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1.  Site Background 
 
King EPCM (the Engineer) was retained by Xue Ju Zheng (the Client) to carry out civil engineering 
designs for a proposed industrial development, including the creation of a Stormwater Management Brief. 
The property was located at 0th Forks Road, Part of Lots 23 to 25, Con 4, East of the Welland Canal, City 
of Port Colborne, Ontario (the Site). It is understood that the SWM is for the sole purpose of the 
application and construction of an industrial development (recycling construction waste, indoor/outdoor 
processing, outdoor storage, offices) with a trailer park on site. This report is to be submitted to the City 
of Port Colborne, Niagara Peninsula Conservation Authority (NPCA), and the Regional Municipality of 
Niagara (Niagara Region). 
 

  
Figure 1 – Topographic map of Subject Area at 0th Forks Rd, Port Colborne, ON 
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The south portion of the parcel is in the watershed of the Indian Creek Municipal Drain and the north 
portion of the parcel is in the watershed of the Lyons Creek Municipal Drain. The north portion of the 
property is not abutting the Forkes Road allowance and has no access to it. The south limit of the parcel 
abuts the municipal drain. 
 
The Site is considered to be dry industrial, using limited water supported on the property and designated 
as Rural Employment in the City’s Official Plan. The Site is currently vacant, with two concrete pads 
and a gravel driveway in the southern portion.  
 
The site property is considered irregular in shape, measures approximately 33.1 ha (Developed area = 
2.17 ha), and is situated northwest of the intersection of Third Concession Rd and Ramey Rd, east of 
Welland Canal and Canal Rd, Port Colborne, Ontario. The Site is on industrial land use, outside of the 
designated urban area boundary of Port Colborne, and adjacent to a variety of natural heritage features 
mapped by Niagara Region as part of their Natural Environment System, including wetlands, woodlands, 
a shoreline area, permanent stream, and fish habitat, along with farmland in the southeast. The property 
is also mapped as part of the Provincial Natural Heritage System (PNHS). As such, these features are 
considered Key Natural Heritage Features (KNHF) and Key Hydrologic Features (KHF). 
 

 
 

 
Figure 2 –Site Location Plan  
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In the above figure, the proposed developments within the site boundary developed area are displayed 
which are (Total Site area = 330,929.4 m2 while the southern developed area = 21,656.3 m2): 
 
#1: Building (TIMP= 93.0 m2) 
#2: Parking (TIMP= 74.3 m2) 
#3: Concrete Pad (TIMP= 459.7 m2) 
#4: Storage Area (TIMP= 746.0 m2) 
#5: Gravel Driveway/Walkway (TIMP= 994.3 m2) 
 
and the existing pervious areas which are located outside of the new proposed development within the 
site boundary: 
 
#6: Parkland (Grass and trees) = 19,289.0 m2 

 

  
Figure 4–NPCA Regulated Area map, Subject Area at 0th Forks Rd, Port Colborne, ON 
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Since more than 31 ha of the site area is located outside of the proposed development and are Provincial 
Natural Heritage System (PNHS), such as Key Natural Heritage Features (KNHF) and Key Hydrologic 
Features (KHF), no SWM facilities will be proposed for those portions and the effective study area for 
the subject property would be 21,656.3 m2. 

2. Site Investigation & In-Situ Permeameter Testing 

2.1.  Borehole Drilling 
One (1) shallow borehole (BH101) was drilled at the site property by King EPCM on March 5, 2024, on 
the west side of the southern portion of the property, to determine the septic infiltration rate of the soil. 
The detailed borehole drill log is in Appendix III, and shows the soil is comprised of moist brown silty 
clay without any groundwater.  
 

2.2. In-Situ Permeameter Testing 
Based on a field visit dated March 5, 2024, "field-saturated" hydraulic conductivity, Kfs, was achieved 
using the "Constant Head Well Permeameter" (CHWP) method. Kfs was conducted in the west, near 
BH101 using the ETC Standard Pask Permeameter Apparatus. The "Constant Head Well Permeameter" 
(CHWP) method was described in Appendix IV in detail.  
 
It is understood that the in-situ infiltration test was not tested at the actual LID/septic bed bottom but 
based on borehole soil sample, it is in the Engineer’s opinion as a geotechnical engineer that the soils 
perform similarly in hydrological infiltration potential.  
 
The ETC Pask Permeameter was a convenient and easy-to-use apparatus for ponding a constant head of 
water in a well, and simultaneously measuring the flow into the soil. The Kfs is calculated as:  
 
Kfs101 = 2.5E-8 m/sec = 2.5E-6 cm/sec 
 
Kfs were then corrected for temperature (for soil temperature=20°c): 
 
Ka101=1.61E-8 m/sec = 1.61E-65 cm/sec 
 
Correlations between Perc Time (PT) and field-saturated hydraulic conductivity (Kfs) are often used in 
the development of on-site water recycling and treatment facilities that operate by infiltration into 
unsaturated soil. Based on OMMAH (1997) interpolation, the measured infiltration rate may be 
interpolated as: 
 
PT = 39.2 min / cm   (Infiltration Rate = 15.3 mm/hour) 
The engineer's opinion is to trust the values obtained from the OMMAH (1997), with an unfactored 
surface infiltration rate of 15.3mm/hour. 
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For a conservative approach to infiltration speeds, the Wisconsin Department of Natural Resources (2004) 
method shall be used for the calculation of a factored design infiltration rate and the Engineer’s opinion 
is that the factored engineering design infiltration rate is 6.1 mm/hour, with a safety factor of 2.5.  
 
