top of Gallery/Start of 
Overflow to stormwater 
tank 

1.00E-04 10.2 343.68 --- --- --- 

2-Year Design Storm --- --- --- 0.008 12.00 342.79 

100-Year Design Storm --- --- --- 0.023 12.18 342.87 

Top of Grate CO.2 0.076 12.9 343.60 --- --- --- 

   

Peak flows in the above table for the design storm events are equivalent to the infiltration rate of the native soils 
except when overflowing to the storm reservoir. 
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Table 8 shows the stage-storage-discharge capacity at critical points in the storm reservoir located under the 
northwest entrance. The reservoir outlet is equipped with a 190 mm diameter orifice plate. 

Table 8: Storm Reservoir - Stage-Storage-Discharge Capacity 

 

Available Capacity Actual Capacity Used 

Peak Flow 

m³/s 

Storage 
Volume 

m³ 

Storage 
Elevation 

m 

Peak Flow 

m³/s 

Storage 
Volume 

m³ 

Storage 
Elevation 

m 

Bottom of Reservoir, 
Outlet Invert 

0.000 0.00 340.57 --- --- --- 

2-Year Design Storm --- --- --- 0.045 61.40 341.05 

5-Year Design Storm --- --- --- 0.060 81.89 341.21 

25-Year Design Storm --- --- --- 0.083 167.59 341.88 

100-Year Design Storm --- --- --- 0.100 223.97 342.31 

Top of Reservoir 0.099 234.76 342.40 --- --- --- 

Top of Grate DCB.1 0.108 241.64 342.72 --- --- --- 

Surface overflow to 
Landsdown Drive 

0.500 241.36 343.81 --- --- --- 

 

A summary of the post-development peak flows from the site for the 2-year to 100-year design storm events are 
provided in Table 9 below. 

 

Table 9: Proposed Peak Flow Rate from Site (m3/s) 

Catchment(s) 2-Year 5-year 25-Year 100-Year 

Catchment 200, 202, and 203 (Controlled) 

Catchment 201 (Uncontrolled) 

(to Landsdown Drive ) 

0.063 0.086 0.113 0.145 

Catchment 204 (Uncontrolled) 
(to Gordon Street R.O.W.) 

0.011 0.016 0.035 0.052 

Total Flow from Site 0.073 0.102 0.148 0.196 

 

A summary of the pre- and post-development peak flow rates from the site for the 2-year to 100-year design 
storm events are provided in Table 10 below. 
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Table 10: Pre- and Post-Development Conditions: Peak Flow Rates – All Storms 

 Peak Flow to Gordon 
Street Storm System 

(Site Totals) 

(m3/s)  

2 Year  

Pre-Development 0.074 

Post-Development 0.073 

5 Year  

Pre-Development 0.112 

Post-Development 0.102 

25 Year  

Pre-Development 0.227 

Post-Development 0.148 

100 Year  

Pre-Development 0.349 

Post-Development 0.196 

 

From Table 10 above, it can be observed that the proposed peak flow rate from the site, under the full range of 
design storm events, is estimated to be lower than or equal to the pre-development peak flow rate from site.  

 

Upon completion of the development, all design storm flows from rooftops will be directed to the low impact 
development (LID) infiltration gallery and flows from storm events at or greater than the 100-year will be directed 
to the Landsdown Drive right-of-way. 

5.7 Water Quality 

Enhanced water quality treatment (80% TSS removal) for runoff generated from the asphalt area (Catchment 
203) will be achieved by a treatment train approach routing runoff through a Stormceptor Model EFO4 oil/grit 
separator followed by an impermeable Brentwood system equipped with a Debris Row before exiting the site. 
Details of the oil/grit separator and Brentwood system have been included in Appendix ‘C’. 

6.0 WATER BUDGET 

The average annual precipitation for the area in which the study site is located is estimated to be about 916.3mm. 
This amount is based on precipitation data recorded at the Waterloo Wellington Airport meteorological station 
for the period from 1981 to 2010. The water balance has been calculated on a monthly basis based on the 
strategy provided in “Instructions and Tables for Computing Potential Evapotranspiration and the Water Balance” 
by Thornthwaite and Mather (dated 1957). 

 

The 1.12-ha development site is understood to have underlying gravel and sand soils, with an estimated 
infiltration rate of 20mm/hr. 
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The existing pre-development site discharges to the south of the property via overland sheet flow. The 1.12-ha 
site is 30% impervious, given building and driveway characteristics, which produces approximately 2,293 m3 of 
runoff annually. 

 

Under pre-development conditions, the site currently produces approximately 2,918 m3 of recharge volume 
annually. 

 

The post-development site is approximately 78% impervious. The increase in impervious area results in 
additional precipitation being available for recharge and runoff, as evapotranspiration is reduced. Under post-
development conditions the total annual natural recharge volume (through pervious surfaces) is 1,172 m3. 

 

An infiltration gallery has been designed to facilitate recharge and enhance recharge for the overall site. The 
gallery has been designed with 0.63 metre clearance from the seasonally high groundwater table. The infiltration 
gallery will add 1,552 m3 of recharge. The total post development potential total annual recharge volume is 2,724 
m3.  

 

Overall, the site development provides a decrease of 6.7% (194 m3) of annual recharge volume from existing to 
proposed conditions. This minor reduction in recharge volume is insignificant and within accuracy of such 
theoretical calculations. 

 

The results of the site water budget analysis, including the additional recharge provided by the infiltration gallery 
has been included in Appendix ‘D’. 

7.0 MAINTENANCE PLAN 

To ensure that the stormwater management system continues to function as designed and constructed, we 
recommend that the following inspections and maintenance activities be completed on an annual basis: 
 

1. Infiltration galleries will be kept “off-line” until construction is complete. They will not serve as a sediment 
control device during site construction. Sediment will be prevented from entering the infiltration facility 
using super silt fence, diversion berms or other means. 

2. We have specified clean outs at either end of the infiltration gallery to provide a means of inspecting and 
flushing them out as part of routine maintenance. 

3. Maintenance typically consists of cleaning out leaves, debris and accumulated sediment caught in 
sumps in catchbasins and manholes and inspection and cleanout of inlets and outlets annually or as 
needed. 

4. Inspection via observation in cleanouts will be performed to ensure the facility drains within the maximum 
acceptable length of time at least annually and following every major storm event (>25 mm). If the time 
required to fully drain exceeds 48 to 72 hours, they will be drained via pumping and clean out of the 
perforated distribution pipe. If slow drainage persists, the system may need removal and replacement of 
granular material and/or geotextile fabric. 

5. Regular inspections and cleanings of the Stormceptor Model EFO4 oil/grit separator and Brentwood 
Stormtank complete with Debris Row will be required as a part of the standard maintenance procedures 
carried out annually by the Owner.  
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8.0 SEDIMENT AND EROSION CONTROL PLAN 

Silt fence will be installed along the property boundary in all locations where runoff will discharge from the site to 
adjacent lands. The silt fence will serve to minimize the opportunity for water borne sediments to be washed on 
to the adjacent properties. Inspection and maintenance of all silt fencing will start after installation is complete. 
The silt fence will be inspected on a weekly basis during active construction or after a rainfall event of 13mm or 
greater. Maintenance will be carried out, within 48 hours, on any part of the silt fence found to need repair. 

 

Upon completion of the grading, any area not subject to active construction within 30 days will be topsoiled and 
hydroseeded as per OPSS 572. 

 

Once construction and landscaping has been substantially completed, the silt fence will be removed, any 
accumulated sediment will be removed, and the landscaping will be completed. Details of the proposed sediment 
and erosion control measures will be detailed on a drawing at the Site Plan Application stage of the project.  

9.0 CONCLUSIONS 

The 1166-1204 Gordon Street Stormwater Management and Functional Servicing report developed and clearly 
illustrated the following: 

 

1. The post-development release rate from the site to Gordon Street municipal storm system is 0.196 m3/s 
during the 100-year design storm event and is lower than pre-development release rate of 0.349 m3/s. 
Additionally, the post-development release rates for the 2-, 5-, and 25-year design storms are below or 
equal to the pre-development release rate and are summarized in Table 10.  

2. Quality control for the stormwater collected from the paved surfaces will be provided through a treatment 
train approach by routing overland flows through a Stormceptor EFO4 oil/grit separator and Brentwood 
Debris Row prior to discharge into the Landsdown Drive storm system. The proposed water quality 
control measures are anticipated to achieve above 80% TSS removal. 

3. The site will provide infiltration through the onsite infiltration gallery consisting of Brentwood Stormtank 
Module 25 or approved equivalent. The post-development annual recharge volume is below the pre-
development recharge volume by approximately 6.7%. 

4. Prior to construction, a silt fence will be installed along the property boundary in all locations where runoff 
will discharge from the site to adjacent lands.  This will minimize the transport of sediment off-site during 
the construction period. 

All of which is respectfully submitted. 

 

Yours truly, 

GM BLUEPLAN ENGINEERING LIMITED 

Per:  

 

 

  

 

Jack Turner, P.Eng. 
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Fire Load Calculations as per the Fire Underwriters Survey (FUS)

1166-1204 Gordon Street
GMBP File No.: 121139

Fire Flow Demand Calculation

Fire Flow Calculations - Three-Storey Townhouse Block 1

Reference:
Water Supply for Public Fire Protection
Part III Guide for Determination of Required Fire Flow
Fire Underwriters Survey, 1999

1. Initial Estimate of Required Fire Flow

Formula: F = 220 * C * SQRT (A)

F = the required fire flow in litres per minute
C  = coefficient related to the type of construction

= 1.5 for wood frame construction (structure essentially all combustible)
= 1.0 for ordinary construction (brick or other masonry walls, combustible floor and interior)
= 0.8 for non-combustible construction (unprotected metal structural components, masonry or metal walls)
= 0.6 for fire resistive construction (fully protected frame, floor, roof)

A = the total floor area in square metres (incl all storeys but not basements at least 50% below grade)
* for fire resistive buildings, consider the two (2) largest adjoining floors plus 50% of each of any floors immediately

above them up to eight (8), when the vertical openings are inadequately protected.  If the vertical openings and 
exterior vertical communications are properly protected (one hour rating), consider only the area of the largest
floor plus 25% of each of the two (2) immediately adjoining floors.

Fire flow shall not exceed 30,000 L/min unless it is a one storey building which must not exceed 25,000 L/min or be less than
2,000 L/min

Calculations for fire flow F:

A = 1,019 m2

C = 1.0 Ordinary Construction
F = 7,021 L/min = 117 L/s

2. Charge to Required Fire Flow Based on Contents of Building (Occupancy)

-25 % = reduction due to non-combustible contents
-15 % = reduction due to limited combustible contents
0 % = no charge due to combustible contents
15 % = surcharge due to free burning contents
25 % = surcharge due to rapid burning contents

* Fire flow determined cannot be less than 2,000 L/min

Calculation of Occupancy Surcharge or Reduction (OSR)

OSR = 0 %

Calculations of revised fire flow F:

F = 7,021 L/min = 117 L/s

3. Charge to Required Fire Flow Based on Presence of Automatic Sprinkler Protection

0 % = no reduction due to absence of automatic sprinkler system
-25 % = reduction without proper system supervision including water flow and control valve alarm service
-50 % = reduction with proper system supervision including water flow and control valve alarm service

Calculation of Fire Flow Reduction Due to Presence of Automatic Sprinkler (AS)

AS = -25 % (Sprinkler system installed)

Reduction in Fire Flow (RF):

RF = -1,755 L/min = -29 L/s



Fire Load Calculations as per the Fire Underwriters Survey (FUS)

4. Charge to Required Fire Flow Based on Proximity to Other Buildings 
Townhouse Block 2 is within 3.5m.
Apartment Buildings are approximately 26m away.
The charge for any one side generally should not exceed the following limits for the separations shown

Separation Charge Building Separation
0 to 3 m 25 to 20 % Wall Distance
3 to 10 m 20 to 15 % Left 45
10 to 20 m 15 to 10 % Right 3.5
20 to 30 m 10 to 5 % Front 45
30 to 45 m 5 to 0 % Back 26

Normally any unpierced party wall/firewall  considered to form a boundary when determining floor areas may warrant up to 
a 10 % exposure charge.

Calculation of Fire Flow Increase Due to Proximity to Other Buildings (PB)

PB = PL+PR+PF+PRR

where,

PL = proximity charge for left side of building = 0.0 %
PR = proximity charge for right side of building = 19.2 %
PF = proximity charge for front of building = 0.0 %

PRR = proximity charge for rear of building = 7.0 %

PB = 26 %

Increase in Fire Flow (IF):

IF = 1,837 L/min = 31 L/s

5. Final Fire Flow (F) Required

F = F (From Section 2.0) - RF (From Section 3) + IF (From Section 4)

= 7,021  L/min - 1,755  L/min + 1,837 L/min
Dia.

= 7,103 L/min = 118 L/s 250 mm dia.
velocity 2.38 m/s

= 7,000 L/min = 117 L/s
rounded to nearest thousand per FUS Outline of Procedure 

= 1,849 Gal /min

6. Additional Check List

Wood Frame Structures Separated By Less Than 3.0 m Are Considered One Structure
Wood or Shake Roofs That Could Contribute to Spreading of Fire Should have 2000-4000 L/min of Fire Flow Added

NOTES: Assumed that there are no fire walls separating floors or units 



Fire Load Calculations as per the Fire Underwriters Survey (FUS)

1166-1204 Gordon Street
GMBP File No.: 121139

Fire Flow Demand Calculation

Fire Flow Calculations - Three-Storey Townhouse Block 2

Reference:
Water Supply for Public Fire Protection
Part III Guide for Determination of Required Fire Flow
Fire Underwriters Survey, 1999

1. Initial Estimate of Required Fire Flow

Formula: F = 220 * C * SQRT (A)

F = the required fire flow in litres per minute
C  = coefficient related to the type of construction

= 1.5 for wood frame construction (structure essentially all combustible)
= 1.0 for ordinary construction (brick or other masonry walls, combustible floor and interior)
= 0.8 for non-combustible construction (unprotected metal structural components, masonry or metal walls)
= 0.6 for fire resistive construction (fully protected frame, floor, roof)

A = the total floor area in square metres (incl all storeys but not basements at least 50% below grade)
* for fire resistive buildings, consider the two (2) largest adjoining floors plus 50% of each of any floors immediately

above them up to eight (8), when the vertical openings are inadequately protected.  If the vertical openings and 
exterior vertical communications are properly protected (one hour rating), consider only the area of the largest
floor plus 25% of each of the two (2) immediately adjoining floors.

Fire flow shall not exceed 30,000 L/min unless it is a one storey building which must not exceed 25,000 L/min or be less than
2,000 L/min

Calculations for fire flow F:

A = 1,164 m2

C = 1.0 Ordinary Construction
F = 7,506 L/min = 125 L/s

2. Charge to Required Fire Flow Based on Contents of Building (Occupancy)

-25 % = reduction due to non-combustible contents
-15 % = reduction due to limited combustible contents
0 % = no charge due to combustible contents
15 % = surcharge due to free burning contents
25 % = surcharge due to rapid burning contents

* Fire flow determined cannot be less than 2,000 L/min

Calculation of Occupancy Surcharge or Reduction (OSR)

OSR = 0 %

Calculations of revised fire flow F:

F = 7,506 L/min = 125 L/s

3. Charge to Required Fire Flow Based on Presence of Automatic Sprinkler Protection

0 % = no reduction due to absence of automatic sprinkler system
-25 % = reduction without proper system supervision including water flow and control valve alarm service
-50 % = reduction with proper system supervision including water flow and control valve alarm service

Calculation of Fire Flow Reduction Due to Presence of Automatic Sprinkler (AS)

AS = -25 % (Sprinkler system installed)

Reduction in Fire Flow (RF):

RF = -1,876 L/min = -31 L/s



Fire Load Calculations as per the Fire Underwriters Survey (FUS)

4. Charge to Required Fire Flow Based on Proximity to Other Buildings 
Townhouse Block 1 is within 3.5m. Townhouse Block 3 is within 10m.
Apartment Buildings are approximately 26m away.
The charge for any one side generally should not exceed the following limits for the separations shown

Separation Charge Building Separation
0 to 3 m 25 to 20 % Wall Distance
3 to 10 m 20 to 15 % Left 3.5
10 to 20 m 15 to 10 % Right 10
20 to 30 m 10 to 5 % Front 45
30 to 45 m 5 to 0 % Back 26

Normally any unpierced party wall/firewall  considered to form a boundary when determining floor areas may warrant up to 
a 10 % exposure charge.

Calculation of Fire Flow Increase Due to Proximity to Other Buildings (PB)

PB = PL+PR+PF+PRR

where,

PL = proximity charge for left side of building = 19.2 %
PR = proximity charge for right side of building = 15.0 %
PF = proximity charge for front of building = 0.0 %

PRR = proximity charge for rear of building = 7.0 %

PB = 41 %

Increase in Fire Flow (IF):

IF = 3,090 L/min = 51 L/s

5. Final Fire Flow (F) Required

F = F (From Section 2.0) - RF (From Section 3) + IF (From Section 4)

= 7,506  L/min - 1,876  L/min + 3,090 L/min
Dia.

= 8,719 L/min = 145 L/s 250 mm dia.
velocity 3.06 m/s

= 9,000 L/min = 150 L/s
rounded to nearest thousand per FUS Outline of Procedure 

= 2,378 Gal /min

6. Additional Check List

Wood Frame Structures Separated By Less Than 3.0 m Are Considered One Structure
Wood or Shake Roofs That Could Contribute to Spreading of Fire Should have 2000-4000 L/min of Fire Flow Added

NOTES: Assumed that there are no fire walls separating floors or units 



Fire Load Calculations as per the Fire Underwriters Survey (FUS)

1166-1204 Gordon Street
GMBP File No.: 121139

Fire Flow Demand Calculation

Fire Flow Calculations - Three-Storey Townhouse Block 3

Reference:
Water Supply for Public Fire Protection
Part III Guide for Determination of Required Fire Flow
Fire Underwriters Survey, 1999

1. Initial Estimate of Required Fire Flow

Formula: F = 220 * C * SQRT (A)

F = the required fire flow in litres per minute
C  = coefficient related to the type of construction

= 1.5 for wood frame construction (structure essentially all combustible)
= 1.0 for ordinary construction (brick or other masonry walls, combustible floor and interior)
= 0.8 for non-combustible construction (unprotected metal structural components, masonry or metal walls)
= 0.6 for fire resistive construction (fully protected frame, floor, roof)

A = the total floor area in square metres (incl all storeys but not basements at least 50% below grade)
* for fire resistive buildings, consider the two (2) largest adjoining floors plus 50% of each of any floors immediately

above them up to eight (8), when the vertical openings are inadequately protected.  If the vertical openings and 
exterior vertical communications are properly protected (one hour rating), consider only the area of the largest
floor plus 25% of each of the two (2) immediately adjoining floors.

