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1.  Site Background 
 
King EPCM (the Engineer) was retained by 1000046816 Ontario Limited (the Client) to carry out civil 
engineering designs for a proposed residential sub-division, including the creation of a Stormwater 
Management Plan (SWM). The property was located at Mapleview Port Colborne, Part of Lots 31, 32 
& 33, Concession 1, East of Quarry Ponds, Township of Humberstone, Killaly Street West, City of Port 
Colborne, Ontario (the Site). It is understood that the SWM is for the sole purpose of the application 
and extension to the settlement area boundary through the construction of several new dwellings plus 
driveways, sidewalks, and parking lots. 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 Mapleview, Port Colborne, ON 

 

The Site was considered as the industrial land use historically throughout the years until the factory was 
demolished. The Site is currently vacant. The site property is considered rectangular in shape, measures 
approximately 139 acres (including woodlot = 571,520 m2, excluding woodlot = 549.473 m2), and is 
situated south of Highway 3 and Killaly Street west, east of Cement Road, west of Akimbo Rd., north 
of Gord Harry Conservation Trail, Port Colborne, Ontario. The Site was on industrial land use, with 
residential properties to the north, east, and south, and a quarry pond to the west followed by the 
agricultural area. The previous concrete factory area was located southeast of the Site.  
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This Site was originally used to mine the limestone bedrock, which was converted into cement, and 
shipped by rail along the southern property boundary to construct the Welland Canal. The north portion 
of the property is currently a flat agricultural hayfield, with a small stand of trees at the northwest 
corner. The east property boundary was along Akimbo Rd. and abutted Elgin Street, and there were 
currently two parks with manicured grass lawns and a pedestrian trail entering the property. The south 
property boundary included a drainage channel running from southeast to southwest and discharged 
into the Quarry Ponds. A railway line for parking & temporary storage purposes was on the south side 
of the drainage channel. The west property boundary was surrounded by Quarry Pond as well as the 
island within the pond. 
 
The Site property is considered an abandoned brownfield, with the majority of the western portion of 
the site as an abandoned / vacant quarry pit, while the central area is a scrubby-vegetation vacant 
property, with exposed high-bedrock and remnants of abandoned demolished concrete structures. The 
northeast corner of the property is vacant with agricultural hayfields. 
 
The Site is bound by the north boundary by Killaly Street West, the east boundary by a proposed future 
extension of West Side Road (but currently vacant), and the south is bound by a commercial railway 
track owned by the City of Port Colborne. 
 
This property is located in a relatively flat area with a general elevation of approximately 180 m (amsl), 
with a quarry pond elevation of 176 m (amsl). The general surface drainage is towards the west and 
southwest direction in the region. 
 
Based on the Bedrock Geology Report, the rock type included limestone, dolostone, and shale, and the 
primary strata contained the Onondaga Formation for the Detroit River Group. The ERIS’s Soils 
Report along with recent borehole drill logs indicated that this Hydrological Soil Group near the Site 
belonged to the soils with moderate to high infiltration rates when completely wetted.  
 
Based on OBM and MNRF Topographic Maps and the Site Survey by the Surveyor, the water body 
onsite was the existing Quarry Pond on the property, which was categorized as a “provincially 
significant wetland” (PSW).  
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Figure 2 – Existing Site Location 

 

In the above figure, the existing property is displayed which is: 
#1: Quarry Pond (Area = 76,060 m2) 
#2: Wetland (Area = 31,237 m2) 
#3: Limestone Stockpile (Area or TIMP = 11,805 m2) 
#4-6: Waterways (streams) 
 
and the existing landscaped pervious areas which are located within the site boundary: 
Parkland (Area= 359,917 m2) 
Grass (Area= 70,453 m2) 
 
and there is a Significant Woodland/Woodlot within the site boundary, in the eastern portion. 
 
#7: Woodlot (Area= 22,047 m2)   
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Figure 3 – Proposed Site Location Plan  

 
In the above figure, the proposed developments within the site boundary developed area (black line) are 
displayed which are (Total developed area = 302,307.5 m2): 
 
#1: Building (TIMP= 51,762.1 m2) 
#2: Driveway (TIMP= 82,471.2 m2) 
#3: Parking Lot (TIMP= 22,358.3 m2) 
#4: Sidewalk (TIMP= 18,353.9 m2) 
#5: Single Family (TIMP= 33,555 m2) 
#6: Parkland (TIMP= 3098.7 m2) 
#7: Grass/Landscape (TIMP= 90,708.3 m2) 
 
There is a large sub-division external drainage area to be accommodated through any development of 
the subject property, north of Killaly St W. (EXT2), plus an existing woodlot within the site boundary 

EXT1 

EXT2 

EXT3 
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(EXT1). On the east side, a new street is proposed to connect the west Side Rd to the existing cul-de-
sac (EXT3).  
 
#EXT1: Woodland (TIMP= 0.0 m2 & Total area = 22,047 m2) 
#EXT2: Northern Sub-division (TIMP= 106,219.3 m2 & Total area = 212,438.6 m2) 
#EXT3: Eastern Street (TIMP = 5160.5 m2) 
 
Since 24.7 ha of the site area is located outside of the proposed development and are natural heritage 
features such as Wetland, Quarry Pond, Parkland, and Woodland, no SWM facilities will be proposed 
for those portions and the effective study area for the subject property would be 302,307.5 m2. 
 

 
Figure 4–NPCA Regulated Area map, Subject Area at Mapleview, Port Colborne, ON 

2. Site Investigation- Monitoring Wells & In-Situ Permeameter Testing 

2.1.  Monitoring Wells 
Three (3) deep boreholes (BH101-BH103) were drilled at the site property by a sub-contractor and 
overseen by King EPCM on February 28 and March 2, 2022, in the previous factory area, at the 
stockpile area west of the previous factory, and at the abandoned small pond area northwest of the 
previous factory, respectively, and then developed into monitoring wells (Under the O. Reg. 903 
criteria). Groundwater has also been observed in 0.8-11.5 meters below ground in all boreholes during 
drilling (Table 2). 
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Additionally, a total of nine shallow boreholes (BH201 – BH209) were drilled within the site property 
by King EPCM (O.Reg 903 License C-7691) on May 9-12, 2022, and then developed into monitoring 
wells. No groundwater has been observed in these boreholes since drilling, except in BH205, near the 
Quarry pond, where a shallow water level was recorded after rainy days last summer (~0.36-0.51m). 
  
