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1.0 INTRODUCTION 

1.1 PROJECT PURPOSE 

Pendleton Energy Centre Limited Partnership (Pendleton) is proposing to develop a 12-megawatt (MW) 
solar photovoltaic (solar PV) energy generating facility, known as the Pendleton Solar Energy Centre (the 
Project), on an approximately 53 hectare (ha) parcel of land (Site) located southeast of the intersection of 
County Road 2 and County Road 19 in the Township of Alfred and Plantagenet, United Counties of 
Prescott and Russell (Figure 1, Appendix A). Pendleton is proposing the renewable energy project in 
response to the Government of Ontario’s Large Renewable Procurement (LRP) initiative to promote the 
development of renewable electricity in the province.  

The environmental approval for renewable energy projects is called the Renewable Energy Approval 
(REA) and is regulated by the Ministry of the Environment and Climate Change (MOECC) and the 
Ministry of Natural Resources and Forestry (MNRF). To obtain a REA, each project is subject to the 
requirements of Ontario Regulation (O. Reg.)  359/09, the Renewable Energy Approvals Under Part V.0.1 
of the Act, created under the Environmental Protection Act. Part of the REA Regulation requires specific 
documents to be prepared for each project to describe the project and identify potential adverse effects.  
Any potential adverse effects will be prevented or minimized through monitoring and mitigation. Various 
documents have been previously prepared for the Project and are described in Section 2.1 The proposed 
solar PV distribution grid connected system is considered a Class 3 Solar Facility under O. Reg. 359/09, 
s. 4. 

1.2 SCOPE OF WORK 

As part of the REA application for the Project, Pendleton retained Stantec Consulting Ltd. (Stantec) to 
complete a desktop-level hydrogeological assessment of the Site. The scope of work for the 
hydrogeological assessment consisted of the following:  

• A desktop-level background review of available geological and hydrogeological data/information for 
the Site and surrounding area, which included but was not limited to the following: 

− Ministry of Environment and Climate Change (MOECC) Water Well Records (WWRs) 

− Ontario Geological Survey (OGS) Mapping 

− Regional Groundwater and Source Water Protection Studies 

− Local Geotechnical, Hydrogeological and Environmental Site Assessment Investigations 

− Aerial photography and topographic mapping 

− Project design concept drawings and details. 

• An evaluation of the potential need for groundwater dewatering at the Site. 
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• A door-to-door survey of all properties located within 300 m of the Site to evaluate the potential for 
wells located on those properties to be impacted by potential onsite dewatering and/or other 
construction activities. 

The above-mentioned information was used to develop a conceptual hydrogeological model for the Site 
and surrounding area to better understand the form and function of the regional and local hydrogeological 
system, with this information then being used to identify potential offsite private properties that could be 
affected by the Project construction and operation and to evaluate the need for development of pre-, 
during and post-construction groundwater monitoring programs for the Site. The report provides 
suggestions for the use of onsite monitoring wells (to be constructed), accessible offsite private wells, or a 
combination of both in the monitoring program, and a discussion of potential frequency and duration of 
the monitoring program, including suggested quality parameters to be monitored. Potential mitigation 
measures that could be employed at the Site to minimize any potential disturbances from construction 
activities to local private water well quantity and/or quality are also discussed in the report. 

1.3 REPORT ORGANIZATION 

The report is arranged into six sections including this introduction. Section 2 presents a summary of 
background information focusing on the interpretation of regional geological and hydrogeological 
conditions. Section 3 presents a summary of local site conditions including geology, hydrogeology and 
private water wells. Section 4 presents a summary of potential groundwater related impacts. Section 5 
presents the recommended groundwater monitoring program. Section 6 presents the references used in 
preparing this report. All figures and tables references are presented in Appendices A and B, respectively.  
Appendix C presents a summary of the local MOECC Water Well Records. Appendices D, E and F 
presents borehole and test pit logs, private well survey results, and dewatering calculations, respectively.
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2.0 BACKGROUND 

2.1 GENERAL SITE AND PROJECT DESCRIPTION 

The Site is located on an approximately 53 ha parcel of land located southeast of the intersection of 
County Road 2 and County Road 19 in the United Counties of Prescott and Russell, Ontario (Figure 1, 
Appendix A). The Site predominantly consists of agricultural land that is generally flat, with the 
topographic profile slightly sloping to the southeast from an elevation of 78 m above mean sea level 
(AMSL) to 73 m AMSL (Figure 2, Appendix A). The existing agricultural field is underlain by a drainage 
network that ties into a drainage feature located at the southeast property boundary of the Site (Figure 3, 
Appendix A). The Site is situated within the South Nation Watershed which lies within the boundary of the 
South Nation Conservation (SNC). 

The Pendleton Solar Energy Centre Project will include the installation of approximately 35,000 to 60,000 
solar panels that will be mounted off the ground on a rack system in rows. The project will require six (6) 
stations including one or more inverter step-up transformer(s) and inverter(s) and a 27.6 kV substation 
comprised of circuit breakers, disconnect switches, grounding transformer, surge arresters, auxiliary 
services transformer, revenue metering equipment, and control building. Electricity generated from the 
solar panels will be transported to the inverters and then on to the substation via underground cables. A 
connection line, approximately 75 m long, will be required from the substation to the Pont of Common 
Coupling (PCC) located in the right-of- way east of County Road 19. The PCC is the point where Hydro 
One Networks Inc. (Hydro One) will connect the Project to the existing distribution grid line located on the 
west side of County Road 19. An operations and maintenance storage area will be located near the main 
site entrance along County Road 19, and will consist of small permanent structures, such as storage 
containers that will be used to store equipment and spare parts used for maintenance activities. The 
proposed layout of the Site is presented in Figure 1 (Appendix A). 

