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1.0 INTRODUCTION 

Paterson Group (Paterson) was retained by 2183144 Ontario Ltd. to conduct a 

hydrogeological investigation and terrain analysis for a proposed rural residential subdivision 

at 1730 Wilhaven Drive, Cumberland Ontario. The property is situated approximately 2.8 km 

southwest of the Village of Cumberland, as shown on Figure 1 (Site Location) in Appendix 5. 

The purpose of this study has been to ascertain and assess the specific terrain and 

hydrogeological conditions which currently exist at the subject property as they relate to the 

suitability of the site for residential development on private services with minimal impact on 

groundwater resources. 

1.1 Terms of Reference 

This study was conducted in general accordance with Ontario Ministry of the Environment 

and Climate Change (MOECC) guidance as follows: 

 Guideline D-5: Planning for Sewage and Water Services (August 1996). 

 Procedure D-5-4: Technical Guideline for Individual On-site Sewage Systems: Water 

Quality Impact Risk Assessment (August 1996). 

 Procedure D-5-5: Technical Guideline for Private Wells: Water Supply Assessment 

(August 1996). 

1.2 Site Description 

The subject property is located approx. 2.8 km southwest of the Village of Cumberland, 

Ontario, on the south side of Wilhaven Drive (see Figure 1). Existing development at the 

subject property includes a house, and two outbuildings. The house and outbuildings are 

located near Wilhaven Drive. Most of the subject property is crop land.  A treed area occurs 

to the south of the house area and extends to the southern property boundary. Narrow tree 

lines run along most of the site boundary and in rows between the crop fields.  

The subject property encompasses a total area of approximately 19.91 Ha, and is gently 

sloping from west to east across the site. There are several shallow drainage ditches which 

run north to south. The drainage ditches flow towards the southeast corner of the site to 

roadside ditches that flow to the south, towards Cardinal Creek.  
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1.3 Legal Description 

The following legal description of the subject property was obtained from the City of Ottawa’s 

interactive GIS mapping system, GeoOttawa (http://maps.ottawa.ca/geoottawa/): 

 PIN 145320196 

 Concession 7 North Part Lots D and E Registered Plan; 50R844 Part 2 

1.4 Surrounding Land Uses 

Surrounding land uses within approx. 500 m of the subject site are described below: 

 North 

o Wilhaven Drive right-of-way 

o Rural residential lots 

o Forest 

 East   

o O’Toole Road right-of-way 

o Agricultural land (pasture and crop land) 

o Agricultural buildings (two sheds) 

o Residential lots 

 West   

o Agricultural land (pasture and crop land) 

o Residential lots 

o Wilhaven Drive 

 South   

o Agricultural land (crop land) 

o Unused partially cleared land 

o Forest 

o Farm house and buildings 

o Hydro Easement 

o Hydro substation 

All existing development in the area utilizes private individual water supply and sewer 

system services. 

1.1 Proposed Subdivision 

The proposed residential subdivision will include 21 lots as indicated on Figure 8 (Lot 

Development Plan). The minimum lot size is 8,043 m2, or (i.e. slightly more than 0.8 hectares 

(Ha)). The lots range in size from 8,043 m2 to 11,100 m2. The average lot size is 8,761 m2. 

The lot sizes are consistent with the current City of Ottawa zoning for the property (City of 

Ottawa, Official Plan, Rural Designations, 2016).  

http://maps.ottawa.ca/geoottawa/
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The proposed subdivision will be serviced by individual onsite wells and onsite wastewater 

treatment systems (OWTS). This form of servicing is consistent with the established 

hierarchy prescribed in the Ontario Provincial Policy Statement and is consistent with the 

established neighbouring rural estate lot developments, based on both the planning 

rationale and Servicing Options Report prepared in support of a Plan of Subdivision 

Application for the subject property. 
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2.0 METHOD OF STUDY 

2.1 Topographic Survey 

A topographic survey of the site was conducted by Annis, O’Sullivan, Vollbekk Ltd. of Ottawa 

Ontario in 2009. The survey information was used to develop Figure 8 (Lot Development 

Plan). A copy of the Plan of Survey is included as Figure 7 in Appendix 5. 

2.2 Test Pitting 

Test pitting was conducted as part of the geotechnical investigation of the site by Paterson 

(Paterson, 2009). The test pitting program aimed to assess the near-surface terrain at the 

site. Twelve (12) test pits were excavated at locations across the site using a small track 

mounted excavator in December, 2009.  

The test pits were advanced to depths ranging from 2.34 to 3.83 m below ground surface 

(bgs). The test pit locations are indicated on Figure 5 (Test Hole Location Plan), located in 

Appendix 5.  

2.3 Soil Sampling and Grain Size Analysis 

The soil profile at each test pit was logged by direct examination of the sides and bottoms 

of the test pits. Representative soil samples were recovered from the walls and bottoms of 

the test pit excavations. All soil samples were initially classified on site, placed in sealed 

plastic bags and transported to Paterson’s Ottawa materials testing laboratory. The depths 

at which the samples were recovered are shown as G on the Soil Profile and Test Data 

sheets, attached in Appendix 1. 

A total of four (4) soil samples were submitted to Paterson’s materials testing laboratory in 

Ottawa Ontario for grain size analysis. The samples that were submitted were representative 

of the main soil types that were encountered during the investigation. Grain size analysis 

results are included in Appendix 1. 

2.4 Water Well Records 

A review of available MOECC Water Well Records in the vicinity of the site was undertaken 

as part this study. Water well record information was obtained directly from the MOECC 

water well records interactive GIS system located at: http://www.ontario.ca/environment-and-energy/map-

well-records 

MOECC water well records that were identified are indicated in Figure 2 (Appendix 5). 

Overburden thickness, depth of casing, aquifer interception points and reported well yields 

http://www.ontario.ca/environment-and-energy/map-well-records
http://www.ontario.ca/environment-and-energy/map-well-records
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were reviewed in detail in order to assist in establishing a hydrogeological conceptual model 

for the site. A summary is provided in Table 1 below. 

Table 1- MOECC Water Well Records Summary 

 

Well 

Record 

ID

Year 

drilled

Depth to 

BR (m)

Casing 

depth (m)

Depth to 

water 

bearing 

fractures 

Total 

depth 

(m)

Recommended 

pumping rate 

(L/min)

30.5

53.6

1534621 2004 1.83 3.66 4.3 30.5 23

1534787 2004 1.83 6.71 26.5 67.4 18

27.1

96.9

52.7

89.3

1535083 2004 3.05 6.71 91.7 101.5 45

1535703 2005 1.21 6.66 77.3 84.8 23

93.6

131.7

1513095 1956 1.83 6.40 21.0 21.0

1513100 1970 1.52 6.10 45.7 45.7 18

7100598 2008 3.96 10.67 96.9 152.4 23

83.9

99.7

711538 2008 2.74 13.11 85.3 95.1 23

7129154 2009 3.63 12.12 16.7 151.5 23

1512686 1969 2.44 6.10 44.5 44.5 27

1513924 1973 0.00 6.71 33.2 33.2 18

57.9

78.6

1517920 1982 3.66 12.19 57.6 61.0 9

64.6

84.4

89.3

1534818 2004 1.00 7.81 90.9 98.5 45

1534792 2004 1.80 6.70 66.6 70.1 10

64.0

72.8

1533452 2002 0.61 12.80 121.9 129.5 23

1533134 2002 0.00 12.80 106.7 128.6 5

27.4

68.6

87.2

57.9

64.0

73.2

24.4

29.0

1512685 1966 0.00 3.96 27.4 48.8 9

1513097 1966 1.22 7.62 34.1 34.1 27

7175488 2011 2.59 6.10 13.4 24.4 1

1512688 1967 1.22 5.18 42.7 42.7 27

67.1

85.3

1533753 2003 0.00 6.10 74.7 74.7 9

54.0

73.2

1513931 1973 1.52 6.71 38.1 38.1 41

1534816 2004 3.40 6.70 65.8 73.1 55

15.0

15.2

7233585 2014 3.65 6.40 155.4 14

1536595 2006 0.60 12.00 121.0 128.0 20

56.1

131.8

7109809 2008 3.05 9.14 152.4 2

7144357 2010 0.00 15.86 150.2

0

1512689 1970 0.30 6.71 98.5 23

7040752 2009 11.58 18.29 73.2

27

1512515 1972 1.52 6.40 73.2 36

1512516 1972 1.22 5.49 30.5

23

1534791 2004 0.76 6.70 75.3 42

1512033 1972 0.00 6.71 88.4

12

1517909 1982 5.18 6.40 82.6 9

1534811 2004 0.61 6.70 91.7

41

7113105 2008 5.18 6.40 134.1 34

7045759 2007 2.13 8.84 103.6

45

1534819 2004 3.05 7.01 99.4 36

1536079 2004 1.83 6.71 100.0

MOECC WATER WELL RECORDS SUMMARY

1531266 2000 2.13 6.10 61.9 7
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2.5 Permit to Take Water (PTTW) Search 

A review of the MOECC PTTW database was carried out within a 1 km radius of the site. 

PTTW information was obtained directly from the MOECC interactive GIS system located 

at:  http://www.ontario.ca/environment-and-energy/map-permits-take-water  

Results of the search are discussed in Section 3.3.4 below. 

2.6 Test Well Construction 

Three (3) test wells (TW1, TW2 and TW3) were constructed in 2009 by Air Rock Drilling 

Company Ltd. of Richmond, Ontario. These wells were drilled to depths of between 110 to 

152 m using air-rotary techniques, and were generally found to have relatively low yields 

and relatively poor water quality (elevated concentrations of TDS, sodium and chloride).  

TW1 (not used as a representative test well) 

A casing hole (9” or 228 mm in diameter) was advanced into competent limestone bedrock 

to a depth of 6.2 m below ground surface (bgs). A 6.7 m section of new steel casing (6” or 

150 mm diameter) was installed and grouted into the hole. The resultant casing stickup is 

approximately 0.5 m above ground surface. Paterson inspected the casing installation and 

grouting process and confirmed that grouting of the annular space was conducted in 

compliance with Ontario Regulation 903. 

An open borehole (6” or 152 mm diameter) was advanced to a total depth of 152.40 m, using 

rotary air percussion methods. Several water bearing fractures were encountered during 

drilling of the open borehole. Well development, chlorination and a one hour constant rate 

pumping test were all carried out according to the requirements of O.Reg. 903. 

TW2 (not used as a representative test well) 

TW2 was constructed in the same way as TW1. Bedrock was encountered at 3.66 m bgs. 

Steel casing was advanced into the limestone bedrock to a depth of 6.1 m bgs to ensure an 

effective seal into competent bedrock. The open borehole was advanced using air 

percussion techniques to a total depth of 109.73 m bgs. Grouting, well development, 

chlorination and a one hour constant rate pumping test were all carried out according to the 

requirements of O.Reg. 903. 

TW3 (not used as a representative test well) 

TW3 was constructed in the same way as TW1. Bedrock was encountered at 3.35 m bgs. 

Steel casing was advanced into the limestone bedrock to a depth of 6.1 m bgs to ensure an 

http://www.ontario.ca/environment-and-energy/map-permits-take-water


patersongroup Hydrogeological and Terrain Analysis 

Ottawa           Kingston           North Bay Proposed Rural Residential Subdivision 
 1730 Wilhaven Drive, Cumberland, Ontario 

 

Report: PH1236-REP.02R2 

August, 2016 

   

 

effective seal into competent bedrock. The open borehole was advanced using air 

percussion techniques to a total depth of 134.11 m bgs. Grouting, well development, 

chlorination and a one hour constant rate pumping test were all carried out according to the 

requirements of O.Reg. 903. 

NOTE: Initial water quality results from TW1, TW2, and TW3 included relatively high 

concentrations of TDS, chloride, and sodium. It was noted that the water quality and quantity 

at the existing house well (HW) is significantly better than at the first three test wells.  A 

decision was made at that time to focus on the ‘’upper bedrock aquifer zone’ (i.e. poor water 

quality appears to occur below approximately 70 m depth, so the ‘upper bedrock aquifer 

zone’ is defined (for the purposes of this report) as the bedrock aquifer above that depth. 

TW4  (not used as a representative test well) 

The casing hole for TW4 was advanced through the overburden and a further 0.9 m into the 

underlying bedrock at a total depth of 6.1 m bgs. The open borehole was advanced using 

cable tool techniques to a total depth of 8.53 m bgs. Water bearing fractures were 

encountered at 7.16 m bgs. Well development, chlorination and a one hour constant rate 

pumping test were all carried out according to the requirements of O.Reg. 903. 

TW5 

The casing hole for TW5 was advanced through the overburden and seated approximately 

1.1 m into the underlying bedrock with a total depth of 10.2 m bgs. The open borehole was 

advanced using a cable tool rig to a total depth of approximately 24.38 m bgs. Water bearing 

fracture zones were encountered at 15.70 m and 22.25 m bgs. Well development, 

chlorination and a one hour constant rate pumping test were all carried out according to the 

requirements of O.Reg. 903. 

TW6 

The casing hole for TW6 was advanced through the overburden and seated approximately 

4.1 m into the bedrock to achieve a casing depth of 6.1 m below ground surface. The open 

borehole was advanced with the cable tool to a total depth of approximately 69.19 m bgs. 

