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Executive Summary 
This report presents the results of a hydrogeological assessment that was conducted for a 
proposed 18.26 hectare residential development to be located in Owen Sound, Ontario.  The lands 
have the municipal addresses of 343622 Church Side Road East and are herein referred to as “the 
Site”.  The proposed development is to be 33 lots and serviced municipally for water and privately 
for septic.  GHD Limited (GHD) was retained by MJD Investments Inc. (the Client) to complete this 
hydrogeological assessment in accordance with our proposal PG-3741, dated November 22, 2016.  
The site was observed to have a single residential home on a portion of the Site with remainder of 
the Site being undeveloped, naturalized vegetation with a wooded area. 

This hydrogeological assessment included a site inspection, advancement of test pits, soil analysis, 
water level monitoring, in-situ hydraulic conductivity testing, a review of available Ministry of the 
Environment and Climate Change (MOECC) well records, a detailed water balance evaluation and 
a nitrate impact assessment.  A door-to-door well survey was conducted which indicated that the 
area is municipally serviced with some existing wells still in use.  The existing wells are generally 
upgradient of the proposed development.  Two wells are considered to be cross-gradient on Church 
Side Road East.  Impacts to the existing wells from the proposed development are not expected as 
the development will be municipally serviced. 

The proposed development area is generally comprised of topsoil underlain by silty clay.  Bedrock 
was not encountered during the hydrogeological assessment.  Karst topography was not observed 
or encountered on the Site or during excavation of the test holes.  Water seepage was observed 
within the silty clay at depths 2.4 to 3.0 m during the test pit program.  The water seepage was 
observed to be minimal.  Based upon our observations, the flow direction is toward Georgian Bay.   

It is our opinion that there will not be any constraints for development from a groundwater 
perspective as the existing seepage and water from within the silty clay is minimal and can be 
handled with appropriate engineering techniques.  It is expected that groundwater will generally be 
below the depth of the future development, although it may be encountered for deeper excavations 
or foundations that may be required.  If groundwater volumes of greater than 50,000 L/day are to be 
pumped during construction activities then a permit applied for through the Environmental Sector 
and Activity Registry (EASR) would be required from the MOECC.  If the volumes are to exceed 
400,000 L/day, a Permit To Take Water (PTTW) would be required.  Based upon the groundwater 
observed, these permits are not anticipated.  

With the use of low impact development (LID) strategies, the Site’s post-development infiltration 
values are the same as the pre-development values.  The clayey nature of the subsurface soils 
indicates that nitrate impact will not impact local groundwater sources by the installation of Class IV 
sewage disposal systems (or connection to a municipal sewer system in the future).  Raised tile 
beds are recommended for the development.  Tertiary septic system could be considered for the 
improvement of sewage effluent for these lots.  

In summary, provided that the waste disposal system is properly constructed, no significant impact 
is anticipated on downgradient receptors from this development.  It is GHD’s opinion that the results 
of this hydrogeological assessment support the approval of the proposed 33-lot residential 
development at this Site.  
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1. Introduction  

1.1 Property Information 

This report presents the results of a hydrogeological assessment that was conducted for a 

proposed 18.257 hectare residential development to be located in Owen Sound, Ontario.  The lands 

have the municipal address of 343622 Church Side Road East and is herein referred to as “the 

Site”.  The proposed development is to be 33 lots and serviced municipally for water and privately 

for septic.  GHD Limited (GHD) was retained by MJD Investments Inc. to complete this 
hydrogeological assessment in accordance with our proposal PG-3741, dated November 22, 2016.  

Downgradient about 110 metres of the Site is Georgian Bay.  

The general location is presented on the National Topographic System Mapping from Centre for 

Topographic Information, Natural Resources Canada Map 41 A/10 Vicinity Plan, Figure 1.  The 

location with respect to adjacent roadways and surrounding land uses is presented on the Ministry 

of Natural Resources and Forestry mapping and is shown on the Site Plan, Figure 2.  The Plot Plan, 

Figure 3 is based on an aerial photograph from 2014 and illustrates the location and uses of 

surrounding lands.  A preliminary plan of the proposed development is provided on the Concept 

Plan, Figure 4.  The test hole locations are illustrated on the Test Hole Plan, Figure 5.  Other figures 

are provided in the Enclosures section of this report. 

2. Purpose and Scope of Work 

The purpose of the hydrogeological assessment was to identify the local hydrogeology of the site, 

including a generic water balance that establishes target values for infiltration to address recharge / 

discharge characteristics (to the lands and any adjacent creek subwatersheds) and base flow; 

determine possible impacts and provide mitigation measures.  The following scope of work was 

performed to accomplish the foregoing purposes: 

1. Reviewed available background information relevant to the Site such as geologic, 

physiographic and water resources reports and maps.   

2. Carried out an inventory of available well record data on file with the Ministry of the 

Environment and Climate Change (MOECC) for the immediate area to evaluate the physical 

characteristics of the aquifer complexes that underlie the region.  A well survey of any existing 

wells in the immediate area was carried out to assist in the evaluation of the local aquifer(s) 

and supplement MOECC well records.  A representative water sample was collected during 

the well survey for analysis of general chemistry parameters 

3. A walkover inspection was conducted to review surficial ground characteristics. 

4. The subsurface conditions were explored by advancing, sampling and logging a total of eight 

(8) test pits on May 9, 2017.  The subsurface conditions were recorded and are summarized 

in detail on the logs attached in Appendix A.  The test pits were advanced to depths ranging 

from 0.6 to 3.4 metres.  Piezometers were installed in test pits TP-01 through to TP-07 to 

facilitate water level measurements and flow direction.   
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5. Carried out laboratory analyses of materials encountered including grain size and moisture 

content. 

6. Conducted in-situ hydraulic conductivity testing in representative piezometers and infiltration 

testing at select locations. 

7. Completed a generic water balance that considers pre- and post-development conditions and 

evaluates groundwater baseflow conditions. 

8. Prepared a detailed report using engineering analyses of the acquired data outlining our 

conclusions and recommendations herein.   

3. Project Details  

A conceptual plan is provided as Figure 4 (based upon a drawing entitled “Concept Plan”, drawing 

no. 3969-CP1 dated October 2006) and indicates the overall area of the development as 18.26 

hectares (ha).  The concept plan provided shows 33 lots, roads and a storm water management 

facility.  Building footprints are not provided on the concept plan.  GHD has assumed that future 

building footprints will cover about 30% of each lot (this value is used in the water balance section 

of this report).  The asphalt roads and driveways are estimated to cover 18,125 m2; the building 

footprints to have an area of 47,195 m2; the lawn / landscaped areas will include 110,123 m2; and 

the storm water management facility will encompass 7,125 m2.   

The details shown on the conceptual plan were used to calculate the water balance and discussed 

in Section 6 of this report.  

4. Site Conditions 

4.1 General 

The field program consisted of a site inspection, a soils exploration investigation, measurement of 

water levels, in-situ hydraulic conductivity testing, infiltration testing and a door-to-door well survey.  

The soils exploration investigation was conducted on May 9, 2017.  The test pit locations are 

provided on Figure 5.  Test pit logs and hydrometer results are provided in Appendix A.  A site visit 

was conducted on May 9, 2017 by GHD to observe the general surficial characteristics.  

Photographs are provided in Appendix B. 

Based upon the site visit, the lands slope towards Georgian Bay.  The topography is illustrated on 

Figure 6.  Upgradient of the Site is an unevaluated wetland area as shown on Figure 7.  The 

unevaluated wetland feature is about 1000 m away of the Site and will not be impacted by this 

development. 

The residential properties adjacent to the Site along Grey Road 1 are upgradient. Two residential 

properties exist on Church Side Road East, which are cross gradient of the Site.  The Site was 

observed to have a residential home on an area of the Site, with remainder of the lands 

undeveloped with a wooded area.   
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The Site contained depressions and drainage swales directing surface water towards Georgian 

Bay.  A central area of the Site contained ponded water.  Two dug wells were observed on the Site 

during the site visit.   

It is GHD’s understanding that this is an area of potential karst topography.  No evidence of karst 

topography was observed during our site reconnaissance (i.e. disappearing streams, caves, 

subsided soil etc.). 

4.2 Subsurface 

4.2.1 Regional Physiography and Geology 

This section of the report details the subsurface conditions based upon reports, mapping and 

available information.  The Site is situated in the physiographic region known at the Bruce 

Peninsula (Chapman and Putnam, 1984) and the surrounding terrain is dominated by shale plains.  

The physiographic region is shown on the figure entitled Physiography, Figure 8 indicating this area 

is within shale plains.  The Ontario Geological Survey information indicates that the surficial geology 

for the area is predominately Paleozoic bedrock and carbonate-derived silty to sandy till closer to 

Georgian Bay.  The surficial geology is presented on Figure 9 and Quaternary geology is presented 

on Figure 10.  Bedrock in the area is expected to be comprised of dolostone and limestone. 

There were two (2) MOECC well records available for the Site.  Both were for dug / bored wells that 

were observed during the site visit and extended to 4.6 m through topsoil, clay and shale.  There 

were an additional 14 well records within 500 m indicating a mix of clay, shale and bedrock.  The 

well records showed no indication of karst topography.  Two (2) of those well records were for 

abandonments.  The well records considered are provided in Appendix C.  Physical and hydraulic 

data are presented on MOECC well records.  The MOECC well records considered were drilled 

bedrock wells and dug / bored wells.  Additional discussion of the well records is provided in Section 

5 of this report.   

4.2.2 Local Geology 

This section of the report discusses the subsurface soil conditions observed during the test hole 

program.  The subsurface stratigraphy was investigated by excavating seven (7) test pits with an 

excavator and one (1) shallow test hole using a hand shovel in the wooded area on May 9, 2017.  