Site preparation will include road and parking area construction, removal of vegetation and topsoil, and 
compaction of the sub-soils. Construction activities will include excavation of the substation area for 
footings and foundations. These activities have the potential to impact local groundwater conditions, 
which are discussed in more detail in Section 4.0. 

2.2 REGIONAL PHYSIOGRAPHY 

The Site lies within the physiographic region classified by Chapman and Putnam (1984) as the Russell 
and Prescott Sand Plains, with the Ottawa Valley Clay Plains located further west and south of the Site 
(Figure 4, Appendix A). The Russell and Prescott Sand Plains comprise an area of about 1,490 km2 that 
extends from Ottawa to Hawkesbury and are dominated by coarse deltaic deposits. The sand unit is 
underlain by Ottawa Valley Clay.  
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2.3 REGIONAL GEOLOGY AND HYDROGEOLOGY 

Geological conditions throughout the region are documented in previous studies completed by Ontario 
Geological Survey (OGS, 2010) and the Raisin Region Conservation Authority and South Nation 
Conservation (RRCA & SNC, 2008, 2009 and 2016b). In summary, subsurface conditions throughout the 
region in which the Site is located consist of the following key geological formations, with these units 
being listed from youngest to oldest with hydrostratigraphic significance:  

Recent Alluvial Deposits:  mainly consist of modern alluvial clay, silt, sand, and gravel deposits, 
that may contain organic materials transported by recent rivers and 
creeks (Unit 19; Figure 5, Appendix A); and ancient alluvial deposits of 
clay, silt, sand, gravel, organic materials deposited in the early Ottawa 
River (Unit 12; Figure 5, Appendix A).  

Coarse-textured Glaciomarine Deposits (Aquifer): consists of sands deposited as deltas by the 
Champlain Sea in shallow marine environments (Unit 11a; Figure 5, 
Appendix A). These deltaic sands unit are considered an overburden 
aquifer, having reported hydraulic conductivities in the range of  
7.7 x 10-6 m/s (WESA, 2006). 

Fine-textured Glaciomarine Deposits (Aquitard): consists of glaciomarine silt and clay sediments 
deposited by the Champlain Sea in deep water environments (Unit 10a; 
Figure 5). This unit has reported hydraulic conductivities in the range of 
8.8 x 10-7 m/s (WESA, 2006). 

Glaciofluvial Deposits (Aquifer): sand and gravel aquifer having reported hydraulic conductivities in the 
range of 1.0 x 10-3 m/s (WESA, 2006).  

Till Deposits (Aquitard/Aquifer): typically consists of hard, compact, calcareous sandy silt till, but can 
comprise silty sand till with boulders and cobbles. The till is widespread 
throughout the region and generally directly overlies bedrock. The till 
ranges in thickness from less than 1 m to more than 10 m in some areas 
(RRCA & SNC, 2008). Hydraulic conductivities of the sandy silt till are 
reported to be in the range of 1.0 x 10-8 m/s, whereas the silty sand till 
has hydraulic conductivities in the range of 1.2 x 10-4 m/s (WESA, 2006). 

Bedrock (Aquifer/Aquitard): Paleozoic Era sedimentary rocks belonging to the Ottawa Group, 
specifically limestone and shale of the Lindsay (Upper Ordovician) 
Formation. Bedrock is located from 25 to 50 m BGS and slopes gently to 
the southwest (RRCA & SNC, 2009). The reported range of hydraulic 
conductivities for the Upper Lindsay Formation is 1 x10-7 m/s to  
1.0 x 10-11 m/s, with the hydraulic conductivities for the Lower Lindsay 
Formation being in the range of 1.1 x 10-4 m/s (WESA, 2006). 

Potentiometric surface mapping presented in the Water Budget: Conceptual Understanding Report 
(RRCA & SNC, 2009) indicates that groundwater flow through the overburden deposits beneath the Site 
is southward towards the South Nation River, with a similar groundwater flow pattern being interpreted for 
the shallow bedrock. 
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The Ottawa Group bedrock aquifer units are widely exploited across the region for private, commercial, 
institutional, and municipal use, and approximately 83% of wells drilled in the South Nation watershed, 
are bedrock wells (RRCA & SNC, 2009). The South Nation watershed area also has many highly 
permeable glacial deposits, glaciofluvial complexes and extensive deltaic sand deposits which produce 
good yields of groundwater (RRCA & SNC, 2009).  

2.4 SOURCE WATER PROTECTION 

Review of MOECC WWR database indicates there are no municipal wells located within 300 m of the Site 
(Appendix C). The nearest Well Head Protection Area (WHPA) is for the Vars (City of Ottawa) municipal 
wells, which are located more than 20 km to the southwest of the Site. 

Based on mapping generated from the MOECC Source Water Protection Information Atlas 
(https://www.gisapplication.lrc.gov.on.ca/SourceWaterProtection/Index.html?site=SourceWaterProtection
&viewer=SWPViewer&locale=en-US), the Site is not located within a mapped Wellhead Protection Area 
(WHPA), Intake Protection Zone (IPZ), or Issue Contributing Area. The Site is located within a highly 
Significant Groundwater Recharge Area (SGRA) and a Highly Vulnerable Aquifer (HVA) area, both with a 
vulnerability scores of six (6). According to the Raisin-South Nation Source Protection Region Source 
Protection Plan (RRCA & SNC, 2016a), a HVA is an aquifer on which external (contaminant) sources 
have or are likely to have a significant adverse effect, and includes the land above the aquifer. Aquifers 
are considered highly vulnerable based depth, and the permeability and characteristics of the soil or rock 
covering and surrounding them. A SGRA is defined as an area where the rate of recharge to an 
underlying aquifer system is more than 1.15 times greater (computed to be 208.5 mm/year) than the 
average recharge that occurs throughout the source protection area (RRCA & SNC, 2016a).  