Water bearing fractures were encountered at 16.76 m bgs. Well development, chlorination 

and a one hour constant rate pumping test were all carried out according to the requirements 

of O.Reg. 903. 
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TW7 (not used as a representative test well) 

The casing hole for TW7 was advanced through the overburden and seated approximately 

3.5 m into the bedrock to achieve a casing depth of 6.1 m below ground surface. The open 

borehole was advanced using air percussion techniques to a total depth of approximately 

24.4 m bgs. A water bearing fracture were encountered at 13.4 m bgs. Well development, 

chlorination and a one hour constant rate pumping test were all carried out according to the 

requirements of O.Reg. 903. 

NOTE: This well is relatively shallow and the expected yield (based in the driller’s one hour 

pumping test) is extremely low. The well was not used as a test well for the project. An 

attempt was made to stimulate the well (see Section 3.10) but further testing was abandoned 

when favourable results were identified at the other onsite test wells. 

HW 

The MOECC Water Well Record for HW shows that the well was constructed with 

approximately 7.9 m of 150 mm diameter steel casing (7.3 m bgs and a 0.6 m stickup) set 

into grey limestone bedrock. Cement grout was used to seal the annular space. 

The open borehole was advanced with ‘rotary air drilling’ techniques (i.e. air percussion). 

The well contractor reported grey limestone bedrock with shale interbeds. A water bearing 

fracture was encountered at a depth of 18.3 m bgs and the total well depth was reported to 

be 26 m bgs. The well depth was independently measured by Paterson. 

Four (3) additional wells (TW4, TW5 and TW6, and TW7) were constructed in 2011 by 

Saunders Well Drilling Ltd. of Braeside, Ontario. These wells were drilled to depths of 

between 8 and 69 m using cable tool techniques (NOTE: the nature of cable tool drilling 

(slow pounding of the formation using the weight of the drill string, and removal of cuttings 

using a bailer) is known to promote advantageous open fracturing, and is often preferable 

to rapid percussion drilling which can cause blockage and sealing of fractures in some 

situations). 

MOECC water wells records for the test wells are included in Appendix 2.  

Offsite Well – 1490 O’Toole 

A new drilled well was installed at 1490 O’Toole Road (a recently severed residential lot) in 

June 2015. This well is located approximately 80 m south of the southern property boundary 

(see Figure 5). This well was observed by Paterson to be artesian in March 2016. 
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The casing hole for the ‘1490 O’Toole’ well was advanced through the overburden and 

seated approximately 7.6 m into the bedrock to achieve a casing depth of 12.12 m below 

ground surface. The open borehole was advanced using ‘rotary air’ techniques (i.e. air 

percussion) to a total depth of 103.03 m bgs. A water bearing fracture were encountered at 

18.2 m bgs. Well development, chlorination and a one hour constant rate pumping test were 

all carried out according to the requirements of O.Reg. 903. 

The following table provides a summary of the available test wells in the vicinity of the site. 

For the purpose of this study the four most important test wells are TW5, TW6, HW and 

1490 O’Toole. 

Table 2 - Test Wells Summary 

 

2.7 Pumping Tests 

Pumping tests were conducted sequentially at each test well using the other test wells as 

observation wells where deemed appropriate. The pumping tests were carried out following 

full development of each well, began with a static water level and involved pumping at a 

fixed rate (+/- 5%) for at least six hours. Water levels were measured at the pumping well 

and observations wells at one minute intervals, and the pumped water was discharged far 

enough away from the test wells to ensure that artificial recharge did not occur. 

Each of the test wells was pumped at a constant rate and was then allowed to recover. The 

pumping discharge rates were selected to ensure a demonstrable reduction in 

potentiometric head (i.e. a lowering of the static water levels) within the water supply aquifer 

Well Record 

ID

Year 

Drilled

Depth to 

Bedrock 

(m)

Casing 

Depth (m)

Depth to 

Water 

Bearing 

Fractures (m)

Total 

depth (m)

Recommended 

Pumping Rate 

(L/min)

TW1 2009 3.81 6.10 109.7 152.40 4.5

105.2

107.0

TW3 2009 3.35 6.10 131.1 134.11 27.3

TW4 2011 5.18 6.10 7.2 8.53 45.5

TW7 2012 2.59 6.10 13.4 24.38 1.1

15.7

22.3

TW6 2011 1.98 6.10 16.8 69.19 9.1

HW 2003 4.27 7.92 18.29 25.30 27.3

1490 O'Toole 2015 3.63 12.12 18.18 103.03 22.0

TW2 2009

TW5 2011

109.73

9.14 10.21

Representative Test Wells

TEST WELLS SUMMARY

3.66 6.10 54.6

24.38 22.7

Non-representative Test Wells
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being tested. During the pumping test, the pumping rate was monitored at 60 minute 

intervals in order to ensure that the rate of discharge remained reasonable constant (i.e. < 

5% variation). 

Drawdown observations during pumping and recovery were recorded using manual 

measurements taken with an electronic water level tape. Electronic dataloggers 

(Schlumberger Micro-DiverTM) were installed in each test well (and at some observation 

wells) prior to the each test. Full recovery was monitored using the dataloggers which were 

not removed from the wells until at least 24 hours after each pumping test. 

Turbidity and free chlorine residual measurements were taken using a Hanna HI93414 Fast 

Tracker portable meter. Testing was conducted in the field at regular intervals during each 

pumping test. No residual chlorine was detected at the time that the water samples were 

collected for analytical analyses.  

Field measurements of pH, temperature, conductivity and TDS were carried out during each 

test using an ExtechTM ExStik II portable multi-meter.  

All field instruments were calibrated prior to use, and calibration records are retained within 

the project file. 

TW1 

A pumping test was carried out at TW1 on December 3, 2009. The well was pumped with 

an electric submersible pump from Air Rock Drilling at a rate of 11.3 L/min for six (6) hours. 

The total drawdown was 77.9 m. Recovery was not fully monitored. 

TW2 

A pumping test was carried out at TW2 on December 1, 2009. The well was pumped with 

an electric submersible pump from Air Rock Drilling at a rate of 18.9 L/min for six (6) hours. 

The total drawdown was 5 m. 100% recovery was achieved in less than 12 hours. 

TW3 

A pumping test was carried out at TW3 on December 2, 2009. The well was pumped with 

an electric submersible pump from Air Rock Drilling at a rate of 15.1 L/min for six (6) hours. 

The total drawdown was 8.4 m. Recovery was not fully monitored.  
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TW4 

TW4 was pumped for six (6) hours on December 15, 2011. Information about the pumping 

rate and drawdown are not available for analysis. Water samples were collected at 3 and 6 

hours. 

A pumping test was carried out at TW4 on June 12, 2015. The well was pumped with an 

electric submersible pump from Air Rock Drilling at a rate of 114 L/min for six (6) hours. The 

total drawdown was 0.94 m. 100% recovery was achieved in 1 minute.  

TW5 

TW5 was pumped for six (6) hours on December 19, 2011. Information about the pumping 

rate and drawdown are not available for analysis. Water samples were collected at 3 and 6 

hours. 

A pumping test was carried out at TW5 on May 11, 2016. The well was pumped with an 

electric submersible pump from Air Rock Drilling at a rate of 19 L/min for six (6) hours. The 

well was then pumped for a further three (3) hours at a rate of 15 L/min in an effort to reduce 

turbidity. The total drawdown was 4.6 m. 95% recovery was achieved in 21 minutes. A 

datalogger was also placed in a nearby observation well (1490 O’Toole), but no response 

to pumping was identified at the observation well. 

TW6 

TW6 was pumped for 22 hours on December 17, 2011. Information about the pumping rate 

and drawdown are not available for analysis. Water samples were collected at 6 and 22 

hours. 

A pumping test was attempted at TW6 on January 13, 2016. The well was pumped with an 

electric submersible pump from Air Rock Drilling at a rate of 18 L/min for six (6) hours. The 

water level dropped below the datalogger, so the test was abandoned. 

On May 5, 2016 the well was pumped at a rate of 9.6 L/min for 3 hours before the water 

level dropped below the datalogger. The test was abandoned. A datalogger was also placed 

in a nearby observation well (HW), but no response to pumping was identified at the 

observation well. 

A successful pumping test was carried out on July 8 and 9, 2016. The well was pumped with 

Grundfos pump (2” sampling pump) from Pine Environmental Canada, at a rate of 2.8 L/min 

for twenty four (24) hours. The total drawdown was 15.3 m. 95% recovery was achieved in 

13 hours.  
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HW 

HW was pumped for six (6) hours on December 8, 2009. Information about the pumping rate 

and drawdown are not available for analysis. Water samples were collected at 3 and 6 hours. 

Another pumping test was carried out on May 24, 2016. The well was pumped using the 

existing electric submersible pump that is installed in the well. A licensed well 

technician/plumber/electrician from H.O. Smith Plumbing, disconnected the discharge line 

from the pump and attached a separate discharge line for the pumping test. The well was 

pumped at a rate of 20 L/min for six (6) hours. The total drawdown was 4.1 m. 95% recovery 

was achieved in 1.15 hours. 

1490 O’Toole 

A pumping test was carried out at the well at 1490 O’Toole Road by Kollard Associated Inc. 

on March 24, 2016 (Kollard, 2016). The well was pumped at 24 L/min for five (5) hours, then 

the pumping rate was varied (3 to 24 L/min) in order to develop the well and reduce turbidity. 

The total drawdown was 11.8 m. 95% recovery was achieved in 27 minutes. Further 

pumping was required (7 hours on March 22) to reduce the concentration of turbidity to an 

acceptable level. 

A summary of pumping tests is provided in the table below. 

Table 3 - Pumping Tests Summary 

 

P umping R e c ove ry

TW1 03-Dec-09 11 6 1.32 77.85 33% in 2 hours 0.1
insuf f icient  dat a 

t o calculat e

TW2 01-Dec-09 19 6 52.20 5.01
62% in 7 hours and 

100% in <12 hours
1.5

insuf f icient  dat a 

t o calculat e

TW3 02-Dec-09 15 6 54.12 8.41 80% in 8 hours 1.5 2.0

TW4 12-Jun-15 114 6 0.82 0.94 100% in 1 minute 86.4 1620

TW5 11-May-16 19 8 0.37 4.63 99% in 16 minutes 2.6 1.4

TW6 08-Jul-16 3 24 4.56 15.34 95% in 13 hours 0.02 0.2

HW 24-May-16 20 6 3.20 4.14 95% in 1.16 hours 14.3 8.2

1490 O'Toole 16-Mar-16 24 24 0.6 11.8 95% in 27 mins 146.0 13.0

N on- re pre se nt a ive  t e st  we lls

R e pre se nt a ive  t e st  we lls

PUMPING TESTS SUMMARY

R e c ove ry (%  a nd  

t ime )

Tra nsmissivit y (m
2

/da y)

W e ll R e c ord  

ID
Te st  da t e

P umping  

ra t e  

(L /min )

D ura t ion  

o f t e st  

(hours)

S t a t ic  

wa t e r 

le ve l 

(mbt oc )

D ra wdow

n (m)
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2.8 Groundwater Sampling 

Groundwater samples were collected at the midpoint and at the end of each pumping test. 

Prior to collection of the pumping test water samples, the free chlorine residual was verified 

to be non-detectable using field test equipment. 

Two (2) offsite water supply wells were also sampled as part of the investigation. The 

locations are indicated on Figure 5 (Test Hole Location Plan) in Appendix 5. Well owner 

interviews were conducted at the time of sampling the offsite wells. 

All groundwater samples were submitted for comprehensive testing of bacteriological, 

chemical and physical water quality parameters consistent with standard ‘Subdivision Water 

Supply’ suite of parameters.  

The final groundwater sample from TW5 was also submitted for analysis of ‘RVCA 

recommended metals’ and phosphate. 

The final groundwater sample from HW was also submitted for analysis of ‘RVCA 

recommended metals’, phosphate, petroleum hydrocarbons (PHCs), and volatile organic 

compounds (VOCs). 

All samples were collected unfiltered and unchlorinated and were placed directly into clean 

bottles supplied by the analytical laboratory. Samples were placed immediately into a cooler 

with ice and were transported directly to the Exova laboratory in Ottawa. All samples were 

received by the laboratory within 24 hours of collection. 

Exova is fully accredited by the Canadian Association for Laboratory Accreditation (CALA) 

having received a Certificate of Laboratory Proficiency in 1991 (CALA Registration Number 

2602). Exova has ISO 17025 accreditation (Standards Council of Canada) and is fully 

accredited for Ontario Safe Drinking Water Act (OSDWA) testing. 

Offsite Well Sampling 

Offsite water samples were collected at 1753 Wilhaven Drive and at 1865 Wilhaven Drive 

(see Figure 2 for locations) on July 7, 2016. The sample was submitted to EXOVA Ottawa 

for analysis of the standard ‘subdivision water supply’ suite of parameters (see Section 4.2.1 

for a discussion of the results). 

2.9 Offsite Well Owner Interviews 

An attempt was made to interview neighbouring well owners about their well and septic 

systems. A standard form was used to conduct each brief interview. The form includes 
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standard questions about the well location, water quality, water quantity and potential 

environmental concerns. Well owner interview log sheets are included in Appendix 4. 