Monitoring wells were installed in each of the seven (7) excavated test pits to facilitate water level 

measurements.  The locations of the test holes are illustrated on the Test Hole Plan, Figure 5.  

Details of the subsurface conditions encountered are presented graphically in Appendix A.   

It should be noted that the boundaries between the strata have been inferred from the test hole 

observations.  They generally represent a transition from one soil type to another, and should not be 

inferred to represent an exact plane of geological change.  Further, conditions may vary between 

and beyond the test holes. 
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The soils encountered generally consisted of topsoil then silty clay.  The topsoil had depths ranging 

from 100 to 200 mm.  The topsoil layer contained an appreciable amount of organic matter and thus 

is considered to be devoid of any structural engineering value.  The native silty clay material 

encountered beneath the topsoil was generally reddish brown and in a hard in-situ state of relative 

density.  Test pits were excavated to a maximum depth of 3.4 m.  Bedrock was not observed.  No 

karst formations or indicators of karst were observed within any of the test holes.  Representative 

samples of the material encountered were submitted to the soils laboratory for analysis and 

characterization.  Grain size distribution analyses were carried out on four (4) representative soil 

samples and are summarized in Table 4.1.  The gradation curves are presented in Appendix A. 

Table 4.1 Grain Size Distribution Summary 

Location Depth (m) 

Grain Size Distribution 

Observed Soil Unit 
%Gravel %Sand 

%Fines 
(silt/clay) 

TP-01 0.9 – 1.1 0 1 99 Silty Clay 

TP-01 1.8 – 2.0 0 3 97 Silty Clay 

TP-05 2.0 – 2.1 0 4 96 Silty Clay 

TP-05 2.6 – 2.7 0 1 99 Silty Clay 
Notes: %Fines indicates silt and clay particles. 

Based on the grain size distribution summary, the groundwater recharge rates are estimated to be 

about 100 mm per year in this area.  For purposes of septic percolation rates (T-times), the T-times 

are greater than 50 min/cm.   

4.3 Groundwater 

Water seepage was present within the silty clay within all the test pits but was observed to be 

minimal.  From the test pits, the seepage depths ranged from 0.5 m in the hand excavated test hole 

at TP-08; and from 2.4 to 3.0 m in the excavated test pits TP-01 to TP-07.   Monitoring wells were 

installed in test pits TP-01 to TP-07 in order to facilitate monitoring of water levels.  The wells were 

screened to intersect water where seepage was occurring.  A summary of the monitoring well 

details including water seepage depth is provided in Table 4.2: 

Table 4.2 Summary of Monitoring Well Information 

Location Depth of Well (m) Pipe Stick Up (m) Well Screen Interval1 
(m) 

Water Seepage 
Depth2 (m) 

TP-01 2.6 0.5 1.1 - 2.6 ~2.6
TP-02 2.7 0.4 1.2 – 2.7 ~2.4 
TP-03 3.4 1.1 1.8 – 3.4 ~3.0 
TP-04 2.7 0.3 1.2 – 2.7 ~2.7
TP-05 2.6 1.2 1.2 – 2.7 ~2.6
TP-06 2.7 0.7 1.2 – 2.7 ~2.7 
TP-07 2.7 1.1 1.2 – 2.7 ~2.6 

Notes: m = metres; 1Effective well screen includes 10-slot screen. 
2Water seepage depth is the estimated depth where water was encountered during the test pit activities 
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Groundwater potentiometric water levels were measured at TP-01 to TP-07 on May 9 and 10, 2017 

and the data is summarized in Table 4.3.  

Table 4.3 Potentiometric Water Level Summary 

Location 
Ground Elevation* 

(masl) 

Water Level (m) GW Elevation (masl) 

(May 10, 2017 only) May 9, 2017 May 10, 2017 

TP-01 216.9 1.8 0.9 216.0 
TP-02 217.6 0.5 0.2 217.4 
TP-03 217.7 0.8 0.3 217.4 
TP-04 218.1 1.9 1.0 217.1 
TP-05 216.1 0.5 0.2 215.9 
TP-06 216.1 1.8 1.1 215.0
TP-07 215.8 2.7 2.3 213.5 

Notes:  m = metres; masl = metres above sea level; GW = groundwater; *Elevations interpolated from MNRF’s Ontario base mapping contours. The elevations provided 
are for the purposes of evaluating groundwater elevation and flow direction and should not be relied upon as a legal survey or topographic elevation survey. 

Based upon the water level data collected and the topography of the Site, the shallow groundwater 

flow direction toward Georgian Bay.  It should be noted that the water levels presented in this report 

represent potentiometric surface elevations and do not indicate that there is a water table as 

shallow as the water levels indicated in Table 4.3.  Seepage zones were deeper than the measured 

water levels and water will not be encountered unless the water zones are excavated into.   

It is GHD’s opinion that there is not a permanently saturated, shallow aquifer at the Site and any 

water encountered is in relatively limited quantities.  It is expected that groundwater seepage will be 

encountered at depths ranging from 2.4 to 3.0 m.  It should be noted that groundwater levels are 

transient and tend to fluctuate with the seasons, periods of precipitation and temperature.  

Groundwater aquifers for drinking water sources are expected to be much deeper as indicated by 

the MOECC well records for drilled wells in this area that indicated well depths of about 28 m.   

It is our opinion that there should not be any significant constraints for this development from a 

groundwater perspective as any water can be handled with appropriate engineering techniques.  It 

is expected that groundwater will generally be below the depth of the future development, although 

it may be encountered for deeper excavations or foundations that may be required.  Engineered 

foundation drains will be utilized to direct any groundwater encountered within building footprints 

with details provided at the detailed design stage.  If groundwater volumes of greater than 50,000 

L/day are to be pumped during construction activities then a permit applied for through the 

Environmental Sector and Activity Registry (EASR) would be required from the MOECC.  If the 

volumes are to exceed 400,000 L/day, a Permit To Take Water (PTTW) would be required.  Based 

upon the groundwater observed, these permits are not anticipated. 

4.4 Single Response Well Testing 

Hydraulic conductivity (K) testing was completed at TP-02 and TP-05 on May 10, 2017.  The testing 

consisted of rising and falling head testing and was completed using a one-metre long slug.  The 

water levels were measured using data loggers programmed at three (3) second intervals.  The 

data was analyzed using AQTESOLV and the Bouwer-Rice solution for each rising and falling head 

test (Appendix D).   
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The K values for the hydraulic conductivity testing are on the order of 10-5 m/sec at TP-02 screened 

within the silty clay and 10-5 to 10-6 m/sec at TP-05 screened within the silty clay.  These K values 

are consistent documented K values (e.g. Freeze and Cherry, 1979) and with the silt and clay 

materials observed during our subsurface investigation. 

Infiltration testing was attempted at TP-02 and TP-05 locations.  Infiltration testing is typically 

conducted of the unsaturated zone (vadose zone).  Conditions at the Site were too wet at the time 

of the testing.  Based upon the soils observed throughout the test pits, the K-values obtained from 

the single response well tests discussed above would be considered appropriate and minimal 

infiltration is expected.   

5. Hydrogeology 

5.1 General 

The hydrogeology of the area is characterized by gently rolling and shale plains consisting of 

undifferentiated carbonate and clastic sedimentary rock exposed at surface or covered by a 

discontinuous, thin layer of drift.  Groundwater and surface water drainage flow in an easterly 

direction across the Site.  Infiltration through the shallow confining layers recharging the deeper 

aquifers below is expected to be minimal.   

Information regarding groundwater characteristics of the immediate area was obtained from an 

inventory of MOECC well records.  A total of 16 well records were identified within 500 m of the 

central part of the Site for statistical breakdown.  The MOECC well records and their locations are 

provided in Appendix C. 

A door-to-door survey of neighboring properties confirmed that the surrounding area in proximity of 

the Site is generally on municipal water services with some private wells for those who have not 

connected to the municipal water service. 

5.2 Existing Local Water Supplies 

Currently, this area is predominately supplied by municipal services for water.  The water well 

records reviewed represent wells that were established prior to the implementation of municipal 

services in this area.  Physical and hydraulic data are presented on MOECC well records and the 

information indicates the presence of two (2) aquifer systems: 

1. A shallow overburden aquifer tapped by dug / bored wells; and, 

2. A deeper bedrock aquifer tapped by drilled wells. 

The groundwater was generally described as “fresh” in the well records reviewed.  The information 

from the MOECC data indicates that 64% of the well records were drilled bedrock wells and 36% 

were dug / bored wells.  The bedrock wells averaged a depth of about 28 m and encountered water 

at an average depth of 13.9 m.   
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The dug / bored wells averaged a depth of about 4.5 m and encountered water at a depth of 2.4 m.  

The pumping rates yielded an average of 12.1 L/min and 13.6 L/min for the bedrock and dug / 

bored wells, respectively.  Shallow dug / bored wells are susceptible to large seasonal fluctuations 

in the groundwater.  The result is that shallow wells are also more prone to becoming dry in the 

winter and summer months.  From a quality perspective, shallow dug/bored wells are generally 

difficult to seal at the surface and therefore considered to be susceptible to shallow sources of 

contamination.  The MOECC well record data has been summarized in Table 5.1.   

