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1.0 INTRODUCTION 

The City of Waterloo retained Stantec Consulting Limited (Stantec) to complete a hydrogeological 
investigation of the Waterloo West Side Employment Lands (WSEL) (Site) in the City of Waterloo  
(Figure 1) in support of applications for a Zoning By-Law Amendment, Official Plan Amendment and Draft 
Plan of Subdivision (Appendix A). The Site is bounded by Columbia Street West to the north, Wilmot Line 
to the West, Erb Street West to the south, and the Hydro One Networks Inc. (HONI) Transmission 
Corridor to the east. The Site is approximately 43.6 hectares in size, occupying the municipal properties 
at 928, 960 and 980 Erb Street West, as well as 100 Wilmot Line (former Golf Academy Lands). The Site 
is currently comprised of a former golf course, active agricultural and fallow fields, a former cider mill, and 
a temporary stormwater management facility that serves the adjacent Costco property to the east. The 
Site will be developed for industrial purposes. 

The objectives of the hydrogeological assessment were to: 

1. Characterize current geological and hydrogeological conditions throughout the Site, including an 
evaluation of seasonal groundwater table fluctuations, groundwater flow and quality, and the 
identification of potential interactions between the onsite wetlands and local groundwater system. 

2. Evaluate pre-development infiltration volumes at the Site. 

3. Assess whether proposed site servicing will intercept the groundwater table and evaluate the 
potential need for dewatering and what mitigation measures could be employed to the Site to 
minimize any potential disturbances to groundwater levels and pre-development flow patterns. 

4. Evaluate whether proposed land use activities conform to Source Water Protection requirements as 
stipulated in the Clean Water Act, S.O. 2006, Chapter 22. 

5. Propose other strategies that could be used at the Site to mitigate any of the potential impacts 
mentioned above. 

This report is arranged into eight sections, including this introduction (Section 1). Section 2 presents the 
physical setting at a regional scale. Section 3 presents the methodology for investigations of site-specific 
hydrogeological conditions. Section 4 presents the result of the site-specific investigations. Section 5 
presents a water balance analysis for the Site. Section 6 presents the potential impacts of the proposed 
development on the hydrogeological form and function of the Site and discusses potential mitigation 
measures for identified impacts. Report conclusions are listed in Section 7, with references in Section 8. 

All figures and tables referenced in this report are presented in Appendices B and C, respectively. 
Appendices D to G present the Source Water Protection Land Use Categories, Borehole Logs, 
Laboratory Certificates of Analysis, and Hydraulic Conductivity Testing Analytical Solutions. 
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2.0 PHYSICAL SETTING 

2.1 PHYSIOGRAPHY AND DRAINAGE 

The Site resides in the physiographic region classified by Chapman and Putnam (1984) as the Waterloo 
Hills, also commonly referred to as the Waterloo Moraine. The Waterloo Moraine occupies a large portion 
of the Regional Municipality of Waterloo, with the surface of this physiographic feature consisting of sandy 
hills, ridges of sandy till, kames or kame moraines and intervening hollows of outwash sand and gravel, 
which all can be capped by glacial till. In the section of the Waterloo Moraine containing the Site, the 
regional surface topography tends to slope to the northeast from St. Agatha towards the City of Waterloo 
(Terraqua, 1995).  

The Site is divided by a topographic ridge that runs in a northwest-southeast direction starting from Erb 
Street West and onward through BH14-17 to BH12-17 to BH10-17, and towards the northern property 
boundary (i.e., Columbia Street West extension) (Figure 2). This topographic ridge represents a drainage 
divide, with surface water runoff to the east of the divide flowing to Clair Creek (part of Laurel Creek 
Subwatershed #314) and west of the divide flowing to Monastery Creek (Laurel Creek Subwatershed 
#307) (Stantec, 2014). Total topographic relief across the Site is approximately 22 m from a high point of 
407 m above mean sea level (AMSL) at the top of the ridge to a low point of 385 m AMSL along the 
eastern limits of the property. 

As per Stantec (2018a), five small wetland areas (i.e., W1 to W5) occupy the Site (Figure 1), with Wetland 
W1 and W2 being identified on Grand River Conservation Authority (GRCA) Regulation Area Mapping. 
The Site also contains two dug ponds, which are located within the lands currently occupied by the golf 
course (Figure 1). 

2.2 REGIONAL GEOLOGY AND HYDROGEOLOGY 

The Site is located within the Waterloo Moraine, a kame moraine formed in an interlobate position 
between ice lobes extending from the Lake Ontario Erie, Huron, and Georgian Bay areas (Karrow, 1993). 
Numerous advances and retreats of the ice lobes during the Wisconsinan glaciation resulted in a complex 
deposit of ice contact and glacial outwash sands and gravels separated by silt and clay rich tills. The 
conceptual hydrogeologic model for the Waterloo Moraine therefore comprises four main aquifers and 
aquitards after Terraqua Investigations Ltd (1995), or 19 different hydrostratigraphic units after Bajc and 
Shirota (2007). The model generally does not include more recent deposits shown on surficial geology 
mapping.   
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The three regionally based hydrostratigraphic units generally encountered in the area containing the Site 
and at depths associated with the current investigation include: 

• Aquitard 1 (ATB1): Surficial and spatially discontinuous glacial till unit, which along the eastern flank 
of the Moraine consists of the Upper Maryhill Till (clayey silt to silty clay) (Bajc and Shirota, 2007). 
Aquitard 1 is characterized by low permeability and forms a relatively impermeable barrier that 
effectively limits the downward movement of surface water to the deeper aquifer systems. Perched 
groundwater conditions are typically present within this unit. 

• Aquifer 1 (AFB1/ATB2/AFB2): This hydrostratigraphic unit represents the main water supply aquifer 
in the core areas of the Waterloo Moraine. Depending on the depositional environment, the 
composition of Aquifer 1 can vary from a layered silt and fine sand to coarse sand and gravel. 
Throughout the core areas of the moraine, Aquifer 1 corresponds to a thick, laterally extensive sand 
and/or gravel aquifer overlying Aquitard 2 and is often exposed at surface in the core areas of the 
moraine. In some areas, Aquifer 1 is interpreted to be bisected by the Middle Maryhill Till (ATB2), 
effectively separating Aquifer 1 into two units, AFB1 and AFB2. Along the flanks of the Moraine, 
Aquifer 1 generally thins as the ground surface elevation decreases and approaches Aquitard 2. As 
reported in Stantec (2017), the saturated portion of this aquifer unit throughout the local area can be 
encountered at depths ranging from 21 m below ground surface (BGS) to 45 m BGS, or an elevation 
of approximately 356 m AMSL.  

• Aquitard 2 (ATB3): Aquitard 2 corresponds to the Lower Maryhill Till (clayey silt to silty clay) and 
represents one of the primary regional hydrostratigraphic units. The till has been broken down into a 
Middle and Lower Maryhill Till by Bajc and Shirota (2007). Along the flanks of the Waterloo Moraine, 
the Maryhill Till is often found to be discontinuous or has been re-worked and re-deposited as 
glaciofluvial sediments. 

2.3 SOURCE WATER PROTECTION 

One of the priorities of the Region of Waterloo Official Plan (ROP) (2015) is the protection of the current 
and future municipal drinking-water supply system. The ROP designates Wellhead Protection Areas 
(WHPA) around each municipal drinking water supply well, with these areas representing the total area of 
land that contributes water to a well. These WHPA are further divided into Wellhead Protection Sensitivity 
Areas (WPSA), which are designated to prevent land uses involving hazardous chemicals and/or 
substances, disease-causing organisms, and/or other activities that increase the vulnerability of 
groundwater from becoming water quantity and/or quality risks to municipal drinking-water supply wells. 
The WPSA are classified from one (1) to eight (8), allowing for varying degrees of management relative to 
the vulnerability of the underlying groundwater to contamination, the importance of the subject well to the 
capacity of the municipal drinking-water supply systems, and the length of time groundwater within the 
WPSA will take to reach the municipal drinking-water supply well.   

As shown in Figure 3, the Site is located within the WPSA of the Erb Street Well Field (W06A/W06B, 
W07, W08), Waterloo North Well Field (W10) and potentially the Strange Street Well Field (K10A, K11A, 
K13, K18 and K19). The specific WPSA that intercept the Site is as follows: 



WATERLOO WEST SIDE EMPLOYMENT LANDS, WATERLOO, ON, HYDROGEOLOGICAL 
INVESTIGATION 

Physical Setting  
August 2018 

tc \\cd1004-
f01\work_group\01609\active\161413446\planning\field_data\report\hydrogeology\final\rpt_20180817_hydrogeology_wsel_final.docx 2.3 
 

• WPSA-7: Intercepting a small area within the southwest portion of the Site, this WPSA indicates that 
groundwater takes between two to 10 years to flow to the intake of a given municipal production well 
(i.e., W06A/W06B and/or W07, W08) and that the vulnerability of this underlying groundwater system 
to contamination is low. Category ‘A’ land uses are not permitted in this zone, whereas Category ‘B’ 
and ‘C’ land uses will not be permitted outside of the Built-Up Area. Category ‘D’ land uses and plans 
of subdivision may be permitted subject to further study in accordance with Policy 8.A.4 (i.e., studies 
demonstrating that proposed land use will not impact the quantity and/or quality of drinking-water 
resources in the Source Protection Areas). A copy of Schedule B from the ROP (2015) listing the 
various land uses associated with each Category is provided in Appendix D. 

• WPSA-8: This WPSA encompasses the entire Site and indicates that groundwater beneath the 
property takes 10 years to flow to the intake of a given production well and that the vulnerability of this 
underlying groundwater system to contamination is low. According to the ROP (2015), Category ‘A’ 
land uses are not permitted in this zone, whereas Category ‘B’, ‘C’ and ‘D” land uses are allowed. 

Since Site lies mostly within a WPSA-8, development of the property for industrial purposes will not be 
subject to those land activity restrictions listed under Categories ‘B’, ‘C’ and ‘D”. However, for any 
development occurring in the small area along the western limits of the Site that is intercepted by WSPA-
7 of the Erb Street Well Field, additional studies may be required at the time of detail design and/or site 
plan approval to demonstrate that these proposed land uses will not negatively impact the quantity and/or 
quality of drinking water resources associated with this protection area. 
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3.0 METHODOLOGY 

Section 3 provides the methodology used to obtain the data required to complete the hydrogeological 
investigation of the Site. The major components of the investigation included: 

• borehole drilling 

• monitoring well and drive-point piezometer installations 

• groundwater level monitoring 

• groundwater sampling and testing 

• hydraulic response testing 

The sections below provide detailed descriptions of these study components. 

3.1 BOREHOLE DRILLING 

Previous subsurface investigations completed by CH2M Hill in 2004 and 2010 at the Site involved the 
advancement of 10 boreholes, with six of these boreholes being equipped with a single monitoring well.  
In 2013, Stantec completed a geotechnical investigation at the Site that included the advancement of 24 
boreholes, of which three were equipped with monitoring wells. The borehole logs completed for these 
previously mentioned studies are provided in Appendix E and the locations of the boreholes and 
monitoring wells are shown on Figure 1. 

In 2017, the City of Waterloo retained Stantec to complete a geotechnical investigation of the Site in 
conjunction with this hydrogeological investigation. The geotechnical investigation is provided under a 
separate cover (Stantec, 2018b). The geotechnical investigation involved the drilling of 17 boreholes 
across the Site between May 1 and May 8, 2017. The borehole locations are shown on Figure 1. London 
Soil Test Limited (LST) drilled the boreholes using a Diedrich D-50 track mounted drill rig equipped with a 
hollow stem auger drilling system to advance the boreholes. Boreholes were advanced to maximum 
depths of 3.7 to 12.8 m BGS, and soil samples were collected using a 0.6 m long stainless-steel split 
spoon sampler at intervals of 0.76 m from the existing grade to at least 3.0 m BGS, and intervals of 1.5 m 
or less thereafter. Stantec personnel were onsite during drilling to log soil samples using the American 
Society for Testing and Materials (ASTM) Standard D2487-11 and D2488-09a - Guidelines for the Manual 
Description and Identification of Soils (ASTM, 2000). Borehole logs were prepared for each drilling 
location, containing descriptions of type, texture, colour, structure, consistency, plasticity, and moisture 
content of soil samples. Soil samples were collected in field for subsequent grain size analysis. Copies of 
the borehole logs are provided in Appendix E. 

In March 2018, Stantec supervised the drilling of an additional nine boreholes in the southwest portion of 
the Site near Wilmot Line as part of a Phase II Environmental Site Assessment (ESA) (Stantec, 2017c), 
with four of these boreholes being equipped with monitoring wells. Strata Drilling Group (Strata) advanced 
the boreholes using a Geoprobe 7822DT (Direct Push) rig to depths ranging from 4.6 to 6.1 m BGS. 
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Copies of the borehole logs containing the monitoring wells installed as a part of the Phase II ESA are 
provided in Appendix E.   

3.2 MONITORING WELL AND DRIVE-POINT PIEZOMETER 
INSTALLATIONS 

3.2.1 Monitoring Wells 

LST installed a single monitoring well in seven of the geotechnical boreholes (i.e., BH01-17, BH02-17, 
BH05-17, BH07-17, BH09-17, BH11-17, BH17-17), and Strata in four of the Phase II ESA boreholes (i.e., 
MW18-1 to MW18-4), in accordance with Revised Regulations of Ontario (R.R.O) 1990, Regulation 903: 
Wells (MOE, 1990). The monitoring wells allowed Stantec to confirm local groundwater table elevations, 
groundwater flow direction, and seasonal trends in groundwater fluctuations throughout the Site.  

Each monitoring well is constructed with a 51 mm inside diameter (ID) Schedule 40 polyvinyl chloride 
(PVC) pipe, with a No. 10 slot screen (0.01-inch slot) that is 1.5 to 3.0 m in length. The annular space 
between the monitoring well pipe and surrounding soil is backfilled with silica sand to the top of screen, 
followed by granular bentonite to ground surface to prevent a hydraulic connection from occurring 
between the soils along the pipe length. The monitoring wells were completed with above ground lockable 
protective steel casings that were cemented into place to 0.3 m BGS. The elevation of the existing grade 
and top-of-pipe at each monitoring well was surveyed to a geodetic benchmark by the Geomatics division 
of Stantec. Well construction details and survey data are summarized in Table 1 and on the borehole logs 
provided in Appendix E. 

As per the Region of Waterloo’s request and with authorization by the City of Waterloo, Stantec 
coordinated the installing to two monitoring wells in the south corner of the Site near Wilmot Line  
(i.e., W-EB-OW1A/B-18; Figure 1). Constructed by Aardvark Drilling Inc. in June 2018, the deep 
monitoring well (W-EB-OW1A-18) is screened in Aquifer 1 (AFB1) from a depth of 59.2 to 62.2 m BGS, 
with the shallow well being screened in a silty fine sand layer located within Aquitard 1 (ATB1) from a 
depth of 12.0 to 13.5 m BGS. The borehole drilling and construction details for each monitoring well is 
summarized in Table 1 and on the accompanying logs provided in Appendix E.  

