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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder Associates) carried out a hydrogeological investigation for a proposed residential 
subdivision located on part of Lot 26, Concession 4, geographic Township of Goulbourn, City of Ottawa 
(hereafter referred to as the “site”) as shown on Figure 1.  

The site consists of a parcel of land measuring 4.0 hectares in size which is to be subdivided into 
59 residential lots with lot sizes of 0.04 to 0.07 hectares (see Figure 2). The site is to be serviced by individual 
wells. The lots will be connected to residential waste water services, and as such, an impact assessment for 
septic services has not been conducted. 

This study does not address the construction of earth energy systems, which require a building permit and may 
require approval from the Ministry of the Environment and Climate Change (MOECC). 

Curricula vitae for the report authors are included as Appendix A. 

1.1 Technical Guidance Documents 
This study was carried out according to the following MOECC guidance documents: 

 Procedure D-5-5. Technical Guideline for Private Wells: Water Supply Assessment (August 1996); and, 

 MOEE Hydrogeological Technical Information Requirements for Land Development Applications  
(TIR; April 1995). 

Golder Associates also considered the relevant sections of the City of Ottawa Official Plan (2003, as amended). 
In particular, Policy 1 of Section 4.4.2 stipulates that: 

1. “Anywhere development is proposed on the basis of private individual services and requires an 
application for an Official Plan or Zoning By-law amendment or involves a plan of subdivision, plan of 
condominium, severance or site plan approval, the City will require sufficient information with the 
application to assess the likelihood that: 

a. Sufficient quantity of groundwater exists on site to service the development; 
b. A water well can be constructed on the proposed lot(s) that will not be impacted by identified 

potential sources of groundwater contamination in the area; 
c. The quality of the groundwater meets or exceeds the Ontario Drinking Water Standards, 

Objectives and Guidelines; 
d. The operation of the on-site wastewater system on the new lot(s) will not adversely impact on a 

well to be constructed on the proposed lot(s) and on the wells of neighbouring properties; 
e. The development is within the reserve capacity of the municipal sewage system for hauled 

sewage.” 

[Amendment #76, August 04, 2010] 

This hydrogeological study addresses parts a), b) and c) of Policy 1. Parts d) and e) are not applicable at this 
site because the lots will be connected to the municipal sewer system. 
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2.0 SITE BACKGROUND 
2.1 Site Description 
The site is located on Shea Road, and is bounded to the north by agricultural land and to the south by a rural 
commercial zone.  Land to the east is a development reserve zone.  On the west side of Shea Road is an 
existing village residential zone.  The site is former agricultural land. Based on information from the site owner, 
the site was not used for agriculture in 2015.  

The site surficial and subsurface drainage is interpreted to follow the topography, toward the Flowing Creek 
municipal drain located northeast of the site (see Figures 1 and 2).  

Based on published geology maps, the surficial geology at the site consists of glaciomarine silt and clay deposits 
with minor sand and gravel (see Figure 3). The bedrock at the site, and for at least 3,000 metres beyond the site 
in all directions, is mapped as the Oxford Formation dolostone (see Figure 4).  

2.2 Regional Geology and Hydrogeology 
The site is located within the Ottawa Valley Clay Plains physiographic region, which is characterized by clay 
plains interrupted by ridges of rock or sand (Chapman and Putnam, 1984). Regional groundwater flow is 
generally from southwest to northeast (MVC and RVCA, 2011).  

The MOECC Water Well Information System (WWIS) was reviewed for water well records in the vicinity of 
the site. Water well records within 500 metres of the site for which the UTM reliability code was 6 or less 
(i.e., 300 metres or less) are plotted on Figure 3.  The WWIS search yielded records for 124 water supply 
wells. One well was completed in overburden, 105 wells were completed in bedrock and well completion 
information was unavailable for the remaining 18 wells.  The total well depths range from 9 to 83 metres.  
The depth to bedrock, where encountered in the wells, was from 2 to 40 metres.  At most wells, water was 
found at depths of 30 metres or less; at seven wells, the shallowest water-bearing zone was encountered at a 
depth of 43 to 74 metres.  Water quality noted in the well records was consistently fresh.  A summary of key 
information from the WWIS records within 500 metres of the site is provided in Appendix B. 

Figure 5 shows a northwest-to-southeast hydrogeological cross-section through the site based on water well 
records within 500 metres of the site and test wells and boreholes advanced for this study (Section 3.2). 
The cross-section location is indicated on Figure 3.  The cross-section indicates that the surficial topsoil layer 
across the site is underlain by 7 to 12 metres of clay, a thin layer (0.2 to 0.7 metres) of glacial till (not noted by 
water well drillers), followed by limestone bedrock.  Water well record 7209314 extended 12 metres deeper than 
the on-site wells and boreholes, and indicated that the limestone is underlain by sandstone.  

2.3 Regional Groundwater Quality 
In general, groundwater quality from private wells in the Oxford Formation within the Village of Richmond is 
considered to be potable.  Elevated concentrations of iron, hardness (as is typical for carbonate aquifers), sodium, 
total dissolved solids (TDS) and hydrogen sulphide occur locally (Golder Associates, 2003).  The elevated 
concentrations of TDS are typically within the range that can be treated by conventional water softening 
(assuming the elevated TDS is related to hardness).    
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3.0 STUDY PROCEDURES 
The objectives of the hydrogeological investigation were to investigate the potential quantity and quality of 
groundwater that would be expected from water supply wells that are drilled on site. 

3.1 Groundwater Supply Investigation 
Procedures for the assessment of water supplies for developments with individual private wells are described in 
the MOECC Procedure D-5-5 (MOE, 1996a).  

3.1.1 Test Well Construction 
Three test wells (TW15-1, TW15-2 and TW15-3) were used to determine the quality and quantity of groundwater 
available for water supply within the development. The test wells were drilled by Capital Water Supply Ltd. in 
August 2015 using air rotary equipment.  Annular space around the casing was sealed with grouted cement and 
bentonite. Well construction details from the well records are summarized in the following table, while test well 
locations are shown on Figure 2 and water well records for the test wells are provided in Appendix C.  

Test 
Well 

Total Well 
Depth (mbgs) 

Depth to 
Bedrock 
(mbgs) 

Casing Depth 
(mbgs) 

Water Found 
Depth (mbgs) 

Bedrock 
Type 

Overburden 
Material 

TW15-1 29.9 11.9 13.5 14.0, 29.3 Limestone Clay 
TW15-2 37.5 10.4 11.3 24.4, 33.5 Limestone Clay and gravel 
TW15-3 29.0 7.9 9.4 10.7, 29.0 Limestone Clay 

Notes:  mbgs = metres below ground surface 
 
The locations of test wells TW15-1, TW15-2 and TW15-3 were chosen to provide geographic coverage of 
the site. 

3.1.2 Hydraulic Testing 
Pumping tests were carried out at test wells TW15-1, TW15-2 and TW15-3 on September 11, September 10 and 
September 9, 2015, respectively. Each pumping test consisted of a pumping phase (6 hours in duration) 
followed by a recovery period (up to 50 minutes in duration).  The pumping tests were conducted using a 
submersible pump. The approximate pumping test discharge locations are shown on Figure 2. 

The initial pumping rate for each well was based upon driller's estimate of well yield.  Groundwater levels were 
recorded in the pumping well and the other test wells (which were used as observation wells) at selected time 
intervals. Groundwater levels were also measured in monitoring wells installed in overburden geotechnical 
boreholes at the site. The water levels were measured manually, using an electric water level tape, and 
electronically, using pressure transducer loggers which were set to take measurements every minute.  A barometric 
pressure logger was left on-site for post-processing barometric compensation.  

Aquifer transmissivity was estimated using the Cooper and Jacob drawdown (Cooper and Jacob, 1946) and 
Theis recovery (Theis, 1935) methods.  The assumptions on which these methods are based are generally 
applicable to the tests undertaken (in terms of site conditions and pumping test design), therefore, analysis by 
these methods provides a reasonable estimate of aquifer transmissivity (T) and storativity (S).  
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3.2 Groundwater Quality Investigation 
During the pumping tests at test wells TW15-1, TW15-2 and TW15-3, samples of the pump discharge were 
collected after approximately 3 hours of pumping at a constant rate and at the end of the pumping period, just 
before pump shut-off (i.e. after approximately 6 hours of pumping at a constant rate).  All samples were 
collected after testing indicated that no chlorine residual was present. 

The samples were preserved as necessary and submitted to Exova for the chemical, physical and 
bacteriological analyses listed in the MOECC Procedure D-5-5 (MOE, 1996a).  The results of these analyses are 
summarized in Table 1. 

Field measurements of temperature, pH, conductivity, chlorine residual and turbidity were taken periodically 
during the pumping tests and at the time of sampling (Table 2).  All analyses were compared to the applicable 
maximum acceptable concentrations (MAC), interim maximum acceptable concentrations (IMAC), or aesthetic 
objectives (AO) found in the Technical Support Document for Ontario Drinking Water Quality Standards, 
Objectives and Guidelines (MOE, 2006).  All laboratory method detection limits (MDLs) were less than, or 
equivalent to, the respective criteria. Laboratory Reports of Analysis are provided in Appendix D.  