Detailed borehole drill logs are in Appendix III, while Table 1 below shows the summary. The soil 
stratigraphy confirmed the presence of a thin clay layer mixed with sand and pebbles or stone chips 
(SC, OH) below the ground surface down to depths 0.5-1.4m. 
 
 

Table 1 - Borehole & Monitoring Well Summary 

B
or

eh
ol

e 
# Drilled 

Date 
Northing 
(UTM) 

Easting 
(UTM) 

Surface 
Elev. 

(amsl) 

Hole 
Depth 
(m) 

Screen 
Elevations 

(m) 

Surface Soil type 

G
ro

un
dw

at
er

 

101 02-Mar-22 4,749,772.78 641,413.98 179.69 15.12 164.6-167.7 Bedrock 
(gravel/stone 

with sandy clay) 

yes 

102 28-Feb-22 4,749,890.98 641,263.50 178.54 10.61 167.9-170.9 Bedrock 
(gravel/stone 

with sandy clay) 

yes 

103 02-Mar-22 4,749,799.28 641,016.77 179.3 11.13 168.2-171.2 Bedrock 
(gravel/stone 

with sandy clay) 

yes 

201 10-May-22 4,750,079.70 641,324.17 179.2 0.58 178.54-179.2 Clay with sand no 

202 11-May-22 4,750,147.77 641,166.72 179.1 0.58 178.52-179.1 Clay with sand 
and pebbles 

no 

203 11-May-22 4,750,044.10 641,218.90 180.84 1.0 179.84-180.84 Clay with sand no 

204 11-May-22 4,750,018.14 641,080.47 179.19 0.4 178.79-179.19 Clay with sand no 

205 12-May-22 4,749,907.61 640,988.00 178.59 0.58 178.03-178.59 Clay with sand no 

206 12-May-22 4,749,978.35 640,944.37 178.7 0.57 178.13-178.7 Clay with sand no 

207 09-May-22 4,749,920.37 641,424.74 179.96 0.53 179.43-179.96 Sandy clay no 

208 09-May-22 4,749,840.42 641,482.90 178.35 0.43 177.92-178.35 Clay with sand no 

209 09-May-22 4,749,829.82 641,205.52 178.35 1.4 176.95-178.35 Clay with stone 
chips/backfill 

no 
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Table 2 –Water-level measurements(m) in monitoring wells, Lake Erie, and Quarry pond, May to 
September 2022 

 Date 
BH 
201 

BH 
202 

BH 
203 

BH 
204 

BH 
205 

BH 
206 

BH 
207 

BH 
208 

BH 
209 

Lake 
Erie 

(amsl) 

Quarry 
pond 

(amsl) 

Points 

March 11, 2022 

GW depth 
(mbgl) 

11.45 2.87 1.88 - - - - - - NA NA A 

GW Level 
(amsl) 

168.237 

175.667 

177.43 

- - - - - - NA NA B 

May 10, 2022 

GW depth 
(mbgl) 

- - - - - - - - - 174.48 174.93 A 

GW Level 
(amsl) 

- - - - - - - - - 174.46 174.88 B 

June 8, 2022 

GW depth 
(mbgl) 

- - - - - - - - - 174.59 * A 

GW Level 
(amsl) 

- - - - - - - - - 174.57 * B 

July 6, 2022 

GW depth 
(mbgl) 

- - - - 0.36 - - - - 174.34 174.67 A 

GW Level 
(amsl) 

- - - - 

178.23 

- - - - 174.33 174.63 B 

August 10, 
2022 

GW depth 
(mbgl) 

- - - - 0.51 - - - - 174.503 174.426 A 

GW Level 
(amsl) 

- - - - 

178.08 

- - - - 174.492 174.471 B 

September 22, 
2022 

GW depth 
(mbgl) 

- - - - - - - - - 176.097 174.422 A 

GW Level 
(amsl) 

- - - - - - - - - 174.531 174.464 B 

* Unable to get Quarry Pond elevation due to technical issues 

-  Dry well. 

NA:  not available 
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Table 3 – Precipitation (mm) observed at the stations closest to the Site, before water level 
measurements 

Event Date Port Colborne 

6136606 

Welland-Pelham 

6139449 

1 May 10, 2022 

(During drilling) 

No rainfall recorded No rainfall recorded 

2 June 8, 2022 18.2mm @ June 6 

Missing data @ June 7- 8 

10.4mm @ June 6 

15.2mm @ June 7 

2.4mm @ June 8 

3 July 6, 2022 2mm @ July 5 

0mm @ July 6 

1.9mm @ July 5 

0mm @ July 6 

4 August 10, 2022 Missing data @ Aug. 8-10 1.8mm @ August 8 

0mm @ August 9- 10 

5 September 22, 2022 Missing data @ Sep.21 -22 0.6mm @ Sep. 21 

1.5mm @ Sep. 22 

 

In Table 2, the results of water level measurements in two points of both water bodies (i.e., Lake Erie & 
Quarry Pond) showed that the water level in the pond inside the site was about 0.5 meters higher than 
Lake Erie in the south, in the middle of spring and after the end of snow melting season. This 
difference gradually decreased to about 30 cm in early summer. According to the results, the water 
level of the pond in the middle of summer (August 10) was almost equal to or lower (~ 7 cm) than the 
water level of the lake and this situation continued until the end of summer, after each rainfall event in 
this region. 
 
In none of the periodic visits to the monitoring wells inside the Site, no groundwater was observed after 
rainy days, except in BH205 near the pond, where the depth of the water was recorded to be 36 to 51 
cm. These amounts were observed only after two rainfalls (July 6 & August 10) last summer and in 
other events, all wells were dry. 
 
After those rainfalls, there was no sign of water in the north culvert that directs water from the northern 
exterior basin (EXT2: northern sub-division), upstream of the Killaly St. W., through this site to the 
southwest pond, except a very little water stayed in the waterway during last visit on September 22, 
when it was raining during the visit. 
 
To measure the relationship between precipitation and groundwater level within this Site, the rainfall 
data of the nearest stations (Port Colborne @ 1.4 km southeast and Welland-Pelham @ 9.7 km 
northwest) were collected on the rainy days before each monitoring day (Table 3). The results indicated 
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that there is no significant relationship between the precipitation and the groundwater level inside the 
Site. For example, no water was observed in boreholes on 8th June after heavy rains on June 6-8, after 
rainfall termination, while the groundwater rose to a depth of 36-51 cm below ground, only in BH205, 
near the eastern shore of the Quarry Pond, in the third and fourth events with total rainfall of less than 2 
mm before measurement.  In other words, heavy rainfalls in several consecutive days in June did not 
have any effect on the groundwater level inside the Site, and minor changes in the only mentioned 
borehole in July and August are only related to recharging from the pond. 
 