3.2.2 Drive-Point Piezometers 

On July 25, 2017 Stantec personnel installed three drive-point piezometers into selected onsite surface 
water features. The purpose of the drive-point piezometer installations was to evaluate the vertical 
hydraulic gradients occurring beneath these features and assess their groundwater recharge and/or 
discharge function. Stantec personnel installed drive-point piezometers DP1-17 and DP3-17 into the golf 
course ponds, and DP2-17 into the wetland located along the western property boundary (i.e., W2). The 
locations of the drive-point piezometers are shown on Figure 1.    

Each drive-point piezometer consists of a 19 mm diameter, 0.42 m long steel screen connected to 25 mm 
diameter steel riser pipes. The installation of the piezometers occurred using a hand-driven fence post 



WATERLOO WEST SIDE EMPLOYMENT LANDS, WATERLOO, ON, HYDROGEOLOGICAL 
INVESTIGATION 

Methodology  
August 2018 

tc \\cd1004-
f01\work_group\01609\active\161413446\planning\field_data\report\hydrogeology\final\rpt_20180817_hydrogeology_wsel_final.docx 3.3 
 

driver. Construction details for the drive-point piezometers are summarized in Table 1 and presented on 
the logs provided in Appendix E. 

3.3 GROUNDWATER LEVEL MONITORING 

Stantec personnel manually measured water levels at the monitoring wells and drive-point piezometers in 
May, July and November 2017, and July 2018, using a battery operated SolinstTM water level meter. 
Equipped with an electrode connected to a graduated polyethylene tape, Stantec personnel used the 
meters to measure the depth to water by slowly lowering the electrode into the well until the buzzer 
sounded. Stantec personnel recorded the water level measurements in meters to the nearest 0.01 m. A 
summary of the manual water levels measured in the monitoring wells and drive-point piezometers by 
Stantec personnel is provided in Tables 2 and 3, respectively.  

Selected onsite monitoring wells are instrumented with Leveloggers® (Levelogger). The Leveloggers, 
consisting of a pressure transducer and datalogger, are suspended into the water column within the wells 
and set to record water level fluctuations at one hour intervals. Leveloggers are not vented to the 
atmosphere and, therefore, record total pressure (atmospheric + height of water column). Consequently, 
data obtained from the Leveloggers are corrected for atmospheric pressure using data obtained from a 
Solinst Barologger®, which was suspended in the air within BH09-17. Hydrographs presenting the 
manual water level and corrected Levelogger data from May 2017 to July 2018 are presented in Figures 4 
and 5. 

3.4 GROUNDWATER SAMPLING AND TESTING 

On July 25, 2017 Stantec personnel collected groundwater samples from monitoring wells BH02-17, 
BH04-17, BH05-17, BH07-17, BH09-17, BH17-17 and MW1-10 for general chemistry and dissolved 
metals analysis. The exceptions included BH01-17 and BH11-17 as these wells were dry or had too little 
water in the well at the time of the sampling. 

Prior to collecting the groundwater samples, an attempt was made to purge each location of three to 10 
volumes to remove stagnant water from the casing using high density polyethylene (HDPE) tubing 
connected to a Waterra™ foot valve. Following purging, Stantec personnel collected the groundwater 
sample by pouring water directly from the HDPE tubing into the appropriate pre-labeled sample 
containers. Stantec personnel field-filtered the groundwater sample for metals analysis using disposable, 
inline, 0.45 µm (micron) filters attached to the HDPE tubing. Consequently, the metals analysis results for 
the groundwater sample obtained from the wells represent dissolved concentrations. 

Stantec personnel packed the groundwater samples into sample coolers refrigerated with freezer packs 
and delivered to Maxxam Analytics Inc. (Maxxam) for laboratory analyses. Maxxam analyzed the 
groundwater samples for general inorganic parameters and metals and compared the results against the 
Ontario Drinking Water Standards (ODWS). Stantec personnel completed Chain of Custody Forms and 
sealed the forms in the coolers. A copy of the Laboratory Certificate of Analysis is provided in  
Appendix F, with the results of the sampling being presented in Table 4. 
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3.5 HYDRAULIC RESPONSE TESTING 

To estimate the horizontal hydraulic conductivity of the deposits beneath the Site, Stantec performed in-
situ hydraulic response testing at monitoring wells BH05-17, BH07-17, BH09-17, BH17-17 and  
MW4-4. Completed in May 2017, the tests consisted of creating an instantaneous change in the 
monitoring well water levels by pumping water from the wells (i.e., rising head / pumping test), followed by 
recording the time taken for the resulting water level to return to static conditions. Leveloggers were used 
during the testing to record water levels at regular intervals (of 10 second to 15 second intervals). The 
testing results were analyzed using the Bouwer and Rice (1976) / Bouwer (1989) solution provided in the 
software package AQTESOLVTM Pro Version 4.5 (Duffield, 2014) to calculate the horizontal hydraulic 
conductivity of the aquifer sediments within the immediate vicinity of the screened interval of each 
monitoring well. Table 1 provides a summary of the calculated horizontal hydraulic conductivities, with the 
analytical solutions for the data being presented in Appendix G. 

Stantec estimated infiltration rates for the subsurface soils using the previously mentioned horizontal 
hydraulic conductivities. Stantec assumed vertical hydraulic conductivities to be an order of magnitude 
lower that the horizontal hydraulic conductivities (Todd 1980; Freeze and Cherry 1979) and converted 
these values to infiltration rates using an equation presented in the Credit Valley Conservation and 
Toronto and Region Conservation Low Impact Stormwater Management Planning and Design Guideline 
(2010). The resulting infiltration rate estimates are presented in Table 5.  
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4.0 LOCAL GEOLOGY AND HYDROGEOLOGY 

4.1 GEOLOGY AND HYDROSTRATIGRAPHY 

Figure 2 presents the surficial geological conditions within the Site and surrounding area as mapped by 
the OGS (2003) and the locations of Cross Sections A-A’ (Figure 6) and B-B’ (Figure 7). These cross-
sections were constructed using historical borehole information and the results of onsite drilling 
investigations recently completed by Stantec. A summary of these drilling results is shown on the 
borehole logs provided in Appendix E. As shown in Figure 2, the Site is covered by glaciolacustrine-
derived deposits of clay to silt-textured till, which is confirmed by the onsite drilling results. A review of 
borehole logs indicates soil conditions throughout the Site generally consist of topsoil, which can overlay 
silty sand, sandy silt and/or clay fill material up to a depth of 2.3 m BGS. This fill material in turn is often 
underlain by native deposits of silt and/or silty clay at depths ranging from 0.8 m to 1.5 m BGS. Beneath 
these previously mentioned soils is a sandy to silty clay till, interpreted to represent the Upper Maryhill Till 
of Aquitard 1 (ATB1), that extends to the termination depth of the boreholes (i.e., 3.7 m to 12.8 m BGS; 
399.6 to 379.8 m AMSL). Sand to silty sand layers ranging from 0.7 m to 2.7 m in thickness are found to 
be occasionally interspersed within Aquitard 1 (ATB1). 

Based on the subsurface conditions encountered at W-EB-OW1A/B-18, the base of Aquitard 1 (ATB1) in 
this area of the Site is interpreted to occur at an approximate elevation of 384 m AMSL, which is followed 
by deposits of medium to fine sand and silty sand with silt seams (i.e., Aquifer 1; AFB1) to an elevation of 
342 m AMSL (representing the termination depth of the deep monitoring well).  

4.2 HYDROGEOLOGY 

4.2.1 Groundwater Levels 

Table 2 provides a summary of the manual groundwater level measurements obtained in May, July and 
November 2017, and July 2018 from selected onsite monitoring wells and the drive-point piezometers. 
Hydrographs presenting the results of the continuous water level monitoring completed at selected 
monitoring wells are presented in Figures 4 and 5. Beneath the Site, the groundwater table is 
encountered within the clayey silt to silt deposits of the Upper Maryhill Till (Aquitard 1; ATB1) and likely 
represents a perched groundwater system, given that the saturated portion of Aquifer 1 (AFB1) occurs at 
depths ranging from 21 to 50 m BGS, or an elevation of approximately 354 m AMSL (Table 2; Stantec, 
2017b). Over the monitoring period, stabilized groundwater levels (i.e., outside those recovery time 
periods following water level drawdowns induced by Stantec personnel from sampling and/or hydraulic 
conductivity testing) ranged from being present at ground surface (BH17-17; MW1-10) to 10.4 m BGS 
(BH09-17). In general, the groundwater table is closest to ground surface in the topographic low areas of 
the Site, and deepest in the topographic high areas of the property. Overall, the seasonal fluctuation in 
the groundwater table ranges from 0.9 m (BH11-17) to 3.2 m (MW1-10) across the Site.   
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Seasonal groundwater level fluctuations of 0.9 m to 3.2 m occur throughout the Site, with levels being 
highest in the early spring and gradually declining over the spring and summer (Figures 4 and 5). This 
pattern in fluctuations is common within shallow groundwater systems in southern Ontario where high 
water table conditions occur in the spring due to lower evapotranspiration losses and a melting snowpack, 
which provide a greater volume of water for recharge. Low groundwater table conditions occur in the late 
summer to fall as more water is drawn from the subsurface over this period to meet evapotranspiration 
demands. During the spring freshet (e.g., March to May), groundwater levels experienced notable spikes 
at BH17-17, MW1-10, and to a lesser extent at BH05-17 and BH07-17, in response to precipitation and/or 
melt events, suggesting that the upper portions of Aquitard 1 at these locations may be weathered and 
permit water to more readily infiltrate to the subsurface (Figures 4 and 5). In comparison, groundwater 
levels at BH02-17 and BH09-17 demonstrated a limited to absent response to precipitation and/or melt 
events over the same period. Groundwater levels at BH01-17 and BH11-17 remained relatively flat over 
the monitoring period, suggesting that the measurements are not reflective of the groundwater table 
positioning, but are likely a product of water that has pooled in the well tip (i.e., groundwater is below the 
screened interval of these monitoring wells).  

Monitoring wells constructed directly adjacent to Wetland W3 (BH11-17) and W5 (BH07-17) suggest that 
the groundwater table did not intercept these features over the monitoring period, with groundwater level 
depths seasonally fluctuating from 1.6 m to 5.7 m BGS (Table 2; Figures 4 and 5). Similarly, at BH15-17, 
which is drilled directly adjacent to Wetland W1 (and completed in May 2017), groundwater occurred in 
the open borehole at a depth of 3.4 m BGS, noting that the depth at which the soil transitioned from a 
brown to dark grey (an indicator of a saturated and chemically reducing soil environment and, 
subsequently, the high groundwater table) was 1.5 m BGS (Appendix E). The borehole log for the former 
MW2-10 (installed adjacent to Wetland W4) indicates that saturated conditions occur at a depth of  
2.4 m BGS (Appendix E). 

4.2.2 Groundwater Flow 

Groundwater elevation contours derived from groundwater levels measured in July 2018 for the 
monitoring wells screened in the Upper Maryhill Till unit (Aquitard 1; ATB1) are shown on Figure 8.  
A groundwater divide is present at the Site, approximately coinciding with the positioning of the onsite 
subwatershed boundary, with horizontal flow through the perched groundwater system moving from this 
divide to the northeast and southwest across the Site. This flow interpretation is in general agreement 
with the flow patterns presented for this area by CH2MHill (2004).  

Groundwater flows at an average horizontal hydraulic gradient of 0.03 m/m, as measured between  
BH05-17 and BH02-17. The average calculated horizontal hydraulic conductivity of the Upper Maryhill Till 
(Aquitard 1; ATB1), consisting of sandy to silty clay till, is 1.5 x 10-7 m/s (Table 1). This value is consistent 
with the hydraulic conductivity cited for clayey sands, sandy silts and till of 10-6 m/s to 10-8 m/s, after 
Fetter (2001). Applying Darcy’s law:  
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v = K ∇  
 θ 

 where: v = velocity (m/yr) 
  K = hydraulic conductivity (1.5 x 10-7 m/s) 
  ∇ = hydraulic gradient (0.03 m/m) 
  θ = porosity (0.2 for glacial till, after Fetter 2001) 

The estimated velocity of horizontal groundwater flow through Aquitard 1 is calculated to be 
approximately 0.8 m per year.  

Data available on the Grand River Information Network (GRIN, 2017) indicates that downward vertical 
hydraulic gradients occur beneath the entire Site, suggesting that these lands represent a groundwater 
recharge area; however, the recharge potential of the Site is relatively low with rates being reported to 
range from 50 mm to 100 mm/year. Vertical hydraulic gradients recorded at the drive-point piezometers 
installed in the two dug ponds within the onsite golf course (i.e., DP1-17 and DP3-17; Figure 1) indicate 
that these features are sources of recharge to the perched aquifer system, with calculated vertical 
hydraulic gradients ranging from 0.00 m/m (neutral) to -1.00 (strong downward) over the monitoring 
period (Table 3). Similarly, groundwater levels recorded below Wetland W2 over the monitoring period 
ranged from 1.1 m to 1.7 m BGS, suggesting that this feature does not receive groundwater discharge 
from the underlying perched groundwater system (i.e., is a groundwater recharge feature). As discussed 
in Section 4.2.1, the groundwater table appears to remain below the substrates of Wetlands W1, W3, W4 
and W5, also suggesting that these wetlands are not areas of groundwater discharge.  

4.2.3 Groundwater Quality 

Groundwater quality sampling for general chemistry and dissolved metals analysis was completed by 
Stantec at monitoring wells BH02-17, BH04-17, BH05-17, BH07-17, BH09-17, BH17-17 and MW1-10 on 
July 27, 2017 and is presented in Table 4 with the laboratory certificate of analysis provided in  
Appendix F.  

Groundwater quality data were assessed against Ontario Regulation 169/03, the Ontario Drinking Water 
Quality Standard (ODWS). Data show no exceedances of health-related ODWS criteria, i.e., Maximum 
Acceptable Criteria (MAC) and Interim Maximum Acceptable Criteria (IMAC) for the tested parameters. 
However, the non-health related Operational Guideline (OG) for hardness (80-100 mg/L) was consistently 
exceeded. The presence of elevated hardness is not unexpected, given the calcareous nature of the local 
soils, and is quite common throughout the Waterloo area. Based on the anion to cation ratio of the 
analytical samples, groundwater at can be classified as calcium-bicarbonate type water (Figure 9).  

