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Report Revisions 

This report was initially released in February 2010 (designated PH1292-REP.01). The 

February 2010 report was based on test wells TW1, TW2 and TW3 that were drilled in 

January 2010. 

Review comments from City of Ottawa and Rideau Valley Conservation Authority (RVCA) 

requested additional test wells, pumping tests and associated changes to the report. An 

updated report (designated PH1292.REP.02) was released in December 2011. The 

December 2011 report included information from two additional test wells (TW4 and TW5) 

that were drilled in August 2011. 

Following feedback from RVCA, an updated report was released in April 2013. The April 

2013 report includes a list of changes titled ‘Syllabus of Additional Information in Response 

to RVCA Preliminary Comments’. The changes included addition of an EPA report, lot 

development plan edits, cross section edits, additional water well record information, 

additional pumping test data, recommendation for casing length, and aquifer analysis 

updates. 

Following feedback from RVCA, an updated report was released in October, 2013. The 

October 2013 report includes a list of changes titled ‘Syllabus of Changes’. The changes 

include those listed above for the April 2013 report, plus clarification regarding geotechnical 

and environmental well construction, clarification of VOC sampling protocols, updated test 

hole location plan, edits to Figure 4, addition of well record for EW, addition of field 

parameters including chlorine residual and turbidity, removal of references to aquitard 

isolation, updated peak water use, removal of use of TW1, addition of information on Hyde 

Park well, augmented well interference analysis and addition of recovery statements. 

Following feedback from RVCA, an updated report was released in May, 2015. The May 

2015 report includes a list of changes titled ‘Syllabus of Changes’. The changes include 

those listed above for the October 2013 report, plus inclusion of an additional test well (TW6) 

that was drilled in July 2014, and coverage of a peak demand test (simultaneous pumping 

of TW4, TW5 and TW6) and an extended pumping (3 days) test of TW6. 

The current report is designated PH1292-REP.01R5. The ‘Syllabus of Changes’ table has 

been removed. The current report incorporates a large number of changes and clarifications 
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which have been discussed in detail with RVCA in email and telephone conversations, and 

in meetings on October 15 and November 26, 2015.  
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Executive Summary 

Paterson Group (Paterson) was commissioned by Toscano Land Corp. (Toscano) to 

conduct a hydrogeological assessment for a proposed residential subdivision at 11 King 

Street, Richmond, Ontario. The site location is indicated on Figure 1 (Site Location Plan) in 

Appendix 5. The proposed development will use private wells to provide potable water to 40 

semi-detached units. Wastewater will be directed to the Richmond Village municipal sanitary 

sewage system. 

The purpose of this study is to determine the suitability of the site for residential development 

on private individual water supply wells. 

A terrain analysis based on intrusive investigations conducted by Paterson in 2009 identified 

a deep silty clay deposit extending to more than 6.55 m below ground surface (bgs). Test 

well drilling identified bedrock at depths between 7.67 and 10.06 m bgs at the site. Available 

geological information (OGS, 2015) indicates the clay is underlain by horizontally bedded 

Palaeozoic strata of the Lower Ordovician Oxford and March Formations, which overlie the 

Cambrian Nepean formation.   

Regional aquifer studies conducted by Golder Associates (Golder) have identified two (2) 

significant water resource aquifer units in the area; the Upper Oxford Formation aquifer, and 

the Lower March-Nepean Formation aquifer (see Figure 8 [Conceptual Hydrogeological 

Model] in Appendix 5). These two aquifers appear to be separated by a leaky aquitard layer 

which occurs in the upper portion of the March Formation. Most of the existing water supply 

wells in the Village of Richmond draw water from the Oxford Formation aquifer. This study 

assesses the aquifer potential of the Lower March Formation only (the Lower March 

Formation is referred to as the ‘preferred aquifer’ throughout this report). 

Three (3) test wells (TW1, TW2 and TW3) were installed at the site in January, 2010. Test 

well locations are indicated on Figure 10 (Test Well and Observation Well Location Plan) in 

Appendix 5. These wells have steel casing installed to depths of between 9.7 and 12.2 m 

below ground surface with open holes extending through the Oxford and March Formations 

and extending into the upper portion of the Nepean Formation.  

An initial review of this report by City of Ottawa and RVCA identified a number of concerns 

about the configuration of test wells TW1, TW2 and TW3 and the suitability of future wells 

in the proposed subdivision if constructed in the same way (i.e. potential offsite well 

interference and potential for cross contamination within the aquifer system). It was 
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determined that the preferred aquifer for the proposed subdivision should be the Lower 

March Formation. 

Two (2) additional test wells (TW4, TW5) were installed at the site in August 2011, and one 

(1) more test well (TW6) was installed in July, 2014. These test wells have steel casing 

installed to depths of between 54.8 and 56.4 m bgs, and were drilled to total depths of 

between 65.8 and 68.6 m bgs. This configuration places the open hole section of wells TW4, 

TW5 and TW6 in the Lower March Formation. 

Pumping tests were conducted at TW1, TW2, and TW3 but this information has not been 

used to assess the Lower March Formation aquifer. TW4 and TW5 were each pumped for 

nine (9) hours at a constant rate (75.7 L/min at TW4 and 81.8 at TW5) to obtain drawdown 

and recovery data. A simultaneous pumping test of TW4, TW5 and TW6 at a rate of 99.8 

L/min per well was performed to assess aquifer and well response during peak water 

demand periods. Extended pumping of TW6 at a rate of 34 L/min was carried out for a period 

of three (3) days to determine the effects of ongoing pumping from the preferred aquifer.  

Groundwater samples were collected at each well at the middle and at the end of each test. 

Additional water quality sampling was conducted at three (3) offsite water supply wells. All 

groundwater samples were submitted for comprehensive testing of bacteriological, chemical 

and physical water quality parameters. 

The analytical results for groundwater samples that were obtained from the preferred 

groundwater aquifer at the site (i.e. from TW4, TW5 and TW6) show that water quality is 

acceptable and that there are no exceedances of the applicable health related parameter 

limits of the Ontario Drinking Water Standards (ODWS, 2003). Minor exceedances of the 

non-health related operational guidelines and aesthetic objectives were noted for hardness 

and iron at all three test wells.  

Pumping test data were analyzed using Aquifer Test ProTM software. The most significant 

results were obtained from the extended pumping test of TW6, where dataloggers were used 

to measure drawdown and recovery at the pumping well and at a number of observation 

wells including test wells TW4 and TW5 which intersect the preferred aquifer only. An 

analysis of recovery data from the extended pumping test of TW6 using a combination of 

Agarwal (Agarwal, 1980) and Theis (Theis, 1935) methods indicates the Lower March 

Formation aquifer has a transmissivity of approximately 37 m2/day. Aquifer storativity is 

estimated to be approximately 2.27x10-5 using the same method.  
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Water quantity was assessed in terms of anticipated peak demand, long term safe yield and 

potential well interference.  

Peak demand based on three bedroom semi-detached units is estimated to be 15 L/min/unit 

based on Ontario Ministry of Environment and Climate Change (MOECC) Procedure D-5-5 

(MOEE, 1996). Peak demand based on the Canadian Mortgage and Housing Corporation 

(CMHC, 2000, revised 2014) daily use estimate is 7.5 L/min/unit, or 300 L/min for 40 units. 

This is the same as the combined pumping rate during the simultaneous pumping test. The 

test results show that current and future wells in the proposed subdivision will be sufficient 

to handle peak demand loadings. 

A long term safe yield analysis shows that the anticipated rate of water extraction at current 

and future wells in the proposed subdivision is at least two orders of magnitude less than 

the calculated long term safe yield of the wells. A well interference model indicates the 

maximum drawdown after 25 years of pumping will be acceptable. The simultaneous and 

extended pumping test results show that the wells all recover quickly after removal of large 

quantities of groundwater. All of these methods show that the anticipated water usage at 

current and future wells in the proposed subdivision will be sustainable in the long term and 

will not significantly impact offsite well users.  

Drawdown information from pumping wells and observation wells (including onsite and 

offsite observation wells that intersect the Oxford Formation, The Oxford and March 

Formations, the Oxford, March and Upper Nepean Formations, and the Lower March 

Formation only) clearly shows that pumping from the Lower March Formation does not have 

any significant impact on shallow wells that intersect the Oxford Formation only (i.e. most of 

the wells in the Village of Richmond, and the vast majority of wells located close to the 

subject site). Impacts to offsite wells that intersect the Oxford and March Formations will be 

of an acceptable magnitude based on the aquifer analysis results. 

Future wells at the site should be constructed according to Ontario Regulation 903 and 

should be similar to test wells TW4, TW5 and TW6 (i.e. a minimum of 58 m steel casing, 

and total depths of no more than 70 m). The pumping rate for each well should not exceed 

20 L/min. Raw water is expected to be relatively hard, so residential grade water softeners 

are recommended.  

The 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 
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that the development takes place in an effective manner, with a minimal impact on the 

natural environment. 
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Paterson Group (Paterson) was commissioned by Toscano Land Corp. (Toscano) to 

conduct a hydrogeological assessment related to the use of private wells to provide potable 

water to 40 semi-detached homes located at 11 King Street, Richmond, Ontario.  

The property, hereafter referred to as the subject property, is situated on the south side of 

Perth Street, and bounded by King Street, the future Hamilton Street extension and 

Cockburn Street. The subject property is approximately 1.59 hectares in size and has the 

legal description: Registered Plan D-13 Unit 59 REF Plans; 4R5234, Parts 1 and 2 (Less 

4R11108); Parts 2, 4, Ottawa, Ontario. The site location is indicated on Figure 1 (Site 

Location Plan) in Appendix 5. 

This consolidated report reflects works done in consideration of the following guidance 

documents prepared by the Ontario Ministry of Environment and Climate Change (MOECC): 

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

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

(August 1996) 

 Water Supply Wells - Requirements and Best Management Practices, Revised April 

2015 

Paterson completed a Phase I-II Environmental Site Assessment (ESA) for the subject lands 

(Paterson, 2009), the results of which are attached in Appendix 3. A geotechnical 

investigation was conducted at the site by Paterson, and results have been reported under 

separate cover (Paterson, 2010). 

 

It is understood that the proposed development will consist of a 20 semi-detached residential 

lots resulting in a total of 40 residential units. The proposed general site layout is detailed 

on Figure 7 (Lot Development Plan) in Appendix 5. The subject property is located within 

the boundary of the Village of Richmond, Ontario. The Village of Richmond has been 

developed on a municipal sanitary service and individual/communal water supply wells. The 

subject property is proposed to be serviced in the same manner with individual water supply 

wells for each lot and municipal wastewater collection and treatment.  
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A residential subdivision known as Kings Park is serviced by a communal water supply 

system located approximately 600 m to the south of the subject site (Golder, 2008). Two (2) 

municipal water wells which service this development provide approximately 450 people 

with drinking water. These wells have open holes that extend through the Oxford Formation, 

the March Formation and extend into the upper portion of the Nepean Formation. As these 

wells are municipal water supply wells, they are subject to Ontario’s source water protection 

program under the Clean Water Act (2006).   

A residential subdivision known as Hyde Park is to be serviced by a communal water supply 

system and is located approximately 650 m northwest of the subject site. This subdivision is 

serviced by two (2) water supply wells that are owned and operated by the developer. These 

wells have open holes that extend through the Oxford Formation, the March Formation and 

extend into the upper portion of the Nepean Formation (Golder, 2008). 

The approximate locations of the Kings Park wells and the Hyde Park wells are indicated on 

Figure 1 (Site Location Plan) in Appendix 5. 
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The subsurface conditions were investigated with a series of boreholes that were drilled 

along the north east portion of the subject site in conjunction with the Phase I-II 

Environmental Site Assessment investigative works (Paterson, 2009). The fieldwork 

program for the investigation was carried out in July, 2009. Five (5) boreholes were 

advanced to depths ranging between 5 m and 6 m below ground surface (bgs). The borehole 

locations are indicated on Figure 10 (Test Well and Observation Well Location Plan) in 

Appendix 5.  

A subsurface investigation was also conducted by Paterson as part of the geotechnical study 

for the site in 2010 (Paterson, 2010). Five (5) additional boreholes were drilled at locations 

across the site. The borehole locations are shown on Figure 6 (Geotechnical Investigation) 

in Appendix 5.  

Soil stratigraphy and related information from the environmental and the geotechnical 

investigations are summarized on the Soil Profile and Test Data sheets located in Appendix 

1 of this report.  

 

Groundwater levels were measured in standpipes installed in the geotechnical boreholes 

and the results are summarized in Table 1 (below). The overburden groundwater table was 

encountered at 2.5 to 3.6 m bgs. It should be noted that groundwater levels are subject to 

seasonal fluctuations, so groundwater levels could vary at the time of construction.  

Table 1 - Overburden Groundwater Elevations (Geotechnical Boreholes) 

SUMMARY OF GROUNDWATER ELEVATIONS - GEOTECHNICAL BOREHOLES 

Test Hole 
Number 

Ground 
Surface Elevation     

(m) 

Groundwater Levels 
Recording Date 

Depth (m) Elevation (m) 

BH 1 94.02 2.56 91.46 05-Feb-10 

BH 2 93.94 3.2 90.74 05-Feb-10 

BH 3 94.07 2.8 91.27 05-Feb-10 

BH 4 93.94 2.9 91.04 05-Feb-10 

BH 5 93.86 3.6 90.26 05-Feb-10 

Note: The ground surface elevation at each test hole location are referenced to the top of manhole located along the south property 
boundary of the subject site. 
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TW1 

Based on background information and MOECC Water Well Records, a conceptual 

hydrogeological model was developed. In order to further evaluate the water supply aquifers 

underlying the site, an initial test well (TW1) was installed. The test well was constructed by 

Air Rock Drilling Company Ltd. (Air Rock) of Richmond, Ontario on January 11, 2010 at the 

location shown on Figure 10 (Test Well and Observation Well Location Plan) in Appendix 5. 