See Appendix IV for more details, the calculations, and the graphs provided. 

3. Pre-development site conditions 
 
Prior to development, the property is considered nearly vacant with a Total Impervious Surface Area of 
less than 6.0% (~0.13 ha) near the southern portion, with grasses & trees for the remaining 94.0%. The 
site conditions prior to development can be broken down into several groups of information:  
 

3.1. Topographic Elevation & Base Precipitation 
• The site topography, ground cover, land use, and drainage patterns of the subject property 

were established through site visitation, interpretation of topographic maps, historical aerial 
photographs, and a topographic survey.  

• The Site is situated in the physiographical region known as Haldimand clay plain along the 
shoreline of Lake Erie, where an intermixture of lacustrine clay and glacial clay till occurs 
above a shallow limestone bedrock of Bois Blanc formation. 

• Site survey & topographic information are in Appendix I. 
• The south portion of the site is in the watershed of the Indian Creek Municipal Drain and the 

north portion is in the watershed of the Lyons Creek Municipal Drain, with Clay Hydrologic 
Soil Group D. The north portion of the property is not abutting the Forkes Road allowance 
and has no access to it while the south limit of the parcel abuts the municipal drain. 

• There are several interior ditches surrounding the developed area in the southern portion, 
which collect runoff and direct them towards the Indian Creek Drain, along the south 
boundary. 

• Base yearly precipitation is 1000.9mm/year (EC Welland-Pelham monitoring station-1977 to 
2006, Climate ID: 6139445, Appendix VI) 

• The general surface drainage in the southern portion is towards the existing municipal drain 
along the southern site boundary (Indian Creek Municipal Drain). 

3.2. Vegetation & Evapotranspiration 
• The site property is considered irregular in shape, measures approximately 31 ha, and is 

located on the east side of Welland Canal/Canal Road, northwest of the intersection of Third 
Concession and Ramey Road, City of Port Colborne.  

• The subject land is mostly grassing fields (>70%) with several tree cover in the eastern half 
of the site property (>10%). 

• 1.9 ha / 89.0% of the Site (developed area) is grassy lawn along with dense tree covers. 
• Estimated site actual evapotranspiration is 583.3mm/year (Appendix VI) 
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3.3. Precipitation Surplus (Recharge + Runoff) 
• Net surplus (precipitation surplus) = 1000.9 – 583.3 = 417.6 mm/year for pervious area  
• Recharge for pervious area based on MOEE Hydrogeological Tech Info, 1995, Table 2: 

Infiltration factors: 
o Topography (Flat land) = 0.3 
o Soil (clay mixed with gravel) = 0.15 
o Cover = 0.15 (Parkland) 
o MOE infiltration factor = 0.6 (Parkland) 
o  Recharge rate for pervious area would be 0.6*417.6 = 250.6 mm/year (Parkland)* 
* It is the engineer’s opinion that all site runoffs in the southern portion which will be 

developed in the future, will be directed to the existing municipal drain and discharged 
into the Welland Canal.  

• Storm runoff from the Parkland area = 417.6 – 250.6 = 167 mm/year 
• Total area-weighted average storm runoff = 167 mm/year 
• Total area-weighted average recharge = 250.6 mm/year 
• Total area-weighted average precipitation surplus (recharge + runoff) = 417.6 mm/year. 

3.4. Stormwater Run-off 
• There are no city-maintained stormwater sewers, with stormwater generally infiltrated by clay 

soils or collected by the interior ditches and discharged to the Municipal Indian Creek Drain, 
along the southern boundary. 

• The historical well records and a new monitoring borehole drilled by the engineer within the 
Site, near the proposed development, confirm that the seasonal groundwater level in this 
property is low.  

• All minor & major storm site drainage is to be collected on-site and outlet towards the 
municipal drain (Indian Creek).  

• Based on an in-situ infiltration test using ETC Pask Permeameter Apparatus, the infiltration 
rate of the upper clay layer mixed with gravel was 39.2 min/cm = 0.26 mm/min = 
15.3mm/hour.  

• Native permeable infiltration rate should use a non-factored infiltration rate of 15.3 mm/hour 
because the predominant soil material of this site is composed of clay mixed with gravel to a 
depth of more than 1 meter and a factored engineering design infiltration rate of 6.1 mm/hour 
with a safety factor of 2.5 for infiltration purposes. 