2.2. In-Situ Permeameter Testing 
Based on a field visit dated August 10, 2022, "field-saturated" hydraulic conductivity, Kfs, was 
achieved using the "Constant Head Well Permeameter" (CHWP) method. Kfs was conducted in the 
southwest, near BH103 using the ETC Standard Pask Permeameter Apparatus, while for the second test 
located at the northeast, near the entrance, the ETC Slow Soils Pask Permeameter Apparatus was used. 
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 bottom but based on 
sieve size analysis and borehole soil samples, it is in the Engineer’s opinion as a geotechnical engineer 
that the soils perform similarly in hydrological infiltration potential.  
 
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 Kfs was calculated as:  
 
Kfs1 = 2.3E-7 m/sec = 2.3E-5 cm/sec 
Kfs2 = 3.4E-5 m/sec = 3.4E-3 cm/sec 
 
It should be noted that the first test has a low permeability in clay soils which confirms the upper thin 
soil layer (clay mixed with sand, d ~ 0.4 to 1.0m) has a low infiltration rate within this property while 
the second test shows a high infiltration rate in the lower bedrock layer (i.e., sandy clay). The second 
value would be used for infiltration calculations in the future development plan.   
 
Kfs were then corrected for temperature (for soil temperature=28-29°c): 
 
Ka1=1.3E-7 m/sec = 1.3E-5 cm/sec 
Ka2=1.9E-5 m/sec = 1.9E-3 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 = 5.9 min / cm   (Infiltration Rate = 102 mm/hour) 
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Table 5 –Historical IDF Table, Port Colborne, 6136606 

 
 

 
Figure 5- Intensity-Frequency-Duration (IDF) Curves, Port Colborne, 6136606 

 
According to the NPCA Technical Guidelines for Stormwater Management (Section 7.2), four methods 
are generally used for Hydrologic/Hydraulic Analysis. This modeling approach can be as simple as 
estimating peak flows with the Rational Method to sophisticated hydrologic and hydraulic computer 
models. The rational method is generally proposed to derive synthetic design storms. In spite of the 
availability of advanced computational techniques, it remains a valid approach to peak flow estimation 
for small drainage areas. The application of this method should be limited to watersheds less than 100 
ha in size and should not be used for the design of SWM ponds. 
 
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 

Duration 2 5 10 25 50 100
5 min 92.80 116.30 131.80 151.50 166.00 180.50
10 min 64.50 83.60 96.20 112.20 124.10 135.80
15 min 52.10 69.10 80.30 94.50 105.10 115.50
30 min 35.70 48.90 57.60 68.70 76.90 85.00
1 hr 22.90 31.60 37.40 44.70 50.20 55.50
2 hr 13.80 18.60 21.70 25.70 28.60 31.60
4 hr 8.33 11.35 13.26 15.77 17.60 19.47
6 hr 5.80 8.10 9.50 11.40 12.80 14.20
12 hr 3.50 4.90 5.90 7.10 7.90 8.80
24 hr 2.00 2.80 3.30 3.90 4.40 4.80

Return Interval (years)
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Table 7– Flow Rate Calculations using Modified Rational Method 

(Post-Development Scenario) 

Parameter 

C
at

ch
m

en
t Area  

(ha) 

Runoff 
Coefficient 

(-) 

Time of 
Concentration 

(min) 

Design Storm  

2  

Year 

5  

Year 

10 

 Year 

25  

Year 

50 

 Year 

100 

 Year 

Total 
Runoff  

(Qp) in 
cms 

 

(Intensity 
in mm/hr) 

10
0 8.62 0.81 14.9 1.25 

(64.5) 
1.46 

(75.5) 
1.62 

(84.0) 
2.07 

(97.4) 
2.49 

(107.1) 
2.83 

(117.2) 

20
0 5.67 0.69 13.9 0.72 

(67.1) 
0.84 

(78.6) 
0.94 

(87.5) 
1.2 

(101.6) 
1.44 

(111.7) 
1.64 

(124.4) 

30
0 1.79 0.67 15.0 0.23 

(65.9) 
0.27 

(77.0) 
0.30 

(85.8) 
0.38 

(99.5) 
0.46 

(109.5) 
0.53 

(119.9) 

40
0 5.22 0.67 13.6 0.67 

(67.5) 
0.78 

(79.1) 
0.87 

(88.1) 
1.12 

(102.3) 
1.34 

(112.5) 
1.53 

(123.2) 

50
0 3.92 0.74 14.3 0.52 

(64.5) 
0.61 

(75.4) 
0.68 

(83.9) 
0.86 

(97.2) 
1.04 

(107.0) 
1.18 

(117.1) 

60
0 2.91 0.66 14.9 0.34 

(63.4) 
0.39 

(74.1) 
0.44 

(83.4) 
0.56 

(95.5) 
0.67 

(105.0) 
0.76 

(114.9) 

IN
T1

 

0.58 0.25 28.2 0.02 
(44.5) 

0.02 
(51.8) 

0.02 
(57.5) 

0.03 
(65.9) 

0.03 
(72.8) 

0.04 
(79.4) 

IN
T2

 

1.52 0.25 40.9 0.04 
(35.1) 

0.04 
(40.9) 

0.05 
(45.3) 

0.06 
(51.9) 

0.07 
(57.4) 

0.08 
(62.5) 

EX
T1

 

2.2 0.20 10 0.09 
(77.2) 

0.11 
(90.6) 

0.12 
(101.3) 

0.16 
(118.5) 

0.19 
(130.2) 

0.22 
(143.0) 

EX
T2

 

21.2 0.60 37.1 1.32 
(37.4) 

1.54 
(43.5) 

1.71 
(48.2) 

2.15 
(55.3) 

2.59 
(61.1) 

2.95 
(66.6) 

EX
T3

 

0.52 0.95 13.8 0.09 
(65.6) 

0.10 
(76.7) 

0.12 
(85.4) 

0.15 
(99.1) 

0.18 
(108.9) 

0.20 
(119.3) 
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Table 8 –Comparison of peak flows for pre- and post-development based on the modified Rational 
method. 