The test well location was selected by Paterson in conjunction with the civil consultant, 

Novatech. 

With respect to the construction of TW1, a 228 mm diameter casing hole for the test well 

was advanced using a rotary tri-cone bit through the overburden, to the underlying bedrock. 

The casing hole was advanced into the bedrock of the Oxford Formation an additional 2.1 m 

to ensure that the casing was seated in competent bedrock. 

The casing hole was filled with a combination of neat cement and bentonite grout slurry 

having a consistency of at least 20% bentonite solids (by weight). A neat cement slurry was 

introduced into the lower 2 to 3 m of the casing hole through the tri-cone bit resting at the 

bottom of the casing hole. Next, the tri-cone bit was raised 2.5 m off the bottom of the casing 

hole and the bentonite slurry was introduced down the drill stem and through the tri-cone bit 

and pumped upwards through the hole to the ground surface.  

A new, 150 mm diameter steel casing, equipped with a drive shoe, was installed in the grout 

column. The density of the slurry in the casing hole was sufficient to prevent lateral 

movement of the casing as it was lowered into the hole, thereby ensuring proper casing 

alignment. The casing was seated into the bedrock using pressure applied to the top of 

casing from the percussion bit and bentonite slurry inside the casing was blown out prior to 

advancing the bit into the bedrock. 

TW2 and TW3  

During the interim period between the submission of the preliminary hydrogeological study 

report and the receipt of the comments from the review agencies, it was decided to construct 

two (2) additional test wells on the site in order to satisfy the requirements of Procedure D-

5-5 (MOEE, 1996), with respect to the minimum number of test wells required for the site. 

These wells, (TW2 and TW3) were constructed utilizing the same well construction 

methodology as had been adopted for TW1. Reference can be made to the published 

MOECC Water Well Records for TW2 and TW3, which are included in Appendix 2. 
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TW4 and TW5 

Subsequent to the receipt of the initial comments from the review agencies following 

submission of the preliminary hydrogeological study, and subsequent to the successful 

completion of the hydrogeological study carried out on the nearby property located at the 

corner of Perth Street and Shea Road (Paterson, 2011), several technical meetings were 

held with hydrogeologists from the City and RVCA.  

Based on the outcome of those discussions, it was determined that the site was not 

considered to be hydrogeologically sensitive, but there may be potentially adverse impacts 

related to offsite well interference if the future water wells were constructed such that they 

intercepted the Oxford and March/Nepean Formations by means of an open borehole. Also, 

there was a greater potential for cross contamination within the aquifer system related to 

interception of multiple aquifers within the open boreholes. Based on discussions between 

the review agency and Paterson, it was decided to propose a well construction methodology 

which would involve an increased steel casing length to seal the annular space down to the 

bottom of the Oxford Formation and into the Upper March Formation. 

A similar well construction methodology had been previously employed by Paterson for the 

construction of a test well related to a hydrogeological analysis of a property located 

approximately 800 m to the east/northeast of the subject property (northeast corner of the 

intersection of Shea Road at Perth Street, Richmond, Ontario). Note: this well is referred to 

as the ‘Perth @ Shea’ well for the purposes of this report. The location of the ‘Perth @ Shea’ 

well is indicated on Figure 1 (Site Location Plan) in Appendix 5. 

Test wells TW4 and TW5 were constructed by Air Rock such that the casing hole was 

advanced through the overburden and through the Oxford Formation, terminating 

approximately 3.0 m into the March Formation. Casing was installed to a depth of 56.38 m 

bgs in TW4, and a depth of 56.98 m bgs in TW5. Casing was grouted in place using reverse 

pressure grouting techniques consistent with Ontario Regulation 903 requirements. 

The open borehole was advanced into the March Formation where a strong water supply 

aquifer was intercepted by both wells. 

The wells were surged and pumped for an initial extended period of well development to 

clear the formation of the majority of the fine rock cuttings. 
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TW6 

After the submission of the October 2013 report (PH1292-REP.02R2), and several meetings 

involving the City of Ottawa, RVCA and Paterson, a decision was made to construct a third 

well, in addition to TW4 and TW5 to bring the submission into strict compliance with 

Procedure D-5-5 (MOEE, 1996).  

TW 6 was constructed by Air Rock in July 2014. The well construction methodology utilized 

for this well mirrored that of TW4 and TW5. The casing hole was extended down and 

approximately 3 m into the March Formation at a depth of approximately 54.9 m and the 

annular space was pressure grouted with a sodium bentonite/neat cement slurry complying 

with Ontario Regulation 903 requirements. 

The open borehole extended to a depth of approximately 68.9 m bgs where the water supply 

aquifer intercepted by TW4 and TW5 was encountered.  

Table 2 (below) summarizes configuration and initial yield estimates for the test wells that 

were installed at the site. 

Table 2 - Test Well Summary 

TEST WELL SUMMARY 

Well  
ID 

Year 
drilled 

Depth 
to BR 
(m) 

Casing 
depth 

(m) 

Depth to water 
bearing fractures 

(m) 

Total 
depth 

(m) 

Recommended 
pumping rate 

(L/min) 

TW1 2010 7.67 9.75 71.0 73.76 91 

TW2 2010 9.14 11.58 69.2 / 69.8 71.63 91 

TW3 2010 10.06 12.19 40.5 / 65.8 / 69.5 73.15 91 

TW4 2011 8.84 56.38 68.0 68.58 91 

TW5 2011 8.53 56.98 63.3 65.83 91 

TW6 2014 9.14 54.86 56.38 / 62.5 / 66.8 68.58 91 

 

 

All of the six (6) test wells were subjected to an initial one (1) hour pumping test, carried out 

by Air Rock following stabilization of the static water level in the well column. The one (1) 

hour pumping tests demonstrated that the test wells, overall, had potential yields of between 

68 L/min. and 227 L/min.  

The following sections describe the various stages of the investigation and the pumping test 

approaches that were used. A summary of pumping tests is included in Table 3 (below). 
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Turbidity and free chlorine residual measurements were taken using a Hanna HI93414 Fast 

Tracker portable meter at the well head 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. Field parameter results are included 

in Appendix 3. 

Table 3 - Pumping Tests Summary 

Pumping Tests Summary     

Well ID 
Year 

Drilled 
Duration of 

test (hr) 
Date 

Pumping 
Rate 

(L/min) 

TW1 2010 6 13-Jan-10 75.6 

TW2 2010 6 28-Jan-10 75.6 

TW3 2010 6 Mar-10 75.6 

TW4 2011 

9 26-Aug-11 75.6 

2.78 simultaneous test  31-Oct-14 99.8 

TW5 2011 

9 30-Sep-11 81.8 

2.78 simultaneous test  31-Oct-14 99.8 

TW6 2014 

3 days 4 day test  from 1-4-Nov-14 34 

2.78 simultaneous test  31-Oct-14 99.8 

NOTE: well records corresponding to the wells used in the investigation are identified (where possible) in Appendix 2 

 

PLEASE NOTE: TW1, TW2 and TW3 have open boreholes that intersect the Oxford and 

March Formations, as noted in the previous sections. Comments from RVCA lead to the 

installation of three (3) additional wells (TW4, TW5 and TW6) with casing holes extending 

into the March Formation. The following description of pumping tests focuses on test wells 

TW4, TW5 and TW6. 
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 Constant Rate Pumping of TW1, TW2 and TW3 

TW1, TW2, and TW3 were subjected to individual six (6) hour constant rate pumping tests 

in 2010.  

 Constant Rate Pumping of TW4 

TW4 was pumped at a constant rate of 75.6 L/min for 9 hours on August 26, 2011. The flow 

rate was measured manually during the test using standard timed volume techniques (i..e 

bucket and stopwatch. Manual water level readings were collected at the pumping well and 

at seven (7) observation wells. A maximum drawdown of 5.48 m was measured in the 

pumping well after 100 minutes of pumping. 95% recovery was achieved 40 minutes after 

the end of pumping at the pumping well.  

 Constant Rate Pumping of TW5 

TW5 was pumped at a constant rate of 81.8 L/min for 9 hours on September 30, 2011. The 

flow rate was measured manually during the test. Manual water level readings were 

collected at the pumping well. A maximum drawdown of 3.51 m was reached in the pumping 

well after six (6) hours of pumping.  

 Simultaneous Pumping of TW4, TW5 and TW6 

A simultaneous pumping test was carried out at TW4, TW5 and TW6 on October 31, 2014. 

The test was performed to assess aquifer and well response during peak water demand 

periods. In order to achieve this, each of the wells was pumped simultaneously at a rate of 

99.8 L/min resulting in a combined pumping rate of 299.4 L/min. This rate was chosen based 

on a rationalized peak water demand (refer to Section 7.3.1 for details). 

Prior to the commencement of pumping, a series of continuous recording dataloggers were 

deployed in the three pumping wells, the three other onsite test wells (TW1, TW2 and TW3) 

and in three (2) offsite wells located at 20 Cockburn and 23 King Street. The locations of all 

test wells plus offsite wells used in the investigation are indicated on Figure 10 (Test Well 

and Observation Well Location Plan) in Appendix 5. 

The duration of the simultaneous pumping test was limited to 167 minutes to keep the total 

water volume below 50,000 L (MOECC requires a Permit To Take Water for volumes greater 

than 50,000 L). This time period (~2.5 hours) is consistent with the peak water demand 

typically associated with domestic water use. (i.e. 6 am to 8 am and from 6 pm to 8 pm).  
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The dataloggers recorded the recovery period after the end of pumping. The three pumping 

wells all achieved 95% recovery in less than four (4) hours after the end of pumping (i.e. 76 

mins at TW4, 189 mins at TW5 and 225 mins at TW6). 

 

The plot provided above has superimposed pumping signatures from known and unknown 

sources (X axis = metres H20 adjusted). The hydrograph traces for 23 King and 20 Cockburn 

show evidence of pump cycling from the pumps that are installed in those wells. The other 

hydrograph traces also include evidence of pumping in nearby wells. This is normal and is 

to be expected as the test was conducted in a residential area with multiple well users, and 

wells that interest the Oxford and March Formations. 

 Extended Pumping of TW6  

TW6 was pumped at a rate of 34 L/min for a duration of three (3) days. The extended 

pumping test commenced at 9 am on November 1, 2014 and extended until 9:53 am on 

November 4, 2014. Discharge water was directed to the existing unopened road allowance 

which drains to the existing ditch network running along King Street.  
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Datalogger information is included as hydrographs in Appendix 4, and in the plot below. The 

following plot is included for demonstration purposes and shows the initial drawdown at the 

pumping well and selected observation wells, and the recovery response after the end of 

pumping. Please note that the time period has been truncated so that the drawdown and 

recovery data can be clearly observed. The readings have also been adjusted so that the 

hydrographs all plot in a similar depth range. The pumping well (TW6) achieved 95% 

recovery 226 mins after the end of pumping. 

 

The plot provided above has superimposed pumping signatures from known and unknown 

sources. The pattern of interference reflects normal daily use patterns (see hydrographs in 

Appendix 4 labelled Simultaneous Test and Extended Test). 

Russell
Text Box
m of H20 
(adjusted)
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Selected datalogger readings are provided below in Table 4 (below) which highlights 

drawdown and recovery information at each well. 

Table 4 - Extended Pumping Test of TW6 - Recovery Analysis 

EXTENDED PUMPING TEST OF TW6 - RECOVERY ANALYSIS 

time 

TW1 TW2 TW3 TW4 TW5 TW6 23 King 
20 

Cockburn 

November-01-14 8:57AM 23.82 23.00 23.84 42.67 54.51 41.32 24.28 23.48 

Start of pumping at TW6 November-01-14 8:59AM 

November-01-14 1:00PM 23.1 22.2 23.0 41.9 53.8 40.2 23.6 22.8 

Drawdown 0.75 0.77 0.81 0.80 0.72 1.16 0.71 0.70 

November-04-14 7:54AM 23.06 22.22 23.02 41.92 53.70 40.20 23.56 22.76 

End of pumping at TW6 November-04-14 9:53AM 

November-05-14 6:13AM 23.79 22.98 23.83 42.76 54.42 41.40 24.25 23.46 

Full Recovery 0.73 0.76 0.82 0.84 0.73 1.20 0.69 0.70 

Change in WLs (start to 
end) 

0.03 0.01 0.01 -0.09 0.09 -0.08 0.03 0.01 

% recovery 98% 99% 101% 105% 101% 104% 98% 100% 

All values are pressure readings expressed as metres (H2O) and have not been converted to water level below top of casing   

95% recovery was reached at pumping wells within 4 hours              

 

 

The ground surface elevations for the wells are referenced to a geodetic datum. The 

elevations at the wells, which are delineated on Drawing No. PH1292-1 - Test Hole Location 

Plan in Appendix 5, were surveyed and laid out by Novatech prior to the construction of each 

of the six (6) test wells. The offsite wells that were used in the investigation were also 

surveyed to establish water level hydrographs for the cross-section that is included as 

Figure 11 (Drawdown during Simultaneous and Extended Pumping Tests) in Appendix 5. 