• According to the NPCA Stormwater Management Policies and Guidelines (Section 7.2), 
when estimating flows for designing SWM structures, modelling approach can be as simple 
as estimating peak flows with the Rational Method to sophisticated hydrologic and hydraulic 
computer models. The Rational Method is one of the earlier developed methods of calculating 
peak flows from the IDF curve. The Modified Rational Method also has been developed to 
improve the accuracy of the standard rational method to take account of the variable runoff 
coefficients in the catchment and the losses in rainfall and storage in the system. 
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NPCA recommended simple calculation method such as the Rational or Modified Rational Method when 
there is total development area of less than 100 hectares, and the Engineer have used Modified Rational 
Method for this Site. This method is based on a simple empirical formula used to determine flow that 
results from a rainfall of specific intensity applied to an area based on an average catchment land use 
condition.  

• Pre-development 1 in 2 year, 1 in 5 year, 1 in 10 year, 1 in 25 year, 1 in 50 year and the 1 in 
100 year design storm events, peak flow conditions are calculated as follows: 

• Peak flow rate Modified Rational Formula: Qp = (0.001/3600) * A * C * Ca *  i 
 

o A = area in m2 = 21,656.3m2 
o C = runoff coefficient = 0.39 (Clay, parkland & grass, 6.0% TIMP, flat, MTO 1997 

design chart 1.07 for rural & urban and Table 4.1, Niagara Region SWM 
Guidelines. See Appendix IX for more details). 

o Ca = Antecedent Precipitation Factor = 1.0 for 2, 5 and 10 year, 1.10 for 25 year, 
1.20 for 50 year, and 1.25 for 100 year. 

o i = average rainfall intensity in mm/hour using the Rational Method with a,b,c 
values of 3-parameters design storm as: Intensity = a/(t+c)b, Where, t is time of 
concentration in hour; a, b and c are constant (Table 1).  

 
• The minimum time of concentration per City standards is 10 minutes which will be used in 

the following hydrological calculations for both pre and post-development scenarios.  
• See Table 1: Pre-development peak flows for the 1:2-year through 1:100-year design storms 

based on the Modified Rational Method with a,b,c values of 3-parameters design storm as: 
Intensity = a/(t+c)b and Q = 2.8CCaIA. The Modified Rational Method calculations are 
included in Appendix VI for reference.  

 

Table 1 - Existing peak flows and rainfall intensities based on the Rational Method 

Design 
Storm 

2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 

a 755 830 860 900 960 1020 

b 0.789 0.777 0.763 0.745 0.736 0.731 

c 8 7.3 6.5 5.2 5.1 4.7 

Intensity 
(mm/hr) 

77.2 90.6 101.3 118.5 130.2 143.0 

Total 
Runoff 
Qp (l/s) 

179.2 210.4 235.2 302.8 362.8 415.1 
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Figure 5- Intensity-Frequency-Duration (IDF) Curves calculated from Table 1 above 

4. Stormwater Management Plan 
 
The SWM plan has been prepared in accordance with the MOE Stormwater Management Planning and 
Design Manual, City of Port Colborne Standards and NPCA Stormwater Stormwater Management 
Policies and Guidelines as detailed in Section 12. The SWM plan is subject to review and approval by 
the City, NPCA and is presented in the following sections.    

4.1. Design Criteria 
The following design criteria are to be satisfied in the proposed SWM plan: 

• The stormwater management plan must maintain existing stormwater runoff rates at the site 
outlet by restricting post development peak flow rates to pre-development levels for the 1:2-
year through 1:100-year design storms; 

IDF Parameters 2 5 10 25 50 100
a 755 830 860 900 960 1020
b 0.789 0.777 0.763 0.745 0.736 0.731
c 8 7.3 6.5 5.2 5.1 4.7
Duration 
5 min 99.78 118.09 133.41 159.53 175.02 193.76
10 min 77.19 90.60 101.29 118.51 130.18 142.99
15 min 63.61 74.38 82.77 95.89 105.47 115.44
30 min 42.81 49.87 55.27 63.40 69.97 76.32
1 hr 27.05 31.53 34.97 40.05 44.41 48.40
2 hr 16.42 19.21 21.41 24.63 27.46 29.96
4 hr 9.74 11.47 12.87 14.93 16.74 18.30
6 hr 7.14 8.43 9.51 11.10 12.48 13.67
12 hr 4.17 4.96 5.64 6.66 7.53 8.28
24 hr 2.42 2.91 3.34 3.98 4.54 5.00
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• The stormwater management plan must provide quantity control storage for storm events up 
to and including 1:100-year design storm in addition to the 25mm storm runoff volume;  

• Safe conveyance of the 2-year to 100-year peak flows through the site to the downstream 
drainage system must be provided for surface runoff generated within the development;  

• The storage requirements for the grass swale have been calculated based on Table 3.2 of the 
Stormwater Management Planning and Design Manual (MOE, 2003) to ensure it meets water 
quality treatment objectives; and 

• Protect life and property from flooding and erosion. 
 

4.2. Proposed SWM Plan 
The Client has proposed the implementation of industrial development (recycling construction waste, 
indoor/outdoor processing, outdoor storage, offices) with a trailer park on site, mostly on the existing 
impervious concrete pad, on the southwest corner of the Site, while the existing site consists of primarily 
open, undeveloped lands to the north with sparse trees and shrubs and only the south portion of the site, 
directly adjacent to the intersection of Ramey Rd and Third Concession has been developed, with site 
property post-development Total Impervious Surface Area (TIMP) = 2367.3 m2 / 10.9%.  
 