Parameters 

C
at

ch
m

en
t 

Design Storm 

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

Post-Development Peak 
Flows (cms) 

(Allowable Peak Flows = Pre-
Development Peak Flows in 

cms)* 

10
0 1.25 

(0.19) 
1.46 

(0.22) 
1.62 

(0.24) 
2.07 

(0.31) 
2.49 

(0.37) 
2.83 

(0.42) 
20

0 0.72 
(0.12) 

0.84 
(0.14) 

0.94 
(0.16) 

1.2 
(0.20) 

1.44 
(0.24) 

1.64 
(0.28) 

30
0 0.23 

(0.04) 
0.27 

(0.05) 
0.30 

(0.05) 
0.38 

(0.06) 
0.46 

(0.08) 
0.53 

(0.09) 

40
0 0.67 

(0.11) 
0.78 

(0.13) 
0.87 

(0.15) 
1.12 

(0.19) 
1.34 

(0.23) 
1.53 

(0.26) 

50
0 0.52 

(0.09) 
0.61 

(0.10) 
0.68 

(0.11) 
0.86 

(0.14) 
1.04 

(0.17) 
1.18 

(0.19) 

60
0 0.34 

(0.06) 
0.39 

(0.07) 
0.44 

(0.08) 
0.56 

(0.10) 
0.67 

(0.13) 
0.76 

(0.14) 

IN
T1

 

0.02 
(0.01) 

0.02 
(0.01) 

0.02 
(0.02) 

0.03 
(0.02) 

0.03 
(0.02) 

0.04 
(0.03) 

IN
T2

 

0.04 
(0.03) 

0.04 
(0.04) 

0.05 
(0.04) 

0.06 
(0.05) 

0.07 
(0.07) 

0.08 
(0.07) 

EX
T1

 

0.09 
(0.09) 

0.11 
(0.11) 

0.12 
(0.12) 

0.16 
(0.16) 

0.19 
(0.19) 

0.22 
(0.22) 

EX
T2

 

1.32 
(1.32) 

1.54 
(1.54) 

1.71 
(1.71) 

2.15 
(2.15) 

2.59 
(2.59) 

2.95 
(2.95) 

EX
T3

 

0.09 
(0.01) 

0.10 
(0.01) 

0.12 
(0.01) 

0.15 
(0.01) 

0.18 
(0.02) 

0.20 
(0.02) 

Note: (1.32) denotes pre-development peak flow.  
* Allowable Peak Flow = Pre-dev. Peak Flow – Uncontrolled Post-dev. Peak Flow (The allowable 

release rate will be set to the pre-development flow as there is no Uncontrolled Post-dev. Peak Flow in 
this project) 

 
The existing property is currently vacant (brownfield) and is not serviced by any storm sewer or 
stormwater management facilities, except a Quarry Pond located within the site boundary in the 
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southwest with a total area of 7.6ha. Since the total post-development peak flows from the site exceed 
the pre-development levels due to TIMP increases, quantity controls are required (Table 8). 
 
Based on the detailed Modified Rational Method calculations in Appendix X, it is concluded that the 
proposed development will result in an increase in surface runoff to the Quarry Pond of 3538 m3 from 
the proposed development during the worst-case scenario, i.e., a 100-year storm event. When compared 
to the storage capacity of the pond with a total surface of 7.6 ha, this will result in an increase in water 
level of 4.7 mm over existing conditions. This represents a limited impact on the pond. 
 
Due to the high infiltration rate along with the low groundwater table in this site, the proposed 
stormwater facility consists of a buried storm sewer system along with separate outlet structures for 
each catchment outfall. Outlets will be discharged into the Quarry Pond finally, through a box culvert 
or swale which will be established towards the existing pond on the site property to the west/south. 

 
See Appendix II & X for detailed stormwater management calculations and the SWM flowchart (Fig. 6 
below).  
 

 
Figure 6- Stormwater Management Flowchart/Diagram 
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6. Water Quantity  

6.1. Peak flow control 
Prior to development, the site property is considered vacant with a Total Impervious Surface Area of 
3.4% within the site as an existing limestone stockpile, with trees and grasses for the remaining 96.6%. 
The property has an average grade of 0.5 - 1% towards the Quarry Pond, with sand-primary soil having 
high infiltration rates. 
 
Stormwater runoff peak flow discharges must be controlled to the pre-development levels for the 2-to-
100-year design storms for the Subdivision Plan area in accordance with the NPCA’s criteria for peak 
flow control and the guidelines of the Ministry of Environment Stormwater Management Planning and 
Design Manual, March 2003. 
 
Post-development has a TIMP = 63.4% and combined with the existing Quarry Pond along with storm 
sewer systems and conveyance ditches along the north and south boundaries, there are not any expected 
changes in peak runoff flow rates or total volumes. All stormwater is to be collected on-site and outlet 
towards the Quarry Pond. The pond has no surface water outlet, and all flows are released via 
infiltration and evaporation.  
 
For a 1:100-year storm, there is an excess of 3538 m3 of peak flow capacity when comparing pre-
development and post-development without any mitigations for the whole site (302,283 m2). This 
volume is equal to 4.7 mm of water rising on the surface of the pond with an area of 7.6 hectares and 
has a limited impact on the pond.  
 
Post-development peak flows for each catchment are calculated above using the Modified Rational 
Method (Tables 7-8). The calculations are included in Appendix X.  

6.2. Volume control 
Based on NPCA SWM guidelines, quantity control to detain and release the 25mm, 4-hour Chicago 
design storm over a 24-hour period shall be provided for all receiving systems that are demonstrated to 
be stable watercourses or for proposed development that comprise less than 10% of the total area that 
drains to the receiving system. 
 
In Table 9 the total runoff volume control target for the post-development scenario (25 mm storm 
event) and volume capacity of the proposed SWM are shown. The total volume of stormwater runoff 
produced due to a 25 mm rainfall event from the total impervious area of the study site is 4793 m3, 
which is equal to a 6.3 mm increase in the water level of the Quarry Pond and it is really negligible, as 
discussed above in Section 5. 
 
Table 9 shows that runoff volume reduction is met and that the post-construction runoff volume shall 
be fully captured and retained on the site from a 25 mm rainfall event from the total impervious area.   
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Table 9 – Runoff volume control target (25 mm) and values provided by post-development design (m3) 
Parameter Building Driveway Parking Sidewalk Single-

Family 
Total 

TIMP Area (m2) 51,762 82,471 22,358 18,354 16,777 191,722 
25 mm runoff 

volume control (m3) 
1294 2062 559 459 419 4793 

 

6.3. Major-minor system conveyance 
This site is classified as a high infiltration area due to the presence of a thick sandy clay layer below the 
ground surface, after a thin clay sub-layer, down to significant depths (>10m), in most parts of the 
developed area, 102mm/hr unfactored infiltration rate vs 1:100 year 4-hour event of 19.5mm/hr 
precipitation.  
 