Table 5.1 Summary of Water Well Information 

Total Number of Wells Inventoried:
Dug/Bored Wells:

Drilled Wells (Overburden):
Drilled Wells (Bedrock):

14 
5 (36%) 
0 (0%) 
9 (64%) 

Abandoned Wells*: 2 

Parameters 
Statistical Summary Statistical Summary Statistical Summary 

Dug / Bored Wells Drilled – Overburden Drilled – Bedrock 
WELL YIELDS 

Range 
Average 

 
13.6 L/min 
13.6 L/min 

 
3 Igpm 
3 Igpm

 
-- L/min 
-- L/min

 
-- Igpm 
-- Igpm

 
4.5 - 22.7 L/min 

12.1 L/min 

 
1 - 5 Igpm 
2.7 Igpm

REPORTED YIELDS

 
Frequency Frequency Frequency 

Not Reported 
Dry 

0 to 1 Igpm 
2 to 4 Igpm 
5 to 9 Igpm 
10 Igpm 

0 
0 
0 
5 
0 
0 

0% 
0% 
0% 

100% 
0% 
0% 

0 
0 
0 
0 
0 
0 

0% 
0% 
0% 
0% 
0% 
0% 

0 
0 
3 
4 
2 
0 

0% 
0% 
33% 
45% 
22% 
0% 

STATIC WATER 

LEVELS 
Range 

Average 

 
 

1.2 – 2.7 m 
2.6 m 

 
 

4 - 9 ft 
8.5 ft

 
 

-- m 
-- m 

 
 

-- ft 
-- ft

 
 

3.7 – 9.1 m 
6.0 m 

 
 

12 - 30 ft 
19.7 ft

WATER 

ENCOUNTERED 
Range 

Average 

 
 

2.1 – 2.7 m 
2.4 m 

 
 

7 - 9 ft 
8 ft

 
 

-- m 
-- m 

 
 

-- ft 
-- ft

 
 

4.6 – 30.5 m 
13.9 m 

 
 

15 - 100 ft 
45.6 ft

WELL DEPTH 
Range 

Average 

 
3.5 – 4.9 m 

4.4 m 

 
11.5 -16 ft 

14.4 ft

 
-- m 
-- m

 
-- ft 
-- ft

 
12.2 – 38.1 m 

27.6 m 

 
40 - 125 ft 

90.6 ft
Notes:  Data based on MOECC well record information (see Appendix C).  L/m represents litres per minute, Igpm indicates  
Imperial gallons per minute and m is metres  *Abandoned wells not considered in the statistical evaluation.  

The well records are also generally consistent with the information gathered during GHD’s field 

investigation and that the overburden soils are comprised of silt and clay.  Water quality 

documented in the well records was indicated to be fresh and of good quality. 

A door-to-door well survey was completed on May 9, 2017 by GHD.  The well survey was 

conducted by going door-to-door to the residential homes neighbouring the proposed development 

along Church Side Road East, Grey Road 1 and Balmy Beach Road to gather information regarding 

the resident’s well.  The well survey information was used to supplement the MOECC well record 

data and is summarized in Table 5.2.  Residents within about 500 m of the proposed development 

were surveyed.   
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Of the ten (10) residents surveyed, information was collected from six (6) locations.  Three (3) 

locations indicated they were connected to municipal water service.  Access to wells was not 

provided at the time of the well survey. The resident at 343650 Church Side Road East indicated 

issues with water quantity.  They are on a shallow dug well with two (2) holding tanks for increased 

storage.  The resident at 319183 Grey Road 1 had a drilled well within a pit and indicated no issues 

with water quality or quantity.  The resident at 319197 Grey Road 1 had a drilled well and indicated 

no issues with water quality or quantity.  The well survey map showing the homes that were 

surveyed is shown on the Well Survey Plan in Appendix C. 

Table 5.2  Well Survey Summary  

Address Water Source Well Depth Water Level Well Survey 
Plan 

343612 Church Side Rd E Drilled Well & Municipal -- -- WS-1 

343598 Church Side Rd E Municipal -- -- WS-2 

343650 Church Side Rd E Dug Well 3.0 to 3.6 m* -- WS-3 

319217 Grey Rd 1 Could not be confirmed -- -- WS-4 

319203 Grey Rd 1 Could not be confirmed -- -- WS-5 

319197 Grey Rd 1 Drilled Well -- -- WS-6 

319189 Grey Rd 1 Could not be confirmed -- -- WS-7 

319183 Grey Rd 1 Drilled Well -- -- WS-8 

319173 Grey Rd 1 Could not be confirmed -- -- WS-9 

581 Balmy Beach Municipal  -- -- WS-10 

Note: * indicates information was provided by home owner.  

The potential for well impacts to neighboring wells is anticipated to be minimal.  The proposed 

residential development will be municipally serviced for water.   

5.3 Background Water Quality 

The well records reviewed for this assessment reported fresh water supplies.  The information from 

residents collected during the well survey indicated that the water of this area is generally of good 

quality.  Based upon our well survey, the existing wells (not connected to municipal water services) 

are generally upgradient of the proposed development.  Two wells are considered to be cross-

gradient on Church Side Road East.  Impacts to the existing wells from the proposed development 

are not expected.   

Groundwater samples were taken from a dug well on Site and a drilled well at 319197 Grey Road 1 

to evaluate background water quality.  The location of the sampled wells are depicted on the Well 

Survey Plan, Appendix C.  The sample from the dug well was collected directly from the well.  The 

sample from 319197 Grey Road 1 was collected from a raw water tap at the house.  The water 

samples were delivered to SGS Environmental Laboratories for chemical analyses.   

A summary of the water quality data is provided in Table 5.3.  The analytical results are compared 

with the Ontario Drinking Water Standards (ODWS).  The Certificates of Analyses are presented in 

Appendix E.  
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Table 5.3  Water Quality Summary 

Parameter 
Dug Well 1 319197 Grey Rd 1 

ODWS 
Dug Well on Site Drilled Well 

Calcium 65.1 109 --- 

Sodium 1.11 93.7 200 

Manganese 0.0275 0.00355 0.05 

Magnesium 13.4 32 --- 

Potassium 1.78 6.24 --- 

Iron 0.023 0.009 0.30 

Sulphate 1.1 34 500 

Chloride 1.3 190 250 

Nitrite – N < 0.003 < 0.003 1.0 

Nitrate – N 0.026 0.353 10 

Organic Nitrogen 0.27 < 0.05 0.15 

Total Organic Carbon 5 3 5 

Fluoride 0.10 0.21 1.5 

Alkalinity 231 332 30 to 500 

Ammonia+Ammonium – N < 0.04 0.05 --- 

pH (units) 8.23 8.14 6.5 to 8.5 

Hardness 218 404 80 to 100 

Turbidity (N.T.U.) 5.85 0.18 5 

Conductivity (µmhos/cm) 389 1010 --- 

Colour (T.C.U.) 14 < 3 5 

Total Dissolved Solids 222 664 500 

  Note: Units are mg/L unless otherwise stated; “<” indicates concentrations are less than laboratory reporting limits. 
  Bold indicates the concentration exceeds the ODWS. 

In general, the analyses indicate the majority of parameters meet the ODWS.  There were no health 

related parameter exceedances of the ODWS within these water samples.  The chemical results 

indicate that the following parameters exceeded the ODWS aesthetic and operational objectives for 

the following: 

 Organic Nitrogen (Dug Well); 

 Hardness (both locations); 

 Turbidity (Dug Well); and 

 Total Dissolved Solids (319197 Grey Rd 1). 

Nitrate concentrations were low in both wells.  Elevated hardness is related to the overburden 

materials containing calcium and to a lesser extent, magnesium.  Elevated hardness is a common 

trait of groundwater supplies in Southern Ontario and, if desired, can be treated using commercially 

available treatment equipment such as a water softener.  Organic nitrogen is an operational 

guideline with the primary concern being that organic nitrogen compounds frequently contain amine 

groups, which can react with chlorine and severely reduce its disinfectant power.  Treatment of well 

water by chlorine is not expected and is not considered to be a significant issue. 
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6. Conclusions and Recommendations 

Supporting data upon which our recommendations are based have been presented in the foregoing 

sections of this report.  The following recommendations are governed by the physical properties of 

the subsurface materials that were encountered at the site and assume that they are representative 

of the overall site conditions.  It should be noted that these conclusions and recommendations are 
intended for use by the designers only.  Contractors bidding on or undertaking any work at the Site 

should examine the factual results of the assessment, satisfy themselves as to the adequacy of the 

information for construction, and make their own interpretation of this factual data as it affects their 

proposed construction techniques, equipment capabilities, costs, sequencing, and the like.  

Comments, techniques, or recommendations pertaining to construction should not be construed as 

instructions to the contractor. 

Based on the results of our hydrogeologic review, it is our professional opinion that the Site is 

suitable for the proposed residential development.  It is our professional opinion that there is low 

potential for groundwater and surface water impact as a result of developing the Site.  It is 

recommended that good construction and mitigation techniques must be used to minimize the 

potential for impact.  Detailed conclusions and recommendations are presented in the following 

sections regarding the water balance and impacts to groundwater and surface water resources. 

6.1 Water Balance Evaluation 

An evaluation of the water balance was completed to compute the potential impacts that may occur 

in the recharge / discharge characteristics related to the proposed development.  The objective of 

the water balance is to ensure that post-development infiltration with the developable area meets 

the pre-development values.  The computations have used detailed parameters such as 

precipitation (Owen Sound MOE from 1981 to 2010 was used), regional evapotranspiration, 

infiltration and runoff.  Weather data from Owen Sound MOE was selected as it was the closest 

weather station to the Site (about 9 km to the south).  The detailed calculations can be reviewed in 

Appendix F.  

The area to be developed is 18.26 ha based on information provided by the Client.  Below is a 

summary of the expected pre-development water balance values for the proposed development 

based on the current information. 

6.1.1 Predevelopment Water Balance 

The pre-development water balance incorporated the existing soils, slope and agricultural areas.  

The infiltration factor for the area was calculated from the table of values presented in the “Land 

Development Guidelines” (MOEE, 1995).  It is based on three sub-factors which are: 

 Topography sub-factor; 

 Soil sub-factor; and 

 Cover sub-factor. 
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Groundwater and surface flow direction is towards Georgian Bay.  The slope is considered as 

“rolling” (slope of 2.8 to 3.8 m per km).  The soils are generally comprised of silt and clay.  The 

existing vegetation is currently a mixture of forest; tall grasses; and manicured lawn.  The pre-

development calculations also included one (1) existing house and a garage.   