Due to the low groundwater level in the historical boreholes and newly drilled borehole logs, no 
groundwater observed during borehole drilling in the last month, and low draining soil surrounding the 
site, the Engineer proposes that rooftop downspouts along with runoff captured by driveway/parking will 
be directed to the pervious grass area to allow infiltration of stormwater runoff generated by the 
impervious areas, and then directed towards the existing interior ditches including proposed check-dams 
through sheet flow, to encourage passive infiltration of stormwater, provide linear storage in the 
conveyance system to dampen hydrologic response, and provide pre-treatment of stormwater prior to 
discharge to the municipal drain.  
 
Below is a summary of the proposed site conditions: 

o Total developed area = 21,656.3 m2 
o Total pervious surface area (grassy lawn+trees) = 19,289 m2 (89.1%) 
o Total impervious surface area (TIMP) = 2367.3 m2 (10.9%) 

o 93.0m2 – new building  
o 841.3m2 – existing driveways 
o 37.3m2 – proposed walkway 
o 115.7m2 – proposed driveway 
o 74.3m2 – proposed parking lot 
o 459.7m2 – existing concrete pad 
o 746.0m2 – proposed outdoor storage 

o The existing property is not serviced by any storm sewer or stormwater management facilities, 
except the main branch of the Indian Creek municipal drain along the southern boundary.  

o All roof leaders will be discharged into the grassy lawn through splash pads and infiltrate into 
the ground.  

o The runoff captured by the existing driveway/proposed parking/walkway will be directed into 
the grass area through the grading and if there is any overflow in less frequent events, the 
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water is directed to the interior ditches through the sheet flow and flows south towards the 
Indian Creek.  

o Post-development peak flow conditions are calculated as follows: 
o Peak flow rate Modified Rational Formula: Qp = (0.001/3600) * A * C * Ca * i 

o A = area in m2 = 21,656.3 m2 
o C = runoff coefficient = 0.42  (Clay, grassy lawn & trees, 10.9% TIMP, flat, MTO 

1997 design chart 1.07 for rural & urban and Table 4.1, Niagara Region SWM 
Guidelines, See Appendix IX for more detail) 

o Ca = Antecedent Precipitation Factor = 1.0 for 2, 5 and 10 year, 1.10 for 25 year, 
1.20 for 50 year, and 1.25 for 100 year. 

o i = average rainfall intensity in mm/hour using the Rational Method with a,b,c values 
of 3-parameters design storm. 

o The minimum time of concentration per city standards is 10 minutes. 
 

o See Table 2: Post-development peak flows for the 1:2-year through 1:100-year design storms 
based on the Modified Rational Method along with appropriate pre-development peaks flow 
for the developed catchment area. The Modified Rational Method calculations are included 
in Appendix X for reference.  

 

Table 2 – Proposed peak flows based on the Modified Rational Method 

Design Storm 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 

Intensity 
(mm/hr) 77.2 90.6 101.3 118.5 130.2 143.0 

Developed 
Catchment 
Runoff Qp 

(l/s) 

193.0 
(179.2) 

226.5 
(210.4) 

253.2 
(235.2) 

325.9 
(302.8) 

390.5 
(362.8) 

446.8 
(415.1) 

Allowable 
Runoff Qp 

(l/s) 
179.2 210.4 235.2 302.8 362.8 415.1 

Note: (179.2) denotes pre-development peak flow. 
 

• LIDs Dimensions:  
 
o A Grass Swale started from the middle driveway to the north and then continue along the 

northern limit of the developed area and directed to the south towards the existing culvert 
which directed flows to the existing municipal drain. The swale has a 0.5 m depth, 1.2m 
bottom width, and 200m Length, with a static storage capacity of approximately 60 m3 
between check dams to control post-development peak flows to pre-development levels for 
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all storms up to and including the 100-year storm and for detaining 25 mm storm for 24 hours 
and (Fig 6). 

 
o It can be concluded that the designed capacity of the proposed LID is equal to 60m3 and it can 

be able to manage most of the minor and major storms with 1:2 to 1:100 year return periods 
(See Appendix X for more details).  

 
 
 
                    

Figure 6- Proposed Enhanced Swale Cross-Sections 

4.3. Grass Swale  
Swales are one of several LIDs for the treatment of stormwater runoff from project areas that are 
anticipated to produce pollutants of concern (e.g., roadways). A grassed swale is a graded and engineered 
landscape feature appearing as a linear, shallow, open channel with a trapezoidal or parabolic shape. The 
swale is vegetated with flood-tolerant, erosion-resistant plants. 
 
Grass swales (also referred to as vegetated open channels or water quality swales) are conveyance 
channels engineered to capture and treat the water quality volume for a drainage area.  They differ from 
a normal drainage channel or conventional swale because they incorporate specific features that enhance 
stormwater pollutant removal effectiveness. Swales are designed with limited longitudinal slopes to force 
the stormwater flow to be slow and shallow, thus allowing for particulates to settle and limiting the effects 
of erosion. Berms and/or check dams installed perpendicular to the flow path promote settling and 
infiltration. 
 