Fire flow shall not exceed 30,000 L/min unless it is a one storey building which must not exceed 25,000 L/min or be less than
2,000 L/min

Calculations for fire flow F:

A = 873 m2

C = 1.0 Ordinary Construction
F = 6,500 L/min = 108 L/s

2. Charge to Required Fire Flow Based on Contents of Building (Occupancy)

-25 % = reduction due to non-combustible contents
-15 % = reduction due to limited combustible contents
0 % = no charge due to combustible contents
15 % = surcharge due to free burning contents
25 % = surcharge due to rapid burning contents

* Fire flow determined cannot be less than 2,000 L/min

Calculation of Occupancy Surcharge or Reduction (OSR)

OSR = 0 %

Calculations of revised fire flow F:

F = 6,500 L/min = 108 L/s

3. Charge to Required Fire Flow Based on Presence of Automatic Sprinkler Protection

0 % = no reduction due to absence of automatic sprinkler system
-25 % = reduction without proper system supervision including water flow and control valve alarm service
-50 % = reduction with proper system supervision including water flow and control valve alarm service

Calculation of Fire Flow Reduction Due to Presence of Automatic Sprinkler (AS)

AS = -25 % (Sprinkler system installed)

Reduction in Fire Flow (RF):

RF = -1,625 L/min = -27 L/s



Fire Load Calculations as per the Fire Underwriters Survey (FUS)

4. Charge to Required Fire Flow Based on Proximity to Other Buildings 
Townhouse Block 2 is within 10m.
Apartment Buildings are approximately 26m away.
The charge for any one side generally should not exceed the following limits for the separations shown

Separation Charge Building Separation
0 to 3 m 25 to 20 % Wall Distance
3 to 10 m 20 to 15 % Left 10
10 to 20 m 15 to 10 % Right 45
20 to 30 m 10 to 5 % Front 45
30 to 45 m 5 to 0 % Back 26

Normally any unpierced party wall/firewall  considered to form a boundary when determining floor areas may warrant up to 
a 10 % exposure charge.

Calculation of Fire Flow Increase Due to Proximity to Other Buildings (PB)

PB = PL+PR+PF+PRR

where,

PL = proximity charge for left side of building = 15.0 %
PR = proximity charge for right side of building = 0.0 %
PF = proximity charge for front of building = 0.0 %

PRR = proximity charge for rear of building = 7.0 %

PB = 22 %

Increase in Fire Flow (IF):

IF = 1,430 L/min = 24 L/s

5. Final Fire Flow (F) Required

F = F (From Section 2.0) - RF (From Section 3) + IF (From Section 4)

= 6,500  L/min - 1,625  L/min + 1,430 L/min
Dia.

= 6,305 L/min = 105 L/s 250 mm dia.
velocity 2.04 m/s

= 6,000 L/min = 100 L/s
rounded to nearest thousand per FUS Outline of Procedure 

= 1,585 Gal /min

6. Additional Check List

Wood Frame Structures Separated By Less Than 3.0 m Are Considered One Structure
Wood or Shake Roofs That Could Contribute to Spreading of Fire Should have 2000-4000 L/min of Fire Flow Added

NOTES: Assumed that there are no fire walls separating floors or units 



Fire Reservoir Calculations - OBC Method

1) Determine Building to be Assessed Townhouse Block 1

Fire Flow Demand Calculation

2) Determine Building Classification
Classification Code

C

3) Determine Building Specific Details

Average Single Floor Area 340 m2
 (7 units * 145.5m2 per unit divided by 3 stories)

Building materials Wood frame, brick and metal siding exterior
# of Storeys 3
Average Building Height 13.00 m, includes basement and roof
Firewall separations? No
Sprinkler system? No
Stand-pipe system? No

4) Calculate Fire Load and Required Minimum Fire Flow

Q = K V STot

where Q = minimum supply of water available in litres (L)
K = water supply coefficient

V = building volume (m3)
Stot = total of spatial coefficient values from property line exposure on all sides, to a maximum of 1.5

a) Determine K Building is of ordinary construction, with 1-hr fire rating between units
See Table 1.  OBC classification C

K = 23

b) Calculate Building Volume, V

A = 340 m2

h = 13 m

V = 4,414 m3

c) Determine Spatial Coefficient, Stot

Stot = 1 + S Sx

Stot = 1.5

Exposure Distance
Sfront = 0.00 10 m

Sback = 0.00 10 m

Sleft = 0.00 10 m

Sright = 0.50 3.5 m

S Sx = 0.50

Q Flow Rate (L/s)
d) Resulting Fire Load 108,000 45

135,000 60
K = 23 162,000 75

V = 4,414 m3 190,000 90
Stot = 1.5 270,000 105

Q = 152,283 L > 270000 150

Q = 152.283 m3

Therefore, the required minimum water supply flow rate is 75 L/s

1166-1204 Gordon Street

City of Guelph

Our File: 121139

4/17/2023

The exposure distance can be used to determine the spatial coefficient for 
each wall of building. Distances greater than 10 m do not have an exposure 
charge. Blocks 1 and 2 are within 3.5 metres of eachother. Block 3 is greater 
than 10m away from other buildings.



Fire Reservoir Calculations - OBC Method

1) Determine Building to be Assessed Townhouse Block 2

Fire Flow Demand Calculation

2) Determine Building Classification
Classification Code

C

3) Determine Building Specific Details

Average Single Floor Area 388 m2
 (8 units * 145.5m2 per unit divided by 3 stories)

Building materials Wood frame, brick and metal siding exterior
# of Storeys 3
Average Building Height 13.00 m, includes basement and roof
Firewall separations? No
Sprinkler system? No
Stand-pipe system? No

4) Calculate Fire Load and Required Minimum Fire Flow

Q = K V STot

where Q = minimum supply of water available in litres (L)
K = water supply coefficient

V = building volume (m3)
Stot = total of spatial coefficient values from property line exposure on all sides, to a maximum of 1.5

a) Determine K Building is of ordinary construction, with 1-hr fire rating between units
See Table 1.  OBC classification C

K = 23

b) Calculate Building Volume, V

A = 388 m2

h = 13 m

V = 5,044 m3

c) Determine Spatial Coefficient, Stot

Stot = 1 + S Sx

Stot = 1.5

Exposure Distance
Sfront = 0.00 10 m

Sback = 0.00 10 m

Sleft = 0.50 3.5 m

Sright = 0.00 10 m

S Sx = 0.50

Q Flow Rate (L/s)
d) Resulting Fire Load 108,000 45

135,000 60
K = 23 162,000 75

V = 5,044 m3 190,000 90
Stot = 1.5 270,000 105

Q = 174,018 L > 270000 150

Q = 174.018 m3

Therefore, the required minimum water supply flow rate is 90 L/s

1166-1204 Gordon Street

City of Guelph

Our File: 121139

4/17/2023

The exposure distance can be used to determine the spatial coefficient for 
each wall of building. Distances greater than 10 m do not have an exposure 
charge. Blocks 1 and 2 are within 3.5 metres of eachother. Block 3 is greater 
than 10m away from other buildings.



Fire Reservoir Calculations - OBC Method

1) Determine Building to be Assessed Townhouse Block 3

Fire Flow Demand Calculation

2) Determine Building Classification
Classification Code

C

3) Determine Building Specific Details

Average Single Floor Area 291 m2
 (6 units * 145.5m2 per unit divided by 3 stories)

Building materials Wood frame, brick and metal siding exterior
# of Storeys 3
Average Building Height 13.00 m, includes basement and roof
Firewall separations? No
Sprinkler system? No
Stand-pipe system? No

4) Calculate Fire Load and Required Minimum Fire Flow

Q = K V STot

where Q = minimum supply of water available in litres (L)
K = water supply coefficient

V = building volume (m3)
Stot = total of spatial coefficient values from property line exposure on all sides, to a maximum of 1.5

a) Determine K Building is of ordinary construction, with 1-hr fire rating between units
See Table 1.  OBC classification C

K = 23

b) Calculate Building Volume, V

A = 291 m2

h = 13 m

V = 3,783 m3

c) Determine Spatial Coefficient, Stot

Stot = 1 + S Sx

Stot = 1.0

Exposure Distance
Sfront = 0.00 10 m

Sback = 0.00 10 m

Sleft = 0.00 10 m

Sright = 0.00 10 m

S Sx = 0.00

Q Flow Rate (L/s)
d) Resulting Fire Load 108,000 45

135,000 60
K = 23 162,000 75

V = 3,783 m3 190,000 90
Stot = 1.0 270,000 105

Q = 87,009 L > 270000 150

Q = 87.009 m3

Therefore, the required minimum water supply flow rate is 45 L/s

1166-1204 Gordon Street

City of Guelph

Our File: 121139

4/17/2023

The exposure distance can be used to determine the spatial coefficient for 
each wall of building. Distances greater than 10 m do not have an exposure 
charge. Blocks 1 and 2 are within 3.5 metres of eachother. Block 3 is greater 
than 10m away from other buildings.



TABLE 1 
WATER SUPPLY COEFFICIENT -- K

Classification by Group or Division in Accordance with 
Table 3.1.2.1 of the Ontario Building Code

TYPE OF CONSTRUCTION A-2 A-4 A-1 E F-2 
B-1 F-3 A-3 F-1
B-2 
B-3 
C 
D

Building is of noncombustible construction with fire separations 
and fire-resistance ratings provided in accordance with 
Subsection 3.2.2. of the OBC, including loadbearing walls, 
columns and arches.

10 12 14 17 23

Building is of noncombustible construction or of heavy timber 
construction conforming to Article 3.1.4.6. of the OBC. Floor 
assemblies are fire separations but with no fire-resistance 
rating. Roof assemblies, mezzanines, loadbearing walls, 
columns and arches do not have a fire-resistance rating.

16 19 22 27 37

Building is of combustible construction with fire separations 
and fire-resistance ratings provided in accordance with 
Subsection 3.2.2. of the OBC, including loadbearing walls, 
columns and arches. Noncombustible construction may be 
used in lieu of fire-resistance rating where permitted in 
Subsection 3.2.2. of the OBC.

18 22 25 31 41

Building is of combustible construction. Floor assemblies are 
fire separations but with no fire-resistance rating. Roof 
assemblies, mezzanines, loadbearing walls, columns and 
arches do not have a fire-resistance rating.

23 28 32 39 53
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"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:       C:\Users\smalicevic\Documents\MIDUSS\121139\"
"                                                                          2023"
"                Output filename:                           121139 2-yr Pre.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                  4/3/2023 at 1:52:59 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     2880.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"      743.000   Coefficient A"
"        6.000   Constant B"
"        0.799   Exponent C"
"        0.400   Fraction R"
"      170.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           105.606    mm/hr"
"             Total depth                  33.816    mm"
"            6   002hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 100"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          100   Existing Site to Gordon Street"
"       30.000   % Impervious"
"        0.800   Total Area"
"       65.000   Flow length"
"        4.000   Overland Slope"
"        0.560   Pervious Area"
"       65.000   Pervious length"
"        4.000   Pervious slope"
"        0.240   Impervious Area"
"       65.000   Impervious length"
"        4.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"

Pre-development 2-Year Design Storm Event



"                     0.051     0.000     0.000     0.000 c.m/sec"
"             Catchment 100          Pervious   Impervious Total Area "
"             Surface Area           0.560      0.240      0.800      hectare"
"             Time of concentration  31.975     2.573      6.508      minutes"
"             Time to Centroid       101.732    84.728     87.004     minutes"
"             Rainfall depth         33.816     33.816     33.816     mm"
"             Rainfall volume        189.37     81.16      270.53     c.m"
"             Rainfall losses        31.709     1.997      22.795     mm"
"             Runoff depth           2.107      31.819     11.021     mm"
"             Runoff volume          11.80      76.37      88.17      c.m"
"             Runoff coefficient     0.062      0.941      0.326      "
"             Maximum flow           0.006      0.051      0.051      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.051     0.051     0.000     0.000"
" 33          CATCHMENT 101"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          101   Existing Site to Landsdown Drive"
"       30.000   % Impervious"
"        0.320   Total Area"
"       25.000   Flow length"
"        3.000   Overland Slope"
"        0.224   Pervious Area"
"       25.000   Pervious length"
"        3.000   Pervious slope"
"        0.096   Impervious Area"
"       25.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.023     0.051     0.000     0.000 c.m/sec"
"             Catchment 101          Pervious   Impervious Total Area "
"             Surface Area           0.224      0.096      0.320      hectare"
"             Time of concentration  19.647     1.581      3.996      minutes"
"             Time to Centroid       91.306     83.202     84.286     minutes"
"             Rainfall depth         33.816     33.816     33.816     mm"
"             Rainfall volume        75.75      32.46      108.21     c.m"
"             Rainfall losses        31.712     1.997      22.797     mm"
"             Runoff depth           2.104      31.819     11.019     mm"
"             Runoff volume          4.71       30.55      35.26      c.m"
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"             Runoff coefficient     0.062      0.941      0.326      "
"             Maximum flow           0.003      0.023      0.023      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.023     0.074     0.000     0.000"
" 38          START/RE-START TOTALS 101"
"            3   Runoff Totals on EXIT"
"             Total Catchment area                       1.120    hectare"
"             Total Impervious area                      0.336    hectare"
"             Total % impervious                        30.000"
" 19          EXIT"

Pre-development 2-Year Design Storm Event



"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:       C:\Users\smalicevic\Documents\MIDUSS\121139\"
"                                                                          2023"
"                Output filename:                           121139 5-yr Pre.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                  4/3/2023 at 1:59:21 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     2880.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"     1593.000   Coefficient A"
"       11.000   Constant B"
"        0.879   Exponent C"
"        0.400   Fraction R"
"      170.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           134.894    mm/hr"
"             Total depth                  46.775    mm"
"            6   005hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 100"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          100   Existing Site to Gordon Street"
"       30.000   % Impervious"
"        0.800   Total Area"
"       65.000   Flow length"
"        4.000   Overland Slope"
"        0.560   Pervious Area"
"       65.000   Pervious length"
"        4.000   Pervious slope"
"        0.240   Impervious Area"
"       65.000   Impervious length"
"        4.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
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"                     0.077     0.000     0.000     0.000 c.m/sec"
"             Catchment 100          Pervious   Impervious Total Area "
"             Surface Area           0.560      0.240      0.800      hectare"
"             Time of concentration  22.134     2.333      9.522      minutes"
"             Time to Centroid       94.640     82.876     87.147     minutes"
"             Rainfall depth         46.775     46.775     46.775     mm"
"             Rainfall volume        261.94     112.26     374.20     c.m"
"             Rainfall losses        35.904     2.276      25.816     mm"
"             Runoff depth           10.871     44.499     20.959     mm"
"             Runoff volume          60.88      106.80     167.68     c.m"
"             Runoff coefficient     0.232      0.951      0.448      "
"             Maximum flow           0.035      0.070      0.077      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.077     0.077     0.000     0.000"
" 33          CATCHMENT 101"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          101   Existing Site to Landsdown Drive"
"       30.000   % Impervious"
"        0.320   Total Area"
"       25.000   Flow length"
"        3.000   Overland Slope"
"        0.224   Pervious Area"
"       25.000   Pervious length"
"        3.000   Pervious slope"
"        0.096   Impervious Area"
"       25.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.034     0.077     0.000     0.000 c.m/sec"
"             Catchment 101          Pervious   Impervious Total Area "
"             Surface Area           0.224      0.096      0.320      hectare"
"             Time of concentration  13.601     1.434      5.847      minutes"
"             Time to Centroid       87.155     81.587     83.607     minutes"
"             Rainfall depth         46.775     46.775     46.775     mm"
"             Rainfall volume        104.78     44.90      149.68     c.m"
"             Rainfall losses        35.906     2.224      25.801     mm"
"             Runoff depth           10.869     44.551     20.974     mm"
"             Runoff volume          24.35      42.77      67.12      c.m"
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"             Runoff coefficient     0.232      0.952      0.448      "
"             Maximum flow           0.019      0.030      0.034      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.034     0.112     0.000     0.000"
" 38          START/RE-START TOTALS 101"
"            3   Runoff Totals on EXIT"
"             Total Catchment area                       1.120    hectare"
"             Total Impervious area                      0.336    hectare"
"             Total % impervious                        30.000"
" 19          EXIT"

Pre-development 5-Year Design Storm Event



"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:       C:\Users\smalicevic\Documents\MIDUSS\121139\"
"                                                                          2023"
"                Output filename:                          121139 25-yr Pre.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                  4/3/2023 at 2:00:40 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     2880.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"     3158.000   Coefficient A"
"       15.000   Constant B"
"        0.936   Exponent C"
"        0.400   Fraction R"
"      210.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           169.546    mm/hr"
"             Total depth                  69.476    mm"
"            6   025hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 100"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          100   Existing Site to Gordon Street"
"       30.000   % Impervious"
"        0.800   Total Area"
"       65.000   Flow length"
"        4.000   Overland Slope"
"        0.560   Pervious Area"
"       65.000   Pervious length"
"        4.000   Pervious slope"
"        0.240   Impervious Area"
"       65.000   Impervious length"
"        4.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
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"                     0.151     0.000     0.000     0.000 c.m/sec"
"             Catchment 100          Pervious   Impervious Total Area "
"             Surface Area           0.560      0.240      0.800      hectare"
"             Time of concentration  16.237     2.129      9.156      minutes"
"             Time to Centroid       107.441    98.716     103.062    minutes"
"             Rainfall depth         69.476     69.476     69.476     mm"
"             Rainfall volume        389.07     166.74     555.81     c.m"
"             Rainfall losses        40.961     2.429      29.401     mm"
"             Runoff depth           28.515     67.047     40.075     mm"
"             Runoff volume          159.69     160.91     320.60     c.m"
"             Runoff coefficient     0.410      0.965      0.577      "
"             Maximum flow           0.106      0.100      0.151      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.151     0.151     0.000     0.000"
" 33          CATCHMENT 101"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          101   Existing Site to Landsdown Drive"
"       30.000   % Impervious"
"        0.320   Total Area"
"       25.000   Flow length"
"        3.000   Overland Slope"
"        0.224   Pervious Area"
"       25.000   Pervious length"
"        3.000   Pervious slope"
"        0.096   Impervious Area"
"       25.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.076     0.151     0.000     0.000 c.m/sec"
"             Catchment 101          Pervious   Impervious Total Area "
"             Surface Area           0.224      0.096      0.320      hectare"
"             Time of concentration  9.977      1.308      5.625      minutes"
"             Time to Centroid       101.468    97.584     99.518     minutes"
"             Rainfall depth         69.476     69.476     69.476     mm"
"             Rainfall volume        155.63     66.70      222.32     c.m"
"             Rainfall losses        41.133     2.811      29.637     mm"
"             Runoff depth           28.343     66.665     39.840     mm"
"             Runoff volume          63.49      64.00      127.49     c.m"
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"             Runoff coefficient     0.408      0.960      0.573      "
"             Maximum flow           0.052      0.039      0.076      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.076     0.227     0.000     0.000"
" 38          START/RE-START TOTALS 101"
"            3   Runoff Totals on EXIT"
"             Total Catchment area                       1.120    hectare"
"             Total Impervious area                      0.336    hectare"
"             Total % impervious                        30.000"
" 19          EXIT"

