
 

 

 

 

 

 

 

 

 

4. Discussion of Results 


4.1 Site Geology 
The data from the private well logs and borehole logs were used to construct five geologic 
cross-sections for the area within approximately 500 metres of the site. Figure 4-1 shows the 
cross-section locations. 

The hydrogeologic and geotechnical drilling program provided stratigraphical information 
for the shallow overburden. Interpretation of the stratigraphical units is based on borehole 
logs and corroborated by reports for nearby properties (Naylor 2004, Stantec 2005). Onsite 
stratigraphy is interpreted as follows: 

•	 Silt/sand – this uppermost unit is generally comprised of fine sand with varying 
amounts of silt; and  

•	 Silt/clay – the underlying unit is comprised mainly of silt with varying amounts of 
clay. In some areas, this unit appears as a silty clay.  

The silt/sand unit is interpreted to be the presence of Aquifer 1 in the vicinity of the subject 
site and the underlying silt/clay unit the presence of Aquitard 2. 

The silt/sand unit is thinner on the north portion of the site compared to the south portion 
and the lands to the east. The off-site area located to the east of White Tail Crossing is 
delineated by cross-sections C-C’, D-D’ and E-E’ (Figures 4-4 to 4-6). Cross sections A-A’ 
and B-B’, that traverse the site in a north-south direction, show that the silt/sand unit 
appears fairly continuous across the site, with the exception of BH-06-9, where the silt/clay 
unit is at surface (Figures 4-2 and 4-3). The upper silt/sand layer found on site ranges from 
approximately 1.5 to 48 metres thick. This thickness is greatest at MW6 located 
approximately 400 metres to the south east of the site. West of the site, the sand/silt unit is 
absent at ground surface and the surficial silt/clay unit is present in the Regional wells 
(McNally and TR 2-64-91). 

One objective of the investigation was to determine the thickness of the silt/clay layer at the 
site. Cross-sections A-A’, B-B’, and D-D’ show a silt/clay unit beneath the upper silt/sand 
unit at most locations (Figure 4-2, 4-3 and 4-5). BH-06-13 was drilled to a depth of 25 m 
where a 4-metre thick layer of silty clay was identified between an approximate elevation of 
353 and 349 m AMSL. This borehole was terminated in a layer of sand. The sand unit 
underlying the clay was also identified in well P-06-8 and a sand lense was identified in the 
McNally well. A clay unit has also been identified in two regional wells (McNally and 
TR 2-64-91) at a depth of approximately 30 metres below ground surface (mbgs). The 
elevation of the clay unit is approximately 335 m AMSL at the McNally site and 
320 m AMSL at TR 2-64-91 (ground surface at the subject site varies from approximately 
351 m AMSL and 370 m AMSL). The McNally well and well TR 2-64-91 are presented in 
cross-section E-E’, that transects the site from east to west. As shown in cross section C-C’ 
(Figure 4-4), to the east of the subject site, the silt/clay unit occurs at an elevation of 
approximately 325 m AMSL (see MW6). It is evident from cross sections D-D’ (Figure 4-5) 
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DISCUSSION OF RESULTS 

and E-E’ (Figure 4-6) that the silt/clay unit is present beneath the White Tail Crossing site 
and dips downward beneath the adjacent site to the east (towards Erbsville Road). 

Based on the geologic data obtained during the site investigation the surficial silt/sand unit 
is interpreted as an unconfined aquifer. The underlying silt/clay unit is consistent with the 
Lower Maryhill Till. The Lower Maryhill Till unit appears continuous across the site 
(Figures 4-2 and 4-3) with the exception of BH-06-14. At the location of BH-06-14, fine sands 
were observed to a depth of 22.9 metres, where the borehole was terminated. At a depth of 
20.1 metres very fine sand with clay was observed and therefore was interpreted to be part 
of the silt/clay unit. 

Naylor Engineering (2006) conducted grain size analyses which confirmed the stratigraphic 
interpretations. Three gradation analyses showed that the upper stratigraphic unit on site is 
a sand and silt, silt till, and silt (Appendix A).  

Sands and silts in the southern portion of the subject site are compact while the more 
northerly silts and sands are loose to compact (Appendix A). 

The continuity of the lower silt/clay unit is of significance since it acts as a protective barrier 
for the underlying regional aquifer unit. The continuity in this clay unit would result in slow 
transport of potential contamination into the underlying aquifer. The presence of the 
silt/clay aquitard (Maryhill Till) at depth beneath the site provides protection for the 
underlying aquifer.  Although White Tail Crossing is located on the Waterloo Moraine, it is 
insignificant in size and is not considered a significant recharge area for the water supply 
aquifer associated with the Waterloo Moraine (Figure 3-2). The small size of the subject site 
combined with the presence of the continuous silt/clay aquitard at depth indicates that 
development of the site will have a negligible impact to the underlying water supply 
aquifer.  
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DISCUSSION OF RESULTS 

4.2 Site Hydrogeology 
4.2.1 Groundwater Elevations 
Groundwater elevations measured during the site wide monitoring event are presented 
below in Table 4.1. 