Other non-health related exceedances include iron, magnesium and total dissolved solids (TDS), which 
exceeded their corresponding Aesthetic Objective (AO). Sodium exceeded the Medical Officer of Health 
Reporting Limit. Elevated concentrations of iron and magnesium are typical of natural geochemical 
reactions from aquifers that are anaerobic with low to no dissolved oxygen. Elevated sodium 
concentrations above 20 mg/L may be considered a concern for consumers on a sodium restricted diet. 
TDS are comprised mainly of inorganic substances dissolved in water, including but not limited to 
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chloride, sulphates, calcium, magnesium, and bicarbonates. TDS above 500 mg/L may affect the 
palatability of drinking water and can indicate excessive hardness and mineral deposition or corrosion. 
Consequently, these parameters are not considered to be a concern. 

4.2.4 Infiltration Potential 

Table 5 presents estimated infiltration rates associated with the predominantly sandy to silty clay till 
(Aquitard 1; ATB1) deposits that form the shallow overburden beneath the Site. Infiltration rates are 
calculated based on the results of the horizontal hydraulic conductivity testing performed on BH05-17, 
BH07-17, BH09-17, BH17-17 and MW4-4. Since hydraulic conductivity in the horizontal direction is 
generally an order (potentially two orders for clay-based deposits) of magnitude higher than hydraulic 
conductivity in the vertical direction (Todd 1980; Freeze and Cherry 1979), the vertical hydraulic 
conductivity of the upper overburden (i.e., from 3.0 to 12.1 m BGS) is estimated to be in the range of  
10-8 m/s to 10-9 m/s. Using the equation derived from the established relationship between vertical 
hydraulic conductivity and infiltration rate as presented in the Credit Valley Conservation and Toronto and 
Region Conservation Low Impact Stormwater Management Planning and Design Guideline (2010), these 
calculated vertical hydraulic conductivities convert to infiltration rates ranging from 9 to 23 mm/hour 
(average rate of 15 mm/hour).  
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5.0 WATER BALANCE 

Water balance calculations were completed to quantify pre-development infiltration volumes at the Site, 
with these volumes serving as a baseline for comparison to future infiltration volumes projected to occur 
under the post-development scenario (once the development concept is prepared for the Site).  

Within the hydrologic cycle, the flow of water into and out of system can be described through a simplified 
water balance equation as follows: 

𝑃𝑃 =  𝐸𝐸𝐸𝐸 +  𝑆𝑆 +  𝑅𝑅 +  𝐼𝐼    Equation 1 

Where:  
P = precipitation 
ET = evapotranspiration 
S = change in groundwater storage 
R = runoff 
I = infiltration (groundwater recharge) 

Equation 1 may be further simplified by ignoring the change in groundwater storage (S), which trends 
over time to zero. The various components of the hydrologic cycle may be estimated through calculations 
or based on measurements made in the field. Precipitation (P) is typically a measured value, with the 
averages (1981 to 2010) used in this assessment being obtained from the Environment Canada operated 
Roseville Climate Station. Evapotranspiration (ET) is calculated based on measured air temperatures. 
Infiltration (I) and Runoff (R) are calculated based on P and ET, where the difference between P and ET 
is the water surplus (WS) available for Infiltration (I) and Recharge (R) as follows:  

𝑊𝑊𝑊𝑊 =  𝑃𝑃 − 𝐸𝐸𝐸𝐸      Equation 2 

Where WS is used to calculate I after applying an infiltration factor (IF), 

𝐼𝐼 =  𝑊𝑊𝑊𝑊 ×  𝐼𝐼𝐼𝐼     Equation 3 

 

And R is estimated by subtracting I from WS, 

𝑅𝑅 =  𝑊𝑊𝑊𝑊 –  𝐼𝐼     Equation 4 

For this assessment, ET was calculated using the soil moisture balance model by Thornthwaite and 
Mather (1955).   
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Monthly potential evapotranspiration (PET) is calculated based on the measured average monthly daily 
temperature (Ta) and a heat index (Hi) value assuming 12 hours of daylight in a day and 30 days in a 
month, as follows: 

𝑃𝑃𝑃𝑃𝑃𝑃 = 16 ×  �10𝑇𝑇𝑎𝑎
𝐻𝐻𝑖𝑖
�
𝛼𝛼
    Equation 5 

Where Ta is taken as 0 degrees Celsius for months with negative temperatures, and Hi, the heat index is 
estimated as, 

𝐻𝐻𝑖𝑖 = ∑ �10𝑇𝑇𝑎𝑎
5
�
1.514

12
𝑖𝑖=1     Equation 6 

For 𝛼𝛼  

𝛼𝛼 = 0.49 +  (0.0179 ×  𝐻𝐻𝑖𝑖 ) −  �0.0000771 ×   𝐻𝐻𝑖𝑖2�  + �0.000000675 ×   𝐻𝐻𝑖𝑖3 �  Equation 7 

PET values are then multiplied by an adjustment factor, after Thornthwaite and Mather (1957), which 
represents the average number of daylight hours per month at the latitude of the subject property to give 
the Adjusted Potential Evapotranspiration (PETadj). 

Actual Evapotranspiration (AET) is derived as, 

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 −  ∆𝑆𝑆    Equation 8 

Where ∆𝑆𝑆 is the change in storage for the month, calculated as, 

∆𝑆𝑆 = 𝑆𝑆𝑚𝑚𝑚𝑚 ×  𝑒𝑒�
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑆𝑆𝑚𝑚𝑚𝑚

�    Equation 9 

Where:  
Smc  = soil moisture capacity 
APWL  = accumulated potential water loss, calculated for ∆𝑃𝑃 < 0 as 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =  −∑ 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖12

𝑖𝑖=0 , and 
for ∆𝑃𝑃 > 0 by rearranging equation 8; with ∆𝑃𝑃= net precipitation = P - PETadj 

WS is derived by subtracting AET from the monthly precipitation, 

𝑊𝑊𝑊𝑊 =  𝑃𝑃 –  𝐴𝐴𝐴𝐴𝐴𝐴     Equation 10 

And the infiltration and runoff calculated per Equation 3 and 4 above.  
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The infiltration factor shown in Equation 3 is estimated based on the topography, soil type and land cover 
after MOE (2003) and the Ministry of the Environment and Energy (MOEE) (1995). To define appropriate 
infiltration factors, the Site was divided into three Sub-Areas based on similarities in soil type, topography 
and vegetation cover as follows: 

Sub-Area A (15.18 ha)   silty clay, hilly topography, moderately rooted crops 

Sub-Area B (10.48 ha)   silty clay, hilly topography, pasture / bare soil with impervious surfaces 

Sub-Area C (17.96 ha)  silty clay, hilly topography, urban lawn 

The delineated Sub-Areas are shown on Figure 10 and the infiltration factors assigned for Sub-Areas A, B 
and C are presented in Table 6. 

Soil moisture capacity was set between 113 mm to 250 mm among the Sub-Areas depending on the soil 
type and land cover as specified under MOE (2003). In Sub-Area A, where sandy to silty clay soil and 
moderately rooted crops cover is present, soil moisture was set at 200 mm corresponding to the soil 
moisture content for clay loam. For Sub-Area B, where sandy to silty clay soil, long grasses, and bare soil 
having limited vegetation cover is present, soil moisture content was set at 250 mm corresponding to clay 
loam with pasture/shrub vegetation. For Sub-Area C, where sandy to silty clay soil and urban lawn (golf 
course) cover is present, soil moisture content was set at 113 mm corresponding to an average of soil 
moisture content between silt and clay loam. Pre-development impervious land cover includes existing 
parking lot and buildings (within Sub-Area B), covering approximately 5% of the total Site area. 

Water balance calculations were completed for each Sub-Area and then summed to provide results for 
the entire Site. The water balance calculations shown in Table 6 generate a rounding error of less than 
1%.  

Overall, the average annual volume of infiltration occurring across the Site under the pre-development 
condition is estimated to be approximately 45,500 m3, or equivalent to a rate of 104 mm/year (Table 6). 
This estimated value is within the range of annual groundwater recharge rates reported for the Site (i.e., 
50 to 100 mm; GRIN, 2017) and lies within the range of rates published by the MOEE (1995) for silty clay 
soil (i.e., 100 to 125 mm/year). The average annual volume of runoff under the pre-development condition 
at the Site is estimated to be approximately 95,200 m3/yr (218 mm/yr) (Table 6). 
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6.0 IMPACT ASSESSMENT AND MITIGATION MEASURES 

6.1 POST-DEVELOPMENT INFILTRATION 

Under the post-development condition (Appendix A), a large proportion of the Site will likely be converted 
to impervious surfaces as a part of the proposed development and, subsequently, a reduction in the 
volume of water infiltrating to the subsurface is anticipated. However, Low Impact Development (LID) 
infiltration augmentation techniques can likely be used at the Site to address this expected infiltration 
deficit. 

LID is a stormwater management strategy that seeks to mitigate the impacts of increased runoff by 
managing runoff as close to source as possible, with the implementation of such strategies also providing 
the residual benefit of offsetting potential infiltration losses associated with the increase in impervious 
surfaces associated with a given development. As discussed in Section 4.2, the sandy to silty clay till of 
Aquitard 1 (ATB1), which predominantly forms the upper overburden of the Site, is characterized by 
hydraulic conductivities in the range of 10-7 m/s to 10-8 m/s (Table 1; Appendix G), estimated infiltration 
rates ranging from 9 to 23 mm/hour (average 15 mm/hour) (Table 5), and reported average annual 
groundwater recharge rates of 50 mm to 100 mm (GRIN, 2017). As such, traditional post-development 
infiltration measures such as infiltration trenches / basins, soakaway pits, and pervious pipes may not be 
suitable for the Site. However, the infiltration augmentation options (as described in CVC-TRCA, 2010) 
that could be potentially available for use across the Site to assist in maximizing infiltration under the 
post-development condition are as follows: 

• Roof downspout disconnection 

• Vegetated filter strips 

• Grass swales or enhanced grassed swales. 

The suitability of using these infiltration augmentation options at the Site will be evaluated at the detailed 
design stage of the project. Overall, it is reasonable to conclude that the application of some or all the 
previously mentioned infiltration augmentation measures at the Site will assist in achieving the maximum 
groundwater recharge possible throughout the property under the post-development condition. 

6.2 WETLANDS 

Pursuant to Ontario Regulation 150/06, the GRCA must first provide permission for any proposed 
alteration of, or interference with, a wetland to occur as part of a land development project. The GRCA 
will permit development to occur within, or result in the removal of, a naturally occurring wetland of less 
than 0.5 ha or an anthropogenic wetland covering an area less than 2 ha, if the wetland is not: 

1. part of a Provincially Significant Wetland  

2. located within a floodplain or riparian community  
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3. part of a Provincially or municipally designated natural heritage feature, a significant woodland, or 
hazard land 

4. a bog or fen  

5. fish habitat  

6. significant wildlife habitat 

7. confirmed habitat for a Provincially or regionally significant species as determined by the Ministry of 
Natural Resources and Forestry or as determined by the municipality  

8. part of an ecologically functional corridor or linkage between larger wetlands or natural areas  

9. part of a groundwater recharge area 

10. a groundwater discharge area associated with any of the above  

The hydrogeological information previously presented in this report will be used to address GRCA Criteria 
9) and 10), with the remaining criteria being addressed in Stantec’s accompanying Environmental Impact 
Study (Stantec, 2018a) report.   

9) The onsite wetland is not a notable groundwater recharge area  

Wetlands W1 to W5 each cover an area ranging from 0.03 ha to 0.13 ha in size, for a total combined area 
of 0.39 ha, representing less than 1% of the total Site area. Consequently, it is reasonable to assume that 
the loss of recharge function associated with these wetland areas will not detrimentally impact the overall 
groundwater recharge function of the Site. 

10) The onsite wetlands are not a groundwater discharge features 

As discussed in Section 4.2, subsurface soil and groundwater conditions observed near each of the 
onsite wetlands suggests that the seasonally high groundwater table does not intercept these features, 
indicating that the form and function of these wetlands are not sustained by groundwater inputs (i.e., are 
not groundwater discharge features). 

6.3 SITE SERVICING 

The proposed development is expected to be connected to underground utility infrastructure (e.g., storm 
and sanitary sewers), with the invert levels of the servicing typically occurring up to 3.0 m to 4.0 m BGS. 
Below ground site servicing could intercept the groundwater table, particularly near BH05-17, BH17-17, 
MW1-10, and MW4-4 where the depth to the groundwater table is the shallowest. Consequently, 
groundwater dewatering may be required to facilitate the installation of this infrastructure.  

Construction dewatering activities are expected to be completed on an as-required basis, with the rate of 
this dewatering dictated by the amount of construction occurring on the Site at a given time, the type of 
subsurface material and groundwater elevations encountered in the excavations, and the elevation to 
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which the groundwater table must be lowered to install infrastructure. Overall, potential dewatering efforts 
are expected to be limited given that the sandy to silty clay deposits of Aquitard 1 (ATB1) in which the 
servicing will be constructed are characterized by low to moderate horizontal hydraulic conductivity on the 
order of 10-7 m/s to 10-8 m/s (Table 1). However, larger volumes of groundwater seepage, and by 
extension dewatering, could occur where excavations encounter sand to silty sand layers within Aquitard 
1 (ATB1). If construction dewatering volumes are projected to exceed 50,000 L/day, registration of an 
Environmental Activity and Sector Registry (EASR) or Permit to Take Water (PTTW) will be required for 
dewatering to occur. A dewatering assessment can be completed during the detailed design to determine 
dewatering and water taking permitting requirements. 

If site servicing infrastructure, once installed, occurs below the groundwater table, mitigation measures 
may be required to minimize the disturbance that site servicing could have on pre-development 
groundwater flow patterns. Typically, the most common mitigation measure is the installation of anti-
seepage (cut-off) collars to prevent the preferential movement of groundwater along the servicing 
alignments. The use of anti-seepage collars will likely be required given that the subsurface of the Site is 
largely characterized by deposits where groundwater movement is more restricted (e.g., silt to clay-based 
soils). An assessment for the need, total number and exact placements of anti-seepage collars along the 
servicing alignments can be explored in more detail during the detailed design phase of the project. 

