2176047 Solar Energy
Project

Stormwater Management
Report

May 18, 2011

11-4773

UC Solar Ltd. and
Canadian Solar Solutions Inc.

Submitted by

Dillon Consulting
Limited



Stormwater Management Report
Canadian Solar Solutions Inc. & UC Solar Ltd. - 2176047 Solar Energy Project

TABLE OF CONTENTS
Page No.
1.0 INTRODUCTION ..ottt ettt et e e e e e e et e et e e e e eeeeseee st seeeeeeeeennsnnnnns 1
00 R 0T o o =T o] SRS 1
1.2 SO CONAITIONS. ... 1
IR T 0 - [ o T s oSSR 2
2.0 PROPOSED PHYSICAL LAND ALTERATIONS ... aeeenas 2
3.0 STORMWATER ASSESSIMENT ...t it s aa e s ie et e e e e e e e e eeeenanns 3
3.1 S 1 RO U (61 (] A ) 0TI o sRRTURRRUTRTTUTT. TR 3
3.2 ASSESSMENt OF IMPACES.....cuiiiiiiieiiestieitee sttt 4
3.3 DIISCUSSTON .S et e ittt e e e e e e e e e e e e e e e e eeneeens 5
4.0 STORMMWATER POLLUTION ..ttt ettt e e e et e e e e e e e anaeeeeenaeeneaaa 6
5.0 CONSTRUCTION PERIOD MEASURES .......ooooeeeeeeeeee e ar ettt ee e aeaeeeenae e e 6
6.0 SUMM A RY e et ae st e e et e e e e e e et e e e e e e e e ——aaaeaanaaa 7
TABLES
Table 1.0 St CNATACIEIISTICS. ... ... e et e et ea e e e 3
Table 2.0 POSt-DeVElOpPMENT LANUUSE .......cccvveieeiiesieeie ettt 4
Table 3.0 RUNOTE 0BT ICIENT .ottt 5
Table 4.0 RUNOTE PAK FLOWS ... oot e e e e 5
FIGURES
Figure 1.0 Site Plan
Figure 2.0 Existing Drainage Plan
Figure 3.0 Proposed Drainage Plan
APPENDICES
Table A-1 Runoff Peak Flows for North Lot
Table A-2 Runoff Peak Flows for South Lot
Table A-3 Time of Concentration
Dillon Consulting Limited i



Stormwater Management Report
Canadian Solar Solutions Inc. & UC Solar Ltd. - 2176047 Solar Energy Project

1.0 INTRODUCTION

UC Solar Ltd. (UC Solar), in partnership with Canadian Solar Solutions Inc. (Canadian Solar) is
proposing to develop a 10-megawatt (MW) solar farm on an existing property in the Township
of Elizabethtown-Kitley, situated within the United Counties of Leeds and Greenville. The
municipal address of the property is 12 Centennial Drive in the City of Brockville. Figure 1.0
shows the location plan (same as Figure 2.1 of Draft Design and Operations Report’). The
project is proceeding through the Ontario Power Authority (OPA) for the purchase of electricity
generated by photovoltaic solar panels from the solar farm through the Province’s Feed-in-Tariff
(FIT) program.

1.1  Topography

The project, titled 2176047 Solar Energy Project (Project, a.k.a. “UC Solar 1), is proposed to be
constructed on privately owned land. The solar farm is situated on Lots 7 and 8, Concession 3,
at the northeast corner of Centennial Road and County Road 6. A portion of the site is within the
City of Brockville boundary limit.

Of the project area, an estimated 36 hectares in the south portion of the property is being
proposed as solar panels farm areas (herein referred to as the “Site”). The Site consists of former
agricultural lands and other lands covered by successional vegetation. An inter-provincial
pipeline travels diagonally through the Site and divides the solar panel farm areas into two lots
(north and south lots). The entire Site is relatively flat with a rather gentle slope slanting
northerly towards the Buells Creek wetland, or northeasterly towards County Road 6.

1.2 Soil Conditions

A geotechnical investigation was completed for this site by Inspec-Sol Inc?. A total of nine (9)
boreholes were advanced in late October of 2010.