Pre-development 25-Year Design Storm Event



"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:       C:\Users\smalicevic\Documents\MIDUSS\121139\"
"                                                                          2023"
"                Output filename:                         121139 100-yr Pre.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                  4/3/2023 at 2:02:03 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     2880.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"     4688.000   Coefficient A"
"       17.000   Constant B"
"        0.962   Exponent C"
"        0.400   Fraction R"
"      210.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           213.574    mm/hr"
"             Total depth                  88.830    mm"
"            6   100hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 100"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          100   Existing Site to Gordon Street"
"       30.000   % Impervious"
"        0.800   Total Area"
"       65.000   Flow length"
"        4.000   Overland Slope"
"        0.560   Pervious Area"
"       65.000   Pervious length"
"        4.000   Pervious slope"
"        0.240   Impervious Area"
"       65.000   Impervious length"
"        4.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
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"                     0.237     0.000     0.000     0.000 c.m/sec"
"             Catchment 100          Pervious   Impervious Total Area "
"             Surface Area           0.560      0.240      0.800      hectare"
"             Time of concentration  13.410     1.941      8.270      minutes"
"             Time to Centroid       106.449    97.856     102.598    minutes"
"             Rainfall depth         88.830     88.830     88.830     mm"
"             Rainfall volume        497.45     213.19     710.64     c.m"
"             Rainfall losses        43.350     2.649      31.140     mm"
"             Runoff depth           45.480     86.181     57.690     mm"
"             Runoff volume          254.69     206.83     461.52     c.m"
"             Runoff coefficient     0.512      0.970      0.649      "
"             Maximum flow           0.162      0.126      0.237      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.237     0.237     0.000     0.000"
" 33          CATCHMENT 101"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          101   Existing Site to Landsdown Drive"
"       30.000   % Impervious"
"        0.320   Total Area"
"       25.000   Flow length"
"        3.000   Overland Slope"
"        0.224   Pervious Area"
"       25.000   Pervious length"
"        3.000   Pervious slope"
"        0.096   Impervious Area"
"       25.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.122     0.237     0.000     0.000 c.m/sec"
"             Catchment 101          Pervious   Impervious Total Area "
"             Surface Area           0.224      0.096      0.320      hectare"
"             Time of concentration  8.240      1.193      5.104      minutes"
"             Time to Centroid       101.246    96.880     99.303     minutes"
"             Rainfall depth         88.830     88.830     88.830     mm"
"             Rainfall volume        198.98     85.28      284.26     c.m"
"             Rainfall losses        43.231     3.546      31.326     mm"
"             Runoff depth           45.598     85.284     57.504     mm"
"             Runoff volume          102.14     81.87      184.01     c.m"
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"             Runoff coefficient     0.513      0.960      0.647      "
"             Maximum flow           0.082      0.049      0.122      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.122     0.349     0.000     0.000"
" 38          START/RE-START TOTALS 101"
"            3   Runoff Totals on EXIT"
"             Total Catchment area                       1.120    hectare"
"             Total Impervious area                      0.336    hectare"
"             Total % impervious                        30.000"
" 19          EXIT"

Pre-development 100-Year Design Storm Event



 

 

 
 
 

 
 

 
 

 
 
 
 

Appendix C 
Stage-Storage-Discharge Calculation Tables 

and Post-Development MIDUSS Model Output 
and Oil/Grit Separator and Brentwood Stormtank Details  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



Catchment 200: Proposed Rooftop Storage

Design Discharge Rate = 1.50 l/min/mm/weir 2.50E-05 m
3
/s/mm/weir

Max. Average Storage Depth = 100 mm

Design Discharge = 150.0 l/min/weir 0.0015 m
3
/s/weir

No. of Drains = 6

No. Weirs/Drain = 3

Allowable Release Rate = 2700.0 l/min 0.027 m
3
/s

Rooftop Area = 2,200 m
2

(flat rooftop area that is available for storage)

Stage

Incremental 

Storage Discharge

(m) (m
3
) (m

3
/s)

0.000 0.0 0.000

0.025 55.0 0.011

0.050 110.0 0.023

0.075 165.0 0.034

0.100 220.0 0.045

1166- 1204 Gordon Street

CITY OF GUELPH

OUR FILE: 121139

20-Apr-23

STAGE-STORAGE-DISCHARGE TABLE

Therefore: 464.5 sq m/Roof Drain or 5000 sq ft/Roof Drain as per OBC



ELEV DEPTH SURFACE INCR. ACCUM.

AREA VOLUME STORAGE

VOLUME

(m) (m) (sq m) (cu m) (cu m)

342.38 0.000 35.0 0.0 0.0 Bottom of Gallery

342.48 0.100 35.0 3.4 3.4

342.58 0.200 35.0 3.4 6.8

342.68 0.300 35.0 3.4 10.2 Top of Gallery, Overflow Pipe Invert

342.79 0.410 1.0 1.9 12.1

342.88 0.500 1.0 0.1 12.2 Overflow Pipe Obvert

343.24 0.860 1.0 0.3 12.5

343.60 1.220 1.0 0.3 12.9 Top of Grate CO.2

L(dw) = 7.00 m Invert= 342.68

W(dw) = 5.00 m Q = 0.057 m
3
/s

Perimeter= 24.00 m Cd = 0.60

D(dw) = 0.30 m H = 0.56 m

A(c)  = 35.0 sq m 2g = 19.62

VOL(dw)= 10.5 cu m A = 0.03 m
2

VOL(st)= 10.2 cu m D = 0.20 m

Design Infiltration Rate= 10.0 mm/hr

Design Infiltration Rate= 2.78E-06 m/s

STAGE/STORAGE/DISCHARGE TABLE

ELEV. STAGE STORAGE SOIL ORIFICE TOTAL

VOLUME DISCHARGE DISCHARGE DISCHARGE

(m) (m) (m
3
) (m

3
/s) (m

3
/s) (m

3
/s)

342.38 0.000 0.0 0.0000972 0.0000 0.000097 Bottom of Gallery

342.48 0.100 3.4 0.0000972 0.0000 0.000097

342.58 0.200 6.8 0.0000972 0.0000 0.000097

342.68 0.300 10.2 0.0000972 0.0000 0.000097 Top of Gallery, Overflow Pipe Invert

342.79 0.410 12.1 0.0000972 0.0083 0.008447

342.88 0.500 12.2 0.0000972 0.0264 0.026500 Overflow Pipe Obvert

343.24 0.860 12.5 0.0000972 0.0566 0.056725

343.60 1.220 12.9 0.0000972 0.0756 0.075703 Top of Grate CO.2

Orifice CalculationsBOTTOM INFILTRATION ONLY

CATCHMENT 200  - INFILITRATION GALLERY

 STAGE STORAGE VOLUME CALCULATIONS

1166- 1204 Gordon Street

CITY OF GUELPH

OUR FILE: 121139

20-Apr-23



Increase Accum. 97% is the void ratio for Brentwood Module 25S… Increase Active Volume column reflects this

Surface Active Active

Elevation Depth Area Volume Storage

(m) (m) (m
2
) (m

3
) (m

3
)

340.57 0.00 132.25       0.00 0.00 B/SWM Storage/ Invert of Pipe to outlet structure

340.80 0.23 132.25       29.50 29.50

341.00 0.43 132.25       25.66 55.16

341.20 0.63 132.25       25.66 80.82

341.40 0.83 132.25       25.66 106.47

341.60 1.03 132.25       25.66 132.13

341.80 1.23 132.25       25.66 157.79

342.30 1.73 132.25       64.14 221.93

342.40 1.83 132.25       12.83 234.76 Top of Slab of Tank

342.50 1.93 1.00           6.66 241.42

342.60 2.03 1.00           0.10 241.52

342.72 2.15 1.00           0.12 241.64 Top of Grate DCB.1

342.81 2.24 40.00         4.30 245.82 Overflow to Landsdown Street ROW

342.90 2.33 80.00         7.29 248.93

Outlet Str #1

Overflow Weir 

Q  = 0.113 cu m/s Q  = 0.000 cu m/s

Cd = 0.600 d1 = 2.330 m

H  = 2.330 m h  = 2.330 m

2g = 19.620 H  = 0.000 m

A  = 0.028 sq m 2g = 19.620

D  = 0.190 m L  = 6.000 m

D/2  = 0.095 m

Total 

Orifice Overflow System

Elevation Stage Storage Control 1 Weir Discharge

(m) (m) (m
3
) (m

3
/s) (m

3
/s) (m

3
/s)

340.57 0.00 0.00 0.000 0.000 0.0000 B/SWM Storage/ Invert of Pipe to outlet structure