In swales, stormwater is slowed by the strategic placement of check-dams, that encourage ponding, and 
these ponds in turn facilitate water quality improvements through infiltration, filtration, and sedimentary 
deposition. Collected stormwater is expected to drain away through the soil within several hours or days. 
 

• Flatbed swales (Trapezoidal shape) with check dams along the western site boundary (for 
Retained Lot) and along the western/eastern site boundaries (for Severed Lot) and designed 
to receive a short duration of 4 hours 25mm storm event, per the City’s standards. Total 
number of check dams will be three. 

• Swales are designed at 0.5 m depth, 1.2 m bottom width at 3H:1V sloped sides, cross-sectional 
area of 1.35 m2.  

• Rockfill check dams with a pond height of 0.29m, and usually installed based on ditch grading 
along the swale (See Table 3 for details)  

• The total static storage volume behind check dams (#3) is approximately 60 m3, and the 
dynamic infiltration volume per hour is 3.7 m3/hour from the total area of the channel bottom. 

• Swales grade north, east and south at roughly 0.5%, and it is recommended to plant small 
landscaping shrubs, grasses, and forbs on the bank and the channel bed to retain their long-
term shape.  

• Swales collect stormwater from all impermeable surfaces (rooftops/pavements).  

1.2m 

0.
5m

 

Check-Dam 

0.
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m
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• Assumes 100% of rooftops and captured volumes from the pavements are 
infiltrated/recharged into groundwater and the rest would be directed to the downstream 
waterway.  

• Drawdown time is 47.5 hours for the ponding water with a maximum water depth of 0.29 m 
with a conservative engineering infiltration rate of 6.1 mm/hour for the ditch bed.  

 
Drawdown Time (hr) = 290 (mm) / 6.1 (mm/hr) = 47.5 hr                                 

 

     
Figure 7 – Sample Grass Swale with Check Dams (LID) 

 
Table 3 – Design of Check Dam for Retainment 

Length 
(m) 

Grading 
(%) 

Distance 
between check 

dams (m)  

Number of 
Check 

Dams (#)  

Water 
Volume 

Capacity 
(m3)** 

Infiltration 
Footprint Area 

(m2)* 

Infiltration 
(m3/hr) 

200 0.5 58  3  60 176.0 3.7 
* Infiltration footprint area = (B+ 2 × h × (1+z2)0.5) × Distance 
** Water Volume Capacity = (h2 × (h × z + B)) / 2S 

 

4.4. Volume control 
In Table 4 the total runoff volume control target for post development scenario (25mm storm event) and 
volume capacity of proposed LIDs are shown. As can be seen, the total volume of stormwater runoff 
produced due to a 25 mm rainfall event from the total impervious area of the developed area is 59.3 m3, 
which is less than the storage capacity intended for storm runoff at the site 60 m3 (only static storage 
capacity). The below table shows that runoff volume reduction is met, and the post-construction runoff 
volume shall be captured and retained on the site from a 25 mm rainfall event from the total impervious 
area.  
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Table 4 – Runoff volume control target (25 mm) and values provided by post-development design (m3/s) 
Parameter Developed Area 

Building Driveway/Walkway Parking Storage Concrete 
Pad 

Total 

TIMP Area (m2) 93 994.3 74.3 746 459.7 2367.3 
25 mm runoff 

volume control (m3) 
2.33 24.9 1.9 18.7 11.5 59.3 

Grass Swale LID volume capacity = 60m3 (static storage capacity) versus a volume control target of 59.3m3.  

5. Water Quality 

5.1. Total Suspended solids 
The development will result in an overall increase in impervious surfaces – including parking and rooftop 
areas – that will require quality control treatment in accordance with the Ministry of Environment, 
Conservation, and Parks (MECP) Stormwater Management Planning and Design Manual 2003. To 
achieve the water quality objectives, stormwater management best management practices (BMPs) have 
been selected for this project. 
 
Stormwater quality controls will be required to implement in accordance with requirements of the 
Niagara Peninsula Conservation Authority (NPCA) with a targeted Total Suspended Solids (TSS) 
removal of 80% on an annual loading basis from all runoff leaving the proposed development site based 
on the post-development level of imperviousness, in accordance with provincial policy, while an 
infiltration facility can achieve enhanced 80% S.S. Removal by an infiltration measure (grass swale) with 
a range of 25m3/Ha for 35% levels of imperviousness (MOE 2003 SWM PDM Table 3.2). With TIMP 
equal to 10.9% for the site property, required storage volumes may be obtained by extrapolating the 
values provided in Table 3.2, which is about 19.0m3/Ha for a grass swale. The proposed site property has 
a total water storage volume of 60m3 @ maximum 0.29m depth of check dams (Total number of check 
dams # 3) along with 1.2m bottom width, and 0.5m depth of the swale while using MOE 2003 Table 3.2, 
the minimum storage volume required is 41.1m3. Therefore, on that initial basis, 80% TSS removal is 
preliminarily met. 
 