3.3 Neighbouring Well Survey 
An attempt was made to contact property owners in the immediate vicinity of the site, in order to carry out a well 
survey and/or collect a sample of their water well.  Packages including an introductory letter, a well survey and a 
stamped return envelope were hand-delivered on September 11, 2015 to each of the 14 residences closest to 
the proposed development, listed in the following table. 

3290 Shea Road 3338 Shea Road 
4 Hemphill Street 1 Moore Street 
3310 Shea Road 3354 Shea Road 
3316 Shea Road 3360 Shea Road 
3318 Shea Road 3366 Shea Road 
3326 Shea Road 3372 Shea Road 
3330 Shea Road 3378 Shea Road 

As of the date of preparation of this report, only the survey delivered to 3316 Shea Road had been returned to 
Golder Associates. The residents of 3316 Shea Road declined to allow Golder Associates to collect a 
groundwater sample.  Therefore, no sampling of nearby water wells was carried out. 

The well survey consisted of the completion of a questionnaire with the homeowner. The information 
documented/requested in the questionnaire included: the location of the well with respect to the dwelling; the well 
type (i.e., drilled, bored, dug, etc.) and depth; evidence of any water quantity issues (i.e., any dry well events, water 
shortages during laundry or car-washing, etc.); and supplementary sources of water (i.e., purchased water, etc.). 
The completed questionnaire is included in Appendix E.  
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4.0 WATER SUPPLY INVESTIGATION 
4.1 Groundwater Quantity 
Pumping tests were carried out at test wells TW15-1, TW15-2 and TW15-3 between September 9 and 11, 2015.  
The results of the pumping tests are presented in the following sections.  During each pumping test, the end of 
the discharge pipe was positioned an adequate distance from the pumping well to avoid ponding of the pumped 
groundwater in the vicinity of the pumping well (as indicated on Figure 2).  The drawdown and recovery data and 
the associated analyses are presented in Appendix F.  

Regional groundwater level data prior to the pumping tests was collected by installing dataloggers in test wells 
TW15-1, TW15-2 and TW15-3 on August 27, 2015. Following the completion of the pumping tests, the 
dataloggers were left in the test wells until retrieval on September 14, 2015.  The groundwater level data 
recorded during this 19 day period is summarized in Figure 6, along with daily precipitation recorded by 
Environment Canada at the Ottawa Airport. 

Figure 6 indicates a declining trend in groundwater levels between August 27 and September 7, 2015.  
An increasing trend was recorded from September 8 to 10, 2015. Groundwater levels were then generally 
steady until an increasing trend was recorded from September 12 to 14, 2015. 

4.1.1 TW15-1 
A pumping test was conducted at TW15-1 on September 11, 2015. The static water level before the start of the 
test was at 3.12 metres below the top of the casing. TW15-1 was pumped at a constant discharge rate of 
31 L/min for 372 minutes (6.2 hours). A maximum drawdown of 0.05 metres was measured in the first minute of 
pumping; the water level subsequently increased by 0.08 metres before the end of pumping. The water level at 
the end of the test was higher than the static water level (see Figure F-1).  

During the pumping test at TW15-1, water levels were measured in observation wells TW15-2 (manual and 
datalogger measurements) and TW15-3 (manual and datalogger measurements) (see Figure F-1).  Water levels 
were also measured manually in monitoring wells installed in overburden geotechnical boreholes BH15-1 and 
BH15-2. At TW15-2 and TW15-3, the water levels increased by approximately 0.03 metres and 0.06 metres, 
respectively, during pumping at TW15-1.  This is interpreted to represent a regional groundwater level increase 
unrelated to the pumping test.  At BH15-1 and BH15-2, the water levels were unchanged during the test.  

Due to the increasing water level at TW15-1 during the test, and the lack of response at the monitoring wells, 
aquifer transmissivity was not estimated using these data.  

Based on the data obtained during the pumping test, it can be concluded that TW15-1 is capable of supplying at 
least 31 L/min. During the course of the six-hour pumping test period, less than one percent of the available 
drawdown was utilized while pumping at a rate of 31 L/min.  As such, the yield of TW15-1 substantially exceeds 
the required minimum specified in MOECC Procedure D-5-5.  

4.1.2 TW15-2 
A pumping test was conducted at TW15-2 on September 10, 2015. The static water level before the start of the 
test was at 3.18 metres below the top of the casing.  The pumping rate was maintained at a constant rate of 
32 L/min for 374 minutes (6.2 hours).  A drawdown of 5.0 metres was measured at the end of the test. 
Approximately 5 minutes after pump shut-off, 95 percent recovery of the imposed drawdown had been achieved 
(see Figure F-2).  
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During the pumping test at TW15-2, water levels were measured in observation wells TW15-1 (manual and 
datalogger measurements) and TW15-3 (manual and datalogger measurements) (see Figure F-2).  Water levels 
were also measured manually in monitoring wells installed in overburden geotechnical boreholes BH15-1 and 
BH15-2. At TW15-1 and TW15-3, the water levels increased by approximately 0.01 metres and 0.02 metres, 
respectively, during pumping at TW15-2.  This is interpreted to represent a regional groundwater level increase 
unrelated to the pumping test. At BH15-1 and BH15-2, the water levels fell by less than 0.01 metres during 
the test.  

Aquifer transmissivity was estimated using the Cooper and Jacob drawdown (Cooper and Jacob, 1946) and 
Theis recovery (Theis, 1935) methods to interpret drawdown and recovery data collected during the pumping 
test at TW15-2 using the pumping data only (see Appendix F).  Due to the negligible response to pumping at 
observation wells TW15-1 and TW15-3, observation well data were not analyzed.  Based on pumping well data, 
the aquifer transmissivity is approximately 2x10-3 to 3x10-3 m2/s.  

Based on the data obtained during the pumping test, it can be concluded that TW15-2 is capable of supplying at 
least 32 L/min. During the course of the six-hour pumping test period, approximately 14 percent of the available 
drawdown was utilized while pumping at a rate of 32 L/min. As such, the yield of TW15-2 substantially exceeds 
the required minimum specified in MOECC Procedure D-5-5. 

4.1.3 TW15-3 
A pumping test was conducted at TW15-3 on September 9, 2015. The static water level before the start of the 
test was at 3.22 metres below the top of the casing. The pumping rate was maintained at a constant rate of 
31 L/min for 366 minutes (6.1 hours). A drawdown of 0.5 metres was measured at the end of the test. 
Approximately 3 minutes after pump shut-off, 100 percent recovery of the imposed drawdown had been 
achieved (see Figure F-4).  

During the pumping test at TW15-3, water levels were measured in observation wells TW15-1 (manual and 
datalogger measurements) and TW15-2 (manual and datalogger measurements) (see Figure F-4).  Water levels 
were also measured manually in monitoring wells installed in overburden geotechnical boreholes BH15-1 and 
BH15-2. At TW15-1 and TW15-2, the water levels increased by approximately 0.03 metres and 0.04 metres, 
respectively, during pumping at TW15-3. (see Figure F-4). At BH15-1 and BH15-2, the water levels fell by less 
than 0.01 metres during the test. 

Aquifer transmissivity was estimated using the Cooper and Jacob drawdown (Cooper and Jacob, 1946) and 
Theis recovery (Theis, 1935) methods to interpret drawdown and recovery data collected during the pumping 
test at TW15-3 using the pumping data only (see Appendix F).  Due to the negligible response to pumping at 
observation wells TW15-1 and TW15-2, observation well data were not analyzed.  Based on pumping well data, 
the aquifer transmissivity is indicated to be approximately 4x10-3 to 5x10-3 m2/s.  

Based on the data obtained during the pumping test, it can be concluded that TW15-3 is capable of supplying at 
least 31 L/min.  During the course of the six-hour pumping test period, approximately 2 percent of the available 
drawdown was utilized while pumping at a rate of 31 L/min.  As such, the yield of TW15-3 substantially exceeds 
the required minimum specified in MOECC Procedure D-5-5. 
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4.1.4 Hydraulic Testing Summary 
The transmissivity values calculated using the drawdown and recovery data from the pumping wells are 
summarized in the following table: 

Pumping 
Well 

Pumping Rate 
(L/min) 

Maximum 
Drawdown (m) 

Transmissivity (m2/s) 

Drawdown Data Recovery Data 
TW15-1 31 0.05 Could not be calculated Could not be calculated 
TW15-2 32 5.0 2x10-3 3x10-3 
TW15-3 31 0.5 9x10-3 4x10-3 

Based on these results, it is interpreted that a transmissivity ranging from 2x10-3 to 9x10-3 m2/s is representative 
of the bedrock aquifer in which the three wells were completed.  