340.80 0.23 29.50 0.028 0.000 0.0277

341.00 0.43 55.16 0.044 0.000 0.0436

341.20 0.63 80.82 0.055 0.000 0.0551

341.40 0.83 106.47 0.065 0.000 0.0646

341.60 1.03 132.13 0.073 0.000 0.0729

341.80 1.23 157.79 0.080 0.000 0.0803

342.30 1.73 221.93 0.096 0.000 0.0964

342.40 1.20 234.76 0.099 0.000 0.0993 Top of Slab of Tank

342.50 1.30 241.42 0.102 0.000 0.1021

342.60 1.40 241.52 0.105 0.000 0.1048

342.72 1.52 241.64 0.108 0.000 0.1080 Top of Grate DCB.1

342.81 1.61 245.82 0.110 0.218 0.3279 Overflow to Landsdown Street ROW

342.90 1.70 248.93 0.113 0.621 0.7341

to Outlet Pipe

Orifice Control 1

1166- 1204 Gordon Street

CITY OF GUELPH

OUR FILE: 121139

20-Apr-23

CATCHMENT 200, 202, & 203 - IMPERMEABLE BRENTWOOD SYSTEM



"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:                                W:\Guelph\121-2021\"
"                121139  1166-1204 Gordon St ZBA\5 Work In Progress\Servicing and 
Grading\Design Calcs\SWM\2023-04-20 JT  SWM and Modelling Update Infiltration 
Gallery\Post"
"                Output filename:                          121139 2-yr Post.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                 4/20/2023 at 3:02:33 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     4280.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"      743.000   Coefficient A"
"        6.000   Constant B"
"        0.799   Exponent C"
"        0.400   Fraction R"
"      170.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           105.606    mm/hr"
"             Total depth                  33.816    mm"
"            6   002hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 200"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          200   Catch 200 Apartment Rooftops"
"      100.000   % Impervious"
"        0.220   Total Area"
"       10.000   Flow length"
"        1.000   Overland Slope"
"        0.000   Pervious Area"
"       10.000   Pervious length"
"        1.000   Pervious slope"
"        0.220   Impervious Area"
"       10.000   Impervious length"
"        1.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.054     0.000     0.000     0.000 c.m/sec"
"             Catchment 200          Pervious   Impervious Total Area "
"             Surface Area           0.000      0.220      0.220      hectare"
"             Time of concentration  15.764     1.269      1.269      minutes"
"             Time to Centroid       88.079     82.825     82.825     minutes"
"             Rainfall depth         33.816     33.816     33.816     mm"
"             Rainfall volume        0.00       74.40      74.40      c.m"
"             Rainfall losses        31.715     2.203      2.203      mm"
"             Runoff depth           2.101      31.613     31.613     mm"
"             Runoff volume          0.00       69.55      69.55      c.m"
"             Runoff coefficient     0.000      0.935      0.935      "
"             Maximum flow           0.000      0.054      0.054      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.054     0.054     0.000     0.000"
" 54          POND DESIGN"
"        0.054   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"         69.5   Hydrograph volume    c.m"
"           5.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                  0.000     0.000     0.000"
"                0.02500   0.01100    55.000"
"                0.05000   0.02300   110.000"
"                0.07500   0.03400   165.000"
"                 0.1000   0.04500   220.000"
"             Peak outflow                  0.008    c.m/sec"
"             Maximum level                 0.019    metre"
"             Maximum storage              41.895    c.m"
"             Centroidal lag                2.769   hours"
"                  0.054     0.054     0.008     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.054     0.008     0.008     0.000"
" 54          POND DESIGN"
"        0.008   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"         69.5   Hydrograph volume    c.m"
"           8.   Number of stages"
"        0.000   Minimum water level    metre"
"        1.220   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
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"                342.380  9.72E-05     0.000"
"                342.480  9.72E-05     3.400"
"                342.580  9.72E-05     6.800"
"                342.680  9.72E-05    10.200"
"                342.790   0.00845    12.100"
"                342.880   0.02650    12.200"
"                343.240   0.05672    12.500"
"                343.600   0.07570    12.900"
"             Peak outflow                  0.008    c.m/sec"
"             Maximum level               342.785    metre"
"             Maximum storage              12.006    c.m"
"             Centroidal lag                6.388   hours"
"                  0.054     0.008     0.008     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.054     0.008     0.008     0.000"
" 33          CATCHMENT 203"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          203   Catch 203 Remainder of Apartment Block"
"       90.000   % Impervious"
"        0.450   Total Area"
"       30.000   Flow length"
"        3.000   Overland Slope"
"        0.045   Pervious Area"
"       30.000   Pervious length"
"        3.000   Pervious slope"
"        0.405   Impervious Area"
"       30.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.094     0.008     0.008     0.000 c.m/sec"
"             Catchment 203          Pervious   Impervious Total Area "
"             Surface Area           0.045      0.405      0.450      hectare"
"             Time of concentration  21.919     1.764      1.911      minutes"
"             Time to Centroid       93.239     83.461     83.532     minutes"
"             Rainfall depth         33.816     33.816     33.816     mm"
"             Rainfall volume        15.22      136.95     152.17     c.m"
"             Rainfall losses        31.710     1.965      4.940      mm"
"             Runoff depth           2.106      31.851     28.876     mm"
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"             Runoff volume          0.95       129.00     129.94     c.m"
"             Runoff coefficient     0.062      0.942      0.854      "
"             Maximum flow           0.001      0.094      0.094      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.094     0.094     0.008     0.000"
" 33          CATCHMENT 202"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          202   Catch 202 Townhouse Block to Rear"
"       55.000   % Impervious"
"        0.170   Total Area"
"       15.000   Flow length"
"        3.000   Overland Slope"
"        0.076   Pervious Area"
"       15.000   Pervious length"
"        3.000   Pervious slope"
"        0.094   Impervious Area"
"       15.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.023     0.094     0.008     0.000 c.m/sec"
"             Catchment 202          Pervious   Impervious Total Area "
"             Surface Area           0.076      0.094      0.170      hectare"
"             Time of concentration  14.461     1.164      1.855      minutes"
"             Time to Centroid       87.020     82.643     82.871     minutes"
"             Rainfall depth         33.816     33.816     33.816     mm"
"             Rainfall volume        25.87      31.62      57.49      c.m"
"             Rainfall losses        31.706     2.339      15.554     mm"
"             Runoff depth           2.110      31.477     18.262     mm"
"             Runoff volume          1.61       29.43      31.05      c.m"
"             Runoff coefficient     0.062      0.931      0.540      "
"             Maximum flow           0.002      0.023      0.023      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.023     0.117     0.008     0.000"
" 54          POND DESIGN"
"        0.117   Current peak flow    c.m/sec"
"        0.200   Target outflow    c.m/sec"
"        230.5   Hydrograph volume    c.m"
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"          13.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                340.570     0.000     0.000"
"                340.800   0.03000    29.500"
"                341.000   0.04000    55.160"
"                341.200   0.06000    80.820"
"                341.400   0.06000   106.470"
"                341.600   0.07000   132.130"
"                341.800   0.08000   157.790"
"                342.300    0.1000   221.930"
"                342.400    0.1000   234.760"
"                342.500    0.1000   241.420"
"                342.600    0.1000   241.520"
"                342.720    0.1100   241.640"
"                342.810    0.1100   243.480"
"             Peak outflow                  0.045    c.m/sec"
"             Maximum level               341.049    metre"
"             Maximum storage              61.396    c.m"
"             Centroidal lag                3.205   hours"
"                  0.023     0.117     0.045     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.023     0.045     0.045     0.000"
" 33          CATCHMENT 201"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          201   Catch 201 Townhouse Block to Landsdown"
"       80.000   % Impervious"
"        0.160   Total Area"
"       11.000   Flow length"
"        5.000   Overland Slope"
"        0.032   Pervious Area"
"       11.000   Pervious length"
"        5.000   Pervious slope"
"        0.128   Impervious Area"
"       11.000   Impervious length"
"        5.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.032     0.045     0.045     0.000 c.m/sec"
"             Catchment 201          Pervious   Impervious Total Area "
"             Surface Area           0.032      0.128      0.160      hectare"
"             Time of concentration  10.300     0.829      0.987      minutes"
"             Time to Centroid       83.376     82.192     82.211     minutes"
"             Rainfall depth         33.816     33.816     33.816     mm"
"             Rainfall volume        10.82      43.28      54.11      c.m"
"             Rainfall losses        31.723     2.967      8.718      mm"
"             Runoff depth           2.093      30.849     25.098     mm"
"             Runoff volume          0.67       39.49      40.16      c.m"
"             Runoff coefficient     0.062      0.912      0.742      "
"             Maximum flow           0.001      0.032      0.032      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.032     0.063     0.045     0.000"
" 33          CATCHMENT 204"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          204   South Easement"
"       35.000   % Impervious"
"        0.120   Total Area"
"        7.000   Flow length"
"        2.000   Overland Slope"
"        0.078   Pervious Area"
"        7.000   Pervious length"
"        2.000   Pervious slope"
"        0.042   Impervious Area"
"        7.000   Impervious length"
"        2.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.011     0.063     0.045     0.000 c.m/sec"
"             Catchment 204          Pervious   Impervious Total Area "
"             Surface Area           0.078      0.042      0.120      hectare"
"             Time of concentration  10.338     0.832      1.896      minutes"
"             Time to Centroid       83.416     82.189     82.327     minutes"
"             Rainfall depth         33.816     33.816     33.816     mm"
"             Rainfall volume        26.38      14.20      40.58      c.m"
"             Rainfall losses        31.722     2.960      21.655     mm"
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"             Runoff depth           2.094      30.856     12.161     mm"
"             Runoff volume          1.63       12.96      14.59      c.m"
"             Runoff coefficient     0.062      0.912      0.360      "
"             Maximum flow           0.002      0.011      0.011      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.011     0.073     0.045     0.000"
" 38          START/RE-START TOTALS 204"
"            3   Runoff Totals on EXIT"
"             Total Catchment area                       1.120    hectare"
"             Total Impervious area                      0.888    hectare"
"             Total % impervious                        79.330"
" 19          EXIT"
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"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:                                W:\Guelph\121-2021\"
"                121139  1166-1204 Gordon St ZBA\5 Work In Progress\Servicing and 
Grading\Design Calcs\SWM\2023-04-20 JT  SWM and Modelling Update Infiltration 
Gallery\Post"
"                Output filename:                          121139 5-yr Post.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                 4/20/2023 at 3:01:40 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     4280.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"     1593.000   Coefficient A"
"       11.000   Constant B"
"        0.879   Exponent C"
"        0.400   Fraction R"
"      170.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           134.894    mm/hr"
"             Total depth                  46.775    mm"
"            6   005hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 200"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          200   Catch 200 Apartment Rooftops"
"      100.000   % Impervious"
"        0.220   Total Area"
"       10.000   Flow length"
"        1.000   Overland Slope"
"        0.000   Pervious Area"
"       10.000   Pervious length"
"        1.000   Pervious slope"
"        0.220   Impervious Area"
"       10.000   Impervious length"
"        1.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.071     0.000     0.000     0.000 c.m/sec"
"             Catchment 200          Pervious   Impervious Total Area "
"             Surface Area           0.000      0.220      0.220      hectare"
"             Time of concentration  10.913     1.150      1.150      minutes"
"             Time to Centroid       84.773     81.244     81.244     minutes"
"             Rainfall depth         46.775     46.775     46.775     mm"
"             Rainfall volume        0.00       102.90     102.91     c.m"
"             Rainfall losses        35.901     2.639      2.639      mm"
"             Runoff depth           10.874     44.136     44.136     mm"
"             Runoff volume          0.00       97.10      97.10      c.m"
"             Runoff coefficient     0.000      0.944      0.944      "
"             Maximum flow           0.000      0.071      0.071      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.071     0.071     0.000     0.000"
" 54          POND DESIGN"
"        0.071   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"         97.1   Hydrograph volume    c.m"
"           5.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                  0.000     0.000     0.000"
"                0.02500   0.01100    55.000"
"                0.05000   0.02300   110.000"
"                0.07500   0.03400   165.000"
"                 0.1000   0.04500   220.000"
"             Peak outflow                  0.012    c.m/sec"
"             Maximum level                 0.027    metre"
"             Maximum storage              59.912    c.m"
"             Centroidal lag                2.741   hours"
"                  0.071     0.071     0.012     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.071     0.012     0.012     0.000"
" 54          POND DESIGN"
"        0.012   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"         97.1   Hydrograph volume    c.m"
"           8.   Number of stages"
"        0.000   Minimum water level    metre"
"        1.220   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
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"                342.380  9.72E-05     0.000"
"                342.480  9.72E-05     3.400"
"                342.580  9.72E-05     6.800"
"                342.680  9.72E-05    10.200"
"                342.790   0.00845    12.100"
"                342.880   0.02650    12.200"
"                343.240   0.05672    12.500"
"                343.600   0.07570    12.900"
"             Peak outflow                  0.012    c.m/sec"
"             Maximum level               342.808    metre"
"             Maximum storage              12.120    c.m"
"             Centroidal lag                5.389   hours"
"                  0.071     0.012     0.012     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.071     0.012     0.012     0.000"
" 33          CATCHMENT 203"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          203   Catch 203 Remainder of Apartment Block"
"       90.000   % Impervious"
"        0.450   Total Area"
"       30.000   Flow length"
"        3.000   Overland Slope"
"        0.045   Pervious Area"
"       30.000   Pervious length"
"        3.000   Pervious slope"
"        0.405   Impervious Area"
"       30.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.126     0.012     0.012     0.000 c.m/sec"
"             Catchment 203          Pervious   Impervious Total Area "
"             Surface Area           0.045      0.405      0.450      hectare"
"             Time of concentration  15.173     1.599      1.956      minutes"
"             Time to Centroid       88.550     81.788     81.966     minutes"
"             Rainfall depth         46.775     46.775     46.775     mm"
"             Rainfall volume        21.05      189.44     210.49     c.m"
"             Rainfall losses        35.918     2.140      5.517      mm"
"             Runoff depth           10.857     44.636     41.258     mm"
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"             Runoff volume          4.89       180.77     185.66     c.m"
"             Runoff coefficient     0.232      0.954      0.882      "
"             Maximum flow           0.004      0.126      0.126      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.126     0.126     0.012     0.000"
" 33          CATCHMENT 202"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          202   Catch 202 Townhouse Block to Rear"
"       55.000   % Impervious"
"        0.170   Total Area"
"       15.000   Flow length"
"        3.000   Overland Slope"
"        0.076   Pervious Area"
"       15.000   Pervious length"
"        3.000   Pervious slope"
"        0.094   Impervious Area"
"       15.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.031     0.126     0.012     0.000 c.m/sec"
"             Catchment 202          Pervious   Impervious Total Area "
"             Surface Area           0.076      0.094      0.170      hectare"
"             Time of concentration  10.010     1.055      2.554      minutes"
"             Time to Centroid       83.897     81.099     81.567     minutes"
"             Rainfall depth         46.775     46.775     46.775     mm"
"             Rainfall volume        35.78      43.73      79.52      c.m"
"             Rainfall losses        35.989     2.874      17.776     mm"
"             Runoff depth           10.786     43.901     28.999     mm"
"             Runoff volume          8.25       41.05      49.30      c.m"
"             Runoff coefficient     0.231      0.939      0.620      "
"             Maximum flow           0.008      0.030      0.031      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.031     0.158     0.012     0.000"
" 54          POND DESIGN"
"        0.158   Current peak flow    c.m/sec"
"        0.200   Target outflow    c.m/sec"
"        332.2   Hydrograph volume    c.m"
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"          13.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                340.570     0.000     0.000"
"                340.800   0.03000    29.500"
"                341.000   0.04000    55.160"
"                341.200   0.06000    80.820"
"                341.400   0.06000   106.470"
"                341.600   0.07000   132.130"
"                341.800   0.08000   157.790"
"                342.300    0.1000   221.930"
"                342.400    0.1000   234.760"
"                342.500    0.1000   241.420"
"                342.600    0.1000   241.520"
"                342.720    0.1100   241.640"
"                342.810    0.1100   243.480"
"             Peak outflow                  0.060    c.m/sec"
"             Maximum level               341.208    metre"
"             Maximum storage              81.890    c.m"
"             Centroidal lag                2.885   hours"
"                  0.031     0.158     0.060     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.031     0.060     0.060     0.000"
" 33          CATCHMENT 201"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          201   Catch 201 Townhouse Block to Landsdown"
"       80.000   % Impervious"
"        0.160   Total Area"
"       11.000   Flow length"
"        5.000   Overland Slope"
"        0.032   Pervious Area"
"       11.000   Pervious length"
"        5.000   Pervious slope"
"        0.128   Impervious Area"
"       11.000   Impervious length"
"        5.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.042     0.060     0.060     0.000 c.m/sec"
"             Catchment 201          Pervious   Impervious Total Area "
"             Surface Area           0.032      0.128      0.160      hectare"
"             Time of concentration  7.130      0.751      1.129      minutes"
"             Time to Centroid       81.566     80.775     80.822     minutes"
"             Rainfall depth         46.775     46.775     46.775     mm"
"             Rainfall volume        14.97      59.87      74.84      c.m"
"             Rainfall losses        36.010     4.036      10.431     mm"
"             Runoff depth           10.765     42.739     36.344     mm"
"             Runoff volume          3.44       54.71      58.15      c.m"
"             Runoff coefficient     0.230      0.914      0.777      "
"             Maximum flow           0.004      0.042      0.042      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.042     0.086     0.060     0.000"
" 33          CATCHMENT 204"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          204   South Easement"
"       35.000   % Impervious"
"        0.120   Total Area"
"        7.000   Flow length"
"        2.000   Overland Slope"
"        0.078   Pervious Area"
"        7.000   Pervious length"
"        2.000   Pervious slope"
"        0.042   Impervious Area"
"        7.000   Impervious length"
"        2.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.016     0.086     0.060     0.000 c.m/sec"
"             Catchment 204          Pervious   Impervious Total Area "
"             Surface Area           0.078      0.042      0.120      hectare"
"             Time of concentration  7.156      0.754      2.795      minutes"
"             Time to Centroid       81.596     80.774     81.036     minutes"
"             Rainfall depth         46.775     46.775     46.775     mm"
"             Rainfall volume        36.48      19.65      56.13      c.m"
"             Rainfall losses        36.003     4.021      24.810     mm"
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"             Runoff depth           10.772     42.754     21.965     mm"
"             Runoff volume          8.40       17.96      26.36      c.m"
"             Runoff coefficient     0.230      0.914      0.470      "
"             Maximum flow           0.010      0.014      0.016      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.016     0.102     0.060     0.000"
" 38          START/RE-START TOTALS 204"
"            3   Runoff Totals on EXIT"
"             Total Catchment area                       1.120    hectare"
"             Total Impervious area                      0.888    hectare"
"             Total % impervious                        79.330"
" 19          EXIT"
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"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:                                W:\Guelph\121-2021\"
"                121139  1166-1204 Gordon St ZBA\5 Work In Progress\Servicing and 
Grading\Design Calcs\SWM\2023-04-20 JT  SWM and Modelling Update Infiltration 
Gallery\Post"
"                Output filename:                         121139 25-yr Post.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                 4/20/2023 at 2:59:58 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     4280.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"     3158.000   Coefficient A"
"       15.000   Constant B"
"        0.936   Exponent C"
"        0.400   Fraction R"
"      210.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           169.546    mm/hr"
"             Total depth                  69.476    mm"
"            6   025hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 200"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          200   Catch 200 Apartment Rooftops"
"      100.000   % Impervious"
"        0.220   Total Area"
"       10.000   Flow length"
"        1.000   Overland Slope"
"        0.000   Pervious Area"
"       10.000   Pervious length"
"        1.000   Pervious slope"
"        0.220   Impervious Area"
"       10.000   Impervious length"
"        1.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.090     0.000     0.000     0.000 c.m/sec"
"             Catchment 200          Pervious   Impervious Total Area "
"             Surface Area           0.000      0.220      0.220      hectare"
"             Time of concentration  8.005      1.050      1.050      minutes"
"             Time to Centroid       99.905     97.326     97.326     minutes"
"             Rainfall depth         69.476     69.476     69.476     mm"
"             Rainfall volume        0.00       152.85     152.85     c.m"
"             Rainfall losses        40.831     3.655      3.655      mm"
"             Runoff depth           28.646     65.821     65.821     mm"
"             Runoff volume          0.00       144.81     144.81     c.m"
"             Runoff coefficient     0.000      0.947      0.947      "
"             Maximum flow           0.000      0.090      0.090      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.090     0.090     0.000     0.000"
" 54          POND DESIGN"
"        0.090   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"        144.8   Hydrograph volume    c.m"
"           5.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                  0.000     0.000     0.000"
"                0.02500   0.01100    55.000"
"                0.05000   0.02300   110.000"
"                0.07500   0.03400   165.000"
"                 0.1000   0.04500   220.000"
"             Peak outflow                  0.018    c.m/sec"
"             Maximum level                 0.040    metre"
"             Maximum storage              87.818    c.m"
"             Centroidal lag                2.994   hours"
"                  0.090     0.090     0.018     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.090     0.018     0.018     0.000"
" 54          POND DESIGN"
"        0.018   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"        144.8   Hydrograph volume    c.m"
"           8.   Number of stages"
"        0.000   Minimum water level    metre"
"        1.220   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
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"                342.380  9.72E-05     0.000"
"                342.480  9.72E-05     3.400"
"                342.580  9.72E-05     6.800"
"                342.680  9.72E-05    10.200"
"                342.790   0.00845    12.100"
"                342.880   0.02650    12.200"
"                343.240   0.05672    12.500"
"                343.600   0.07570    12.900"
"             Peak outflow                  0.018    c.m/sec"
"             Maximum level               342.838    metre"
"             Maximum storage              12.154    c.m"
"             Centroidal lag                4.840   hours"
"                  0.090     0.018     0.018     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.090     0.018     0.018     0.000"
" 33          CATCHMENT 203"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          203   Catch 203 Remainder of Apartment Block"
"       90.000   % Impervious"
"        0.450   Total Area"
"       30.000   Flow length"
"        3.000   Overland Slope"
"        0.045   Pervious Area"
"       30.000   Pervious length"
"        3.000   Pervious slope"
"        0.405   Impervious Area"
"       30.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.169     0.018     0.018     0.000 c.m/sec"
"             Catchment 203          Pervious   Impervious Total Area "
"             Surface Area           0.045      0.405      0.450      hectare"
"             Time of concentration  11.130     1.459      1.899      minutes"
"             Time to Centroid       102.628    97.778     97.998     minutes"
"             Rainfall depth         69.476     69.476     69.476     mm"
"             Rainfall volume        31.26      281.38     312.64     c.m"
"             Rainfall losses        40.827     2.549      6.377      mm"
"             Runoff depth           28.649     66.927     63.100     mm"
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"             Runoff volume          12.89      271.06     283.95     c.m"
"             Runoff coefficient     0.412      0.963      0.908      "
"             Maximum flow           0.010      0.162      0.169      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.169     0.169     0.018     0.000"
" 33          CATCHMENT 202"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          202   Catch 202 Townhouse Block to Rear"
"       55.000   % Impervious"
"        0.170   Total Area"
"       15.000   Flow length"
"        3.000   Overland Slope"
"        0.076   Pervious Area"
"       15.000   Pervious length"
"        3.000   Pervious slope"
"        0.094   Impervious Area"
"       15.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.051     0.169     0.018     0.000 c.m/sec"
"             Catchment 202          Pervious   Impervious Total Area "
"             Surface Area           0.076      0.094      0.170      hectare"
"             Time of concentration  7.343      0.963      2.634      minutes"
"             Time to Centroid       99.157     97.210     97.720     minutes"
"             Rainfall depth         69.476     69.476     69.476     mm"
"             Rainfall volume        53.15      64.96      118.11     c.m"
"             Rainfall losses        41.117     4.103      20.759     mm"
"             Runoff depth           28.359     65.374     48.717     mm"
"             Runoff volume          21.69      61.12      82.82      c.m"
"             Runoff coefficient     0.408      0.941      0.701      "
"             Maximum flow           0.021      0.038      0.051      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.051     0.220     0.018     0.000"
" 54          POND DESIGN"
"        0.220   Current peak flow    c.m/sec"
"        0.200   Target outflow    c.m/sec"
"        511.0   Hydrograph volume    c.m"
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"          13.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                340.570     0.000     0.000"
"                340.800   0.03000    29.500"
"                341.000   0.04000    55.160"
"                341.200   0.06000    80.820"
"                341.400   0.06000   106.470"
"                341.600   0.07000   132.130"
"                341.800   0.08000   157.790"
"                342.300    0.1000   221.930"
"                342.400    0.1000   234.760"
"                342.500    0.1000   241.420"
"                342.600    0.1000   241.520"
"                342.720    0.1100   241.640"
"                342.810    0.1100   243.480"
"             Peak outflow                  0.083    c.m/sec"
"             Maximum level               341.876    metre"
"             Maximum storage             167.588    c.m"
"             Centroidal lag                2.963   hours"
"                  0.051     0.220     0.083     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.051     0.083     0.083     0.000"
" 33          CATCHMENT 201"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          201   Catch 201 Townhouse Block to Landsdown"
"       80.000   % Impervious"
"        0.160   Total Area"
"       11.000   Flow length"
"        5.000   Overland Slope"
"        0.032   Pervious Area"
"       11.000   Pervious length"
"        5.000   Pervious slope"
"        0.128   Impervious Area"
"       11.000   Impervious length"
"        5.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.055     0.083     0.083     0.000 c.m/sec"
"             Catchment 201          Pervious   Impervious Total Area "
"             Surface Area           0.032      0.128      0.160      hectare"
"             Time of concentration  5.230      0.686      1.148      minutes"
"             Time to Centroid       97.133     96.896     96.920     minutes"
"             Rainfall depth         69.476     69.476     69.476     mm"
"             Rainfall volume        22.23      88.93      111.16     c.m"
"             Rainfall losses        40.897     6.309      13.226     mm"
"             Runoff depth           28.579     63.168     56.250     mm"
"             Runoff volume          9.15       80.85      90.00      c.m"
"             Runoff coefficient     0.411      0.909      0.810      "
"             Maximum flow           0.008      0.052      0.055      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.055     0.113     0.083     0.000"
" 33          CATCHMENT 204"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          204   South Easement"
"       35.000   % Impervious"
"        0.120   Total Area"
"        7.000   Flow length"
"        2.000   Overland Slope"
"        0.078   Pervious Area"
"        7.000   Pervious length"
"        2.000   Pervious slope"
"        0.042   Impervious Area"
"        7.000   Impervious length"
"        2.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.035     0.113     0.083     0.000 c.m/sec"
"             Catchment 204          Pervious   Impervious Total Area "
"             Surface Area           0.078      0.042      0.120      hectare"
"             Time of concentration  5.250      0.688      2.771      minutes"
"             Time to Centroid       97.153     96.895     97.013     minutes"
"             Rainfall depth         69.476     69.476     69.476     mm"
"             Rainfall volume        54.19      29.18      83.37      c.m"
"             Rainfall losses        40.895     6.281      28.780     mm"
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"             Runoff depth           28.581     63.195     40.696     mm"
"             Runoff volume          22.29      26.54      48.84      c.m"
"             Runoff coefficient     0.411      0.910      0.586      "
"             Maximum flow           0.020      0.017      0.035      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.035     0.148     0.083     0.000"
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"                MIDUSS Output ----------------------------------------------->"
"                MIDUSS version                          Version 2.25  rev. 473"
"                MIDUSS created                       Sunday, February 07, 2010"
"           10   Units used:                                          ie METRIC"
"                Job folder:                                W:\Guelph\121-2021\"
"                121139  1166-1204 Gordon St ZBA\5 Work In Progress\Servicing and 
Grading\Design Calcs\SWM\2023-04-20 JT  SWM and Modelling Update Infiltration 
Gallery\Post"
"                Output filename:                        121139 100-yr Post.out"
"                Licensee name:                                            gmbp"
"                Company                                                       "
"                Date & Time last used:                 4/20/2023 at 2:47:56 PM"
" 31          TIME PARAMETERS"
"        5.000   Time Step"
"      210.000   Max. Storm length"
"     4280.000   Max. Hydrograph"
" 32          STORM Chicago storm"
"            1   Chicago storm"
"     4688.000   Coefficient A"
"       17.000   Constant B"
"        0.962   Exponent C"
"        0.400   Fraction R"
"      210.000   Duration"
"        1.000   Time step multiplier"
"             Maximum intensity           213.574    mm/hr"
"             Total depth                  88.830    mm"
"            6   100hyd   Hydrograph extension used in this file"
" 33          CATCHMENT 200"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          200   Catch 200 Apartment Rooftops"
"      100.000   % Impervious"
"        0.220   Total Area"
"       10.000   Flow length"
"        1.000   Overland Slope"
"        0.000   Pervious Area"
"       10.000   Pervious length"
"        1.000   Pervious slope"
"        0.220   Impervious Area"
"       10.000   Impervious length"
"        1.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.114     0.000     0.000     0.000 c.m/sec"
"             Catchment 200          Pervious   Impervious Total Area "
"             Surface Area           0.000      0.220      0.220      hectare"
"             Time of concentration  6.611      0.957      0.957      minutes"
"             Time to Centroid       99.535     96.633     96.633     minutes"
"             Rainfall depth         88.830     88.830     88.830     mm"
"             Rainfall volume        0.00       195.43     195.43     c.m"
"             Rainfall losses        43.947     4.892      4.892      mm"
"             Runoff depth           44.883     83.938     83.938     mm"
"             Runoff volume          0.00       184.66     184.66     c.m"
"             Runoff coefficient     0.000      0.945      0.945      "
"             Maximum flow           0.000      0.114      0.114      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.114     0.114     0.000     0.000"
" 54          POND DESIGN"
"        0.114   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"        184.7   Hydrograph volume    c.m"
"           5.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                  0.000     0.000     0.000"
"                0.02500   0.01100    55.000"
"                0.05000   0.02300   110.000"
"                0.07500   0.03400   165.000"
"                 0.1000   0.04500   220.000"
"             Peak outflow                  0.023    c.m/sec"
"             Maximum level                 0.051    metre"
"             Maximum storage             112.026    c.m"
"             Centroidal lag                2.971   hours"
"                  0.114     0.114     0.023     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.114     0.023     0.023     0.000"
" 54          POND DESIGN"
"        0.023   Current peak flow    c.m/sec"
"        0.030   Target outflow    c.m/sec"
"        184.7   Hydrograph volume    c.m"
"           8.   Number of stages"
"        0.000   Minimum water level    metre"
"        1.220   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
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"                342.380  9.72E-05     0.000"
"                342.480  9.72E-05     3.400"
"                342.580  9.72E-05     6.800"
"                342.680  9.72E-05    10.200"
"                342.790   0.00845    12.100"
"                342.880   0.02650    12.200"
"                343.240   0.05672    12.500"
"                343.600   0.07570    12.900"
"             Peak outflow                  0.023    c.m/sec"
"             Maximum level               342.865    metre"
"             Maximum storage              12.183    c.m"
"             Centroidal lag                4.438   hours"
"                  0.114     0.023     0.023     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.114     0.023     0.023     0.000"
" 33          CATCHMENT 203"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          203   Catch 203 Remainder of Apartment Block"
"       90.000   % Impervious"
"        0.450   Total Area"
"       30.000   Flow length"
"        3.000   Overland Slope"
"        0.045   Pervious Area"
"       30.000   Pervious length"
"        3.000   Pervious slope"
"        0.405   Impervious Area"
"       30.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.216     0.023     0.023     0.000 c.m/sec"
"             Catchment 203          Pervious   Impervious Total Area "
"             Surface Area           0.045      0.405      0.450      hectare"
"             Time of concentration  9.192      1.331      1.765      minutes"
"             Time to Centroid       102.017    97.031     97.307     minutes"
"             Rainfall depth         88.830     88.830     88.830     mm"
"             Rainfall volume        39.97      359.76     399.73     c.m"
"             Rainfall losses        43.671     3.096      7.154      mm"
"             Runoff depth           45.159     85.733     81.676     mm"
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"             Runoff volume          20.32      347.22     367.54     c.m"
"             Runoff coefficient     0.508      0.965      0.919      "
"             Maximum flow           0.016      0.206      0.216      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.216     0.219     0.023     0.000"
" 33          CATCHMENT 202"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          202   Catch 202 Townhouse Block to Rear"
"       55.000   % Impervious"
"        0.170   Total Area"
"       15.000   Flow length"
"        3.000   Overland Slope"
"        0.076   Pervious Area"
"       15.000   Pervious length"
"        3.000   Pervious slope"
"        0.094   Impervious Area"
"       15.000   Impervious length"
"        3.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.072     0.219     0.023     0.000 c.m/sec"
"             Catchment 202          Pervious   Impervious Total Area "
"             Surface Area           0.076      0.094      0.170      hectare"
"             Time of concentration  6.065      0.878      2.470      minutes"
"             Time to Centroid       98.913     96.529     97.261     minutes"
"             Rainfall depth         88.830     88.830     88.830     mm"
"             Rainfall volume        67.95      83.06      151.01     c.m"
"             Rainfall losses        43.743     5.562      22.743     mm"
"             Runoff depth           45.087     83.268     66.087     mm"
"             Runoff volume          34.49      77.86      112.35     c.m"
"             Runoff coefficient     0.508      0.937      0.744      "
"             Maximum flow           0.030      0.048      0.072      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.072     0.291     0.023     0.000"
" 54          POND DESIGN"
"        0.291   Current peak flow    c.m/sec"
"        0.200   Target outflow    c.m/sec"
"        664.2   Hydrograph volume    c.m"
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"          13.   Number of stages"
"        0.000   Minimum water level    metre"
"        3.000   Maximum water level    metre"
"        0.000   Starting water level    metre"
"            0   Keep Design Data: 1 = True; 0 = False"
"                  Level Discharge    Volume"
"                340.570     0.000     0.000"
"                340.800   0.03000    29.500"
"                341.000   0.04000    55.160"
"                341.200   0.06000    80.820"
"                341.400   0.06000   106.470"
"                341.600   0.07000   132.130"
"                341.800   0.08000   157.790"
"                342.300    0.1000   221.930"
"                342.400    0.1000   234.760"
"                342.500    0.1000   241.420"
"                342.600    0.1000   241.520"
"                342.720    0.1100   241.640"
"                342.810    0.1100   243.480"
"             Peak outflow                  0.100    c.m/sec"
"             Maximum level               342.308    metre"
"             Maximum storage             222.970    c.m"
"             Centroidal lag                2.881   hours"
"                  0.072     0.291     0.100     0.000 c.m/sec"
" 40          HYDROGRAPH Next link "
"            5   Next link "
"                     0.072     0.100     0.100     0.000"
" 33          CATCHMENT 201"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          201   Catch 201 Townhouse Block to Landsdown"
"       80.000   % Impervious"
"        0.160   Total Area"
"       11.000   Flow length"
"        5.000   Overland Slope"
"        0.032   Pervious Area"
"       11.000   Pervious length"
"        5.000   Pervious slope"
"        0.128   Impervious Area"
"       11.000   Impervious length"
"        5.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
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"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.072     0.100     0.100     0.000 c.m/sec"
"             Catchment 201          Pervious   Impervious Total Area "
"             Surface Area           0.032      0.128      0.160      hectare"
"             Time of concentration  4.320      0.625      1.081      minutes"
"             Time to Centroid       97.133     96.278     96.383     minutes"
"             Rainfall depth         88.830     88.830     88.830     mm"
"             Rainfall volume        28.43      113.70     142.13     c.m"
"             Rainfall losses        43.691     8.704      15.701     mm"
"             Runoff depth           45.139     80.126     73.129     mm"
"             Runoff volume          14.44      102.56     117.01     c.m"
"             Runoff coefficient     0.508      0.902      0.823      "
"             Maximum flow           0.014      0.066      0.072      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.072     0.145     0.100     0.000"
" 33          CATCHMENT 204"
"            1   Triangular SCS"
"            1   Equal length"
"            2   Horton equation"
"          204   South Easement"
"       35.000   % Impervious"
"        0.120   Total Area"
"        7.000   Flow length"
"        2.000   Overland Slope"
"        0.078   Pervious Area"
"        7.000   Pervious length"
"        2.000   Pervious slope"
"        0.042   Impervious Area"
"        7.000   Impervious length"
"        2.000   Impervious slope"
"        0.300   Pervious Manning 'n'"
"       75.000   Pervious Max.infiltration"
"       12.500   Pervious Min.infiltration"
"        0.250   Pervious Lag constant (hours)"
"        5.000   Pervious Depression storage"
"        0.013   Impervious Manning 'n'"
"        0.000   Impervious Max.infiltration"
"        0.000   Impervious Min.infiltration"
"        0.001   Impervious Lag constant (hours)"
"        1.500   Impervious Depression storage"
"                     0.052     0.145     0.100     0.000 c.m/sec"
"             Catchment 204          Pervious   Impervious Total Area "
"             Surface Area           0.078      0.042      0.120      hectare"
"             Time of concentration  4.336      0.628      2.523      minutes"
"             Time to Centroid       97.151     96.278     96.724     minutes"
"             Rainfall depth         88.830     88.830     88.830     mm"
"             Rainfall volume        69.29      37.31      106.60     c.m"
"             Rainfall losses        43.676     8.665      31.422     mm"
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"             Runoff depth           45.154     80.164     57.407     mm"
"             Runoff volume          35.22      33.67      68.89      c.m"
"             Runoff coefficient     0.508      0.902      0.646      "
"             Maximum flow           0.034      0.022      0.052      c.m/sec"
" 40          HYDROGRAPH Add Runoff "
"            4   Add Runoff "
"                     0.052     0.196     0.100     0.000"
" 38          START/RE-START TOTALS 204"
"            3   Runoff Totals on EXIT"
"             Total Catchment area                       1.120    hectare"
"             Total Impervious area                      0.888    hectare"
"             Total % impervious                        79.330"
" 19          EXIT"
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STORMCEPTOR®
ESTIMATED NET ANNUAL SEDIMENT (TSS) LOAD REDUCTION