6.4 SPILL CONTAINMENT AND RESPONSE 

The potential exists for spills during any construction activity, with the most probable type of spill occurring 
being attributable to the refueling of major construction equipment that cannot readily leave the site (e.g., 
earth movers). The potential impacts of a spill could be the contamination of soils, groundwater and/or 
surface water. By implementing proper protocols for the handling of fuels and lubricants during 
construction, the risk of a spill occurring will be greatly reduced. The procedures to be implemented to 
prevent onsite spills are as follows: 

• All trucks or other road vehicles would be refueled and maintained offsite, where practicable 

• Refueling and lubrication of other construction equipment would not be allowed within 30 m of a 
drainage system or dewatering excavation 

• Regular inspections of hydraulic and fuel systems on machinery, with leaks being repaired 
immediately upon detection or the equipment being removed from Site 

• Spill kits containing absorbent materials would be kept on hand 

• Implement best management practices and develop an emergency spill response plan 

Given that anticipated construction activities at the Site are not expected to involve the storage or use of 
bulk chemicals or fuels, any potential spill that does occur would be localized and involve a small volume 
of material. Standard containment facilities and emergency response materials are to be maintained 
onsite as required, with refueling, equipment maintenance, and other potentially contaminating activities 
being confined to designated areas. As appropriate, spills are to be reported immediately to the Ministry 
of Environment and Climate Change (MOECC) Spills Action Centre. 
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7.0 CONCLUSIONS 

Based on the hydrogeological assessment, using the existing data collected at the Site and information 
obtained from a background review of regional data, the following conclusions are provided: 

1. Subsurface conditions across the Site consist predominantly of sandy to silty clay till, which is 
interpreted to represent the Upper Maryhill Till of Aquitard 1 (ATB1). This deposit is generally found 
to extend from existing grades to the termination depths of the boreholes (i.e., 3.7 m to 12.8 m BGS; 
399.6 to 379.8 m AMSL). Sand to silty sand layers ranging from 0.7 m to 2.7 m in thickness are 
found occasionally interspersed within Aquitard 1. 

2. Beneath the Site, the groundwater table is encountered within the clayey silt to silt deposits of 
Aquitard 1, representing a perched groundwater system given that the saturated portion of Aquifer 1 
(AFB1) is reported to occur at depths ranging from 21 to 50 m BGS near the Site, or an elevation of 
approximately 354 m AMSL. Over the monitoring period, stabilized groundwater levels ranged from 
being at ground surface to 10.4 m BGS throughout the Site, with seasonal fluctuations in the 
groundwater table ranging from 0.9 m to 3.2 m. 

3. The horizontal movement of groundwater through Aquitard 1 (ATB1) is interpreted to flow to the 
northeast and southwest from a subwatershed divide that bisects the Site. Groundwater is calculated 
to flow through the deposits of Aquitard 1 at a velocity of 0.8 m/year. This interpretation is in general 
agreement with the flow patterns presented for this area by the CH2MHill (2004). 

4. Regional studies together with groundwater level data collected from the onsite drive-point 
piezometers indicate that vertical groundwater flow at the Site is downward, with onsite surface 
water features recharging the underlying perched groundwater system; however, infiltration will be 
limited by the low permeability deposits of sandy to silty clay till that characterize the subsurface of 
the Site. 

5. The onsite wetlands (Wetlands W1 to W5) are not groundwater discharge features and provide 
minimal contributions to the overall recharge function of the Site, given that the total area occupied 
by the wetlands is 0.39 ha (i.e., covering less than 1% of the total Site area).  

6. Groundwater in the perched groundwater system of Aquitard 1 (ATB1) is calcium-bicarbonate type 
water. No tested parameters having health-related Ontario Drinking Water Standards (ODWS) were 
detected above their applicable standards. 

7. Since the Site lies mostly within a WPSA-8, development of the property for industrial purposes will 
not be subject to those land activity restrictions listed under Categories ‘B’, ‘C’ and ‘D” of the Region 
of Waterloo Official Plan. However, for any development occurring in the small area along the 
western limits of the Site that is intercepted by WSPA-7 of the Erb Street Well Field, additional 
studies may be required at the time of detail design and/or site plan approval to confirm that 
proposed land uses will not negatively impact the quantity and/or quality of drinking-water resources 
associated with this protection area. 
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8. The average annual volume of infiltration occurring across the Site under the pre-development 
condition is estimated to be approximately 45,600 m3, or equivalent to a rate of 104 mm/yr. This 
estimated value is within the range of annual groundwater recharge rates reported for the Site (i.e., 
50 to 100 mm). This pre-development infiltration volume will serve as a baseline for comparison to 
future infiltration volumes projected to occur at the Site post-development, as well as for the 
evaluation of post-development infiltration measures to address potential infiltration deficits (if such 
measures are deemed to be necessary). 

9. Construction dewatering for groundwater control is an expected requirement during installation of 
storm and sanitary sewers in some areas of the Site. Limited dewatering volumes are expected 
given that low permeability deposits characterize the subsurface of the Site. However, under high 
groundwater table conditions or in isolated areas of high permeability sand and gravel deposits, 
dewatering volumes may be higher. A dewatering assessment can be completed during the detail 
design phase to determine dewatering volumes and potential water taking permitting requirements.  

10. Servicing may occur below the groundwater table in some areas of the Site. Efforts may be required 
to minimize the disturbance that this servicing could have on pre-development groundwater flow 
patterns. Typically, the most common mitigation measure is the installation of anti-seepage (cut-off) 
collars to prevent the preferential movement of groundwater along the servicing alignments. An 
assessment for the need, total number and exact placements of anti-seepage collars along the 
servicing alignments can be explored in more detail during the detailed design phase of the project. 
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  BLOCK 14   PARK 0.890
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  BLOCKS 19-24   0.3m RESERVE 0.034

  ROADS 4.737

 TOTAL 43.610
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l) - As Shown
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Site Plan
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2. Existing Boreholes from 2004/2010 CH2MHILL Investigation and 2013 Stantec
Investigation.
3. Coordinate System:  NAD 1983 UTM Zone 17N
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Resources and Forestry © Queen's Printer for Ontario, 2017.
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Surficial Geology

1. Borehole Locations are Approximate
2. Existing Boreholes from 2004/2010 CH2MHILL Investigation and 2013 Stantec
Investigation.
3. Coordinate System:  NAD 1983 UTM Zone 17N
4. Base features produced under license with the Ontario Ministry of Natural
Resources and Forestry © Queen's Printer for Ontario, 2017.
5. Site Plan provided by Stantec 2018-07-18. 161413446_R-DP.dwg
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Wellhead Protection Sensitivity Areas

1. Borehole Locations are Approximate
2. Coordinate System:  NAD 1983 UTM Zone 17N
3. Base features produced under license with the Ontario Ministry of Natural
Resources and Forestry © Queen's Printer for Ontario, 2017.
4. Contains information provided by the Regional Municipality of Waterloo under
licence, 2016.
5. Site Plan provided by Stantec 2018-07-18. 161413446_R-DP.dwg
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WEST SIDE EMPLOYMENT LANDS
CITY OF WATERLOO
HYDROGEOLOGIC ASSESSMENT

Brant
Brantford

CambridgeKitchener

London

Niagara
Falls

Port
Colborne

St.
Catharines

St.
Thomas

Stratford

Thorold

Waterloo

Welland
Woodstock

Brampton

Burlington

Guelph

Hamilton

Mississauga

Stoney
Creek

Toronto

New
York

L a k e
E r i e

L a k e
O n t a r i o

City of Waterloo



 DATE:  SCALE:  PROJECT No.  FIGURE No.

20-Jul-18 161413446 9

WEST SIDE EMPLOYMENT LANDS - CITY OF WATERLOO
HYDROGEOLOGICAL ASSESSMENT

PIPER DIAGRAM

BH17-17 BH02-17 MW4-4 BH05-17 BH07-17 BH09-17 MW1-10

ClCa

Ca + MgCl + SO4

Mg SO4HCO3Na + K



Project Location

Client/Project

Figure No.

Title

FUTURE
EMPLOYMENT LANDS

EXISTING COMMERCIAL

LANDS OWNED
BY THE REGION

PRIVATE LANDS
OWNED BY OTHERS

LANDS OWNED
BY OTHERS

LANDS OWNED
BY OTHERS

ADDITIONAL LANDS
(OWNED BY APPLICANT

SWM FACILITY)

VACANT COMMERCIAL

REGION OF WATERLOO
WASTE MANAGEMENT
DEPOT AND SANITARY

LAND FILL

PROPOSED
RESIDENTIAL

PROPOSED
RESIDENTIAL

EXISTING
SWM FACILITY

EXISTING
RESIDENTIAL

Walinschuk Branch F

Walinschuk Drain
Bran

ch
B

Walinschuk Municipal Main Drain
Walinschuk Drain Branch D

Bernay D
rive

Avign
onPlace

Erbs Road

Sundew Drive

Sauve Crescent

Sw
eet

 Gale
 Stre

et

Gins
engStreet

Ladyslipper Drive

St Moritz Avenue

Montpellier Drive

Buttonb u s h Stre
et

Columbia Street West

Erb Street West

Wilmot Line

533000

533000

533250

533250

533500

533500

533750

533750

534000

534000

534250

534250

48
10

00
0

48
10

00
0

48
10

25
0

48
10

25
0

48
10

50
0

48
10

50
0

48
10

75
0

48
10

75
0

48
11

00
0

48
11

00
0

10

Notes

0 100 200
metres

Legend
Study Area
Property Boundary
Subdivision Boundary
Constructed Drain
Watercourse
A - Moderate Rooted Crops
B - Pasture / Bare Soil
C - Urban Lawn

\\
cd

12
20

-f0
2\

01
60

9\
ac

tiv
e\

_O
th

er_
PC

s_A
ct

ive
\6

14
 - K

itc
he

ne
r\1

61
41

34
46

-W
es

tSi
de

Em
plo

ym
en

t\d
ra

wi
ng

\F
igu

res
\H

yd
ro

ge
olo

gy
\R

ep
ort

Fig
ure

s\
Hy

dr
og

eo
log

ic_
As

se
ssm

en
t\

16
14

13
44

6_
HG

_F
ig1

0_
Pre

De
v_

Wa
te

r_B
ala

nc
e.m

xd
    

  R
ev

ise
d:

 20
18

-07
-20

 By
: m

dw
all

ac
e

($$¯

1:5,000 (At original document size of 11x17)

161413446  REVA

Disclaimer: Stantec assumes no responsibility for data supplied in electronic format. The recipient accepts full responsibility for verifying the accuracy and completeness of the data. The recipient releases Stantec, its officers, employees, consultants and agents, from any and all claims arising in any way from the content or provision of the data.

Prepared by PRM on 2018-07-20
Technical Review by GW on 2017-11-30

Pre-Development Water Balance Sub-
Areas

1. Coordinate System:  NAD 1983 UTM Zone 17N
2. Base features produced under license with the Ontario Ministry of Natural
Resources and Forestry © Queen's Printer for Ontario, 2017.
3. Site Plan provided by Stantec 2018-07-18. 161413446_R-DP.dwg
4. Orthoimagery © First Base Solutions, 2018. Imagery Date, 2017.

WEST SIDE EMPLOYMENT LANDS
CITY OF WATERLOO
HYDROGEOLOGIC ASSESSMENT

City of Waterloo

Brant
Brantford

CambridgeKitchener

London

Niagara
Falls

Port
Colborne

St.
Catharines

St.
Thomas

Stratford

Thorold

Waterloo

Welland
Woodstock

Brampton

Burlington

Guelph

Hamilton

Mississauga

Stoney
Creek

Toronto

New
York

L a k e
E r i e

L a k e
O n t a r i o

Sub-Area Area (ha)
A - Moderate Rooted Crops 15.22

B - Pasture / Bare Soil 10.52
C - Urban Lawn 18.00



 

 

APPENDIX C: 
Tables  



TABLE 1
MONITORING WELL CONSTRUCTION DETAILS

Well Well Screened Probable Hydraulic
Northing Easting Top of Ground Well Well Depth Base Material Description Hydrostratigraphic Unit Conductivity

Casing Surface Stick-up Depth Elevation
(m AMSL) (m AMSL) (m) (m BTOC) (m BGS) (m AMSL) (m BGS) (m AMSL) (m BGS) (m AMSL) (m/s)

 
4810907 533731 388.42 387.50 0.92 8.32 7.40 380.10 5.88 381.62 7.40 380.10 Sandy CLAY TILL Upper Maryhill Till -
4810668 533746 392.21 391.25 0.96 11.58 10.62 380.63 9.10 382.15 10.62 380.63 Sandy CLAY TILL Upper Maryhill Till -
4810718 533435 394.24 393.23 1.01 7.03 6.02 387.21 4.50 388.73 6.02 387.21 Silty CLAY TILL Upper Maryhill Till 1.4E-07
4810475 533708 393.62 392.74 0.88 10.05 9.17 383.57 7.65 385.09 9.17 383.57 Sandy SILT TILL Upper Maryhill Till 2.4E-08
4810232 533835 401.55 400.66 0.89 12.98 12.09 388.57 10.57 390.09 12.09 388.57 Sandy CLAY TILL Upper Maryhill Till 2.6E-07
4810463 533406 397.13 396.29 0.84 6.33 5.49 390.80 3.97 392.32 5.49 390.80 Sandy CLAY TILL Upper Maryhill Till -
4810207 533536 397.22 396.28 0.94 5.48 4.54 391.74 3.02 393.26 4.54 391.74 Sandy to Silty CLAY TILL Upper Maryhill Till 1.0E-07
4810757 533031 393.22 392.05 1.17 5.49 4.32 387.73 1.27 390.78 4.32 387.73 Sandy SILT to CLAY Upper Maryhill Till -
4810681 533197 - - 0.94 5.44 4.50 - 2.98 - 4.50 - - Upper Maryhill Till 7.6E-07
4810059 533738 405.33 404.61 0.72 6.82 6.10 398.51 3.05 401.56 6.10 398.51 Sandy CLAY TILL Upper Maryhill Till -

4810334 533738 395.97 395.27 0.70 6.80 6.10 389.17 3.05 392.22 6.10 389.17 Sandy CLAY TILL (60%) / 
Silty SAND (40%) Upper Maryhill Till -

4810353 533378 397.63 396.84 0.79 5.36 4.57 392.27 1.52 395.32 4.57 392.27 Sandy CLAY TILL (92%) / 
Silty SAND (8%) Upper Maryhill Till -

4810356 533388 397.49 396.60 0.89 5.46 4.57 392.03 1.52 395.08 4.57 392.03 Sandy CLAY TILL (82%) / 
Silty SAND (18%) Upper Maryhill Till -

4810068 533415 405.15 404.35 0.80 62.98 62.18 342.17 59.13 345.22 62.18 342.17 SAND to Silty SAND Aquifer 1 -

4810068 533600 405.28 404.47 0.81 14.35 13.54 390.93 12.02 392.45 13.54 390.93 Silty Fine SAND Sand layer within Upper 
Maryhill Till -

DP1-17 4810478 533415 - - 1.37 2.64 1.27 - 0.81 - 1.26 - Sandy CLAY TILL Upper Maryhill Till -
DP2-17 4810300 533572 - - 0.84 2.64 1.80 - 1.35 - 1.80 - Silty CLAY TILL Upper Maryhill Till -
DP3-17 4810621 533159 - - 1.42 2.64 1.22 - 0.77 - 1.22 - Sandy CLAY TILL Upper Maryhill Till -