4.2 Groundwater Quality 
The field observations and the results of the laboratory microbiological, chemical and physical analyses for the 
groundwater samples collected from the test wells in September 2015 are summarized in Table 1 following 
the text of this report.  The certificates of laboratory analyses are included in Appendix D. Field measurements 
of temperature, pH, conductivity, chlorine residual and turbidity collected periodically during the pumping tests 
are presented in Table 2.  

All laboratory results were compared to the applicable maximum acceptable concentrations (MAC), interim 
maximum acceptable concentrations (IMAC), aesthetic objectives (AO) and operational guidelines (OG) found in 
the Technical Support Document for Ontario Drinking Water Quality Standards (MOE, 2006). 

It should be noted that the OG of 80 to 100 mg/L for hardness has been established to aid in water source 
selection where a choice is available. Hardness concentrations in groundwater, particularly from bedrock 
aquifers, rarely if ever fall within this range. Groundwater samples collected from the test wells in this 
hydrogeological investigation had hardness concentrations in excess of the OG, but less than 500 mg/L, the 
value at which a water supply is considered unacceptable for domestic purposes (MOE, 2006). Hardness can be 
removed using common water softening equipment. 

4.2.1 TW15-1 
Analytical results of the groundwater samples collected from TW15-1 on September 11, 2015 exceeded the 
MAC for total coliforms (2 cts/100 mL), and exceeded the AO for TDS (545 mg/L).  

As stated in Guideline D-5-5, “for the purposes of the assessment described by this Guideline, Total Coliform 
counts of less than 6 per 100 ml of sample (and 0 for E. coli and fecal coliforms) shall be considered as 
indicative of acceptable water quality.” Under Guideline D-5-5, the total coliforms results at TW15-3 (2 ct/100mL) 
are acceptable.  The bacteriological quality of the groundwater from TW15-1 is typical of recently drilled wells. 

The TDS concentration of 545 mg/L measured in both samples was higher than the AO of 500 mg/L.  
The potential for corrosion or encrustation problems associated with elevated TDS was assessed by calculating 
the Langelier Saturation Indices (LSI) for the 3-hour and 6-hour samples, which were -0.26 and -0.28, 
respectively. These LSI values are within the range generally considered stable (between -0.5 and +0.5) and 
indicate that corrosion or encrustation problems are unlikely (see Appendix G).  
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In addition, the hardness concentration at TW15-1 was 144 mg/L after 3 hours of pumping and 144 mg/L after  
6 hours of pumping; these concentrations were higher than the OG.  

All of the other results of chemical analysis for TW15-1 were below the respective MACs, AOs and OGs 
(see Table 1).  

4.2.2 TW15-2 
Analytical results of the groundwater samples collected from TW15-2 on September 10, 2015 exceeded the AO 
for TDS.  

The TDS concentrations of 577 mg/L and 571 mg/L measured in the 3-hour and 6-hour samples, respectively, 
were higher than the AO of 500 mg/L. The potential for corrosion or encrustation problems associated with 
elevated TDS was assessed by calculating the Langelier Saturation Indices (LSI) for the 3-hour and 6-hour 
samples, which were -0.14 and -0.21, respectively. These LSI values are within the range generally considered 
stable (between -0.5 and +0.5) and indicate that corrosion or encrustation problems are unlikely (see 
Appendix G).  

In addition, the hardness concentration at TW15-2 was 195 mg/L after 3 hours of pumping and 195 mg/L after  
6 hours of pumping; these concentrations were higher than the OG.  

All of the other results of chemical analysis for TW15-2 were below the respective MACs, AOs and OGs 
(see Table 1).  

4.2.3 TW15-3 
Analytical results of the groundwater samples collected from TW15-3 on September 11, 2105 exceeded the 
AOs for colour and TDS. 

The colour concentration of 6 TCU after 6 hours of pumping was higher than the AO of 5 TCU but below the 
maximum concentration considered reasonably treatable (7 TCU).  In the sample collected after 3 hours of 
pumping, the colour concentration was 4 TCU, below the AO.  Although the field measured turbidity decreased 
from 2.79 NTU to 1.16 NTU between the 3 hour and 6 hour samples, the laboratory measured turbidity 
increased from 0.9 NTU to 1.7 NTU.  There were no other significant changes in the water quality between the 
3 hour and 6 hour samples; therefore, it is possible that the minor increase in colour was due to the minor 
increase in turbidity in the laboratory samples and not due to any change in groundwater quality. 

The TDS concentrations of 634 mg/L and 629 mg/L measured in the 3-hour and 6-hour samples, respectively, 
were higher than the AO of 500 mg/L. The potential for corrosion or encrustation problems associated with 
elevated TDS was assessed by calculating the Langelier Saturation Indices (LSI) for the 3-hour and 6-hour 
samples, which were 0.29 and 0.23, respectively. These LSI values are within the range generally considered 
stable (between -0.5 and +0.5) and indicate that corrosion or encrustation problems are unlikely (see Appendix G).  

In addition, the hardness concentration at TW15-3 was 316 mg/L after 3 hours of pumping and 317 mg/L after  
6 hours of pumping; these concentrations were higher than the OG.  

All of the other results of chemical analysis for TW15-3 were below the respective MACs, AOs and OGs 
(see Table 1).  
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4.3 Neighbouring Well Survey 
A copy of the well survey received as of the date of preparation of this report at one residence in the vicinity of 
the site is included in Appendix E. An attempt was made to identify the MOECC well record associated with this 
home. Based on the site location and well depth, it is likely that the well at 3316 Shea Road is associated with 
MOECC well ID 1509751 (Appendix B). This well is 47 years old and no details regarding the grouting of the well 
are available. 

The well survey for 3316 Shea Road indicated that groundwater is used for drinking water.  A water softener is in 
use at this home, and the homeowner rated their water quality as good. The homeowner reported no problems 
with water quantity.  

Based on the results of the neighbouring well survey, no water quality or quantity issues were identified. 

4.4 Summary of Water Supply Investigation 
Based on the results of the pumping tests carried out by Golder Associates, the test wells are interpreted to be 
capable of yielding at least 18.8 L/min, as required by Procedure D-5-5.  

Groundwater quality in the samples collected at the end of the pumping tests satisfied the ODWQS, with the 
exception of the total coliforms result at one well, the colour result at one well, and the TDS concentration at 
three wells. The colour result is below the level considered treatable, while the TDS concentration is not 
anticipated to cause corrosion or encrustation.  Under Guideline D-5-5, the total coliforms results at TW15-1 
(2 ct/100mL) are acceptable. 

The geological and hydrogeological conditions encountered at the three test wells used in the investigation were 
generally consistent. The bedrock type noted in the MOECC well records for the test wells was consistently 
limestone, overlain by 7 to 12 metres of clay and a thin layer of glacial till. Well depths range from 29 to 37 mbgs 
and water-bearing zones were noted at depths from 11 to 34 mbgs. The test wells are interpreted to represent 
the range of potential geological and hydrogeological conditions that may be encountered across the site.  

Water quality and water quantity were determined to be consistently adequate across the site. It is Golder 
Associates’ opinion that the three test wells adequately represent groundwater supply conditions at the site, that 
the number, areal distribution, depths and design of test wells are technically justifiable, and that the test wells 
were located and constructed in such a way to permit the prediction of the quantity and quality of groundwater 
which domestic wells will supply in the future, if constructed in a similar manner to the test wells. 

It is Golder Associates’ professional opinion that the well yields and groundwater quality demonstrated by the 
pumping tests at TW15-1, TW15-2 and TW15-3 are representative of the long term yields and groundwater 
quality that the future residents of the subdivision are likely to obtain from wells constructed in a similar manner 
to the test wells.   
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5.0 IMPACT ASSESSMENT 
5.1 Hydrogeological Sensitivity 
The site is not considered hydrogeologically sensitive, as none of the following have been identified: karstic 
areas, areas of fractured bedrock exposed at surface, areas of thin soil cover, or areas of highly permeable soils. 
As discussed in Section 2.2, at least 7 metres of overburden was encountered in all site test wells and 
boreholes. The overburden material consisted of a combination of clay and glacial till.  

5.2 Mutual Well Interference 
The effect of potential mutual well interference resulting from the simultaneous pumping of all wells in the 
subdivision and the 14 closest existing residences on the west side of Shea Road was investigated by 
calculating the potential cumulative drawdown in a well drilled on Lot 17 which is centrally located within the 
subdivision. The cumulative drawdown was calculated using the Cooper and Jacob equation (Cooper and 
Jacob, 1946) with an aquifer transmissivity of 2x10-3 m2/s (the lowest value calculated from the pumping test 
data), an assumed storativity of 1x10-4, a pumping rate of 2,250 L/day/household and a time of 20 years. 
Calculations are provided in Appendix G.  