Recommended Stormceptor EFO Model: EFO4
Estimated Net Annual Sediment (TSS) Load Reduction (%): 85

Project Name: 1166 Gordon Street

Project Number: 121139

Designer Name: Srdjan Malicevic

Designer Company: GM BluePlan Engineering

Designer Email: srdjan.malicevic@gmblueplan.ca

Designer Phone: 519-820-8154

EOR Name:  

EOR Company:
EOR Email:
EOR Phone:

Province: Ontario

City: Guelph

Nearest Rainfall Station: WATERLOO WELLINGTON AP

Climate Station Id: 6149387

Years of Rainfall Data: 34

Net Annual Sediment 
(TSS) Load Reduction 

Sizing Summary
Stormceptor 

Model
TSS Removal 
Provided (%)

EFO4 85
EFO6 93
EFO8 96

EFO10 98
EFO12 99

Oil / Fuel Spill Risk Site? Yes

Upstream Flow Control? No

Peak Conveyance (maximum) Flow Rate (L/s): 

Site Sediment Transport Rate (kg/ha/yr):

Required Water Quality Runoff Volume Capture (%): 90.00

Estimated Water Quality Flow Rate (L/s): 14.32

Runoff Coefficient 'c': 0.84

Drainage Area (ha): 0.45

% Imperviousness: 90.00

Particle Size Distribution: Fine

Target TSS Removal (%): 80.0

Site Name: 1166 Gordon Street Parking Lot

Water Quality Runoff Volume Capture (%): > 90

04/17/2023
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THIRD-PARTY TESTING AND VERIFICATION
►Stormceptor® EF and Stormceptor® EFO are the latest evolutions in the Stormceptor® oil-grit separator (OGS) technology 
series, and are designed to remove a wide variety of pollutants from stormwater and snowmelt runoff. These technologies have 
been third-party tested in accordance with the Canadian ETV Procedure for Laboratory Testing of Oil-Grit Separators and 
performance has been third-party verified in accordance with the ISO 14034 Environmental Technology Verification (ETV) 
protocol.

PERFORMANCE
►Stormceptor® EF and EFO remove stormwater pollutants through gravity separation and floatation, and feature a patent-
pending design that generates positive removal of total suspended solids (TSS) throughout each storm event, including high-
intensity storms. Captured pollutants include sediment, free oils, and sediment-bound pollutants such as nutrients, heavy metals, 
and petroleum hydrocarbons. Stormceptor is sized to remove a high level of TSS from the frequent rainfall events that contribute 
the vast majority of annual runoff volume and pollutant load. The technology incorporates an internal bypass to convey excessive 
stormwater flows from high-intensity storms through the device without resuspension and washout (scour) of previously 
captured pollutants. Proper routine maintenance ensures high pollutant removal performance and protection of downstream 
waterways. 

PARTICLE SIZE DISTRIBUTION (PSD)
►The Canadian ETV PSD shown in the table below was used, or in part, for this sizing. This is the identical PSD that is referenced 
in the Canadian ETV Procedure for Laboratory Testing of Oil-Grit Separators for both sediment removal testing and scour testing. 
The Canadian ETV PSD contains a wide range of particle sizes in the sand and silt fractions, and is considered reasonably 
representative of the particle size fractions found in typical urban stormwater runoff.

www.imbriumsystems.comPage 2info@imbriumsystems.com



Rainfall 
Intensity
(mm / hr)

Percent 
Rainfall 

Volume (%)

Cumulative 
Rainfall Volume 

(%)

Flow Rate 

(L/s)

Flow Rate 
(L/min)

Surface 
Loading Rate 

(L/min/m²)

Removal 
Efficiency 

(%)

Incremental 
Removal (%)

Cumulative 
Removal 

(%)
0.5 8.5 8.5 0.53 32.0 26.0 100 8.5 8.5

1 18.3 26.8 1.05 63.0 53.0 100 18.3 26.8

2 14.4 41.3 2.10 126.0 105.0 96 13.8 40.7

3 10.2 51.5 3.15 189.0 158.0 89 9.1 49.8

4 8.0 59.5 4.20 252.0 210.0 83 6.6 56.4

5 6.9 66.4 5.25 315.0 263.0 80 5.6 62.0

6 5.9 72.3 6.31 378.0 315.0 78 4.6 66.6

7 3.8 76.1 7.36 441.0 368.0 76 2.9 69.4

8 2.6 78.7 8.41 504.0 420.0 73 1.9 71.3

9 2.5 81.1 9.46 567.0 473.0 71 1.7 73.1

10 2.2 83.3 10.51 631.0 525.0 68 1.5 74.5

11 2.5 85.8 11.56 694.0 578.0 66 1.7 76.2

12 2.0 87.8 12.61 757.0 631.0 64 1.3 77.5

13 1.6 89.4 13.66 820.0 683.0 64 1.0 78.5

14 0.9 90.4 14.71 883.0 736.0 64 0.6 79.1

15 1.6 91.9 15.76 946.0 788.0 63 1.0 80.1

16 1.1 93.0 16.81 1009.0 841.0 63 0.7 80.8

17 1.0 94.0 17.86 1072.0 893.0 62 0.7 81.4

18 0.5 94.6 18.92 1135.0 946.0 62 0.3 81.8

19 0.2 94.8 19.97 1198.0 998.0 62 0.1 81.9

20 0.6 95.4 21.02 1261.0 1051.0 60 0.4 82.3

21 0.6 96.1 22.07 1324.0 1103.0 59 0.4 82.7

22 0.3 96.4 23.12 1387.0 1156.0 58 0.2 82.8

23 0.8 97.2 24.17 1450.0 1208.0 57 0.5 83.3

24 0.4 97.6 25.22 1513.0 1261.0 56 0.2 83.6

25 0.2 97.8 26.27 1576.0 1314.0 54 0.1 83.6

30 0.9 98.7 31.53 1892.0 1576.0 47 0.4 84.0

35 0.8 99.5 36.78 2207.0 1839.0 40 0.3 84.4

40 0.2 99.7 42.03 2522.0 2102.0 35 0.1 84.5

45 0.3 100.0 47.29 2837.0 2364.0 31 0.1 84.5

Estimated Net Annual Sediment (TSS) Load Reduction = 85 %
Climate Station ID: 6149387 Years of Rainfall Data: 34
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RAINFALL DATA FROM WATERLOO WELLINGTON AP RAINFALL STATION

INCREMENTAL AND CUMULATIVE TSS REMOVAL 
FOR THE RECOMMENDED STORMCEPTOR® MODEL

www.imbriumsystems.comPage 4info@imbriumsystems.com



Maximum Pipe Diameter / Peak Conveyance
Stormceptor 

EF / EFO Model Diameter Min Angle Inlet / 
Outlet Pipes

Max Inlet Pipe 
Diameter 

Max Outlet Pipe 
Diameter 

Peak Conveyance 
Flow Rate 

(m) (ft) (mm) (in) (mm) (in) (L/s) (cfs)
EF4 / EFO4 1.2 4 90 609 24 609 24 425 15

EF6 / EFO6 1.8 6 90 914 36 914 36 990 35

EF8 / EFO8 2.4 8 90 1219 48 1219 48 1700 60

EF10 / EFO10 3.0 10 90 1828 72 1828 72 2830 100

EF12 / EFO12 3.6 12 90 1828 72 1828 72 2830 100

►Stormceptor® EF and EFO feature an internal bypass and superior scour prevention technology that have been demonstrated 
in third-party testing according to the scour testing provisions of the Canadian ETV Procedure for Laboratory Testing of Oil-Grit 
Separators, and the exceptional scour test performance has been third-party verified in accordance with the ISO 14034 ETV 
protocol. As a result, Stormceptor EF and EFO are approved for online installation, eliminating the need for costly additional 
bypass structures, piping, and installation expense.

SCOUR PREVENTION AND ONLINE CONFIGURATION   

DESIGN FLEXIBILITY
►Stormceptor® EF and EFO offers design flexibility in one simplified platform, accepting stormwater flow from a single inlet pipe 
or multiple inlet pipes, and/or surface runoff through an inlet grate. The device can also serve as a junction structure, 
accommodate a 90-degree inlet-to-outlet bend angle, and can be modified to ensure performance in submerged conditions.  

OIL CAPTURE AND RETENTION
►While Stormceptor® EF will capture and retain oil from dry weather spills and low intensity runoff, Stormceptor® EFO has 
demonstrated superior oil capture and greater than 99% oil retention in third-party testing according to the light liquid re-
entrainment testing provisions of the Canadian ETV Procedure for Laboratory Testing of Oil-Grit Separators. Stormceptor EFO is 
recommended for sites where oil capture and retention is a requirement.   
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INLET-TO-OUTLET DROP 
Elevation differential between inlet and outlet pipe inverts is dictated by the angle 
at which the inlet pipe(s) enters the unit.
0° - 45° :  The inlet pipe is 1-inch (25mm) higher than the outlet pipe.
45° - 90° :  The inlet pipe is 2-inches (50mm) higher than the outlet pipe.

HEAD LOSS    
The head loss through Stormceptor EF is similar to that of a 60-degree bend 
structure. The applicable K value for calculating minor losses through the unit is 1.1. 
 For submerged conditions the applicable K value is 3.0.  