Well inspections were carried out at several offsite locations to obtain well owner information 

and comments. The well inspections did not identify any issues with offsite wells and the 

owners did not report any specific concerns about well yields or water quality. Well 

inspections logs are included in Appendix 3. 
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Groundwater samples were collected from TW1, TW2 and TW3 during constant rate 

pumping tests at 3 and 6 hours after the start of pumping. For TW4 and TW5, which were 

each subjected to a nine (9) hour constant rate pumping test, samples were collected at 3 

and 9 hours after the start of pumping. For TW6 raw water samples were collected at the 

middle and end of the extended pumping test. Additional groundwater samples were 

obtained from two (2) neighbouring well located at 6 King Street and 13 Cockburn Street.  

Residual chlorine testing was conducted in the field using a Hanna C-114 multi-meter to 

ensure the absence of chlorine when the water samples were collected.  

All groundwater samples were submitted to Exova Laboratories of Ottawa for analysis of the 

standard ‘Subdivision Water Supply’ suite of analyses. Laboratory certificates of analysis 

are included in Appendix 3. One sample from TW1 was submitted for analysis of volatile 

organic compounds (VOCs) and petroleum hydrocarbons (PHCs). One sample from TW6 

was submitted for analysis of metals only (this sample was collected on the first day of the 

extended pumping test). 

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. 

In response to a recommendation by RVCA, a groundwater sample from TW6 was also 

submitted for laboratory analysis of metals.   

In order to assess potential hydrocarbon impacts to bedrock beneath the site (see Section 

3.2), a groundwater sample from TW1 was also submitted for analysis of VOC and PHC 

parameters. Paterson collected the raw water samples for VOC and PHC analysis in strict 

accordance with Section 2.1.4.1 of the document entitled, ‘Protocol for Analytical Methods 

Used in the Assessment of Properties under Part XV.1 of the Environmental Protection Act’, 

prepared by the Laboratory Services Branch MOE, dated March 9, 2004, amended July 1, 

2011.  
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Please Note: Water quality results from a test well installed near the intersection Perth Street 

and Shea Road (for a separate Paterson project) have been included in the discussion of 

water quality presented in Section 7.2 of this report. Water quality at the ‘Perth @ Shea’ well 

is considered to be indicative of the Lower March Formation which is the preferred aquifer 

for the proposed subdivision. 
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The subject property is relatively flat with grass cover. The ground surface sloped very gently 

towards the south-southeast, towards the Jock River, which is located a distance of 

approximately 500 m beyond the southern limits of the property. 

Site drainage is poor with drainage being achieved through a combination of surficial runoff 

and vertical infiltration. The neighbouring roadside ditches, which effectively box the subject 

property on two sides, are generally shallow and provide passive site drainage only. There 

was no evidence of active drainage (i.e. subsurface tile drains, grassed swales, etc.) on the 

subject property at the time of the site investigation. 

 

The subject property is bound by streets along the east and west property limits. A right-of-

way for a street is located to the south of the subject property, beyond which, is existing 

single home residential development. To the north, a mix of commercial and residential uses 

have been established.  

A former fuel station was, historically, located immediately beyond the northeastern edge of 

the site. The Phase I-II ESA program completed by Paterson (Paterson, 2009) focused on 

a series of environmental boreholes located on the subject property along the northeastern 

property limits. The purpose of these works was to ensure that there had been no migration 

of contaminants from the adjacent site onto the subject property.  

The Paterson ESA did not find any evidence of volatile organic compounds (VOC’s) or 

petroleum hydrocarbons (PHC’s) at detectable concentrations in the overburden 

groundwater within the limits of the study area.  

In order to assess groundwater within the bedrock beneath the site, VOC and PHC analyses 

were carried out on a raw water sample from TW1 recovered during the constant rate 

pumping test. All results for hydrocarbon related parameters were non-detectable in the 

sample that was tested. 
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A review of available surficial soils mapping for the area in the vicinity of the subject property 

indicates that the site is located within the sub-littoral and deep water facies of the Champlain 

Sea Deposits with isolated areas of glacial till deposits at the surface.  

Surficial soils mapping information (Soils of The Regional Municipality of Ottawa Carleton 

Sheet 3) indicates a broad coverage of low permeable silty clays of the Dalhousie and North 

Grenville Soil Associations.  

Figure 2 (Surficial Soils Delineation Mapping) in Appendix 5, shows surficial soils 

delineations mapping information from the OGS Earth website (OGS, 2015), which indicates 

the site is in an area of fine-textured glaciomarine deposits (silt and clay, minor sand and 

gravel, massive to well laminated). 

The geotechnical investigation by Paterson (Paterson, 2010) identified a deep silty clay 

deposit extending beyond the maximum depth of investigation which was 6.55 m bgs. The 

upper portion of the silty clay has been weathered to a brown crust at all test hole locations. 

Grey silty clay was encountered below the brown silty clay crust at all test hole locations. In 

situ shear vane field testing conducted within the grey silty clay layer yielded undrained 

shear strength values ranging from 30 to 80 kPa. These values are indicative of a firm to 

stiff consistency.  

Test well drilling conducted from 2010 to 2014 at the site indicates that bedrock was 

encountered at depths of between 7.67 to 10.06 m bgs (see Table 2 – Test Well Summary 

in Section 2.3 of this report). 

Reference should be made to the Soil Profile and Test Data sheets presented in Appendix 1 

for specific details of the soil profiles encountered at the test hole locations. 

 

Based on available geological mapping, the surficial soils are directly underlain by dolostone 

of the Oxford Formation which is, in turn, underlain by the March Formation, which overlies 

the Nepean Formation. Both the Oxford and March Formations comprise the Beekmantown 

Group. Figure 3 (Regional Bedrock Mapping) in Appendix 5, shows bedrock information 

from the OGS Earth website (OGS, 2015). 
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The overall maximum thickness of the Oxford Formation is approximately 70 m in the Ottawa 

area. TW1, which was drilled through the Oxford Formation and completed into the March 

Formation, passed through approximately 56 m of Oxford Formation. This is slightly less 

than the average thickness of the Oxford Formation, but it is consistent with Paterson’s 

experience in the surrounding area. The Oxford Formation thins significantly as one moves 

eastward from the west of Richmond to the other side of the Rideau River at Manotick, 

Ontario. Based on available MOE Water Well Records the Oxford formation thins to an 

overall thickness of approximately 10 m - 15 m east of Manotick, Ontario. 

The March Formation has is comprised of thick beds of grey sandstone alternating with thick 

beds of sandy blue-grey dolomite. The contact with the Nepean formation is generally placed 

at the lowest dolomitic layer, however it is often difficult to differentiate the Nepean and 

March formations due to similarities in appearance. In Paterson’s experience, the Nepean 

Formation can be differentiated from the March Formation by careful evaluation of both the 

colour of, and integrity of the rock fragments produced during drilling through each of these 

layers. 

The Nepean Formation consists of a cream coloured, coarse-grained sandstone with a 

weathered grey and irregular brown stained appearance. Near the top of the formation, the 

sedimentary cement is either calcareous or of iron oxide. The overall thickness of the 

formation varies considerably in the Ottawa area.  

MOECC Water Well Records confirm the presence of limestone (i.e dolostone) which is 

underlain by sandstone and are considered to substantiate the published bedrock mapping 

information for the subject property (please note that dolostone is often interpreted as 

limestone by drilling contractors as it has a very similar appearance and is often associated 

with limestone). Dolostone typically occurs due to magnesium replacement of the calcium 

in limestone during lithification, and is very common in the Ottawa region. 
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Overburden groundwater levels are detailed in Table 1 in Section 2.2 of this report. The 

depth to the groundwater varies across the site, ranging from approximately 2.5 m below 

ground surface (bgs) to 3.6 m bgs.  

The overburden material is a stiff to very stiff silty clay. The overburden groundwater occurs 

in a perched state within the lower extents of the weathered crust portion of the silty clay 

stratum. The direction of groundwater flow is interpreted to be towards the southeast.  

 

Based on the available published MOECC Water Well Records, the wells immediately 

surrounding the subject property are drilled wells utilizing water supply aquifers located 

within the Oxford, March and Nepean Formations. 

As discussed in Section 1.2 of this report, the regional hydrogeology of the Richmond area 

has been extensively studied. Based on the available data, the upper aquifer, located within 

the Oxford Formation is the dominant source of drinking water for over 90% of the 

inhabitants of Richmond, Ontario. This water supply aquifer has been previously categorized 

as having a very high well yield and has been demonstrated to have satisfactory water 

quality. 

A lower aquifer exists within the March Formation, located at the bottom of the formation at 

the March-Nepean Formation interface. This aquifer has also been demonstrated to provide 

significant well yields.  

The deepest mapped aquifer present beneath the subject property is the Nepean Formation. 

This aquifer, has been well documented by Paterson, Golder, and others, to be a regional 

aquifer extending from Almonte, Kemptville and Merrickville eastward past Greely, Ontario. 

The Nepean aquifer, like that of the Oxford Formation, possesses aquifer characteristics 

which make it a highly productive aquifer with desirable water chemistry.  

The two (2) municipal water supply wells that service the King’s Park subdivision are thought 

to primarily exploit the Nepean Formation (Golder, 2008).  

The Mississippi-Rideau Source Protection Region has summarized the wellhead protection 

information for the King’s Park subdivision. Wellhead protection zones have been 



patersongroup Hydrogeological Assessment 

Ottawa           Kingston           North Bay Proposed Residential Development 
 11 King Street, Richmond, Ontario 

 

Report: PH1292-REP.01R5 

February, 2010 (Updated January, 2016)  Page 18  

  

established for the Oxford Formation aquifer and the Nepean Formation aquifer. Neither of 

the wellhead protection zones associated with the underlying water supply aquifers for the 

communal wells servicing King’s Park appear to directly coincide with the subject property. 

A hydrogeological existing conditions report by Golder (Golder 2008) includes a discussion 

of the Hyde Park subdivision located approximately 650 m northwest of the subject property. 

The reports indicates the water supply wells were constructed such that they completely 

penetrate the Oxford and March Formations, and partially penetrate the Nepean Formation. 

The wellhead protection and radius of influence calculations for the well were set at 1000 m 

with focus placed on wells within 500 m of the water supply wells. Based on the Golder 

report, the Hyde Park wells have similar groundwater geochemistry to test wells TW4, TW5 

and TW6. Some minor well interference is to be expected between the existing municipal 

wells at Hyde Park and the proposed development. The concept of potential well 

interference is discussed in detail in Section 6.3.3. 

 

An examination of the existing online database of MOECC Water Well Records for the 

immediate vicinity of the site was undertaken by Paterson as part of the regional 

hydrogeological review process. All Water Well Records within a 750 metre radius of the 

site are indicated on Figure 5 (Regional Wells Plan) in Appendix 5. The well records that 

were reviewed in detail for this study are identified on Figure 4 (Surrounding Well Information 

Plan) in Appendix 5. 

The majority of the wells within the study limit are drilled water wells utilizing water supply 

aquifers located primarily within the Oxford Formation. A small group of wells located along 

Oradea Crescent appear to intercept the Oxford and the March Formations. One of the wells 

that was used for the investigation (23 King Street) also appears to intersect the Oxford and 

March Formations. 

The test well drilled on the lands at the corner of Perth Street and Shea Road (i.e. the ‘Perth 

@ Shea’ well) is cased and grouted into the March Formation in the same configuration as 

is TW4, TW5 and TW6. 

 

General water quality, as it relates to the Oxford Formation water supply aquifer, is 

summarized for neighbouring wells at 6 King Street and at 13 Cockburn Street in Table 5, 

below.  
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Table 5 also includes raw water analytical results from the ‘Perth St. @ Shea Rd’ well, which 

intersects the Lower March Formation aquifer (i.e. the preferred aquifer for the proposed 

subdivision). These results are considered to be representative of the water quality within 

the Lower March Formation and are similar to the raw water quality analytical results 

obtained from TW4, TW5 and TW6 (see Section 6.2). 

Table 5 - Groundwater Geochemistry - Neighbouring Wells 

GROUNDWATER GEOCHEMISTRY -  NEIGHBOURING WELLS 

Parameter Units 

Neighbouring Water Wells 
Ontario Drinking 

Water Standards 

6 
KingStreet 

13 
Cockburn 

'Perth @ 
Shea' well 

Type Limit 

Microbiological Parameters 

Escherichia Coli ct/100 mL 0 0 0 MAC 0 

Faecal Coliforms ct/100 mL 0 0 0 - - 

Faecal Streptococcus ct/100 mL 0 0 0 - - 

Heterotrophic Plate Count ct/1 mL 0 0 2 - - 

Total Coliforms ct/100 mL 0 0 0 MAC 0 

Chemical Parameters (Health Related) 

Fluoride mg/L 0.38 0.36 1.03 MAC 2.4 

Nitrite mg/L <0.10 <0.10 <0.10 MAC 1 

Nitrate mg/L <0.10 <0.10 <0.10 MAC 10 

Chemical Parameters with Aesthetic Objectives/ Operational Guidelines 

 Alkalinity mg/L 260 260 223 OG 500 

 Chloride mg/L 46 46 121 AO 250 

 Colour TCU 2 <2 <2 AO 5 

 DOC mg/L 1.2 1.1 1.2 AO 5 

 Hydrogen Sulfide mg/L <0.01 0.01 <0.01 AO 0.05 

 pH   7.94 7.9 8.18 AO 6.5-8.5 

 Sulphate mg/L 47 47 47 AO 500 

 Hardness mg/L 298 303 161 OG 100 

 Sodium mg/L 35 34 119 AO 20(200) 

 Iron mg/L 0.36 0.43 0.22 AO 0.3 

 Manganese mg/L <0.01 0.01 0.01 AO 0.05 

Total Dissolved Solids mg/L 454 451 593 AO 500 

Turbidity (Laboratory) NTU 3.4 6.5 1.1 AO 5 

Turbidity (Field) NTU 0.1 1.1 0 AO 5 

MAC=Maximum Allowable 
Concentration 

AO = Aesthetic Objective OG= Operational Guideline     
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Based on the available background information and the site investigation carried out at the 

subject property, a conceptual hydrogeological model of the study area has been developed 

The conceptual hydrogeological model  is shown as a cross section in Figure 8 (Conceptual 

Hydrogeological Model) in Appendix 5, and is summarized as follows: 

 Overburden Clay 

o Stiff silty clay having an average thickness of 8 to 10 m.  

o The upper 3 to 4 m of the clay layer is weathered with some deep root 

penetration and desiccation cracking providing some secondary permeability 

within the upper soil horizon.  

o Towards the bottom of the overburden layer the clay becomes considerably 

more stiff and the in situ hydraulic conductivity is lower by several orders of 

magnitude resulting in an almost impervious layer above the underlying 

bedrock. 

o The combination of the thickness and composition of the silty clay overburden 

is such that the site is not considered to be hydrogeologically sensitive. As 

such, the surface of the bedrock is considered to be reasonably protected 

from anthropogenic sources of contamination originating at/near the surface 

of the ground in the vicinity of the subject property.  

o The only significant potential pathway for anthropogenic sources of 

contamination to migrate into the underlying bedrock strata is via drilled wells. 