A cumulative potential drawdown of 1.1 metre was calculated.  Assuming that the well in Lot 17 would have an 
available drawdown similar to those in test wells TW15-1, TW15-2 and TW15-3 (at least 20 metres), this level of 
cumulative drawdown is considered acceptable with respect to the total drawdown available to the well.  

It is important to note that the method used to evaluate mutual well interference is considered conservative due to 
the lack of aquifer recharge in the calculation, the intermittent (rather than continuous) nature of domestic water 
use, and the fact that the average pumping rate would likely be considerably less than 2,250 L/day/household.  

Mutual well interference (water quantity) between wells within the proposed development is not indicated to be a 
concern.  In addition, interference with existing nearby wells is not expected to result in any significant reduction 
in the availability of groundwater to on-site or off-site wells 

5.3 Water Quality Impacts 
Golder Associates prepared a Phase One Environmental Site Assessment for the site (Golder Associates, 2015). 
Based on the information obtained as part of this Phase One ESA, no areas of potential environmental concern 
were identified on the Site or within the Study Area.  As such, potential interference on water quality in the 
development from nearby sources of groundwater contamination is not anticipated. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 
6.1 Conclusions 
Based on the hydrogeology investigation and impact assessment carried out by Golder Associates at the site, 
the following conclusions are provided: 

a) Pumping tests conducted at test wells TW15-1, TW15-2 and TW15-3 indicate that a sufficient quantity of 
water is available in the bedrock to satisfy the required daily water consumption of 2,250 L/day for 
four-bedroom single family homes.  It is Golder Associates’ professional opinion that the well yields 
demonstrated by the pumping tests at TW15-1, TW15-2 and TW15-3 are representative of the long term 
yields that the future residents of the subdivision are likely to obtain from their wells; 

b) The groundwater quality analyses of samples from test wells TW15-1, TW15-2 and TW15-3 indicate that 
the water quality meets applicable maximum acceptable concentrations (MAC), interim maximum 
acceptable concentrations (IMAC) and aesthetic objectives (AO) for the analyzed parameters, with the 
exception of the total coliforms result at one well, the colour result at one well, and the TDS concentration 
at three wells. The colour result is below the level considered treatable, while the TDS concentration is not 
anticipated to cause corrosion or encrustation. Under Guideline D-5-5, the total coliforms results at TW15-3 
(2 ct/100mL) are acceptable. Common techniques for colour treatment include carbon filter treatment 
systems;  

c) Mutual well interference (water quantity) between wells within the proposed development is not indicated to 
be a concern.  In addition, interference with existing nearby wells is not expected to result in any significant 
reduction in the availability of groundwater to on-site or off-site wells;  

d) One surveyed neighbouring well owner rated their water quality as good. The homeowner reported no 
problems with water quantity. Based on this neighbouring well survey, existing sources of adverse impacts 
to groundwater quality or quantity in the vicinity of the site have not been identified;  

e) It is Golder Associates’ professional opinion that the proposed development satisfies Policy 1 of Section 4.4.2 
of the City of Ottawa Official Plan with respect to water supply wells; and, 

f) The test wells used in the hydrogeological investigation may be used as domestic supply wells and do not 
require decommissioning. 

6.2 Recommendations 
Golder Associates also offers the following recommendations regarding groundwater supply wells at the site: 

a) Water Quality – Future homeowners should be notified that treatment of the groundwater supply for colour 
may be desirable. They should also be notified of the following potential effects caused by natural 
groundwater quality or by water treatment equipment: 

 The sodium concentration in groundwater samples at the site exceeded 20 mg/L.  Accordingly, the 
Local Medical Officer of Health should be informed and individuals on sodium-restricted diets should 
consult their physicians before using the well water as a potable water source; and, 

 Treating water for hardness using a conventional sodium ion exchange water softener may increase the 
sodium content of the water. 
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b) Well Construction – All residential water wells should be drilled through the overburden and completed in the 
limestone bedrock. All wells should be constructed by appropriately licensed contractors and well technicians 
as per O.Reg. 903. 

Installed steel casings should be grouted as per O. Reg. 903. The material used to seal the annular space 
could consist of either a cement grout or a commercially available bentonite grout product.  Cement grout 
mixtures should be allowed to set for a minimum two day period for normal cement or twelve hours for a 
high early strength cement prior to advancing the well further into bedrock.  Non-shrink cement such as 
V-3 Grout, CDP Non-shrink Construction Grout (premixed), or similar non-shrink cement grouts are 
recommended. If a bentonite grout product is used, drilling need only be suspended for a few hours 
depending on the product used.  

Once the casing has been sealed into bedrock, the well should be advanced uncased in the bedrock until a 
water supply of sufficient quantity and quality is encountered. The completed well should then be 
developed to maximize the yield and sampled to characterize groundwater quality.  As per O.Reg. 903, the 
well casings should be completed at least 0.4 metres above finished ground surface and should be fitted 
with a pitless adapter to facilitate below ground plumbing and electrical connections. Surface grading 
should direct surface water away from the well. 

c) Artesian Wells – There is a potential for water supply wells at the proposed development to be flowing wells. 
In accordance with O. Reg. 903, a flowing well should be instrumented with an appropriate device that 
controls the discharge of water from within the well casing, is capable of stopping the discharge of water 
from within the well casing, and is capable of withstanding the freezing of water in the well casing. The well 
should be constructed so as to prevent any uncontrolled flow of water from the well and prevent backflow of 
water into the well or well casing. 

d) Test Well Depths – It should be noted that the water bearing zones in the limestone bedrock encountered in 
test wells TW15-1, TW15-2 and TW15-3 are between approximately 11 to 34 metres below ground surface 
at the site. Water quality below a depth of 34 metres has not been tested.  

e) Well Setbacks – The MOECC has indicated that wells must be located a minimum separation distance of 
15 metres from any source of contaminant, including sewer lines and laterals.  

f) Supervision of Well Installation – It is recommended that the well casing installation be supervised by 
qualified professional engineer or professional geoscientist, or a person under the direction of a 
professional engineer or professional geoscientist, to ensure that wells are constructed in accordance with 
the requirements. 

g) Best Management Practices – Homeowners should refer to the following website for information on Best 
Management Practices for water wells from the Ontario Ministry of Agriculture and Food: 
www.omafra.gov.on.ca/english/environment/bmp/well.htm ; 

h) Well Decommissioning – Any test wells that will not be used as a supply well for the subdivision should 
be decommissioned. 

i) Earth Energy Systems – This study does not address the construction of earth energy systems, which 
require a building permit and may require approval from the MOECC.  
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7.0 LIMITATIONS AND USE OF REPORT 
This report was prepared for the exclusive use of Cardel Homes.  Should additional parties require reliance on 
this report, written authorization from Golder Associates Ltd. (Golder Associates) will be required.  The report, 
which specifically includes all tables, figures and appendices is based on data and information collected during 
the site investigation conducted by Golder Associates and is based solely on the conditions of the property at the 
time of the field investigation, supplemented by historical information and data obtained by Golder Associates 
and others as described in this report. 

The services performed as described in this report were conducted in a manner consistent with that level of care 
and skill normally exercised by other members of the engineering and geoscience professions currently 
practising under similar conditions, subject to the time limits and financial and physical constraints applicable to 
the services.  

Any use which a third party makes of this report, or any reliance on, or decisions to be made based on it, are the 
responsibilities of such third parties. Golder Associates accepts no responsibility for damages, if any, suffered by 
any third party as a result of decisions made or actions based on this report. 

The findings and conclusions of this report are valid only as of the date of this report.  If new information is 
discovered in future work, including excavations, borings, or other studies, Golder Associates should be requested 
to re-evaluate the findings of this report, and to provide amendments as required. 
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8.0 CLOSURE 
We trust this report meets with your current requirements. If you have any questions regarding this report, please 
contact the undersigned. 

GOLDER ASSOCIATES LTD.  