Table 6.1 summarizes the expected pre-development water balance values for the Site.   

Table 6.1 Pre-Development Summary 

 Total Precipitation (Owen Sound MOE):    - 1114.5 mm/year 

 Regional Evapotranspiration:     - 588 mm/year 

 Recharge Available:      - 526.5 mm/year 

 Area of Recharge Available (Site):    - 18.26 ha 

 Total Water Surplus:      - 96,189 m3/year 

 Total Estimated Infiltration:     - 21,045 m3/year 

 Total Estimated Runoff:      - 75,144 m3/year 

Based upon these calculations, the overall Site infiltrates on the order of 21,045 m3 per year or 

about 115 mm/year.  Based upon the soil encountered during our test hole program (silty clay), 

infiltration is expected to be minimal.   

6.1.2 Post Development Water Balance (No Enhancements) 

The computation of the water budget was repeated for the proposed development assuming no 

mitigation techniques, that is, runoff from impervious surfaces is unrecoverable (stormwater from 

rooftops and asphalt is modelled to be discharged directly to storm sewers) and not infiltrated into 

the ground.  The anticipated impact of the development is related to increased runoff from 

imperious surfaces such as the residential development roof tops and asphalt areas.  These are 

assumed to be impervious surfaces with zero infiltration capacity in this model.  A summary of the 

computations is provided in Table 6.2. 

Table 6.2 Post-Development Summary (No Enhancements) 

 Area of Site:       - 18.26 ha 

 Total Water Surplus:      - 122,569 m3/year 

 Total Estimated Infiltration:     - 11,595 m3/year 

 Infiltration % Difference (pre- vs. post-):    - (-45%) (decrease) 

 Total Estimated Runoff:      - 110,974 m3/year 

 Runoff % Difference (pre- vs. post-):    - 48% (increase) 

Assumptions that were made in order to compute the post-development water budget in Table 6.2 

included the impermeable (i.e. 0% infiltration) surface area of asphalt and development roof tops.   

Under this scenario, the total infiltration volume decreased by 45% and runoff volume increased by 

nearly 50%.   

Based upon this scenario, mitigative strategies are required to minimize infiltration losses and 

reduce storm water runoff.  The following section discusses the water balance after considering 

enhanced infiltration options. 
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6.1.3 Post Development Water Balance (Enhanced Infiltration) 

The post-construction water budget computations were repeated considering enhanced infiltration 

options which are also known as Low Impact Development (LID) technologies.  These technologies 
include and are not restricted to rainwater harvesting, downspout disconnection, infiltration 

trenches, vegetated filter strips, bioretention, permeable pavement, enhanced grass swales, dry 

swales and perforated pipe systems in order to balance the water budget and maintain the 

downgradient wetland features.  The shallow subsurface soils are topsoil underlain by silty clay.  It 

is noted that LIDs can work in any soil type.   

The primary enhancement for this Site is to direct water from the roof tops to areas where infiltration 

can occur.  The post-development water balance was modelled to include the disconnection of 

downspouts from storm sewers and directing water from roof tops to lawn / landscaped areas.  It is 

also assumed that grading and levelling will occur for the development increasing the infiltration 

potential.  A summary of the post-construction water budget with enhancements for infiltration is 

presented in Table 6.3. 

Table 6.3 Post-Development Summary (With Enhanced Infiltration) 

 Area of Site:       - 18.26 ha 

 Total Water Surplus:      - 122,569 m3/year 

 Total Estimated Infiltration:     - 21,045 m3/year 

 Infiltration % Difference (pre- vs. post-):    - (0%) (no change from pre-dev) 

 Total Estimated Runoff:      - 101,524 m3/year 

 Runoff % Difference (pre- vs. post-):    - 35% (increase) 

In this scenario, the infiltration values have been modelled to show no change compared with pre-

development values.  Based upon the water balance calculations, it is our professional opinion that 

there would be minimal impact to the local groundwater regime and minimal impact to the surface 

water regime from a quantity perspective due to the proposed development. 

6.2 Impact on Groundwater Baseflow 

The importance of the groundwater baseflow is that, depending upon the hydraulic functionality with 

the Site, it provides discharge to water bodies, wetlands and downgradient wells.  Water infiltrating 

into the silty clay is minimal and water balance calculations suggest that the infiltration to the 

subsurface can be kept at pre-development values.  It is GHD’s professional opinion that there is no 

expected impact to the shallow groundwater baseflow that may be supplying baseflow to the 

downgradient features. 

6.3 Impact on Surface Water Bodies 

The impacts to surface water bodies are related to the reduction of the groundwater baseflow and 

water quality concerns related to human activities such as road salting, minor fuel and oil leaks, 

fertilizer application etc.  It is expected that there will be no impacts to groundwater and 

neighbouring surface water bodies.  Runoff from the development will conform to the stormwater 

management report for the Site. 
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6.4 Mitigation Measures 

Several mitigative techniques have been recommended in order to address concerns relating to the 

potential for impact to the base flow.  The impact and mitigation measures can be arranged into two 
(2) distinct categories: construction phase and operational phase.  Prior to construction, storm water 

management techniques should be incorporated to control additional surface water runoff and 

permit enhanced infiltration into the surrounding ground.  Storm water management techniques will 

minimize the potential for groundwater impact and also minimize the amount of silt or other fine-

grained soil particles becoming mobile and entering into downgradient areas. The installation of 

strategically placed silt fences will reduce flow velocities of storm water enabling particulate to settle 

out prior to entering downgradient areas. 

During the operational phase of the development, it is expected that storm water excess will be 

controlled as per the Stormwater Management report.  As indicated above, LIDs will be required to 

maintain pre-development infiltration values and reduce storm water runoff and will be incorporated 

into the site plan at the detailed design stage. 

6.5 Servicing 

6.5.1 Water Supply 

Private services for water are not considered as the Site will be connected to municipal water 

services.  However, any wells at the Site are recommended to be decommissioned in accordance 

with Ontario Regulation 903 prior to development of the Site.   

6.5.2 Septic Waste Disposal 

A detailed assessment of the septic system suitability is required to determine the potential impact 

of individual sewage systems at the Site on groundwater resources since the proposed lot sizes are 

less than one (1) hectare in area on average.  The Site is not considered to be hydrogeologically 

sensitive (Procedure D-5-4, MOE, 1996).  No karst formations were observed.  The MOE dilution 

model was used to confirm that the projected post-development nitrate concentration meets the 

drinking water standard of 10 mg/L for nitrate.  It is our professional opinion that the Site is suitable 

for the construction of septic waste disposal systems.  

The overburden materials were investigated during the advancement of 8 test pits.  The soils 

encountered generally consisted of topsoil then silty clay.  Test pits were excavated to a maximum 

depth of 3.4 m.  Bedrock was not observed.  No karst formations or indicators of karst were 

observed within any of the test holes.    

The T-time of the underlying soil is estimated to be greater than 50 min/cm.  Based upon the 

subsurface soils in the area of the proposed leaching beds, it is recommended that the waste 

disposal systems be designed as fully raised bed systems. A detailed review of the expected waste 

disposal impacts and recommendations are presented in the following sections. 
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6.5.2.1 Development Impact 

For the purposes of calculating the potential impact of the planned residential development, 1,000 

L/day/household is considered to be an acceptable septic effluent loading rate. Therefore, a 
proposed development of 33 lots is expected to generate about 33,000 L/day (33 m3/day) of septic 

effluent.  While most constituents in septic effluent are usually removed within a short distance of 

movement within soil, mobile constituents such as chlorides and nitrates will require sustained 

dilution to meet the drinking water standards of 10 mg/L N for nitrate.  

The MOECC normally considers sewage from a Class 4 waste disposal system will contain 40 mg/L 

of nitrate. For the purpose of assessing the impact of projected nitrate loading, the dilution 

requirement of 4:1 was utilized in the impact computations. 

A summary of the applicable parameters that were considered in the waste disposal evaluation and 

the computation of the projected nitrate concentration are presented below in Table 6.4.  The 

detailed calculations can be reviewed in Appendix G.  The calculations used a recharge rate of 115 

mm/year for silty clay based on exploratory test pits.  A shallow water sample was collected from 

the dug well at the Site to define the existing shallow groundwater background nitrate concentration.  

The analytical result for nitrate was 0.026 mg/L (refer to Appendix E for the certificate of analysis). 

Using dilution only, the nitrate concentration generated from sewage at the Site is calculated to be 

14.6 mg/L and exceeds 10 mg/L (ODWS for nitrate in drinking water).  The clayey nature of the 

subsurface soils indicates that nitrate impact will not impact local groundwater sources by the 

installation of Class IV sewage disposal systems (or connection to a municipal sewer system in the 

future).  Raised tile beds are recommended for the development.  Tertiary septic system could be 

considered for the improvement of sewage effluent for these lots. 

Table 6.4 provides a summary of the septic impact parameters for the proposed development 

Table 6.4 Nitrate Impact Assessment Summary 

 Recharge Available Based on Soils:     - 115 mm/yr 

 Dilution Area:        - 18.26 ha 

 Background Nitrate:       - 0.026 mg/L 

 Residential Nitrate Loading (40 mg/L x 33,000 L/day):   - 1,320,000 mg/day 

 Projected Nitrate Concentration (33 lots at 115 mm/year):   - 14.6 mg/L 

  

6.5.2.2 Waste Disposal Requirements 

Based on the results of this assessment, it is our professional opinion that the Site is suitable for a 

private septic waste disposal system.  Fill will be required and drainage patterns and storm drainage 

will be re-directed and controlled as part of the grading plan.   