TABLE 4.1 
GROUND SURFACE AND WATER LEVEL ELEVATIONS: JULY 19, 2006 

Well Identification Ground Surface Elevation Water Level 
(m AMSL) (m AMSL) 

MW06-7D 364.23 353.74 

MW06-7S 364.23 355.51 

P-06-1 352.55 350.88 

P-06-2 353.30 351.01 

P-06-3 354.28 351.80 

P-06-4 354.63 353.61 

P-06-6 370.45 354.86 

P-06-8 353.48 351.22 

MW1 351.22 348.60 

MW3 357.95 355.55 

m AMSL – metres above mean sea level 

Historic groundwater elevation data is provided in Appendix C. 

At the time the study (July and August 2006), monitoring well MW2 was covered by a fallen 
tree (which has been subsequently removed). A review of the historical data indicates that 
the groundwater level at MW2 has been approximately 2m higher than the groundwater 
level at MW1. In order to assist with the July 19, 2006 interpretation, a groundwater level of 
350.6 m AMSL was used at the MW2 location. 

The groundwater levels were used to produce groundwater contours for the site and 
estimate local groundwater flow directions. Groundwater is interpreted to flow to the west, 
towards the tributary of Monastery Creek on the west side of the subject site, and Monastery 
Creek itself (Figure 4-7). The direction of groundwater flow generally mimics the site’s 
topography. 

Historic groundwater elevation data has been obtained at monitoring wells MW1, MW2, 
and MW3 (Appendix C). The July 2006 data appears to be generally consistent with data 
recorded between 2005 and 2007. The spring of 2008 was an exceptionally wet period and 
groundwater elevations recorded during this time were approximately 1.5m higher than 
those observed in July 2006. Applying a 1.5m increase in groundwater elevation across the 
site would result in the shallow groundwater flow system presented in Figure 4-8. The 
approximate location of the site’s proposed stormwater management pond is also shown on 
Figure 4-8. Based in this interpretation, it appears that there will be a separation between the 
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DISCUSSION OF RESULTS 

high groundwater elevation anticipated for the site and the bottom of the stormwater pond 
and invert ranging from approximately 0.25 m to 3.5 m. The reader is referred to the site’s 
Design prepared by PEIL. 

4.2.2 Hydraulic Gradients 
Based on the July 2006 data, the horizontal hydraulic gradients at the subject site range from 
approximately 0.02 m/m at the relatively flat areas of the site to approximately 0.1 m/m on 
the sloped area of the site (in the vicinity of McNally Lane). As the site is primarily flat, a 
horizontal gradient of 0.02 m/m will be utilized for velocity and flux calculations. 

The vertical gradient calculated at the MW-06-7S/MW-06-7D location of 0.16 m/m 
downward is approximately an order of magnitude greater than the average horizontal 
gradient at the site (of 0.02 m/m). This indicates that in the silt/sand unit, there is a 
tendancy for groundwater to migrate vertically downward. 

4.2.3 Hydraulic Conductivity 
Hydraulic conductivities were estimated using the data collected during the single well 
response tests. The AquiferWin program was used to analyze the data using the Bower and 
Rice (1976) solution method. Graphs are presented in Appendix F. The Bouwer and Rice 
method is suitable for unconfined aquifers where the head in the well is lowered 
instantaneously and where the well partially or fully penetrates the saturated thickness of 
the aquifer. Hydraulic conductivity values were in general agreement with historical values 
presented in the Final Subwatershed Management Plan (PEIL, 1996) and Hydrogeologic and 
Geotechnical Study (Stantec, 2005). Table 4.2 presents the estimated hydraulic conductivity 
values. Estimated hydraulic conductivities range from 4.1 x 10-6 to 7.2 x 10-8 m/s. 

The Naylor grain size analysis for BH-06-12 (Naylor designation BH101) was used to 
calculate the hydraulic conductivity using the Hazen approximation: 

K=C(d10)2 

where K = hydraulic conductivity 
C = a coefficient based on grain size 
d10 = effective grain size in mm 

A coefficient of 60 was used and is considered reasonable for a fine sand with appreciable 
fines. A d10 value of 0.002 cm was used based on the grain size distribution graph presented 
in Appendix A. 

The soil at this location is classified as a sand and silt. The hydraulic conductivity estimated 
using this method is 2 x 10-6 m/s. This is consistent with the values estimated from the 
single well response tests.  