The geotechnical investigation suggested this site is underlain by heavily weathered limestone
bedrock covered by a 0.1 to 0.4 m thick layer of overburden comprised of silty topsoil and

! Hatch Ltd. 2011. 2176047 Solar Energy Project, Draft Design and Operations Report. Canadian Solar Solutions
Inc. and UC Solar Ltd.

2 Inspec-Sol Inc. 2011. Final Geotechnical Investigation CS-1: Upper Canada Solar 01, 12 Centennial Road,
Brockville, Ontario.
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organic material. This is in general agreement with the published geology of the area suggesting
that a thin layer of Glacial Till overburden overlying limestone bedrock is to be expected, per the
Ontario Department of Mines Bedrock Map. Results from the boreholes also indicate that
bedrock was encountered within 0.1 to 2.4 m of depth.

1.3 Drainage

The existing drainage is conveyed by overland flow following the contours of the existing
terrain. The site is relatively flat and an inter-provincial pipeline travelling diagonally across the
Site divides it into two lots. The north lot drains north to the woodland and wetland or northeast
towards Country Road 6. Similarly, the south lot gently slopes northeasterly towards County
Road 6. In terms of water features, there are no waterbodies on or within 120m of the site. The
Buells Creek Reservoir is located approximately 500 m west of the site and a tributary of
Butler’s Creek sits 550 m south of solar farm, both of which are beyond the boundary of the
property. An existing drainage plan is shown in Figure 2.0.

20 PROPOSED PHYSICAL LAND ALTERATIONS

In general, the proposed development will not alter the existing site grades significantly. The
solar panels will be installed in rows, placed on site creating little if any impact on the overall
drainage pattern. Each panel will be mounted on two pole bases which will not affect the
imperviousness of the site, as the area of the pole bases relative to the area of the site is small.
The panels will be elevated with native ground cover in and around the base.

Gravel roadways will be constructed using a suitable depth of Granular B Type Il subbase and
Granular A material on rock or soil subgrade base, compacted to 100 percent SPMDD.

Although the solar panels themselves are impervious, the rain water will land on the solar
collector panels and runoff directly onto the ground below the individual panels. Minimal
erosion is anticipated beneath each solar panel. The overall effects of the runoff generated from
the various solar panels will be minimal as the proposed site ground cover, comprised of native
grass or other suitable vegetations, is consistent with the current native grasses at the site to
continue to promote infiltration on pervious surfaces.

In addition to the panels and bases, the site will have the following features:
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3.0

3.1

Ten (10) prefabricated enclosures that will each house two inverters, one medium voltage
transformer, switchgear and monitoring equipment. Each enclosure will siton a 6 m by 4
m concrete equipment pad;

Ten (10) 2 m by 2 m concrete pads for the combiner boxes;

One (1) 10 m by 5 m concrete foundations for the substation transformer and electrical
building to be located in the substation yard,;

A gravel area within the laydown area for parking and equipment storage;

A gravel/asphalt road network to facilitate vehicle movements within the site as shown in
Figure 3.0, and grass-swales along interior roads as required, based on the
recommendations in Section 2.3.1.7 and Section 4.4 of the Draft Construction Plan
Report®.

STORMWATER ASSESSMENT

Site Characteristics

The characteristics of the proposed solar farm development are as follows:

Table 1.0
SITE CHARACTERISTICS
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® Hatch Ltd. 2011a. 2176047 Solar Energy Project, Draft Construction Plan Report. Canadian Solar Solutions Inc.
and UC Solar Ltd.

* Hatch Ltd. 2011b. 2176047 Solar Energy Project, Draft Design and Operations Report. Canadian Solar Solutions
Inc. and UC Solar Ltd.

® Estimated based on CAD drawings
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3.2 Assessment of Impacts

The increase in impervious area was analyzed using the Rational Method’s Runoff Coefficient,
for existing and proposed conditions, and compared for an indication of the change to
imperviousness of the sites.

The existing site is undeveloped and is characterized as predominantly grass or small brush
cover. The site is relatively flat with the Buells Creek wetland just north of the site.
Accordingly, the runoff coefficient for the existing undeveloped land is 0.40. As shown in
Figure 2.0, most of the site that is not road or equipment pads remains unaltered. Table 2.0
presents the landuse breakdown of the site under developed condition.