The proposed post-development has all impervious areas discharging into the proposed vegetative filter 
strips (grassy lawn) and swales+check dams (LID) Thus, the efficiency would be: 
 

Initial TSS = 1.0 
TSS Load Removed by Vegetative Filter Strip = 1.0 X 30% Removal Rate = 0.3 or 30% 

Remaining TSS Load Downstream of Vegetative Filter which drained to Swale (LID) = 1.0 – 0.3 = 0.7 
TSS Load Removed by Grass Swale (LID) = 0.7 X 80% Removal Rate = 0.56 

Final TSS Load Downstream of Grass Swale which drained to Municipal Drain = 0.7 – 0.56= 0.14 
Rooftops & Parking Lots & Driveways TSS Removal Rate = 1.0 – 0.14 = 0.86 or 86% 
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The proposed SWM Grass Swales along with vegetative filter strips (grassy lawn) between the swales 
and impervious gravel pavement will treat the post-development flows to the required MOE quality 
standard, with a TSS removal rate of approximately 86%.  
 
In this project, proposed grass swales along with three proposed check-dams have been selected as BMPs. 
In other words, the grassy lawn area along with check-dams provides water quantity and quality control 
for the majority of the site.  

6. Reliance & Signature 
 
This report is the intellectual property of King EPCM, and has been prepared for the sole use of Xue Ju 
Zheng (the Client). King EPCM accepts no liability for claims arising from the use of this report, or from 
actions taken or decisions made as a result of this report, by parties other than the Client. The Client may 
submit this report to the City of Port Colborne, Niagara Peninsula Conservation Authority (NPCA), and 
Regional Municipality of Niagara (Niagara Region) in regards to the Client’s industrial development 
project at 0th Forks Road, Part of Lots 23 to 25, Con 4, East of the Welland Canal, City of Port Colborne, 
ON. 
 
 
Respectfully, 
 
 
 
___________________________________________ 
Amir Samadi, PhD, P.Eng. 
Senior Engineer – Water Resources 
King EPCM 
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APPENDIX III – BOREHOLE DRILL LOG 
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APPENDIX IV – FIELD PERMEABILITY TEST 
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In-situ Measurement of Field Saturated Hydraulic Conductivity  

1.  Field Permeability Test 
The "Constant Head Well Permeameter" (CHWP) method (Reynolds, 1993; Elrick and Reynolds, 
1986) is based on the observation that when a constant height or "head" of water is ponded in a 
borehole or "well" augured into unsaturated soil, a "bulb" of field-saturated soil is gradually established 
around the base of the well. The Kfs value achieved through this method can be less than or equal to 
half of Ks (Saturated hydraulic conductivity) due to the partial blocking of soil pores by air bubbles and 
it is preferred over Ks in the design of on-site stormwater LID infiltration design because drainage 
through the soil should be designed to occur at less than complete soil saturation. 
 
The in-situ measurements were done by the ETC Soils Pask Permeameter, which is an extended single-
head analysis method, and the calculations procedure used here is based on the work of W.D. Reynolds 
and D.E. Elrick formerly of the University of Guelph, Ontario, Canada.  
 
The ETC Pask Permeameter is a convenient and easy-to-use apparatus for ponding a constant head of 
water in a well, and simultaneously measuring the flow into the soil. The rate of fall (R) of the water 
level in the permeameter reservoir and reservoir cross-sectional area (X) allows the determination of 
quasi-steady water flow Irate (Q) into the soil (i.e., Q = XR). Kfs is then calculated using Equation 1 
(Reynolds, 1993): 
 
Kfs = CQ / [2πH2 +Cπa2 + (2πH/α*)]                 (Eq. 1) 
 
In which: 
Kfs = the calculated permeability from the field test 
 

Table 1. Parameters used 

Parameter Description Near BH101 
SW 

Soil Texture 
Factor (α*)  
in cm-1 

Compacted, structureless, clayey materials such as 
landfill caps and liners, lacustrine, or marine 
sediments. 

0.01 

R  
in cm/min  

Quasi-steady state (constant) rate of fall of water in 
permeameter reservoir (Measured in the site) 

0.1 

μk/μa Temperature Correction Factor (t= 20°c) 0.644 
C  Shape factor  1.27 
X 
in cm2 

The cross-sectional area of the permeameter reservoir 12.80 

H 
in cm 

Height of air inlet hole from the bottom of the test 
hole 

15 

a 
in cm 

Well hole radius 4.15 

 



 
 

 Stormwater Management Brief 
Industrial Development 

0th Forks Rd. 
Port Colborne, ON 

 
  

 
 

Based on data described in the above table and using Pask Permeameter ETC Quick Field Reference 
Tables for Slow Soils, the Kfs was calculated as:  
 
Kfs1 = 2.5E-8 m/sec = 2.5E-6 cm/sec 
 
Then the temperature-corrected permeability would be calculated using equation 2 as follows: 
 
Ka = Kfs x μk/μa                                                    (Eq. 2) 
 
In which:  
Ka = corrected permeability adjusted for design temperature conditions 
 
Then using the temperature correction factor (for t=20°c) from the manual: 
Ka1=1.61E-8 m/sec = 1.61E-6 cm/sec 
 
The field permeability data sheet is in the following.  
 