GEOMEAN = 1.5E-07

Notes:   
m AMSL = meters above mean sea level

m BGS = meters below ground surface
m BTOC = meters below top of well casing

- = data not available
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UTM Coordinates Elevations Screened Interval

Elevation
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Elevation
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TABLE 2
GROUNDWATER LEVEL DATA - MONITORING WELLS

Well ID Date Time
Top of Casing 

Elevation
Ground 
Surface 

Elevation

Pipe 
Stick-up

(m BTOC) (m BGS) (m AMSL) (m AMSL) (m AMSL) (m) (m BGS) (m BTOC) (m AMSL)

BH01-17 17-May-17 2:12 PM 8.32 7.40 380.10 388.42 387.50 0.92 7.01 7.93 380.49
18-May-17 9:46 AM 7.05 7.97 380.45
25-Jul-17 1:44 PM 7.10 8.02 380.40

21-Nov-17 2:27 PM - DRY -
10-Jul-18 6:01 PM 7.31 8.23 380.19

BH02-17 17-May-17 4:18 PM 11.58 10.62 380.63 392.21 391.25 0.96 10.14 11.10 381.11
23-May-17 2:15 PM 9.98 10.94 381.27
25-Jul-17 11:34 AM 7.86 8.82 383.39

21-Nov-17 2:27 PM 7.84 8.80 383.41
10-Jul-18 3:53 PM 7.82 8.78 383.43

BH05-17 18-May-17 8:36 AM 7.03 6.02 387.21 394.24 393.23 1.01 1.32 2.33 391.91
23-May-17 3:28 PM 0.88 1.89 392.35
25-Jul-17 1:24 PM 1.61 2.62 391.62

21-Nov-17 2:45 PM 1.06 2.07 392.17
10-Jul-18 5:43 PM 1.80 2.81 391.43

BH07-17 18-May-17 5:03 PM 10.05 9.17 383.57 393.62 392.74 0.88 2.09 2.97 390.65
23-May-17 2:46 PM 2.35 3.23 390.39
25-Jul-17 11:17 AM 2.67 3.55 390.07

21-Nov-17 1:40 PM 2.37 3.25 390.37
10-Jul-18 3:25 PM 3.04 3.92 389.70

BH09-17 18-May-17 10:22 AM 12.98 12.09 388.57 401.55 400.66 0.89 10.11 11.00 390.55
23-May-17 2:40 PM 10.43 11.32 390.23
25-Jul-17 11:00 AM 9.55 10.44 391.12

21-Nov-17 4:17 PM 10.33 11.22 390.33
10-Jul-18 5:25 PM 9.29 10.18 391.37

BH11-17 17-May-17 4:00 PM 6.33 5.49 390.80 397.13 396.29 0.84 5.46 6.30 390.83
18-May-17 12:30 PM 5.46 6.30 390.83
25-Jul-17 12:40 PM 5.39 6.23 390.90

21-Nov-17 1:22 PM 5.41 6.25 390.88
10-Jul-18 3:12 PM 5.40 6.24 390.89
17-Jul-18 8:35 AM - DRY -

BH17-17 17-May-17 3:32 PM 5.48 4.54 391.74 397.22 396.28 0.94 1.12 2.06 395.16
23-May-17 2:59 PM 0.92 1.86 395.36
25-Jul-17 12:24 PM 2.03 2.97 394.25

21-Nov-17 1:00 PM 2.41 3.35 393.87
10-Jul-18 2:30 PM 2.41 3.35 393.87
17-Jul-18 8:25 AM 2.57 3.51 393.71

Well Depth Groundwater Level
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TABLE 2
GROUNDWATER LEVEL DATA - MONITORING WELLS

Well ID Date Time
Top of Casing 

Elevation
Ground 
Surface 

Elevation

Pipe 
Stick-up

(m BTOC) (m BGS) (m AMSL) (m AMSL) (m AMSL) (m) (m BGS) (m BTOC) (m AMSL)

Well Depth Groundwater Level

MW4-4 17-May-17 1:34 PM 5.44 4.50 - - - 0.94 0.36 1.30 -
23-May-17 3:45 PM 0.26 1.20 -
25-Jul-17 1:00 PM 0.56 1.50 -

21-Nov-17 3:56 PM 0.40 1.34 -
10-Jul-18 4:45 PM 0.84 1.78 -

MW1-10 17-May-17 4:38 PM 5.49 4.32 - 393.22 392.05 1.17 0.74 1.91 391.31
23-May-17 2:00 PM 0.35 1.52 391.70
25-Jul-17 11:54 AM 1.66 2.83 390.39

21-Nov-17 1:52 PM 2.22 3.39 389.83
10-Jul-18 3:40 PM 1.79 2.96 390.26

MW18-1 11-Apr-18 - 6.82 6.10 398.51 405.33 404.61 0.72 1.59 2.31 403.02
17-Jul-18 8:52 AM 3.72 4.44 400.89

MW18-2 11-Apr-18 - 6.80 6.10 389.17 395.97 395.27 0.70 5.75 6.45 389.52
17-Jul-18 8:43 AM - DRY -

MW18-3 11-Apr-18 - 5.36 4.57 392.27 397.63 396.84 0.79 4.17 4.96 392.67
17-Jul-18 8:40 AM - DRY -

MW18-4 11-Apr-18 - 5.46 4.57 392.03 397.49 396.60 0.89 3.99 4.88 392.61
17-Jul-18 8:52 AM - DRY -

W-EB-OW1A-18 10-Jul-18 12:05 PM 62.98 62.18 342.17 405.15 404.35 0.80 49.98 50.78 354.37

W-EB-OW1B-18 10-Jul-18 12:09 PM 14.35 13.54 390.93 405.28 404.47 0.81 8.65 9.46 395.82

m AMSL = meters above mean sea level  
m BGS = meters below ground surface

m BTOC = meters below top of well casing  
  -  = data not available
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TABLE 3
GROUNDWATER LEVELS - DRIVE-POINT PIEZOMETERS

Piezometer Surface Water Screen Screen Pipe Ground Top of Vertical Hydraulic
ID Feature Length    Separation (1) Stick-up Surface Casing Date Time Gradient(4)

Elevation (5) Elevation
(+) = Upward

(m BTOC) (m BGS) (m) (m) (m) (m AMSL) (m AMSL) (m BGS) (2) (m BTOC) (m AMSL) (m BTOC) (3) (m AMSL) (-) = Downward

DP1-17 Open Aquatic 2.64 1.27 0.45 1.05 1.37 100.00 101.37 28-Jul-17 10:18 AM 0.01 1.38 99.99 0.95 100.42 -0.41
(Dug Pond) 21-Nov-17 1:10 PM -0.64 0.73 100.64 0.73 100.64 0.00

10-Jul-18 4:14 PM -0.18 1.19 100.18 1.01 100.36 -0.17

DP2-17 Mineral Meadow 2.64 1.80 0.45 1.58 0.84 100.00 100.84 28-Jul-17 10:11 AM 1.70 2.54 98.30 DRY - -
Marsh (W2) 21-Nov-17 1:07 PM 1.11 1.95 98.89 DRY - -

10-Jul-18 2:55 PM 1.35 2.19 98.65 DRY - -

DP3-17 Open Aquatic 2.64 1.22 0.45 1.00 1.42 100.00 101.42 28-Jul-17 10:23 AM 0.72 2.14 99.28 0.90 100.52 -1.00
(Dug Pond) 21-Nov-17 3:35 PM 0.29 1.71 99.71 1.06 100.36 -0.65

10-Jul-18 4:38 PM -0.26 1.16 100.26 0.96 100.46 -0.20

Notes:
(1)  Distance between water body substrate and mid-point of piezometer screen.
(2)  A negative value indicates that the water level measured within the pipe is located above ground surface.  
(3)  A negative value indicates that the surface water level is above the top of the piezometer.
(4) Vertical hydraulic gradient between the tributary substrate and the piezometer screened interval.  Negative and positive values indicate downward and upward gradients, respectively.
(5) Ground surface not surveyed to geodetic benchmark and set to arbitrary elevation of 100 m AMSL.

 
m BGS = meters below ground surface
m BTOC = meters below top of casing
DRY = no groundwater or surface water was observed in the piezometer or watercourse, respectively
- = measurement not available

Depth Groundwater Level Surface Water
Level
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TABLE 4
INFILTRATION TESTING RESULTS

Horizontal Infiltration Screened Soil Substrate Tested Hydrostratigraphic Unit
Hydraulic Rate Interval

Conductivity
(m/s) (cm/s) (m/s) (mm/hr) (m BGS)

1.4E-07 - 1.4E-08 15 4.5 - 6.0 Silty CLAY TILL Upper Maryhill Till
2.4E-08 - 2.4E-09 9 7.6 - 9.1 Sandy SILT TILL Upper Maryhill Till
2.6E-07 - 2.6E-08 18 10.6 - 12.1 Sandy CLAY TILL Upper Maryhill Till
1.0E-07 - 1.0E-08 14 3.0 - 4.5 Sandy to Silty CLAY TILL Upper Maryhill Till
7.6E-07 - 7.6E-08 23 3.0 - 4.5 - Upper Maryhill Till

GEOMEAN = 1.5E-08 15
Notes:
(1) Infiltration rate calculated based on established relationship between vertical hydraulic conductivity and infiltration rate presented in Credit Valley Conservation and 

Toronto and Region Conservation (2010) Low Impact Stormwater Management Planning and Design Guideline - Version 1.0.
(2) Vertical hydraulic conductivities assumed to be one order of magnitude lower than in-situ measured horizontal hydraulic constructivities.

BH05-17
BH07-17
BH09-17
BH17-17
MW4-4

Conductivity
Vertical Hydraulic 

In-situ Hydraulic Response Testing

Testing
Location ID



TABLE 5
GROUNDWATER QUALITY RESULTS

Sample Location BH5-17 BH7-17 BH9-17 BH17-17 MW1-10
Sample Date 27-Jul-17 27-Jul-17 27-Jul-17 27-Jul-17 27-Jul-17 27-Jul-17 25-Jul-17

Sample ID

WG-
161413446-
20170727-

AV04

WG-
161413446-
20170727-

AV07

WG-
161413446-
20170727-

AV03

WG-
161413446-
20170727-

AV02

WG-
161413446-
20170727-

AV05

WG-
161413446-
20170727-

AV06

WG-
161413446-
20170726-

AV01

Sampling Company STANTEC STANTEC STANTEC STANTEC STANTEC STANTEC STANTEC
Laboratory MAXX MAXX MAXX MAXX MAXX MAXX MAXX
Laboratory Work Order B7G0832 B7G0832 B7G0832 B7G0832 B7G0832 B7G0832 B7G0832
Laboratory Sample ID EVI615 EVI618 EVI614 EVI613 EVI616 EVI617 EVI612
Sample Type Units ODWS

General Chemistry
Alkalinity, Bicarbonate (as CaCO3) mg/L n/v 250 370 350 220 390 370 440
Alkalinity, Carbonate (as CaCO3) mg/L n/v 3.1 2.1 3.1 3.0 3.1 2.4 3.6
Alkalinity, Total (as CaCO3) mg/L 30-500E 260 370 350 230 400 370 440
Anion Sum me/L n/v 6.77 10.9 7.39 5.61 9.09 16.5 9.55
Cation Sum me/L n/v 6.07 10.8 8.73 5.83 8.97 16.9 9.34
Chloride mg/L 250C 14 20 8.5 31 36 33 2.9
Dissolved Organic Carbon (DOC) mg/L 5C 1.3 2.4 0.87 2.0 1.1 2.7 3.3
Electrical Conductivity, Lab µmhos/cm n/v 550 940 770 590 830 1,400 850
Hardness (as CaCO3) mg/L 80-100E 260E 470E 420E 240E 420E 800E 330E

Ion Balance % n/v 5.43 0.640 8.32 1.91 0.670 1.39 1.11
Langelier Index (at 20 C) none n/v 0.788 1.02 1.09 0.783 1.15 1.22 1.08
Langelier Index (at 4 C) none n/v 0.540 0.769 0.837 0.533 0.900 0.977 0.835
Nitrate (as N) mg/L 10.0d

B <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.31
Nitrate + Nitrite (as N) mg/L 10.0d

B <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.31
Nitrite (as N) mg/L 1.0d

B <0.010 <0.010 0.020 <0.010 0.018 <0.010 <0.010
Orthophosphate(as P) mg/L n/v <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
pH S.U. 6.5-8.5E 8.12 7.79 7.98 8.15 7.92 7.85 7.94
Saturation pH (at 20 C) none n/v 7.33 6.77 6.90 7.37 6.77 6.62 6.85
Saturation pH (at 4 C) none n/v 7.58 7.02 7.15 7.62 7.02 6.87 7.10
Sulfate mg/L 500h

C 62 140 7.5 9.8 8.0 390 28
Total Dissolved Solids (Calculated) mg/L 500C 350 610C 390 290 460 970C 530C

Ammonia (as N) mg/L n/v 0.20 0.98 0.11 0.13 0.054 0.31 <0.050
Metals, Dissolved
Aluminum mg/L 0.1E <0.0050 <0.0050 <0.0050 0.0070 <0.0050 <0.0050 0.011
Antimony mg/L 0.006A <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Arsenic mg/L 0.025A 0.0014 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Barium mg/L 1B 0.14 0.19 0.32 0.061 0.13 0.071 0.068
Beryllium mg/L n/v <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Boron mg/L 5A 0.039 0.028 0.024 0.072 0.015 0.30 0.075
Cadmium mg/L 0.005B <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010
Calcium mg/L n/v 49 140 100 50 120 230 94
Chromium mg/L 0.05B <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Cobalt mg/L n/v 0.00092 0.00068 0.00087 <0.00050 0.00079 0.00057 <0.00050
Copper mg/L 1C <0.0010 0.0017 <0.0010 <0.0010 <0.0010 <0.0010 0.0047
Iron mg/L 0.3C <0.10 <0.10 <0.10 <0.10 <0.10 0.59C <0.10
Lead mg/L 0.01c

B <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Magnesium mg/L n/v 34 28 40 28 26 57 24
Manganese mg/L 0.05C 0.21C 0.31C 0.18C 0.50C 0.36C 0.73C 0.0021
Molybdenum mg/L n/v 0.0036 0.0050 0.0026 0.0051 0.0012 0.00055 0.00054
Nickel mg/L n/v 0.0025 0.0012 0.0036 0.0018 0.0025 0.0012 <0.0010
Phosphorus mg/L n/v <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Potassium mg/L n/v 3.6 1.8 3.5 3.4 2.5 1.8 89
Selenium mg/L 0.05B <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020
Silicon mg/L n/v 6.1 9.6 7.4 5.8 5.3 5.8 7.8
Silver mg/L n/v <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010
Sodium mg/L 200g

C 20g
D 16 31D 6.8 22D 12 21D 10

Strontium mg/L n/v 0.68 0.41 0.44 0.72 0.20 2.1 0.18
Thallium mg/L n/v <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050
Titanium mg/L n/v <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Uranium mg/L 0.02B 0.0056 0.0048 0.0011 0.0023 0.0046 0.0041 0.0013
Vanadium mg/L n/v 0.00053 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Zinc mg/L 5C 0.0060 <0.0050 <0.0050 <0.0050 <0.0050 0.0075 <0.0050

Notes:
ODWS Technical Support Document for Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2006, revised July 2017)

A ODWS Table 2 - Chemical Standards, Interim Maximum Acceptable Concentration
B ODWS Table 2 - Chemical Standards, Maximum Acceptable Concentration
C ODWS Table 4 - Chemical/Physical Objectives and Guidelines, Aesthetic Objectives
D ODWS Table 4 - Medical Officer of Health Reporting Limit
E ODWS Table 4 - Chemical/Physical Objectives and Guidelines, Operational Guidelines

6.5A Concentration exceeds the indicated standard.
15.2 Measured concentration did not exceed the indicated standard.

