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INTRODUCTION

Paterson Group (Paterson) was retained by 2183144 Ontario Ltd. to conduct a
hydrogeological investigation and terrain analysis for a proposed rural residential subdivision
at 1730 Wilhaven Drive, Cumberland Ontario. The property is situated approximately 2.8 km
southwest of the Village of Cumberland, as shown on Figure 1 (Site Location) in Appendix 5.

The purpose of this study has been to ascertain and assess the specific terrain and
hydrogeological conditions which currently exist at the subject property as they relate to the
suitability of the site for residential development on private services with minimal impact on
groundwater resources.

Terms of Reference

This study was conducted in general accordance with Ontario Ministry of the Environment
and Climate Change (MOECC) guidance as follows:

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

e Procedure D-5-4: Technical Guideline for Individual On-site Sewage Systems: Water
Quality Impact Risk Assessment (August 1996).

e Procedure D-5-5: Technical Guideline for Private Wells: Water Supply Assessment
(August 1996).

Site Description

The subject property is located approx. 2.8 km southwest of the Village of Cumberland,
Ontario, on the south side of Wilhaven Drive (see Figure 1). Existing development at the
subject property includes a house, and two outbuildings. The house and outbuildings are
located near Wilhaven Drive. Most of the subject property is crop land. A treed area occurs
to the south of the house area and extends to the southern property boundary. Narrow tree
lines run along most of the site boundary and in rows between the crop fields.

The subject property encompasses a total area of approximately 19.91 Ha, and is gently
sloping from west to east across the site. There are several shallow drainage ditches which
run north to south. The drainage ditches flow towards the southeast corner of the site to
roadside ditches that flow to the south, towards Cardinal Creek.

Report: PH1236-REP.02R2
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Legal Description

The following legal description of the subject property was obtained from the City of Ottawa’s
interactive GIS mapping system, GeoOttawa (http://maps.ottawa.ca/geoottawa/):

e PIN 145320196
e Concession 7 North Part Lots D and E Registered Plan; 50R844 Part 2

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

e North
o Wilhaven Drive right-of-way

o Rural residential lots
o Forest
o East
o O’Toole Road right-of-way
o Agricultural land (pasture and crop land)
o Agricultural buildings (two sheds)
o Residential lots
o West
o Agricultural land (pasture and crop land)
o Residential lots
o Wilhaven Drive
e South
o Agricultural land (crop land)
o Unused partially cleared land
o Forest
o Farm house and buildings
o Hydro Easement
o Hydro substation

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

Proposed Subdivision

The proposed residential subdivision will include 21 lots as indicated on Figure 8 (Lot
Development Plan). The minimum lot size is 8,043 m?, or (i.e. slightly more than 0.8 hectares
(Ha)). The lots range in size from 8,043 m? to 11,100 m?. The average lot size is 8,761 m?.
The lot sizes are consistent with the current City of Ottawa zoning for the property (City of
Ottawa, Official Plan, Rural Designations, 2016).

Report: PH1236-REP.02R2
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The proposed subdivision will be serviced by individual onsite wells and onsite wastewater
treatment systems (OWTS). This form of servicing is consistent with the established
hierarchy prescribed in the Ontario Provincial Policy Statement and is consistent with the
established neighbouring rural estate lot developments, based on both the planning
rationale and Servicing Options Report prepared in support of a Plan of Subdivision
Application for the subject property.
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METHOD OF STUDY
Topographic Survey

A topographic survey of the site was conducted by Annis, O’Sullivan, Vollbekk Ltd. of Ottawa
Ontario in 2009. The survey information was used to develop Figure 8 (Lot Development
Plan). A copy of the Plan of Survey is included as Figure 7 in Appendix 5.

Test Pitting

Test pitting was conducted as part of the geotechnical investigation of the site by Paterson
(Paterson, 2009). The test pitting program aimed to assess the near-surface terrain at the
site. Twelve (12) test pits were excavated at locations across the site using a small track
mounted excavator in December, 2009.