2. Percolation time/infiltration rate for design (Reynolds et al., 2015) 
 
Correlations between Perc Time (PT) and field-saturated hydraulic conductivity (Kfs) are often used in 
the development of on-site water recycling and treatment facilities that operate by infiltration into 
unsaturated soil. The physically based PT versus Kfs expression in Reynolds et al. (2015) for 
cylindrical test holes in unsaturated soil can be simplified to Eq. 3.  
𝑃𝑃𝑃𝑃 = ∆𝑡𝑡

∆𝐻𝐻
= 𝑚𝑚K𝑓𝑓𝑓𝑓

−1                                               (Eq. 3) 

Where: 
𝑚𝑚 = 𝐶𝐶̅𝑎𝑎2

�2𝐻𝐻�2+𝐶𝐶̅𝑎𝑎2+
2𝐻𝐻��1−exp (𝛼𝛼 ψ 𝛼𝛼)�

𝛼𝛼 �
; 0 < 𝑚𝑚 < 1             (Eq. 4) 

 

And a is test hole radius, H� is the average water level (ponding depth) in the test hole over the time 
interval, Δt, ψα is the antecedent or background pore water pressure head in the soil surrounding the 
test hole, α may be viewed as the “integrally correct” slope of the soil’s unsaturated hydraulic 
conductivity versus pore water pressure head relationship, K(ψ) and C� is a “shape function” (Reynolds 
et al., 2015).  
 
Conversion of CHWP Kfs/ka to equivalent Perc Time, PT for this site using m= 1.05E-06 (Very Strong 
capillarity category): 
 
𝑃𝑃𝑃𝑃1  = mKa1

−1 = (1.05E−6)
(1.61E−8) = 65.2 min/cm     (Infiltration Rate = 9.2 mm/hour) 
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3. Percolation time/infiltration rate for design (OMMAH, 1997) 
Despite the newer academic papers published by Reynolds et al. (2015), TRCA and other Conservation 
Authorities often still review the design of infiltration basins based on historical trends. Below are two 
TRCA (2012) design criteria that describe the relationship between Kfs, PT, and infiltration rates, based 
on the 1997 (OMMAH) supplementary guidelines to OBC (1997). 
 

Table 2. Approximate relationships between hydraulic conductivity, percolation time and infiltration 
rate 

 

 
Figure 1. Approximate relationship between infiltration rate and hydraulic conductivity  

 
Based on OMMAH interpolation from Table 2 and Figure 1 above, the measured Kfs may be 
interpolated as: 
 
PT1 = 39.2 min / cm   (Infiltration Rate = 15.3 mm/hour) 
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When comparing the OMMAH result with that obtained by Reynolds et al. (2015) formula (PT= 65.2 
min/cm), the two methods of conversion are completely different results, especially for slow soils and 
it seems that the values of the first method have underestimated the infiltration rate and Perc Time. As 
per the TRCA Stormwater Management Criteria guideline, the engineer's opinion is to trust the value 
obtained from the second method (OMMAH, 1997) which was proposed by TRCA to convert 
measured hydraulic conductivity to percolation time and/or infiltration rate. Therefore, the engineer's 
opinion is to trust the values obtained from the second method (OMMAH, 1997), with an unfactored 
infiltration rate = 15.3 mm/hour which confirms the upper soil layer (Stiff clay mixed with gravel) has 
a low permeability within this property.   

4. Factored Engineering Design Infiltration Rate (Wisconsin Department of 
Natural Resources, 2004) 

For a conservative approach to infiltration speeds, the Wisconsin Department of Natural Resources 
(2004) method shall be used for the calculation of a factored design infiltration rate. The overall upper 
soil formation is stiff clay soils mixed with gravel, with an unfactored infiltration rate = 15.3 mm/hour, 
down to the depth. Since the infiltration rate used to design an infiltration BMP must incorporate a 
safety correction factor that compensates for potential reductions in soil permeability due to 
compaction or smearing during construction, gradual accumulation of fine sediments over the lifespan 
of the BMP and uncertainty in measured values when less permeable soil horizons exist within 1.5 
meters below the proposed bottom elevation of the BMP. As discussed above, the predominant soil 
material of this site is composed of clay soils (compacted) to a depth of more than 1 meter, which has a 
very low permeability rate. 
 
Based on borehole data, the soil layer remains consistent with stiff clay type, including the soil layers 
1.5 meters below the proposed bottom of the BMP. This means that based on below Table 3, the 
measured infiltration rate should be divided by a safety correction factor to calculate the design 
infiltration rate. Thus, the mean infiltration rate measured at the proposed bottom elevation of the BMP 
is 15.3 mm/hour, the mean infiltration rate measured in the slowest underlying soil horizon is 6.1 
mm/hour, and the ratio of infiltration rates is 2.5. 