<0.50 Laboratory reporting limit was greater than the applicable standard.
<0.03 Analyte was not detected at a concentration greater than the laboratory reporting limit.
n/v No standard/guideline value.

- Parameter not analyzed / not available.
c This standard applies to water at the point of consumption. Since lead is a component in some plumbing systems, first flush water may contain 

higher concentrations of lead than water that has been flushed for five minutes.
d Where both nitrate and nitrite are present, the total of the two should not exceed 10 mg/L (as nitrogen).

g
C The aesthetic objective for sodium in drinking water is 200 mg/L. The local Medical Officer of Health should be notified when the sodium concentration 

exceeds 20 mg/L so that this information may be communicated to local physicians for their use with pati

g
D The aesthetic objective for sodium in drinking water is 200 mg/L. The local Medical Officer of Health should be notified when the sodium concentration

 exceeds 20 mg/L so that this information may be communicated to local physicians for their use with patients on sodium restricted diets.
h When sulfate levels exceed 500 mg/L, water may have a laxative effect on some people.

BH2-17 MW4-4



TABLE 6
PRE-DEVELOPMENT WATER BALANCE

Model Type: Thornthwaite and Mather (1955)  Sub-Area Descriptions (topography, soils, cover) 
Client: City of Waterloo Sub-Area A Hilly, Fine Glaciolacustrine (Silt to Clay), Moderately Rooted Crops

Location: Water Balance - West Side Employment Lands Sub-Area B Hilly, Fine Glaciolacustrine (Silt to Clay), Pasture to Bare Soil
Total Site Area (ha): 43.60 Sub-Area C Hilly, Fine Glaciolacustrine (Silt to Clay), Urban Lawn (Golf Course)

Land Description Factors Sub-Area A Sub-Area B Sub-Area C Total
Topography 0.10 0.10 0.10
Soils 0.15 0.15 0.15
Cover 0.10 0.15 0.05
Sum (Infiltration Factor)† 0.35 0.40 0.30
Soil Moisture Capacity (mm) 200 250 113
Site area (ha) 15.18 10.48 17.96 43.62
Imperviousness Coefficient 0.00 0.07 0.00

Impervious Area (ha) 0.00 0.73 0.00 0.73
  Percentage of Total Site Area 0.0% 1.7% 0.0% 2%
  Remaining Pervious Area (ha) 15.18 9.75 17.96 42.89

Total Pervious Site Area (ha) 15.18 9.75 17.96 42.89
  Percentage of Total Site Area 34.8% 22.4% 41.2% 98%

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Climate Data‡

Average Daily Temperature (°C) -6.5 -5.4 -1 6.5 12.7 18.2 20.5 19.5 15.2 8.7 2.6 -3.5 7.3
Precipitation (mm) 68.1 54.6 55.0 77.2 87.9 76.3 98.2 83.9 85.4 75.3 88.4 68.5 919

Potential Evapotranspiration Analysis for Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Heat Index 0.0 0.0 0.0 1.5 4.1 7.1 8.5 7.9 5.4 2.3 0.4 0.0 37

Unadjusted Potential Evapotranspiration (mm) 0.0 0.0 0.0 29.4 60.6 89.5 101.8 96.4 73.6 40.3 10.9 0.0 502

Potential Evapotranspiration Adjusting Factor 
for Latitude* 0.77 0.87 0.99 1.12 1.23 1.29 1.26 1.16 1.04 0.92 0.81 0.75

Adjusted Potential Evapotranspiration 
(PET)(mm) 0 0 0 33 75 115 128 112 77 37 9 0 585

Precipitation - PET (mm) 68 55 55 44 13 -39 -30 -28 9 38 80 69 333

Evapotranspiration Analysis
Sub-Area A Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Accumulated Potential Water Loss (APWL) 0 0 0 0 0 -39 -69 -97 -88 -50 0 0
Storage (S) 200 200 200 200 200 165 117 72 81 119 200 200
Change in Storage 0 0 0 0 0 -35 -48 -45 9 38 81 0
Actual Evapotranspiration (mm) 0 0 0 33 75 112 146 129 77 37 9 0 616
Recharge/Runoff Analysis
Water Surplus (mm) 68 55 55 44 13 0 0 0 0 0 -1 69 302
Potential Infiltration (I) 24 19 19 16 5 0 0 0 0 0 -1 24 106
Potential Direct Surface Water Runoff (R) 44 35 36 29 9 0 0 0 0 0 -1 45 197
Potential Infiltration (mm) 0 0 0 102 5 0 0 0 0 0 -1 0 106
Pervious Evapotranspiration (m3) 0 0 0 4990 11310 16928 22172 19558 11652 5615 1335 0 93,561
Pervious Runoff (m3) 6719 5387 5427 4374 1322 0 0 0 0 0 -145 6759 29,843
Pervious Infiltration (m3) 0 0 0 15436 712 0 0 0 0 0 -78 0 16,069
Potential Impervious Evaporation (mm) 7 5 6 8 9 8 10 8 9 8 9 7 92
Potential Impervious Runoff (mm) 61 49 50 69 79 69 88 76 77 68 80 62 827
Impervious Runoff (m3) 0 0 0 0 0 0 0 0 0 0 0 0 0
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TABLE 6
PRE-DEVELOPMENT WATER BALANCE

Evapotranspiration Analysis
Sub-Area B Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Accumulated Potential Water Loss (APWL) 0 0 0 0 0 -39 -69 -97 -88 -50 0 0
Storage (S) 250 250 250 250 250 214 163 110 119 157 250 250
Change in Storage 0 0 0 0 0 -36 -51 -52 9 38 93 0
Actual Evapotranspiration (mm) 0 0 0 33 75 112 150 136 77 37 9 0 628
Recharge/Runoff Analysis
Water Surplus (mm) 68 55 55 44 13 0 0 0 0 0 -13 69 291
Potential Infiltration (I) 27 22 22 18 5 0 0 0 0 0 -5 27 116
Potential Direct Surface Water Runoff (R) 41 33 33 27 8 0 0 0 0 0 -8 41 175
Potential Infiltration (mm) 0 0 0 116 5 0 0 0 0 0 -5 0 116
Pervious Evapotranspiration (m3) 0 0 0 3204 7261 10934 14581 13278 7481 3605 857 0 61,202
Pervious Runoff (m3) 3982 3193 3216 2592 783 0 0 0 0 0 -764 4006 17,009
Pervious Infiltration (m3) 0 0 0 11326 522 0 0 0 0 0 -510 0 11,339
Potential Impervious Evaporation (mm) 7 5 6 8 9 8 10 8 9 8 9 7 92
Potential Impervious Runoff (mm) 61 49 50 69 79 69 88 76 77 68 80 62 827
Impervious Runoff (m3) 450 360 363 510 580 504 648 554 564 497 584 452 6,066

Evapotranspiration Analysis
Sub-Area C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Accumulated Potential Water Loss (APWL) 0 0 0 0 0 -39 -69 -97 -88 -50 0 0.0
Storage (S) 113 113 113 113 113 80 44 19 27 65 113 113.0
Change in Storage 0 0 0 0 0 -33 -37 -25 9 38 48 0
Actual Evapotranspiration (mm) 0 0 0 33 75 109 135 109 77 37 9 0 583
Recharge/Runoff Analysis
Water Surplus (mm) 68 55 55 44 13 0 0 0 0 0 32 69 336
Potential Infiltration (I) 20 16 17 13 4 0 0 0 0 0 10 21 101
Potential Direct Surface Water Runoff (R) 48 38 39 31 9 0 0 0 0 0 22 48 235
Potential Infiltration (mm) 0 0 0 87 4 0 0 0 0 0 10 0 101
Pervious Evapotranspiration (m3) 0 0 0 5904 13381 19593 24194 19591 13786 6644 1580 0 104,672
Pervious Runoff (m3) 8562 6864 6915 5573 1684 0 0 0 0 0 4032 8612 42,241
Pervious Infiltration (m3) 0 0 0 15654 722 0 0 0 0 0 1728 0 18,103
Potential Impervious Evaporation (mm) 7 5 6 8 9 8 10 8 9 8 9 7 92
Potential Impervious Runoff (mm) 61 49 50 69 79 69 88 76 77 68 80 62 827
Impervious Runoff (m3) 0 0 0 0 0 0 0 0 0 0 0 0 0

Pre-Development Infiltration 45,512  (m3/yr) 104 mm/yr 1.4 L/s
Pre-Development Runoff 95,159  (m3/yr) 218 mm/yr 3.0 L/s
Pre-Development Evapotranspiration 259,435  (m3/yr) 595 mm/yr 8.2 L/s

Notes:

N/A - Not Applicable

Assumptions: 
[1] The monthly average precipitation collected at the Roseville climate station is reflective of the precipitation trends that have historically occurred at the Site.
[2] Surplus water is not available for runoff and recharge during months where water losses from actual evapotranspiration exceed precipitation inputs. 
[3] Runoff, infiltration and evapotranspiration do not occur in months where the average daily temperature is below 0°C, which is the case for the months of December through March at the Site.  
[4] Precipitation during freezing months (i.e., December to March) is assumed to accumulate as snow and result in additional precipitation in the first month thereafter where the average temperature is greater than 0°C (i.e., April).
[5]  Soil moisture capacity is at a maximum in April.

† Infiltration factors after Ontario Ministry of the Environment, 2003. Stormwater Management Planning and Design Manual. March 2003.; and Ontario Ministry of Environment and Energy (MOEE).  1995.  
MOEE Hydrogeological Technical Information Requirements for Land Development Applications.  April 1995.
* PET adjustment factors after Thornthwaite, C.W., and J.R. Mather, 1957. Instructions and Tables for Computing Potential Evapotranspiration and the water balance. Drexel Institute of Technology, Laboratory of Climatology, Publications 
in Climatology, Volume X, No. 3. Centerton, New Jersey. 
‡ Climate Data after Environment Canada, 2017. Canadian Climate Normals 1981-2010, Roseville, Climate ID 6147188. [Online] http://climate.weather.gc.ca/climate_normals/index_e.html Accessed August 17 2017.
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APPENDIX E: 
Borehole Logs
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Loose to compact, brown, SILT
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- wet

Very stiff, brown sandy clay (CL)
TILL
- trace fine gravel
- APL

- stiff, grey

- very stiff

390.9

389.7

388.2

385.2

Tall Grass Field391.3
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DATES:  BORING

Field Vane Test, kPaContinued Next Page

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 668  E:  533 746 BH02-17

161413446

392.21WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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END OF BOREHOLE
approximately 10.7 m below
existing grade.

Borehole open and dry upon
completion of drilling. 50 mm
monitoring well installed in
borehole screened from
approximately 9.1 m to 10.7 m
below existing grade.
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DATES:  BORING

Field Vane Test, kPa

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 668  E:  533 746 BH02-17
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Erb Street and Wilmot Line, Waterloo, Ontario
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FILL: topsoil 50 mm

FILL: brown, silty sand
- some clay and topsoil
- trace gravel
- moist

brown, sandy silt
- some dark brown inclusions (no
organic odour)
- trace gravel

Hard, brown, sandy clay (CL) TILL
- trace gravel
- APL

- stiff to very stiff, grey

END OF BOREHOLE
approximately 6.7 m below existing
grade.

Water noted in open borehole
approximately 5.8 m below existing
grade.

393.4

391.8

391.1

387.4

Tall Grass/Gravel394.1
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Erb Street and Wilmot Line, Waterloo, Ontario
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TOPSOIL 300 mm

Loose, clayey SILT (ML)
- some rootlets
- moist

Firm to stiff, brown sandy clay (CL)
TILL
- trace gravel
- APL

Compact, brown SAND (SP)
- trace silt and gravel
- moist to wet

Stiff, grey sandy clay (CL) TILL
- trace gravel
- APL

END OF BOREHOLE
approximately 5.2 m below existing
grade.

Water noted in open borehole
approximately 3.0 m below existing
grade.
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Field Vane Test, kPa

BOREHOLE RECORD
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Pocket Penetrometer Test, kPa
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WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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FILL: topsoil 350 mm

FILL: brown silty clay
- some topsoil inclusions
- trace gravel
- wet

Very stiff to hard, brown, sandy
silty clay (ML-CL) TILL
- trace gravel
- WTPL

- grey

END OF BOREHOLE
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394.24WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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approximately 9.8 m below existing
grade.

Water noted in open borehole
approximately 6.1 m below existing
grade. 50 mm monitoring well
installed in borehole screened from
approximately 5.2 m to 6.7 m below
existing grade.
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Field Vane Test, kPa

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 718  E:  533 435 BH05-17

161413446

394.24WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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DYNAMIC CONE PENETRATION TEST, BLOWS/0.3m

STANDARD PENETRATION TEST, BLOWS/0.3m
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TOPSOIL 150 mm

Soft, brown silty CLAY (CL-ML)
- trace gravel and rootlets
- moist

Hard, brown, sandy silt (ML) TILL
- trace to some clay
- trace gravel
- APL-WTPL

- stiff to very stiff, grey
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Grass396.0
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Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 674  E:  533 504 BH06-17
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Erb Street and Wilmot Line, Waterloo, Ontario
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Loose to compact, grey SAND
(SP-SM)
- some silt, trace gravel
- moist to wet

END OF BOREHOLE
approximately 12.8 m below
existing grade.