The test pits were advanced to depths ranging from 2.34 to 3.83 m below ground surface
(bgs). The test pit locations are indicated on Figure 5 (Test Hole Location Plan), located in
Appendix 5.

Soil Sampling and Grain Size Analysis

The soil profile at each test pit was logged by direct examination of the sides and bottoms
of the test pits. Representative soil samples were recovered from the walls and bottoms of
the test pit excavations. All soil samples were initially classified on site, placed in sealed
plastic bags and transported to Paterson’s Ottawa materials testing laboratory. The depths
at which the samples were recovered are shown as G on the Soil Profile and Test Data
sheets, attached in Appendix 1.

A total of four (4) soil samples were submitted to Paterson’s materials testing laboratory in
Ottawa Ontario for grain size analysis. The samples that were submitted were representative
of the main soil types that were encountered during the investigation. Grain size analysis
results are included in Appendix 1.

Water Well Records

A review of available MOECC Water Well Records in the vicinity of the site was undertaken
as part this study. Water well record information was obtained directly from the MOECC
water well records interactive GIS system located at: http:/www.ontario.ca/environment-and-energy/map-

well-records

MOECC water well records that were identified are indicated in Figure 2 (Appendix 5).
Overburden thickness, depth of casing, aquifer interception points and reported well yields
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were reviewed in detail in order to assist in establishing a hydrogeological conceptual model
for the site. A summary is provided in Table 1 below.

Table 1- MOECC Water Well Records Summary

MOECC WATER WELL RECORDS SUMMARY
Well . Depth to Total |Recommended
Year Depth to Casing water .
Record . X depth | pumping rate
drilled BR(m) |depth (m)| bearing .
ID (m) (L/min)
fractures

1531266 2000 2.13 6.10 305 619 7
53.6

1534621 2004 183 3.66 43 305 23

1534787 2004 183 6.71 26.5 67.4 18
27.1

1534819 2004 3.05 7.01 96.9 99.4 36

1536079 2004 183 6.71 527 100.0 45
89.3

1535083 2004 3.05 6.71 917 1015 45

1535703 2005 121 6.66 77.3 84.8 23

7113105 2008 5.18 6.40 936 134.1 34
1317

1513095 1956 183 6.40 210 210

1513100 1970 152 6.10 457 457 18

7100598 2008 3.96 10.67 96.9 1524 23

7045759 2007 2.13 8.84 839 103.6 41
99.7

711538 2008 274 13.11 85.3 95.1 23

7129154 2009 3.63 .12 6.7 1515 23

1512686 1969 244 6.10 445 445 27

1513924 1973 0.00 6.71 33.2 33.2 18
57.9

1517909 1982 5.18 6.40 82.6 9
78.6

1517920 1982 3.66 .19 57.6 610 9
64.6

1534811 2004 0.61 6.70 84.4 917 ©
89.3

1534818 2004 100 7.81 90.9 98.5 45

1534792 2004 180 6.70 66.6 70.1 10

1534791 2004 0.76 6.70 64.0 75.3 42
72.8

1533452 2002 0.61 12.80 1219 1295 23

1533134 2002 0.00 12.80 106.7 128.6 5
274

1512033 1972 0.00 6.71 68.6 88.4 23
87.2
57.9

1512515 1972 152 6.40 64.0 73.2 36
73.2
24.4

151251 1972 122 5.49 290 305 27

1512685 1966 0.00 3.96 27.4 48.8 9

1513097 1966 122 7.62 34.1 34.1 27

7175488 2011 259 6.10 13.4 24.4 1

1512688 1967 122 5.18 427 42.7 27

1512689 1970 0.30 6.71 671 98.5 23
85.3

1533753 2003 0.00 6.10 747 747 9
54.0

7040752 2009 158 18.29 73.2 0
73.2

1513931 1973 152 6.71 38.1 38.1 41

1534816 2004 3.40 6.70 65.8 73.1 55

7109809 2008 3.05 9.14 122 1524 2

7233585 2014 3.65 6.40 1554 A

1536595 2006 0.60 12.00 1210 128.0 20

7144357 2010 0.00 15.86 56.1 150.2
1318
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Permit to Take Water (PTTW) Search