The proposed development shall control both minor (i.e., 11.4mm/hr precipitation in 5yr storm event) 
and major (i.e., 19.5mm/hr precipitation in 100yr storm event) flows to the downstream storm sewer 
capacity and existing Quarry Pond. In other words, the existing Quarry Pond will collect both major 
and minor stormwater flows from their respective drainage areas. 
 
The right-of-way (ROW) will provide the drainage route within the subject property to the overland 
flow discharge location adjacent to the Quarry Pond. A piped stormwater system (minor system) has 
been designed to convey storm events up to and including the 5-year storm to the stormwater 
management pond.  
 
Due to the high permeability of the natural sandy clay layer on-site, 4-hour precipitation on permeable 
surfaces will be fully infiltrated, while the probable runoff due to lower rainfall duration and more 
intensity would be drained to the on-site wetland or Quarry Pond through site grading. Similarly, all 
precipitation on impermeable surfaces of developed areas will be drained to the Quarry Pond for 
evaporation and infiltration, with no chance of discharging the overflow to the downstream 
watercourse.  
 
The proposed catchbasins shall have sufficient inlet capacity to collect the entire minor flow from the 
developed area into the storm sewers which are also designed to collect and convey runoff from 5-year 
storm events. The sewers will be discharged to the Quarry Pond through separate outfalls, e.g., the 
catchments 100 and EXT2 through the box culvert, the catchments 200, 400, 500, 600, EXT1, EXT3 
through the southern drainage ditch, and the catchment 300 through sheet flow.  
 
The major system conveyance is for flows between 5- and 100-year storm events, and is the same for 
pre-development and post-development, generally flowing from northeast to southwest. The major 
storm events from the development’s contributing drainage area will be conveyed along the internal 
roadways to the Quarry Pond. The paved surface will provide sufficient erosion protection. 
 
Overland routes on the western section of the site (between Quarry Pond and the developed area) which 
are undisturbed are expected to follow the pre-grading, with the southwest portion being a locally 
elevated region, and flowing northwest towards Quarry Pond.  
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There is no relation between the rainfall and the groundwater of the topsoil layer (upper 0.5 meters) 
inside the site, and the precipitation immediately infiltrates into the lower layers or gradually infiltrates 
after discharging into the Quarry Pond. 
 

6.4. Regulatory storm conveyance 
The site property is serviced by different ditches along the north and south side boundaries with Killaly 
St. W. and the railroad. The north ditch is the main drainage outlet for the northern residential sub-
division through the site property towards the pond while the south ditch is connected to the eastern 
residential area and directs to the pond. The northern ditch along the Killay St. W. is responsible for the 
safe transfer of the regulatory storm from the northern part of the Killay St. W. to the Quarry Pond, 
which is located completely outside the developed area and will be restored with a new shape and pipe 
culverts at the site entrance crossings. This ditch leads to the proposed box culvert which will be sized 
to collect both the catchments 100 and EXT2 to discharge to the pond. The eastern portion of the site 
(Catchment 500) along with the neighbors to the east of the site drains to the existing southern ditch 
that flows west to the Quarry Pond.  

7. Water Quality 

7.1. Total Suspended solids 
Stormwater quality controls will be implemented in accordance with requirements of the City of Port 
Colborne, Niagara Region, and Niagara Peninsula Conservation Authority (NPCA) with a targeted 
Total Suspended Solids (TSS) removal of 80% in accordance with provincial policy. 
 
The proposed post-development has all impervious areas draining the entirety of the minor and major 
storm event volumes into the storm sewer system and then directs to the seven (7) independent OGS 
units and their outlets will be discharged into the Quarry Pond. Based on MOE 2003 SWM PDM Table 
3.2, Enhanced 80% S.S. Removal by infiltration requires 30 m3/ha for 55% imperviousness. For the 
subject site, TIMP is 63.4%, and required storage volumes are obtained through interpolation of Table 
3.2, about 32.8 m3/ha. Using 32.8m3/ha to meet the required 80% TSS removal and the area of the site 
30.2 ha, a minimum of 990.6m3 of storage must be provided. The proposed site has a Quarry Pond of 
7.6 ha with an average depth of 1.5m (typical depth of 0.0 to 3.0 m depth, based on the bathymetry by 
the Engineer last summer), which confirms that the pond volume should be greater than 100,000 m3. 
Therefore 80% TSS removal has already been achieved through stormwater quantity control measures 
while there are separate OGS units proposed at the outfalls of each catchment to provide 80% TSS 
removal, before entering the Pond.  
 
An OGS treatment unit (Stormceptor EFO8 and EFO12 or equivalent) treats the stormwater released 
from this site to the MOE’s Enhanced Level Protection standard. This separator will be required to be 
sized to capture and treat at least 90% of the runoff volume that occurs for this site on a long-term 
average basis for water quality objectives of enhanced protection (See Appendix XIV for details). Thus, 
the efficiency would be: 
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8. Water Balance  
 
Based on Welland-Pelham Climate Station Data, precipitation is 1000.9mm/year, and the averaged 
evapotranspiration rate is mostly grass and trees in hydrologic soil group B/C, 583.3mm/year 
(Appendix V).  
 
Pre-development site conditions have high groundwater infiltration/recharge, as the site is primarily 
sandy clay soil with slopes <2% grade and a little part of the runoff flows into the existing Quarry Pond 
within the site boundary through the existing waterways or sheet flow. On a 30.2 ha with 3.4% TIMP, 
there is an estimated 131,726m3 of groundwater recharge per year. Runoff is 0 mm/year because there 
is no visible outlet along the existing Quarry Pond shorelines.  
 
Pre-development condition parameters are shown in Table 10, below, as well as detailed in Section 3 of 
this report. The site is within the LENS Eagle Marsh Drain Subwatershed, part of Lake Erie's north 
shore watershed with Sand/Clay Hydrologic Soil Group B/C, 3.4% TIMP, containing 22.2 ha (73.3%) 
parkland, 1.0 ha (3.4%) of limestone stockpiles and 7.0 ha (23.3%) of grass/landscape.  
 
The proposed post-development TIMP is 19.2 ha / 63.4% and, without any LID treatments, the site 
recharge is estimated at an equivalent of 97mm/year, or 29,309 m3 (-77.8% as compared to pre-
development). 
 