 

 

 

Caitlin Cooke, M.Sc., P.Geo. Brian Byerley, M.Sc., P.Eng. 
Hydrogeologist Senior Hydrogeologist/Principal 
 
CAMC/BTB/sg 
n:\active\2014\1127 - geosciences\1418381 cardel hydrogeology richmond\reports\hydrogeology\rpt hydrogeology 2015-10-07.docx 
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October 2015 TABLE 1
WATER QUALITY DATA (DISCHARGE SAMPLES)

1418381-1000

TW15-01 TW15-01
11-Sep-2015 11-Sep-2015

TW15-01-3 TW15-01-06

Bacterial
Escherichia coli CFU/100mL 0 (7) -- -- 0 0
Total Coliform CFU/100mL 0 (7) -- -- 2 2
General Chemistry
Alkalinity (Total as CaCO3) mg/l -- -- 500 229 226
Ammonia Nitrogen mg/l -- -- -- 0.23 0.23
Chloride mg/l -- 250 -- 102 104
Chlorine, Total Residual (Field) mg/l -- -- -- 0 0
Color color unit -- 5 -- 4 <2
Conductivity uS/cm -- -- -- 839 839
Conductivity (Field) uS/cm -- -- -- 747 769
Dissolved Organic Carbon mg/l -- 5 -- 1.8 1.1
Fluoride mg/l 1.5 -- -- 1.10 1.10
Hardness, Calcium Carbonate mg/l -- -- 100 144 144
Hydrogen Sulphide, field measured (Field) mg/l -- 0.05 -- 0 0
Nitrate as N mg/l 10 -- -- <0.10 <0.10
Nitrite as N mg/l 1 -- -- <0.10 <0.10
Nitrogen, Organic mg/l -- -- 0.15 <0.08 <0.08
Nitrogen, Total Kjeldahl mg/l -- -- -- 0.2 0.2
pH - -- -- 8.5 8.16 8.21
pH (Field) - -- -- 8.5 7.75 7.73
Phosphorus, Total Orthophosphate, dissolved mg/l -- -- -- <0.2 <0.2
Sulfate mg/l -- 500 (8) -- 40 40
Tannin & Lignin mg/l -- -- -- <0.1 <0.1
Temperature (Field) deg c -- 15 -- 12.2 12.2
Total Dissolved Solids mg/l -- 500 -- 545 545
Turbidity NTU -- 5 (9) -- (10) 2.2 0.8
Turbidity (Field) NTU -- 5 (9) -- (10) 2.15 0.47
Metals
Aluminum, dissolved mg/l -- -- 0.1 0.01 <0.01
Antimony, dissolved mg/l 0.006 -- -- <0.0005 <0.0005
Arsenic, dissolved mg/l 0.025 -- -- 0.001 0.001
Barium, dissolved mg/l 1 -- -- 0.06 0.06
Beryllium, dissolved mg/l -- -- -- <0.0005 <0.0005
Boron, dissolved mg/l 5 -- -- 0.37 0.36
Cadmium, dissolved mg/l 0.005 -- -- <0.0001 <0.0001
Calcium mg/l -- -- -- 28 28
Chromium, dissolved mg/l 0.05 -- -- <0.001 <0.001
Copper, dissolved mg/l -- 1 -- <0.001 <0.001
Iron, dissolved mg/l -- 0.3 -- 0.27 0.13
Lead, dissolved mg/l 0.01 -- -- <0.001 <0.001
Magnesium mg/l -- -- -- 18 18
Manganese, dissolved mg/l -- 0.05 -- <0.01 <0.01
Mercury, dissolved mg/l 0.001 -- -- <0.0001 <0.0001
Molybdenum, dissolved mg/l -- -- -- <0.005 <0.005
Nickel, dissolved mg/l -- -- -- <0.005 <0.005
Potassium mg/l -- -- -- 7 7
Selenium, dissolved mg/l 0.01 -- -- <0.001 <0.001
Silver, dissolved mg/l -- -- -- <0.0001 <0.0001
Sodium mg/l -- 200 (11) -- 121 123
Strontium, dissolved mg/l -- -- -- 3.98 3.97
Thallium, dissolved mg/l -- -- -- <0.0001 <0.0001
Uranium, dissolved mg/l 0.02 -- -- <0.001 <0.001
Zinc, dissolved mg/l -- 5 -- <0.01 <0.01
Phenols
Phenolics, Total Recoverable mg/l -- -- -- <0.001 <0.001

Parameter Unit

(2) (1) 

ODWQS(169/03)-
Health

(4) (3) ODWQS-
AO

(6) (5) ODWQS-
OG
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October 2015 TABLE 1
WATER QUALITY DATA (DISCHARGE SAMPLES)

1418381-1000

TW15-02 TW15-02
10-Sep-2015 10-Sep-2015

TW15-02-3 TW15-02-6

Bacterial
Escherichia coli CFU/100m 0 (7) -- -- 0 0
Total Coliform CFU/100m 0 (7) -- -- 0 0
General Chemistry
Alkalinity (Total as CaCO3) mg/l -- -- 500 244 251
Ammonia Nitrogen mg/l -- -- -- 0.251 0.203
Chloride mg/l -- 250 -- 108 105
Chlorine, Total Residual (Field) mg/l -- -- -- 0 0
Color color unit -- 5 -- <2 <2
Conductivity uS/cm -- -- -- 887 879
Conductivity (Field) uS/cm -- -- -- 774 759
Dissolved Organic Carbon mg/l -- 5 -- 0.7 <0.5
Fluoride mg/l 1.5 -- -- 0.91 0.91
Hardness, Calcium Carbonate mg/l -- -- 100 195 195
Hydrogen Sulphide, field measured (Field) mg/l -- 0.05 -- 0 0
Nitrate as N mg/l 10 -- -- <0.10 <0.10
Nitrite as N mg/l 1 -- -- <0.10 <0.10
Nitrogen, Organic mg/l -- -- 0.15 <0.08 <0.08
Nitrogen, Total Kjeldahl mg/l -- -- -- 0.29 0.25
pH - -- -- 8.5 8.24 8.18
pH (Field) - -- -- 8.5 7.67 7.61
Phosphate, dissolved mg/l -- -- -- <0.03 <0.03
Sulfate mg/l -- 500 (8) -- 45 45
Tannin & Lignin mg/l -- -- -- 6.4 0.1
Temperature (Field) deg c -- 15 -- 13.0 12.0
Total Dissolved Solids mg/l -- 500 -- 577 571
Turbidity NTU -- 5 (9) -- (10) 1.1 1.2
Turbidity (Field) NTU -- 5 (9) -- (10) 1.81 0.47
Metals
Aluminum, dissolved mg/l -- -- 0.1 <0.01 <0.01
Antimony, dissolved mg/l 0.006 -- -- <0.0005 <0.0005
Arsenic, dissolved mg/l 0.025 -- -- <0.001 <0.001
Barium, dissolved mg/l 1 -- -- 0.07 0.07
Beryllium, dissolved mg/l -- -- -- <0.0005 <0.0005
Boron, dissolved mg/l 5 -- -- 0.38 0.39
Cadmium, dissolved mg/l 0.005 -- -- <0.0001 <0.0001
Calcium mg/l -- -- -- 40 40
Chromium, dissolved mg/l 0.05 -- -- <0.001 <0.001
Copper, dissolved mg/l -- 1 -- <0.001 <0.001
Iron, dissolved mg/l -- 0.3 -- 0.19 0.16
Lead, dissolved mg/l 0.01 -- -- <0.001 <0.001
Magnesium mg/l -- -- -- 23 23
Manganese, dissolved mg/l -- 0.05 -- 0.01 <0.01
Mercury, dissolved mg/l 0.001 -- -- <0.0001 <0.0001
Molybdenum, dissolved mg/l -- -- -- <0.005 <0.005
Nickel, dissolved mg/l -- -- -- <0.005 <0.005
Potassium mg/l -- -- -- 6 6
Selenium, dissolved mg/l 0.01 -- -- <0.001 <0.001
Silver, dissolved mg/l -- -- -- <0.0001 <0.0001
Sodium mg/l -- 200 (11) -- 115 113
Strontium, dissolved mg/l -- -- -- 3.93 3.88
Thallium, dissolved mg/l -- -- -- <0.0001 <0.0001
Uranium, dissolved mg/l 0.02 -- -- <0.001 <0.001
Zinc, dissolved mg/l -- 5 -- <0.01 <0.01
Phenols
Phenolics, Total Recoverable mg/l -- -- -- <0.002 <0.002

Parameter Unit

(2) (1) 

ODWQS(169/03)-
Health

(4) (3) ODWQS-
AO

(6) (5) ODWQS-
OG
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October 2015 TABLE 1
WATER QUALITY DATA (DISCHARGE SAMPLES)