A review of the MOECC PTTW database was carried out within a 1 km radius of the site.
PTTW information was obtained directly from the MOECC interactive GIS system located

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

Results of the search are discussed in Section 3.3.4 below.
Test Well Construction

Three (3) test wells (TW1, TW2 and TW3) were constructed in 2009 by Air Rock Drilling
Company Ltd. of Richmond, Ontario. These wells were drilled to depths of between 110 to
152 m using air-rotary techniques, and were generally found to have relatively low yields
and relatively poor water quality (elevated concentrations of TDS, sodium and chloride).

TW1 (not used as a representative test well)

A casing hole (9” or 228 mm in diameter) was advanced into competent limestone bedrock
to a depth of 6.2 m below ground surface (bgs). A 6.7 m section of new steel casing (6” or
150 mm diameter) was installed and grouted into the hole. The resultant casing stickup is
approximately 0.5 m above ground surface. Paterson inspected the casing installation and
grouting process and confirmed that grouting of the annular space was conducted in
compliance with Ontario Regulation 903.

An open borehole (6” or 152 mm diameter) was advanced to a total depth of 152.40 m, using
rotary air percussion methods. Several water bearing fractures were encountered during
drilling of the open borehole. Well development, chlorination and a one hour constant rate
pumping test were all carried out according to the requirements of O.Reg. 903.

TW2 (not used as a representative test well)

TW2 was constructed in the same way as TW1. Bedrock was encountered at 3.66 m bgs.
Steel casing was advanced into the limestone bedrock to a depth of 6.1 m bgs to ensure an
effective seal into competent bedrock. The open borehole was advanced using air
percussion techniques to a total depth of 109.73 m bgs. Grouting, well development,
chlorination and a one hour constant rate pumping test were all carried out according to the
requirements of O.Reg. 903.

TW3 (not used as a representative test well)

TW3 was constructed in the same way as TW1. Bedrock was encountered at 3.35 m bgs.
Steel casing was advanced into the limestone bedrock to a depth of 6.1 m bgs to ensure an
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effective seal into competent bedrock. The open borehole was advanced using air
percussion techniques to a total depth of 134.11 m bgs. Grouting, well development,
chlorination and a one hour constant rate pumping test were all carried out according to the
requirements of O.Reg. 903.

NOTE: Initial water quality results from TW1, TW2, and TW3 included relatively high
concentrations of TDS, chloride, and sodium. It was noted that the water quality and quantity
at the existing house well (HW) is significantly better than at the first three test wells. A
decision was made at that time to focus on the “upper bedrock aquifer zone’ (i.e. poor water

quality appears to occur below approximately 70 m depth, so the ‘upper bedrock aquifer
zone’ is defined (for the purposes of this report) as the bedrock aquifer above that depth.

TW4 (not used as a representative test well)

The casing hole for TW4 was advanced through the overburden and a further 0.9 m into the
underlying bedrock at a total depth of 6.1 m bgs. The open borehole was advanced using
cable tool techniques to a total depth of 8.53 m bgs. Water bearing fractures were
encountered at 7.16 m bgs. Well development, chlorination and a one hour constant rate
pumping test were all carried out according to the requirements of O.Reg. 903.

TW5S

The casing hole for TW5 was advanced through the overburden and seated approximately
1.1 m into the underlying bedrock with a total depth of 10.2 m bgs. The open borehole was
advanced using a cable tool rig to a total depth of approximately 24.38 m bgs. Water bearing
fracture zones were encountered at 15.70 m and 22.25 m bgs. Well development,
chlorination and a one hour constant rate pumping test were all carried out according to the
requirements of O.Reg. 903.