Table 2.0
POST-DEVELOPMENT LANDUSE
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* Please note that the solar panels are not included in the weighted average because they are elevated and therefore
will have minimal impact on the overland flow.

The runoff coefficient for the developed condition is calculated as a weighted average.

155000

The runoff coefficients are as noted below in Table 3.0.
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Table 3.0
RUNOFF COEFFICIENT

+us # #
. : :

Based on the Rational Method, the relative runoff flows generated from the site under existing
and developed conditions are estimated and summarized in Table 4.0. Following are several
parameters that were used in the analysis:

e Time of Concentration = 95.1 min (North Lot) and 87.9 min (South Lot)

 Runoff Coefficient® (North Lot) = 0.40 (existing) and 0.411 (proposed)

 Runoff Coefficient® (South Lot) = 0.40 (existing) and 0.412 (proposed)

e Rainfall Intensity determined based on IDF curve at Brockville PCC station (6100971)

Table 4.0
RUNOFEEF PEAK FLOWS
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® Runoff coefficient C for higher return period storms are increased as per MTO criteria.
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It is anticipated that the overland flow paths under proposed conditions are slightly longer (i.e.
via grass swales of interior roads). Hence, a conservative approach was used in the analysis
based on the assumption that the times of concentration are similar for both existing and
proposed conditions. The results presented in Table 4.0 indicate that the % changes in peak
flows for both lots are 3% or less.

3.3 Discussion

The proposed runoff coefficients and peak flows of the site do not vary significantly from
existing conditions. Based on the results, the minimal change to the imperviousness of the site
does not significantly impact the site drainage.

As noted in the previous section, the imperviousness of the proposed solar panels does.not factor
into the calculation of the runoff coefficient due to the elevated nature of the solar panels. The
solar panels are constructed above ground, and mounted onto posts and tilted. Runoff is directed
from the solar panels onto the ground in front of the solar panels (which is grass covered, below
the fronting row of solar panels). Thus, the impervious surfaces do not ultimately impact the
characteristics of the site drainage. Accordingly, no quantity abatement measures are required.

40 STORMWATER POLLUTION

The extensive use-of surface drainage allows for runoff peak flow attenuation and allows
removal of suspended solids during flow over grassed areas.

Although the majority of the site poses no increased loading of TSS or other pollutants, the
substation transformer should be provided with a means of ensuring that oils are not released to
the environment in the event of a spill or failure, through provision of a containment area and/or
an oil-water separator which would discharge to the onsite ditches.

50 CONSTRUCTION PERIOD MEASURES

To minimize the potential for impairment of the quality of receiving waters during construction,
an erosion abatement control plan will be implemented during construction. The plan should
include but not limited to the following:
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= Straw bale barriers and/or filter cloth barriers shall be installed in existing swales, drains,
or at critical downstream flow points to intercept suspended solids carried by overland
flow and to prevent the runoff from directly entering existing watercourses.

e Topsoil will be stripped only from areas necessary for installation of the solar panels,
services and construction of roads.

e Use appropriate grading techniques to prevent increased run-off potential and maintain
positive drainage.

6.0 SUMMARY

The overall changes to the imperviousness of this site following the development of the solar
farm are minimal. However, based on the gently sloped topography, it is expected that there will
be some cut/fill and grading of the project areas to accommodate the solar farm development.
Once the site has been restored and the ground cover has been re-established, it is anticipated
that the total runoff from the site will be similar to existing conditions, as the estimated %
changes in peak flows are less than 5%. In the interim, it is proposed to implement qualitative
protection measures for the site area to minimize erosion and increases in runoff from the site
during construction and until the ground cover has been re-established, as noted in Section 5.0.