 Oxford Formation 

o Fractured within the upper 1 to 3 m (i.e. cap rock). Below the upper bedrock 

cap, the dolostone appears sound with few, if any horizontal fractured zones 

being reported for several metres below the top of the bedrock.  

o Many of the neighbouring water wells within the study limits reported 

intercepting a water supply aquifer at a depth of approximately 20 to 40 m 

below ground surface. Based on the known topography and relatively 

thickness of the overburden cover, an upper water supply aquifer is present 

at a depth of approximately 10m to 30 m below the bedrock surface.  

o This upper aquifer appears to be artesian in nature as MOECC Water Well 

Records indicate static water levels at several nearby wells were at or above 
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ground surface at the time of drilling. Several Water Well Records indicate 

free flowing artesian conditions in the upper water supply aquifer. 

o Water Well Records indicate the presence of another aquifer located within 

the lower portion of the Oxford Formation. The lower aquifer, like the upper, 

exhibits artesian characteristics with several Water Well Records reporting 

free flowing artesian conditions also.  

o There is little available information present to either confirm or refute the 

hydraulic interconnection between the upper and lower Oxford Formation 

aquifers. The site specific well construction program was not designed to 

examine this in significant detail. For the purposes of the conceptual 

hydrogeological model, the Oxford Formation aquifer system is considered 

to be connected via an intermittent vertical fracture network.  

 March Formation 

o Based on the studies completed by Golder related to the communal water 

wells at Kings Grant and Hyde Park, and the Mattamy Lands to the west of 

the Village of Richmond (Golder, 2008 and 2011), the hydraulic conductivity 

of the lower Oxford Formation significantly drops at the interface with the 

underlying March Formation.  

o Historically, and prior to more recent findings from Golder’s work on the 

Mattamy Lands, the lower Oxford Formation/March Formation interface was 

considered to be an aquitard. More recent work suggests that this zone of 

low hydraulic conductivity may be a leaky aquitard. 

o The original aquifer analysis completed by Paterson predate the Golder 

works within the Mattamy Lands. As such, the original conceptual 

hydrogeological model prepared by Paterson prior to the execution of the 

work program was premised on the basis that an aquitard was present. This 

effectively validated the well construction methodology for TW4 and TW5 as 

it was thought that the March/Nepean Formation aquifer system would be 

effectively isolated from the Oxford Formation.  

o Given Paterson’s analysis of the Golder work, it is prudent to consider the 

lower Oxford/March Formation interface to be leaky in nature and some 

vertical movement of groundwater will occur between the Oxford Formation 

aquifer system and the March/Nepean aquifer system.  
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 Nepean Formation 

o The March formation conformably overlies the Nepean Formation. The 

Nepean Formation is an extensive water bearing sandstone unit that 

unconformably overlies the Precambrian granitic basement. Golder (2008) 

estimate the Nepean Sandstone to be approximately 40 to 50 m thick in the 

vicinity of Richmond. 

o Golder (2008) suggest that the King’s Park subdivision wells, which intersect 

the Oxford, March and Upper Nepean Formations, probably draw most of 

their water from the Nepean Formation.  

With respect to the inferred direction of groundwater flow, previous hydrogeological studies 

carried out by Paterson in the vicinity of the subject property have presented evidence to 

indicate that flow within the Oxford Formation is in a west to southwest direction towards the 

Rideau River. 
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The results of the pumping tests performed on the test wells are presented in the following 

sections.  

PLEASE NOTE: All discussion of aquifer analysis involving pumping tests carried out at test 

wells TW1, TW2 and TW3 has been removed from the report. Analysis details have been 

retained in Appendix 4 for continuity purposes. Further analysis has been conducted on 

pumping test data from TW4, TW5 and TW6 and is discussed below in terms of the available 

data sets and applicable analysis techniques. 

An analysis of the nine (9) hour pumping test at TW4 is included for comparison purposes. 

This analysis has not been updated (apart from the removal of some ambiguous 

information), and is based on hand measured drawdown and recovery data at the pumping 

well and several observation wells. 

An updated analysis of the nine (9) hour pumping test at TW5 is included. This analysis is 

based on hand measured drawdown data at the pumping well only. 

A thorough analysis of the simultaneous pumping test is included. This analysis is based on 

datalogger information from the three pumping wells and from a number of observation 

wells. Please note that the observation wells for this analysis have open hole sections that 

intersect more than just the preferred aquifer zone for the proposed subdivision. As such, 

the analysis results are included and discussed, but have less significance than the results 

from the extended pumping test of TW6.  

The following aquifer analysis places the highest importance on the extended pumping test 

of TW6. This analysis is based on datalogger information from the pumping well and from a 

number of observation wells including test wells TW4 and TW5 which intersect the preferred 

aquifer only. 

Table 6 (below) provides a summary of the wells used for the aquifer investigation/ 

characterization, and are grouped according to the well configuration. Well locations are 

indicated on Figure 10 (Test Well and Observation Well Location Plan) in Appendix 5. 
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Table 6 - Aquifer Investigation Wells Configuration Summary 

INVESTIGATION WELLS CONFIGURATION SUMMARY 

Well Configuration 
and Use in 

Investigation 
Well  ID 

Year 
drilled 

Depth 
to BR 
(m) 

Casing 
depth 

(m) 

Depth to water 
bearing fractures 

(m) 

Total 
depth 

(m) 

Test wells intercepting 
Oxford/March and 

Upper Nepean Fms 

TW1 2010 7.67 9.75 71.0 73.76 

TW2 2010 9.14 11.58 69.2 / 69.8 71.63 

TW3 2010 10.06 12.19 40.5 / 65.8 / 69.5 73.15 

Test wells intercepting 
preferred aquifer only 
(i.e. Lower March Fm) 

TW4 2011 8.84 56.38 68.0 68.58 

TW5 2011 8.53 56.98 63.3 65.83 

TW6 2014 9.14 54.86 56.4 / 62.5 / 66.8 68.58 

Observation wells 
intercepting Oxford 

and March Fms 

20 
Cockburn 

2005 8.23 7.77 67.1 69.19 

23 King 2005 7.31 8.22 69.5 70.10 

Observation wells 
intercepting Oxford 

Fm only 

EW 1987 9.14 10.36 11.3 13.72 

13 
Cockburn 

MOECC Water Well Record not identified (depth measured) 18.00 

6 King 1969 8.23 9.45 15.2 15.85 

 

 

Pumping test data were analyzed using Aquifer Test ProTM software. All pressure data from 

the dataloggers was corrected for atmospheric pressure variations (i.e. barometric 

compensation) using Schlumberger Diver-OfficeTM software and a barometric pressure data 

logger that was deployed during the investigation. 

Aquifer analysis details based on pumping tests of TW1, TW2, and TW3 are included in 

Appendix 4, but are not discussed in detail because the information is not suitable for 

assessment of the preferred aquifer (i.e. Lower March Formation). 

TW4 – 9 hour test 

TW4 was initially tested for 9 hours at a rate of 75.6 L/min on August 26, 2011.  Analysis of 

the hand measured drawdown and recovery data was conducted using Theis (Theis, 1935). 

Analysis details are included in Appendix 4. The most significant results from this analysis 

are for the Theis analysis using TW5 as an observation well. Transmissivity was estimated 

at 177 m2/day, and Storativity was estimated to be 1.57x10-6. 
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PLEASE NOTE: A discussion of offsite well impacts, included in Section 6.3.3, includes a 

description of hydrographs from dataloggers that were deployed during the nine (9) hour 

pumping test of TW4. The hand annotated hydrographs are included in Appendix 4 for 

discussion purposes.  

TW5 – 9 hour test 

TW5 was initially tested for 9 hours at a rate of 81.8 L/min on September 30, 2011. Analysis 

of the hand measured drawdown data from TW5 was conducted using Theis, Theis with 

Jacob correction (Jacob, 1944) and Cooper Jacob I (Copper & Jacob, 1946) methods. 

Analysis details are included in Appendix 4. The average of the three transmissivity 

estimates is 83 m2/day. 

Simultaneous Test (TW4, TW5 and TW6) 

TW4, TW5 and TW6 were pumped simultaneously for 167 mins at a rate of 99.8 L/min at 

each well on October 31, 2014. Analysis of datalogger records from the pumping wells and 

the observation wells that responded to pumping (TW1, TW2, TW3, 20 Cockburn and 6 

King) was conducted using Theis and Theis with Jacob correction. Details of the Aquifer 

Test ProTM analysis are included in Appendix 4. Also included in Appendix 4 are hydrographs 

covering both the simultaneous test and extended test period for all wells that were 

monitored using dataloggers, including shallow wells 13 Cockburn and EW which did not 

show any response to pumping. The analysis results based on the observation wells are of 

limited value because none of the observation wells intersect the March Formation only.  

A summary of analysis results for the simultaneous test is provided below in Table 7. 

Transmissivity results, based on analysis of the three pumping wells (see semi-log plots at 

the end of the simultaneous test analysis section in Appendix 4), range from 20 to 28 m2/day. 
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Table 7 - Simultaneous Test Analysis Summary 

Simultaneous Test (pumping of TW4, TW5 and TW6)   

Analysis Well ID T (m2/day) S 

Theis TW1 113 2.25E-05 

Theis TW3 100 1.50E-05 

Theis TW2 100 3.12E-05 

Theis 20 Cockburn 102 9.70E-06 

Theis 23 King 108 1.11E-05 

Theis Jacob TW1 116 2.58E-05 

Theis Jacob TW3 106 1.68E-05 

Theis Jacob TW2 104 3.75E-05 

Theis Jacob 20 Cockburn 109 9.75E-06 

Theis Jacob 23 King 115 1.09E-05 

Theis Jacob (TW4, TW5, TW6) TW4 81.7   

Theis Jacob (TW4, TW5, TW6) TW5 33.5   

Theis Jacob (TW4, TW5, TW6) TW6 90.8   

Theis (drawdown only) TW4 20.2   

Theis (recovery) TW4 22.9   

Theis (drawdown only) TW5 28.4   

Theis (recovery) TW5 23.9   

Theis (drawdown only) TW6 28.4   

Theis (recovery) TW6 25.9   

 

Extended Test (TW6) 

As discussed above, this analysis is based on datalogger information from the pumping well 

and from a number of observation wells including test wells TW4 and TW5 which intersect 

the preferred aquifer only. 

TW6 was pumped at a rate of 34 L/min for three (3) days, from November 1 to 4, 2013. 

Analysis of datalogger records from the pumping well and observation wells was conducted 

using Theis. Recovery data was analyzed using Theis and Agarwal + Theis (Agarwal, 1980) 

methods. Analysis details are included in Appendix 4. The results are summarized in Table 

8 below. 

The most significant results are those where TW4 and TW5 are used as observation wells, 

as these two wells are the only other ones that intersect only the preferred aquifer.  



patersongroup Hydrogeological Assessment 

Ottawa           Kingston           North Bay Proposed Residential Development 
 11 King Street, Richmond, Ontario 

 

Report: PH1292-REP.01R5 

February, 2010 (Updated January, 2016)  Page 27  

  

Table 8 - Extended Test of TW6 Analysis Summary 

Extended Test (TW6)       

Analysis Well ID T (m2/day) S 

Theis TW4 67.9 1.00E-07 

Theis TW5 51.2 2.33E-06 

Theis TW1 70.8 1.00E-07 

Theis TW3 59.7 1.00E-07 

Theis TW2 71.0 1.37E-07 

Theis 20 Cockburn 68.8 1.17E-07 

Theis 23 King 66.5 1.00E-07 

Agarwal + Theis TW4 42.1 1.19E-05 

Agarwal + Theis TW5 54.4 5.35E-06 

Agarwal + Theis TW1 51.6 7.20E-06 

Agarwal + Theis TW2 53.2 2.57E-05 

Agarwal + Theis 20 Cockburn 53.8 8.04E-06 

Agarwal + Theis 23 King 53.1 2.10E-06 

Theis Recovery TW4 53.3   

Theis Recovery TW5 54.3   

Theis Recovery TW1 51.4   

Theis Recovery TW3 51.4   

Theis Recovery TW2 53.0   

Theis Recovery 20 Cockburn 53.7   

Theis Recovery 23 King 52.9   

In order to present a reasonable worst case scenario, further analysis focusing on the 

recovery data from TW4 and TW5 was performed. Semi-log plots showing just these two 

wells are included at the end of the extended test analysis section in Appendix 4. A summary 

of this analysis is presented below in Table 9. The average of these results has been used 

for the well interference calculation presented in Appendix 4 and discussed in Section 7.5 

of this report.  