It is recommended that the septic systems use fully raised absorption trench leaching beds.  The 

waste disposal systems should meet Ontario Regulation 350/06 made under the Building Code Act, 

1992 and incorporate the following design features: 

1. Organics should be stripped from the area of the leaching beds and downgradient mantle. 
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2. The exposed subgrade below the tile beds should be trimmed and scarified, and provided 

with a gentle slope of 0.5% in the direction of the mantle. 

3. The tile beds should be constructed as fully raised leaching type beds to the full height of at 

least 1 m above existing grade.  The raised beds should consist of clean, granular fill 

capable of providing an in-place percolation rate (T-time) of 4 to 8 min/cm.   

4. The mantle should be constructed along the downgradient margin of the raised beds. Each 

mantle should extend along the full width of the bed and for a minimum of 15 m 

downgradient from the bed.  The mantle should consist of similar granular fill raised to a 

minimum of 250 mm above the surrounding grade.  Surface runoff should be diverted away 

from the leaching beds by means of proper site drainage.   

5. The waste disposal systems should be kept clear of surface drainage swales, roof leader 

drains, and other sources of surface water. 

6. The tile beds should be kept away from shade trees and a healthy cover of vegetation 

should be developed and maintained over the beds to promote evapotranspiration. 

7. When sighting tile beds on sloping ground, it is recommended that procedures outlined in 

the Building Code be followed closely. 

8. Minimum set back distances from septic tank (plus 2 times height raised): 

  a) Building – 1.5 m    b) Property line – 3 m 

  c) Drilled Well – 15 m   d) Open water course – 15 m 

9. Minimum set back distances from septic tile bed (plus 2 times height raised): 

  a) Building – 5 m    b) Property line – 3 m 

  c) Drilled well, properly sealed – 15 m d) Shallow well – 30 m 

  e) Open water course – 15 m 

10. The layout, design and construction of the waste disposal bed should be subject to 

inspection by experienced hydrogeologic personnel. 

The tile beds should be sized according and will likely be about 400 square metres for a 

conventional system based upon a T-time of 8 min/cm and a 15 m mantle in the direction of flow.  It 

is our opinion that there is sufficient area within the proposed lots to support the tile bed and house.  

New technologies are available that can reduce the size of the footprint of the conventional septic 

system.  As outlined above, tertiary treatment systems will be needed if 33 lots are to be developed.  

If other new technology septic systems are incorporated into the design, it is recommended that the 

systems be installed as per the Ontario Building Code 
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6.6 Summary Conclusions 

In summary, the proposed development area is generally comprised of topsoil underlain by silty 

clay.  Bedrock or karst topography was not encountered during the hydrogeological assessment.  
Minimal water seepage was observed within the till at depths 2.4 to 3.0 m during the test pit 

program.  Based upon the water level measurements, the flow direction is toward Georgian Bay.   

It is our opinion that there will not be any constraints for development from a groundwater 

perspective as the existing seepage and water from within the silty clay is minimal and can be 

handled with appropriate engineering techniques.  It is expected that groundwater will generally be 

below the depth of the future development.  If groundwater volumes of greater than 50,000 L/day 

are to be pumped during construction activities then a permit applied for through the EASR would 

be required from the MOECC.  If the volumes are to exceed 400,000 L/day, a PTTW would be 

required.  Based upon the groundwater observed, these permits are not anticipated. 

The MOECC well records indicate that wells in the area are either shallow dug / bored or drilled 

bedrock wells.  The shallow dug / bored wells have an average depth of about 4.4 m and 

groundwater encountered at about 2.4 m.  The drilled bedrock wells have an average depth of 

about 27.6 m and groundwater encountered at about 13.9 m.  A door-to-door well survey was 

conducted which indicated that the area is municipally serviced with some existing wells still in use.  

The existing wells are generally upgradient of the proposed development.  Two wells are 

considered to be cross-gradient on Church Side Road East.  Impacts to the existing wells from the 

proposed development are not expected as the development will be municipally serviced. 

There are minimal impacts expected to groundwater and surface water as a result of the future 

development provided that appropriate planning (i.e. incorporation of LIDs as supported by the 

water balance calculations), mitigation measures and proper construction techniques are 

considered.  Based upon water directed from the rooftops to lawn / landscaped areas, the infiltration 

is expected to remain the same compared to pre-development values.   

The clayey nature of the subsurface soils indicates that nitrate impact will not impact local 

groundwater sources by the installation of Class IV sewage disposal systems (or connection to a 

municipal sewer system in the future).  Raised tile beds are recommended for the development.  

Tertiary septic system could be considered for the improvement of sewage effluent for these lots.  

In summary, provided that the waste disposal system is properly constructed, no significant impact 

is anticipated on downgradient receptors from this development.  It is GHD’s opinion that the results 

of this hydrogeological assessment support the approval of the proposed 33-lot residential 

development at this Site. 
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The following Statement of Limitations should be read carefully and is an integral part of this report.  

We trust this report meets your immediate needs.  Should any questions arise regarding any aspect 

of our report, please contact our office. 

Sincerely, 

GHD 
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8. Statement of Limitations 

This report is intended solely for MJD Investments Inc. in assessing the hydrogeological aspects of 

the property (343622 Church Side Road East, Owen Sound, Ontario) and is prohibited for use by 

others without GHD’s prior written consent.  This report is considered GHD’s professional work 

product and shall remain the sole property of GHD.  Any unauthorized reuse, redistribution of or 
reliance on the report shall be at the Client and recipient’s sole risk, without liability to GHD. Client 

shall defend, indemnify and hold GHD harmless from any liability arising from or related to Client’s 

unauthorized distribution of the report.  No portion of this report may be used as a separate entity; it 

is to be read in its entirety and shall include all supporting drawings and appendices. 

The recommendations made in this report are in accordance with our present understanding of the 

project, the current site use, ground surface elevations and conditions, and are based on the work 

scope approved by the Client and described in the report.  The services were performed in a 

manner consistent with that level of care and skill ordinarily exercised by members of 

hydrogeological engineering professions currently practicing under similar conditions in the same 

locality.  No other representations, and no warranties or representations of any kind, either 

expressed or implied, are made.  Any use which a third party makes of this report, or any reliance 

on or decisions to be made based on it, are the responsibility of such third parties. 

All details of design and construction are rarely known at the time of completion of a 

hydrogeological study. The recommendations and comments made in the study report are based on 

our subsurface investigation and resulting understanding of the project, as defined at the time of the 

study. We should be retained to review our recommendations when the drawings and specifications 

are complete.  Without this review, GHD will not be liable for any misunderstanding of our 

recommendations or their application and adaptation into the final design. 

It is important to emphasize that a soil investigation is, in fact, a random sampling of a site and the 

comments included in this report are based on the results obtained at the test hole locations only. 

The subsurface conditions confirmed at the test hole locations may vary at other locations.  The 

subsurface conditions can also be significantly modified by the construction activities on site (ex. 

excavation, dewatering and drainage, blasting, pile driving, etc.).  These conditions can also be 

modified by exposure of soils or bedrock to humidity, dry periods or frost. Soil and groundwater 

conditions between and beyond the test locations may differ both horizontally and vertically from 

those encountered at the test locations and conditions may become apparent during construction 

which could not be detected or anticipated at the time of our assessment.  Should any conditions at 

the site be encountered which differ from those found at the test locations, we request that we be 

notified immediately in order to permit a reassessment of our recommendations.  If changed 

conditions are identified during construction, no matter how minor, the recommendations in this 

report shall be considered invalid until sufficient review and written assessment of said conditions 

by GHD is completed. 
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Appendix A 
Soils Exploration Data 
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Clay, trace Sand, occasional Rootlets,
hard, moist
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GS-1
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SILTY CLAY - Reddish Brown Silty
Clay, trace Sand, occasional Rootlets,
hard, moist

Reddish Brown Silty Clay, trace Sand,
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SILTY SAND - Brownish Silty Sand,
occasional Cobble and Rootlet,
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Photo 1 – Looking south across Site from TP-01. 

 

 
 

Photo 2 – Looking east from ditch along Church Side Road East at Site entrance.  Georgian Bay in the 

horizon. 
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Photo 3 – Ponded water feature in the central part of the Site. 

 

 
 

Photo 4 – Small streams traversing through the wooded eastern area of the Site. 
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Photo 5 – Looking north across the Site from around TP-05.  

 

 
 

Photo 6 – Looking west across the Site from TP-05. 
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Photo 7 – Looking west across the Site from the edge of the wooded area showing the swale conveying 

surface water to the east.

 
 

Photo 8 – Looking north from the swale extending parts of the western area of the Site.  The house at 

343612 Church Side Road East can be seen.  
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Appendix C 
Well Survey and MOECC Well Records 

  
 
 
  



Source: Image obtained from Google Earth Maps. © 2016 Google. 

MJD Investments Inc.

Hydrogeological Assessment

11139368-01
June 2017

Well Survey Plan Appendix C.1

343622 Church Side Rd E, Owen Sound, ON
Scale: 
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Coordinate System:
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Source:  MOECC Well Records Map. Google Earth.  © 2017 Google.