Pollutant Capacity

Stormceptor  
EF / EFO

Model 
Diameter 

Depth (Outlet 
Pipe Invert to 
Sump Floor) 

Oil Volume 
Recommended 

Sediment 
Maintenance Depth * 

Maximum 
Sediment Volume *  Maximum 

Sediment Mass ** 

(m) (ft) (m) (ft) (L) (Gal) (mm) (in) (L) (ft³) (kg) (lb)
EF4 / EFO4 1.2 4 1.52 5.0 265 70 203 8 1190 42 1904 5250
EF6 / EFO6 1.8 6 1.93 6.3 610 160 305 12 3470 123 5552 15375
EF8 / EFO8 2.4 8 2.59 8.5 1070 280 610 24 8780 310 14048 38750

EF10 / EFO10 3.0 10 3.25 10.7 1670 440 610 24 17790 628 28464 78500
EF12 / EFO12 3.6 12 3.89 12.8 2475 655 610 24 31220 1103 49952 137875

*Increased sump depth may be added to increase sediment storage capacity 
** Average density of wet packed sediment in sump = 1.6 kg/L (100 lb/ft³ ) 

STANDARD STORMCEPTOR EF/EFO DRAWINGS
For standard details, please visit http://www.imbriumsystems.com/stormwater-treatment-solutions/stormceptor-ef

STANDARD STORMCEPTOR EF/EFO SPECIFICATION
For specifications, please visit http://www.imbriumsystems.com/stormwater-treatment-solutions/stormceptor-ef
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PART 1 – GENERAL

1.1 WORK INCLUDED

This section specifies requirements for selecting, sizing, and designing an underground Oil Grit Separator (OGS) device 
for stormwater quality treatment, with third-party testing results and a Statement of Verification in accordance with ISO 
14034 Environmental Management – Environmental Technology Verification (ETV). 

1.2 REFERENCE STANDARDS & PROCEDURES

          ISO 14034:2016 Environmental management – Environmental technology verification (ETV)

          Canadian Environmental Technology Verification (ETV) Program’s Procedure for Laboratory Testing of 
          Oil-Grit Separators
 
1.3 SUBMITTALS 
  
          1.3.1     All submittals, including sizing reports & shop drawings, shall be submitted upon request with each 
          order to the contractor then forwarded to the Engineer of Record for review and acceptance.  Shop drawings 
          shall detail all OGS components, elevations, and sequence of construction.

          1.3.2     Alternative devices shall have features identical to or greater than the specified device, including: 
          treatment chamber diameter, treatment chamber wet volume, sediment storage volume, and oil storage volume.

          1.3.3     Unless directed otherwise by the Engineer of Record, OGS stormwater quality treatment product
          substitutions or alternatives submitted within ten days prior to project bid shall not be accepted. All alternatives
          or substitutions submitted shall be signed and sealed by a local registered Professional Engineer, based on the 
          exact same criteria detailed in Section 3, in entirety, subject to review and approval by the Engineer of Record.  

PART 2 – PRODUCTS

2.1 OGS POLLUTANT STORAGE

The OGS device shall include a sump for sediment storage, and a protected volume for the capture and storage of 
petroleum hydrocarbons and buoyant gross pollutants. The minimum sediment & petroleum hydrocarbon storage 
capacity shall be as follows:

          2.1.1            4 ft (1219 mm) Diameter OGS Units:          1.19 m³ sediment  /  265 L oil

                              6 ft (1829 mm) Diameter OGS Units:          3.48 m³ sediment  /  609 L oil

                              8 ft (2438 mm) Diameter OGS Units:          8.78 m³ sediment  /  1,071 L oil

                              10 ft (3048 mm) Diameter OGS Units:        17.78 m³ sediment  /  1,673 L oil

                              12 ft (3657 mm) Diameter OGS Units:        31.23 m³ sediment  /  2,476 L oil

PART 3 – PERFORMANCE & DESIGN

3.1 GENERAL
 
The OGS stormwater quality treatment device shall be verified in accordance with ISO 14034:2016 Environmental 
management – Environmental technology verification (ETV).  The OGS stormwater quality treatment device shall 

STANDARD PERFORMANCE SPECIFICATION FOR
 “OIL GRIT SEPARATOR” (OGS) STORMWATER QUALITY TREATMENT DEVICE
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remove oil, sediment and gross pollutants from stormwater runoff during frequent wet weather events, and retain these 
pollutants during less frequent high flow wet weather events below the insert within the OGS for later removal during 
maintenance. The Manufacturer shall have at least ten (10) years of local experience, history and success in engineering 
design, manufacturing and production and supply of OGS stormwater quality treatment device systems, acceptable to 
the Engineer of Record.

3.2 SIZING METHODOLOGY

The OGS device shall be engineered, designed and sized to provide stormwater quality treatment based on treating a 
minimum of 90 percent of the average annual runoff volume and a minimum removal of an annual average 60% of the 
sediment (TSS) load based on the Particle Size Distribution (PSD) specified in the sizing report for the specified device. 
Sizing of the OGS shall be determined by use of a minimum ten (10) years of local historical rainfall data provided by 
Environment Canada. Sizing shall also be determined by use of the sediment removal performance data derived from 
the ISO 14034 ETV third-party verified laboratory testing data from testing conducted in accordance with the Canadian 
ETV protocol Procedure for Laboratory Testing of Oil-Grit Separators, as follows:
  

3.2.1 Sediment removal efficiency for a given surface loading rate and its associated flow rate shall be based on 
sediment removal efficiency demonstrated at the seven (7) tested surface loading rates specified in the protocol, 
ranging 40 L/min/m² to 1400 L/min/m², and as stated in the ISO 14034 ETV Verification Statement for the OGS 
device.

3.2.2 Sediment removal efficiency for surface loading rates between 40 L/min/m² and 1400 L/min/m² shall be 
based on linear interpolation of data between consecutive tested surface loading rates.

3.2.3 Sediment removal efficiency for surface loading rates less than the lowest tested surface loading rate of 40 
L/min/m² shall be assumed to be identical to the sediment removal efficiency at 40 L/min/m². No extrapolation 
shall be allowed that results in a sediment removal efficiency that is greater than that demonstrated at 40 
L/min/m².

3.2.4 Sediment removal efficiency for surface loading rates greater than the highest tested surface loading rate of 
1400 L/min/m² shall assume zero sediment removal for the portion of flow that exceeds 1400 L/min/m², and shall 

be calculated using a simple proportioning formula, with 1400 L/min/m² in the numerator and the higher surface 
loading rate in the denominator, and multiplying the resulting fraction times the sediment removal efficiency at 
1400 L/min/m².

The OGS device shall also have sufficient annual sediment storage capacity as specified and calculated in Section 2.1.  

3.3 CANADIAN ETV or ISO 14034 ETV VERIFICATION OF SCOUR TESTING

The OGS device shall have Canadian ETV or ISO 14034 ETV Verification of third-party scour testing conducted in 
accordance with the Canadian ETV Program’s Procedure for Laboratory Testing of Oil-Grit Separators.  

          3.3.1     To be acceptable for on-line installation, the OGS device must demonstrate an average scour test 
          effluent concentration less than 10 mg/L at each surface loading rate tested, up to and including 2600 L/min/m².

3.4 LIGHT LIQUID RE-ENTRAINMENT SIMULATION TESTING

The OGS device shall have Canadian ETV or ISO 14034 ETV Verification of completed third-party Light Liquid 
Re-entrainment Simulation Testing in accordance with the Canadian ETV Program’s Procedure for Laboratory 
Testing of Oil-Grit Separators, with results reported within the Canadian ETV or ISO 14034 ETV verification. This re-
entrainment testing is conducted with the device pre-loaded with low density polyethylene (LDPE) plastic beads as a 
surrogate for light liquids such as oil and fuel. Testing is conducted on the same OGS unit tested for sediment removal to 
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assess whether light liquids captured after a spill are effectively retained at high flow rates.

          3.4.1     For an OGS device to be an acceptable stormwater treatment device on a site where vehicular traffic
          occurs and the potential for an oil or fuel spill exists, the OGS device must have reported verified performance
          results of greater than 99% cumulative retention of LDPE plastic beads for the five specified surface loading rates 
          (ranging 200 L/min/m² to 2600 L/min/m²) in accordance with the Light Liquid Re-entrainment Simulation Testing
          within the Canadian ETV Program’s Procedure for Laboratory Testing of Oil-Grit Separators. However, an
          OGS device shall not be allowed if the Light Liquid Re-entrainment Simulation Testing was performed with
          screening components within the OGS device that are effective at retaining the LDPE plastic beads, but would
          not be expected to retain light liquids such as oil and fuel.
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HYDROCARBON STORAGE REQ'D (L)
WATER QUALITY FLOW RATE (L/s)
PEAK FLOW RATE (L/s)
RETURN PERIOD OF PEAK FLOW (yrs)
DRAINAGE AREA (HA)

PIPE DATA: I.E. MAT'L DIA
INLET #1
INLET #2
OUTLET

SITE SPECIFIC DATA REQUIREMENTS

DRAINAGE AREA IMPERVIOUSNESS (%)

* PER ENGINEER OF RECORD

SLOPE % HGL
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*
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*
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*
*
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GENERAL NOTES:
* MAXIMUM SURFACE LOADING RATE (SLR) INTO LOWER CHAMBER THROUGH

DROP PIPE IS 1135 L/min/m2 (27.9 gpm/ft2) FOR STORMCEPTOR EF4 AND 535
L/min/m2 (13.1 gpm/ft2) FOR STORMCEPTOR EFO4 (OIL CAPTURE
CONFIGURATION). WEIR HEIGHT IS 150 mm (6 INCH) FOR EF04.

1. ALL DIMENSIONS INDICATED ARE IN MILLIMETERS (INCHES) UNLESS
OTHERWISE SPECIFIED.

2. STORMCEPTOR STRUCTURE INLET AND OUTLET PIPE SIZE AND ORIENTATION
SHOWN FOR INFORMATIONAL PURPOSES ONLY.

3. UNLESS OTHERWISE NOTED, BYPASS INFRASTRUCTURE, SUCH AS ALL
UPSTREAM DIVERSION STRUCTURES, CONNECTING STRUCTURES, OR PIPE
CONDUITS CONNECTING TO COMPLETE THE STORMCEPTOR SYSTEM SHALL BE
PROVIDED AND ADDRESSED SEPARATELY.

4. DRAWING FOR INFORMATION PURPOSES ONLY.  REFER TO ENGINEER'S
SITE/UTILITY PLAN FOR STRUCTURE ORIENTATION.

5. NO PRODUCT SUBSTITUTIONS SHALL BE ACCEPTED UNLESS SUBMITTED 10
DAYS PRIOR TO PROJECT BID DATE, OR AS DIRECTED BY THE ENGINEER OF
RECORD.

INSTALLATION NOTES
A.  ANY SUB-BASE, BACKFILL DEPTH, AND/OR ANTI-FLOTATION PROVISIONS ARE

SITE-SPECIFIC DESIGN CONSIDERATIONS AND SHALL BE SPECIFIED BY
ENGINEER OF RECORD.

B.  CONTRACTOR TO PROVIDE EQUIPMENT WITH SUFFICIENT LIFTING AND REACH
CAPACITY TO LIFT AND SET THE STRUCTURE (LIFTING CLUTCHES PROVIDED)

C.  CONTRACTOR WILL INSTALL AND LEVEL THE STRUCTURE, SEALING THE JOINTS,
LINE ENTRY AND EXIT POINTS (NON-SHRINK GROUT WITH APPROVED
WATERSTOP OR FLEXIBLE BOOT)

D.  CONTRACTOR TO TAKE APPROPRIATE MEASURES TO PROTECT THE DEVICE
FROM CONSTRUCTION-RELATED EROSION RUNOFF.

E.  DEVICE ACTIVATION, BY CONTRACTOR, SHALL OCCUR ONLY AFTER SITE HAS
BEEN STABILIZED AND THE STORMCEPTOR UNIT IS CLEAN AND FREE OF
DEBRIS.

FOR SITE SPECIFIC DRAWINGS PLEASE CONTACT YOUR LOCAL STORMCEPTOR REPRESENTATIVE.
SITE SPECIFIC DRAWINGS ARE BASED ON THE BEST AVAILABLE INFORMATION AT THE TIME.  SOME
FIELD REVISIONS TO THE SYSTEM LOCATION OR  CONNECTION PIPING MAY BE NECESSARY BASED
ON AVAILABLE SPACE OR SITE CONFIGURATION REVISIONS.  ELEVATIONS SHOULD BE MAINTAINED
EXCEPT WHERE NOTED ON BYPASS STRUCTURE (IF REQUIRED).

STANDARD DETAIL
NOT FOR CONSTRUCTION

STRUCTURE ID *
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FILTER ATTACHED TO
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NOTES:

a. REFERENCE CURRENT INSTALLATION INSTRUCTIONS FOR

PROPER INSTALLATION PRACTICES.

b. DEBRIS ROW CONFIGURATIONS AND PORT LOCATIONS ON

SHEET 2 OF 2.

c. CONCRETE COLLAR REQUIRED AROUND ACCESS BOXES

TO MEET HS-20 AND HS-25 LOAD RATING (DESIGN BY

ENGINEER OF RECORD).

CROSS-SECTION SIDE PANEL DETAIL



(5 SIDE PANELS)

INLET

A.

(9 SIDE PANELS)

INLET

B.

(13 SIDE PANELS)

INLET

C.

(17 SIDE PANELS)

INLET

D.

(21 SIDE PANELS)

INLET

E.

(18 SIDE PANELS)

INLET

F.

(26 SIDE PANELS)

INLET

G.

(30 SIDE PANELS)

INLET

H.

(42 SIDE PANELS)

INLET

I.

DEBRIS ROW LAYOUTS

ST-36 and ST-30 STORMTANK SYSTEM

INFLUENT PIPE DIA. FIGURE

REQ'D NUMBER

OF SIDE PANELS

REQ'D NUMBER OF

SUCTION PORTS

IMPERIAL METRIC QTY QTY

4" 102 mm A 5 1

6" 152 mm A 5 1

8" 203 mm A 5 1

10" 254 mm B 9 1

12" 305 mm B 9 1

14" 356 mm C 13 1

18" 457mm F 18 2

24" 610 mm G 26 2

30"* 762 mm I 42 4

* 30" (762 mm) INFLUENT PIPE ONLY APPLICABLE TO ST-36 MODULE

ST-24 STORMTANK SYSTEM

INFLUENT PIPE DIA. FIGURE

REQ'D NUMBER

OF SIDE PANELS

REQ'D NUMBER OF

SUCTION PORTS

IMPERIAL METRIC QTY QTY

4" 102 mm A 5 1

6" 152 mm A 5 1

8" 203 mm B 9 1

10" 254 mm C 13 1

12" 305 mm D 17 2

14" 356 mm E 21 2

18" 457mm H 30 3

ST-18 STORMTANK SYSTEM

INFLUENT PIPE DIA. FIGURE

REQ'D NUMBER

OF SIDE PANELS

REQ'D NUMBER OF

SUCTION PORTS

IMPERIAL METRIC QTY QTY

4" 102 mm B 9 1

6" 152 mm B 9 1

8" 203 mm B 9 1

10" 254 mm C 13 1

12" 305 mm C 13 1

CONCEPTUAL USE:

DEBRIS ROW MINIMUM DESIGN REQUIREMENTS

ARE BASED ON THE INFLUENT PIPE CROSS

SECTIONAL AREA. SEE TABLES FOR THE MINIMUM

REQUIRED DEBRIS ROW INTERNAL SIDE PANEL

INTERFACES TO MEET PROPER HYDRAULIC

PERFORMANCE AS CONFIGURATIONS MAY VARY.
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Reading, PA 19611   U.S.A.

Phone: (610) 374-5109

Fax: (610) 376-6022
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StormTank® Hydraulic Performance and 
Sediment Removal Efficiency 

Karl Koch 
 

Executive Summary 
Testing for the hydraulic performance and sediment removal efficiency of the Brentwood 

Industries StormTank® Debris Row was conducted at the Brentwood Industries Research and 

Development Facilities following ASTM Standard C1746/C1746M-12, Standard Test Method 

for Measurement of Suspended Sediment Removal Efficiency of Hydrodynamic Stormwater 

Separators and Underground Settling Devices. Trapping efficiencies for AGSCO Silica Sand 

#110 was greater than 95% at all flow ranges tested. Hydraulic performance was limited only 

by the design of the test rig, namely the flow into the 8” slotted effluent pipe, with flow ranges 

tested up to nearly 27 GPM/ft2. The hydraulic data was used to determine detention times and 

ultimately slurry feed and sampling rates. 

 

The StormTank® Debris Row trapping efficiencies were determined using both a direct and 

indirect method. The direct method physically weighed the sediment injected into the system, 

the sediment trapped within the Debris Row, and the sediment trapped within the Effluent 

Sump. Mass Balances for each test accounted for over 97% of all solids mixed into the feed 

slurry. The indirect method followed Standard D3977-97, Standard Test Methods for 

Determining Sediment Concentration in Water Samples. Five evenly spaced samples were 

drawn from the both the Influent and Effluent flow streams, from which the average 

concentrations were used to determine the StormTank® Debris Row trapping efficiencies. 

Introduction 
The Brentwood StormTank system is a rugged yet lightweight subsurface stormwater storage 

unit. The simple to assemble and install modules, designed to exceed the AASHTO HS-25 load 

rating, are utilized under most surfaces for detention, infiltration, harvesting, and flood 

mitigation of rain water. Integral to the system is a Debris Row; a series of StormTank modules 

subsequential to the inlet pipe and isolated by a series of internally installed side panels with a 

geotextile fabric liner on the bottom and extending 12” up the side panels. The dual purpose of 

this Debris Row is: (1) the isolation of larger debris; (2) filtration of sediment. 
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Purpose 
The purpose of this study is: (1) to quantify the hydraulic performance, in terms of stage and 

detention time for testing purposes; (2) to quantify the sediment removal efficiency of a 

StormTank® Debris Row system subjected to simulated stormwater runoff conditions. 

Scope 
Construct a 12’ x 6’ x 4’ Test Basin capable of holding 12’ x 6’ x 1’ #2 Angular stone, a three 

StormTank® module Debris Row, and a seven StormTank® module system surrounding the 

Debris Row. Set up a system capable of controlled water flow ranges of 90 – 400 GPM (7.0 – 

30.6 GPM/ft2), with a means of injecting a sediment slurry simulating stormwater runoff. 

Construct a 10’ x 6’ x 2’ sump to capture the simulated stormwater runoff and filter the 

effluent for recirculation. Have the means to directly weigh the sediment before and after 

addition to the test apparatus to determine the removal efficiency. Have the means to indirectly 

determine the influent and effluent sediment concentrations to determine the removal 

efficiency. 

Apparatus (Appendix A – System Overview) 
4000 gallon Reservoir Tank 

(4) - 4” Ball Valve 

Grundfos E-Pump, Model# CRE90-1-1AN-G-A-E-HQQE 

DCT-7088 Portable Digital Correlation Transit Time Ultrasonic Flowmeter 

Masterflex B/T variable-speed wash-down modular pump, 12-321rpm, Model# K-77110-40 

30 gallon Slurry Tank 

Dayton Tank Mixer, Model# 2M168D 

8” Ball Valve 

12” Inlet Connection, Brentwood Industries 

12’ x 6’ x 4’ Test Basin with 12’ x 6’ x 1’ of #2 Angular stone 

10’ x 6’ x 2’ Sump 

8” Slotted High – Density Polyethylene Pipe, 12’ 

50 micron filter sock 

(2) ISCO 4700 Refrigerated Samplers 

 

Considerations 
ASTM Standard C1746/C1746M-12 was followed with the following exceptions: 
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6.1, 6.4 – The influent system consists of an 8” pipe 78” long, with a slurry injection port 60” 

from the influent point, and a ball valve / mixing valve 40” from the influent point. This valve 

remains 100% open. 