 

 

https://www.gisapplication.lrc.gov.on.ca/SourceWaterProtection/Index.html?site=SourceWaterProtection&viewer=SWPViewer&locale=en-US
https://www.gisapplication.lrc.gov.on.ca/SourceWaterProtection/Index.html?site=SourceWaterProtection&viewer=SWPViewer&locale=en-US
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3.0 LOCAL CONDITIONS 

3.1 LOCAL GEOLOGY AND HYDROGEOLOGY 

Figure 5 (Appendix A) presents the surficial geological conditions within the Site and surrounding area as 
mapped by the OGS (2010), as well as the location of Cross Sections A-A’ (Figure 6, Appendix A) and  
B-B’ (Figure 7, Appendix A). The construction of the cross-sections involved using soils information 
obtained from MOECC WWR (Appendix C) and borehole and test pit logs associated with a geotechnical 
investigation completed at the Site by Houle Chevrier Engineering (HCE, 2015). The locations of onsite 
test pits (TP14-1 through TP14-7) and boreholes (BH14-1 through BH14-7), and nearby MOECC WWR is 
presented on Figure 5 (Appendix A). Copies of the Houle Chevrier Engineering (2015) test pit and 
borehole logs are included in Appendix D.   

Deposits of sand to silty sand, with some occurrences of sandy silt, covers the Site and surrounding area, 
with this deposit interpreted to represent the Coarse-textured Glaciomarine Aquifer. The onsite test pits 
and boreholes were terminated within the sand/silty sand deposit at depths ranging from 1.6 m to  
6.7 m BGS. Review of nearby WWR 5201579, located approximately 240 m northwest of the Site, 
indicated the sand unit extended to a depth of 13.7 m BGS, and is underlain a 28.4 m thick deposit of clay 
(interpreted to represent the Fine-textured Glaciomarine Aquitard), which in turn is underlain by gravel 
with clay and sand to a depth of 46.6 m BGS (maximum depth of drilled hole).  

Table 1 (Appendix B) presents the groundwater levels measured in the open boreholes and test pits at 
the time of completion, between January 12 and 13, 2015 (HCE, 2015). The depth to groundwater ranged 
from 2.1 m (TP14-6) to 4.9 m (BH14-2), with corresponding water elevations ranging from 69.1 m AMSL 
to 72.9 m AMSL. Figure 8 (Appendix A) presents the interpreted groundwater elevation contours for the 
shallow overburden aquifer based on groundwater level data observed between January 12 to 13, 2015. 
Groundwater flow direction within the shallow overburden aquifer is toward the south, with southwestern 
and southeastern components, and is likely influenced by local topography. This interpreted flow direction 
agrees with regional flow interpretations provided in RRCA & SNC (2009) 

3.2 PRIVATE WATER SUPPLY WELLS 

Figure 5 (Appendix A) presents the location of water supply wells near the Site based on the information 
obtained from the MOECC WWR database. The database indicates that there are seven (7) private wells 
(5201579, 5202727, 5202992, 5203384, 5203417, 5203944 and 7161732) located within 500 m of the 
Site. All wells were completed within overburden to depths ranging from 6.1 m to 47.2 m BGS (or 
elevations of 63.2 m to 20.8 m AMSL) between 1979 and 2010. The construction method for four (4) of 
the wells (5202992, 5203384, 5203417, and 5203944) is reported as digging, with the remaining wells 
reported as drilled. Static water levels measured in the water wells at their time of construction ranged 
from 2.4 m to 15.2 m BGS (60.8 m to 74.1 m AMSL). 
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3.3 PRIVATE WATER WELL SURVEY 

Pendleton retained CanAcre to perform a door-to-door well survey of properties located within a 300 m 
radius of the Site to verify the location, construction details, integrity and performance (i.e., quantity and 
quality) of local private water wells. CanAcre conducted the survey in December 2017, which involved 
asking the contacted residents a series of questions pertaining to the construction details, integrity and 
performance of their wells. CanAcre identified and visited 46 properties within the survey area and 
obtained completed forms from 21 properties. Review of the completed private well survey forms 
indicated that there are several shallow dug private wells located on nearby properties that are used for 
domestic purposes. The locations of the properties contacted during the survey and all completed forms 
received from the residents are provided in Appendix E.         
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4.0 POTENTIAL GROUNDWATER RELATED IMPACTS 

4.1 CONSTRUCTION PHASE 

4.1.1 Construction Dewatering 

Overall, dewatering of service/utility trench excavations completed during construction may be required to 
manage the following events: 

• Groundwater seepage into the excavation. 

• Precipitation within construction area and subsequent runoff into the excavation. 

• Accumulated groundwater within the excavation following a prolonged construction delay. 

As described on the Construction Plan Report (Stantec, 2017a), the solar panels will be mounted to rack 
system that is positioned 0.5 m to 1.5 m above the existing grade, with the racks being supported by 
helical piers/piles. Helical piles are wound into the ground and, subsequently, will require no excavations 
for their installation. Consequently, no dewatering activities will be needed for the construction of the solar 
panel arrays.   

The type and extent of dewatering system to be used at the excavations will be the responsibility of the 
Construction Contractor and may include the use of a vacuum well point system, sump/trash pumps 
located within the excavation, or a similar type system. 

Dewatering activities are expected to be completed on an as-required basis, with the rate of this 
dewatering being dictated by the amount of construction activity occurring across the Site at a given time, 
the type of subsurface material and groundwater levels encountered in the excavations, and the elevation 
at which the groundwater table must be lowered to install the utilities/services. Calculations of the 
construction dewatering rates that could be required throughout at the Site is provided in the sections 
below, with these rates being largely determined using hydrogeological information obtained from the 
desktop background review.  