MJD Investments Inc.
343622 Church Side Rd E, Owen Sound, ON
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Well Location Plan              Appendix C.2



MOECC Well Water Found Static Level  Pump Rate Well Depth Comments
Well No. Use Feet Metres Feet Metres Igpm L/min Feet Metres

2512832 Domestic 9 2.7 9 2.7 3 13.6 15 4.6 Topsoil to 1', Clay to 6', Shale to 15'
2512833 Domestic 8 2.4 8 2.4 3 13.6 11.5 3.5 Topsoil to 1', Clay to 6', Shale to 11.5'
2512834 Domestic 8 2.4 4 1.2 3 13.6 15 4.6 Topsoil to 1', Clay to 8', Shale to 15'

Number of wells = 5
Water Found Static Level  Pump Rate Well Depth
Feet Metres Feet Metres Igpm L/min Feet Metres

AVERAGE 8.0 2.4 8.5 2.6 3.0 13.6 14.4 4.4

MAXIMUM 9.0 2.7 9.0 2.7 3.0 13.6 16.0 4.9

MINIMUM 7.0 2.1 4.0 1.2 3.0 13.6 11.5 3.5

2512658 Domestic 7 2.1 - - 3          13.6 16 4.9 Topsoil to 1', Clay to 7', Shale to 16'
2512657 Domestic 8 2.4 - - 3          13.6 15 4.6 Topsoil to 1', Clay to 6', Shale to 15'

APPENDIX C.3:  WELL SUMMARY - BORED / DUG WELLS
Well Record Summary
Project No.: 11139368-01
343622 Church Side Road East, Owen Sound, ON



MOECC Well Water Found Static Level  Pump Rate Well Depth Depth to Bedrock Comments
Well No. Use Feet Metres Feet Metres Igpm L/min Feet Metres Feet Metres
2502204 Domestic 30 9.1 30 9.1 5 22.7 90 27.4 10 3.0 Stone and dirt to 10', Limestone to 30', Shale to 90'
2502205 Domestic 15 4.6 25 7.6 2 9.1 40 12.2 - - Shale to 40'
2508786 Domestic 17 5.2 13 4.0 2 9.1 70 21.3 3 0.9 Topsoil to 3', Limestone to 23', Shale to 70'
2510451 Domestic 28 8.5 12 3.7 1 4.5 125 38.1 1 0.3 Clay to 1', Limestone to 2.5', Shale to 125'
2510452 Domestic 90 27.4 22 6.7 1 4.5 120 36.6 12 3.7 Fill to 4', Clay to 12', Limestone to 17', Shale to 120'
2510453 Domestic 60 18.3 20 6.1 1 4.5 80 24.4 8 2.4 Fill to 8', Limestone to 14', Shale to 80'
2511360 Domestic 50 15.2 18 5.5 3 13.6 80 24.4 3 0.9 Clay to 3', Limestone to 25', Shale to 80'
2511574 Domestic 20 6.1 12 3.7 4 18.2 90 27.4 - - Clay to 5', Shale to 90'
2513962 Domestic 100 30.5 25 7.6 5 22.7 120 36.6 65 19.8 Clay to 6', Shale to 65', Rock to 120'

Number of wells = 9
Water Found Static Level  Pump Rate Well Depth Depth to Bedrock
Feet Metres Feet Metres Igpm L/min Feet Metres Feet Metres

AVERAGE 45.6 13.9 19.7 6.0 2.7 12.1 90.6 27.6 14.6 4.4

MAXIMUM 100.0 30.5 30.0 9.1 5.0 22.7 125.0 38.1 65.0 19.8

MINIMUM 15.0 4.6 12.0 3.7 1.0 4.5 40.0 12.2 1.0 0.3

APPENDIX C.4:  WELL SUMMARY - DRILLED BEDROCK
Well Record Summary
Project No.: 11139368-01
343622 Church Side Road East, Owen Sound, ON
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Appendix D 
Single Response Well Testing Data 
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TP-02 RISING HEAD

Data Set:  I:\...\11139368-01, 17-06-26, TP-02 rising head.aqt
Date:  06/26/17 Time:  17:02:07

PROJECT INFORMATION

Company:  GHD
Client:  MJD Investments Inc.
Project:  11139368-01
Location:  Owen Sound
Test Well:  TP-02
Test Date:  May 10, 2017

AQUIFER DATA

Saturated Thickness:  2.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (TP-02)

Initial Displacement:  0.0964 m Static Water Column Height:  2.2 m
Total Well Penetration Depth:  2.7 m Screen Length:  1.5 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.047E-5 m/sec y0 = 0.008357 m
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TP-02 FALLING HEAD

Data Set:  I:\...\11139368-01, 17-06-26, TP-02 falling head.aqt
Date:  06/26/17 Time:  16:47:11

PROJECT INFORMATION

Company:  GHD
Client:  MJD Investments Inc.
Project:  11139368-01
Location:  Owen Sound
Test Well:  TP-02
Test Date:  May 10, 2017

AQUIFER DATA

Saturated Thickness:  2.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (TP-02)

Initial Displacement:  0.0212 m Static Water Column Height:  2.2 m
Total Well Penetration Depth:  2.7 m Screen Length:  1.5 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.781E-5 m/sec y0 = 0.01668 m
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TP-05 FALLING HEAD

Data Set:  I:\...\11139368-01, 17-06-26, TP-05 falling head.aqt
Date:  06/26/17 Time:  16:06:02

PROJECT INFORMATION

Company:  GHD
Client:  MJD Investments Inc.
Project:  11139368-01
Location:  Owen Sound
Test Well:  TP-05
Test Date:  May 10, 2017

AQUIFER DATA

Saturated Thickness:  2.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (TP-05)

Initial Displacement:  0.2312 m Static Water Column Height:  2.2 m
Total Well Penetration Depth:  2.7 m Screen Length:  1.5 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.872E-5 m/sec y0 = 0.07715 m
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TP-05 RISING HEAD

Data Set:  I:\...\11139368-01, 17-06-26, TP-05 rising head.aqt
Date:  06/26/17 Time:  16:33:36

PROJECT INFORMATION

Company:  GHD
Client:  MJD Investments Inc.
Project:  11139368-01
Location:  Owen Sound
Test Well:  TP-05
Test Date:  May 10, 2017

AQUIFER DATA

Saturated Thickness:  2.2 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (TP-05)

Initial Displacement:  0.1503 m Static Water Column Height:  2.2 m
Total Well Penetration Depth:  2.7 m Screen Length:  1.5 m
Casing Radius:  0.025 m Well Radius:  0.025 m

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 6.186E-6 m/sec y0 = 0.05017 m
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GHD
 Attn : Jason Geraldi

 
 347 Pido Rd., Unit #29
Peterborough, ON
K9J 6Z8, 

Phone: 705-749-3317
Fax:705-749-9248

 26-May-2017
 

 Date Rec. : 11 May 2017
 LR Report: CA14339-MAY17
 Reference: 11139368-01 PO#
73507536
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
MAC

6:
AO/OG

Sample Date & Time 09-May-17 14:30
Temperature Upon Receipt [°C] --- --- --- --- --- --- 6.0
UV Transmittance [%] 12-May-17 12:51 12-May-17 16:31 --- --- 97.7
Alkalinity [mg/L as CaCO3] 12-May-17 11:05 16-May-17 11:25 --- 30-500 332
Colour [TCU] 12-May-17 11:53 15-May-17 09:30 --- 5 < 3
Conductivity [µS/cm] 12-May-17 11:05 16-May-17 11:25 --- --- 1010
pH [no unit] 12-May-17 11:05 16-May-17 11:25 --- 6.5-8.5 8.14
Total Suspended Solids [mg/L] 15-May-17 08:05 17-May-17 14:41 --- --- < 2
Turbidity [NTU] 12-May-17 16:18 15-May-17 14:12 1 5 0.18
Organic Nitrogen [mg/L] 12-May-17 21:16 16-May-17 15:09 --- 0.15 < 0.05
Total Kjeldahl Nitrogen [mg/L] 15-May-17 20:47 16-May-17 15:08 --- --- < 0.05
Ammonia+Ammonium (N) [mg/L] 12-May-17 21:16 15-May-17 13:47 --- --- 0.05
Total Organic Carbon [mg/L] 15-May-17 22:25 16-May-17 13:54 --- 5 3
Chloride [mg/L] 15-May-17 21:28 16-May-17 11:31 --- 250 190
Fluoride [mg/L] 12-May-17 18:38 15-May-17 11:09 1.5 --- 0.21
Nitrite (as N) [mg/L] 12-May-17 19:32 15-May-17 08:05 1 --- 0.003 <MDL
Nitrate (as N) [mg/L] 12-May-17 19:32 15-May-17 08:05 10 --- 0.353
Sulphate [mg/L] 15-May-17 21:28 16-May-17 11:31 --- 500 34
Hardness [mg/L as CaCO3] 18-May-17 09:00 19-May-17 11:56 --- 80-100 404
Aluminum (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- 0.1 0.001
Arsenic (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 0.025 --- < 0.0002
Boron (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 5 --- 0.469
Barium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 1 --- 0.0294
Calcium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- --- 109
Cadmium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 0.005 --- < 0.000003
Copper (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- 1 0.00327
Chromium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 0.05 --- 0.00015
Iron (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- 0.3 0.009

 

SGS Canada Inc.
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 Lakefield - Ontario - KOL 2HO
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 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 

7:
NR 319917 Grey

Rd. 1



Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
MAC

6:
AO/OG

7:
NR 319917 Grey

Rd. 1

Potassium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- --- 6.24
Magnesium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- --- 32.0
Manganese (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- 0.05 0.00355
Sodium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 20* 200 93.7
Phosphorus (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- --- < 0.003
Lead (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 0.01 --- 0.00015
Antimony (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 0.006 --- 0.0003
Selenium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 0.01 --- 0.00010
Uranium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 0.02 --- 0.000586
Zinc (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:56 --- 5 0.007
Cation sum [meq/L] --- --- --- --- --- --- 12.3
Anion Sum [meq/L] --- --- --- --- --- --- 12.7
Anion-Cation Balance [% difference] --- --- --- --- --- --- -1.58
Ion Ratio --- --- --- --- --- --- 0.97
Total Dissolved Solids (calculated) [mg/L] --- --- --- --- --- --- 664
Conductivity (calculated) [µS/cm] --- --- --- --- --- --- 1250
Langelier's Index [@4°C] --- --- --- --- --- --- 0.71
Saturation pH [pHs @ 4°C] --- --- --- --- --- --- 7.43

 
  

 MAC - Maximum Acceptable Concentration
AO/OG - Aesthetic Objective / Operational Guideline
NR - Not reportable under applicable Provincial drinking water regulations as per client.
 