1418381-1000

TW15-03 TW15-03
09-Sep-2015 09-Sep-2015

TW15-03-3 TW15-03-6

Bacterial
Escherichia coli CFU/100mL 0 (7) -- -- 0 0
Total Coliform CFU/100mL 0 (7) -- -- 0 0
General Chemistry
Alkalinity (Total as CaCO3) mg/l -- -- 500 265 268
Ammonia Nitrogen mg/l -- -- -- 0.235 0.207
Chloride mg/l -- 250 -- 122 118
Chlorine, Total Residual (Field) mg/l -- -- -- 0 0
Color color unit -- 5 -- 4 6
Conductivity uS/cm -- -- -- 975 967
Conductivity (Field) uS/cm -- -- -- 854 839
Dissolved Organic Carbon mg/l -- 5 -- 1.1 1.0
Fluoride mg/l 1.5 -- -- 0.59 0.59
Hardness, Calcium Carbonate mg/l -- -- 100 316 317
Hydrogen Sulphide, field measured (Field) mg/l -- 0.05 -- 0 0
Nitrate as N mg/l 10 -- -- <0.10 <0.10
Nitrite as N mg/l 1 -- -- <0.10 <0.10
Nitrogen, Organic mg/l -- -- 0.15 0.13 0.08
Nitrogen, Total Kjeldahl mg/l -- -- -- 0.36 0.29
pH - -- -- 8.5 8.18 8.13
pH (Field) - -- -- 8.5 7.82 7.76
Phosphate, dissolved mg/l -- -- -- <0.03 <0.03
Sulfate mg/l -- 500 (8) -- 63 61
Tannin & Lignin mg/l -- -- -- 0.2 0.2
Temperature (Field) deg c -- 15 -- 12.6 13.0
Total Dissolved Solids mg/l -- 500 -- 634 629
Turbidity NTU -- 5 (9) -- (10) 0.9 1.7
Turbidity (Field) NTU -- 5 (9) -- (10) 2.79 1.16
Metals
Aluminum, dissolved mg/l -- -- 0.1 <0.01 <0.01
Antimony, dissolved mg/l 0.006 -- -- <0.0005 <0.0005
Arsenic, dissolved mg/l 0.025 -- -- 0.001 0.001
Barium, dissolved mg/l 1 -- -- 0.07 0.07
Beryllium, dissolved mg/l -- -- -- <0.0005 <0.0005
Boron, dissolved mg/l 5 -- -- 0.20 0.20
Cadmium, dissolved mg/l 0.005 -- -- <0.0001 <0.0001
Calcium mg/l -- -- -- 72 71
Chromium, dissolved mg/l 0.05 -- -- <0.001 <0.001
Copper, dissolved mg/l -- 1 -- <0.001 <0.001
Iron, dissolved mg/l -- 0.3 -- 0.22 0.22
Lead, dissolved mg/l 0.01 -- -- <0.001 <0.001
Magnesium mg/l -- -- -- 33 34
Manganese, dissolved mg/l -- 0.05 -- <0.01 <0.01
Mercury, dissolved mg/l 0.001 -- -- <0.0001 <0.0001
Molybdenum, dissolved mg/l -- -- -- <0.005 <0.005
Nickel, dissolved mg/l -- -- -- <0.005 <0.005
Potassium mg/l -- -- -- 6 6
Selenium, dissolved mg/l 0.01 -- -- <0.001 <0.001
Silver, dissolved mg/l -- -- -- <0.0001 <0.0001
Sodium mg/l -- 200 (11) -- 90 88
Strontium, dissolved mg/l -- -- -- 2.25 2.17
Thallium, dissolved mg/l -- -- -- <0.0001 <0.0001
Uranium, dissolved mg/l 0.02 -- -- 0.001 0.001
Zinc, dissolved mg/l -- 5 -- <0.01 <0.01
Phenols
Phenolics, Total Recoverable mg/l -- -- -- <0.002 <0.002

Parameter Unit

(2) (1) 

ODWQS(169/03)-
Health

(4) (3) ODWQS-
AO

(6) (5) ODWQS-
OG
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October 2015 TABLE 1
WATER QUALITY DATA (DISCHARGE SAMPLES)

1418381-1000

Footnotes:
Tables should be read in conjunction with the accompanying document.
< value = Indicates parameter not detected above laboratory method detection limit.
> value = Indicates parameter detected above equipment analytical range.
-- Chemical not analyzed or criteria not defined.
Grey background indicates exceedances.
(1) Ontario Drinking Water Quality Standards - Health Based Standards (June 2003, revised June 2006).
(2) Bold Font = Parameter concentration greater than ODWQS(169/03)-Health 
(3) Ontario Drinking Water Quality Standards - Aesthetic Objectives. Aesthetic Objectives are established for parameters that may impair the taste, odour or 
colour of water or which may interfere with good water quality control practices. For certain parameters, both aesthetic objectives and health-related MACs 
have been derived  (June 2003, revised June 2006).
(4) Underlined Font = Parameter concentration greater than ODWQS-AO 
(5) Ontario Drinking Water Quality Standards - Operational Guidelines. Operational Guidelines are established for parameters that, if not controlled, may 
negatively affect the efficient and effective treatment, disinfection and distribution of the water (June 2003, revised June 2006).
(6) Italic Font = Parameter concentration greater than ODWQS-OG 
(7) Reporting units and Guideline units are not convertible into each other.
(8) There may be a laxative effect in some individuals when sulphate levels exceed 500 mg/L.
(9) Applicable for all waters at the point of consumption.
(10) The Operational Guidelines for filtration processes are provided as performance criteria in the Procedure for Disinfection of Drinking Water in Ontario.
(11) 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.
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October 2015 TABLE 2
WATER QUALITY DATA (FIELD PARAMETERS)

1418381-1000

Test Well Date Time 
(min) pH Temp (°C) Cond (µs/cm) Turb (ntu)

Hydrogen 
Sulphide 

(mg/L)

Free Chlorine 
(mg/L) Sample

TW15-1 11-Sep-15 8:59 7.51 12.3 736 1.68 0 0
TW15-1 11-Sep-15 9:44 7.70 12.6 746 2.06 0 0
TW15-1 11-Sep-15 10:42 7.68 12.7 772 2.49 0 0
TW15-1 11-Sep-15 11:12 7.75 12.2 747 2.16 0 0 TW15-01-3hr
TW15-1 11-Sep-15 12:04 7.71 11.9 742 1.97 0 0
TW15-1 11-Sep-15 13:24 7.61 12.5 727 0.73 0 0
TW15-1 11-Sep-15 14:08 7.73 12.2 769 0.50 0 0 TW15-01-6hr

Test Well Date Time 
(min) pH Temp (°C) Cond (µs/cm) Turb (ntu)

Hydrogen 
Sulphide 

(mg/L)

Free Chlorine 
(mg/L) Sample

TW15-2 10-Sep-15 9:47 7.59 13.0 775 1.70 0 0
TW15-2 10-Sep-15 10:10 7.68 12.5 775 1.77 0 0
TW15-2 10-Sep-15 11:15 7.67 13.0 774 1.79 0 0 TW15-02-3hr
TW15-2 10-Sep-15 12:15 7.63 13.5 762 0.46 0 0
TW15-2 10-Sep-15 13:20 7.69 12.6 767 0.45 0 0
TW15-2 10-Sep-15 14:15 7.61 12.0 759 0.48 0 0 TW15-02-6hr

Test Well Date Time 
(min) pH Temp (°C) Cond (µs/cm) Turb (ntu)

Hydrogen 
Sulphide 

(mg/L)

Free Chlorine 
(mg/L) Sample

TW15-3 9-Sep-15 9:25 8.21 12.9 860 2.63 not measured not measured
TW15-3 9-Sep-15 10:45 7.90 12.6 855 3.02 0 0
TW15-3 9-Sep-15 11:20 7.82 12.6 854 2.64 0 0 TW15-03-3hr
TW15-3 9-Sep-15 12:17 7.76 13.3 851 1.40 0 0
TW15-3 9-Sep-15 13:12 7.71 13.8 840 1.12 not measured not measured
TW15-3 9-Sep-15 14:20 7.76 13.0 839 1.16 0 0 TW15-03-6hr
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services in three Eastern Ontario villages.  Two of the projects involved extensive 
water well sampling and assessment of on-site sewage systems.  All three 
projects involved multiple public presentations and consultations.  
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Instructed undergraduate students in geophysical field exercises, corrected 
assignments. 
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October 2015 Appendix B

Summary of MOECC Water Well Records
1418381‐1000

Well ID
Date 

Completed
Easting Northing UTMRC

Elevation 

(m)
CODEOB

Depth to 

Bedrock (m)

Well 

Depth (m)

Bottom of Well 

Elevation (m)

Static Water 

Elevation (m)
USE_1ST USE_2ND

1502413 20‐Nov‐63 435041 5005632 5 91.7 r 9.8 15.2 76.4 88.6 Domestic

1502436 30‐Jun‐50 434831 5005582 5 94.0 r 8.5 18.9 75.1 91.6 Domestic

1502437 04‐Oct‐54 434571 5005372 5 94.2 r 9.1 15.2 78.9 90.5 Domestic

1502438 28‐Jun‐66 434671 5005762 5 94.6 r 18.3 25.3 69.3 86.4 Livestock Domestic

1502439 12‐May‐56 435211 5005912 5 93.0 r 9.1 19.8 73.2 90.0 Domestic

1502440 27‐Nov‐57 434261 5006422 5 92.9 r 18.6 25.9 67.0 89.9 Livestock Domestic

1502441 02‐Dec‐65 435271 5005842 5 92.7 r 11.6 20.7 72.0 90.9 Livestock Domestic

1509124 11‐Dec‐53 434721 5005492 5 94.3 r 11.6 15.2 79.0 91.2 Domestic

1509133 11‐Oct‐55 435266 5005797 5 91.2 r 5.8 13.4 77.8 87.6 Domestic

1509170 14‐May‐58 434656 5005347 5 94.6 r 6.1 12.5 82.1 91.5 Domestic

1509175 20‐Jun‐58 434696 5005377 5 94.5 r 7.3 12.2 82.3 92.7 Domestic

1509176 24‐Jun‐58 434571 5005342 5 94.3 r 8.8 15.5 78.8 92.8 Domestic

1509185 10‐Jun‐59 434756 5005322 5 94.1 r 7.3 15.2 78.8 92.2 Domestic

1509190 30‐Jul‐59 434651 5005842 5 94.4 r 6.7 18.9 75.5 91.3 Domestic

1509192 06‐Aug‐59 434736 5005307 5 93.8 r 6.4 24.4 69.4 91.4 Domestic

1509196 22‐Aug‐59 434811 5005342 5 93.2 r 6.7 15.2 78.0 90.5 Domestic

1509197 26‐Aug‐59 434796 5005362 5 93.7 r 7.9 14.0 79.7 90.3 Domestic

1509198 29‐Aug‐59 434776 5005382 5 94.0 r 8.5 12.2 81.8 90.3 Domestic

1509218 18‐Nov‐59 434696 5005442 5 94.5 r 10.4 18.6 75.9 92.6 Domestic
1509225 24‐May‐60 434706 5005402 5 94.6 r 8.2 12.5 82.1 93.1 Domestic