The average day pumping rates for open cut trench excavation was estimated using the Dupuit-
Forchheimer equations for trench/linear excavation based on calculations presented by Powers et al. 
(2007). The input parameters required for the Dupuit-Forchheimer Flow Equations include the following: 
length of the open trench, excavation, horizontal hydraulic conductivity of the subsurface material, the 
base elevation of the hydrostratigraphic unit being pumped, the static groundwater elevation, and the 
targeted groundwater dewatering elevation. Assumptions for the calculations are as follows and are 
considered conservative and based on available data: 

• Stantec understands that typical trench excavations at the Site are estimated to be up to 0.5 m wide 
and 1.2 m deep (Stantec, 2017a), with the potential length of open trench excavation at any single 
time estimated to be up to 300 m  
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• to include as factor of safety in the dewatering estimates, the depth of dewatering is taken as  
0.5 m below the maximum depth of trench (i.e. 1.7 m) 

• the highest groundwater level measured in the open boreholes completed across the Site in January 
2015 was 2.1 m BGS (TP14-6) (Section 3.1). The depth of the proposed utility trench excavations 
(i.e., 1.2 m) are planned to occur above this groundwater level. However, site visits completed by 
Pendleton personnel in October 2017 found that some areas of the Site were wet, suggesting that the 
seasonally high groundwater table may occur near ground surface. As a result, for conservative 
estimation purposes and considering seasonal fluctuations, a static groundwater level of 0.1 m BGS 
was used in the dewatering calculations. 

• based on the values presented in The Water Budget: Conceptual Understanding Report (RRCA & 
SNC (2009) for the Coarse-Textured Glaciomarine Aquifer (Section 2.3), a hydraulic conductivity of 
7.7 x 10-6 m/s was used in the dewatering calculations. This hydraulic conductivity is within the range 
of literature values of 10-7 m/s to 10-5 m/s for silty sands and fine sands (Fetter, 1994) 

• the base of the aquifer is assumed to be 1.0 m below the maximum excavation depths, and is 
representative of the depth from which groundwater will be drawn during dewatering activities. 

Based on the above assumptions, the average day dewatering rate from open trench excavation up to 
300 m in length is estimated at 174,450 L/day. Detailed dewatering calculations are provided in  
Appendix F. 

Dewatering above 50,000 L/day but below 400,000 L/day requires registration with the Environmental 
Sector and Activity Registry (EASR) of the MOECC to proceed. A Permit to Take Water (PTTW) is 
required for dewatering rates exceeding 400,000 L/day. As such, an EASR should be obtained for the 
project to provide the Contractor with flexibility, should additional dewatering be required for storm water 
control during a large precipitation event, or unexpected conditions that are encountered in the field. 
Groundwater quality will need to be reviewed in support of an EASR. 

The above assumptions are considered conservative and are based on available Site data. The 
Contractor will be responsible to confirm dewatering conditions prior to construction, and to design and 
implement an appropriate dewatering system to manage discharge during the excavation activities.   

A key issue of concern with the performing of groundwater dewatering activities for construction is the 
potential impact that pumping water from the groundwater system could have on local private water well 
supplies. The above dewatering calculations suggest that that the maximum horizontal extent of pumping 
drawdown around an open trench excavation up to 300 m in length is expected to range from seven (7) to 
13.6 meters (Appendix F). Based on the Site buildable area boundary shown on Figure 1 (Appendix A), 
the dewatering cone of influence from a trench theoretically positioned directly along this boundary would 
not extend into any of the adjoining private properties. In the very unlikely event that the dewatering cone 
of influence were to intercept an offsite private well, the resulting drawdown interference is not expected 
to detrimentally impact local water quantities / well usage, given that water wells on adjoining properties 
are constructed to depths ranging from 7.6 m to 12.0 m BGS (Appendix F). In comparison, the required 
water level drawdown caused from onsite dewatering would not exceed the depth of the service/utility 
trench excavation of 1.2 m (based on conservative assumption that the water table that is at or near 
existing grade, which groundwater observations in onsite boreholes suggest is not the case; Table 1, 
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Appendix B). Overall, it is reasonable to assume that no notable interference impacts will occur to local 
private wells from temporary onsite construction dewatering activities, if such measures are required. 

4.1.2 Spill Containment and Response 

Incidental and unanticipated accidental spills at ground surface from activities such as the onsite refueling 
of vehicles or hydraulic oil leaks from equipment during construction, or various fluid leaks from vehicles 
utilizing the parking areas following construction, could potentially result in adverse effects to groundwater 
quality given that the Site is covered by surficial sand to sandy silt deposits. However, an adverse 
residual effect on groundwater quality at the Site is unlikely, given that if an accidental spill were to occur, 
it would be localized, involve a small volume of material, and have appropriate environmental 
management practices in place to address the spill [refer to Section 3.7 of the Construction Plan Report 
(Stantec, 2017a) and Section 5.7 of the Design and Operations Report (Stantec, 2017b)]. 

Best management protocols will be implemented at the Site to minimize the effect of potential 
contaminant spills at ground surface including: 

• secondary containment of any fuel storage 

• storage of all oils, lubricants and other chemicals in suitable containers and handling in accordance 
with applicable regulations 

• refueling of equipment in dedicated locations away from areas located near onsite drainage pathways 

• development and implementation of emergency spill response protocols. 

4.2 OPERATIONAL PHASE 

No changes to the shallow groundwater flow system, or volume of water moving through the shallow 
groundwater flow system, are anticipated from the solar development that could potentially impact 
recharge to the shallow aquifer system. Precipitation falling on the solar panels will flow onto the ground 
underlying these structures, which will have been reseeded with vegetation such as grasses and clover 
species (Stantec, 2017a). Consequently, this precipitation will continue to infiltrate into the native sand 
deposits that cover the Site, maintaining the pre-development groundwater recharge function of these 
lands. 