 

8.1.1 – Specific gravity and particle-size distribution is not necessary as the sediment is a 

specialty blend with included technical data sheets (Appendix B). 

Conclusions 
Using the flow/volume relationship to determine the Detention (residence) Time it can be 

concluded that the water load limiting factor is the test rig itself rather than any aspect of the 

StormTank® system through the flow levels tested. (See Test Results and Discussion) 

 

At all flow levels tested sediment removal efficiency is greater than 95% by direct 

measurement and greater than 97% by indirect sampling. (See Test Results and Discussion) 

Evaluation 

Test Sample 
(10) – 18” StormTank Modules, ST-18 

(14) – 18” Side Panels 

Geotextile Fabric (Appendix C) 

AGSCO Silica Sand #110, Item# SSS000110—B5MBNK (Appendix B) 

Test Method 
 

Set-up and Test Run 

1. Fill out the initial section of the StormTank Water Quality Test Data Sheet (Appendix 

D). 

2. Record the tare weights of the Influent and Effluent sample containers in the 

StormTank Water Quality Test Data Sheet and place the crucibles and filter papers in 

the oven to dry. (See Sample Analysis Procedure, steps 40 – 43) 

3. Ensure that the Reservoir Tank has ≥2000 gallons of water.  

4. Cut approximately ½” behind the ring of a 50micron filter sock to remove the ring. 

5. Weigh the filter sock and one Vacuum Filter as a unit and record in the StormTank 

Water Quality Test Data Sheet. 

6. Cut and weigh the following three pieces of Geotextile 601 Fabric and record in the 

StormTank Water Quality Test Data Sheet: 

a. 2 pieces Geotextile @ 150” x 24” 

b. 1 piece Geotextile @ 150” x 80” 
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7. Place the 150” x 80” piece of geotextile fabric over the stone in the Test Basin, cutting 

around the well pipe. 

8. Position the three StormTank Modules (STM’s) that make up the Debris Row down the 

center of the Test Basin. Module DB1 is placed on the influent pipe and placed against 

the Test Rig wall, with modules DB2 and DB3 lined up behind. 

9. Place the two 150” x 24” geotextile fabric pieces on either side of the Debris Row with 

12” lying against the Debris Row and 12” lying on the 150” x 80” piece of geotextile 

fabric. Each side will extend 12” past module DB1. 

10. Cut the excess geotextile fabric near the inlet pipe in line with the wall.  

a. Tuck the vertical flaps between DB1 and the wall. 

b. Fold the vertical flaps up against the basin wall. 

11. Position STM’s 1 – 3 and 4 – 6 on either side of the Debris Row, on top of the 150” x 

24” geotextile fabric. Place one 25 lb weight on top of each STM. 

12. Cut the geotextile fabric at approximately 45° from the corners of DB3 to allow 

wrapping of the fabric around the module. Position STM 7 against this fabric. 

13. Cable tie the 12” of geotextile fabric between the debris and outer row to the side 

panels of the outer row.  

14. Insert the Sump Effluent Filter sock frame into the sock and cable tie it around the 4” 

sump effluent line. 

15. Position and attach the Influent Sampler to the Influent Sampler Port on the Influent 

Pipe. Program the sampler to the parameters listed in Table 1 – Hydraulic Performance 

for the testing conditions to be performed. 

16. Position and attach the Effluent Sampler to the Effluent Sampler Line in the Test Basin 

Effluent Pipe. Program the sampler to the parameters listed in Table 1 – Hydraulic 

Performance for the testing conditions to be performed. 

17. Attach the Slurry Pump to the Injection Port. Mix sediment slurry per the following: 

a. Add 20 gallons of water to the Slurry Tank. 

b. Plug in the Mixer Motor and Slurry Pump 

c. Slowly add 27.5 lbs of AGSCO #110 sediment. 

d. Fill with water until the mixture reaches the 25 gallon mark, cycling the mixer 

to achieve the correct volume. 

e. Power on the Slurry Pump but do not start. 

18. Attach the flowmeter to the sensors and power on. 

19. Open valves 1 and 4. 

20. Open the bleeder valve on the Pump to extricate any air in the influent piping and 

pump. 

21. Power on the Pump, and set the desired flow rate. 

22. When the fill line is reached in the Sump open valve 2 and slowly close valve 1. To 

maintain the water level slowly open / close valve 1 as needed. 

23. Record the time as the Equilibration Start Time. The test will need to equilibrate for 10 

detention times. During this time: 
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a. Take the Sump water temperature  

b. Program the Slurry Pump per Table 1 

c. Remove crucibles and filters from drying oven and place in desiccator. 

d. Record the actual flow rate on the StormTank Water Quality Test Data Sheet. 

24. After 10 Detention Times record the time as the Equilibration End Time. 

25. Start the Influent Sampler and record the time. 

26. After 11 Detention Times start the Effluent Sampler and record the time. 

27. Start the Slurry Pump. 

28. Start the test timer. 

29. Record the Sump water temperature and the time taken. 

30. Halt the Influent and Effluent Sampler programs until the sampling interval has been 

met on the test timer. 

a. When the sampling interval has been met restart the Influent Sampler on bottle 

2. 

b. After one detention time restart the Effluent Sampler on bottle 2. 

31. Measure the maximum stage at the well and record in the StormTank Water Quality 

Test Data Sheet. 

32. At this time the water in the reservoir Tank can begin to be replaced by a garden hose. 

33. A few minutes before the end of the test, measure the water level in the StormTank 

chamber and record in the StormTank Water Quality Test Data Sheet. 

34. When the Test Length has been met and the Influent Sampler has recovered the seventh 

sample, shut down the Influent Sampler and the Slurry Pump. Record the time. 

35. When one more detention time has elapsed and the final Effluent grab sample has been 

recovered, shut down the Effluent Sampler. Record the time. 

36. Record the Sump water temperature and the time taken. 

37. Reduce the pump to the minimum flow rate and shut down the pump. 

38. Close all the valves. 

39. Check the water level in the Reservoir Tank and shut down the water if ≥2000 gallons. 

Shutdown and Cleanout Procedure 

40. Cut the cable ties holding the geotextile fabric to the STM side panels and carefully 

rinse each STM onto the Geotextile as it is removed from the Test Basin. 

a. Carefully fold the Geotextile lengthwise and remove from the Test Basin. 

b. Allow the geotextile to dry thoroughly before weighing and recording in the 

StormTank Water Quality Test Data Sheet. 

41. Remove the slurry pump Influent Line and wash out the contents into the Slurry Tank. 

42. Empty the contents of the Slurry Tank onto a tarp and allow to dry. 

43. Carefully remove the filter sock from the Test Basin Sump effluent pipe and allow to 

dry thoroughly. 
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44. Using a sump pump placed in the Sump, begin a flow through the garden hose and then 

disconnect the garden hose from the sump pump, ensuring that it remains submerged at 

all times, and set on the floor of the Sump. Allow it to siphon to the sanitary sewer. 

45. Disconnect the Flow Meter. 

46. Disconnect the Influent Sampler from the influent pipe. 

47. Disconnect the Effluent Sampler from the effluent pipe. 

48. When the Sump has been drained, vacuum the remaining water and sediment with a 

vacuum containing the clean tared filter, disposing of the water in the sanitary sewer.  

49. Place the Vacuum Filter with the Filter Sock and allow to dry thoroughly. 

a. Weight the Vacuum Filter and Filter Sock as a unit and record in the StormTank 

Water Quality Test Data Sheet. 

Sample Analysis Procedure 

50. Weigh and record tare weights for the 7 Influent and 7 Effluent Sample bottles making 

sure to include the lids. Weights are to be recorded on the data sheet in the Bottle Chart 

under the column Tare (g). 

51. Wash the glass-fiber filter disc with water to remove soluble compounds.  Record pore 

size and diameter on the data sheet. 

52. Place the filter inside a crucible. 

53. Dry the filter and its crucible in the drying oven for 1H at 105°C. 

54. Weigh each of the 7 Influent and 7 Effluent Sample bottles with their samples inside 

and record on the data sheet in the Bottle chart under the column Gross (g). 

55. Transfer the crucible and filter paper to the desiccator, then, after the parts have cooled 

to room temperature, weigh them to the nearest 0.0001 g and record the reading on the 

data sheet. 

56. Place the crucible inside a crucible holder. 

57. Place the crucible holder into the vacuum flask that is attached to the vacuum pump. 

58. While a vacuum is being applied to the bottom of the crucible, filter sample into the 

crucible.  Flush the inner surfaces of the sample bottle with water several times to 

complete the transfer. 

59. As filtering proceeds, inspect the filtrate.  If it is turbid, pour the filtrate back through 

the filter a second and possibly a third time.  If the filtrate is still turbid, the filter may 

be leaking.  In this case, substitute a new filter and repeat from step 51.  If the filtrate is 

transparent but discolored, a natural dye is present; re-filtration is not necessary. 

60. When filtration is complete, place the crucible and its contents in the drying oven for 

1H at 105°C. 

61. Remove crucible and filter from oven and place in desiccator.  After the crucible has 

cooled, weigh to the nearest 0.0001 g and record on the data sheet. 

62. Place crucible and filter back in oven for 1H at 105°C. 

63. Remove crucible and filter from oven and place in desiccator.  After the crucible has  
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cooled, weigh to the nearest 0.0001 g and record on the data sheet. 

64. If values from steps 61 and 63 are less than 4% or 0.5 mg (whichever is smaller) 

different, then drying complete. 

65. If values from steps 61 and 63 are more than 4% or 0.5 mg different, then repeat steps 

52 – 53. 

66. Enter all values in the Excel Spreadsheet “StormTank Water Quality Test Data Sheet”. 

Test Results and Discussion 
Looking at the flow/volume relationship, determined by measuring the stage at each flow rate 

by means of a well installed midway through the test basin, several expected results occur: (1) 

the stage increases along with flow, (2) the volume increases along with flow, (3) the test 

length required to inject 21 pounds of sediment at an approximate concentration of 200 mg/L 

decreases as flow increases, (4) the indirect sampling interval decreases as the flow increases. 

 

 

 
 

 

However, the Detention Time, expected to decrease as flow increased, follows more of a 

second-order polynomial (See Chart 1 – Flow vs Detention Time). Considering the mechanism 

through which the water exits the test basin, an 8” slotted pipe, the increase in Detention Time 

can be explained by assuming a maximum flow through the total area of the slots dependent on 

head pressure. After passing through the StormTank® system, the geotextile, and the stone, the 

Table 1- Hydraulic Performance

Flow (cfs)
Flow 

(gpm)

Flow 

(gpm/ft2)

Stage 

Relative to 

Outlet (in)

Total 

Volume 

(ft3)

Total 

Volume 

(gal)

Detention 

Time, X 

(min)

Test Length 

(min)

Pump Speed 

to Deliver 20 

gallons (GPM)

Sampling 

Interval 

(min)

0.21 95 7.0 5.03 30.08 225.00 2.37 139 0.14 23.1

0.30 133 10.0 6.09 36.44 272.52 2.05 99 0.20 16.5

0.42 192 14.0 8.34 49.89 373.14 1.94 69 0.29 11.4

0.50 217 16.6 9.97 59.60 445.81 2.05 61 0.33 10.1

0.61 276 20.3 13.03 77.92 582.77 2.11 48 0.42 8.0

0.69 305 22.9 15.22 91.00 680.59 2.23 43 0.46 7.2

0.80 357 26.6 19.41 116.03 867.86 2.43 37 0.54 6.2

0.92 413 30.6 25.00 149.48 1118.02 2.71 32 0.63 5.3

1.02 453 33.9 29.25 174.89 1308.08 2.89 29 0.69 4.8
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water must infiltrate the culvert pipe through the slots. For the first three data points, to 14.0 

GPM/ft2, the maximum flow through the pipe wall is not achieved, therefore, the results are as 

expected, a linear increase in the stage with decreasing Detention Times (See Chart 2 – Flow 

vs Stage). For the flows greater than 16.6 GPM/ft2 the maximum flow through the pipe wall is 

achieved at equilibrium with head pressure, therefore, we see the stage increasing as a second-

order polynomial with Detention Times increasing (See Chart 2 – Flow vs Stage). 

 

 
 

Chart 1 - Flow vs Detention Time
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At all water flow rates tested, both the direct and indirect measurement methods indicated 

sediment trapping efficiencies greater than 95%. The direct method is the standard method and 

shows a 2% decline in sediment trapping efficiency, 97% to 95%, as the flow increases 400%, 

from 7.0 GPM/ft2 to 26.9 GPM/ft2 .The direct method also allows a mass balance to be 

performed between the sediment weighed from the packaging and the sediment collected at the 

completion of each test run. This mass balance shows that we can account for greater than 97% 

of the solids used. 

 

 

Chart 2 - Flow vs Stage
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The direct method for determining the sediment removal efficiency of the Brentwood 

StormTank® Debris Row utilizes a calibrated scale to weigh the sediment in the feed slurry, the 

sediment collected in the Debris Row, and the sediment deposited in the Effluent Sump. The 

sediment remaining in the slurry tank is also dried and weighed at the end of a test run to 

calculate the amount of sediment actually fed to the system. Through this measurement system 

the percentage of injected sediment trapped by the Debris Row is directly measured: 

 

  Trap Efficiency = (DB/IS) x 100 

 

Where, DB is the sediment captured by the Debris Row  

 And, IS is the Injected Sediment (Total added to the slurry tank – Total remaining at the end) 

 

 

Table 2- Sediment Removal Efficiency

Injected in 

Influent 

Flow (lbs)

Retained in 

Debris Row 

(lbs)

Influent 

(mg/L)

Effluent 

(mg/L)

Direct 

Method (%)

Indirect 

Method (%)

7.0 20.1 19.5 128.0 2.7 97.0 97.9 98.2

14.3 22.5 21.9 685.9 12.2 97.3 98.2 98.2

20.6 25.6 24.7 197.9 2.1 96.5 98.9 97.6

20.3* 18.1 17.2 346.4 0.0 95.0 100.0 97.1

26.9 20.5 19.7 410.4 1.5 96.1 99.6 97.8

*Witnessed by Craig Momose, P.E.; Systems Design Engineering, Inc., October 15, 2015

Direct Sediment 

Measurements, 

WeightFlow 

(gpm/ft2)

Indirect Concentration 

Measurements
Removal Efficiency

Mass Balance 

(%)
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For the purposes of the evaluations in Chart 3 and Chart 4 the duplicate run (20.3 GPM/ft2) for 

Systems Design Engineering, Inc. was omitted. Only 18.1 pounds of sediment were added, 

outside of the standard method. Additionally, there was no detectable sediment in the effluent 

samples, leading to a 100% trapping efficiency, which may lead one to question the validity of 

the results. However, the purpose of that test run was to allow the outside firm to verify our 

methods, not our results, and that was accomplished with the run. 

 

Brentwood utilized dormant resources to employ an indirect method to verify the results of the 

direct measurements. This was meant to be a broad verification, as the numerous steps 

involved and small concentrations of sediment, coupled with the difficulty of obtaining discrete 

well - mixed samples representative of the average concentrations, introduce compounding 

errors. Surprisingly, most of the results were within 3% of the direct method with the exception 

of the duplicate test, showing sediment trapping efficiencies greater than 97%. The results 

show a trend toward increasing sediment trapping efficiency as the flow increases. This could 

be due to numerous error factors: balance errors to the .00001g, humidity fluctuations, a 

decreasing sample cross-section as the water level in the effluent pipe increased (the sample 

line was set in the effluent pipe at the bottom counter to the flow). 

 

Chart 3 - Sediment Removal Efficiency, Direct Method
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Chart 4 - Sediment Removal Efficiency, Indirect Method

y = 0.0026x2 + 0.0012x + 97.735
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Appendices 
 

Appendix A – System Overview 
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Appendix B – AGSCO #110 Screen Analysis 
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Appendix C: GEOTEX 601 Product Data 

 

 
 

 

 

 

 



Technical Report for StormTank Hydraulic Performance and Sediment Removal 

Efficiency 

                                                                          11 November 2015 

                    Page 16 of 21 

 

 

 

 
Brentwood Industries, Inc. 

610 Morgantown Road, Reading, PA 19611, 

USA 

brentwoodindustries.com 

 
 
 

Phone: 610.374.5109 

 
 
 

Fax: 610.376.6022 

 

 

Appendix D – StormTank Water Quality Test Data Sheet 

 

StormTank™ Water Quality Test Data Sheet

Date

Page 1 of 3

Test Name:

Test Length: min

Detention Time: min

Target Influent Concentration: mg/L

Slurry Concentration: lbs/gal

Slurry Pump Speed: gpm

Sampling Interval: min

Glass-fiber Filter Diameter: mm

Glass-fiber Filter Pore Size: μm

Geotex Weight Initial: lbs

Geotex Weight Final: lbs

Filter Sock and Vacuum Filter Weight Initial: lbs

Filter Sock and Vacuum Filter Weight Final: lbs

Tarp Weight Initial: lbs

Tarp Weight Final: lbs

Flow water: cfs

Water Load: 0 gpm/ft2

Maximum Stage Rig: in

Depth in Chamber: in

Total Volume: 0.00 gal

Equilibration Start Time:

Equilibration End Time:

Sump Water Temperature / Time: °F  /

Sampler Influent Start Time:

Sampler Effluent Start Time:

Test / Slurry Pump Start Time:

Sump Water Temperature / Time: °F  /

Sampler Influent End Time:

Sampler Effluent End Time:

Test / Slurry Pump End Time:

Sump Water Temperature / Time: °F  /
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StormTank™ Water Quality Test Data Sheet

Date

Page 2 of 3

Sample Bottle Weight Table

Sample Tare (g) Gross (g) Net (g) Solids (mg) Water (mL)

Influent 0 0.0000 0.0 0.0

Influent 1 0.0000 0.0 0.0

Influent 2 0.0000 0.0 0.0

Influent 3 0.0000 0.0 0.0

Influent 4 0.0000 0.0 0.0

Influent 5 0.0000 0.0 0.0

Influent 6 0.0000 0.0 0.0

Effluent 0 0.0000 0.0 0.0

Effluent 1 0.0000 0.0 0.0

Effluent 2 0.0000 0.0 0.0

Effluent 3 0.0000 0.0 0.0

Effluent 4 0.0000 0.0 0.0

Effluent 5 0.0000 0.0 0.0

Effluent 6 0.0000 0.0 0.0

Crucible Weight Table

Sample Tare (g)

Influent 0

Influent 1

Influent 2

Influent 3

Influent 4

Influent 5

Influent 6

Effluent 0

Effluent 1

Effluent 2

Effluent 3

Effluent 4

Effluent 5

Effluent 6

0.0

0.0

1H @ 105°C (g)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1H @ 105°C (g)

0.0

0.0

#DIV/0!