TW6

The casing hole for TW6 was advanced through the overburden and seated approximately
4.1 m into the bedrock to achieve a casing depth of 6.1 m below ground surface. The open
borehole was advanced with the cable tool to a total depth of approximately 69.19 m bgs.
Water bearing fractures were encountered at 16.76 m bgs. Well development, chlorination
and a one hour constant rate pumping test were all carried out according to the requirements
of O.Reg. 903.
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TW7 (not used as a representative test well)

The casing hole for TW7 was advanced through the overburden and seated approximately
3.5 m into the bedrock to achieve a casing depth of 6.1 m below ground surface. The open
borehole was advanced using air percussion techniques to a total depth of approximately
24.4 m bgs. A water bearing fracture were encountered at 13.4 m bgs. Well development,
chlorination and a one hour constant rate pumping test were all carried out according to the
requirements of O.Reg. 903.

NOTE: This well is relatively shallow and the expected yield (based in the driller’s one hour
pumping test) is extremely low. The well was not used as a test well for the project. An
attempt was made to stimulate the well (see Section 3.10) but further testing was abandoned
when favourable results were identified at the other onsite test wells.

HW

The MOECC Water Well Record for HW shows that the well was constructed with
approximately 7.9 m of 150 mm diameter steel casing (7.3 m bgs and a 0.6 m stickup) set
into grey limestone bedrock. Cement grout was used to seal the annular space.

The open borehole was advanced with ‘rotary air drilling’ techniques (i.e. air percussion).
The well contractor reported grey limestone bedrock with shale interbeds. A water bearing
fracture was encountered at a depth of 18.3 m bgs and the total well depth was reported to
be 26 m bgs. The well depth was independently measured by Paterson.

Four (3) additional wells (TW4, TW5 and TW6, and TW7) were constructed in 2011 by
Saunders Well Drilling Ltd. of Braeside, Ontario. These wells were drilled to depths of
between 8 and 69 m using cable tool techniques (NOTE: the nature of cable tool drilling
(slow pounding of the formation using the weight of the drill string, and removal of cuttings
using a bailer) is known to promote advantageous open fracturing, and is often preferable
to rapid percussion drilling which can cause blockage and sealing of fractures in some
situations).

MOECC water wells records for the test wells are included in Appendix 2.
Offsite Well — 1490 O’Toole

A new drilled well was installed at 1490 O’Toole Road (a recently severed residential lot) in
June 2015. This well is located approximately 80 m south of the southern property boundary
(see Figure 5). This well was observed by Paterson to be artesian in March 2016.
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The casing hole for the 1490 O'Toole’ well was advanced through the overburden and
seated approximately 7.6 m into the bedrock to achieve a casing depth of 12.12 m below
ground surface. The open borehole was advanced using ‘rotary air’ techniques (i.e. air
percussion) to a total depth of 103.03 m bgs. A water bearing fracture were encountered at
18.2 m bgs. Well development, chlorination and a one hour constant rate pumping test were
all carried out according to the requirements of O.Reg. 903.

The following table provides a summary of the available test wells in the vicinity of the site.
For the purpose of this study the four most important test wells are TW5, TW6, HW and
1490 O'Toole.

Table 2 - Test Wells Summary

TEST WELLS SUMMARY
Depth to
Depth t Re ded
Well Record Year pth fo Casing Water Total ecom.men e
. Bedrock . Pumping Rate
ID Drilled Depth (m) Bearing depth (m) X
(m) (L/min)
Fractures (m)
Non-representative Test Wells
TW1 2009 3.81 6.10 109.7 152.40 45
105.2
TW2 2009 3.66 6.10 107.0 109.73 54.6
TW3 2009 3.35 6.10 131.1 134.11 27.3
TW4 2011 5.18 6.10 7.2 8.53 455
TW7 2012 2.59 6.10 13.4 24.38 1.1
Representative Test Wells
TW5 2011 9.14 10.21 5.7 24.38 22.7
22.3
TW6 2011 1.98 6.10 16.8 69.19 9.1
HW 2003 4.27 7.92 18.29 25.30 27.3
1490 O'Toole 2015 3.63 1212 18.18 103.03 22.0