Water noted in open borehole
approximately 11.6 m below
existing grade.
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BOREHOLE RECORD
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Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa
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WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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SA

REMARKS
&

GRAIN SIZE
DISTRIBUTION

(%)

O
R

 R
Q

D
(%

)

50 100 150 200

WP W

UNDRAINED SHEAR STRENGTH (kPa)

 T
C

R
(%

) 
/ S

C
R

(%
)

W L

SAMPLES

10 20 30 40 50 60 70 80 90 100
10

11

12

13

14

15

16

17

18

19

20

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

STRATA DESCRIPTION

D
E

P
T

H
 (

m
)

E
LE

V
A

T
IO

N
(m

)

D
E

P
T

H
 (

ft)

W
A

T
E

R
 L

E
V

E
L

S
T

R
A

T
A

 P
LO

T



10 43

5

9

11

17

16

16

20

16

25

1

2

3

4

5

6

7

8

9

SS

SS

SS

SS

SS

SS

SS

SS

SS

330
610

380
610

380
610

460
610

510
610

480
610

460
610

510
610

560
610

1334

TOPSOIL 600 mm

Firm to stiff, brown sandy clay (CL)
TILL
- trace gravel
- moist

Stiff, brown silty clay (CL) TILL
- some sand, trace gravel
- moist

Very stiff, grey, sandy silt (ML)
TILL
- some clay, trace gravel
- APL

END OF BOREHOLE
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393.62WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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approximately 9.8 m below existing
grade.

Borehole open and dry upon
completion of drilling. 50 mm
monitoring well installed in
borehole screened from
approximately 7.6 m to 9.1 m below
existing grade.
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DATES:  BORING

Field Vane Test, kPa

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 475  E:  533 708 BH07-17

161413446

393.62WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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TOPSOIL 400 mm

Loose, brown silty SAND (SP-SM)
- trace gravel
- moist

Stiff to very stiff, brown, sandy clay
(CL) TILL
- trace gravel
- APL-WTPL

Compact, brown silty SAND (SP)
- some clay, trace gravel
- wet

Very stiff to hard, grey, sandy clay
(CL) TILL
- trace gravel
- APL-WTPL

396.1

395.0

393.5

392.7

Tall Grass Field396.5
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Field Vane Test, kPaContinued Next Page

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa
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Erb Street and Wilmot Line, Waterloo, Ontario

T
Y

P
E

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

 (
m

m
)

N
-V

A
LU

E

GR SI CL

WATER CONTENT & ATTERBERG LIMITS

DYNAMIC CONE PENETRATION TEST, BLOWS/0.3m

STANDARD PENETRATION TEST, BLOWS/0.3m

SA

REMARKS
&

GRAIN SIZE
DISTRIBUTION

(%)

O
R

 R
Q

D
(%

)

50 100 150 200

WP W

UNDRAINED SHEAR STRENGTH (kPa)

 T
C

R
(%

) 
/ S

C
R

(%
)

W L

SAMPLES

10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8

9

10

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

STRATA DESCRIPTION

D
E

P
T

H
 (

m
)

E
LE

V
A

T
IO

N
(m

)

D
E

P
T

H
 (

ft)

W
A

T
E

R
 L

E
V

E
L

S
T

R
A

T
A

 P
LO

T

>>



32

26

10

11

SS

SS

510
610

580
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END OF BOREHOLE
approximately 12.8 m below
existing grade.

Water noted in open borehole
approximately 8.8 m below existing
grade.

383.7

386.5

Sheet 2 of  2

TPC ELEVATIONMay 4, 2017

City of Waterloo PROJECT  No.

DATUMLOCATION

DATES:  BORING

Field Vane Test, kPa

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 359  E:  533 768 BH08-17
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WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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2820

TOPSOIL 250 mm

Firm, brown, sandy clay (CL) TILL
- trace gravel
- APL

- very stiff

Compact, brown to grey SAND
(SP)
- trace gravel
- moist to wet

Very stiff, grey, sandy clay (CL)
TILL
- trace gravel
- APL

- hard

400.4

399.1

397.6

396.1

391.5

Farm Field400.7
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Field Vane Test, kPaContinued Next Page
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Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 232  E:  533 835 BH09-17
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401.55WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario

T
Y

P
E

N
U

M
B

E
R

R
E

C
O

V
E

R
Y

 (
m

m
)

N
-V

A
LU

E

GR SI CL

WATER CONTENT & ATTERBERG LIMITS

DYNAMIC CONE PENETRATION TEST, BLOWS/0.3m

STANDARD PENETRATION TEST, BLOWS/0.3m

SA

REMARKS
&

GRAIN SIZE
DISTRIBUTION

(%)

O
R

 R
Q

D
(%

)

50 100 150 200

WP W

UNDRAINED SHEAR STRENGTH (kPa)

 T
C

R
(%

) 
/ S

C
R

(%
)

W L

SAMPLES

10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8

9

10

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

STRATA DESCRIPTION

D
E

P
T

H
 (

m
)

E
LE

V
A

T
IO

N
(m

)

D
E

P
T

H
 (

ft)

W
A

T
E

R
 L

E
V

E
L

S
T

R
A

T
A

 P
LO

T



31

28

10

11

SS

SS

560
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END OF BOREHOLE
approximately 12.8 m below
existing grade.

Water noted in open borehole at
approximately 11.0 m below
existing grade. 50 mm monitoring
well installed in borehole screened
from approximately 10.7 m to 12.2
m below existing grade.

387.9

390.7
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Field Vane Test, kPa

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 232  E:  533 835 BH09-17

161413446

401.55WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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TOPSOIL 300 mm

Soft, brown silty CLAY (CL-ML)
- trace sand and gravel
- moist

Compact, brown silty SAND
(SP-SM)
- trace clay
- moist

Very stiff, brown, sandy clay (CL)
TILL
- trace gravel
- APL

- stiff, grey
- WTPL

END OF BOREHOLE
approximately 3.7 m below existing
grade.

Borehole open and dry upon
completion of drilling.

396.6

396.1

395.4

393.9

393.3

Grass396.9
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Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa
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Erb Street and Wilmot Line, Waterloo, Ontario
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STANDARD PENETRATION TEST, BLOWS/0.3m
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TOPSOIL 275 mm

Stiff to very stiff, brown, sandy clay
(CL) TILL
- trace gravel
- APL-WTPL

- hard

- very stiff, grey

Compact, brown SAND (SP)
- trace grey clay
- moist

END OF BOREHOLE
approximately 6.7 m below existing
grade.

Borehole open and dry upon
completion of drilling. 50 mm
monitoring well installed in
borehole screened from
approximately 4.0 m to 5.5 m below
existing grade.

395.5

394.0

390.2

389.6

Grass396.3
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BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 463  E:  533 406 BH11-17

161413446

397.13WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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STANDARD PENETRATION TEST, BLOWS/0.3m

SA

REMARKS
&

GRAIN SIZE
DISTRIBUTION

(%)

O
R

 R
Q

D
(%

)

50 100 150 200

WP W

UNDRAINED SHEAR STRENGTH (kPa)

 T
C

R
(%

) 
/ S

C
R

(%
)

W L

SAMPLES

10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8

9

10

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

STRATA DESCRIPTION

D
E

P
T

H
 (

m
)

E
LE

V
A

T
IO

N
(m

)

D
E

P
T

H
 (

ft)

W
A

T
E

R
 L

E
V

E
L

S
T

R
A

T
A

 P
LO

T

>>

>>



11 28

4

5

9

14

16

15

13

1

2

3

4

5

6

7

SS

SS

SS

SS

SS

SS

SS

560
610

560
610

460
610

460
610

430
610

510
610

460
610

1249

TOPSOIL 300 mm

Firm, brown, sandy clay (CL) TILL
- trace gravel
- APL-WTPL

Loose to compact, brown, silty sand
(SM) TILL
- trace gravel
- wet to moist

Stiff, brown, sandy clay (CL) TILL
- trace to some gravel
- APL

END OF BOREHOLE
approximately 6.7 m below existing
grade.

Borehole open and dry upon
completion of drilling.

405.9

404.7

403.2

399.5

Grass406.3

Sheet 1 of  1

TPC ELEVATIONMay 4, 2017

City of Waterloo PROJECT  No.

DATUMLOCATION

DATES:  BORING

Field Vane Test, kPa
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Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa
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Erb Street and Wilmot Line, Waterloo, Ontario
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TOPSOIL 150 mm

Stiff, brown silty CLAY (ML-CL),
TILL
- trace gravel
- moist

- very stiff

Very stiff to hard, grey, sandy clay
(ML-CL) TILL
- trace gravel
- APL

END OF BOREHOLE
approximately 6.7 m below existing
grade.

Water noted in open borehole
approximately 3.0 m below existing
grade.

396.3

394.9

394.2

389.8

Tall Grass396.5
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Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa
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TOPSOIL 150 mm

Loose to compact, brown, silty sand
(SM) TILL
- trace to gravel
- moist

Compact, brown, SAND (SP-SM)
- trace to some silt
- damp

- moist to wet

END OF BOREHOLE
approximately 6.7 m below existing
grade.

Borehole open and dry upon
completion of drilling.

405.9

403.0

399.3

Bean Farm Field406.1
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Pocket Penetrometer Test, kPa
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Erb Street and Wilmot Line, Waterloo, Ontario
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TOPSOIL 125 mm

Firm, brown, sandy clay (CL) TILL
- trace gravel
- APL

- hard

- grey

Loose, grey, SAND (SP)
- trace gravel and silt
- wet

Very stiff, grey, sandy clay (CL)
TILL
- trace gravel
- APL

END OF BOREHOLE
approximately 6.7 m below existing
grade.

Water noted in open borehole
approximately 3.4 m below existing
grade.
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Field Vane Test, kPa

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 605  E:  533 246 BH15-17

161413446

WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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1816

TOPSOIL 100 mm

FILL: brown, silty clay
- some sand and rootlets
- moist

Soft, brown, sandy silty clay
(CL-ML)
- trace rootlets
- wet

Firm, brown, sandy clay (CL) TILL
- trace gravel
- WTPL

- stiff

END OF BOREHOLE
approximately 3.7 m below existing
grade.

Water noted in open borehole
approximately 1.5 m below existing
grade.
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BOREHOLE RECORD
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Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 398  E:  533 327 BH16-17

161413446

WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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610

230
610

360
610
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610

380
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2027

TOPSOIL 400 mm

Loose to compact, brown, silty sand
(SM) TILL
- some clay and gravel
- wet

Stiff to very stiff, brown, sandy silty
clay (CL-ML) TILL
- trace gravel
- APL-WTPL

- grey

- hard

END OF BOREHOLE
approximately 5.2 m below existing
grade.

Water noted in open borehole
approximately 3.4 m below existing
grade. 50 mm monitoring well
installed in borehole screened from
approximately 3.0 m to 4.6 m below
existing grade.
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391.1

Bean Farm Field396.3
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City of Waterloo PROJECT  No.

DATUMLOCATION

DATES:  BORING

Field Vane Test, kPa

BOREHOLE RECORD

CLIENT

Pocket Penetrometer Test, kPa

Remoulded Vane Test, kPa

Pocket Penetrometer Test, kPa

Field Vane Test, kPa

Remoulded Vane Test, kPa

 N:  4 810 207  E:  533 536 BH17-17

161413446

397.22WATER LEVEL

Erb Street and Wilmot Line, Waterloo, Ontario
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Surface water level
0.94 m BTOC
.

Drive point stick up
1.37 m above stream
bed
.

25.4 mm steel pipe
.

Drive point screen
0.81 to 1.26 m BGS
.
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Lithologic Description

SUBSURFACE PROFILE

Project:

Client:

Location:

Number:

Field investigator:

Contractor:

 Drive Point Piezometer: DP1-17

WSEL Lands

City of Waterloo

Waterloo, ON

161413446

AV

Stantec

Drilling method:

Date started/completed:

Ground surface elevation:

Top of casing elevation:

Easting:

Northing:

Post Hole Driver

26-Jul-2017

n/a

n/a

n/a

n/a

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
n/a - not available

Screen Interval:     0.81 - 1.25 m BGS
Sand Pack Interval:   n/a
Well Seal Interval:   n/a
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Drive point stick up
0.84 m above stream
bed
.

25.4 mm steel pipe
.

Drive point screen
1.35 to 1.80 m BGS
.
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Lithologic Description

SUBSURFACE PROFILE

Project:

Client:

Location:

Number:

Field investigator:

Contractor:

 Drive Point Piezometer: DP2-17

WSEL Lands

City of Waterloo

Waterloo, ON

161413446

AV

Stantec

Drilling method:

Date started/completed:

Ground surface elevation:

Top of casing elevation:

Easting:

Northing:

Post Hole Driver

26-Jul-2017

n/a

n/a

n/a

n/a

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
n/a - not available

Screen Interval:     1.35 - 1.79 m BGS
Sand Pack Interval:   n/a
Well Seal Interval:   n/a
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Surface water level
0.90 m BTOC
.

Drive point stick up
1.42 m above stream
bed
.

25.4 mm steel pipe
.

Drive point screen
0.77 to 1.22 m BGS
.
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Lithologic Description

SUBSURFACE PROFILE

Project:

Client:

Location:

Number:

Field investigator:

Contractor:

 Drive Point Piezometer: DP3-17

WSEL Lands

City of Waterloo

Waterloo, ON

161413446

AV

Stantec

Drilling method:

Date started/completed:

Ground surface elevation:

Top of casing elevation:

Easting:

Northing:

Post Hole Driver

26-Jul-2017

n/a

n/a

n/a

n/a

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
n/a - not available

Screen Interval:     0.77 - 1.21 m BGS
Sand Pack Interval:   n/a
Well Seal Interval:   n/a
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Ground Surface
TOPSOIL
loose, organics, dry
SILT
firm, yellowish brown, trace fine gravel, trace clay starting at 0.69 m BGS

SILTY CLAY
firm, brown, trace fine and coarse gravel, moist from 2.13 to 2.18 m BGS

silt seam at 33.96 m, 0.05 m  thick

SILT TILL
firm, yellowish brown, trace fine and coarse gravel, dry

color change to dark grey at 4.6 m BGS

SAND
dark yellowish brown, medium sand, some silt, wet
SILT TILL
firm, yellowish brown, some clay, trace to some fine to coarse gravel, dry

cobbles from 8.2 to 9.5 m BGS

transition back to fine to coarse gravel at 9.5 m BGS

0.00
404.25
0.10

402.22
2.13

400.08
4.27

397.36
6.99

397.16
7.19

405.26

404.35

1

2

3

4

5

6

56"
 93%

45"
 75%

22"
 37%

60"
 100%

60"
 100%

39"
 65%

PQ

PQ

PQ

PQ

PQ

PQ

Above ground
casing
.

Bentonite
Holeplug
0 to 0.91 m
.

126.2 mm
diameter borehole
.

Above Ground
Casing
.