2.10 Hydraulic Fracturing 

Hydraulic fracturing (also known as hydro-fraccing, or fraccing) is a well stimulation 

technique in which bedrock is fractured by a pressurized liquid. The process involves the 

high-pressure injection of 'fracking fluid' (in this case clean water) into a wellbore to open up 

fractures through which groundwater will flow more freely) was conducted by Outaouais Well 

Fracturing of Greely, Ontario. Hydraulic fracturing was completed on two wells (TW6 and 

TW7) on June 14, 2016. 

A downhole camera survey of the each well was carried out before and after the well 

pressurization (fraccing) sequence. The following table provides a summary of the fractures 

that were identified. 

Table 4 - Downhole Camera Survey 

DOWNHOLE CAMERA SURVEY OF FRACTURES 

Depth (m btoc) Description 

TW6 

6.86 bottom of casing to bedrock 

10.67 large empty void with no water entry 

17.98 annulus fracture (1st water production area following hydrofracturing) 

23.93 small fracture/void 

29.87 small fracture 

35.05 small fracture 

41.45 small fracture 

49.99 borehole rough 

69.19 bottom 

TW7 

6.89 bottom of casing 

8.53 small fracture 

14.33 small fracture   

19.51 slight fracture (1st water production area following hydrofracturing) 

Hydraulic fracturing was carried out using a truck mounted ‘fraccing rig’ comprised of a 

11,000 L water tank, six metric tonne crane, high pressure fraccing pump (heavy duty triplex 

piston pump and gear transfer box capable of producing 5000+ psi of water pressure, at up 

to 200 IGPM), and a twin packer downhole assembly.  

The hydraulic fracturing sequence at each well involved pressurization of sections of the 

well where fractures were identified by the downhole camera survey. 
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3.0 GEOLOGY AND HYDROGEOLOGY 

3.1 Surficial Geology 

Surficial geology mapping information from the Ontario Geological Survey (OGS) was 

obtained from the OGS Earth website at: http://www.mndm.gov.on.ca/en/mines-and-

minerals/applications/ogsearth, and is included on Figure 3 (Overburden Geology) in 

Appendix 5. 

The mapping data from OGS indicates that the eastern half of the site has ‘fine textured 

glaciomarine deposits’ (silt and clay with minor sand and gravel) at surface, and the western 

half of the site has ‘Paleozoic bedrock’ at surface. Till material (stone-poor, sandy silt to silty 

sand-textured till) occurs to the immediate east of the site. This pattern is generally 

consistent with the findings of the test pitting program. A detailed description of the upper 

overburden stratigraphy, based on the test pit findings, is provided below. 

The thickness of the overburden unit, based on available water well record information from 

wells drilled on the subject site, varies from 1.98 m to 9.14 m (average thickness = 4.2 m).  

A total of 12 onsite test pits were advanced to depths from 2.34 to 3.83 m bgs (see Figure 5 

in Appendix 5, and the test pit logs in Appendix 1), to assess the surficial stratigraphy 

(Paterson, 2009). 

The general stratigraphy that was encountered in the test pits is as follows: 

 Topsoil 

 Silty Sand / Sandy Silt 

 Silty Clay 

 Till 

Please refer to the geotechnical report by Paterson (Paterson, 2009) for further details. 

Grain size distribution curves for the main units that were identified are included in 

Appendix 1.  

3.2 Bedrock Geology 

Geological mapping information from the OGS Earth website (OGS, 2016) shows that the 

site is located in an area where the Bobcaygeon Formation is the uppermost bedrock unit.  

http://www.mndm.gov.on.ca/en/mines-and-minerals/applications/ogsearth
http://www.mndm.gov.on.ca/en/mines-and-minerals/applications/ogsearth
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Figure 4 (Bedrock Geology) in Appendix 5 shows the OGS Earth mapping information in the 

vicinity of the site.  

OGS describes the lithology of the Bobcaygeon Formations as “limestone, with minor shales 

in upper part”. Information from nearby MOECC Water Well Records shows that the 

dominant rock type is limestone. This information is consistent with the information from 

OGS mapping.  

3.3 Hydrogeology 

A shallow unconfined ‘aquifer’ exists within the overburden unit. Observations made during 

test pitting suggest that the overburden groundwater is typically encountered at depths from 

0.8 m to 1.6 m below ground surface. The direction of groundwater flow in the overburden 

‘aquifer’ is interpreted to be to the south.  

In the Ottawa area, the most important water supply ‘aquifers’ occur within the horizontally 

bedded Palaeozoic carbonate sedimentary bedrock. Permeability within these strata is 

controlled by fractures. The primary porosity (i.e. the ‘primary fracture network’) is controlled 

by large fractures including horizontal bedding plane fractures and large interconnecting 

vertical/subvertical fractures. A significant secondary porosity is caused by small scale 

fracturing of the entire mass of rock. These fractures are small and closely spaced.  

The direction of groundwater flow in the bedrock aquifer is interpreted to be to the north, 

towards the Ottawa River.  

The locations of MOECC Water Well Records located in the vicinity of the site are included 

on Figure 2 (Please note: well location accuracy is variable based on the MOECC database).  

Water well record information was obtained from the MOECC water well records database. 

Overburden thickness, depth of casing, aquifer interception points and reported well yields 

were reviewed in detail. 

A total of 40 water well records were identified. The drilled wells typically intercept a water 

supply ‘aquifer zone’ within the Bobcaygeon Formation.  
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3.3.1 Conceptual Hydrogeological Model 

Please refer to Figure 6 (Cross Section) when reading this section of the report. 

 Overburden Unit 

o Stratigraphy includes thin topsoil over silty sand / sandy silt, over silty clay, 
over till 

o Overburden thickness is typically 4-5 m 

o Shallow unconfined ‘aquifer’ 

o Overburden groundwater is typically around 1 m bgs 

o Groundwater flows to the south 

 Bedrock Unit 

o Bobcaygeon Formation 

o Lithology is limestone with some shale in the upper part of the formation 

o Confined bedrock ‘aquifer’ 

o Groundwater occurs in fracture controlled porosity 

o Groundwater flows to the north 

In Paterson’s experience, the upper portion of the Bobcaygeon Formation (i.e. the ‘upper 

bedrock aquifer zone’ provides relatively good quality groundwater. The lower portion of the 

Bobcaygeon Formation is typically associated with diminished water quality (elevated TDS, 

sodium, and chloride). 

NOTE: The potentiometric groundwater elevations at TW2 and TW3 are much lower than 

those observed in all of the surrounding wells. This is probably due to the drilling technique 

that was used (air rotary) which may have caused small water bearing fractures in the ‘upper 

bedrock aquifer zone’ to be sealed during the drilling process. This provides evidence that 

there is some degree of isolation between the ‘upper bedrock aquifer zone’ and the ‘lower 

bedrock aquifer zone’, and shows that the hydrogeological gradient between the two is 

downwards.  

3.3.2 Hydrogeological Sensitivity 

The terrain analysis findings (see Section 4.0) show that the overburden thickness varies 

across the site from 1.98 m to 9.18 m, and appears to be more than 3 m thick across most 

of the site.  A small area near the western end of the site, between the house and the 

southwest corner of the property has soils that vary from 2-3 m in thickness.  
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The overburden soils at the site are not highly permeable. The overburden material includes 

a significant proportion of clay (see Section 4.1 and the test pit logs, and grain size analyses 

in Appendix 1). There is a significant proportion of clay in the overburden material at the 

three locations (TW6, TW7 and TP4) where overburden was identified to be between 1.98 

and 3 m thick. 

The western half of the site occurs within in area mapped as ‘inferred karst’ as determined 

by OGS (OGS, 2015). This means that the area is within a region of carbonate bedrock 

which is vulnerable or susceptible to karstification, as evidenced by the Cardinal Creek karst 

(a small cave and associated features) which is located approximately 2.5 km to the west of 

the site. The eastern half of the site occurs within in area mapped as ‘potential karst’. There 

is no bedrock outcrop at the site, so no karstic features were identified.  

 The subject site is not considered to be hydrogeologically sensitive. There are no karstic 

features onsite and the bedrock is protected by overburden (generally greater than 3 m in 

thickness) that contains a significant proportion of clay. 

3.3.3 Potential Sources of Contamination 

Onsite 

The site is developed as a farm with cleared fields, an access laneway and a farmyard area 

with house and outbuildings. Potential sources of onsite contamination include pesticide 

use, fuel storage & handling, chemical storage & handling, and the existing onsite sewage 

system attached to the house. Most of these activities are confined to the farmyard area. 

The only potential onsite source of contamination that may have affected the entire property 

is the historical use of pesticides. The overburden thickness at the site is generally between 

3-5 m based on the onsite water wells. Surficial geology mapping information from the 

Ontario Geological Survey indicates the overburden material at the location of the proposed 

lots is ‘till’ comprised of sandy silt and silty sand (see Section 4.1 and Figure 3).  

Given the fact that there has been no use of pesticides for 16 years or more, and there have 

been no reports of pesticide contaminated groundwater in the vicinity of the site (including 

at least one dug well), the potential for any significant impacts to the bedrock aquifer beneath 

the proposed new lots is considered to be insignificant. No further action is recommended.  

Offsite 

The following potential offsite sources of contamination were identified: 

 Wilhaven Drive (potential spills, road salt use). 
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Road salt impacts are expected to be localized and confined to groundwater in the 

overburden unit. 

3.3.4 Large Water Uses and PTTW Review 

Based on a review of large water taking uses in the vicinity of the site, there are no single 

large groundwater uses within 750 m of the site. The closest PTTW users of groundwater 

are as follows: 

 Camelot golf club (greater than 850 m to the north of the site) 

 Proulx fruit farm (greater than 1.4 km to the south) 
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4.0 AQUIFER ANALYSIS 

In order to evaluate the water supply aquifer(s) underlying the site, a total of seven (7) test 

wells (TW1 to TW7) were constructed across the site from 2009 and 2012. The existing well 

at the onsite house (HW), and a nearby offsite water supply well (1490 O’Toole) were also 

used as test wells to evaluate the bedrock aquifer.  

The locations of the wells were selected by Paterson to ensure representative lot coverage 

for aquifer testing. See Figure 5 (Test Hole Location Plan) in Appendix 5. 

4.1 Aquifer Characteristics 

The pumping test data was analyzed using Aquifer Test ProTM (V2016) software. Drawdown 

data was measured using an electronic water level tape. An electronic datalogger unit was 

also used to monitor drawdown in the test wells.  

The drawdown data at the pumping well was analyzed using the Theis (Theis, 1935), and 

the Cooper & Jacob methods of analysis (Cooper & Jacob, 1946). Recovery data was also 

analyzed using Theis.  

Transmissivity of the ‘upper bedrock aquifer zone’ is estimated to be approximately 

7.5 m2/day (average of values from TW5, HW and 1490 O’Toole). Aquifer analysis details 

are included in Appendix 4.  

Aquifer storativity was not calculated. Several attempts to obtain data at nearby observation 

wells did not provide any data (i.e. no response to pumping was identified at any of the 

observation wells). Aquifer storativity is estimated to be approximately 1 x 10-6 based on 

Paterson’s knowledge of the bedrock aquifer systems in the Ottawa region. 

The following table provides a summary of aquifer characteristics. 

Table 5 - Summary of Aquifer Characteristics 

SUMMARY OF AQUIFER CHARACTERISTICS 

  TW5 TW6 HW 1490 O'Toole 

Transmissivity (m2/day) 1.4 0.2 8.2 13 

Pumping Rate (L/min) 19 3 20 24 

Available Drawdown (m) 24 64 22 102 

Maximum Drawdown (m) 4.63 15.34 4.14 11.8 

% Drawdown  19.3% 24.0% 18.8% 11.6% 

Specific Capacity (L/min/m) 4.1 0.2 4.8 2.0 
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The average transmissivity value (based on TW5, HW and 1490 O’Toole) is considered to 

be a reasonable approximation of the general transmissivity of the ‘upper bedrock aquifer 

zone’, measured in wells that encountered the primary fracture network. Two onsite wells 

(TW6 and TW7) do not appear to have encountered the primary fracture network and have 

very low yield. Any future wells that do not encounter the primary fracture network will 

probably need additional storage at surface to meet peak demand requirements (as 

discussed in Section 5.2). 

4.2 Water Quality 

Analytical results from the groundwater sampling program are presented in Tables 6, 7 and 

8 below. Laboratory certificates of analysis are included in Appendix 3. 

Deep Wells 

For the purpose of this report the term ‘deep wells’ refers to wells that are deeper than 70 m. 

Analytical results from TW1, TW2 and TW3 are summarized in Table 6 below. 

The analytical results from the three deep onsite test wells show that water quality is 

relatively poor in these wells that extend beyond 70 m in depth. Water quality in the deep 

wells is characterized by high concentrations of salt (Na and Cl), TDS and turbidity. 