Pumping Tests

Pumping tests were conducted sequentially at each test well using the other test wells as
observation wells where deemed appropriate. The pumping tests were carried out following
full development of each well, began with a static water level and involved pumping at a
fixed rate (+/- 5%) for at least six hours. Water levels were measured at the pumping well
and observations wells at one minute intervals, and the pumped water was discharged far
enough away from the test wells to ensure that artificial recharge did not occur.

Each of the test wells was pumped at a constant rate and was then allowed to recover. The
pumping discharge rates were selected to ensure a demonstrable reduction in
potentiometric head (i.e. a lowering of the static water levels) within the water supply aquifer
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being tested. During the pumping test, the pumping rate was monitored at 60 minute
intervals in order to ensure that the rate of discharge remained reasonable constant (i.e. <
5% variation).

Drawdown observations during pumping and recovery were recorded using manual
measurements taken with an electronic water level tape. Electronic dataloggers
(Schlumberger Micro-Diver™) were installed in each test well (and at some observation
wells) prior to the each test. Full recovery was monitored using the dataloggers which were
not removed from the wells until at least 24 hours after each pumping test.

Turbidity and free chlorine residual measurements were taken using a Hanna HI93414 Fast
Tracker portable meter. Testing was conducted in the field at regular intervals during each
pumping test. No residual chlorine was detected at the time that the water samples were
collected for analytical analyses.

Field measurements of pH, temperature, conductivity and TDS were carried out during each
test using an ExtechTM ExStik Il portable multi-meter.

All field instruments were calibrated prior to use, and calibration records are retained within
the project file.

™1

A pumping test was carried out at TW1 on December 3, 2009. The well was pumped with
an electric submersible pump from Air Rock Drilling at a rate of 11.3 L/min for six (6) hours.
The total drawdown was 77.9 m. Recovery was not fully monitored.

TW2

A pumping test was carried out at TW2 on December 1, 2009. The well was pumped with
an electric submersible pump from Air Rock Drilling at a rate of 18.9 L/min for six (6) hours.
The total drawdown was 5 m. 100% recovery was achieved in less than 12 hours.

TW3

A pumping test was carried out at TW3 on December 2, 2009. The well was pumped with
an electric submersible pump from Air Rock Drilling at a rate of 15.1 L/min for six (6) hours.
The total drawdown was 8.4 m. Recovery was not fully monitored.
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TW4

TW4 was pumped for six (6) hours on December 15, 2011. Information about the pumping
rate and drawdown are not available for analysis. Water samples were collected at 3 and 6
hours.

A pumping test was carried out at TW4 on June 12, 2015. The well was pumped with an
electric submersible pump from Air Rock Drilling at a rate of 114 L/min for six (6) hours. The
total drawdown was 0.94 m. 100% recovery was achieved in 1 minute.

TWS

TWS5 was pumped for six (6) hours on December 19, 2011. Information about the pumping
rate and drawdown are not available for analysis. Water samples were collected at 3 and 6
hours.

A pumping test was carried out at TW5 on May 11, 2016. The well was pumped with an
electric submersible pump from Air Rock Drilling at a rate of 19 L/min for six (6) hours. The
well was then pumped for a further three (3) hours at a rate of 15 L/min in an effort to reduce
turbidity. The total drawdown was 4.6 m. 95% recovery was achieved in 21 minutes. A
datalogger was also placed in a nearby observation well (1490 O’'Toole), but no response
to pumping was identified at the observation well.

TW6

TW6 was pumped for 22 hours on December 17, 2011. Information about the pumping rate
and drawdown are not available for analysis. Water samples were collected at 6 and 22
hours.