 

    
 

 
 __________________________

 Deanna Edwards, B.Sc, C.Chem
Project Specialist 
Environmental Services, Analytical
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GHD
 Attn : Jason Geraldi

 
 347 Pido Rd., Unit #29
Peterborough, ON
K9J 6Z8, 

Phone: 705-749-3317
Fax:705-749-9248

 26-May-2017
 

 Date Rec. : 11 May 2017
 LR Report: CA14340-MAY17
 Reference: 11139368-01 PO#
73507536
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
MAC

6:
AO/OG

7:
NR Dug Well 1

Sample Date & Time 09-May-17 08:00
Temperature Upon Receipt [°C] --- --- --- --- --- --- 6.0
UV Transmittance [%] 12-May-17 12:51 12-May-17 16:31 --- --- 68.0
Alkalinity [mg/L as CaCO3] 12-May-17 11:05 16-May-17 11:25 --- 30-500 231
Colour [TCU] 12-May-17 11:53 15-May-17 09:30 --- 5 14
Conductivity [µS/cm] 12-May-17 11:05 16-May-17 11:25 --- --- 389
pH [no unit] 12-May-17 11:05 16-May-17 11:25 --- 6.5-8.5 8.23
Total Suspended Solids [mg/L] 15-May-17 08:05 17-May-17 14:42 --- --- 5
Turbidity [NTU] 12-May-17 16:18 15-May-17 14:12 1 5 5.85
Organic Nitrogen [mg/L] 12-May-17 21:16 16-May-17 15:09 --- 0.15 0.27
Total Kjeldahl Nitrogen [mg/L] 15-May-17 20:47 16-May-17 15:09 --- --- 0.28
Ammonia+Ammonium (N) [mg/L] 12-May-17 21:16 15-May-17 13:47 --- --- < 0.04
Total Organic Carbon [mg/L] 15-May-17 22:25 16-May-17 13:54 --- 5 5
Chloride [mg/L] 15-May-17 21:28 16-May-17 13:25 --- 250 1.3
Fluoride [mg/L] 12-May-17 18:38 15-May-17 11:09 1.5 --- 0.10
Nitrite (as N) [mg/L] 12-May-17 19:32 15-May-17 08:05 1 --- 0.003 <MDL
Nitrate (as N) [mg/L] 12-May-17 19:32 15-May-17 08:05 10 --- 0.026
Sulphate [mg/L] 15-May-17 21:28 16-May-17 13:25 --- 500 1.1
Hardness [mg/L as CaCO3] 18-May-17 09:00 19-May-17 11:57 --- 80-100 218
Aluminum (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- 0.1 0.033
Arsenic (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 0.025 --- < 0.0002
Boron (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 5 --- 0.037
Barium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 1 --- 0.0125
Calcium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- --- 65.1
Cadmium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 0.005 --- 0.000010
Copper (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- 1 0.00144
Chromium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 0.05 --- 0.00006
Iron (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- 0.3 0.023

 

SGS Canada Inc.
 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
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 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 



Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
MAC

6:
AO/OG

7:
NR Dug Well 1

Potassium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- --- 1.78
Magnesium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- --- 13.4
Manganese (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- 0.05 0.0275
Sodium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 20* 200 1.11
Phosphorus (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- --- 0.015
Lead (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 0.01 --- 0.00006
Antimony (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 0.006 --- 0.0003
Selenium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 0.01 --- 0.00007
Uranium (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 0.02 --- 0.00135
Zinc (dissolved) [mg/L] 18-May-17 09:00 19-May-17 11:57 --- 5 0.002
Cation sum [meq/L] --- --- --- --- --- --- 4.44
Anion Sum [meq/L] --- --- --- --- --- --- 4.67
Anion-Cation Balance [% difference] --- --- --- --- --- --- -2.49
Ion Ratio --- --- --- --- --- --- 0.95
Total Dissolved Solids (calculated) [mg/L] --- --- --- --- --- --- 222
Conductivity (calculated) [µS/cm] --- --- --- --- --- --- 456
Langelier's Index [@4°C] --- --- --- --- --- --- 0.47
Saturation pH [pHs @ 4°C] --- --- --- --- --- --- 7.76

 
  

 MAC - Maximum Acceptable Concentration
AO/OG - Aesthetic Objective / Operational Guideline
NR - Not reportable under applicable Provincial drinking water regulations as per client.
 
 

    
 

 
 __________________________

 Deanna Edwards, B.Sc, C.Chem
Project Specialist 
Environmental Services, Analytical
 

SGS Canada Inc.
 P.O. Box 4300 - 185 Concession St. LR Report : CA14340-MAY17

 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
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Water Balance Calculations 

 
  



Appendix F.1
Water Budget (Thornthwaite Method 1948) - Average Values*

Owen Sound MOE (1981 - 2010) Elevation: 178.9 masl Distance Away: 8.6 km south

Month Mean Heat Potential Daylight Adjusted Total Surplus Deficit
Temperature Index ET Correction ET Precipitation

(oC) (mm) Factor (mm) (mm) (mm) (mm)
January -5.4 0 0 0.82 0 128.8 128.80
February -4.8 0 0 0.82 0 86.3 86.30
March -1 0 0 1.03 0 77.8 77.80
April 5.8 1.25 26.53 1.12 29.71 71 41.29
May 11.5 3.53 55.09 1.27 69.96 84 14.04
June 16.6 6.15 81.51 1.28 104.34 73.5 0.00 30.84
July 20.1 8.22 99.98 1.3 129.98 70.4 0.00 59.58
August 19.6 7.91 97.33 1.2 116.79 78.7 0.00 38.09
September 15.8 5.71 77.33 1.04 80.42 106.1 25.68
October 9.6 2.68 45.43 0.95 43.16 98 54.84
November 3.8 0.66 16.89 0.81 13.68 110 96.32
December -1.8 0 0 0.78 0 129.9 129.90
TOTAL 7.5 36.1 500.1 588.0 1114.5 655.0 128.5

TOTAL WATER SURPLUS: 526.5 mm

Notes:
*Average values of precipitation were used.  Average values of temperature were also used.



Appendix F.2
Water Budget Pre-Development

Catchment Designation
Mixed Grass Wooded House

Area Area Rooftop Total

Area (m2) 112370 70000 200 182570

Pervious Area (m2) 112370 70000 0 182370
Impervious Area (m2) 0 0 200 200

INFILTRATION FACTORS
Topography Infiltration Factor 0.15 0.15 0.15
Soil Infiltration Factor 0.1 0.1 0.1
Land Cover Infiltration Factor 0.1 0.2 0.1
MOE Infiltration Factor 0.35 0.45 0.35
Actual Infiltration Factor 0.2 0.25 0
Runoff Coefficient 0.8 0.75 1
Runoff from Impervious Surfaces* 0 0 0.8

INPUTS (PER UNIT AREA)
Precipitation (mm/yr) 1115 1115 1115 1115
Run On (mm/yr) 0 0 0 0
Other Inputs (mm/yr) 0 0 0 0
Total Inputs (mm/yr) 1115 1115 1115 1115

OUTPUTS (PER UNIT AREA)
Precipitation Surplus (mm/yr) 526 526 892 527
Net Surplus (mm/yr) 526 526 892 527
Evaportranspiration (mm/yr) 588 588 223 588
Infiltration (mm/yr) 105 132 0 115
Rooftop Infiltration (mm/yr) 0 0 0 0
Total Infiltration (mm/yr) 105 132 0 115
Runoff Pervious Areas 421 395 892 412
Runoff Impervious Areas 0 0 0 0
Total Runoff (mm/yr) 421 395 892 412
Total Outputs (mm/yr) 1115 1115 1115 1115
Difference (Inputs - Outputs) 0 0 0 0

INPUTS (VOLUMES)

Precipitation (m3/yr) 125236 78015 223 203474

Run On (m3/yr) 0 0 0 0
Other Inputs (m3/yr) 0 0 0 0

Total Inputs (m3/yr) 125236 78015 223 203474
OUTPUTS (VOLUMES)

Precipitation Surplus (m3/yr) 59158 36852 178 96189

Net Surplus (m3/yr) 59158 36852 178 96189

Evaportranspiration (m3/yr) 66078 41163 45 107285

Infiltration (m3/yr) 11832 9213 0 21045

Rooftop Infiltration (m3/yr) 0 0 0 0

Total Infiltration (m3/yr) 11832 9213 0 21045

Runoff Pervious Areas (m3/yr) 47327 27639 178 75144

Runoff Impervious Areas (m3/yr) 0 0 0 0
Total Runoff (m3/yr) 47327 27639 178 75144

Total Outputs (m3/yr) 125236 78015 223 203474
Difference (Inputs - Outputs) 0 0 0 0

SITE



Appendix F.3
Water Budget Post-Development - No Mitigation Strategies

Catchment Designation
Buildings Storm Landscaping Asphalt

Pond Trees, Grass Parking, Access Total

Area (m2) 47195 7125 110123 18127 182570

Pervious Area (m2) 0 0 110123 0 110123
Impervious Area (m2) 47195 7125 0 18127 72447

INFILTRATION FACTORS
Topography Infiltration Factor 0 0 0.15 0
Soil Infiltration Factor 0 0 0.1 0
Land Cover Infiltration Factor 0 0 0.15 0
MOE Infiltration Factor 0 0 0.4 0
Actual Infiltration Factor 0 0 0.2 0
Runoff Coefficient 1 1 0.8 1
Runoff from Impervious Surfaces* 0.8 0.8 0 0.8