The well at 1490 O’Toole Road (1490 O’Toole) is one of the four selected ‘Test Wells’ for 

this project. Although this is a deeper well, the water quality is generally good. The only 

exceedances of the ODWS limits are for hardness and iron. 
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Table 6 - Groundwater Geochemistry - Deep Wells 

 

 

 

O D W S

22-Mar-16

P a ra me t e rs U n it s L imit 3 Hour 6 Hour 3 Hour 6 Hour 3 Hour 6 Hour 3 Hour 6 Hour 7 hour

Escherichia Coli c t /100 mL 0
M AC

0 0 0 0 0 0 0 0 -

Faecal Coliforms c t/100 mL not spec ified 0 0 0 0 0 0 0 0 -

Faecal Streptococcus c t/100 mL not spec ified 2 11 0 0 2 0 - - -

Heterotrophic  Plate Count c t/1 mL not spec ified 135 291 >500 >500 181 11 90 153 -

Total Coliforms c t/100 mL 0
M AC

0 60 0 0 11 0 0 0 -

Fluoride mg/L 1.5
M AC

0.12 0.16 1.94 1.96 0.61 0.63 0.25 0.41 -

Ammonia mg/L not spec ified 0.13 0.14 0.20 0.19 0.46 0.46 0.11 0.11

TKN mg/L not spec ified 0.39 0.23 0.24 0.23 0.58 0.64 0.2 0.2

Nitrite mg/L 1
M AC

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 -

Nitrate mg/L 10
M AC

0.41 0.42 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 -

Alkalinity mg/L 500
OG

408 403 212 213 244 244 235 241 -

Chloride mg/L 250
AO

718 666 153 153 304 305 16 22 -

Colour TCU 5
AO

<2 <2 <2 <2 10 5 2 <2 -

DOC mg/L 5
AO

1.7 1.5 0.9 0.9 1.7 1.6 1.8 1.5 -

Conduc t ivity uS/cm not spec ified 3200 3040 1500 1480 2730 2780 502 543

Hydrogen Sulfide mg/L 0.05
AO

<0.01 <0.01 <0.01 <0.01 <0.1 <0.01 <0.02 <0.02 -

pH pH units 6.5-8.5
AO

7.81 7.85 8.18 8.18 7.88 7.93 8.06 8.1 -

Sulphate mg/L 500
AO

121 117 295 287 768 784 18 23 -

Hardness mg/L 100
OG

808 662 166 157 687 691 210 212 -

Sodium mg/L 200
AO

382 418 272 266 345 340 34 40 -

Calc ium mg/L not spec ified 246 199 35 33 173 173 61 62

Potassium mg/L not spec ified 5 5 5 5 8 8 6 7

Iron mg/L 0.3
AO

5.51 0.73 <0.03 <0.03 1.55 0.06 0.62 1.47 0.48

Magnesium mg/L not spec ified 47 40 19 18 62 63 14 14

Manganese mg/L 0.05
AO

0.15 0.06 <0.01 <0.01 0.04 0.03 0.03 0.10 0.03

Total Dissolved Solids mg/L 500
AO

2080 1980 975 962 2180 2220 326 353 -

Tannin & Lignin mg/L not spec ified 0.1 0.3 0.1 <0.1 0.2 0.4 0.2 0.3

Phenols mg/L not spec ified <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Turbidity (lab) NTU 1
M AC

81.7 15.4 0.7 0.3 19.4 1.3 95 >100 5

NOTE: MAC = Maximum Acceptable Concentrat ion; OG = Operat ional Guideline; AO = Aesthet ic  Objec t ive

ODWS = Ontario Drinking Water Standards, Objec t ives and Guidelines (MOE, 2003)

M ic rob io log ic a l P a ra me t e rs (H e a lt h )

C he mic a l P a ra me t e rs (H e a lt h )

C he mic a l P a ra me t e rs wit h  A e st he t ic  O b je c t ive s/ O pe ra t iona l G u ide line s

14 9 0  O 'Too le

G R O U N D W A TE R  G E O C H E M IS TR Y  -  D E E P  W E LLS

16-Mar-1603-Dec-09 01-Dec-09 02-Dec-09

TW 1 TW 2 TW 3
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Shallow Wells 

For the purpose of this report the term ‘shallow wells’ refers to wells that are less than 70 m 

in depth. All of the shallow wells are completed in the ‘upper bedrock aquifer zone’.  

Analytical results from TW4 and TW5 are summarized in Table 7 below. Analytical results 

from TW6 and HW are summarized in Table 8. 

TW4 is an extremely shallow well (total depth = 8.53 m) that is not considered to be 

technically suitable as a test well for the site (the well configuration makes it extremely 

difficult to conduct a meaningful pumping test). The water quality is generally good. Previous 

sampling of the well in December 2011 demonstrated that there are no bacteria in the aquifer 

(the well should have been shock chlorinated prior to pumping on December 6, 2015). The 

only other exceedances of the ODWS limits are for hardness and TDS. 

TW5 is one of the four selected ‘Test Wells’ for this project. The water quality at TW5 is 

generally good. The only exceedances of the ODWS limits are for hardness and 

manganese. Analysis of additional parameters at this location revealed that all results for 

RVCA metals and for phosphate either had very low concentrations (well below the ODWS 

limits) or were non-detectable. The following field parameters trends were measured during 

the pumping test at TW5: 
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TW6 is one of the four selected ‘Test Wells’ for this project. Although the yield is very low, 

the water quality is generally good. The only exceedances of the ODWS limits is for TDS. 

The following field parameters trends were measured during the pumping test at TW6: 

 

HW is one of the four selected ‘Test Wells’ for this project. The water quality at HW is 

generally good. The only exceedances of the ODWS limits is for hardness. Analysis of 

additional parameters at this location revealed that all results for RVCA metals, phosphate, 

PHS and VOCs either had very low concentrations (well below the ODWS limits) or were 

non-detectable. The following field parameters trends were measured during the pumping 

test at HW: 
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Table 7 - Groundwater Geochemistry – Shallow Wells (A) 

 

 

O D W S

P a ra me t e rs U n it s L imit 6 hour 12  Hour 3 Hour 6 Hour 3 Hour 6 Hour 3 Hour 6 Hour

Escherichia Coli c t /100 mL 0
M AC

0 0 0 1 0 0 0 0

Faecal Coliforms c t/100 mL not spec ified 0 0 - - 0 0 0 0

Faecal Streptococcus c t/100 mL not spec ified 1 0 - - 0 0 0 0

Heterotrophic  Plate Count c t/1 mL not spec ified 4 3 - - 5 11 4 2

Total Coliforms c t/100 mL 0
M AC

0 0 50 62 2 0 0 0

Fluoride mg/L 1.5
M AC

<0.10 <0.10 <0.10 <0.10 0.14 0.14 <0.10 <0.10

Ammonia mg/L not spec ified <0.02 <0.02 <0.05 <0.05 0.04 0.04 0.05 0.05

TKN mg/L not spec ified 0.20 0.18 0.51 0.14 <0.1 0.13 0.1 0.1

Nitrite mg/L 1
M AC

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

Nitrate mg/L 10
M AC

<0.10 <0.10 0.89 0.91 <0.10 <0.10 <0.10 <0.10

Alkalinity mg/L 500
OG

193 180 266 278 242 242 258 250

Chloride mg/L 250
AO

43 31 69 72 20 24 21 24

Colour TCU 5
AO

11 10 6 5 5 9 2 <2

DOC mg/L 5
AO

4.2 4.3 3.0 3.3 1.1 1.2 1.4 1.3

Conduc t ivity uS/cm not spec ified 551 481 778.0 791 535 533 527 527

Hydrogen Sulfide mg/L 0.05
AO

<0.01 <0.01 <0.002 <0.002 <0.01 <0.01 <0.02 <0.02

pH pH units 6.5-8.5
AO

8.06 8.02 8.02 7.97 7.9 7.83 8.21 8.16

Sulphate mg/L 500
AO

27 21 34 34 14 16 13 13

Hardness mg/L 100
OG

206 182 338 343 257 267 260 262

Sodium mg/L 200
AO

30 25 42 44 12 13 14 15

Calc ium mg/L not spec ified 76 68 124 126 78 82 81 82

Potassium mg/L not spec ified <1 <1 1 <1 6 6 4 4

Iron mg/L 0.3
AO

0.08 0.03 0.18 0.08 1.31 0.65 0.7 0.18

Magnesium mg/L not spec ified 4 3 7 7 15 15 14 14

Manganese mg/L 0.05
AO

<0.01 <0.01 <0.01 <0.01 0.14 0.14 0.13 0.11

Total Dissolved Solids mg/L 500
AO

358 313 506 514 348 346 343 343

Tannin & Lignin mg/L not spec ified 0.1 <0.1 0.2 0.2 <0.1 <0.1 <0.1 <0.1

Phenols mg/L not spec ified <0.001 <0.001 <0.002 <0.002 <0.001 <0.001 <0.001 <0.001

Turbidity (lab) NTU 5
AO

3.0 1.2 3.1 1.3 38.5 11.6 6.9 1.6

NOTE: MAC = Maximum Acceptable Concentrat ion; OG = Operat ional Guideline; AO = Aesthet ic  Objec t ive

ODWS = Ontario Drinking Water Standards, Objec t ives and Guidelines (MOE, 2003)

C he mic a l P a ra me t e rs wit h  A e st he t ic  O b je c t ive s/ O pe ra t iona l G u ide line s

C he mic a l P a ra me t e rs (H e a lt h )

G R O U N D W A TE R  G E O C H E M IS TR Y  -  S H A LLO W  W E LLS  (A )

M ic rob io log ic a l P a ra me t e rs (H e a lt h )

TW 4

15-Dec-11 06-Dec-15

TW 5

11-May-1619-Dec-11
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Table 8 - Groundwater Geochemistry – Shallow Wells (B) 

 

 

 

O D W S

09-Jul-16 24-May-16

P a ra me t e rs U n it s L imit 6 Hour 22 Hour 24 Hour 3 Hour 6 Hour 6 Hour

Escherichia Coli c t /100 mL 0
M AC

0 0 - 0 0 0

Faecal Coliforms c t/100 mL not spec ified 0 0 - 0 0 0

Faecal Streptococcus c t/100 mL not spec ified 0 0 - 0 2 0

Heterotrophic  Plate Count c t/1 mL not spec ified 14 14 - 8 5 16

Total Coliforms c t/100 mL 0
M AC

0 0 - 90 2 0

Fluoride mg/L 1.5
M AC

0.82 1.0 0.68 0.11 0.11 <0.10

Ammonia mg/L not spec ified n/a 0.21 0.25 <0.02 0.06 0.03

TKN mg/L not spec ified n/a 0.19 0.30 <0.1 <0.1 0.2

Nitrite mg/L 1
M AC

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10

Nitrate mg/L 10
M AC

<0.10 <0.10 0.12 <0.10 <0.10 <0.10

Alkalinity mg/L 500
OG

263 285 296 257 258 283

Chloride mg/L 250
AO

41 106 94 24 25 39

Colour TCU 5
AO

12 11 <2 7 <2 <2

DOC mg/L 5
AO

1.1 0.9 1.0 1.6 1.3 1.2

Conduc t ivity uS/cm not spec ified n/a 991 1.0 580 587 628

Hydrogen Sulfide mg/L 0.05
AO

<0.01 <0.01 <0.02 0.06 0.01 <0.02

pH pH units 6.5-8.5
AO

8.38 8.42 8.27 7.74 7.76 7.96

Sulphate mg/L 500
AO

42 63 61 19 20 19

Hardness mg/L 100
OG

70 70 98 274 277 341

Sodium mg/L 200
AO

141 211 168 4 4 7

Calc ium mg/L not spec ified n/a 15 21 90 91 112

Potassium mg/L not spec ified n/a 4 5 2 2 2

Iron mg/L 0.3
AO

0.57 0.07 0.10 0.78 0.5 0.19

Magnesium mg/L not spec ified n/a 8 11.00 12 12 15

Manganese mg/L 0.05
AO

0.01 <0.01 <0.01 0.04 0.04 0.03

Total Dissolved Solids mg/L 500
AO

457 644 597 377 382 408

Tannin & Lignin mg/L not spec ified n/a <0.1 <0.1 <0.1 <0.1 <0.1

Phenols mg/L not spec ified n/a <0.001 <0.001 <0.001 <0.001 <0.001

Turbidity (lab) NTU 5
AO

27.7 5.8 4.6 15.1 6.7 1.6

NOTE: MAC = Maximum Acceptable Concentrat ion; OG = Operat ional Guideline; AO = Aesthet ic  Objec t ive

ODWS = Ontario Drinking Water Standards, Objec t ives and Guidelines (MOE, 2003)

C he mic a l P a ra me t e rs wit h  A e st he t ic  O b je c t ive s/ O pe ra t iona l G u ide line s

08-Dec-09

TW 6

17-Dec-11

G R O U N D W A TE R  G E O C H E M IS TR Y  -  S H A LLO W  W E LLS  (B )

H W

M ic rob io log ic a l P a ra me t e rs (H e a lt h )

C he mic a l P a ra me t e rs (H e a lt h )
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A review of the laboratory groundwater geochemistry results for the wells within the preferred 

water supply aquifer zone (i.e. TW4, TW5, TW6 and HW) confirms that the raw water within 

the ‘upper water supply aquifer system’ is potable and meets the health related parameter 

requirements specified by the Ontario Drinking Water Standards (ODWS) for the analyzed 

parameters.  