#DIV/0!

#DIV/0!

0.0

0.0

0.0

Solids (mg)

#DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!

Concentration (mg/L)

#DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!

#DIV/0!
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StormTank™ Water Quality Test Data Sheet

Date

Page 3 of 3

0

Accounted Unaccounted Slurry

0.0 0.0

Direct Removal Efficiency: %

Indirect Removal Efficiency: %

0 0 0.0

#DIV/0!

0

Mass Balance (lbs)

0 0 0.0

Vacuum Filter and Filter Sock 

Tare weight (lbs)

Dry Vacuum Filter and Filter Sock 

Weight (lbs) Solids (lbs)

Solids Remaining in Slurry Tank (lbs)

Geotex Tare weight (lbs) Dry Geotex Weight (lbs) Solids (lbs)
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Appendix E – Sample Completed StormTank Water Quality Test Data Sheet 

 

StormTank™ Water Quality Test Data Sheet

Page 1 of 3

Test Name: WQ 0.4 cfs 2015 09 25

Test Length: 69 min

Detention Time: 1.94 min

Target Influent Concentration: 200 mg/L

Slurry Concentration: 1.1 lbs/gal

Slurry Pump Speed: 0.29 gpm

Sampling Interval: 11.0 min

Glass-fiber Filter Diameter: 34 mm

Glass-fiber Filter Pore Size: 1.5 μm

Geotex Weight Initial: 5.2 lbs

Geotex Weight Final: 27.1 lbs

Filter Sock and Vacuum Filter Weight Initial: 0.9 lbs

Filter Sock and Vacuum Filter Weight Final: 1.0 lbs

Tarp Weight Initial: 6.8 lbs

Tarp Weight Final: 11.8 lbs

Flow water: 0.43 cfs

Water Load: 14.3 gpm/ft2

Maximum Stage Rig: 9.88 in

Depth in Chamber: 5.75 in

Total Volume: 490.0 gal

Equilibration Start Time: 9:55

Equilibration End Time: 10:14

Sump Water Temperature / Time: 71.8 °F  / 9:56

Sampler Influent Start Time: 10:14

Sampler Effluent Start Time: 10:16

Test / Slurry Pump Start Time: 10:16

Sump Water Temperature / Time: 72 °F  / 10:17

Pause - Influent feed line not working; re-start at 10:31

Sampler Influent End Time: 11:37

Sampler Effluent End Time: 11:39

Test / Slurry Pump End Time: 11:40

Sump Water Temperature / Time: 72.3 °F  / 11:39

September 25, 2015
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StormTank™ Water Quality Test Data Sheet

Page 2 of 3

Sample Bottle Weight Table

Sample Tare (g) Gross (g) Net (g) Solids (mg)* Water (mL)

Influent 0 117.1047 211.1727 94.0680 1.0 94.1

Influent 1 113.7627 199.6820 85.9193 59.5 85.9

Influent 2 120.2428 205.2000 84.9572 77.9 84.9

Influent 3 119.0744 210.0568 90.9824 72.5 90.9

Influent 4 116.4428 212.7409 96.2981 69.1 96.2

Influent 5 116.5622 203.3854 86.8232 51.1 86.8

Influent 6 115.9707 206.8581 90.8874 36.3 90.9

Effluent 0 115.6987 203.4775 87.7788 1.2 87.8

Effluent 1 116.0757 205.6834 89.6077 1.1 89.6

Effluent 2 120.8946 215.6025 94.7079 1.5 94.7

Effluent 3 119.1743 214.1430 94.9687 1.6 95.0

Effluent 4 119.0589 231.6127 112.5538 0.7 112.6

Effluent 5 119.7286 214.6678 94.9392 1.0 94.9

Effluent 6 118.2419 211.6760 93.4341 1.1 93.4

*Negative values are recorded as zero

Crucible Weight Table

Sample Tare (g)

Influent 0 44.5359

Influent 1 44.0679

Influent 2 44.9158

Influent 3 44.5755

Influent 4 43.5355

Influent 5 44.3170

Influent 6 44.4361

Effluent 0 44.3461

Effluent 1 44.4199

Effluent 2 44.5589

Effluent 3 44.4879

Effluent 4 44.2916

Effluent 5 44.3202

Effluent 6 44.2992

September 25, 2015

44.4216

44.5613

44.4901

44.2929

44.3217

44.300844.2998

44.4204

44.5595

44.4889

44.2916

44.3207 1.0

44.4731

44.347644.3469

44.5376

44.1285

44.9944

44.6486

1.1

1H @ 105°C (g)

44.5362

44.1264

44.9929

44.6473

43.6040

44.3674

44.4718 36.3

1.2

1.1

1.5

1.6

0.7

1.0

1H @ 105°C (g)

69.1

51.1

5.8

10.5

11.8

43.6052

44.3689

59.5

77.9

72.5

Solids (mg)

13.1

12.3

15.8

16.8

Concentration (mg/L)

10.6

693.6

917.2

796.9

718.1

589.5

400.1
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StormTank™ Water Quality Test Data Sheet

Page 3 of 3

5

Accounted Unaccounted Slurry

27.0 0.5 27.5 98.2%

Direct Removal Efficiency: %

Indirect Removal Efficiency: %

September 25, 2015

0.9 1 0.1

Geotex Tare weight (lbs) Dry Geotex Weight (lbs) Solids (lbs)

98.2

97.3

Mass Balance (lbs)

5.2 27.1 21.9

Vacuum Filter and Filter Sock 

Tare weight (lbs)

Dry Vacuum Filter and Filter Sock 

Weight (lbs) Solids (lbs)

Solids Remaining in Slurry Tank (lbs)
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Water Budget Analysis 
 
 
 
 
 

 

 

 

 

 

 
 

 



EXISTING CONDITION

Contributing Catchments: 100,101 Soil Type: Silt Loam Runoff Factor = 0.44

Contributing Area = 1.12 ha Vegetation: Shallow-rooted crops

Percent Impervious = 30.0% Root Zone Depth = 0.62m

Soil Moisture Retention Capacity = 125 mm 0.33

Month
Daily Average 

Temperature
Monthly Heat Index

Unadjusted Daily 

Potential 

Evapotranspiration

Correction 

Factors

Adjusted Potential 

Evapotranspiration

Average 

Precipitation
P-PE

Accum. 

Pot. Water 

Loss

Storage ∆S

Actual 

Evapotrans-

piration

Moisture 

Surplus

Water 

Runoff

Snow Melt 

Runoff

Total 

Recharge & 

Runoff

Actual 

Runoff

Runoff 

Volume

(°C) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (m
3
)

Jan -6.5 0.00 0.0 24.3 0.0 65.2 65.2 261.4 0.0 0.0 0.0 8.6 0.0 8.6 3.8 42

Feb -5.5 0.00 0.0 24.6 0.0 54.9 54.9 316.3 0.0 0.0 0.0 4.3 0.0 4.3 1.9 21

Mar -1.0 0.00 0.0 30.6 0.0 61.0 61.0 377.3 0.0 0.0 0.0 2.1 0.0 2.1 0.9 11

Apr 6.2 1.39 1.0 33.6 33.6 74.5 40.9 125.0 0.0 26.8 47.7 23.9 25.2 49.1 21.6 242

May 12.5 4.00 2.0 37.8 75.6 82.3 6.7 125.0 0.0 60.3 22.0 22.9 113.5 136.5 60.0 672

Jun 17.6 6.72 2.9 38.4 111.4 82.4 -29.0 -29.0 99.0 -26.0 86.5 21.9 22.4 56.8 79.2 34.8 390

Jul 20.0 8.16 3.4 38.7 131.6 98.6 -33.0 -61.9 75.0 -24.0 97.8 24.8 23.6 28.4 52.0 22.9 256

Aug 18.9 7.49 3.2 36.0 115.2 83.9 -31.3 -93.2 58.0 -17.0 80.5 20.4 22.0 14.2 36.2 15.9 178

Sep 14.5 5.01 2.4 31.2 74.9 87.8 12.9 70.9 12.9 59.7 15.2 18.6 7.1 25.7 11.3 127

Oct 8.2 2.12 1.3 28.5 37.1 67.4 30.4 101.3 30.4 29.5 7.5 13.0 4.0 17.1 7.5 84

Nov 2.5 0.35 0.4 24.3 9.7 87.1 77.4 125.0 23.7 7.8 55.6 34.3 2.0 36.4 16.0 179

Dec -3.3 0.00 0.0 23.1 0.0 71.2 71.2 196.2 0.0 0.0 0.0 17.2 1.0 18.2 8.0 90

Total 35.2 916.3 327.3 448.8 215.2 213.0 252.3 465.3 204.7 2,293

POST-DEVELOPMENT CONDITION

Contributing Catchments: Non-Apartment Roof 201, 202, 203, 204 Soil Type: Silt Loam Runoff Factor = 0.79

Contributing Area = 0.90 ha Vegetation: Shallow-rooted crops

Percent Impervious = 74% Root Zone Depth = 0.62m

0.793303571 Soil Moisture Retention Capacity = 125 mm 0.33

Month
Daily Average 

Temperature
Monthly Heat Index

Unadjusted Daily 

Potential 

Evapotranspiration

Correction 

Factors

Adjusted Potential 

Evapotranspiration 

Average 

Precipitation
P-PE

Accum. 

Pot. Water 

Loss

Storage ∆S

Actual 

Evapotrans-

piration

Moisture 

Surplus

Water 

Runoff

Snow Melt 

Runoff

Total 

Recharge & 

Runoff

Actual 

Runoff

Runoff 

Volume

(°C) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (m
3
)

Jan -6.5 0.00 0.0 24.3 0.0 65.2 65.2 261.4 0.0 0.0 0.0 11.3 0.0 11.3 9.0 81

Feb -5.5 0.00 0.0 24.6 0.0 54.9 54.9 316.3 0.0 0.0 0.0 5.6 0.0 5.6 4.5 40

Mar -1 0.00 0.0 30.6 0.0 61.0 61.0 377.3 0.0 0.0 0.0 2.8 0.0 2.8 2.2 20

Apr 6.2 1.39 1.0 33.6 33.6 74.5 40.9 125.0 0.0 16.8 57.7 28.9 25.2 54.1 43.0 387

May 12.5 4.00 2.0 37.8 75.6 82.3 6.7 125.0 0.0 37.7 44.6 36.7 113.5 150.3 119.3 1,074

Jun 17.6 6.72 2.9 38.4 111.4 82.4 -29.0 -29.0 99.0 -26.0 54.1 54.3 45.5 56.8 102.3 81.2 731

Jul 20 8.16 3.4 38.7 131.6 98.6 -33.0 -61.9 75.0 -24.0 61.1 61.5 53.5 28.4 81.9 65.0 585

Aug 18.9 7.49 3.2 36.0 115.2 83.9 -31.3 -93.2 58.0 -17.0 50.3 50.6 52.0 14.2 66.2 52.6 473

Sep 14.5 5.01 2.4 31.2 74.9 87.8 12.9 70.9 12.9 37.3 37.5 44.8 7.1 51.9 41.2 371

Oct 8.2 2.12 1.3 28.5 37.1 67.4 30.4 101.3 30.4 18.5 18.6 31.7 4.0 35.7 28.4 255

Nov 2.5 0.35 0.4 24.3 9.7 87.1 77.4 125.0 23.7 4.8 58.5 45.1 2.0 47.1 37.4 337

Dec -3.3 0.00 0.0 23.1 0.0 71.2 71.2 196.2 0.0 0.0 0.0 22.5 1.0 23.6 18.7 168

Total 35.2 916.3 327.3 280.7 383.3 380.5 252.3 632.8 502.6 4,523

Notes: Precipitation and Temperature data from Environment Canada Climate Normals 1981-2010 for Waterloo Wellington A

Monthly water balance strategy as outlined in the document Instructions and Tables for Computing Potential Evapotranspiration and the Water Balance (Thornthwaite and Mather, 1957) 
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107

Recharge Volume

(m
3
)

21

10

5

100

44

1,172

Evapotranspiration 

Factor for Impervious 

Surfaces =

Evapotranspiration 

Factor for Impervious 

Surfaces =

161

228

308

856

497

326

227

Recharge Volume

13

(m
3
)

54

27

96

87

114

2,918

278

189

152

123

66



POST-DEVELOPMENT CONDITION

Contributing Catchments: Apartment Roofs-200 Soil Type: Silt Loam Runoff Factor = 1.00

Contributing Area = 0.22 ha Vegetation: Shallow-rooted crops

Percent Impervious = 100% Root Zone Depth = 0.62m

Soil Moisture Retention Capacity = 125 mm 0.33

Month
Daily Average 

Temperature
Monthly Heat Index

Unadjusted Daily 

Potential 

Evapotranspiration

Correction 

Factors

Adjusted Potential 

Evapotranspiration 

Average 

Precipitation
P-PE

Accum. 

Pot. Water 

Loss

Storage ∆S

Actual 

Evapotrans-

piration

Moisture 

Surplus

Water 

Runoff

Snow Melt 

Runoff

Total 

Recharge & 

Runoff

Total 

Recharge & 

Runoff

Enhanced 

Recharge

Runoff 

Volume

Recharge 

Through 

Pervious 

Surfaces

Total 

Recharge 

Volume

(°C) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (m
3
) (m

3
) (m

3
) (m

3
) (m

3
)

Jan -6.5 0.00 0.0 24.3 0.0 65.2 65.2 261.4 0.0 0.0 0.0 12.8 0.0 12.8 28.2 28 0.2 0 28

Feb -5.5 0.00 0.0 24.6 0.0 54.9 54.9 316.3 0.0 0.0 0.0 6.4 0.0 6.4 14.1 14 0.1 0.0 14.0

Mar -1 0.00 0.0 30.6 0.0 61.0 61.0 377.3 0.0 0.0 0.0 3.2 0.0 3.2 7.1 7 0.1 0.0 7.0

Apr 6.2 1.39 1.0 33.6 33.6 74.5 40.9 125.0 0.0 10.9 63.6 31.8 25.2 57.0 125.4 125 0.4 0.0 125.0

May 12.5 4.00 2.0 37.8 75.6 82.3 6.7 125.0 0.0 24.6 57.7 44.8 113.5 158.3 348.2 295 53.2 0.0 295.0

Jun 17.6 6.72 2.9 38.4 111.4 82.4 -29.0 -29.0 99.0 -26.0 35.3 73.1 59.0 56.8 115.7 254.6 255 -0.4 0.0 255.0

Jul 20 8.16 3.4 38.7 131.6 98.6 -33.0 -61.9 75.0 -24.0 39.9 82.7 70.8 28.4 99.2 218.3 218 0.3 0.0 218.0

Aug 18.9 7.49 3.2 36.0 115.2 83.9 -31.3 -93.2 58.0 -17.0 32.8 68.1 69.5 14.2 83.7 184.0 184 0.0 0.0 184.0

Sep 14.5 5.01 2.4 31.2 74.9 87.8 12.9 70.9 12.9 24.4 50.5 60.0 7.1 67.1 147.6 148 -0.4 0.0 148.0

Oct 8.2 2.12 1.3 28.5 37.1 67.4 30.4 101.3 30.4 12.0 25.0 42.5 4.0 46.5 102.4 102 0.4 0.0 102.0

Nov 2.5 0.35 0.4 24.3 9.7 87.1 77.4 125.0 23.7 3.2 60.2 51.4 2.0 53.4 117.4 117 0.4 0.0 117.0

Dec -3.3 0.00 0.0 23.1 0.0 71.2 71.2 196.2 0.0 0.0 0.0 25.7 1.0 26.7 58.7 59 -0.3 0.0 59.0

Total 35.2 916.3 327.3 183.0 481.0 477.8 252.3 730.1 1,606.2 1,552.0 54.2 0.0 1,552.0

Notes: Precipitation and Temperature data from Environment Canada Climate Normals 1981-2010 for Waterloo Wellington A

Monthly water balance strategy as outlined in the document Instructions and Tables for Computing Potential Evapotranspiration and the Water Balance (Thornthwaite and Mather, 1957) 
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Evapotranspiration 

Factor for Impervious 

Surfaces =



Infiltration Gallery Catchment 200

Site Infiltration Gallery

Structure Length = 7.00 m

Structure Width = 5.00 m

Structure Depth = 0.30 m

Contact Area of Gallery = 42.20 sq m Volume of Gallery = 10.50 cu m

Storage Volume of Gallery = 9.87 cu m

A = contact area of structure = 42.20 sq m

V = runoff volume to be infiltrated = 9.87 cu m

P = percolation rate of native soils = 10.0 mm/hr

n = porosity of storage media (weighted) = 0.94

T = retention time = Solve for T

T = (1000 x V) / (P x n x A) = 24.88 hours  or 1.0 day draindown period

Contributing Area 0.220 ha  (Area to Infiltration Gallery)

Recharge Time 24.88 hours        / 1.04 days

Recharge Volume Potential 9.87 m
3

100%

Month

Total 

Recharge & 

Runoff 

No. of 

days

Max 

Potential 

Recharge

Available 

Recharge

Enhanced 

Recharge

(mm) (m
3
) (m

3
) (m

3
)

Jan 12.8 31 295 28 28

Feb 6.4 28 267 14 14

Mar 3.2 31 295 7 7

Apr 57.0 30 286 125 125

May 158.3 31 295 348 295

Jun 115.7 30 286 255 255

Jul 99.2 31 295 218 218

Aug 83.7 31 295 184 184

Sep 67.1 30 286 148 148

Oct 46.5 31 295 102 102

Nov 53.4 30 286 117 117

Dec 26.7 31 295 59 59

Total 730.1 365.0 3,475 1,606 1,552

Note: Drawdown is 

based on flow from 

sides and bottom of 

gallery
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Site

Existing 

Recharge 

Volume

Proposed 

Recharge 

Volume

Proposed 

Recharge 

Volume

Proposed 

Recharge 

Volume

Percent 

Change

Total Site

Catch. 201, 

202, 203, 

C204

Catch. 200 Total Site

(m
3
) (m

3
) (m

3
) (m

3
) (%)

Jan 54 21 28 49 -9.2%

Feb 27 10 14 24 -9.2%

Mar 13 5 7 12 -9.2%

Apr 308 100 125 225 -26.8%

May 856 278 295 573 -33.0%

Jun 497 189 255 444 -10.5%

Jul 326 152 218 370 13.3%

Aug 227 123 184 307 35.0%

Sep 161 96 148 244 51.5%

Oct 107 66 102 168 56.8%

Nov 228 87 117 204 -10.4%

Dec 114 44 59 103 -10.0%

Total 2,918 1,172 1,552 2,724 -6.7%

Month
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