Respectfully submitted:

Roy Johnson, MASc., P.Eng. Ivy Poon, MASc., EIT
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Table A-1: Runoff Peak Flows for North Lot (Area =  15.5 ha)

Existing
Rainfall Intensity (I = A*T"B)
tc => 95.1|min
tc => 1.585]hr

2yr 5yr 10 yr 25yr 50 yr 100 yr
A 20.8 28 32.7 38.7 43.1 47.5
B -0.687 -0.699 -0.705 -0.709 -0.712 -0.714
T =tc (hr) 1.585 1.585 1.585 1.585 1.585 1.585
I (mm/hr) 15.2 20.3 23.6 27.9 31.0 34.2
(Source of A,B: AES Brockville PCC, 6100971)
I
Peak Flow using Rational Method (Q = 0.00278*C*I*A)
Area, A 15.5|ha
Runoff Coeff, C 0.4 0.4 0.4 0.44 0.480 0.500
Q (m’/s) 0.261 0.350 0.407 0.529 0.642 0.737
Post-Development
Rainfall Intensity (I = A*T"B)
tc => 95.1|min
tc => 1.585]hr
2yr 5yr 10 yr 25 yr 50 yr 100 yr
A 20.8 28 32.7 38.7 43.1 47.5
B -0.687 -0.699 -0.705 -0.709 -0.712 -0.714
T =tc (hr) 1.585 1.585 1.585 1.585 1.585 1.585
I (mm/hr) 15.2 20.3 23.6 27.9 31.0 34.2
(Source of A,B: AES Brockville PCC, 6100971)
I

Peak Flow using Rational Method (Q = 0.00278*C*I*A)
Area, A 15.5|ha
Runoff Coeff, C 0.411 0.411 0.411 0.452 0.493 0.514
Q (m’/s) 0.268 0.359 0.419 0.544 0.660 0.757
% Change 2.75 2.75 2.75 2.75 2.75 2.75

Note: Runoff coefficients for higher return period storms are increased as per MTO Criteria




Table A-2: Runoff Peak Flows for South Lot (Area =  20.5 ha)

Existing
Rainfall Intensity (I = A*T"B)
tc => 87.9|min
tc => 1.465]hr

2yr 5yr 10 yr 25yr 50 yr 100 yr
A 20.8 28 32.7 38.7 43.1 47.5
B -0.687 -0.699 -0.705 -0.709 -0.712 -0.714
T =tc (hr) 1.465 1.465 1.465 1.465 1.465 1.465
I (mm/hr) 16.0 21.4 25.0 29.5 32.8 36.2
(Source of A,B: AES Brockville PCC, 6100971)
I
Peak Flow using Rational Method (Q = 0.00278*C*I*A)
Area, A 20.5(ha
Runoff Coeff, C 0.4 0.4 0.4 0.44 0.480 0.500
Q (m’/s) 0.365 0.489 0.569 0.740 0.898 1.031
Post-Development
Rainfall Intensity (I = A*T"B)
tc => 87.9|min
tc => 1.465]hr
2yr 5yr 10 yr 25 yr 50 yr 100 yr
A 20.8 28 32.7 38.7 43.1 47.5
B -0.687 -0.699 -0.705 -0.709 -0.712 -0.714
T =tc (hr) 1.465 1.465 1.465 1.465 1.465 1.465
I (mm/hr) 16.0 214 25.0 29.5 32.8 36.2
(Source of A,B: AES Brockville PCC, 6100971)
I

Peak Flow using Rational Method (Q = 0.00278*C*I*A)
Area, A 20.5[ha
Runoff Coeff, C 0.412 0.412 0.412 0.453 0.494 0.515
Q (m’/s) 0.376 0.503 0.587 0.762 0.925 1.061
% Change 3.00 3.00 3.00 3.00 3.00 3.00

Note: Runoff coefficients for higher return period storms are increased as per MTO Criteria




Table A-3: Time of Concentration

SCS Velocity (Uplands) Method (1975,1986)

t. = (L/V)/60

*v/S%3 (m/s)

Forest with heavy ground litter, hay meadow 0.6

Trash fallow or min tillage cultivation, contour, strip cropped woodland 15

Short grass pasture 2.3

Cultivated straight row 2.7

Nearly bare and untilled or alluvial fans in Western mountain regions 3.0

Grassed waterway 4.6

Paved area 6.1

DATA ENTRY

Slope (m/m) Length (m) Land Cover v/s®® v (m/s) te (min)

North Lot 0.00357 783.8 Short grass pasture 2.3 0.1374 95.1
South Lot 0.00411 778.1 Short grass pasture 2.3 0.1475 87.9

* The velocity coefficient for the uplands method is average velocity charts developed by SCS (1975,1986). Refer to L. Mays and CSPI for chart details