Table 9 - Extended Test of TW6 (TW4 and TW5 analyses) 

Extended Test (TW6)       

Analysis Well ID T (m2/day) S 

Agarwal + Theis TW4 33.8 2.58E-05 

Agarwal + Theis TW5 40.1 1.96E-05 

Theis Recovery TW4 35.2   

Theis Recovery TW5 40.6   

  Average 37.4 2.27E-05 



patersongroup Hydrogeological Assessment 

Ottawa           Kingston           North Bay Proposed Residential Development 
 11 King Street, Richmond, Ontario 

 

Report: PH1292-REP.01R5 

February, 2010 (Updated January, 2016)  Page 28  

  

 

Groundwater analytical results from test wells TW1, TW2, and TW3 are compared the 

applicable Ontario Drinking Water Standards (ODWS), Objectives and Guidelines (MOE, 

2003) in Table 10. Analytical results from test wells TW4, TW5, and TW6 are compared the 

applicable ODWS limits in Table 11.  
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GROUNDWATER GEOCHEMISTRY TW1, TW2 & TW3 

Parameter Units TW1 TW2 TW3 ODWS  

    
3 HR 

(771127) 
6 HR 

(771144) 
3 HR 

(777415) 
6 HR 

(777416) 
3 HR 

(783870) 
6 HR 

(783871) 
TYPE LIMIT 

Microbiological Parameters 

E.coli 
ct/100 

mL 
0 0 0 0 0 0 MAC 0 

Total Coliforms 
ct/100 

mL 
0 0 0 0 0 0 MAC 0 

Chemical Parameters (Health Related) 

Fluoride mg/L 0.31 0.31 0.29 0.29 0.34 0.36 MAC 2.4 

Nitrite mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 MAC 1 

Nitrate mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 MAC 10 

Chemical Parameters with Aesthetic Objectives/ Operational Guidelines 

 Alkalinity mg/L 258 258 254 255 252 253 OG 500 

 Chloride mg/L 50 51 56 55 52 52 AO 250 

 Colour TCU <2 2 <2 2 <2 <2 AO 5 

 DOC mg/L N/A 1.3 1.2 1.2 1.2 1.2 AO 5 

 H2S mg/L <0.01 <0.01 0.02 0.02 0.01 <0.01 AO 0.05 

 pH   7.97 7.95 7.93 7.94 7.96 7.98 AO 6.5-8.5 

 Sulphate mg/L 46 46 47 47 54 53 AO 500 

 Hardness mg/L 292 308 288 297 287 287 OG 100 

 Sodium mg/L 26 29 29 29 29 30 AO 20(200) 

 Iron mg/L 0.99 0.81 0.58 0.59 0.58 0.4 AO 0.3 

Manganese mg/L 0.02 0.02 0.01 0.01 0.01 <0.01 AO 0.05 

TDS mg/L 456 458 469 467 445 444 AO 500 

Turbidity 
Laboratory 

NTU 52.3 27.6 16.7 17.2 13.2 5.1 AO/MAC 05-Jan 

General Chemical Parameters 

Conductivity uS/cm 702 705 722 718 685 683 - - 

N-NH3 mg/L 0.07 0.06 0.03 0.03 0.05 0.05 - - 

Phenols mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - - 

Tannin & Lignin mg/L <0.1 0.2 0.1 <0.1 0.2 0.2 - - 
Total Kjeldahl 
Nitrogen 

mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 - - 

Calcium mg/L 74 77 74 76 72 72 - - 

Magnesium mg/L 26 28 25 26 26 26 - - 

Potassium mg/L 5 4 4 4 4 4 - - 
MAC=Maximum Allowable Concentration   AO = Aesthetic Objective OG= Operational Guideline   
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GROUNDWATER GEOCHEMISTRY TW4, TW5 and TW6 

Parameter Units TW4 TW5 TW6 ODWS  

    26-Aug-11 30-Sep-11 03-Nov-14 04-Nov-14     

    3 HR  9 HR  3 HR  9 HR     TYPE LIMIT 

Microbiological Parameters 

E.coli 
ct/100 
mL 

0 0 0 0 0 0 MAC 0 

Total Coliforms 
ct/100 
mL 

0 2 0 0 0 0 MAC 0 

Chemical Parameters (Health Related) 

Fluoride mg/L 0.29 0.29 0.27 0.28 0.31 0.31 MAC 2.4 

Nitrite mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 MAC 1 

Nitrate mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 MAC 10 

Chemical Parameters with Aesthetic Objectives/ Operational Guidelines 

 Alkalinity mg/L 268 267 268 266 251 255 OG 500 

 Chloride mg/L 44 44 45 45 52 52 AO 250 

 Colour TCU <2 3 2 <2 <2 <2 AO 5 

 DOC mg/L 1.2 1.2 1.1 1.0 1.0 1.2 AO 5 

 H2S mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 AO 0.05 

 pH   8.17 8.17 7.96 7.97 8.11 8.10 AO 6.5-8.5 

 Sulphate mg/L 46 46 49 49 51 51 AO 500 

 Hardness mg/L 304 302 306 285 329 329 OG 100 

 Sodium mg/L 24 24 27 26 32 33 AO 20(200) 

 Iron mg/L 0.32 0.32 0.54 0.66 0.32 0.31 AO 0.3 

Manganese mg/L <0.01 <0.01 0.01 0.01 <0.01 <0.01 AO 0.05 

TDS mg/L 447 446 442 449 461 460 AO 500 

Turbidity Laboratory NTU 2.8 1.5 5.7 6.5 1.2 1.2 AO 5 

General Chemical Parameters 

Conductivity uS/cm 687 686 680 691 709 707 - - 
N-NH3 mg/L 0.04 0.05 <0.02 <0.02 0.14 0.02 - - 
Phenols mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - - 
Tannin & Lignin mg/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - - 
Total Kjeldahl 
Nitrogen 

mg/L <0.10 <0.10 0.12 <0.10 0.18 <0.10 - - 

Calcium mg/L 79 78 78 73 84 84 - - 
Magnesium mg/L 26 26 27 25 29 29 - - 
Potassium mg/L 3 3 3 3 3 4 - - 
MAC=Maximum Allowable Concentration   AO = Aesthetic Objective   OG= Operational Guideline 
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 Additional Testing for Potential Contaminants 

One groundwater sample from TW6 was submitted for analysis of metals. Analytical results 

are summarized in Table 12. The laboratory certificate of analysis is included in Appendix 3. 

Table 10 - Groundwater Geochemistry – TW6 (Metals) 

GROUNDWATER GEOCHEMISTRY - METALS - TW6 

PARAMETER UNITS MRL TW6 TYPE LIMIT 

Metals 

Chromium (IV) mg/L 0.01 <0.01     

Cyanide mg/L 0.005 <0.005 MAC 0.2 

Mercury mg/L 0.0001 <0.0001 MAC 0.0001 

Silver mg/L 0.0001 <0.0001     

Arsenic mg/L 0.001 <0.001 IMAC 0.025 

Boron mg/L 0.01 0.15 IMAC 5 

Barium mg/L 0.01 0.11 MAC 1 

Beryllium mg/L 0.0005 <0.0005     

Cadmium mg/L 0.0001 <0.0001 MAC 0.0005 

Cobalt mg/L 0.0002 <0.0002     

Chromium (total) mg/L 0.001 <0.001 MAC 0.05 

Copper mg/L 0.001 <0.001 AO 1 

Mollybdenum mg/L 0.005 <0.005     

Nickel mg/L 0.005 <0.005     

Lead mg/L 0.001 <0.001 MAC 0.01 

Antimony mg/L 0.0005 <0.0005 IMAC 0.006 

Selenium mg/L 0.001 <0.001 MAC 0.01 

Uranium mg/L 0.001 0.001 MAC 0.02 

Zinc mg/L 0.01 <0.01 Ao 5 

MAC=Maximum Allowable Concentration, IMAC = Interim MAC, AO = Aesthetic Objective   

 

One sample from TW1 was submitted for analysis of volatile organic compound (VOC) and 

petroleum hydrocarbon (PHC) parameters. As discussed in Section 2.6 and Section 3.2, this 

was part of the preliminary hydrogeological study. Results are summarized below in Table 

13. The purpose of this testing was to confirm the absence of hydrocarbon related 

contaminants in the water supply aquifers beneath the site following the environmental 

remediation of an adjacent site which was formerly a retail fuel outlet.  
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Table 11 - Groundwater Geochemistry - TW1 (VOCs) 

GROUNDWATER GEOCHEMISTRY - VOLATILE ORGANIC COMPOUNDS - TW1 

PARAMETER UNITS MRL TW 1  TYPE LIMIT 

VOLATILE ORGANIC COMPOUNDS (VOC’S) 

1,1,1,2-tetrachloroethane ug/L 2 <2     

1,1,1-trichloroethane ug/L 2 <2     

1,1,2,2-tetrachloroethane ug/L 2 <2     

1,1,2-trichloroethane ug/L 2 <2     

1,1-dichloroethane ug/L 2 <2     

1,2-dibromoethane ug/L 4 <4.0     

1,2-dichloropropane ug/L 2 <2     

1,3,5-trimethylbenzene ug/L 1 <1     

1,3-dichlorobenzene ug/L 2 <2     

Bromomethane ug/L 2 <2     

c-1,2-Dichloroethylene ug/L 2 <2     

c-1,3-Dichloropropylene ug/L 0.8 <0.8     

Chloroethane ug/L 4 <4.0     

Chloromethane ug/L 4 <4.0     

Ethylbenzene ug/L 2 <2 AO 2.4 

Styrene ug/L 2 <2     

t-1,2-Dichloroethylene ug/L 2 <2     

t-1,3-Dichloropropylene ug/L 0.8 <0.8     

Toluene ug/L 2 <2 AO 24 

Trichlorofluoromethane ug/L 2 <2     

1,1-dichloroethylene ug/L 2 <2 MAC 14 

1,2-dichlorobenzene ug/L 2 <2 MAC 200 

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

1,4-dichlorobenzene ug/L 2 <2 MAC 5 

Benzene ug/L 2 <2 MAC 5 

Carbon Tetrachloride ug/L 2 <2 MAC 5 

Dichloromethane ug/L 16 <16 MAC 50 

Monochlorobenzene ug/L 0.8 <0.8 MAC 80 

Tetrachloroethylene ug/L 1 <1 MAC 30 

Trichloroethylene ug/L 1 <1 MAC 5 

Vinyl Chloride ug/L 0.8 <0.8 MAC 2 

Bromodichloromethane ug/L 1 <1     

Bromoform ug/L 2 <2     

Chloroform ug/L 2 <2     

 Dibromochloromethane ug/L 1 <1     

 m/p-xylene ug/L 4 <4.0     

o-xylene ug/L 2 <2     

PETROLEUM HYDROCARBONS 

F1 (C6 TO C10) mg/L 0.1 <0.1    

F1-BTEX (C6 TO C10) mg/L 0.1 <0.1    

F2 (C10 TO C16) mg/L 0.1 <0.1    

F3 (C16 TO C34) mg/L 0.2 <0.2    

F4 (C34 TO C50) mg/L 0.2 <0.2     

MAC=Maximum Allowable Concentration   AO = Aesthetic Objective   
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 Water Quality Preferred Water Supply Aquifer 

The analytical results for groundwater samples that were obtained from the preferred 

groundwater aquifer at the site (i.e. from TW4, TW5 and TW6) show that water quality is 

acceptable and that there are no exceedances of the applicable health related parameter 

limits of the Ontario Drinking Water Standards (MOE, 2003). Minor exceedances of the non-

health related operational guidelines and aesthetic objectives limits for hardness and iron 

are noted at all three wells.  

The laboratory measured turbidity results for TW5 exceed the aesthetic objective limit of 5 

NTU. The field turbidity measurements taken at TW5 during the nine (9) hour pumping test 

were all non-detectable after the first two hours of pumping (see Appendix 3). The elevated 

turbidity results measured in the laboratory tested samples are probably caused by 

precipitation of iron after collection in the sample containers. 

Iron has an aesthetic objective limit of 0.30 mg/L. Excessive iron concentrations in drinking 

water may impart a brownish colour to laundered goods and plumbing fixtures. The colour 

of the water may also be affected by excessive iron concentrations. Raw water containing 

excessive iron concentrations can produce a bitter, astringent taste. The iron concentrations 

at TW4, TW5 and TW6 (0.32 mg/L, 0.66 mg/L and 0.32 mg/L) are well below the maximum 

treatable limit of 10 mg/L as defined in Procedure D-5-5 (MOEE, 1996). 

The total coliform level in TW4 was 2 counts/100 ml which exceeds the Maximum 

Acceptable Concentration (MAC) limit of 0 counts/100 ml in the sample taken at the end of 

the nine (9) hour pumping test. Please note that the total coliform count was zero in the 

sample that was collected after three hours of pumping. The result for the nine (9) hour 

sample is considered to be anomalous and is probably due to sample contamination at the 

time of sampling. Procedure D-5-5 (MOEE, 1996) notes that total coliform counts of less 

than 6 counts/100 ml shall be considered as acceptable. Field parameter results for each 

test are included in Appendix 3. 

Hardness has an operational guideline limit of 100 mg/L. At the measured concentrations, 

the water is considered to be moderately hard, which is typical of wells drilled throughout 

eastern Ontario.  

Results from the analysis of VOCs at TW1 were all non-detectable. Results from the analysis 

of metals at TW6 were all either non-detectable or well below the ODWS limits. 
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PLEASE NOTE: this water quantity assessment is based on the assessment of the test 

wells that were completed in the March Formation (TW4, TW5 and TW6). Information from 

the test wells that were completed in the Oxford and March Formations (TW12, TW2 and 

TW3) was not used.  