1509233 01‐Aug‐60 434636 5005327 5 94.4 r 6.4 19.8 74.6 93.2 Domestic

1509249 03‐Jul‐61 434746 5005422 5 94.2 r 9.1 15.2 78.9 89.6 Domestic

1509258 19‐Apr‐62 434786 5005457 5 93.4 r 8.2 18.3 75.2 90.7 Domestic

1509264 01‐Aug‐62 434821 5005452 5 94.2 r 8.8 42.7 51.5 92.4 Commerical

1509294 03‐May‐65 434816 5005542 5 94.1 r 8.8 24.1 70.0 91.6 Commerical

1509299 18‐Jun‐66 434771 5005447 5 94.0 r 6.4 17.1 76.9 90.9 Domestic

1509741 30‐Sep‐68 434661 5005622 4 94.4 r 8.2 8.5 85.9 92.6 Domestic

1509742 28‐Sep‐68 434571 5005782 4 94.4 o 11.3 83.1 91.4 Domestic

1509743 27‐Sep‐68 434431 5005897 4 94.4 r 12.8 16.5 77.9 91.3 Domestic

1509744 27‐Sep‐68 434551 5005812 4 94.5 r 11.3 12.5 82.0 92.1 Domestic

1509745 26‐Sep‐68 434461 5005857 4 94.4 r 11.9 19.5 74.9 88.3 Domestic

1509746 25‐Sep‐68 434486 5005837 4 94.3 r 12.2 15.5 78.7 92.8 Domestic

1509747 24‐Sep‐68 434501 5006007 4 94.3 r 12.5 14.6 79.6 91.2 Domestic

1509748 24‐Sep‐68 434416 5005962 4 94.2 r 13.7 15.2 78.9 91.1 Domestic

1509751 25‐Sep‐68 434521 5005982 4 94.3 r 12.8 15.8 78.4 89.7 Domestic

1509752 25‐Sep‐68 434501 5005812 4 94.4 r 11.6 15.2 79.2 89.2 Domestic

1509753 24‐Sep‐68 434556 5005942 4 94.3 r 12.2 15.2 79.1 89.7 Domestic

1509756 14‐Aug‐68 434436 5006032 4 94.2 r 13.1 26.2 68.0 90.8 Domestic

1509757 14‐Aug‐68 434391 5005942 4 94.5 r 13.7 14.3 80.1 92.9 Domestic

1509758 16‐Aug‐68 434411 5005922 4 94.4 r 13.7 15.2 79.1 92.5 Domestic

1509761 16‐Aug‐68 434646 5005642 4 94.4 r 8.8 9.1 85.2 92.8 Domestic

1509762 30‐Aug‐68 434561 5005732 4 94.5 r 9.8 11.3 83.3 94.5 Domestic

1509763 29‐Aug‐68 434621 5005667 4 94.4 r 9.1 10.7 83.8 92.3 Domestic

1509764 29‐Aug‐68 434546 5005752 4 94.5 r 10.4 15.5 79.0 92.4 Domestic

1509765 28‐Aug‐68 434451 5005922 4 94.3 r 13.7 16.8 77.6 91.3 Domestic

1509766 27‐Aug‐68 434371 5005962 4 94.3 r 14.3 16.2 78.2 92.2 Domestic

1509769 10‐Oct‐68 434746 5005592 4 94.4 r 8.5 10.7 83.8 92.3 Domestic

1509770 28‐Oct‐68 434541 5005967 4 94.3 r 12.2 13.4 80.8 91.2 Domestic

1509771 26‐Oct‐68 434591 5005907 4 94.1 r 10.4 11.9 82.2 91.0 Domestic

1509772 24‐Oct‐68 434581 5005922 4 94.1 r 11.9 12.2 81.9 91.1 Domestic

1509773 24‐Oct‐68 434471 5006052 4 94.1 r 14.0 18.0 76.1 86.5 Domestic

1509774 24‐Oct‐68 434621 5005867 4 94.5 r 9.1 10.1 84.4 89.9 Domestic

1509775 23‐Oct‐68 434491 5005882 4 94.5 r 12.8 15.2 79.2 91.4 Domestic

1509777 08‐Oct‐68 434751 5005512 4 93.8 r 7.0 8.8 85.0 91.7 Domestic

1509778 09‐Oct‐68 434721 5005602 4 94.3 r 8.2 9.4 84.9 91.6 Domestic

1509779 05‐Oct‐68 434611 5005737 4 94.5 r 10.1 12.2 82.3 92.7 Domestic

1509788 10‐Jul‐68 434691 5005582 4 94.3 r 9.1 10.4 84.0 93.1 Domestic

1509789 08‐Jul‐68 434446 5005877 4 94.5 r 13.4 15.2 79.2 93.2 Domestic

1509790 09‐Jul‐68 434681 5005602 4 94.4 r 9.1 10.7 83.7 93.1 Domestic

1509791 27‐Jun‐68 434391 5005987 4 94.2 r 13.7 15.2 78.9 92.9 Domestic

1509792 06‐Jun‐68 434671 5005672 4 94.5 r 9.4 11.0 83.5 92.7 Domestic

1509793 07‐Jun‐68 434651 5005692 4 94.5 r 8.8 9.8 84.7 92.6 Domestic

1509803 31‐Jul‐68 434521 5005792 4 94.5 r 11.0 12.2 82.3 91.4 Domestic

1509804 30‐Jul‐68 434531 5005832 4 94.4 r 11.0 13.1 81.3 93.2 Domestic

1509805 29‐Jul‐68 434741 5005732 4 94.4 r 8.8 10.4 84.0 93.1 Domestic

1509806 26‐Jul‐68 434701 5005772 4 94.3 r 8.2 9.8 84.6 93.1 Domestic

1509807 25‐Jul‐68 434601 5005847 4 94.4 r 8.2 10.1 84.3 93.2 Domestic

1509808 23‐Jul‐68 434591 5005712 4 94.5 r 9.8 13.7 80.7 93.2 Domestic

1509809 22‐Jul‐68 434606 5005692 4 94.5 r 9.8 11.0 83.5 93.3 Domestic

1509810 02‐Jul‐68 434431 5005942 4 94.3 r 13.7 15.5 78.7 93.1 Domestic

1509812 17‐May‐68 434511 5005852 4 94.3 r 12.2 14.6 79.7 93.1 Domestic
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October 2015 Appendix B

Summary of MOECC Water Well Records
1418381‐1000

Well ID
Date 

Completed
Easting Northing UTMRC

Elevation 

(m)
CODEOB

Depth to 

Bedrock (m)

Well 

Depth (m)

Bottom of Well 

Elevation (m)