The water quality in the ‘‘upper bedrock aquifer zone’ generally satisfies the aesthetic 

objectives/operational guidelines of the ODWS, with the exception of the following 

parameters: 

 Hardness (TW4, TW5 and HW) 

 TDS (TW4 and TW6) 

 Manganese (TW5) 

Hardness 

At the measured concentrations, the water is considered to be moderately hard, which is 

typical of wells drilled throughout eastern Ontario. Hardness is a measure of the dissolved 

calcium and magnesium in water and is expressed as the equivalent quantity of calcium 

carbonate. Hardness can lead to the formation of scale deposits and can form excessive 

scum (MOE, 2003).  

TDS 

Total dissolved solids (TDS) refers to the concentration of inorganic substances dissolved 

in water. The main constituents are typically chloride, sulphates, calcium, magnesium and 

bicarbonates. High concentration can cause hardness, bad taste, mineral deposition or 

corrosion. Water with a TDS concentration above 500 mg/L may not palatable.  

Manganese 

The aesthetic objective for manganese is colour related. Manganese can cause black 

staining of laundry and fixtures. At excessive concentrations it can cause an undesirable 

taste.  

Additional Parameters 

The final groundwater sample from TW5 was also submitted for analysis of ‘RVCA 

recommended metals’ and phosphate. The final groundwater sample from HW was 

submitted for analysis of ‘RVCA recommended metals’, phosphate, petroleum hydrocarbons 

(PHCs), and volatile organic compounds (VOCs). Analytical results are summarized in 
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Tables 9 and 10 below. All of the results are either non-detectible, or were detected at 

concentrations well below the ODWS limits. 

Table 9 - Groundwater Geochemistry – Metals and PHCs 

GROUNDWATER GEOCHEMISTRY - ADDITIONAL PARAMETERS 

    ODWS TW5 HW 

Parameters Units Limit 11-May-16 24-May-16 

RVCA Metals 

Silver mg/L not specified   <0.0001   <0.0001 

Aluminum mg/L 0.1OG 0.01     <0.01 

Arsenic mg/L 0.025IMAC    <0.001    <0.001 

Boron mg/L 5IMAC 0.05 0.02 

Barium mg/L 1MAC 0.14 0.18 

Beryllium mg/L not specified   <0.0005   <0.0005 

Cadmium mg/L 0.005MAC   <0.0001   <0.0001 

Chromium mg/L 0.05MAC    <0.001    <0.001 

Copper mg/L 1.0AO    <0.001 0.002 

Molybdenum mg/L not specified    <0.005    <0.005 

Nickel mg/L not specified    <0.005    <0.005 

Lead mg/L 0.010MAC    <0.001    <0.001 

Antimony mg/L 0.006MAC   <0.0005   <0.0005 

Sellenium mg/L 0.01MAC    <0.001    <0.001 

Strontium mg/L not specified 1.02 1.01 

Thallium mg/L not specified   <0.0001   <0.0001 

Uranium mg/L 0.02MAC    <0.001    <0.001 

Zinc mg/L 5AO     <0.01     <0.01 

Mercury mg/L 0.001MAC   <0.0001   <0.0001 

Petroleum Hydrocarbons 

F1 (C6-C10) ug/L not specified - <20 

F2 (C10-C16) ug/L not specified - <20 

F3 (C16-C34) ug/L not specified - <50 

F4 (C34-C50) ug/L not specified - <50 

Chemical Parameters 

Phosphate (as P) mg/L   <0.6 <0.2 

MAC = Maximum Acceptable Concentration; OG = Operational Guideline; AO = Aesthetic Objective 

ODWS = Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2003)   
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Table 10 - Groundwater Geochemistry - VOCs 

BEDROCK GROUNDWATER GEOCHEMISTRY - VOCs 

PARAMETER UNITS 
HW 

ODWS LIMIT 
24-May-16 

Volatile Organic Compounds 

1,1,1,2-tetrachloroethane ug/L      <0.5 - 
1,1,1-trichloroethane ug/L      <0.4 - 
1,1,2,2-tetrachloroethane ug/L      <0.5 - 
1,1,2-trichloroethane ug/L      <0.4 - 
1,1-dichloroethane ug/L      <0.4 - 
1,1-dichloroethylene ug/L      <0.5 14MAC 

1,2-dichlorobenzene ug/L      <0.4 200MAC / 3AO 

1,2-dichloroethane ug/L      <0.2 5IMAC 

1,2-dichloropropane ug/L      <0.5 - 
1,3-dichlorobenzene ug/L      <0.4 - 
1,3,5-trimethylbenzene ug/L      <0.2 - 
1,4-dichlorobenzene ug/L      <0.4 5MAC / 1AO 

Benzene ug/L      <0.5 5MAC 

Bromodichloromethane ug/L      <0.3 - 
Bromoform ug/L      <0.4 - 
Bromomethane ug/L      <0.5 - 
c-1,2-Dichloroethylene ug/L      <0.4 - 
c-1,3-Dichloropropylene ug/L      <0.2 - 
Carbon Tetrachloride ug/L      <0.2 5MAC 

Chloroform ug/L      <0.5 - 
Dibromochloromethane ug/L      <0.3 - 
Dichlorodifluoromethane ug/L      <0.5 - 
Dichloromethane ug/L      <4.0 50MAC 

Ethylbenzene ug/L      <0.5 2.4AO 

Ethylene Dibromide ug/L      <0.2 - 
Hexane ug/L        <5 - 
m/p-xylene ug/L      <0.4 - 
Methyl Ethyl Ketone (MEK) ug/L       <10 - 
Methyl Isobutyl Ketone (MIBK) ug/L       <10 - 
Methyl Tert Butyl Ether (MTBE) ug/L        <2 - 
Monochlorobenzene ug/L      <0.2 80MAC / 30AO 

o-xylene ug/L      <0.4 - 
Styrene ug/L      <0.5 - 
t-1,2-Dichloroethylene ug/L      <0.4 - 
t-1,3-Dichloropropylene ug/L      <0.2 - 
Tetrachloroethylene ug/L      <0.3 30MAC 

Toluene ug/L      <0.5 24AO 

Trichloroethylene ug/L      <0.3 5MAC 

Trichlorofluoromethane ug/L      <0.5 - 
Vinyl Chloride ug/L      <0.2 2MAC 

Xylene; total ug/L      <0.5 300AO 
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4.2.1 Offsite Well Water Quality 

Water samples were collected at 1753 Wilhaven Drive and at 1865 Wilhaven Drive on July 

7, 2016. The analytical results are summarized in Table 9 (below). 

Table 11- Groundwater Geochemistry - Offsite Wells 

 

 

The analytical results from 1753 Wilhaven Drive show that one parameter (Total Coliforms) 

exceeded the ODWS Maximum Acceptable Concentration. The well owner was immediately 

ODWS

Parameters Units Limit 07-Jul-16 07-Jul-16

Escherichia Coli ct/100 mL 0MAC 0 0

Faecal Coliforms ct/100 mL not spec ified 0 0

Faecal Streptococcus ct/100 mL not spec ified 0 0

Heterotrophic Plate Count ct/1 mL not spec ified 39 196

Total Coliforms ct/100 mL 0MAC 5 11

Fluoride mg/L 1.5MAC <0.10 0.11

Ammonia mg/L not spec ified 0.03 0.11

TKN mg/L not spec ified <0.1 0.3

Nitrite mg/L 1MAC <0.10 <0.10

Nitrate mg/L 10MAC 0.6 2.23

Alkalinity mg/L 500OG 273 347

Chloride mg/L 250AO 16 153

Colour TCU 5AO 3 3

DOC mg/L 5AO 2.0 2.8

Conductivity uS/cm not spec ified 529 1220

Hydrogen Sulf ide mg/L 0.05AO <0.02 <0.02

pH pH units 6.5-8.5AO 7.86 7.83

Sulphate mg/L 500AO 16 85

Hardness mg/L 100OG 288 452

Sodium mg/L 200AO 9 84

Calcium mg/L not spec ified 107 135

Potassium mg/L not spec ified <1 5

Iron mg/L 0.3AO 0.06 0.03

Magnesium mg/L not spec ified 5 28

Manganese mg/L 0.05AO <0.01 <0.01

Total Dissolved Solids mg/L 500AO 344 793

Tannin & Lignin mg/L not spec ified <0.1 <0.1

Phenols mg/L not spec ified <0.001 <0.001

Turbidity (lab) NTU 5AO 0.5 0.3
MAC = Maximum Acceptable Concentrat ion; OG = Operat ional Guideline; AO = Aesthet ic  Objec t ive
ODWS = Ontario Drinking Water Standards, Objec t ives and Guidelines (MOE, 2003)

GROUNDWATER GEOCHEMISTRY - OFFSITE WELLS

Chemical Parameters w ith Aesthetic Objectives/ Operational Guidelines

1753 Wilhaven 1865 Wilhaven

Microbiological Parameters (Health)

Chemical Parameters (Health)
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notified in writing of this health related exceedance and instructions for disinfecting the well 

(shock chlorination) were provided. The only other exceedance is for the operational 

guideline limit for hardness. 

The analytical results from 1865 Wilhaven Drive also show that Total Coliforms exceeded 

the ODWS Maximum Acceptable Concentration. The well owner was immediately notified 

in writing of this health related exceedance and instructions for disinfecting the well were 

provided. The only other exceedances were for hardness and TDS which are elevated 

above the ODWS operational/aesthetic limits.  

4.3 Water Quantity 

4.3.1 Peak Demand Water Use 

The suitability of the aquifer to supply the proposed development was assessed using the 

methodology provided in MOECC Procedure D-5-5 (MOEE, 1996), which indicates the 

number of people per house is the number of bedrooms plus one. New houses in the 

proposed development will be four bedroom single family homes, so the number of persons 

per house will be five (5). 

Procedure D-5-5 indicates the minimum ‘per-person water requirement’ is 450 L/day, which 

is 2,250 L/day per house (or per well). 

Procedure D-5-5 indicates that ‘peak demand’ occurs over a 120 minute period and is to be 

based on a per person usage rate of 3.75 L/min during that period. Using this information, 

the ‘peak demand rate’ per house is 3.75 x 5 = 18.75 L/min. 

Table 3 in Section 2.6 shows that the pumping rates chosen for most of the shallow well 

pumping test, were above the estimated ‘peak demand rate’. Only one pumping test was 

conducted at a lower rate (TW6 was pumped at approximately 3 L/min for 24 hours).  

All of the shallow test wells used less than 25% of the available drawdown during the 

pumping tests (see Table 5 in Section 4.1).  

This shows that the calculated yield at most of the well locations is representative of the 

yields which residents of the proposed development are likely to obtain from future wells 

installed at the site. It is likely that a small percentage of the new wells do not intersect the 

primary fracture network (like TW6), and these locations will require some additional water 

storage at surface to meet peak demand requirements. 
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4.3.2 Average Daily Residential Water Use  

Information from the City of Ottawa website indicates the Canadian average daily residential 

water use per capita is 326 L/day. The Canadian Mortgage and Housing Corporation’s 

Household Guide to Water Efficiency (CMHC, 2000, revised 2014) indicates that the 

average daily residential water use per capita in Ontario is 225 L/day.  

Current Ontario Building Code requirements (OBC, 2012) for water conservation specify that 

toilet and shower consumption must now comply with lower use requirements (OBC 

Table 7.6.4.2.A & B and Table 7.6.4.1). Based on the new requirements, toilet water demand 

is reduced from approximately 13 L/flush to 4.8 L/flush. Shower consumption is reduced 

from 18 L/min. to 7.6 L/min.  

Toilet use accounts for approximately 25% of total domestic water use, and shower use 

accounts for approximately 20% (CMHC, 2014). The OBC efficiencies will result in an 

average per person domestic water usage of 163 L/day. 

A summary of daily usage estimates and associated peak demand usage rates is provided 

below in Table 12.  

Table 12- Peak Demand Estimate Comparison 

 

This suggests that the daily household water demand could often be less than 1,000 L/day.  

As stated above, it is likely that a small percentage of the new wells do not intersect the 

primary fracture network (like TW6), and these locations will require some additional water 

storage at surface to meet peak demand requirements.  

In order to be conservative, the additional storage volume should be calculated based on 

Procedure D-5-5 ‘average daily residential water use’ values. 

 

 

PEAK DEMAND ESTIMATE COMPARION

Daily Usage Estimate Source
L/day/ 

person

L/min/person 

(during peak 

demand 

period)

L/min/house 

(during peak 

demand 

period)

Daily 

Household 

Water Demand 

(L/day)

Procedure D-5-5 450 3.75 18.8 2,250              

City of Ottaw a 326 2.72 13.6 1,630              

CMHC 225 1.88 9.4 1,125              

CMHC (w  new  efficiency changes) 163 1.36 6.8 815                 
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4.3.3 Potential Well Interference 

It is anticipated that a total of 21 individual water supply wells (including some of the existing 

wells if suitably configured) will be used at the proposed subdivision. All of the wells will be 

completed in the ‘upper bedrock aquifer zone’. The well spacing will vary according to lot 

size and the locations of wells on each lot. There will be no clustering of wells as there will 

be one well on each lot.  

No drawdown was identified at any nearby wells during the pumping test. Dataloggers were 

placed in the closest well during several tests and no drawdown was observed at the 

observation well during the pumping test. 

A potential well interference model was used to reflect a hypothetical worst case scenario 

for drawdown at the site. The model assumes a series of wells arranged in a concentric 

circular array, with each well pumping continuously over a period of 20 years. Mathematical 

model calculations are presented in Appendix 4. The calculations were based on an average 

of the transmissivity results from TW5, HW and 1490 O’Toole (as presented in Section 5.1).  