 Peak Demand Use 

An analysis of the suitability of the aquifer to supply the proposed development was 

completed using the procedure summarized in MOECC Procedure D-5-5 (MOEE, 1996). 

The per-person water requirement is 450 L/day. Peak demand occurs over a 120 minute 

period each day, so the peak demand rate is 3.75 L/min per person. Procedure D-5-5 

suggests the utilization of the number of bedrooms plus one, to determine the minimum 

number of people per house. The proposed development is assumed to consist of three 

bedroom semi-detached units, so the number of persons per unit would be four (4) and the 

total peak demand rate will be 15.0 L/min/unit. This estimated total peak demand is well 

below the well yields demonstrated for the preferred water supply aquifer, as demonstrated 

by the pumping tests.   

Table 3 in Section 2.4 shows that the pumping rates chosen for each of the pumping tests 

are above the estimated total peak demand rate. All of the test wells were reported to have 

utilized less than 75% of the available drawdown during the pumping tests. This information, 

combined with the calculated 20 year long term safe yield values, suggests that the specified 

well yields are representative of the yields which residents of the development are likely to 

obtain from future wells installed at the site. Long term offsite impacts on wells intercepting 

the March Formation are not anticipated, considering the drawdown experienced in TW4, 

TW5 and TW6 during the simultaneous and extended pumping tests, the spacing of the 

wells on the site, and the intermittent nature of the 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 
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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 14. Note that the simultaneous pumping test rate was chosen based on the 

CMHC estimate of 225 L/day/person (this equates to 300 L/min/40 units during the peak 

demand period of 120 minutes) in order to present a worst case scenario. 

Table 12 - Peak Demand Estimates 

Daily Usage Estimate Source 
L/day/ 
person 

Peak 
demand 
period 
(mins) 

L/Min/person 
(during peak 

demand 
period) 

Persons 
per unit 

L/min/unit 
(during 
peak 

demand 
period) 

L/min/40 
units 

(during 
peak 

demand 
period) 

Procedure D-5-5 450 120 3.75 4 15.0 600 

City of Ottawa 326 120 2.72 4 10.9 435 

CMHC 225 120 1.88 4 7.5 300 

CMHC (w new efficiency changes) 163 120 1.36 4 5.4 217 

 

DISCUSSION: The simultaneous pumping test (discussed in Section 2.4.3) involved 

pumping three wells (TW4, TW5 and TW6) at a rate of 99.8 L/min each. Drawdown at most 

of the pumping and observation wells was 2-3 m and substantial recovery took less than 4 

hours.  

40 wells will have the effect of spreading out the water taking over the entire area of the 

proposed subdivision. Usage will probably be between 4 and 15 L/min/unit.  The amount of 

drawdown at each well will be considerably less than the drawdowns that were observed 

during the long term pumping test, and there will be enough time between peak usage 

events to allow for substantial recovery. 

At the start of the simultaneous pumping test, the effects of pumping were seen very quickly 

at the observations wells (within the first minute at TW2, TW3 and 20 Cockburn, and within 

2 minutes at TW1 and 23 King). Please refer to the table and plot labelled ‘Start of 

Simultaneous Pumping Test’ in Appendix 4. The rapid response to pumping which was 

observed at nearby wells suggests that the effect of removing a large volume of water from 
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the aquifer will be about the same, whether by pumping at a high rate from three (3) wells, 

or at a much lower rate from 40 wells. 

The simultaneous pumping test results show that current and future wells in the proposed 

subdivision will be sufficient to handle peak demand loadings. 

 Long Term Safe Yield 

A determination of the long term safe yield (i.e. Q20 pumping rate) for test wells TW4, TW5 

and TW6 was calculated using the method described by Maathius & van der Kamp (2006). 

For comparison purposes safe yield was also calculated using the Fervolden method 

(Fervolden, 1959) as described in Maathius & van der Kamp, 2006. The inputs and results 

of the calculation are presented in Table 15 (below). 

The results of the safe yield analysis suggest that the test wells would have to be pumped 

continuously for 20 years at rates in excess of 56 L/min to significantly impact the aquifer. 

Based on CMHC’s daily per person water usage rate (225 L/person/day) and four (4) 

persons per unit, the rate of water extraction per well in the proposed subdivision, expressed 

as a continuous rate, is 0.625 L/min (i.e. two orders of magnitude less than the anticipated 

rate of extraction). The analysis shows that the anticipated rate of water extraction at current 

and future wells in the proposed subdivision is well below the long term safe yield of the 

wells. 

Table 13 - 20 Year Safe Yield 

20 YEAR SAFE YIELD 

  Simultaneous Test 

Transmissivity Calculated Using TW4 TW5 TW6 

 Transmissivity (m2/d) 37 37 37 

Average Test Pumping Rate (L/min) 99.8 99.8 99.8 

Average Test Pumping Rate (m3/day) 144 144 144 

Available Drawdown (m) 12.19 8.84 13.72 

Drawdown at 100 mins (m) 7.81 2.14 2.70 

Maximum Test Drawdown (m) 8.05 2.36 2.92 

% of available drawdown  66% 27% 21% 

Drawdown at 20 years (extrapolated) 15.2 9.2 9.4 

Specific Capacity (L/min/m) at 167 mins 12 42 34 

Q20 safe well yield (m3/day)Farvolden 216 156 243 

Q20 safe well yield (m3/day)Maarthius & van der Kamp 81 97 147 

Q20 safe well yield (L/min)Maarthius & van der Kamp 56 67 102 

Farvolden, 1959, Maathius & van der Kamp, 2006       
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 Potential Well Interference 

Interference between Future Onsite Wells 

It is anticipated that a total of 40 individual water supply wells (including TW4, TW5 and 

TW6) will be used at the proposed subdivision. 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.  

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.  

Analytical model worksheets are presented in Appendix 4. Calculations were based worst 

case values for Transmissivity and Storativity (as presented in Section 6.1).  

The model presents a projected drawdown of wells located at the centre of a development 

with a total of 50 wells pumping continuously for a period of 25 years (i.e. to provide a worst 

case scenario, the model is based on 40 wells in the proposed development plus 10 more 

wells on neighboring properties, all drawing water from the Lower March Formation). 

The predictive well interference model indicates a 3.82 m decline in the potentiometric head 

of the water supply aquifer. This represents a reduction of approximately 28% of the 

available drawdown (based on TW6 which has an available drawdown 13.72 m). PLEASE 

NOTE: this is a worst case scenario based on the inputs and the method chosen. The real 

long term impacts will be minimal based on the findings of the simultaneous and the 

extended pumping tests, which showed rapid recovery after significant removal of 

groundwater. 

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. 

Regarding the potential for interference with the communal water supply wells associated 

with the Hyde Park and Kings Park subdivisions, impacts are expected to be relatively 

insignificant at those locations because of their distance from the proposed subdivision and 

the fact that the communal wells draw water from the Oxford Formation aquifer and the 

Lower March/Upper Nepean aquifer. 
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Offsite Well Impacts 

The following discussion is based on hand annotated hydrograph plots (marked ‘TW4 Test’) 

included in Appendix 4. A series of dataloggers were installed in selected well locations on 

and off the subject property during the nine (9) hour pumping test of TW4. Dataloggers were 

installed at test wells TW3, TW5, and the house wells at 13 Cockburn Street, and 6 King 

Street. The two offsite wells intersect the Oxford Formation aquifer only (see Table 6 in 

Section 6.0 for a summary of wells and well configurations that were used in this study. 

The MOECC Water Well Record for 6 King Street (1516749) is provided in Appendix 2. A 

specific water well record could not be identified for 13 Cockburn Street (location details for 

several MOECC Water Well Records that occur in close proximity to this address are 

ambiguous). The well depth was physically measured by Paterson and was found to be 

18 m below top of casing. 

The ‘TW4 Test’ hydrographs show that there was no significant drawdown at the shallow 

offsite wells (6 King and 13 Cockburn). Small amplitude cyclic water level fluctuations are 

attributed to daily use patterns as there are numerous shallow wells completed in the Oxford 

Formation in the area.  

Significant drawdown was seen at the onsite test wells, which intersect the Oxford and 

March formations (and possibly extend into the top of the Nepean Formation).  

The same pattern was observed during the simultaneous test and the extended pumping 

test (i.e. significant drawdown at observation wells that intersect the Lower March Formation, 

and no significant drawdown at the shallow wells that intersect the Oxford Formation only 

(see hydrographs labelled ‘Simultaneous Test and Extended Test’ in Appendix 4). 

It is reasonable to conclude that there is no strong hydraulic connection between the March 

Formation and the Upper Oxford Formation in the vicinity of the subject property. The Lower 

March Formation is interpreted to be a ‘leaky confined aquifer’. The primary concern with 

respect to pumping 40 wells on the subject property is not one of offsite impacts to the 

neighbouring wells (the great majority of which are completed in the Oxford Formation 

aquifer), but of long term drawdown within the March Lower Formation aquifer. Given the 

relatively minor theoretical drawdown calculated in the continuous pumping model, the 

onsite wells will have suitable available drawdown in the long term. 

The few offsite wells that intercept the Oxford and March Formation (e.g. 20 Cockburn, 23 

King) are not likely to be significantly impacted because they draw water from the Oxford 

Formation Aquifer and the Nepean Aquifer. 
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Drilled wells completed in the bedrock aquifer should be used for water supply in the 

proposed development. The wells should be drilled by a suitable experienced, MOECC 

licensed well contractor. All wells must be completed in accordance with O.Reg. 903. 

Future wells should be drilled to depths of between 67 and 70 m. This will ensure that the 

wells extend to the base of the Lower March Formation aquifer. Steel well casing should 

extend 3 m into the top of the March Formation, and should be installed as per O.Reg. 903. 

A minimum casing length of 58 metres below ground surface should be installed. Well 

construction requirements are provided in Figure 12 (Well Construction Details) in 

Appendix 5. 

At each well location the casing should be installed and grouted in place utilizing either a 

neat cement grout or sodium bentonite grout slurry pumped from the bottom of the annular 

space to the ground surface in accordance with O.Reg. 903. The creation of the casing hole, 

the installation of the casing and the grouting of the annular space should be inspected by 

a qualified Professional Engineer or Professional Geoscientist.   

Each well 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 O.Reg. 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. 

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 complete mixing of 

the chlorine over the entire depth of the well. 

Each 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 qualified 

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 each well casing should be slightly elevated within 3 m in all directions 

from the casing to direct surface runoff away from the well. Each well casing should project 

approximately 450 mm above the mounded soil. 
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Based on the water quality analysis presented in previous sections of this report, it may be 

desirable, from aesthetic and operational perspectives, to address the hardness level and 

iron concentration in the water. Given the reported concentrations of these two parameters, 

treatment with a water softener will provide for sufficient removal of both the hardness and 

the iron concentrations noted in the water quality analysis. A water softener is recommended 

and should be sized by a qualified professional.  

 

It is proposed that each of the 40 semi-detached units will be serviced by individual wells. 

The proposed development will have wells at a minimum 6 m spacing, and based on our 

review, it is our opinion that there will be no adverse impact on the overall well function and 

water yield. As such, the critical factor becomes that of the location of the well and the 

associated protection of the wellhead. 

The preferred option for well location is in the front yard area between the wall of the house, 

the driveway and the adjacent property lines. Reference should be made to Figure 7 (Lot 

Development Plan) in Appendix 5.  

It is noted that the preferred well locations place the wellhead less than 15 m from the 

proposed building sewer connections and, in some cases, less than 15 m from the sewer 

mains running along the cross streets. This is particularly important as it has been suggested 

by the RVCA that, based on their discussions with MOE, that a sanitary sewer can be 

considered a source of contaminants as that definition pertains to Ontario Regulation 903 

requirements.  

In our review of MOECC documents, we make reference to the document ‘Water Supply 

Wells - Requirements and Best Management Practices, revised April 2015. Specifically, 

reference is made to Table 2.2 of the document, which states a “Source of Contaminant” 

means anything that discharges into the natural environment, any contaminant (as per the 

Environmental Protection Act, R.S.O., 1990. C E 19 (EPA) ss 1 (1)). While the document 

suggests that a source of contamination may include a sewer line as a potential source of 

contaminants, we would interpret the actual source of contamination, by strict definition, as 

the outlet of the pipe, which may be applicable if the pipe was discharging into a sewage 

lagoon. That condition does not exist on, or in the vicinity of, this site. The document also 

states that “Assessing and determining potential sources of contaminants that fit the 

definition of source of contaminants is dealt with on a case by case basis”.  
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While it is recognized that the document referenced above is intended to provide an MOECC 

interpretation of the governing legislation regarding water wells, it is also recognized that the 

intent of the 15 m separation distance requirement is to ensure that the location of the well 

is selected with thought and due diligence and all aggravating and mitigating factors should 

be considered. 

The governing legislation (i.e. O. Reg. 903 and the OBC) effectively suggest that the primary 

source of contaminants in a setting where the use of wells is required, is the individual 

sewage system components. The separation distance from a dug or drilled well to a septic 

tank, for instance is 15 m while the separation distance to a leaching bed can vary from 15 m 

to 18 m for a drilled well to 30 m to 33 m to a dug well. The septic tank is assumed to not be 

a continuous source of contamination, unlike the distribution pipes in a leaching bed, 

otherwise the separation distances would be the same for dug wells to both the septic tank 

and distribution pipes. Similarly, building and sanitary sewers are not generally considered 

to be continuous sources of contaminant discharge. This interpretation is consistent with 

Table 2.2 of the MOECC document identified above. 