A pumping test was attempted at TW6 on January 13, 2016. The well was pumped with an
electric submersible pump from Air Rock Drilling at a rate of 18 L/min for six (6) hours. The
water level dropped below the datalogger, so the test was abandoned.

On May 5, 2016 the well was pumped at a rate of 9.6 L/min for 3 hours before the water
level dropped below the datalogger. The test was abandoned. A datalogger was also placed
in a nearby observation well (HW), but no response to pumping was identified at the
observation well.

A successful pumping test was carried out on July 8 and 9, 2016. The well was pumped with
Grundfos pump (2" sampling pump) from Pine Environmental Canada, at a rate of 2.8 L/min
for twenty four (24) hours. The total drawdown was 15.3 m. 95% recovery was achieved in
13 hours.
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HW

HW was pumped for six (6) hours on December 8, 2009. Information about the pumping rate
and drawdown are not available for analysis. Water samples were collected at 3 and 6 hours.

Another pumping test was carried out on May 24, 2016. The well was pumped using the
existing electric submersible pump that is installed in the well. A licensed well
technician/plumber/electrician from H.O. Smith Plumbing, disconnected the discharge line
from the pump and attached a separate discharge line for the pumping test. The well was
pumped at a rate of 20 L/min for six (6) hours. The total drawdown was 4.1 m. 95% recovery
was achieved in 1.15 hours.

1490 O’Toole

A pumping test was carried out at the well at 1490 O’'Toole Road by Kollard Associated Inc.
on March 24, 2016 (Kollard, 2016). The well was pumped at 24 L/min for five (5) hours, then
the pumping rate was varied (3 to 24 L/min) in order to develop the well and reduce turbidity.
The total drawdown was 11.8 m. 95% recovery was achieved in 27 minutes. Further
pumping was required (7 hours on March 22) to reduce the concentration of turbidity to an
acceptable level.

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

Table 3 - Pumping Tests Summary

PUMPING TESTS SUMMARY
. . Static Transmissivity (m?/day)
Well Record Pumping | Duration water Drawdow | Recovery (% and
Test date rate of test .
ID Limi h level n (m) time)
(L/min) (hours) (mbtoc) Pumping Recovery
Non-representaive test wells
WA 03-Dec-09 1 6 132 7785 33% in 2 hours 0.1 insufficient data
tocalculate
o ; -
w2 01Dec-09 90 6 5220 501 62% |n.7hours and 15 insufficient data
100% in <12 hours tocalculate
TW3 02-Dec-09 15 6 54.12 8.41 80% in 8 hours 15 2.0
TW4 12-Jun-15 114 6 0.82 0.94 100% in 1minute 86.4 1620
Representaive test wells
TW5 1-May-16 19 8 0.37 463 99% in 16 minutes 26 14
TW6 08-Jul-16 3 24 4.56 15.34 95% in 13 hours 0.02 0.2
HW 24-May-16 20 6 3.20 4.4 95% in 1.16 hours 1“3 8.2
1490 OToole 16-Mar-16 24 24 0.6 1.8 95% in 27 mins 146.0 13.0
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Groundwater Sampling

Groundwater samples were collected at the midpoint and at the end of each pumping test.
Prior to collection of the pumping test water samples, the free chlorine residual was verified
to be non-detectable using field test equipment.

Two (2) offsite water supply wells were also sampled as part of the investigation. The
locations are indicated on Figure 5 (Test Hole Location Plan) in Appendix 5. Well owner
interviews were conducted at the time of sampling the offsite wells.

All groundwater samples were submitted for comprehensive testing of bacteriological,
chemical and physical water quality parameters consistent with standard ‘Subdivision Water
Supply’ suite of parameters.

The final groundwater sample from TW5 was also submitted for analysis of ‘RVCA
recommended metals’ and phosphate.

The final groundwater sample from HW was also submitted for analysis of ‘RVCA
recommended metals’, phosphate, petroleum hydrocarbons (PHCs), and volatile organic
compounds (VOCs).