The well interference model developed by Paterson assumes a series of approximately 

evenly spaced wells, located along concentric circular spacings extending outward from one 

central well, (i.e. a regular concentric circular array) each pumping continuously at a rate of 

2,250 L/day over a period of 25 years. The model assumes 29 wells at a spacing of 50 m, 

in order to simulate the 21 onsite wells plus an additional 8 offsite wells located in close 

proximity to the site). The model creates an array of wells with a well spacing that is close 

to the minimum well spacing in the proposed subdivision. It is a worst case scenario because 

the actual well spacings are mostly greater than the minimum well spacing. 

The well interference model predicts that there will be an 11.6 m decline in the potentiometric 

head of the water supply aquifer. This represents a reduction of approximately 18% of the 

available drawdown (based on TW6 which has an available drawdown 63 m). The findings 

of this analysis suggest the proposed use of well water in the subdivision will not result in 

unacceptable water quantity interference conflicts between onsite and offsite wells. 
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5.0 DEVELOPMENT CONSIDERATIONS   

The following sections outline the recommendations for development which have been 

formulated from the data collected in this study. 

Based on the results of this study, the subject site is considered to be suitable for the 

development of 21 lots as supported in the analysis advanced in the body of this report.  

An adequate water supply aquifer of sufficient quality and quantity is located beneath the 

subject property and can be intercepted by private wells drilled in accordance with Ontario 

Regulation 903.  

The on-site sewage disposal needs can be accommodated with standard Class 4 sewage 

systems consisting of a septic tank and fully raised leaching bed, as per Part 8 of the Ontario 

Building Code.  

5.1 Future Well Construction 

New lots in the proposed subdivision will be serviced by individual drilled wells water supply 

wells completed in the ‘upper bedrock aquifer zone’. The wells must be installed by a 

licensed well contractor in accordance with Ontario Regulation 903.  

New wells should be configured as follows: 

 Minimum depth of 15 m. 

 Total depth from 60-70 m bgs. 

 Steel casing to be installed at least 0.3 m into competent bedrock. 

The minimum depth is specified in order to ensure new wells that encounter water bearing 

fractures at shallow depths are drilled deep enough to accommodate long term 

potentiometric fluctuations in the ‘shallow bedrock aquifer zone’. 

The creation of the casing hole, the installation of the casing and the grouting of the annular 

space should be inspected by a licensed Professional Engineer or Professional Geoscientist 

of Ontario. 

New wells should be developed by surging or pumping until the water is developed to a sand 

free state at the time of construction in accordance with Ontario Regulation 903. If the water 

is observed to be cloudy at the completion of the prescribed well development, extended 

well development should be performed until all visible turbidity is removed.   
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Chlorine should be introduced at the completion of well development in sufficient quantity to 

produce a free chlorine residual of at least 50 mg/L (ppm). The chlorine should be mixed 

with the standing water in the casing using a procedure that will result in the thorough vertical 

mixing of the chlorine over the entire depth of the well. 

The well should be completed with a submersible pump, pitless adaptor and vermin proof 

well cap. All such mechanical work connected to the well is to be completed by a licensed 

well contractor possessing a valid Class 4 pump installer’s license. After completion of the 

mechanical work in the well, the well should be disinfected as described above. 

The grading around the well casing should be slightly elevated to direct surface runoff away 

from the well. The casing should project approximately 400 mm above the mounded soil 

within 3 m in all directions from the casing. 

Consideration should be given to changing the configuration of some of the existing onsite 

wells to make them consistent with the configuration that is provided above. TW1, TW2 and 

TW3 are too deep (water quality is poor due to salty, high TDS water from fractures below 

70 m). The bottoms of these wells can be filled with grout below 70 m. The remained well 

section may have a low yield (possibly die to the drilling technique used). Well stimulation 

by hydraulic fracturing may cause an increase in yield. Alternatively, the deep wells should 

be abandoned. 

TW7 should be drilled deeper (to 70 m total depth) if it is in a suitable location. 

5.2 Surface Storage for Low Yield Wells 

As discussed above in Section 5.1, two onsite wells (TW6 and TW7) do not appear to have 

encountered the primary fracture network and have very low yields. Any future wells that do 

not encounter the primary fracture network will probably need additional storage at surface 

to meet daily usage and peak demand requirements. 

The daily water usage according to Procedure D-5-5 is 2,250 L/day. The peak demand water 

usage is (18.75 L x 120 mins) 2,250 L in 120 minutes. 

The volume of water that can be stored in each new well (based on 6” diameter well that is 

70 m deep) is approximately 1,270 L. However, the pumping rate in the well will be relatively 

low (to ensure the water level does not draw down past the pump), so the water stored in 

the well will not be delivered at a fast enough rate for use during peak demand periods. For 

example, if the maximum sustainable flow rate from a well is 3 L/min, it can only deliver 360 

L during the 120 minute long peak demand period, so an additional 1,890 L of surface 

storage would be required. 
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In cases where surface storage is deemed to be necessary, the amount of surface storage 

should be determined based on the actual sustainable yield of the well. 

5.3 Potable Water Treatment 

The water within the bedrock aquifer has elevated hardness, TDS and manganese. 

Hardness 

A standard residential grade water softener can be installed to remove hardness in the raw 

water. Conventional water softeners will introduce sodium into the water supply, and it may 

be appropriate to bypass the water softener with a separate tap for drinking water.  

TDS 

The Langelier Saturation Index (LSI) and Ryznar Stability Index (RSI) were calculated for 

the three test wells (Appendix 4). The LSI result indicate the water is super saturated and 

tends to precipitate a scale layer of calcium carbonate (scale forming but non-corrosive). 

The RSI result indicates the water is aggressively corrosive. 

TDS is primarily comprised of the inorganic substances dissolved in water including chloride, 

sulphates, calcium, magnesium and bicarbonates. The palatability of drinking water with 

TDS above 500 mg/L may be unacceptable. Reverse osmosis treatment can be used to 

remove TDS if raw water is considered to be unpalatable. Point of use systems (at kitchen 

sink) are recommended due to the relatively high cost of reverse osmosis treatment. 

Manganese 

Manganese can cause staining of plumbing fixtures and laundry. The concentration of 

manganese in TW5 is well below the treatable limit according to Procedure D-5-5. A 

standard residential grade water softener should be sufficient to significantly reduce the 

concentration of manganese to an acceptable level. Alternatively, a green sand filter can 

also be used to effectively reduce the concentration of manganese. 

5.4 Wastewater Treatment and Disposal 

MOECC Procedure D-5-4 (Technical Guidelines for Individual On-site Sewage Systems: 

Water Quality Impact Risk Assessment, MOEE, 1996) provides a methodology for 

assessing the risks associated with individual onsite sewage systems. Procedure D-5-4 

indicates that developments consisting of lots which average 1 Ha (with no lot being smaller 

than 0.8 Ha) may not require a detailed hydrogeological assessment if it can be 

demonstrated that the area is not hydrogeologically sensitive. Since the average lot size in 
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the proposed subdivision is 0.87 Ha, the following nitrate impact assessment has been 

provided. 

5.4.1 Predictive Nitrate Impact Assessment 

Groundwater within the bedrock aquifer will be protected from sewage system effluent by 

the available overburden and the massive nature of the upper bedrock units. 

In conducting an assessment of the impact of the proposed development, the estimate of 

groundwater recharge, by infiltration from precipitation, is the primary site-specific input 

parameter. In this regard, assumptions are required to be made with respect to evaporation 

and evapotranspiration, as well as infiltration and runoff rates. The rate of infiltration will be 

dependent upon surficial soil types, vegetative ground covers and their distribution, and site 

topography. 

In conducting our assessment, a mean annual precipitation value (net of evaporation and 

evapotranspiration processes) of 943 mm/year was used (Environment Canada, 2015). An 

estimation of infiltration was calculated based on site specific information and the infiltration 

factors provided in the document MOEE Hydrogeological Technical Information 

Requirements for Land Development Applications (MOEE, 1995). A calculation is provided 

in Appendix 4. 

The cumulative nitrate impact for this subdivision has been calculated to be 4.4 mg/L. Nitrate 

concentrations in onsite and offsite wells are typically non-detectible or below 1 mg/L, so the 

additional loading will be well below the provincially mandated limit of 10 mg/L. As such, it 

is Paterson`s opinion that the proposed development will have acceptable impacts on the 

drinking water aquifer.  

5.4.2 Sewage System Design 

The fieldwork program carried out on the site shows that the surficial soils are of low 

permeability and have significant vertical thickness overlying the limestone bedrock of the 

Bobcaygeon Formation. As such, the site is not considered to be hydrogeologically sensitive 

to surficial sources of contaminants in the long term. 

Sewage systems must be designed according to Part 8 of the Ontario Building Code (OBC). 

The OBC sets out minimum design and construction standards for all approved classes of 

sewage systems. It is proposed that this site be serviced with traditional Class 4 sewage 

systems consisting of a septic tank and separate leaching bed.  



patersongroup Hydrogeological and Terrain Analysis 

Ottawa           Kingston           North Bay Proposed Rural Residential Subdivision 
 1730 Wilhaven Drive, Cumberland, Ontario 

 

Report: PH1236-REP.02R2 

August, 2016 

   

 

OBC requirements state that the must be a minimum of 900 mm of suitable soil or leaching 

bed fill present between the base of the absorption trenches and the high groundwater table, 

bedrock or soil with a percolation rate greater than 50 min/cm. Some lots are located in 

areas with permeable cover which may permit either in-ground or partially raised leaching 

beds. Where lots are located in areas with moderately low permeable silty clayey sand and 

silty sand within the overburden soils, combined with the flat topography, most Class 4 

absorption trench style leaching beds are expected to be fully raised above the existing 

ground surface. An imported sand mantle having a minimum thickness of 250 mm and 

extending a minimum of 15 m beyond the absorption trenches in the direction of effluent 

flow is also required.  

Based on OBC design sewage flow tables, a four bedroom house may produce up to 

3,000 L/day of sewage effluent per day. Based on the quality of the sand deposits available 

in the local pits, imported sand is anticipated to have a percolation rate (a.k.a. T-time) of 

between 6 and 8 min/cm. Considering the design flows and percolation rate of the available 

imported sand, a tile length of 140 metres will be required.  

The Lot Development Plan (Figure 8 in Appendix 5) shows the size of the leaching beds. 

The leaching beds have been placed in the front of each lot, between the house and the 

roadside ditch in order to maximize subsurface effluent movement and facilitate 

maintenance. 

The sewage system layouts detailed on Figure 8 are fully raised leaching beds with a 15 m 

imported sand mantle. The Lot Development Plan shows the size of the leaching beds on 

each lot.. The end of each mantle will be unobstructed and free draining.  

A minimum separation of 18 m for fully-raised systems is required between a well and a 

Class 4 sewage system. Clearance distances also apply to wells and sewage systems 

located on neighbouring lots. 

In all instances, careful, site specific analysis of the soil morphology in the area of each 

proposed leaching bed is required during the design stages of the leaching bed in order to 

determine if sufficient soil exists to facilitate the use of native soil for subgrade preparation. 

Detailed soil morphology should only be determined by a qualified geotechnical specialist. 

It is not the intent of Figure 8 (Lot Development Plan) to restrict placement of a dwelling on 

each lot. While the actual configuration and position of the home may change, the relative 

position of the home, sewage system and well should be maintained. In all cases, the 

separation criteria for the immediate and neighbouring lots should be followed.  
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Alternative Sewage System Design Considerations 

As an alternative to the use of a traditional fill based absorption trench style leaching bed, 

advanced treatment of sanitary sewage may be utilized. While not shown on the Lot 

Development Plan, the sewage system envelopes associated with effluent meeting 

Column 3 of Table 8.6.2.2.A of the OBC will be upwards of 40% smaller than the 

conventional absorption trench leaching beds.   
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6.0 CONCLUSIONS 

The following statements and conclusions are based on the investigation and analysis 

contained within this report: 

 The test wells (TW5, HW, and 1490 O’Toole) and all future domestic wells in the 

proposed subdivision will provide water that is safe and suitable for human 

consumption. 

 Each future domestic well in the proposed subdivision will provide a sufficient quantity 

of water for normal domestic purposes. In some cases additional above ground storage 

will be required in order to satisfy peak demand requirements.  

 Adverse effects on well water in the proposed subdivision from potential onsite and 

offsite sources are considered to be minimal/insignificant.  

 In Paterson’s professional opinion the probable well yields determined on the basis of 

this investigation are representative of the yields which residents of the proposed 

subdivision are likely to obtain from their wells in the long term. 

 Potential well interference between neighbouring wells within the subdivision and 

nearby offsite wells is considered to be minimal.    

 The subject property is suitable for development as a residential subdivision at the 

proposed density. Impacts to the neighbouring well users are expected to be minimal. 
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7.0 RECOMMENDATIONS 

Water Supply 

 All new wells should be constructed such that the casing hole extends into sound 

bedrock at least 0.3 m as per O.Reg. 903, with a minimum casing length of 6.7 metres 

below grade.  

 All new wells in the subdivision should be drilled using ‘cable tool’ drilling techniques 

to maximize potential yield. There are at least two companies in the Ottawa region that 

offer this service. Costs are approximately 100% higher compared to regular air rotary 

drilling techniques. 