Despite the fact that the sewer pipe does not meet the strict definition of a source of 

contaminant, the aggravating factor, as verbally presented by RVCA, is that the wells will be 

located within the 15 m radial distance to the building sewer. While we would not agree with 

this interpretation, we would suggest that there are several critical mitigating factors which 

more than compensate for RVCA’s concerns. For instance, the overburden soil stratigraphy 

has been revealed to consist of a thick layer (i.e. upwards of 9 m) of stiff, silty clay. The 

hydraulic conductivity of this silty clay layer had been demonstrated to be extremely low. As 

such, the layer provides significant protection from surface activities to the surface of the 

bedrock. Moreover, proposed wells are to be cased to a depth of approximately 42 m into 

the bedrock and grouted using sodium bentonite. This combination of overburden and 

casing are considered to more than compensate for the distance reduction. Specifically, the 

building sewers are proposed to be within 2 m of the surface of the ground and the sewer 

mains are proposed to be upwards of 3 m below ground surface. In the unlikely event of a 

catastrophic failure of either a building sewer or sewer main, the resulting discharge will be 

contained within the service trench bedding (clay dykes are proposed for the sewer main). 

Lateral movement to the wellhead is not considered to be facilitated by the clay as the 

sewage will favour a downward gradient due to gravity versus hydraulic head. As such, the 

effective time of travel to the open borehole from the near surface area is estimated in the 

time frame of years, not days or minutes. 
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As such, it is proposed to place the wells in the front yard area and maximize the distance 

from the well to the building sewer and sewer main. To achieve this, the building sewer 

should be located beneath the driveway area, if possible, and closest to the opposite 

property line. In addition, the OBC provides for requirements whereby the building sewer 

can be pressure tested where it is located in close proximity to a water main. The pressure 

testing ensures a air/watertight installation. These installations and testing should be 

supervised by a qualified Professional Engineer of Ontario. 

In addition, the water main, extending from the well to the inside wall of the house should be 

installed in a continuous length without joints. Moreover, the water main should be installed 

above the elevation of the building sewer. This will comply with the relevant OBC separation 

requirements for same trench installation where it is not feasible to run the building sewer 

under the driveway area.  
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Based on the information contained within the body of this report, the following conclusions 

can be drawn: 

1. The subject property presently exists as a vacant, grassed parcel which is generally 

flat to slightly sloping towards the Jock River. The surficial drainage of the site is 

considered to be imperfect to poor with a perched overburden groundwater table 

within the close proximity to the surface. 

2. Adjacent land uses are a mixture of residential, commercial and vacant land uses. 

There are no obvious offsite impacts that would adversely impact the proposed 

development, based on the completed testing. 

3. A suitable water supply aquifer exists at the base of the March Formation at a depth 

of approximately 66 m below ground surface at the subject property. The March 

Formation water supply aquifer is the preferred water supply aquifer for the proposed 

development. 

4. The advancement of casing to a minimum depth of approximate 3.0 m into the March 

Formation is considered to be the ideal method of well construction for the proposed 

subdivision. This methodology will effectively isolate the March Formation from the 

Oxford Formation. 

5. The pumping test program, and subsequent analyses, have indicated that ample 

water for residential requirements is available from the underlying water supply 

aquifer.  

6. Water quality in the preferred water supply aquifer satisfies all health related 

parameters of the Ontario Drinking Water Quality Standards. The water is considered 

to be reasonably treatable according to Table 3 of Procedure D-5-5 (MOEE, 1996), 

where aesthetic parameters are present at concentrations above the ODWS for 

hardness and iron. Standard residential grade water softeners will provide sufficient 

removal of the hardness and iron. 

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

proposed density. Impacts to the existing adjacent high density residential 

development area where the majority of wells intercept only the Oxford Formation 

have been demonstrated to be negligible. Offsite wells intercepting the Lower 

Oxford/March Formation aquifer system may experience a temporary and 
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intermittent well interference of upwards of 5% of the available drawdown during peak 

pumping periods. 

8. 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. 

9. The water quality analytical results for samples from TW4, TW5 and TW6 is 

considered to be representative of the quality of water which future residents of the 

proposed subdivision can expect in the long term. 
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Considering the information presented within this report, and given the nature of the 

proposed development, the following recommendations are provided: 

1. Future wells should be constructed in a similar configuration to test wells TW4, TW5 

and TW6. These wells should have steel casing that extends to a minimum of 58 m 

below ground surface. Total well depths should not exceed 70 m. 

2. The maximum pumping rate for each well should not exceed 20 L/min. 

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

title regarding the elevated concentration of sodium (> 20 mg/L) identified at TW4, 

TW5 and TW6, and potentially at other future wells at the site. The warning should 

also address the potential use of water softeners to reduce hardness, which was 

elevated at all of the test wells. 

4. Care should be taken to protect the existing well heads for TW4, TW5 and TW6 

during construction if they are to remain in use. It is recommended that a temporary 

concrete barrier curb, or other suitable barrier, be placed along the north and west 

sides of the well head during earthworks and building construction.  

5. The excavation work for the pitless adaptor, water supply line and electrical conduit 

should be completed by a qualified well contractor. The work should be supervised 

by a qualified and licensed Professional Engineer of Ontario. 

6. Building sewer connections should be pressure tested when located in close 

proximity to a water supply lines. Pressure testing should ensure an air/watertight 

installation. The installations and testing should be supervised by a qualified and 

licensed Professional Engineer of Ontario. 

7. Once the distribution system is complete inside the building and the pump is wired 

and operational, the well and distribution system should be shock chlorinated in 

order to disinfect the entire water system.  

8. It is recommended that if water treatment equipment is to be utilized for this site, 

that the sizing and selection of the equipment be made by a qualified person. Water 

quality testing should be done on the raw water only after a period of extended well 

development. 
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9. TW1, TW2, TW3 should either be decommissioned in accordance with Ontario 

Regulation 903 or, should their locations be ultimately suitable for reuse, these wells 

should be sleeved and grouted such that the inner casing extends to the 55 m to 60 

m below ground surface (i.e. into the March Formation) to make them complaint with 

the proposed well construction methodology. Decommissioning/sleeving operations 

should be carried out under the supervision of a qualified Professional Engineer or 

Professional Geoscientist of Ontario. 

10. Existing onsite well EW should be decommissioned in strict accordance with Ontario 

Regulation 903. Decommissioning operations should be carried out under the 

supervision of a qualified Professional Engineer or Professional Geoscientist of 

Ontario. 

11. 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 

 

12. The proposed residential subdivision is not suitable for the installation of individual 

earth energy systems (i.e. geothermal or heat pump systems) due to the close 

spacing of water supply wells and the limited space for installation of additional 

boreholes. Property owners are referred to the MOECC document ‘Technical 

Bulletin, Earth Energy Systems in Ontario’ (MOE, 2013) which outlines the 

regulatory requirements and potential provincial approval requirements associated 

such systems.  

 

13. Hydraulic fracturing was not used at any of the test wells, and should not be required 

for future wells within the proposed subdivision. The measured yields at test wells 

TW4, TW5 and TW6 are significantly greater than the pumping rates required for 

individual wells within the proposed residential subdivision. 

14. The raw water found in the preferred water supply aquifer is considered to be hard. 

Residential grade water softeners are recommended. Separate treatment to 

address iron will probably not be required if water softener are used.  

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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15. Current Ontario Building Code (OBC) requirements (OBC, 2012) for water 

conservation specify that toilet and shower consumption must now comply with 

stricter, lower use requirements (OBC Table 7.6.4.2.A & B and Table 7.6.4.1, 

respectively). 

16. Drilling and instrumentation  of all new wells in the proposed residential subdivision 

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).  
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The present report applies only to the project described in this document. Use of this report 

for purposes other than those described herein or by person(s) other than Toscano Land 

Corp., or their agents, is not authorized without review by Paterson for the applicability of 

our recommendations to the alternative use of the Report. 
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SYMBOLS AND TERMS 
 

 

SOIL DESCRIPTION 
 
Behavioural properties, such as structure and strength, take precedence over particle gradation in 

describing soils.  Terminology describing soil structure are as follows: 

 
Desiccated - having visible signs of weathering by oxidation of clay                                

minerals, shrinkage cracks, etc. 

Fissured - having cracks, and hence a blocky structure. 

Varved - composed of regular alternating layers of silt and clay. 

Stratified - composed of alternating layers of different soil types, e.g. silt 

and sand or silt and clay. 

Well-Graded - Having wide range in grain sizes and substantial amounts of 

all intermediate particle sizes (see Grain Size Distribution). 

Uniformly-Graded - Predominantly of one grain size (see Grain Size Distribution). 

 
 
The standard terminology to describe the strength of cohesionless soils is the relative density, usually 

inferred from the results of the Standard Penetration Test (SPT) ‘N’ value.  The SPT N value is the 

number of blows of a 63.5 kg hammer, falling 760 mm, required to drive a 51 mm O.D. split spoon 

sampler 300 mm into the soil after an initial penetration of 150 mm. 

 
Relative Density ‘N’ Value Relative Density % 

Very Loose <4 <15 

Loose 4-10 15-35 

Compact 10-30 35-65 

Dense 30-50 65-85 

Very Dense >50 >85 

 

 
The standard terminology to describe the strength of cohesive soils is the consistency, which is based on 

the undisturbed undrained shear strength as measured by the in situ or laboratory vane tests, 

penetrometer tests, unconfined compression tests, or occasionally by Standard Penetration Tests. 

 
Consistency Undrained Shear Strength (kPa) ‘N’ Value 

Very Soft <12 <2 

Soft 12-25 2-4 

Firm 25-50 4-8 

Stiff 

Very Stiff 

50-100 

100-200 

8-15 

15-30 

Hard >200 >30 



SYMBOLS AND TERMS (continued) 

 
 

SOIL DESCRIPTION (continued) 
 
Cohesive soils can also be classified according to their “sensitivity”.  The sensitivity is the ratio between 

the undisturbed undrained shear strength and the remoulded undrained shear strength of the soil. 

 

Terminology used for describing soil strata based upon texture, or the proportion of individual particle 

sizes present is provided on the Textural Soil Classification Chart at the end of this information package. 

 

 

ROCK DESCRIPTION 
 
The structural description of the bedrock mass is based on the Rock Quality Designation (RQD). 

 

The RQD classification is based on a modified core recovery percentage in which all pieces of sound core 

over 100 mm long are counted as recovery.  The smaller pieces are considered to be a result of closely-

spaced discontinuities (resulting from shearing, jointing, faulting, or weathering) in the rock mass and are 

not counted.  RQD is ideally determined from NXL size core.  However, it can be used on smaller core 

sizes, such as BX, if the bulk of the fractures caused by drilling stresses (called “mechanical breaks”) are 

easily distinguishable from the normal in situ fractures. 

 
RQD % ROCK QUALITY 

  

90-100 Excellent, intact, very sound 

75-90 Good, massive, moderately jointed or sound 

50-75 Fair, blocky and seamy, fractured 

25-50 Poor, shattered and very seamy or blocky, severely fractured 

 0-25 Very poor, crushed, very severely fractured 

 

 
SAMPLE TYPES 
 

SS - Split spoon sample (obtained in conjunction with the performing of the Standard 

Penetration Test (SPT)) 

TW - Thin wall tube or Shelby tube 

PS - Piston sample 

AU - Auger sample or bulk sample 

WS - Wash sample 

RC - Rock core sample (Core bit size AXT, BXL, etc.).  Rock core samples are 

obtained with the use of standard diamond drilling bits. 

  
  



SYMBOLS AND TERMS (continued) 
 
 

GRAIN SIZE DISTRIBUTION 

 
MC% - Natural moisture content or water content of sample, % 

LL - Liquid Limit, % (water content above which soil behaves as a liquid) 

PL - Plastic limit, % (water content above which soil behaves plastically) 

PI - Plasticity index, % (difference between LL and PL) 

   

Dxx - Grain size which xx% of the soil, by weight, is of finer grain sizes 

These grain size descriptions are not used below 0.075 mm grain size 

D10 - Grain size at which 10% of the soil is finer (effective grain size) 

D60 - Grain size at which 60% of the soil is finer 

   

Cc - Concavity coefficient     =     (D30)
2
 / (D10 x D60) 

Cu - Uniformity coefficient     =     D60 / D10 

   

Cc and Cu are used to assess the grading of sands and gravels: 

Well-graded gravels have:         1 < Cc < 3     and     Cu > 4 

Well-graded sands have:           1 < Cc < 3     and     Cu > 6 

Sands and gravels not meeting the above requirements are poorly-graded or uniformly-graded. 