Bentonite
Holeplug
0 to 0.91 m
.

209.6 mm
diameter borehole
.

Bentonite Grout
0.91 to 10.62 m
BGS
.

Groundwater
Level
10-Jul-2018
9.46 m BGS

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample

n/a - not available/applicable

 Monitoring Welll: W-EB-OW1A/B-18

Depth

Field Investigator:

Contractor:

Drilling method:

Date started/completed:

SB/CD

Aardvark Drilling

PQ coring

11-Jun-2018  / 16-Jun-2018
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Waterloo West Side Employment Lands

City of Waterloo

Waterloo, ON
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SAMPLE DETAILS

S
am

pl
e

T
yp

e

Name: W-EB-OW1A-18
GS Elev: 404.35 m AMSL
TOC Elev: 405.15 m AMSL
Easting: 533415
Northing: 4810068
Stick-up: 0.80 m

Name: W-EB-OW1B-18
GS Elev: 404.47 m AMSL
TOC Elev: 405.28 m AMSL
Easting: 533600
Northing: 4810068
Stick-up: 0.81 m

WELL DETAILS



SILT TILL
firm, yellowish brown, some clay, trace to some fine to coarse gravel, dry

SILTY SAND
compact, dark greyish brown, fine sand, dry
wet between 11.13 to 11.22 m BGS

becomes wet at 12.3 m BGS

sand layer, firm, dark greyish brown, medium to fine sand, trace silt, wet from 12.62 to 12.83 m

sand layer, firm, dark greyish brown, medium to fine sand, trace silt, wet from 13.18 to 13.28 m

SILT TILL
compact to dense, olive brown, trace clay, trace fine sand, trace fine gravel, dry

SILTY SAND
compact, dark greyish brown, fine sand, moist

SILT TILL
very dense, olive brown, trace clay, trace fine sand, trace fine gravel, dry

SILT
compact, olive brown, moist

SILT TILL
very dense, olive brown, trace clay, trace fine sand, trace fine gravel, dry

SAND
loose, yellowish brown, fine sand, trace silt, dry

393.30
11.05

390.99
13.28
390.99
13.36
390.63
13.72

389.77
14.58

386.06
18.29
385.76
18.59

384.46
19.89

7
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13

60"
 100%

60"
 100%

55"
 92%

60"
 100%

57"
 95%

60"
 100%

60"
 100%

PQ

PQ

PQ

PQ

PQ

PQ

PQ

Bentonite Grout
0.91 to 57.6 m
BGS
.

.

Bentonite Pellets
10.62 to 11.22 m
BGS
.

No. 2 Silica Sand
11.22 to 13.54 m
BGS
.

No. 10 Slot
Schedule 40
PVC Screen
51 mm Diameter
12.02 to 13.54 m
BGS
.

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample

n/a - not available/applicable

 Monitoring Welll: W-EB-OW1A/B-18

Depth

Field Investigator:

Contractor:

Drilling method:

Date started/completed:

SB/CD

Aardvark Drilling

PQ coring

11-Jun-2018  / 16-Jun-2018
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SAMPLE DETAILS

S
am

pl
e

T
yp

e

Name: W-EB-OW1A-18
GS Elev: 404.35 m AMSL
TOC Elev: 405.15 m AMSL
Easting: 533415
Northing: 4810068
Stick-up: 0.80 m

Name: W-EB-OW1B-18
GS Elev: 404.47 m AMSL
TOC Elev: 405.28 m AMSL
Easting: 533600
Northing: 4810068
Stick-up: 0.81 m

WELL DETAILS



SAND
loose, yellowish brown, fine sand, trace silt, dry

SAND
loose, brown, medium and fine sand, trace silt, dry

SAND
loose, greyish brown, medium and coarse sand, moist
SAND
loose, brown, medium and fine sand, trace silt, moist

compact clay seam, dry, 28.5 to 28.6 m BGS
SAND
loose, yellowish brown, fine sand, trace silt, dry

SAND
loose, greyish brown, medium sand, some coarse sand, moist

color change to dark greyish brown, some fine sand, becomes wet at 30.48 m BGS

380.58
23.77

379.81
24.54
379.56
24.79

375.77
28.58

374.17
30.18
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43"
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 35%

53"
 88%
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58"
 97%

PQ

PQ

PQ

PQ

PQ

PQ

PQ

Bentonite Grout
0.91 to 57.6 m
BGS
.

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample

n/a - not available/applicable
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S
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Name: W-EB-OW1A-18
GS Elev: 404.35 m AMSL
TOC Elev: 405.15 m AMSL
Easting: 533415
Northing: 4810068
Stick-up: 0.80 m

Name: W-EB-OW1B-18
GS Elev: 404.47 m AMSL
TOC Elev: 405.28 m AMSL
Easting: 533600
Northing: 4810068
Stick-up: 0.81 m

WELL DETAILS



SAND
loose, greyish brown, medium sand, some coarse sand, moist

SAND
loose, pale brown, fine sand, trace to some medium sand, trace silt, moist to wet
SAND
loose, greyish brown, medium sand, some fine sand, wet

SAND
loose, pale brown, fine sand, trace to some medium sand, trace silt, moist

silt seam at 34.6 m, 0.05 m thick

SAND
loose, greyish brown, medium sand, some fine sand, moist

SAND
loose, pale brown, fine sand, trace to some medium sand, trace silt, moist
black silt laminations between 35.4 and 35.5 m BGS
becomes wet at 35.5 to 35.7 m BGS

firm, light yellowish brown, silt seam, dry, 37.1 to 37.2 m BGS

black silt laminations between 37.3 and 37.7 m BGS

firm, light yellowish brown, silt seam, dry, 38.7 to 38.8 m BGS

black silt laminations between 38.9 and 41.1 m BGS, 0.001-0.005 m thick

silt content increases to some at 41.4 m BGS

372.12
32.23
371.84
32.51

371.41
32.94

369.60
34.75

369.20
35.15

362.64

21
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25
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55"
 92%

54"
 90%

53"
 88%

60"
 100%

52"
 87%

PQ

PQ

PQ

PQ

PQ

PQ

PQ

Bentonite Grout
0.91 to 57.6 m
BGS
.

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample

n/a - not available/applicable
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SAMPLE DETAILS

S
am

pl
e

T
yp

e

Name: W-EB-OW1A-18
GS Elev: 404.35 m AMSL
TOC Elev: 405.15 m AMSL
Easting: 533415
Northing: 4810068
Stick-up: 0.80 m

Name: W-EB-OW1B-18
GS Elev: 404.47 m AMSL
TOC Elev: 405.28 m AMSL
Easting: 533600
Northing: 4810068
Stick-up: 0.81 m

WELL DETAILS



SAND
loose, greyish brown, medium sand, some fine sand, wet

SILTY SAND
firm, light olive brown, fine sand, dry

SAND
loose, pale brown, fine sand, trace to some medium sand, trace silt, dry to moist

SAND
loose, greyish brown, medium sand, some fine sand, moist

SAND
loose, pale brown, fine sand, trace to some medium sand, trace silt, dry

SILTY SAND
firm, yellowish brown, dry

clayey silt till at 45.72 m BGS 0.15 m thick

medium sand seam at 46.5 m, 0.18 m thick

becomes moist at 47 m BGS

SAND
loose, pale brown, fine sand, trace to some medium sand, trace silt, dry

SILT
firm, dark yellowish brown, dry

SAND
loose, greyish brown, medium sand, some fine sand, dry to moist

black silt laminations between 49.8 and 50.1 m BGS

SAND
loose, pale brown, fine sand, trace to some medium sand, trace to some silt, dry to moist

41.71

362.24
42.11

361.37
42.98

360.28
44.07

359.64
44.71
359.32
45.03

356.42
47.93

355.83
48.52

355.18
49.17

353.75
50.60
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 90%
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 85%

n/a

n/a

n/a

n/a

PQ

PQ

PQ

PQ

PQ

PQ

PQ

Schedule 40
PVC Riser
0 to 59.13 m
.

Groundwater
Level
10-Jul-2018
49.98 m BGS
.

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample

n/a - not available/applicable
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SAMPLE DETAILS

S
am

pl
e

T
yp

e

Name: W-EB-OW1A-18
GS Elev: 404.35 m AMSL
TOC Elev: 405.15 m AMSL
Easting: 533415
Northing: 4810068
Stick-up: 0.80 m

Name: W-EB-OW1B-18
GS Elev: 404.47 m AMSL
TOC Elev: 405.28 m AMSL
Easting: 533600
Northing: 4810068
Stick-up: 0.81 m

WELL DETAILS



SAND
loose, pale brown, fine sand, trace to some medium sand, trace to some silt, dry to moist

becomes wet at 53.0 m BGS

becomes compact to dense at 53.3 m BGS, angled laminations of black

SAND
very dense, grey, fine sand, trace to some silt, dry,

saturated loose layers at 56.4 to 56.7 m BGS
colour change to dark grey

saturated loose layers at 57.7 to 58.4 m BGS

SANDY CLAYEY SILT
soft, fine sand, saturated

SAND
compact to dense, fine sand, trace to some silt, varved with black, wet

SILTY SAND
dense, dark greyish brown, trace clay in clumps, wet, layered with fine sand

SAND WITH SILT LAYERS
compact, dark greyish brown, fine sand, wet, layers of silt
SILTY SAND WITH CLAY LAYERS
dense, very dark greyish brown, varves of fine sand and clay

End of Borehole

349.49
54.86

345.93
58.42

344.91
59.44

343.31
61.04

342.93
61.42
342.68
61.67

342.17
62.18

35
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39
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41

44.5"
 74%

47"
 78%

55"
 92%

58"
 97%

58"
 97%

54"
 90%

44"
 92%

PQ

PQ

PQ

PQ

PQ

PQ

PQ

Peltonite Pellets
57.6 to 58.8 m
BGS
.

No. 0 Silica Sand
58.8 to 62.2 m
BGS
.

No. 10 Slot
Schedule 40
PVC Screen
51 mm Diameter
59.13 to 62.18 m
BGS
.

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample

n/a - not available/applicable
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SAMPLE DETAILS

S
am

pl
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T
yp

e

Name: W-EB-OW1A-18
GS Elev: 404.35 m AMSL
TOC Elev: 405.15 m AMSL
Easting: 533415
Northing: 4810068
Stick-up: 0.80 m

Name: W-EB-OW1B-18
GS Elev: 404.47 m AMSL
TOC Elev: 405.28 m AMSL
Easting: 533600
Northing: 4810068
Stick-up: 0.81 m

WELL DETAILS



 

 

APPENDIX F: 
Laboratory Certificates of Analysis











































APPENDIX G: 
Hydraulic Conductivity Analytical Solutions
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WELL TEST ANALYSIS

Data Set:  W:\active\161413446\planning\field_data\k-tests\aqtesolv\BH05-17_K-test.aqt
Date:  07/11/17 Time:  16:27:40

PROJECT INFORMATION

Company:  Stantec Consulting 
Client:  City of Waterloo
Project:  161413446
Location:  Waterloo, Ontario
Test Well:  BH05-17
Test Date:  18-May-17

AQUIFER DATA

Saturated Thickness:  4.7 m Anisotropy Ratio (Kz/Kr):  0.5

WELL DATA (MW5-17)

Initial Displacement:  4.44 m Static Water Column Height:  4.7 m
Total Well Penetration Depth:  4.7 m Screen Length:  1.52 m
Casing Radius:  0.0254 m Well Radius:  0.1048 m

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.4E-7 m/sec y0 = 6.981 m
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WELL TEST ANALYSIS

Data Set:  W:\active\161413446\planning\field_data\k-tests\aqtesolv\BH07-17_K-test.aqt
Date:  07/11/17 Time:  16:37:11

PROJECT INFORMATION

Company:  Stantec Consulting 
Client:  City of Waterloo
Project:  161413446
Location:  Waterloo, Ontario
Test Well:  BH07-17
Test Date:  18-May-17

AQUIFER DATA

Saturated Thickness:  7.08 m Anisotropy Ratio (Kz/Kr):  0.5

WELL DATA (BH07-17)

Initial Displacement:  6.34 m Static Water Column Height:  7.08 m
Total Well Penetration Depth:  7.08 m Screen Length:  1.52 m
Casing Radius:  0.0254 m Well Radius:  0.1048 m

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 2.407E-8 m/sec y0 = 7.085 m
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WELL TEST ANALYSIS

Data Set:  W:\active\161413446\planning\field_data\k-tests\aqtesolv\BH09-17_K-test.aqt
Date:  07/11/17 Time:  16:46:53

PROJECT INFORMATION

Company:  Stantec Consulting 
Client:  City of Waterloo
Project:  161413446
Location:  Waterloo, Ontario
Test Well:  BH09-17
Test Date:  18-May-17

AQUIFER DATA

Saturated Thickness:  1.98 m Anisotropy Ratio (Kz/Kr):  0.5

WELL DATA (BH09-17)

Initial Displacement:  1.88 m Static Water Column Height:  1.98 m
Total Well Penetration Depth:  1.98 m Screen Length:  1.52 m
Casing Radius:  0.0254 m Well Radius:  0.1048 m

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 2.562E-7 m/sec y0 = 0.6247 m
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WELL TEST ANALYSIS

Data Set:  W:\active\161413446\planning\field_data\k-tests\aqtesolv\BH17-17_K-test.aqt
Date:  07/11/17 Time:  16:55:10

PROJECT INFORMATION

Company:  Stantec Consulting 
Client:  City of Waterloo
Project:  161413446
Test Well:  BH17-17
Test Date:  18-May-17

AQUIFER DATA

Saturated Thickness:  3.42 m Anisotropy Ratio (Kz/Kr):  0.5

WELL DATA (BH17-17)

Initial Displacement:  3.13 m Static Water Column Height:  3.42 m
Total Well Penetration Depth:  3.42 m Screen Length:  1.52 m
Casing Radius:  0.0254 m Well Radius:  0.1048 m

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.002E-7 m/sec y0 = 3.088 m
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WELL TEST ANALYSIS

Data Set:  W:\active\161413446\planning\field_data\k-tests\aqtesolv\mw4-4_test 1_ah.aqt
Date:  07/11/17 Time:  17:02:09

PROJECT INFORMATION

Company:  Stantec Consulting 
Client:  City of Waterloo
Project:  161413446
Test Well:  MW7-17
Test Date:  18-May-17

AQUIFER DATA

Saturated Thickness:  4.07 m Anisotropy Ratio (Kz/Kr):  0.5

WELL DATA (MW4-4)

Initial Displacement:  3.59 m Static Water Column Height:  4.07 m
Total Well Penetration Depth:  4.07 m Screen Length:  1.52 m
Casing Radius:  0.0254 m Well Radius:  0.1048 m

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 7.603E-7 m/sec y0 = 4.233 m
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