The potential for accidental spills, although limited, are possible during the operational phase of the 
Project and, subsequently, there is the potential to impact the local groundwater quality. If an accidental 
spill occurs, appropriate mitigation measures are to be implemented and will be the same as described in 
the previous section for the construction phase (Section 4.1). 

4.3 DECOMMISSIONING PHASE 

No groundwater related impacts are anticipated during the decommissioning stage as there will only be 
minor local alterations to soil conditions during onsite activities. As during the construction phase, there is 
the potential for accidental spills resulting in possible groundwater contamination and proposed mitigation 
measures will be the same as described in the previous section (Section 4.1). 
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5.0 RECOMMENDED GROUNDWATER MONITORING 
PROGRAM 

Based on the understanding of the local geological and hydrogeological conditions obtained from the 
findings of the desktop study for the Project, Stantec recommends that onsite groundwater monitoring 
wells be installed at the Site. The main concern at the Site is the shallow depth to the overburden (sand) 
water supply aquifer and, consequently, the limited amount of natural protection (i.e., absence of thick, 
low permeability overburden cover) that this aquifer has from potential surface sources of contamination. 
In addition, shallow dug private wells are located near the Site, with these wells obtaining their water 
supply from the shallow portions of sand aquifer. 

The installation of onsite monitoring wells and subsequent sampling of water quality from these wells will 
be beneficial in that background groundwater quality conditions will be established in the shallow sand 
aquifer beneath the Site, which can be used to provide an additional level of information should 
complaints arise concerning the quality of water in nearby private wells after the start of construction. 

5.1 GROUNDWATER MONITORING LOCATIONS 

The recommended locations for the installation of groundwater monitoring wells at the Site are outlined 
below and shown on Figure 8 (Appendix A). 

MW1-18 - Upgradient Location – One (1) monitoring well is proposed in the northwestern corner of the 
Site, as this area is interpreted to be an upgradient location (Figure 8, Appendix A). This well will provide 
data on the quality of groundwater flowing onto the Site and used as a baseline for comparison of 
groundwater quality in monitoring wells installed downgradient of the solar panel area. This well together 
with the other recommended monitoring well locations will provide the triangulation necessary to confirm 
the shallow groundwater flow direction. The groundwater table is expected to be encountered within sand 
at this location at depths ranging from 2 m to 5 m BGS.  

MW2-18 - Downgradient Location – One (1) monitoring well is proposed in the southwestern area of the 
Site near the property boundary, as this area is interpreted to be a downgradient location (Figure 8, 
Appendix A). This well together with the other recommended monitoring well locations will provide the 
triangulation necessary to confirm the shallow groundwater flow direction. There is flexibility in where this 
monitoring well can be positioned in the southwest corner of the Site; however, the final location should 
be away from future construction activities. The groundwater table is expected to be encountered within 
sand at this location at depths ranging from 2 m to 5 m BGS.  

MW3-18 - Downgradient Location – One (1) monitoring well is proposed to be in the southeastern area of 
the Site near the property boundary, as this area is interpreted to be a downgradient location.  This well 
together with the other recommended monitoring well locations will provide the triangulation necessary to 
confirm the shallow groundwater flow direction. There is flexibility in where this monitoring well can be 
positioned in the southwest corner of the Site; however, the final location should be away from future 
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construction activities. The groundwater table is expected to be encountered within sand at this location 
at depths ranging from 2 m to 5 m BGS. 

MW4-18 - Downgradient Location – One (1) monitoring well is proposed to be in the northeast to central 
area of the Site near the property boundary, as this area is interpreted to be a downgradient location. This 
well together with the other recommended monitoring well locations will provide the triangulation 
necessary to confirm the shallow groundwater flow direction. There is flexibility in where this monitoring 
well can be positioned along the east central property boundary area; however, the final location should 
be away from future construction activities. The groundwater table is expected to be encountered within 
sand at this location at depths ranging from 2 m to 5 m BGS.  

Stantec notes that the anticipated depths to the groundwater table are only estimates based on limited 
data. Consequently, decisions regarding the completion depth for the monitoring well installations are to 
be made in the field by a qualified Hydrogeologist or Engineer specializing in hydrogeology at the time of 
drilling. The monitoring wells are to be installed prior to construction activities beginning at the Site.   

5.2 GROUNDWATER MONITORING PROGRAM 

This monitoring program presented below for the proposed onsite wells has been provided as an outline 
and may be subject to adjustments, with the final scope of the monitoring program ultimately being left to 
the discretion of the MOECC. The recommended monitoring program is as follows:   

• Stantec recommends that groundwater level fluctuations in at least one of the proposed four (4) 
onsite monitoring wells be measured using a Solinst® LT Levelogger® or an equivalent datalogger 
device, which is designed to continuously record water levels at specified intervals, with manual water 
levels being collected from the remaining wells once per month. This information when analyzed in 
conjunction with local precipitation patterns will allow Pendleton to properly assess whether 
construction activities associated with the solar development have caused any notable impacts to 
groundwater quantities beneath the Site, or whether observed fluctuations are merely a function of 
naturally occurring seasonal atmospheric conditions. 

• During the pre-construction period, Stantec recommends that one (1) water quality sample be 
collected from each onsite monitoring well. The collection of these samples will allow Pendleton to 
establish baseline water quality conditions at each well from which future sampling results can be 
compared. Well water samples are to be analyzed for general chemistry and metals to provide an 
overall understanding of existing groundwater quality. 

• Once baseline water quality has been established, trigger concentrations for these parameters can be 
set at each of the monitoring wells and used as an early warning mechanism to identify whether 
groundwater quality beneath the Site is potentially at risk of being impacted by the construction and/or 
ongoing operation of the solar development and, subsequently, whether the implementation of 
mitigation measures are required before such impacts reach unacceptable levels. Stantec suggests 
that the trigger level for a given water quality parameter be set at the 75th percentile between the 
average background concentration detected in the well and the corresponding Ontario Drinking Water 
Standard (ODWS) for those parameters having a Maximum Acceptable Concentration (IMAC / MAC) 
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(i.e., health-related parameter); however, this does not preclude the using of other 
methods/techniques to set trigger levels as deemed appropriate by the consultant responsible for 
overseeing the monitoring program. 