Cc and Cu are not applicable for the description of soils with more than 10% silt and clay 

(more than 10% finer than 0.075 mm or the #200 sieve) 

 

CONSOLIDATION TEST 

 
p’o - Present effective overburden pressure at sample depth 

p’c - Preconsolidation pressure of (maximum past pressure on) sample 

Ccr - Recompression index (in effect at pressures below p’c) 

Cc - Compression index (in effect at pressures above p’c) 

   

OC Ratio Overconsolidaton ratio  =  p’c / p’o 

Void Ratio Initial sample void ratio  = volume of voids / volume of solids 

Wo - Initial water content (at start of consolidation test) 

 
 

PERMEABILITY TEST 

 
k - Coefficient of permeability or hydraulic conductivity is a measure of the ability of 

water to flow through the sample.  The value of k is measured at a specified unit 

weight for (remoulded) cohesionless soil samples, because its value will vary 

with the unit weight or density of the sample during the test. 
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APPENDIX 2 

 MOECC Water Well Records 
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APPENDIX 3 

 Report No PE1623-1 Phase I-II ESA 

 Soil Laboratory Test Results 

 Water Laboratory Test Results 

 Homeowner Interview Logs 

 Pumping Test Field Parameters 

  

















































































































WATER LABORATORY TEST RESULTS
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APPENDIX 4 

 Aquifer Analysis Data 

 Potential Well Interference Calculation 

 Hydrographic Logs - Simultaneous and Extended Pumping 
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Pumping Test Analysis Report

Project: 11 King Street

Number: PH1292

Client: Toscano Land Corp

Location: Richmond ON Pumping Test: Pumping Test at TW5 Pumping Well: TW5

Test Conducted by: RP Test Date: 30/09/2011

Analysis Performed by: Theis (linear) Analysis Date: 01/12/2015

Aquifer Thickness: 15.00 m Discharge Rate: 1.36 [l/s]
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Observation Well Transmissivity
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Storage coefficient Radial Distance to 
PW

[m]

TW5 6.72 × 10
1
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Pumping Test Analysis Report

Project: 11 King Street

Number: PH1292

Client: Toscano Land Corp

Location: Richmond ON Pumping Test: Pumping Test at TW5 Pumping Well: TW5

Test Conducted by: RP Test Date: 30/09/2011

Analysis Performed by: Theis (semi log) Analysis Date: 19/11/2015

Aquifer Thickness: 15.00 m Discharge Rate: 1.36 [l/s]
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Calculation using Theis

Observation Well Transmissivity
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Hydraulic 
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[m]

TW5 6.72 × 10
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Pumping Test Analysis Report

Project: 11 King Street

Number: PH1292

Client: Toscano Land Corp

Location: Richmond ON Pumping Test: Pumping Test at TW5 Pumping Well: TW5

Test Conducted by: RP Test Date: 30/09/2011

Analysis Performed by: Theis Jacob (linear) Analysis Date: 19/11/2015

Aquifer Thickness: 15.00 m Discharge Rate: 1.36 [l/s]
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Calculation using Theis with Jacob Correction

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Radial Distance to 
PW

[m]

TW5 9.33 × 10
1

6.22 × 10
0

0.25

Russell
Text Box
TW5



Pumping Test Analysis Report

Project: 11 King Street

Number: PH1292

Client: Toscano Land Corp

Location: Richmond ON Pumping Test: Pumping Test at TW5 Pumping Well: TW5

Test Conducted by: RP Test Date: 30/09/2011

Analysis Performed by: Cooper Jacob I Analysis Date: 20/11/2015

Aquifer Thickness: 15.00 m Discharge Rate: 1.36 [l/s]
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Pumping Test Analysis Report

Project: 11 King Street

Number: PH1292

Client: Toscano Land Corp

Location: Richmond ON Pumping Test: Pumping Test at TW5 Pumping Well: TW5

Test Conducted by: RP Test Date: 30/09/2011

Aquifer Thickness: 15.00 m Discharge Rate: 1.36 [l/s]
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Analysis Name

Theis (semi log)

Theis Jacob (linear)

Cooper Jacob I

Theis (linear)

Theis Jacob (semi log)

Analysis Performed by Analysis Date

19/11/2015

19/11/2015

20/11/2015

01/12/2015

01/12/2015

Method name

Theis

Theis with Jacob Correction

Cooper & Jacob I

Theis

Theis with Jacob Correction

Well
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TW5
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T [m²/d] K [m/d] S
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW4, TW5, TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis Analysis Date: 28/10/2015

Aquifer Thickness: 15.00 m
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW4, TW5, TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis with Jacob correction Analysis Date: 29/10/2015

Aquifer Thickness: 15.00 m
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Calculation using Theis with Jacob Correction

Observation Well Transmissivity
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW4, TW5, TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis Jacob (TW4, TW5, TW6) Analysis Date: 24/11/2015

Aquifer Thickness: 15.00 m
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW4, TW5, TW6

Test Conducted by: RAP Test Date: 31/10/2014

Aquifer Thickness: 15.00 m
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis (linear) Analysis Date: 01/12/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 1.66 [l/s]
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW4

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis RECOVERY (TW4) Analysis Date: 24/11/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 1.66 [l/s]
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW5

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis (linear) Analysis Date: 01/12/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 1.66 [l/s]
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW5

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis RECOVERY Analysis Date: 01/12/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 1.66 [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 2.39 × 10
1

1.60 × 10
0

0.25
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis (linear) Analysis Date: 01/12/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 1.66 [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 4.90 × 10
0

3.27 × 10
-1

0.25

Russell
Text Box
SIMULTANEOUS TEST



Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: New analysis 1 Analysis Date: 01/12/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 1.66 [l/s]
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TW6

Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Radial Distance to 
PW

[m]

TW6 2.59 × 10
1

1.72 × 10
0

0.25

Russell
Text Box
SIMULTANEOUS TEST



rlc

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis Analysis Date: 28/10/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 0.56667 [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]

TW4

TW5

TW1

TW3

TW2

20 Cockburn

23 King

Average

6.79 × 10
1

4.53 × 10
0

1.00 × 10
-7

58.52

5.12 × 10
1

3.41 × 10
0

2.33 × 10
-6

55.0

7.08 × 10
1

4.72 × 10
0

1.00 × 10
-7

50.57

5.97 × 10
1

3.98 × 10
0

1.00 × 10
-7

75.8

7.10 × 10
1

4.73 × 10
0

1.37 × 10
-7

33.14

6.88 × 10
1

4.59 × 10
0

1.17 × 10
-7

68.59

6.65 × 10
1

4.43 × 10
0

1.00 × 10
-7

101.02

6.51 × 10
1

4.34 × 10
0

4.26 × 10
-7

Russell
Text Box
EXTENDED TEST (TW6)
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Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Agarwal + Theis RECOVERY Analysis Date: 29/10/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 0.56667 [l/s]
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Calculation using AGARWAL + Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Ratio K(v)/K(h) Radial Distance to 
PW

[m]

TW4

TW5

TW1

TW2

20 Cockburn

23 King

Average

4.21 × 10
1

2.81 × 10
0

1.19 × 10
-5

3.02 × 10
-1

58.52

5.44 × 10
1

3.63 × 10
0

5.35 × 10
-6

1.13 × 10
-1

55.0

5.16 × 10
1

3.44 × 10
0

7.20 × 10
-6

3.15 × 10
-1

50.57

5.32 × 10
1

3.54 × 10
0

2.57 × 10
-5

1.19 × 10
-1

33.14

5.38 × 10
1

3.58 × 10
0

8.04 × 10
-6

1.58 × 10
-1

68.59

5.31 × 10
1

3.54 × 10
0

2.10 × 10
-6

1.22 × 10
-1

101.02

5.13 × 10
1

3.42 × 10
0

1.00 × 10
-5

1.88 × 10
-1
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Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis RECOVERY Analysis Date: 23/11/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 0.56667 [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

TW5

TW1

TW3

TW2

20 Cockburn

23 King

Average

4.33 × 10
1

2.88 × 10
0

58.52

5.43 × 10
1

3.62 × 10
0

55.0

5.14 × 10
1

3.43 × 10
0

50.57

5.14 × 10
1

3.43 × 10
0

75.8

5.30 × 10
1

3.54 × 10
0

33.14

5.37 × 10
1

3.58 × 10
0

68.59

5.29 × 10
1

3.53 × 10
0

101.02

5.14 × 10
1

3.43 × 10
0
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Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Aquifer Thickness: 15.00 m Discharge: variable, average rate 0.56667 [l/s]

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Analysis Name

Theis

Theis

Theis

Theis

Theis

Theis

Theis

Agarwal + Theis RECOVERY

Agarwal + Theis RECOVERY

Agarwal + Theis RECOVERY

Agarwal + Theis RECOVERY

Agarwal + Theis RECOVERY

Agarwal + Theis RECOVERY

Theis RECOVERY

Theis RECOVERY

Theis RECOVERY

Theis RECOVERY

Theis RECOVERY

Theis RECOVERY

Theis RECOVERY

Analysis Performed by Analysis Date

28/10/2015

28/10/2015

28/10/2015

28/10/2015

28/10/2015

28/10/2015

28/10/2015

29/10/2015

29/10/2015

29/10/2015

29/10/2015

29/10/2015

29/10/2015

23/11/2015

23/11/2015

23/11/2015

23/11/2015

23/11/2015

23/11/2015

23/11/2015

Method name

Theis

Theis

Theis

Theis

Theis

Theis

Theis

AGARWAL + Theis

AGARWAL + Theis

AGARWAL + Theis

AGARWAL + Theis

AGARWAL + Theis

AGARWAL + Theis

Theis Recovery

Theis Recovery

Theis Recovery

Theis Recovery

Theis Recovery

Theis Recovery

Theis Recovery

Well

TW4

TW5

TW1

TW3

TW2

20 Cockburn

23 King

TW4

TW5

TW1

TW2

20 Cockburn

23 King

TW4

TW5

TW1

TW3

TW2

20 Cockburn

23 King

T [m²/d] K [m/d] S

6.79 × 10
1

5.12 × 10
1

7.08 × 10
1

5.97 × 10
1

7.10 × 10
1

6.88 × 10
1

6.65 × 10
1

5.11 × 10
1

5.44 × 10
1

5.16 × 10
1

5.32 × 10
1

5.38 × 10
1

5.31 × 10
1

5.33 × 10
1

5.43 × 10
1

5.14 × 10
1

5.14 × 10
1

5.30 × 10
1

5.37 × 10
1

5.29 × 10
1

5.71 × 10
1

4.53 × 10
0

3.41 × 10
0

4.72 × 10
0

3.98 × 10
0

4.73 × 10
0

4.59 × 10
0

4.43 × 10
0

3.41 × 10
0

3.63 × 10
0

3.44 × 10
0

3.54 × 10
0

3.58 × 10
0

3.54 × 10
0

3.55 × 10
0

3.62 × 10
0

3.43 × 10
0

3.43 × 10
0

3.54 × 10
0

3.58 × 10
0

3.53 × 10
0

3.81 × 10
0

1.00 × 10
-7

2.33 × 10
-6

1.00 × 10
-7

1.00 × 10
-7

1.37 × 10
-7

1.17 × 10
-7

1.00 × 10
-7

1.19 × 10
-5

5.35 × 10
-6

7.20 × 10
-6

2.57 × 10
-5

8.04 × 10
-6

2.10 × 10
-6

NAN

NAN

NAN

NAN

NAN

NAN

NAN

NANAverage

Russell
Text Box
EXTENDED TEST (TW6)
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Text Box
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rlc

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Agarwal + Theis RECOVERY (semilog) Analysis Date: 29/10/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 0.56667 [l/s]
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Time [min]
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TW4 TW5

Calculation using AGARWAL + Theis

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage coefficient Ratio K(v)/K(h) Radial Distance to 
PW

[m]

TW4

TW5

Average

3.38 × 10
1

2.25 × 10
0

2.58 × 10
-5

4.87 × 10
-1

58.52

4.01 × 10
1

2.67 × 10
0

1.96 × 10
-5

4.98 × 10
-1

55.0

3.70 × 10
1

2.46 × 10
0

2.27 × 10
-5

4.92 × 10
-1

Russell
Text Box
EXTENDED TEST (TW6)



rlc

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Analysis Performed by: Theis RECOVERY Analysis Date: 23/11/2015

Aquifer Thickness: 15.00 m Discharge: variable, average rate 0.56667 [l/s]
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TW4 TW5

Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Radial Distance to 
PW

[m]

TW4

TW5

Average

3.52 × 10
1

2.35 × 10
0

58.52

4.06 × 10
1

2.71 × 10
0

55.0

3.79 × 10
1

2.53 × 10
0

Russell
Text Box
EXTENDED TEST (TW6)



Pumping Test Analysis Report

Project: 11 King St

Number: PH1292

Client: Talos

Paterson Group
Consulting Engineers
154 Colonnade Road South
Ottawa - Ontario - K2E 7J5

Location: Richmond ON Pumping Test: Simultaneous Test Pumping Well: TW6

Test Conducted by: RAP Test Date: 31/10/2014

Aquifer Thickness: 15.00 m Discharge: variable, average rate 0.56667 [l/s]

1

2

3

4

Analysis Name

Agarwal + Theis RECOVERY (semilog)

Agarwal + Theis RECOVERY (semilog)

Theis RECOVERY

Theis RECOVERY

Analysis Performed by Analysis Date

29/10/2015

29/10/2015

23/11/2015

23/11/2015

Method name

AGARWAL + Theis

AGARWAL + Theis

Theis Recovery

Theis Recovery

Well

TW4

TW5

TW4

TW5

T [m²/d] K [m/d] S

3.38 × 10
1

4.01 × 10
1

3.52 × 10
1

4.06 × 10
1

3.74 × 10
1

2.25 × 10
0

2.67 × 10
0

2.35 × 10
0

2.71 × 10
0

2.49 × 10
0

2.58 × 10
-5

1.96 × 10
-5

NAN

NAN

NANAverage

Russell
Text Box
EXTENDED TEST (TW6)
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APPENDIX 5 

 Figure 1 - Site Location Plan  

 Figure 2 - Surficial Soil Delineation Mapping 

 Figure 3 - Regional Bedrock Mapping  

 Figure 4 - Surrounding Well Information Plan  

 Figure 5 - Regional Wells Plan  

 Figure 6 - Geotechnical Investigation  

 Figure 7 - Lot Development Plan (Novatech) 

 Figure 8 - Conceptual Hydrogeological Model 

 Figure 9 - Schematic Geological Cross Sections (Golder) 

 Figure 10 - Test Well and Observation Well Location Plan  

 Figure 11 - Drawdown during Simultaneous and Extended 

Pumping Tests  

 Figure 12 - Well Construction Detail  
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