Static Water 

Elevation (m)
USE_1ST USE_2ND

1509813 16‐May‐68 434471 5005902 4 94.4 r 12.8 14.6 79.7 93.1 Domestic

1509814 14‐May‐68 434591 5005752 4 94.5 r 9.1 12.2 82.3 93.0 Domestic

1509815 13‐May‐68 434631 5005712 4 94.4 r 8.8 18.3 76.2 93.2 Domestic

1509885 07‐Oct‐68 435011 5005652 4 92.8 r 11.0 17.1 75.7 88.2 Domestic

1509970 23‐Jan‐69 434791 5005672 4 94.4 r 8.5 10.7 83.8 89.9 Domestic

1509971 22‐Jan‐69 434771 5005702 4 94.3 r 7.6 12.2 82.1 91.3 Domestic

1509981 09‐Jan‐69 434741 5005582 4 94.4 r 8.5 10.7 83.7 92.5 Domestic

1510797 31‐Aug‐70 434971 5005682 4 93.1 r 9.4 17.4 75.8 91.3 Domestic

1511078 29‐Jan‐71 434661 5005812 4 94.4 r 6.7 9.4 85.0 92.6 Domestic

1511152 21‐Apr‐71 434651 5005822 4 94.5 r 7.6 9.4 85.0 93.5 Domestic

1511569 06‐Dec‐71 435031 5005672 4 92.0 r 6.7 19.2 72.8 88.4 Domestic

1513303 19‐Jun‐73 435228 5005779 4 91.8 r 11.3 16.8 75.0 90.5 Domestic

1513803 10‐Mar‐73 434785 5005508 4 93.7 r 7.0 9.4 84.2 92.5 Domestic

1514883 25‐Jun‐75 434731 5005651 4 94.6 r 10.1 12.5 82.1 93.1 Domestic

1515156 18‐Nov‐75 435273 5005995 4 93.1 r 10.7 16.8 76.4 90.7 Domestic

1516547 24‐Apr‐78 434671 5005342 4 94.5 r 8.8 19.5 75.0 93.0 Domestic

1516783 21‐Sep‐78 434831 5005322 4 93.3 r 6.7 13.4 79.8 90.2 Domestic

1516791 03‐Oct‐78 434651 5005782 4 94.6 r 7.9 19.5 75.1 91.5 Domestic

1516985 09‐May‐79 434830 5005421 4 93.9 r 1.8 10.7 83.2 91.7 Domestic

1517613 21‐Jul‐81 434830 5005721 4 93.9 r 14.0 14.6 79.2 91.4 Domestic

1518017 01‐Oct‐82 434730 5005421 4 94.4 r 9.8 22.9 71.6 92.9 Domestic

1519337 26‐Sep‐84 434730 5005421 4 94.4 r 11.9 12.8 81.6 91.4 Domestic

1519338 13‐Sep‐84 434730 5005421 4 94.4 r 12.8 27.4 67.0 88.9 Domestic

1524127 26‐Oct‐89 434927 5005884 5 92.7 r 10.1 19.5 73.2 90.9 Domestic

1524225 08‐Aug‐89 434964 5005620 5 93.4 r 9.8 22.9 70.5 90.9 Domestic

1527949 25‐May‐94 434464 5005738 5 94.3 r 11.6 19.2 75.1 90.7 Domestic

1528270 07‐Oct‐94 434386 5005695 5 94.5 r 10.4 19.2 75.3 90.5 Domestic

1528356 30‐Nov‐94 434534 5005640 5 94.3 r 11.3 19.2 75.1 91.9 Domestic

1528767 05‐Sep‐95 434399 5006028 5 94.1 r 14.0 14.3 79.7 91.6 Domestic

1529715 24‐Oct‐97 434393 5005740 5 94.5 r 14.6 83.2 11.3 89.3 Domestic

1531745 11‐Jan‐01 434333 5005863 3 94.2 r 15.8 74.7 19.6 90.6 Domestic

1532033 20‐Jun‐01 434394 5005825 3 94.4 r 14.6 74.7 19.7 90.7 Domestic

1532507 28‐Nov‐01 434194 5006503 3 93.5 r 18.6 30.5 63.0 88.9 Domestic

1533689 06‐Mar‐03 434350 5005897 6 94.2 r 11.6 22.3 72.0 88.7 Domestic

7044851 11‐Apr‐07 434484 5005380 3 94.1 r 40.0 75.6 18.5 91.8 Domestic

7046989 14‐Jun‐07 434447 5005400 3 94.2 68.0 26.3 90.9 Domestic

7051242 13‐Aug‐07 434466 5005408 3 94.2 68.0 26.2 88.6 Domestic

7053566 23‐Oct‐07 434488 5005398 3 94.1 71.6 22.5 90.8 Domestic

7105877 13‐May‐08 434477 5005371 3 94.1 53.3 40.8 91.2 Domestic

7119097 02‐Oct‐08 434570 5005763 4 94.5 19.8 74.7 90.2

7139861 29‐Oct‐09 434857 5005605 4 93.8 45.1 48.7 91.6 Public Domestic

7145843 25‐Mar‐10 434158 5005721 4 94.6 73.2 21.5 91.4 Domestic

7159023 22‐Dec‐10 434846 5005839 3 61.9 Domestic

7162104 14‐Mar‐11 434202 5005710 3 73.1 Domestic

7166848 30‐May‐11 434204 5005719 3 70.1 Domestic

7167542 13‐Jul‐11 434163 5005701 3 73.2 Domestic

7170975 05‐Jul‐11 434162 5005718 4 73.1 Domestic

7190363 05‐Oct‐12 434480 5005900 4 Domestic

7194021 05‐Nov‐12 434248 5005647 5 73.2 Domestic

7209314 15‐Aug‐13 434806 5005830 4 49.1 Commerical

7213068 21‐Oct‐13 434846 5005839 4

7218687 13‐Aug‐13 434675 5005444 4 70.1 Domestic

7219322 06‐Aug‐13 435121 5006187 4
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Golder Associates Ltd. 1418381-1000

Assumptions:
Centre point: Lot 17
S (-) = 1.0E-04
T (m2/s) = 2.0E-03 m2/d
Q (L/d) = 2250
Q (m3/s) = 2.604E-05
Duration (yrs) = 20
Duration (s) = 630720000

From Lot Distance (m) 20 Year 
Drawdown (m)

1 219 0.014
2 206 0.014
3 193 0.014
4 180 0.014
5 167 0.014
6 154 0.014
7 140 0.015
8 127 0.015
9 105 0.015

10 92 0.016
11 79 0.016
12 66 0.016
13 52 0.017
14 39 0.017
15 26 0.018
16 13 0.020
17 0 0.030
18 13 0.020
19 26 0.018
20 39 0.017
21 52 0.017
22 66 0.016
23 79 0.016
24 92 0.016
25 105 0.015
26 118 0.015
27 131 0.015
28 144 0.015
29 201 0.014
30 201 0.014
31 204 0.014
32 197 0.014
33 181 0.014
34 160 0.014
35 148 0.015
36 136 0.015
37 123 0.015
38 110 0.015
39 101 0.015
40 91 0.016
41 67 0.016
42 84 0.016
43 102 0.015
44 117 0.015
45 122 0.015
46 117 0.015
47 101 0.015
48 76 0.016
49 61 0.016
50 94 0.016
51 150 0.015
52 160 0.014
53 172 0.014
54 184 0.014
55 198 0.014
56 212 0.014
57 224 0.014
58 239 0.014
59 251 0.013

3290 Shea Road 192 0.014
4 Hemphill Street 153 0.014
3310 Shea Road 90 0.016
3316 Shea Road 69 0.016
3318 Shea Road 45 0.017
3326 Shea Road 32 0.018
3330 Shea Road 39 0.017
3338 Shea Road 55 0.017
1 Moore Street 115 0.015

3354 Shea Road 148 0.015
3360 Shea Road 171 0.014
3366 Shea Road 203 0.014
3372 Shea Road 228 0.014
3378 Shea Road 260 0.013

1.128

Note:  Drawdowns calculated using methods of Theis (1935)

ASSESSMENT OF MUTUAL WELL INTERFERENCE

Cumulative aquifer drawdown at lot 
17 (central lot) =

N:\Active\2014\1127 - Geosciences\1418381 Cardel Hydrogeology Richmond\Reports\Hydrogeology\Appendix G - calculations\Mutual Well Interference 1418381.xls
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October 2015 LANGELIER SATURATION INDEX
CALCULATIONS

 1418381-1000

Sample pH TDS 
(mg/L)

Temp 
(deg C) Ca (mg/L)

Ca as 
CaCO3 
(mg/L)

Alkalinity 
as CaCO3 

(mg/L)
A B C D pHs

Langelier 
Saturation Index 

(pH-pHs)
Comment

TW15-1 - 3 hours 7.75 545 12.2 28 70 229 0.17364 2.338438 1.445098 2.359835 8.007144 -0.26 Acceptable Range
TW15-1 - 6 hours 7.73 545 12.2 28 70 226 0.17364 2.338438 1.445098 2.354108 8.012871 -0.28 Acceptable Range
TW15-2 - 3 hours 7.67 577 13.0 40 100 244 0.176118 2.322478 1.6 2.38739 7.811205 -0.14 Acceptable Range
TW15-2 - 6 hours 7.61 571 12.0 40 100 251 0.175664 2.342435 1.6 2.399674 7.818425 -0.21 Acceptable Range
TW15-3 - 3 hours 7.82 634 12.6 72 180 265 0.180209 2.330452 1.855273 2.423246 7.532143 0.29 Acceptable Range
TW15-3 - 6 hours 7.76 629 13.0 71 177.5 268 0.179865 2.322478 1.849198 2.428135 7.52501 0.23 Acceptable Range

An acceptable range is -0.5 to +0.5
Notes:
LSI = pH - pHs

pHs = (9.3 + A + B) - (C + D)
A = (Log10 [TDS] - 1) / 10
B = -13.12 x Log10 (

oC + 273) + 34.55
C = Log10 [Ca2+ as CaCO3] - 0.4
D = Log10 [alkalinity as CaCO3]
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