Hydraulic conductivities in the 10-6 to 10-8 m/s range are consistent with values reported in 
Freeze and Cherry (1979) for a silty sand formation.  
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DISCUSSION OF RESULTS 

TABLE 4.2 
SUMMARY OF HYDRAULIC CONDUCTIVITIES 

Historical Hydraulic 
Conductivity (m/s)2 

Well Identification 
Hydraulic 

Conductivity (m/s)1 PEIL 1996 
Stantec 

2005 Stratigraphic Unit 

MW-06-7D 5.4 x 10-7 4.4 x 10-6 to 
8.9 x 10-7 

2.6 x 10-5 to 
5.6 x 10-6 Silt/sand 

MW1 4.8 x 10-6 4.4 x 10-6 to 
8.9 x 10-7 

2.0 x 10-7 to 
1.4 x 10-8 

Silt/Sand/Gravel 
some Clay 

MW3 7.2 x 10-8 2.0 x 10-7 to 
1.4 x 10-8 Silt/Clay 

P06-8 4.1 x 10-6 1.6 x 10-7 to Sand with silt and 
1.8 x 10-8 clay 

1 Hydraulic conductivity obtained using a Bouwer Rice analysis in AquiferWin for single well response test  

2 Range of hydraulic conductivities for similar stratigraphic units at nearby locations 


4.2.4 Groundwater Velocity 
The average linear velocity (v) of the groundwater may be estimated using the following 
equation: 

v = Ki/n 

where v = average linear velocity 
K = hydraulic conductivity 
i = horizontal hydraulic gradient  
n = porosity 

Based on the average horizontal hydraulic gradient (0.02 m/m), and the range in hydraulic 
conductivity values, the estimated average linear velocity is between 1.5 and 7 m/yr for the 
silt/sand unit. A porosity value of 0.35 was used and considered reasonable for the 
silt/sand unit. The groundwater travel time was also calculated for the silt/clay unit, a 
porosity value of 0.5 was used and considered reasonable in this calculation. The calculation 
yielded a groundwater velocity of 0.09 m/yr for the silt/clay unit. 

4.3 Water Budget 
As documented in the Scoped Subwatershed Report for the subject site (PEIL, 1999), the 
water balance for the Laurel Creek Watershed is as follows: 

• Total Precipitation: 830 to 1,000 mm/yr (typically 900 mm/yr) 

• Total Evapotranspiration: 550 to 575 mm/yr 

• Total Water Surplus: 300 to 425 mm/yr 
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Based on the soil types identified at the site (Waterloo and Heidelberg fine sandy loam), an 
annual infiltration rate of 228 mm/yr has been identified as being appropriate. 

With regards to infiltration and groundwater flux, the subject site has two distinct features: 
the tributary to Monastery Creek located adjacent to the west property boundary on the 
north portion of the site (north of McNally Lane), and a thick sand/silt formation that 
dominates the geology of the south portion of the site (south of McNally Lane) (Figure 2-1).  

As noted in their letter of January 22, 2008 (Appendix G), Naylor indicates that “The soil 
deposits are considered suitable for at-source stormwater infiltration provided that the infiltration 
galleries have overflow outlets to the storm sewers”. The stormwater and infiltration structures 
for the subject site have been designed by PEIL. The reader is directed to the PEIL design 
and reports for additional information. 

Figure 4-9 presents a simplified water budget for the Site. Based on the average annual 
precipitation data, the estimated groundwater discharge to the Tributary of Monastery 
Creek under pre-development conditions is 7,750 m3/yr. 

A Draft site plan provide by PEIL shows only three building lots and the Stormwater 
Management Pond in the north portion of the property (Appendix H). Because the proposed 
development features in the north portion of the site will have minimal impact on the ability 
of rainfall to infiltrate to the subsurface in this area of the site, it is anticipated that there will 
be little to no change to volume of groundwater discharged to the Tributary of Monastery 
Creek post-development. 

Preliminary calculations by PEIL indicate that approximately 11,000 m3 of water will be 
directed from the south portion of the site to the stormwater pond per year. The bottom of 
the pond will be unlined (i.e. constructed with native/site soils) with an exfiltration gallery 
along the west side. The majority of the stormwater that enters the pond is expected to 
discharge via the exfiltration gallery within a few days of a rainfall event. With this 
configuration, it is anticipated that groundwater flux to the Tributary of Monastery Creek 
post-development will be maintained if not increased slightly. 

As noted in the report, the average linear groundwater velocity in the silt/sand was 
estimated to range from 1.5 to 7 m/yr. Therefore it will take groundwater between 
approximately 7 and 33 years to travel the 50 m from the stormwater pond to the ESPA. 
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DISCUSSION OF RESULTS 

4.4 Private Water Well Survey 
The Region of Waterloo provided two wells logs for private wells (McNally well and well 
TR2-64-91) located within approximately 500 metres of the site. Well logs for wells 1000587, 
6502881, 6505651, and 6506201 were obtained from the MOE Water Well Information 
System. Private well locations are shown in Figure 4-1. Details from the private well logs are 
presented in cross-sections A-A’, B-B’, and E E’ (Figures 4-2, 4-3, and 4-6). Table 4.3 outlines 
the locations and elevations of the private wells. 