The proposed development includes 19.2 ha total impervious surface area (TIMP), 63.4% of the total 
drainage area, within the total site area = 54.9 ha. Parklands and grassy lawns are reduced through the 
development of the property, which causes a reduction in evapotranspiration of 56.6% from pre-
development levels, while 73.5% or 228,482 m3 of the precipitation surplus within the TIMP area is 
managed for recharge and infiltration. Since there is no visible outlet along the Quarry Pond shorelines 
and considering the capacity of the pond (Area = 7.6 ha), the amount of external outflow has no change 
compared to the pre-development state (0mm or ȹV= 0m3). In other words, the proposed mitigation 
measure is the same as the existing condition through Quarry Pond, by infiltration and evaporation.  
 
Post-development with mitigation, the total rate of infiltration has increased from 436 mm/year to 756 
mm/year or 131,726 m3 to 228,482 m3 (+73.5%). The proposed SWM plan shall capture and retain 
runoff from all impervious surfaces and the focus is on controlling runoff volume and peak flow 
through infiltration or evaporation, without any outlet. Detailed calculations of water balance for each 
scenario are presented in Appendix XIII. 
 

 

 

 

 

 

 

 



 
 

Stormwater Management  
Urban (Subdivision) Development 

Killaly St. W. 
Port Colborne, ON 

 
  

Page 30 of 47 
 

 

Table 10 –Water Balance Summary 

 

9. Erosion and Sediment Control During Construction 
 
In general, the guiding principles of the ESC Plan are according to the NPCA  
 

1. Minimizing soil erosion at the source;  
2. Containing sediment on site;  
3. Treating sediment-laden runoff; and  
4. Being proactive, not reactive.  

 
1.1. Minimizing soil erosion at the source 

Based on the proposed developments, the site needs to fill the materials to construct 
storm/sanitary sewers. Since earthworks generally cause significant erosion, the main area of 
concern for ESC is the construction of the proposed buildings along with the new proposed 
servicing structures including watermain, sanitary, and storm sewers. This area will be used as 
a catchment infiltration basin due to its large footprint area and high permeability below the 
ground. All temporary grading will have slopes directed into the excavated area. This type of 
basin can store water as it runs off or is generated from upstream land. While this water is 
being held or ponded or infiltrated, either managing surface water and solids and some 
contaminants can be settled out of the water column. Water with less sediment in it is less 
erosive. 
 

1.2. Containing sediment on site 
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Where sediments are not directed into the excavation area, it is a requirement to install silt 
fences as per NPCA or Niagara Region design charts along with pinned silt socks at the site 
boundary with surrounding wetlands, ponds, and woodlands.  
 

1.3. Treating sediment-laden runoff 
The proposed cut-and-fill plan is significant and requires careful management to prevent 
sediment-laden storm runoff from being conveyed off-site and into nearby wetlands, ponds, 
and streams. Based on the high infiltration rate of the site (sandy clay soil & infiltration rate = 
5.9 min/cm), it is estimated that a very small part of the runoff will leave the site. Assuming 
that silt fences/socks are adequately installed and maintained, any temporary ponding of 
sediment-laden runoff will be infiltrated into the natural soils and runoff outflow from ditches 
will be captured by a series of straw bale check dams to slow sediment-laden water and allow 
sediment to settle before flowing downstream. 
 

1.4. Being proactive, not reactive (Best Management Engineering Practice) 
The project proposes cut & fill operations. Topsoil stripping of the fill location must be 
prepared prior to cut operations. This allows the fill portion to occur as soon as feasible, with 
minimal stockpiling. Backfilled areas are required to be seeded as soon as possible. 
 

This project can be separated into four (4) separate phases as follows: 
 
Phase 1 – Site Preparations: Driveway construction and the preparation for future cut & fill 
operations requiring topsoil stripping. Silt fences along with silt socks are installed in this phase. All 
topsoil shall be stockpiled at the south or east side of the property, behind the silt fences, to act as a 
loose permeable filtration mound. To reduce tracking of sediment to municipal roads, temporary 
tracking pads like mud mats are required at the site entrances. Local on-site CB/MH also needs to have 
filter fabric/sediment catchers that remove sediment. 
 
Phase 2 – Cut & Fill Operations: Once site preparation is completed, the actual cut & fill operation 
within each phase of construction can begin. At the edges of the excavation void/cut area, all surface 
grading must slope into the excavation void, such that all stormwater and drainage are captured by the 
excavation itself. Stripped topsoil needs to be transported and stockpiled at the south/east property area, 
while excess soils can be locally used as backfill or as a base layer for driveway construction. 
Emergency spill kits are required to be available at the site at all times. 
 
Phase 3 –Main construction: The proposed buildings will be constructed in this phase. All buried 
cables, pipelines, or other utilities such as manholes, catchbasins, watermain, sanitary, and storm 
sewers will be installed and buried in this phase, along with other site services, such as propane tanks. 
All excavated soils must be fully backfilled, graded, covered with topsoil, and reseeded as soon as 
possible. 
 
Phase 4 – Final Grading & Auxiliary Structures: After the overall backfill is completed, the 
physical construction may be completed, as well as keeping a small amount of soil for final grading. 
Auxiliary structures will be constructed at this stage; paving parking lots, sidewalks, interior roads and 
roadways, planting, and landscaping. Previously stockpiled topsoil would be mechanically processed 
and then used to cover all exposed soils. 
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10. Reliance & Signature 
 
This report is the intellectual property of King EPCM, and has been prepared for the sole use of 
1000046816 Ontario Limited (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 urban development project at Mapleview Port Colborne, Part of Lots 31, 32 & 33, 
Concession 1, East of Quarry Ponds, Township of Humberstone, Killaly Street West, Port Colborne, 
ON. 
 
 
 
Respectfully, 
 
 
 
___________________________________________ 
Amir Samadi, PhD, EIT 
Senior Engineer – Water Resources 
King EPCM 
 
 
Supervised and reviewed by: 
 
 
 
___________________________________________ 
Yu Tao (Tony) Wang, P. Eng 
Principal Engineer 
King EPCM 
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APPENDIX I – SITE SURVEY PLAN 
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LEGAL SURVEY &
TOPOGRAPHIC SURVEY DATA

ENG-1.1

V1 INTERNAL REVIEWJAN. 11, 2023ZW

MAPLEVIEW PORT
COLBORNE HOMES
DEVELOPMENT AREA

LEGEND:
            DENOTES        SURVEY MONUMENT FOUND
            DENOTES        SURVEY MONUMENT PLANTED
IB        DENOTES         IRON BAR
SIB      DENOTES        STANDARD IRON BAR
SSIB    DENOTES        SHORT STANDARD IRON BAR
RIB      DENOTES        ROUND IRON BAR
WIT     DENOTES        WITNESS
OU      DENOTES        ORIGIN UNKNOWN
P1       DENOTES        PLAN 59R-8019
P2       DENOTES        PLAN 59R-14852
P3       DENOTES        PLAN 59R-16319
P4       DENOTES        PLAN 59R-10319
P5       DENOTES        PLAN 59R-8960
P6       DENOTES        PLAN 59R-11025
P7       DENOTES        PLAN RD-213
P8       DENOTES        PLAN 59R-16944
P9       DENOTES        PLAN 59R-14799
P10     DENOTES        PLAN 59M-282
P11     DENOTES        PLAN 59R-4880
759     DENOTES        C. J. CLARKE, O.L.S.
799     DENOTES        R. H. FUNK, O.L.S.