INPUTS (PER UNIT AREA)
Precipitation (mm/yr) 1115 1115 1115 1115 1115
Run On (mm/yr) 0 0 0 0 0
Other Inputs (mm/yr) 0 0 0 0 0
Total Inputs (mm/yr) 1115 1115 1115 1115 1115

OUTPUTS (PER UNIT AREA)
Precipitation Surplus (mm/yr) 892 892 526 892 671
Net Surplus (mm/yr) 892 892 526 892 671
Evaportranspiration (mm/yr) 223 223 588 223 443
Infiltration (mm/yr) 0 0 105 0 64
Rooftop Infiltration (mm/yr) 0 0 0 0 0
Total Infiltration (mm/yr) 0 0 105 0 64
Runoff Pervious Areas 0 0 421 0 254
Runoff Impervious Areas 892 892 0 892 354
Total Runoff (mm/yr) 892 892 421 892 608
Total Outputs (mm/yr) 1115 1115 1115 1115 1115
Difference (Inputs - Outputs) 0 0 0 0 0

INPUTS (VOLUMES)

Precipitation (m3/yr) 52599 7941 122732 20203 203474

Run On (m3/yr) 0 0 0 0 0
Other Inputs (m3/yr) 0 0 0 0 0

Total Inputs (m3/yr) 52599 7941 122732 20203 203474
OUTPUTS (VOLUMES)

Precipitation Surplus (m3/yr) 42079 6353 57975 16162 122569

Net Surplus (m3/yr) 42079 6353 57975 16162 122569

Evaportranspiration (m3/yr) 10520 1588 64757 4041 80905

Infiltration (m3/yr) 0 0 11595 0 11595

Rooftop Infiltration (m3/yr) 0 0 0 0 0

Total Infiltration (m3/yr) 0 0 11595 0 11595

Runoff Pervious Areas (m3/yr) 0 0 46380 0 46380

Runoff Impervious Areas (m3/yr) 42079 6353 0 16162 64594
Total Runoff (m3/yr) 42079 6353 46380 16162 110974

Total Outputs (m3/yr) 52599 7941 122732 20203 203474
Difference (Inputs - Outputs) 0 0 0 0 0

SITE



Appendix F.4
Water Budget Post-Development - With Mitigation Strategies

Catchment Designation
Buildings Storm Landscaping Asphalt

Pond Trees, Grass Parking, Access Total

Area (m2) 47195 7125 110123 18127 182570

Pervious Area (m2) 0 0 110123 0 110123
Impervious Area (m2) 47195 7125 0 18127 72447

INFILTRATION FACTORS
Topography Infiltration Factor 0 0 0.15 0
Soil Infiltration Factor 0 0 0.1 0
Land Cover Infiltration Factor 0 0 0.15 0
MOE Infiltration Factor 0 0 0.4 0
Actual Infiltration Factor 0 0 0.2 0
Runoff Coefficient 1 1 0.8 1
Runoff from Impervious Surfaces* 0.8 0.8 0 0.8

INPUTS (PER UNIT AREA)
Precipitation (mm/yr) 1115 1115 1115 1115 1115
Run On (mm/yr) 0 0 0 0 0
Other Inputs (mm/yr) 0 0 0 0 0
Total Inputs (mm/yr) 1115 1115 1115 1115 1115

OUTPUTS (PER UNIT AREA)
Precipitation Surplus (mm/yr) 892 892 526 892 671
Net Surplus (mm/yr) 892 892 526 892 671
Evaportranspiration (mm/yr) 223 223 588 223 443
Infiltration (mm/yr) 0 0 105 0 64
% Rooftop to balance infiltration 22%
Rooftop Infiltration (mm/yr) 200 0 0 0 52
Total Infiltration (mm/yr) 200 0 105 0 115
Runoff Pervious Areas 0 0 421 0 254
Runoff Impervious Areas 691 892 0 892 302
Total Runoff (mm/yr) 691 892 421 892 556
Total Outputs (mm/yr) 1115 1115 1115 1115 1115
Difference (Inputs - Outputs) 0 0 0 0 0

INPUTS (VOLUMES)

Precipitation (m3/yr) 52599 7941 122732 20203 203474

Run On (m3/yr) 0 0 0 0 0
Other Inputs (m3/yr) 0 0 0 0 0

Total Inputs (m3/yr) 52599 7941 122732 20203 203474
OUTPUTS (VOLUMES)

Precipitation Surplus (m3/yr) 42079 6353 57975 16162 122569

Net Surplus (m3/yr) 42079 6353 57975 16162 122569

Evaportranspiration (m3/yr) 10520 1588 64757 4041 80905

Infiltration (m3/yr) 0 0 11595 0 11595

Rooftop Infiltration (m3/yr) 9450 0 0 0 9450

Total Infiltration (m3/yr) 9450 0 11595 0 21045

Runoff Pervious Areas (m3/yr) 0 0 46380 0 46380

Runoff Impervious Areas (m3/yr) 32629 6353 0 16162 55144
Total Runoff (m3/yr) 32629 6353 46380 16162 101524

Total Outputs (m3/yr) 52599 7941 122732 20203 203474
Difference (Inputs - Outputs) 0 0 0 0 0

SITE



Appendix F.5
Water Budget Summary

SITE
Post-Development Difference Post-Development Difference

No Mitigation Pre- vs. Post- Mitigation Pre- vs. Post-
INPUTS (VOLUMES)

Precipitation (m3/yr) 203474 203474 0% 203474 0%
Run On (m3/yr) 0 0 0% 0 0%
Other Inputs (m3/yr) 0 0 0% 0 0%
Total Inputs (m3/yr) 203474 203474 0% 203474 0%

OUTPUTS (VOLUMES)
Precipitation Surplus (m3/yr) 96189 122569 27% 122569 27%
Net Surplus (m3/yr) 96189 122569 27% 122569 27%
Evapotranspiration (m3/yr) 107285 80905 -25% 80905 -25%
Infiltration (m3/yr) 21045 11595 -45% 11595 -45%
Rooftop Infiltration (m3/yr) 0 0 0% 9450 --
Total Infiltration (m3/yr) 21045 11595 -45% 21045 0%
Runoff Pervious Areas (m3/yr) 75144 46380 -38% 46380 -38%
Runoff Impervious Areas (m3/yr) 0 64594 - 55144 -
Total Runoff (m3/yr) 75144 110974 48% 101524 35%
Total Outputs (m3/yr) 203474 203474 0% 203474 0%

PARAMETER Pre-Development
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APPENDIX G.1: Contaminant Attenuation Considerations

MASS BALANCE EQUATION

QTCT =QeCe + QiCi + QbCb Data to be Input

Lots =  33 lots

CT =(QeCe + QiCi + QbCb)/QT Average flow =  1000 L/day

Site area = 18.26 ha

SEWAGE EFFLUENT (QeCe)

Qe = Lots * Average Flow

Qe = 33000 L/lot/day

Ce =  Concentration of effluent

Ce =  40 mg/L 

QeCe = 1320000 mg/Lot/day

INFILTRATION (QiCi)

Qi = Infiltration volume

Ci = Concentration of infiltration

Ci = 0 mg/L

Therefore, QiCi = 0 and drops from mass balance equation.

BACKGROUND GROUND WATER (QbCb)

Cb = Concentration of aquifer

Cb = 0.026 mg/L From dug well on site

Note: The volume of insitu groundwater will ultimately be replaced by the infiltrating precipitation

and therefore is not included in the mass balance equation (MOEE Hydrogeological Technical Info 

Requirements, page 5‐6).

Therefore, QbCb = 0 and drops from mass balance equation.

Therefore, CT =(QeCe)/QT

Where QT = Qe + Qi

Qe = 33000 L/lot/day

Qi = 115 mm/year (Infiltration rate based upon soil type observed at 8 test pits)

Qi = 57531.51 L/day

QT = 90531.51 L/day

CT = 14.58 mg/L (NO3‐N) for  33 lots

Therefore, 33 lots can be developed based upon the nitrate impact assessment.



APPENDIX G.2: Contaminant Attenuation Considerations

MASS BALANCE EQUATION

QTCT =QeCe + QiCi + QbCb Data to be Input

Lots =  33 lots

CT =(QeCe + QiCi + QbCb)/QT Average flow =  1000 L/day

Site area = 18.26 ha

SEWAGE EFFLUENT (QeCe)

Qe = Lots * Average Flow

Qe = 33000 L/lot/day

Ce =  Concentration of effluent

Ce =  27.4 mg/L 

QeCe = 904200 mg/Lot/day

INFILTRATION (QiCi)

Qi = Infiltration volume

Ci = Concentration of infiltration

Ci = 0 mg/L

Therefore, QiCi = 0 and drops from mass balance equation.

BACKGROUND GROUND WATER (QbCb)

Cb = Concentration of aquifer

Cb = 0.026 mg/L From dug well on site

Note: The volume of insitu groundwater will ultimately be replaced by the infiltrating precipitation

and therefore is not included in the mass balance equation (MOEE Hydrogeological Technical Info 

Requirements, page 5‐6).

Therefore, QbCb = 0 and drops from mass balance equation.

Therefore, CT =(QeCe)/QT

Where QT = Qe + Qi

Qe = 33000 L/lot/day

Qi = 115 mm/year (Infiltration rate based upon soil type observed at 8 test pits)

Qi = 57531.51 L/day

QT = 90531.51 L/day

CT = 9.99 mg/L (NO3‐N) for  33 lots

Therefore, 33 lots can be developed based upon the nitrate impact assessment and

provided that nitrate is reduced using tertiary treatment to: 27.4 mg/L.
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