 All new wells should have a minimum depth of 15 m and a maximum depth between 

60 m and 70 m below ground surface (NOTE: wells should not be drilled deeper in 

order to improve yield, as the ‘deep bedrock aquifer zone’ has diminished water 

quality).  

 Existing wells at the site which are not to be utilized for water supply wells, should be 

decommissioned according to the requirements of O.Reg. 903. Consideration should 

be given to the reconfiguration and stimulation of some of the existing deep wells if 

they are suitably located. Reconfiguration would typically involve grouting the hole 

below 70 m depth, then hydraulic fracturing of the remainder of the well to stimulate 

flow (the original drilling method may have led to some fractures in the upper bedrock 

aquifer zone being sealed). 

 At the time of new well installation, the drilling of the casing hole, installation of casing, 

and grouting of the annular space should be inspected by a licensed Professional 

Engineer or Professional Geoscientist of Ontario. All well construction must be carried 

out by a licensed well technician. 

 Wells should be developed to a sand free state in order to ensure that the residual 

turbidity created by the well drilling activities is completely purged from the well. 

Additional well development, prior to placing the well into use, is strongly 

recommended in order to provide adequate development of the formation and remove 

extraneous rock debris from the aquifer pathways. It is likely that future wells at this 

site will require additional well development.  
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 All future water wells to be completed such that the top of well casing is a minimum of 

450 mm above the finished grade within a 3 m radius of the wellhead. The grade should 

slope away from the wellhead in all directions for a distance of at least 3 m. 

 Well owners should ensure that the wellhead and surrounding area are maintained in 

accordance with the requirements of O.Reg. 903. Future well owners should refer to 

the MOECC Water Supply Wells Requirements and Best Management Practices, 

(Revised April 2015) website at: https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-

master-table-of-contents-chapter-1.pdf   

 The raw water found in the water supply aquifer system is considered to be hard. 

Residential grade water softeners are recommended where water hardness is deemed 

unsuitable. A warning clause addressed to people on low sodium diets should be 

registered on title regarding the elevated concentration of sodium (> 20 mg/L) 

associated with water softeners. 

 Additional treatment to address TDS, and manganese may be required. Additional 

treatments methods may include reverse osmosis, coagulation/flocculation processes, 

biological filtration, and/or granulated activated charcoal filtration. 

 Although artesian conditions are not anticipated, such conditions have been 

encountered historically in some nearby wells. Drilling and instrumentation should be 

carried out by a suitably experienced and licensed well technician taking precautions 

as provided in the document Water Supply Wells Requirements and Best Management 

Practices, (Revised April 2015). https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-

master-table-of-contents-chapter-1.pdf 

Wastewater Treatment 

 A site specific investigation should be carried out for the detailed sewage system 

design at each lot, as part of the building permit application process.  

 The septic systems should be constructed with all appropriate setbacks as per Ontario 

Building Code requirements. 

 The native soils should be assessed at the proposed septic location and imported fill 

should be used, if the native soils are unsuitable. 

 Proposed well, septic, and building locations are noted on Figure 8 (Lot Development 

Plan) in Appendix 5. 

https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-master-table-of-contents-chapter-1.pdf
https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-master-table-of-contents-chapter-1.pdf
https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-master-table-of-contents-chapter-1.pdf
https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-master-table-of-contents-chapter-1.pdf
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 Future owners of individual onsite wastewater treatment systems should familiarize 

themselves with basic safety and maintenance information which is available at: 

http://www.omafra.gov.on.ca/english/environment/facts/sep_smart.htm 

 
 
 
 

In summary, it is our professional opinion that this site is suitable for development as a 

residential subdivision at the proposed lot density. The hydrogeological recommendations 

contained within this report, if followed, will ensure that the development takes place in an 

effective manner, with a minimal impact on the natural environment. 

     

 

    

patersongroup 

 

  

  

       

Russell L. Chown, P.Geo.   

Senior Hydrogeologist 

  

http://www.omafra.gov.on.ca/english/environment/facts/sep_smart.htm
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8.0 STATEMENT OF LIMITATIONS 

This Hydrogeology and Terrain Analysis report has been prepared in general accordance 

with the agreed scope-of-work and the requirements of MOECC/MOE Guideline D-5: 

Planning for Sewage and Water Services (August 1996), Procedure D-5-4: Technical 

Guideline for Individual Onsite Sewage Systems: Water Quality Impact Risk Assessment 

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

Assessment (August 1996). 

The conclusions presented herein are based on information gathered from a limited 

historical review along with a field inspection and testing program. The findings of this 

investigation are based on a review of readily available geological, historical, and regulatory 

information and a cursory review made at the time of the field assessment. The historical 

research relies on information supplied by provincial agencies and was limited within the 

scope-of-work, time, and budget of the project herein. 

The client should be aware that any information pertaining to soils and all test hole logs are 

furnished as a matter of general information only and test hole descriptions or logs are not 

to be interpreted as descriptive of conditions at locations other than those described by the 

test holes themselves. 

This report was prepared for the sole use of 2183144 Ontario Ltd. Permission from the 

above noted party and our firm will be required to release this report to any other party. 
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Appendix 1 

 Soil Profile and Test Data Sheets 

 Symbols and Terms  

 Soil Grain Size Analytical Results 
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Appendix 2 

 MOECC Water Well Records  
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Appendix 3 

 Laboratory Certificates of Analysis – Groundwater 
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Appendix 4 

 Aquifer Analysis 

 Well Interference Model 

 LSI-RSI Calculations 

 Nitrate Impact Assessment Calculations 

 Offsite Well Owner Interviews 

 

 

  



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW1 Pumping Well: TW1

Test Conducted by: RAP Test Date: 01/02/2016

Analysis Performed by: Theis (linear) Analysis Date: 01/02/2016

Aquifer Thickness: 146.00 m Discharge: variable, average rate 0.1796 [l/s]
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Theis

Well

TW1

TW1

TW1

T [m²/d] K [m/d] S

7.98 × 10
-2

2.59 × 10
-1

6.90 × 10
-2

1.36 × 10
-1

5.47 × 10
-4

1.78 × 10
-3

4.73 × 10
-4

9.32 × 10
-4

Average



Pumping Test Analysis Report

Project: 1370 Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW2 Pumping Well: TW2

Test Conducted by: RAP Test Date: 01/02/2016

Analysis Performed by: Theis Analysis Date: 01/02/2016

Aquifer Thickness: 104.00 m Discharge: variable, average rate 0.31 [l/s]

0 100 200 300 400 500

Time [min]

0.00

1.40

2.80

4.20

5.60

7.00

D
r
a
w

d
o

w
n

 [
m

]

TW2

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW2 1.53 × 10
0

1.47 × 10
-2

0.03



Pumping Test Analysis Report

Project: 1370 Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW2 Pumping Well: TW2

Test Conducted by: RAP Test Date: 01/02/2016

Analysis Performed by: Time-Drawdown Analysis Date: 01/02/2016

Aquifer Thickness: 104.00 m Discharge: variable, average rate 0.31 [l/s]
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Pumping Test Analysis Report

Project: 1370 Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW2 Pumping Well: TW2

Test Conducted by: RAP Test Date: 01/02/2016

Aquifer Thickness: 104.00 m Discharge: variable, average rate 0.31 [l/s]

1

Analysis Name

Theis

Analysis Performed by Analysis Date

01/02/2016

Method name

Theis

Well

TW2

T [m²/d] K [m/d] S

1.53 × 10
0

1.47 × 10
-2



Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW3 Pumping Well: TW3

Test Conducted by: RAP Test Date: 01/02/2016

Analysis Performed by: Theis (linear) Analysis Date: 01/02/2016

Aquifer Thickness: 128.00 m Discharge: variable, average rate 0.25 [l/s]
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Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW3 1.54 × 10
0

1.20 × 10
-2

0.03



Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW3 Pumping Well: TW3

Test Conducted by: RAP Test Date: 01/02/2016

Analysis Performed by: Theis RECOVERY Analysis Date: 01/02/2016

Aquifer Thickness: 128.00 m Discharge: variable, average rate 0.25 [l/s]

1E0 1E1 1E2 1E3

Dimensionless Time tD

0E0

2E0

4E0

6E0

8E0

1E1

D
im

e
n

s
io

n
le

s
s
 D

r
a
w

d
o

w
n

 s
D

 [
m

]

TW3

Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Radial Distance to 
PW

[m]

TW3 2.00 × 10
0

1.56 × 10
-2

0.03



Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW3 Pumping Well: TW3

Test Conducted by: RAP Test Date: 01/02/2016

Analysis Performed by: Theis (log-log) Analysis Date: 19/07/2016

Aquifer Thickness: 128.00 m Discharge: variable, average rate 0.25 [l/s]
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TW3

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW3 1.53 × 10
0

1.19 × 10
-2

0.03



Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland, ON Pumping Test: Pumping Test of TW3 Pumping Well: TW3

Test Conducted by: RAP Test Date: 01/02/2016

Aquifer Thickness: 128.00 m Discharge: variable, average rate 0.25 [l/s]

1

2

3

Analysis Name

Theis (linear)

Theis RECOVERY

Theis (log-log)

Analysis Performed by Analysis Date

01/02/2016

01/02/2016

19/07/2016

Method name

Theis

Theis Recovery

Theis

Well

TW3

TW3

TW3

T [m²/d] K [m/d] S

1.54 × 10
0

2.00 × 10
0

1.53 × 10
0

1.69 × 10
0

1.20 × 10
-2

1.56 × 10
-2

1.19 × 10
-2

1.32 × 10
-2

Average



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland ON Pumping Test: Pumping Test 1 Pumping Well: TW4

Test Conducted by: AO Test Date: 12/06/2015

Analysis Performed by: Theis RECOVERY Analysis Date: 02/11/2015

Aquifer Thickness: 2.50 m Discharge: variable, average rate 1.7451 [l/s]
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Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Radial Distance to 
PW

[m]

TW4 1.62 × 10
3

6.48 × 10
2

0.25



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland ON Pumping Test: Pumping Test 1 Pumping Well: TW4

Test Conducted by: AO Test Date: 12/06/2015

Analysis Performed by: Theis (linear) Analysis Date: 19/07/2016

Aquifer Thickness: 2.50 m Discharge: variable, average rate 1.7451 [l/s]
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TW4

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW4 1.89 × 10
2

7.56 × 10
1

0.25



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland ON Pumping Test: Pumping Test 1 Pumping Well: TW4

Test Conducted by: AO Test Date: 12/06/2015

Analysis Performed by: Theis (log-log) Analysis Date: 19/07/2016

Aquifer Thickness: 2.50 m Discharge: variable, average rate 1.7451 [l/s]
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TW4

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW4 8.64 × 10
1

3.46 × 10
1

0.25



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: Cumberland ON Pumping Test: Pumping Test 1 Pumping Well: TW4

Test Conducted by: AO Test Date: 12/06/2015

Aquifer Thickness: 2.50 m Discharge: variable, average rate 1.7451 [l/s]

1
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3

Analysis Name

Theis RECOVERY

Theis (linear)

Theis (log-log)

Analysis Performed by Analysis Date

02/11/2015

19/07/2016

19/07/2016

Method name

Theis Recovery

Theis

Theis

Well

TW4

TW4

TW4

T [m²/d] K [m/d] S

1.62 × 10
3

1.89 × 10
2

8.64 × 10
1

6.32 × 10
2

6.48 × 10
2

7.56 × 10
1

3.46 × 10
1

2.53 × 10
2

Average



Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive Pumping Test: Pumping Test 1 Pumping Well: TW5

Test Conducted by: MM Test Date: 11/05/2016

Analysis Performed by: Theis (linear) Analysis Date: 12/05/2016

Aquifer Thickness: 15.24 m Discharge: variable, average rate 0.32046 [l/s]
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Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW5 8.36 × 10
0

5.49 × 10
-1

0.07



Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive Pumping Test: Pumping Test 1 Pumping Well: TW5

Test Conducted by: MM Test Date: 11/05/2016

Analysis Performed by: Theis RECOVERY Analysis Date: 25/05/2016

Aquifer Thickness: 15.24 m Discharge: variable, average rate 0.32046 [l/s]
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TW5

Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Radial Distance to 
PW

[m]

TW5 1.43 × 10
0

9.36 × 10
-2

0.07



Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive Pumping Test: Pumping Test 1 Pumping Well: TW5

Test Conducted by: MM Test Date: 11/05/2016

Analysis Performed by: Theis (log-log) Analysis Date: 19/07/2016

Aquifer Thickness: 15.24 m Discharge: variable, average rate 0.32046 [l/s]
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TW5

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW5 2.56 × 10
0

1.68 × 10
-1

0.07



Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive Pumping Test: Pumping Test 1 Pumping Well: TW5

Test Conducted by: MM Test Date: 11/05/2016

Aquifer Thickness: 15.24 m Discharge: variable, average rate 0.32046 [l/s]

1

2

3

Analysis Name

Theis (linear)

Theis RECOVERY

Theis (log-log)