• Stantec recommends that one (1) set of samples be collected from the onsite monitoring wells during 
the construction phase and one (1) set of samples collected shortly after the end of the construction 
phase and analyzed for the same water quality parameters discussed previously (i.e. general 
chemistry and metals), with these results then being compared to established parameter trigger 
levels. If any notable changes in onsite groundwater quality are determined to be attributed to 
construction activities, Pendleton will contact the MOECC to discuss these results and, if necessary, 
the possibility of implementing mitigation measures at the Site. 

• Previously described water quality sampling will continue to be performed at the onsite monitoring 
wells for two (2) years following the end of construction activities to ensure that there are no water 
quality issues associated with the operational activities of the solar facility. Water quality samples will 
be taken once per year over this period and compared to established parameter trigger levels. If any 
notable changes in onsite groundwater quality are determined to be attributed to the Project 
operations, Pendleton will contact the MOECC to discuss these results and, if necessary, the 
possibility of implementing mitigation measures at the Site. 

• Pendleton will report the summary of the results of the groundwater monitoring program on an annual 
basis to the MOECC District Manager. 
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6.0 CONCLUSIONS 

Based on the desktop hydrogeological investigation, the following conclusions are provided: 

1. The Site is characterized by surficial deposits of sand to silty sand, with some occurrences of sandy 
silt that is interpreted to represent a regionally extensive coarse-textured glaciomarine stratigraphic 
aquifer unit. The surficial sand deposits are interpreted to be underlain by the fine-textured 
glaciomarine silt and clay aquitard, which was encountered at a depth of approximately  
14 m BGS in a nearby private well. 

2. Groundwater levels encountered in boreholes/test pits completed on Site have been measured to 
range from 2.1 m to 5.0 m BGS, with groundwater flow interpreted to be south with southwestern 
and southeastern components.  

3. Construction dewatering may be required for the installation of utility/service trenches throughout the 
Site. Since the solar panel arrays will be mounted on racks supported by helical piers/piles, no 
subsurface excavations and, subsequently, dewatering activities will be required for these works.  
Conservative dewatering calculations suggest that the pumping rate required to remove the volume 
of groundwater seeping into trench excavations completed into the sandy deposits over a 300 m 
stretch of open trench will exceed 50,000 L/day (but remain below 400,000 L/day) and, 
consequently, the Construction Contractor will need to register an MOECC EASR for the project to 
complete these dewatering activities. 

4. Review of MOECC water well records and completed private well survey forms from a door-to-door 
survey of properties within 300 m of the Site indicate there are several shallow dug private wells 
located on nearby properties that are used for domestic purposes, with these wells obtaining their 
water supply from the shallow portions of sand aquifer. 

5. Based on the potential dewatering zone of influence and positioning of local private wells relative to 
the Site, no notable interference impacts are anticipated at local private wells from temporary onsite 
construction dewatering activities, if such works are required. 

6. The main concern at the Site is the shallow overburden (sand) water supply aquifer and the lack of 
natural protection that this aquifer has from potential surface sources of contamination. There is 
potential for accidental spills to occur during the construction, operation and decommissioning 
phases of the project, and appropriate mitigation measures will be implemented to minimize potential 
to impact the local groundwater quality. 

7. Installation of onsite monitoring wells and subsequent sampling of water quality from these wells is 
recommended and will be beneficial in establishing background groundwater quality conditions in the 
shallow sand aquifer beneath the Site, which can be used to provide an additional level of 
information should complaints arise concerning the quality of water in nearby private wells.
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5. MOECC Water Well locations have been positioned based on published UTM
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6. Topography data as captured by RME Geographics UAV survey, August 24, 2017.
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Tile Drainage Network

1. Coordinate System:  NAD 1983 UTM Zone 18N
2. Base features produced under license with the Ontario Ministry of Natural
Resources and Forestry © Queen's Printer for Ontario, 2016.  Base data modified by
Stantec.
3.  Imagery Source: Ontario Ministry of Natural Resources and Forestry. Digital Raster
Acquisition Project East 2014 (DRAPE2014)
4.  Waterbody and watercourse mapping within 120 m of the Project Location has
been updated based on field studies completed as part of the REA process under O.
Reg. 359/09.  See the Water Assessment and Water Body Report for details.
5. MOECC Water Well locations have been positioned based on published UTM
coordinates and should be considered approximate.
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Physiography

1. Coord inate S y stem:  NAD 1983 U TM Zone 18N
2. Base features prod uced under license with the Ontario Ministry  of Natural
Resources and Forestry  © Queen's Printer for Ontario, 2016.  Base d ata modified b y
S tantec.
3.  Imagery  S ource: Onta rio Ministry  of Natural Resources and Forestry . Digital Raster
Acquisition Project East 2014 (DRAPE2014)
4.  Waterbod y  and watercourse mapping within 120 m of the Project Location has
been upd ated based on field stud ies completed as part of the REA process under O.
Reg. 359/09.  S ee the Water Assessment and Water Body  Report for details.
5. MOECC Water Well locations ha ve been positioned based on published U TM
coordinates and should be considered approximate.
6. Chapman, L.J. and Putnam, D.F. 2007. Phy siography  of southern Onta rio; Onta rio
Geological S urvey , Miscellaneous Release— Data 228.
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Surficial Geology