TABLE 4.3 
PRIVATE WELL LOCATIONS 

Well Identification Ground Elevation (m AMSL) UTM Co-ordinates 

1000587 347.9 531869, 4813549.99 

6502881 352.05 531612.4, 4813440.39 

6505651 353.88 431604.4, 481332.4 

6506201 355.1 5311770.41, 4813270.4 

McNally Well 355.8 531876, 4813148.99 

TR2-64-91 352.13 532536, 4813696 

4.4.1 Potential for Well Interference 
The proposed subdivision will be municipally serviced, therefore, the private wells will not 
be impacted due to the extraction of groundwater at White Tail Crossing. 

Construction features and techniques, such as stormwater management ponds and roof 
leader soak-away pits will allow for local groundwater recharge to be maintained following 
development of the site. Therefore, the potential impact to groundwater level(s) at the 
nearby private wells is anticipated to be low. 

The two closest private wells, the McNally well and location 6506201 (see Figures 4-1, 4-2, 
and 4-6) are screened in a sand formation beneath approximately 18 m of a silt/clay 
formation. Therefore, the potential for impacts to these locations with respect to 
groundwater quantity or quality are considered to be very low. 

4.5 Potential Groundwater Quality Impacts 
For developed areas, a groundwater contaminant of concern is road salt. In 1997, the Region 
of Waterloo became concerned about road salt contamination when elevated chloride 
concentrations were detected in urban wells (Region of Waterloo, 2001). As a result, the 
Region of Waterloo developed a program to reduce salt loading through the use of pre-
wetted road salts, metered applications of road salt and the use of liquid anti-icing 
chemicals (Region of Waterloo, 2006). These practices are intended to mitigate the effect of 
road salting on groundwater quality. 
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DISCUSSION OF RESULTS 

CH2M HILL understands that the road through the development may be considered a 
secondary road and may not be salted by the City/Region. However, an evaluation of the 
potential for road salt to impact the groundwater zone is provided below. 

The Ministry of Environment (MOE) Reasonable Use Policy (Guideline B-7) establishes the 
basis for determining the “reasonable use” of groundwater on property adjacent to sources 
of contaminants. The maximum allowable offsite contaminant concentration is based on the 
flowing equation: 

Cm = Cb + x(Cr-Cb) 

Where: 

Cm is the maximum calculated concentration of the particular contaminant 

Cb is the background concentration of the particular contaminant in the groundwater before 
it has been affected by human activity; 

Cr is the maximum concentration of the particular contaminant in accordance with Ontario 
Drinking Water Standards (ODWS); and 

x is a constant that reduces the contamination to a level that is considered by the MOE to 
have only a negligible effect on the use of water. For drinking water x is 0.5 for non-health 
related parameters or 0.25 for health related parameters. For other reasonable uses it is 0.5. 

PEIL obtains groundwater samples from the site on an annual basis. The typical chloride 
concentrations between 2005 and 2007 at the various groundwater monitoring well locations 
is as follows: 

•	 MW1: 5 mg/L 
•	 MW2: <2 mg/L 
•	 MW 3: 75 mg/L 

Using 5 mg/L as the background chloride concentration, an ODWS chloride criterion of 250 
mg/L (Cr) and an “x” constant of 0.5, the Cm for chloride for the site was calculated to be 
127.5 mg/L. 

It is estimated that 6.06 tonnes of chloride per year will be applied to the development, 
based on the following information/assumptions: 

•	 A salt application rate of 20 tonnes per 2 lane km per year (application rate provided by 
the City of Waterloo) 

•	 0.5 km of 2 lane road in the development 

•	 Typical salts are composed of approximately 60.6% chloride by weight and 39.4% of 
sodium. 

Assuming a distribution of 75/25 between runoff and infiltration, a net chloride loading of 
1.52 tonnes/yr to the groundwater zone is predicted for the development. 

Based on an infiltration rate of 228 mm/yr over the 6 ha (60,000 m2) development, 
CH2M HILL estimates the potential chloride concentration in the groundwater to be 
approximately 111 mg/L. This value is less than the Reasonable Use criterion of 127.5 mg/L 
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calculated above. Therefore, the chloride loading assessment for the Site suggests that the 
application of de-icing salts within the proposed development will not cause chloride levels 
in groundwater to exceed the MOE Reasonable Use criterion. The above assessment is likely 
a worst case scenario as it assumes that the road is salted throughout the winter season 
whereas it may not receive any salt whatsoever. 
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