895     DENOTES        D. A. LANE, O.L.S.
1337   DENOTES        D. G. MARR, O.L.S.
1654   DENOTES        D. G. CHAMBERS, O.L.S.
MTO   DENOTES        MINISTRY OF TRANSPORTATION - ONTARIO
JEL     DENOTES        LANTHIER & GILMORE SURVEYING LTD.
MF      DENOTES        METAL FENCE
CLF    DENOTES        CHAIN LINK FENCE
BF       DENOTES       BOARD FENCE
UP       DENOTES       UTILITY POLE
HV      DENOTES        HYDRO VAULT
OH      DENOTES       OVERHEAD UTILITY
GV       DENOTES      GAS VALVE
HYD    DENOTES       HYDRANT
LS        DENOTES      LIGHT STANDARD
WV      DENOTES     WATER VALVE
INV      DENOTES      INVERT
DT       DENOTES      DECIDUOUS TREE
CT       DENOTES      CONIFEROUS TREE
MH      DENOTES      MANHOLE
           DENOTES      EXISTING ELEVATION
           DENOTES      EXISTING ELEVATION CONTOUR LINE

GENERAL NOTES:

1.THIS IS A COMBINED LEGAL SURVEY AND SITE TOPOGRAPHIC
SURVEY:

¶ LEGAL SURVEY IS BASED ON "BARICH GRENKIE SURVEYING LTD."
ON DEC. 22, 2022
¶ SPOT ELEVATIONS ABUTTING PROPERTY BOUNDARY AND ROADS
ARE BASED ON "BARICH GRENKIE SURVEYING LTD." ON DEC. 20, 2022
¶ ELEVATION CONTOUR LINES WITHIN PROPERTY BOUNDARY ARE
BASED ON "CHAMBERS AND ASSOCIATES SURVEYING LTD." ON DEC.
20, 2010.
¶ NATURAL HERITAGE CONSIDERATIONS AND WATER LEVEL ARE
BASED ON "TERRASTORY ENVIRONMENTAL CONSULTING INC." ON
OCT. 30, 2022

2.ALL MEASUREMENTS STATED IN METERS
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LOGGED BY SX
CHECKED BY TW

COMPLETION CASING Casing up type SCREEN 3 m from the bottom of Well

COMMENTS GW sampled on March 11, 2022
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BH102 GW GW

Topsoil: grassland and topsoil

Bedcork: brown gravel/stone with
sandy clay

Termination Depth at: 11.13 m 168
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BOREHOLE AND GROUNDWATER WELL LOG BH103 MW

PROJECT NUMBER
PROJECT NAME Phase II ESA
CLIENT 1000046816 Ontario Limited
ADDRESS Mapleview Port Colborne
DRILLING DATE March 2, 2022
LICENCE NO.

DRILLING COMPANY Terra Firma Environmental Services Ltd.
DRILLER
DRILL RIG D-50 Drilling Rig
DRILLING METHOD Continuous Flight Auger
TOTAL DEPTH 11.13 m
DIAMETER  2 Inch Well

COORDINATES N:4749799.28m E:641016.77m
COORD SYS UTM17
SURFACE ELEVATION 179.3m
WELL TOC
LOGGED BY CC
CHECKED BY TW

COMPLETION CASING Casing up type SCREEN 3 m from the bottom of Well

COMMENTS GW sampled on March 11, 2022
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USCS: SC

USCS: OH

Topsoil, Black wet

Brown, moist clay mixed with sand,
very plastic

Dark yellow, moist clay, very plastic

Termination Depth at: 0.58 m hit
bedrock

sand

178.55

178.6

178.65

178.7

178.75

178.8

178.85

178.9

178.95

179

179.05

179.1

GROUNDWATER MONITORING Well BH201

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/10/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 0.58
DIAMETER 1.5 inch

COORDINATES 641324.17E, 4750079.70N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch
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USCS: SC

Topsoil, Black, moist

Brown, moist clay mixed with sand
and pebbles, very plastic

Termination Depth at: 0.58 m hit
bedrock

sand

178.5

178.55

178.6

178.65

178.7

178.75

178.8

178.85

178.9

178.95

179

179.05

GROUNDWATER MONITORING Well BH202

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/11/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 0.58 m
DIAMETER 1.5 inch

COORDINATES 641166.72E, 4750147.77N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch
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1

USCS: SC

USCS: CLS

Topsoil, Black, moist

Brown, moist clay mixed with sand,
very plastic

Yellow and hint of pinky very plastic
clay, moist

Termination Depth at: 1 m hit bedrock

sand

179.8

179.85

179.9

179.95
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GROUNDWATER MONITORING Well BH203

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/11/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 1 m
DIAMETER 1.5 inch

COORDINATES 641218.90E, 4750044.10N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch
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0.52

USCS: SC

Topsoil, Black, moist

Brown, moist clay mixed with sand,
very plastic

Termination Depth at: 0.4 m hit
bedrock

sand

178.62

178.64

178.66

178.68

178.7

178.72

178.74

178.76

178.78

178.8

178.82

178.84

178.86

178.88

178.9

178.92

178.94

178.96

178.98

179

179.02

179.04

179.06

179.08

179.1

179.12

GROUNDWATER MONITORING Well BH204

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/11/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 0.4 m
DIAMETER 1.5 inch

COORDINATES 641080.47E, 4750018.14N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch
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USCS: SC

Topsoil, Black, very wet

Brown, moist clay mixed with sand,
very plastic

Termination Depth at: 0.56 m hit
bedrock

sand
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GROUNDWATER MONITORING Well BH205

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/12/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 0.56 m
DIAMETER 1.5 inch

COORDINATES 640988.00E, 4749907.61N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch
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USCS: SC