 
Table 3. Safety correction factors for calculating design infiltration rates 
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Field Permeability Test Sheet 
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APPENDIX V –SIEVE TEST RESULTS 
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APPENDIX VI –CLIMATE DATA TABLE 
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Climate Data 
 

 
 

Welland 
Climate Station ID: 6139445 
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APPENDIX VII –SUBWATERSHEDS WITHIN THE SITE 
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Niagara Region Niagara Watershed Plan (Equivalency) – Volume 1: Characterization (DRAFT) 
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Figure 2-3. Niagara Region Subwatershed Areas 
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Niagara Region Niagara Watershed Plan (Equivalency) – Volume 1: Characterization (DRAFT) 
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Figure 2-1. Niagara Region – Tertiary Watershed Areas 
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Niagara Region Niagara Watershed Plan (Equivalency) – Volume 1: Characterization (DRAFT) 
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Figure 2-2. Niagara Region – Quaternary Watershed Areas 
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APPENDIX VIII–PRE- AND POST-DEVELOPMENT CATCHMENT AREA 
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APPENDIX IX – RUNOFF COEFFICIENT CALCULATIONS 
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PRE-DEVELOPMENT (Runoff coefficient) 
  
Ref.: Runoff Coefficients, Section 22, Appendix C, MTO Drainage Management Manual 1997 design 
chart 1.07 for rural & urban and Table 4.1, Stormwater Management Guidelines, Niagara Region, 
2022. 
 

Entire Site Boundary 

Land Use Runoff 
Coefficient 

“C” 

% 

Imperviousness 

Total Area 
(m2) 

A × C A × % Imp. 

Concrete Pad 0.95 100 459.7 436.7 459.7 

Driveway 0.95 100 841.3 799.2 841.3 

Parkland 0.35 0.0 329628.4 115369.9 0.0 

Weighted Average   330929.4 0.35 0.39% 

 

Developed Area 

Land Use Runoff 
Coefficient 

“C” 

% 

Imperviousness 

Total Area 
(m2) 

A × C A × % Imp. 

Concrete Pad 0.95 100 459.7 436.7 459.7 

Driveway 0.95 100 841.3 799.2 841.3 

Parkland 0.35 0.0 20355.3 7124.3 0.0 

Weighted Average   21656.3 0.39 6.0% 
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POST-DEVELOPMENT (Runoff coefficient) 

 

Ref.: Runoff Coefficients, Section 22, Appendix C, MTO Drainage Management Manual 1997 design 
chart 1.07 for rural & urban and Table 4.1, Stormwater Management Guidelines, Niagara Region, 
2022. 
 

Entire Site Boundary 

Land Use Runoff 
Coefficient 

“C” 

% 

Imperviousness 

Total Area 
(m2) 

A × C A × % Imp. 

Building 0.95 100 93 88.4 93 

Driveway/Walkway 0.95 100 994.3 944.6 994.3 

Parking 0.95 100 74.3 70.6 74.3 

Concrete Pad 0.95 100 459.7 436.8 459.7 

Storage 0.95 100 746 708.7 746 

Parkland 0.35 0.0 328,562.1 114,996.7 0.0 

Weighted Average   330929.4 0.35 0.72% 

 

 

Developed Area 

Land Use Runoff 
Coefficient 

“C” 

% 

Imperviousness 

Total Area 
(m2) 

A × C A × % Imp. 

Building 0.95 100 93 88.4 93 

Driveway 0.95 100 994.3 944.6 994.3 

Parking 0.95 100 74.3 70.6 74.3 

Concrete Pad 0.95 100 459.7 436.8 459.7 

Storage 0.95 100 746 708.7 746 

Parkland 0.35 0.0 19,289.0 6751.1 0.0 

Weighted Average   21656.3 0.42 10.9% 
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APPENDIX X – STORMWATER MANAGEMENT CALCULATIONS 
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STORMWATER MANAGEMENT CALCULATIONS  
 

Pre-Development Peak Flows 
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Post-Development Peak Flows 
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Allowable Release Rate 
 

 

Q = Ppre - QU 

 
 
Where:  
 
Q = Allowable Post-Development Release Rate  
QPRE = Pre-Development Flow 
QU = Post-Development Uncontrolled Flow  
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Storm Pre-Development Flow Post- Development Uncontrolled Flow Allowable Outflow
(yrs) Qpre (l/s) QU (l/s) Q (l/s)

2 179.2 0.0 179.2
5 210.4 0.0 210.4

10 235.2 0.0 235.2
25 302.7 0.0 302.7
50 362.8 0.0 362.8
100 415.1 0.0 415.1
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Quantity Control Volume Calculations 
 

Developed catchment Area 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Drainage Area (ha) 2.17
0.42

10 min
1 min

179.2 - 415.1
59

Controlled Release Rate (QC) (l/s)
Max. Storage Required (m3)

Runoff Coeff. ( C )
Time of Concentration
Time Step

Storm Event Storage Time
(yr) (m3) (min)

2 21.7 5
5 26.2 5

10 30.3 5
25 42 4
50 50.1 4
100 59 4

Results
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Swale Size Calculation 

S = 0.5%, Width = 1.2m, Depth = 0.5m, Freeboard = 0.1 m 
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