1. Coordinate System:  NAD 1983 UTM Zone 18N
2. Base features produced under license with the Ontario Ministry of Natural
Resources and Forestry © Queen's Printer for Ontario, 2016.  Base data modified by
Stantec.
3.  Imagery Source: Ontario Ministry of Natural Resources and Forestry. Digital Raster
Acquisition Project East 2014 (DRAPE2014)
4.  Waterbody and watercourse mapping within 120 m of the Project Location has
been updated based on field studies completed as part of the REA process under O.
Reg. 359/09.  See the Water Assessment and Water Body Report for details.
5. MOECC Water Well locations have been positioned based on published UTM
coordinates and should be considered approximate.
6. Ontario Geological Survey 2010. Surficial geology of Southern Ontario; Ontario
Geological Survey, Miscellaneous Release--Data 128-REV ISBN 978-1-4435-2483-4
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Groundwater Flow

1. Coordinate System:  NAD 1983 UTM Zone 18N
2. Base features produced under license with the Ontario Ministry of Natural
Resources and Forestry © Queen's Printer for Ontario, 2016.  Base data modified by
Stantec.
3.  Imagery Source: Ontario Ministry of Natural Resources and Forestry. Digital Raster
Acquisition Project East 2014 (DRAPE2014)
4.  Waterbody and watercourse mapping within 120 m of the Project Location has
been updated based on field studies completed as part of the REA process under O.
Reg. 359/09.  See the Water Assessment and Water Body Report for details.
5. MOECC Water Well locations have been positioned based on published UTM
coordinates and should be considered approximate.
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APPENDIX B: 
 TABLES



TABLE 1
GROUNDWATER LEVEL DATA
PENDLETON SOLAR ENERGY CENTRE
DESKTOP HYDROGEOLOGICAL INVESTIGATION

Borehole / 
Test Pit       

ID

Date Ground 
Surface 

Elevation

Northing Easting (m BGS) (m AMSL) (m AMSL) (m BGS) (m AMSL)

BH14-1 5035055 494605 13-Jan-15 5.9 68.1 74.0 3.7 70.3

BH14-2 5035183 494411 12-Jan-15 6.7 67.3 74.0 4.9 69.1

BH14-3 5035269 494654 12-Jan-15 5.9 68.3 74.3 2.4 71.9

BH14-4 5035266 495014 13-Jan-15 5.9 67.9 73.8 3.5 70.3

BH14-5 5035415 494397 12-Jan-15 5.9 70.7 76.6 5.0 71.6

BH14-6 5035405 494811 13-Jan-15 5.9 69.2 75.1 2.5 72.6

BH14-7 5035564 494624 12-Jan-15 5.9 69.4 75.4 2.5 72.9

TP14-2 5035242 494551 12-Jan-15 3.0 71.0 74.0 2.8 71.2

TP14-6 5035332 494746 12-Jan-15 3.0 71.3 74.3 2.1 72.2

TP14-7 5035402 494632 12-Jan-15 3.0 72.4 75.4 3.0 72.4

Notes:

m BGS = meters below ground surface
m AMSL = meters above mean sea level
All data summarized from Houle Chevrier Engineering (HCE, 2015) Preliminary Geotechnical Investigation Report

UTM Coordinates Groundwater LevelBorehole / Test Pit Depth

W:\active\160950912\planning\report\Hydrogeology\appendices\Appendix B_Tables\Table_1_Groundwater.Levels_Pendleton.xlsx Page 1 of 1



 

 

APPENDIX C: 
 MOECC WATER WELL RECORDS



MOECC WWR (WELL DETAILS)

BORE_HOLE_ID WELL_ID AUDIT_NO TAG ZONE EAST NORTH BOT_DPTH GRND_ELEV BOT_ELEV FINAL_STA Use1 Use2 DATE_COMPLETED METHOD County Township Expr1 Expr2 LOT STREET CITY

10348304 5201579 18 494030 5035621 46.63439941 75.992286 29.35788659 1 Domestic 18-Oct-79 Cable Tool PRESCOTT
NORTH PLANTAGENET 

TOWNSHIP CON  07 021   

10349444 5202727 117790 18 493850 5035418 47.24399948 68.069274 20.82527452 1 Domestic 22-Jul-92 Cable Tool PRESCOTT
NORTH PLANTAGENET 

TOWNSHIP CON  07 021   

10349708 5202992 120359 18 494651 5034974 4.87680006 74.483634 69.60683394 1 Domestic 26-Oct-94 Digging PRESCOTT
NORTH PLANTAGENET 

TOWNSHIP CON  08 020   

10350099 5203384 184216 18 495290 5035916 6.096000195 77.12899 71.03298981 1 Domestic 21-Jun-99 Digging PRESCOTT
NORTH PLANTAGENET 

TOWNSHIP CON  07 018   

10350131 5203417 191104 18 494078 5034756 7.924799919 71.340835 63.41603508 1 Domestic 09-Sep-99 Digging PRESCOTT
NORTH PLANTAGENET 

TOWNSHIP CON  08 021   

11107235 5203944 Z01821 A001740 18 494075.8 5034757 8 71.15789 63.15789 1 Domestic 01-Dec-03 Digging PRESCOTT
NORTH PLANTAGENET 

TOWNSHIP CON  08 021   

1003495523 7161732 Z113471 A098901 18 494177 5035313 6.705600262 75.536636 68.83103574 1 Domestic 08-Jun-10 Driving PRESCOTT
NORTH PLANTAGENET 

TOWNSHIP CON  08 021
821 COUNTY RD 

19 CARRAN



MOECC WWR (LITHOLOGY)