Topsoil, Black, very wet

Brown, moist clay mixed with sand,
very plastic

Termination Depth at: 0.57 m hit
bedrock

sand

178.1
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GROUNDWATER MONITORING Well BH206

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/12/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 0.57 m
DIAMETER 1.5 inch

COORDINATES 640944.37E, 4749978.35N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch

COMMENTS
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) Graphic Log USCS SAMPLES Material Description Additional Observations Well 
Installation
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USCS: CL

USCS: OH

Topsoil, Black moist

Brown sandy clay, plasticky

Black moist clay, plasticky

Termination Depth at: 0.53 m hit
bedrock

sand

179.35

179.4

179.45

179.5

179.55
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179.65

179.7
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GROUNDWATER MONITORING Well BH207

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/09/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Pincheng Zhao, Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 0.53
DIAMETER 1.5 inch

COORDINATES 641424.74E, 4749920.37N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch

COMMENTS
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) Graphic Log USCS SAMPLES Material Description Additional Observations Well 
Installation
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0.52

USCS: SC

Topsoil, Black moist

Brown, black moist clay mixed with
sand, plastic

Termination Depth at: 0.43 m hit
bedrock

sand

177.84

177.86

177.88

177.9

177.92

177.94

177.96

177.98

178

178.02

178.04

178.06

178.08

178.1

178.12

178.14

178.16

178.18

178.2

178.22

178.24

178.26

178.28

178.3

178.32

178.34

GROUNDWATER MONITORING Well BH208

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/09/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Pincheng Zhao, Chris Chen
DRILL RIG
DRILLING METHOD Hand Auger
TOTAL DEPTH 0.43
DIAMETER 1.5 inch

COORDINATES 641482.90E, 4749840.42N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch
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Installation
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USCS: CLS

Topsoil, Black moist

Brown, dark yellow moist clay mixed,
plastic, with stone chips/refills

Termination Depth at: 1.4 m

sand

176.8

176.9
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177.2

177.3

177.4

177.5

177.6

177.7

177.8

177.9
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178.1
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GROUNDWATER MONITORING Well BH209

PROJECT NUMBER
PROJECT NAME
CLIENT
ADDRESS Mapleview, PORT COLBORNE
DRILLING DATE 05/09/2022
LICENCE NO. C-7691

DRILLING COMPANY King EPCM
DRILLER Pincheng Zhao, Chris Chen
DRILL RIG
DRILLING METHOD Continuous Flight Auger
TOTAL DEPTH 1.4
DIAMETER 1.5 inch

COORDINATES 641205.52E, 4749829.82N
COORD SYS UTM-17
SURFACE ELEVATION 90 AMSL
WELL TOC None
LOGGED BY Chris Chen
CHECKED BY Tony Wang, P Eng, Principal Engineer

COMPLETION CASING 1.25 inch SCREEN 1.25 inch
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) Graphic Log USCS SAMPLES Material Description Additional Observations Well 
Installation
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APPENDIX IV – FIELD PERMEABILITY TEST 
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in cm 
a 
in cm 

Well hole radius 4.15 

 
Based on data described in the above table and using Pask Permeameter ETC Quick Field Reference 
Tables for both Standard (BH2) and Slow Soils (BH1), the Kfs was calculated as:  
 
Kfs1 = 2.3E-7 m/sec = 2.3E-5 cm/sec 
Kfs2 = 3.4E-5 m/sec = 3.4E-3 cm/sec 
 
And then the temperature corrected permeability would be calculated using equation 2 as follows: 
 
Ka = Kfs x ɛk/ɛa                                                    (Eq. 2) 
 
In which:  
Ka = corrected permeability adjusted for design temperature conditions 
 
Then using the temperature correction factor (for t=28-29°c) from the manual: 
Ka1=1.3E-7 m/sec = 1.3E-5 cm/sec 
Ka2=1.9E-5 m/sec = 1.9E-3 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 
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.  
ὖὝ = Ў

Ў
= άK                                                (Eq. 3) 

Where: 

ά =
Ӷ

Ӷ  (  ʕ ‌) ; 0 < ά < 1             (Eq. 4) 

 

And a is test hole radius, H is average water level (ponding depth) in the test hole over time interval, ȹt, 
ɣŬ is the antecedent or background pore water pressure head in the soil surrounding the test hole, Ŭ 
may be viewed as the “integrally correct” slope of the soil’s unsaturated hydraulic conductivity versus 
pore water pressure head relationship, K(ɣ) 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): 
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ὖὝ  = mK = ( . )
(1.3E 7)

= 24.5 min/cm     (Infiltration Rate =24.5 mm/hour) 

ὖὝ  = mK = ( . )
(1.9E 5)

= 0.37 min/cm     (Infiltration Rate =1629 mm/hour) 
 

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 design of infiltration basins based on historic 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  
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Based on OMMAH interpolation from Table 2 and Figure 1 above, the measured Kfs may be 
interpolated as: 

 

PT1 = 22.4 min / cm   (Infiltration Rate = 27 mm/hour) 

PT2 = 5.9 min / cm   (Infiltration Rate = 102 mm/hour) 

 

When comparing the OMMAH result with that obtained by Reynolds et al. (2015) formula (PT= 0.37-
24.5 min/cm), the two methods of conversion are completely different results, especially for standard 
soils and it seems that the values of the first method have overestimated the infiltration rate and Perc 
Time. As per the TRCA Stormwater Management Criteria guideline, the engineer's opinion is to trust 
to 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 = 27 mm/hour to 102 mm/hour which confirms the upper thin soil layer 
(clay mixed with sand, d ~ 0.4 to 1.0m) has a low permeability within this property while the lower 
weathered bedrock layer has high infiltration rate due to some cracks and fissures, in addition to its 
coarse textured.   

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 
thin soil formation is clay soils mixed with sand or stone, with an unfactored infiltration rate =27 
mm/hour, while the bottom bedrock layer is gravel/stone with sandy clay, with an unfactored 
infiltration rate =102 mm/hour. 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 to a depth of less than 1 meter and follows with a deep 
sandy clay layer to a depth of more than 3 meters, which has high permeability rate. 

 

Based on borehole data, the soil layer remains consistent of sandy clay types (similar to BH2), 
including the soil layers 1.5 meters below the proposed bottom of the BMP. This means that based on 
the 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 102 mm/hour, and the mean infiltration rate measured in the slowest 
underlying soil horizon is 41 mm/hour, and the ratio of infiltration rates is 2.5. 
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Table 3. Safety correction factors for calculating design infiltration rates 
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