Analysis Performed by Analysis Date

12/05/2016

25/05/2016

19/07/2016

Method name

Theis

Theis Recovery

Theis

Well

TW5

TW5

TW5

T [m²/d] K [m/d] S

8.36 × 10
0

1.43 × 10
0

2.56 × 10
0

4.11 × 10
0

5.49 × 10
-1

9.36 × 10
-2

1.68 × 10
-1

2.70 × 10
-1

Average



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: TW6

Test Conducted by: MM and RLC Test Date: 08/07/2016

Analysis Performed by: Theis (linear) Analysis Date: 19/07/2016

Aquifer Thickness: 63.00 m Discharge: variable, average rate 0.046 [l/s]
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Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW6 1.63 × 10
-1

2.59 × 10
-3

0.07



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: TW6

Test Conducted by: MM and RLC Test Date: 08/07/2016

Analysis Performed by: Theis (log-log) Analysis Date: 19/07/2016

Aquifer Thickness: 63.00 m Discharge: variable, average rate 0.046 [l/s]
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TW6

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW6 1.04 × 10
-2

1.65 × 10
-4

0.07



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: TW6

Test Conducted by: MM and RLC Test Date: 08/07/2016

Analysis Performed by: Theis RECOVERY Analysis Date: 19/07/2016

Aquifer Thickness: 63.00 m Discharge: variable, average rate 0.046 [l/s]
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Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Radial Distance to 
PW

[m]

TW6 1.67 × 10
-1

2.65 × 10
-3

0.07



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: TW6

Test Conducted by: MM and RLC Test Date: 08/07/2016

Aquifer Thickness: 63.00 m Discharge: variable, average rate 0.046 [l/s]

1
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3

Analysis Name

Theis (linear)

Theis (log-log)

Theis RECOVERY

Analysis Performed by Analysis Date

19/07/2016

19/07/2016

19/07/2016

Method name

Theis

Theis

Theis Recovery

Well

TW6

TW6

TW6

T [m²/d] K [m/d] S

1.63 × 10
-1

1.04 × 10
-2

1.67 × 10
-1

1.13 × 10
-1

2.59 × 10
-3

1.65 × 10
-4

2.65 × 10
-3

1.80 × 10
-3

Average



Pumping Test Analysis Report

Project: Wilhaven - p-test HW on 24may16 by MM

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: HW

Test Conducted by: MM Test Date: 24/05/2016

Analysis Performed by: Theis (linear) Analysis Date: 25/05/2016

Aquifer Thickness: 22.00 m Discharge: variable, average rate 0.35 [l/s]
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HW

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

HW 1.14 × 10
1

5.19 × 10
-1

0.07



Pumping Test Analysis Report

Project: Wilhaven - p-test HW on 24may16 by MM

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: HW

Test Conducted by: MM Test Date: 24/05/2016

Analysis Performed by: Thies (log-log) Analysis Date: 25/05/2016

Aquifer Thickness: 22.00 m Discharge: variable, average rate 0.35 [l/s]
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HW

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

HW 1.43 × 10
1

6.49 × 10
-1

0.07



Pumping Test Analysis Report

Project: Wilhaven - p-test HW on 24may16 by MM

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: HW

Test Conducted by: MM Test Date: 24/05/2016

Analysis Performed by: Theis RECOVERY Analysis Date: 25/05/2016

Aquifer Thickness: 22.00 m Discharge: variable, average rate 0.35 [l/s]
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HW

Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Radial Distance to 
PW

[m]

HW 8.25 × 10
0

3.75 × 10
-1

0.07



Pumping Test Analysis Report

Project: Wilhaven - p-test HW on 24may16 by MM

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: HW

Test Conducted by: MM Test Date: 24/05/2016

Aquifer Thickness: 22.00 m Discharge: variable, average rate 0.35 [l/s]
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Analysis Name

Theis (linear)

Thies (log-log)

Theis RECOVERY

Analysis Performed by Analysis Date

25/05/2016

25/05/2016

25/05/2016

Method name

Theis

Theis

Theis Recovery

Well

HW

HW

HW

T [m²/d] K [m/d] S

1.14 × 10
1

1.43 × 10
1

8.25 × 10
0

1.13 × 10
1

5.19 × 10
-1

6.49 × 10
-1

3.75 × 10
-1

5.14 × 10
-1

Average



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: 1490 O'Toole

Test Conducted by: Kollard Associates Inc. Test Date: 16/03/2016

Analysis Performed by: Theis (linear) Analysis Date: 19/07/2016

Aquifer Thickness: 91.00 m Discharge Rate: 24 [l/s]
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1490 O'Toole

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

1490 O'Toole 1.34 × 10
2

1.47 × 10
0

0.07



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: 1490 O'Toole

Test Conducted by: Kollard Associates Inc. Test Date: 16/03/2016

Analysis Performed by: Theis (log-log) Analysis Date: 19/07/2016

Aquifer Thickness: 91.00 m Discharge Rate: 24 [l/s]
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1490 O'Toole

Calculation using Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

1490 O'Toole 1.59 × 10
2

1.75 × 10
0

0.07



Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: Fred Farsi

Paterson Group
Hydrogeology
154 Colonnade Road South
Ottawa, ON, K2E 7J5

Location: 1730 Wilhaven Drive, Cumberland, ONPumping Test: Pumping Test 1 Pumping Well: 1490 O'Toole

Test Conducted by: Kollard Associates Inc. Test Date: 16/03/2016

Aquifer Thickness: 91.00 m Discharge Rate: 24 [l/s]

1

2

Analysis Name

Theis (linear)

Theis (log-log)

Analysis Performed by Analysis Date

19/07/2016

19/07/2016

Method name

Theis

Theis

Well

1490 O'Toole

1490 O'Toole

T [m²/d] K [m/d] S

1.34 × 10
2

1.59 × 10
2

1.46 × 10
2

1.47 × 10
0

1.75 × 10
0

1.61 × 10
0

Average
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Determination of Potential Well Interference
PH1236
  Pumping Rate (Q) m3/day 2.25

  Transmissivity (T) m2/day 7.5 Transmissivity is average of results from TW5, HW and 1490 O'Toole

  Average Well Spacing (m) r 50

  Coefficient of Storage S 1.00E-06 Storativity is approximate - based on Paterson's knowledge of Ottawa aquifers

Notes:  Analysis Assumes Continuous Pumping of 29 Wells

Time (days) u W(u) u W(u) u W(u) Drawdown

5 8.3E-06 11.12 2.5E-05 10.02 4.2E-05 9.51 6.61

10 4.2E-06 11.81 1.3E-05 10.71 2.1E-05 10.20 7.07

25 1.7E-06 12.73 5.0E-06 11.63 8.3E-06 11.12 7.68

50 8.3E-07 13.42 2.5E-06 12.32 4.2E-06 11.81 8.15

100 4.2E-07 14.11 1.3E-06 13.02 2.1E-06 12.50 8.61

365 1.1E-07 15.41 3.4E-07 14.31 5.7E-07 13.80 9.48

1100 3.8E-08 16.51 1.1E-07 15.41 1.9E-07 14.90 10.21

3650 1.1E-08 17.71 3.4E-08 16.61 5.7E-08 16.10 11.01

9125 4.6E-09 18.63 1.4E-08 17.53 2.3E-08 17.02 11.63

1st Well Grouping 2nd Well Grouping 3rd Well Grouping
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PH1236

Langlier Saturation Index (LSI) Calculation (Langlier, 1936)

LSI = pH - pHs A = (Log10 [TDS] - 1) / 10

pHs = (9.3 + A + B) - (C + D) B = -13.12 x Log10 (oC + 273) + 34.55

Where: C = Log10 [Ca2+ as CaCO3] - 0.4

D = Log10 [alkalinity as CaCO3]

TW6 inputs

pH 8.27 A 0.18

TDS 597 B 2.32

Hardness 98 C 1.59

Alkalinity 296 D 2.47

Temp. 13

pHs = 7.74

LSI = 0.5

LSI

0.5 to 2

0 to 0.5

0

0 to -0.5

-0.5 to -2

Ryznar Stability Index (RSI) Calculation (Ryznar, 1944)

RSI = 2(pHs) - pH

RSI = 7.2

RSI

<5.5

5.5 to 6.2

6.2 to 6.8

6.8 to 8.8

>8.5

Effect

Heavy scale will form

Scale will form

No scale or corrosion

Water is aggresively corrosive

Water is very agressively corrosive

Effect

Water is super saturated and tends to precipitate a scale layer of calcium carbonate (scale forming but non-corrosive)

Water is super saturated and tends to precipitate a scale layer of calcium carbonate (slightly scale forming and corrosive).

Water is saturated (in equilibrium) with calcium carbonate. A scale layer of calcium carbonate is neither precipitated nor dissolved.

Water is under saturated and tends to dissolve solid calcium carbonate (slightly corrosivebut non-scale forming).

Water is under saturated and tends to dissolve solid calcium carbonate (seriously corrosive).
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Groundwater Flow Through NOT USED Groundwater Flow Through NOT USED

Background Nitrate Concentration  (Cb) = 0  mg/L Background Nitrate Concentration  (Cb) = 0  mg/L

Hydraulic Conductivity (k) = 0  m/s Hydraulic Conductivity (k) = 0  m/s

Horizontal Gradient (i) = 0 Horizontal Gradient (i) = 0

Length (L) = 0  m Length (L) = 0  m

Aquifer Thickness (t) = 0  m Aquifer Thickness (t) = 0  m

Groundwater Flow (Qb) = 0  m
3
/day Groundwater Flow (Qb) = 0  m

3
/day

Infiltration Factors Infiltration Factors

Topography 0.30 Topography 0.30

Soil 0.24 weighted Soil 0.26 weighted

Cover 0.13 weighted Cover 0.12 weighted

Total 0.67 Total 0.68

Site Characteristics Site Characteristics

Area of Site : 199,161      m
2

Area of Site : 199,161      m
2

Area of each roof: 525  m
2

Total of roof areas: 11,025        m
2

Area of each driveway: 200  m
2

Total of driveway areas: 4200  m
2

Length of roadways: 753 m

Width of roadways: 8 m

Total area of roadways: 6024

Impervious Area 21,249       m
2

Percent Impervious Area = 10.67  %

Infiltration Area = 199,161      m
2

Infiltration Area = 177,912      m
2

Septic Effluent Septic Effluent

Concentration of Effluent (Cs) = 0  mg/L Concentration of Effluent (Cs) = 40  mg/L

Daily Sewage Flow (Qs)= 0  m
3

Daily Sewage Flow (Qs)= 21  m
3

Infiltration Calculation Infiltration Calculation

Nitrate concentration in precipitation (Ci) = 0  mg/L Nitrate concentration in precipitation (Ci) = 0  mg/L

Preciptation (from Environment Canada climate normals) 943.4 mm/yr Preciptation (from Environment Canada climate normals) 943.4 mm/yr

Surplus Water (Environment Canada) 300  mm/yr Surplus Water (Environment Canada) 384  mm/yr

Factored Water Surplus = 200  mm/yr Factored Water Surplus = 261  mm/yr

Total volume of Infiltration 39,785       m
3

Infiltraion % due to stormwater management measures 78%

Runoff volume (all water running off impervious areas) 20,046        m
3

Minimum 'storminf' volume (25mm event, Stantec, 2016) 15,550        m
3
/year

43  m
3
/day

Infiltration flow entering the system (Qi) = 109  m
3
/day Infiltration Flow Entering the System (Qi) = 127  m

3
/day

Infiltration Flow Entering the System (Qi with 'storminf') = 170  m
3
/day

Mass Balance Model  (MOEE, 1995) Mass Balance Model  (MOEE, 1995)

Qb = flow entering the system across the upgradient  area 0  m
3
/day Qb = flow entering the system across the upgradient  area 0  m

3
/day

Cb = background nitrate concentration 0  mg/L Cb = background nitrate concentration 0  mg/L

Qe = flow entering the system from the septic drainfield 0  m
3
/day Qe = flow entering the system from the septic drainfield 21  m

3
/day

Ce = concentration of nitrates in the septic effluent 0  mg/L Ce = concentration of nitrates in the septic effluent 40  mg/L

Qi = flow entering the system from infiltration 109  m
3
/day Qi = flow entering the system from infiltration (with 'storminf') 170  m

3
/day

Ci = Concentration of nitrates in the infiltrate 0  mg/L Ci = Concentration of nitrates in the infiltrate 0  mg/L

CT = 0.0 mg/L CT = 4.399 mg/L

Estimate Number of Lots 1 big lot Estimate Number of Lots 21 lots

* = see separate weighted  infiltration factor calculations

CT = (QbCb+QeCe+QiCi)/(Qb+Qe+Qi) = Cumulative Nitrate Concentration

PRE DEVELOPMENT CONDITIONS POST DEVELOPMENT CONDITIONS

CT = (QbCb+QeCe+QiCi)/(Qb+Qe+Qi) = Cumulative Nitrate Concentration

Predictive Nitrate Impact Assessment
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Ottawa           Kingston           North Bay Proposed Rural Residential Subdivision 
 1730 Wilhaven Drive, Cumberland, Ontario 
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Appendix 5 

 Figure 1 - Site Location Plan 

 Figure 2 – MOECC Water Well Records 

 Figure 3 – Overburden Geology 

 Figure 4 - Bedrock Geology 

 Figure 5 - Test Hole Location Plan 

 Figure 6 – Cross Section 

 Figure 7 – Draft Plan of Survey 

 Figure 8 - Lot Development Plan  
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