BORE_HOLE_ID WELL_ID EAST NORTH GRND_ELEV TOP_DPTH BOT_DPTH TOP_ELEV BOT_ELEV MAT1 MAT2 MAT3 COLOUR

10348304 5201579 494030 5035621 75.992286 0 13.716 75.992286 62.276286 SAND LOOSE BROWN

10348304 5201579 494030 5035621 75.992286 13.716 42.0624 62.276286 33.929886 CLAY SOFT GREY

10348304 5201579 494030 5035621 75.992286 42.0624 46.0248 33.929886 29.967486 GRAVEL CLAY SAND GREY

10348304 5201579 494030 5035621 75.992286 46.0248 46.6344 29.967486 29.357886
UNKNOWN 

TYPE

10349444 5202727 493850 5035418 68.069274 0 42.672 68.069274 25.397274 PREV. DRILLED

10349444 5202727 493850 5035418 68.069274 42.672 47.244 25.397274 20.825274 GRAVEL LOOSE GREY

10349708 5202992 494651 5034974 74.483634 0 1.8288 74.483634 72.654834 SAND TOPSOIL BROWN

10349708 5202992 494651 5034974 74.483634 1.8288 4.8768 72.654834 69.606834 SAND GREY

10350099 5203384 495290 5035916 77.12899 0 0.3048 77.12899 76.82419 TOPSOIL BROWN

10350099 5203384 495290 5035916 77.12899 0.3048 1.2192 76.82419 75.90979 SAND YELLOW

10350099 5203384 495290 5035916 77.12899 1.2192 6.096 75.90979 71.03299 SAND GREY

10350131 5203417 494078 5034756 71.340835 0 3.6576 71.340835 67.683235 TOPSOIL BROWN

10350131 5203417 494078 5034756 71.340835 3.6576 7.9248 67.683235 63.416035 SAND GREY

11107235 5203944 494075.8 5034757 71.15789 0 2.5 71.15789 68.65789 TOPSOIL BROWN

11107235 5203944 494075.8 5034757 71.15789 2.5 8 68.65789 63.15789 SAND WHITE

1003495523 7161732 494177 5035313 75.536636 0 0.3048 75.536636 75.231836 TOPSOIL BROWN

1003495523 7161732 494177 5035313 75.536636 0.3048 1.2192 75.231836 74.317436 SAND YELLOW

1003495523 7161732 494177 5035313 75.536636 1.2192 6.7056 74.317436 68.831036 SAND WHITE



MOECC WWR (CASING)

BORE_HOLE_ID PIPE_ID CASING_ID WELL_ID Diameter_cm Depth_m casing_material

10348304 10896874 930572590 5201579 15.23999977 45.72000122 STEEL

10349444 10898014 930574147 5202727 15.23999977 47.24399948 STEEL

10349708 10898278 930574538 5202992 91.44000244 4.87680006 CONCRETE

10350099 10898669 930575153 5203384 91.44000244 6.096000195 CONCRETE

10350131 10898701 930575208 5203417 91.44000244 7.924799919 CONCRETE

11107235 11114258 930840357 5203944 90 6 PLASTIC

1003495523 1003868339 1003868345 7161732 3.174999952 6.705600262 STEEL



MOECC WWR (PUMP TEST)

BORE_HOLE_ID WELL_ID PIPE_ID well_type DP2BR Well_Depth_m Static_WL FinalLevAfterPumping_m Pumping_rate Pump_Duration_HR Recom_rate Rate_UOM Recom_pump_depth_m ScreenID TopOfScreen BottomOfScreen
10348304 5201579 10896874 Overburden 46.63439941 15.24 32.004 10 1 5 GPM 36.576
10350131 5203417 10898701 Overburden 7.924799919 6.096 3 1 4 GPM 1.2192
10350099 5203384 10898669 Overburden 6.096000195 3.048 6.096 5 4 GPM
10349708 5202992 10898278 Overburden 4.87680006 2.4384 3.3528 4 1 4 GPM 4.572
10349444 5202727 10898014 Overburden 47.24399948 4.2672 6.096 6 24 5 GPM 24.384



 

 

APPENDIX D: 
 BOREHOLE AND TEST PIT LOGS































 

 

APPENDIX E: 
 PRIVATE WELL SURVEY



































































































































































 

 

APPENDIX F: 
 DEWATERING CALCULATIONS 

 



Dupuit Forcheimer Equation - Trench/Linear Excavation

Where:
Q = pumping rate in m3/s
K = hydraulic conductivity in m/s
H = hydraulic head of the original water table (m)
hw =  hydraulic head at the base of the trench (m)
Ro =  radius of influence at end of trench (m)

L =  

x = length of the trench (m)
Rs = equivalent radius of the dewatering system / trench (m)

Calculations: Trench Excavation (300 m in length)

K = 7.7E-06 m/s x = 300 m Q= m3/s
H = 2.6 m Rs = 0.25 m L/day
hw =  1 m Base of Aquifer 2.7 m BGS
Ro = 13.6 m Static Water Level 0.1 m BGS

L = 6.8 m Depth requiring dewatering 1.7 m BGS

0.001995995
172,454

To calculate flow from a line source in an unconfined aquifer using a 
derivation of the Dupuit Forcheimer equation, and assuming a trench with 
flow from both sides including flow from ends of trench, where each end of 
the trench is treated as one half of a circular well with radial flow:

equivalent radius of influence for a line source (m) from centre of 
the excavation

The equivalent radius of influence (Ro) for a point source is 
approximated using the Sichart and Kryieleis method:

and from Ro, the equivalent radius of influence  (L)  for a line source can be 
approximated by:

Equations obtained from Powers, J.P., A.B. Corwin, P.C. Schmall, and W.E. Kaeck, 2007.  Construction Dewatering and Groundwater Control, New Methods and 
Applications.  John Wiley & Sons, Inc., 3rd Edition. 

ܳ =	 ଶ௫ ுమିೢమଶ + గ(ுమ	ି	మ)୪୬ೃೃೞ

ܴ = ܴ௪ + 3000 ܪ − ℎ௪ ܭ
ܮ = 	ܴ2
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