All samples were collected unfiltered and unchlorinated and were placed directly into clean
bottles supplied by the analytical laboratory. Samples were placed immediately into a cooler
with ice and were transported directly to the Exova laboratory in Ottawa. All samples were
received by the laboratory within 24 hours of collection.

Exova is fully accredited by the Canadian Association for Laboratory Accreditation (CALA)
having received a Certificate of Laboratory Proficiency in 1991 (CALA Registration Number
2602). Exova has ISO 17025 accreditation (Standards Council of Canada) and is fully
accredited for Ontario Safe Drinking Water Act (OSDWA) testing.

Offsite Well Sampling

Offsite water samples were collected at 1753 Wilhaven Drive and at 1865 Wilhaven Drive
(see Figure 2 for locations) on July 7, 2016. The sample was submitted to EXOVA Ottawa
for analysis of the standard ‘subdivision water supply’ suite of parameters (see Section 4.2.1
for a discussion of the results).

Offsite Well Owner Interviews

An attempt was made to interview neighbouring well owners about their well and septic
systems. A standard form was used to conduct each brief interview. The form includes

Report: PH1236-REP.02R2
August, 2016



210

pate rson g rou p Hydrogeological and Terrain Analysis

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

standard questions about the well location, water quality, water quantity and potential
environmental concerns. Well owner interview log sheets are included in Appendix 4.

Hydraulic Fracturing

Hydraulic fracturing (also known as hydro-fraccing, or fraccing) is a well stimulation
technique in which bedrock is fractured by a pressurized liquid. The process involves the
high-pressure injection of 'fracking fluid' (in this case clean water) into a wellbore to open up
fractures through which groundwater will flow more freely) was conducted by Outaouais Well
Fracturing of Greely, Ontario. Hydraulic fracturing was completed on two wells (TW6 and
TWT7) on June 14, 2016.

A downhole camera survey of the each well was carried out before and after the well
pressurization (fraccing) sequence. The following table provides a summary of the fractures
that were identified.

Table 4 - Downhole Camera Survey

DOWNHOLE CAMERA SURVEY OF FRACTURES
Depth (m btoc)  Description
TW6
6.86 bottom of casing to bedrock
10.67 large empty void with no water entry
17.98 annulus fracture (1st water production area following hydrofracturing)
23.93 small fracture/void
29.87 small fracture
35.05 small fracture
41.45 small fracture
49.99 borehole rough
69.19 bottom
TW7
6.89 bottom of casing
8.53 small fracture
14.33 small fracture
19.51 slight fracture (1st water production area following hydrofracturing)

Hydraulic fracturing was carried out using a truck mounted ‘fraccing rig’ comprised of a
11,000 L water tank, six metric tonne crane, high pressure fraccing pump (heavy duty triplex
piston pump and gear transfer box capable of producing 5000+ psi of water pressure, at up
to 200 IGPM), and a twin packer downhole assembly.

The hydraulic fracturing sequence at each well involved pressurization of sections of the
well where fractures were identified by the downhole camera survey.
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GEOLOGY AND HYDROGEOLOGY

Surficial Geology

Surficial geology mapping information from the Ontario Geological Survey (OGS) was
obtained from the OGS Earth website at: http://www.mndm.gov.on.ca/en/mines-and-

minerals/applications/ogsearth, and is included on Figure 3 (Overburden Geology) in
Appendix 5.

The mapping data from OGS indicates that the eastern half of the site has ‘fine textured
glaciomarine deposits’ (silt and clay with minor sand and gravel) at surface, and the western
half of the site has ‘Paleozoic bedrock’ at surface. Till material (stone-poor, sandy silt to silty
sand-textured till) occurs to the immediate east of the site. This pattern is generally
consistent with the findings of the test pitting program. A detailed description of the upper
overburden stratigraphy, based on the test pit findings, is provided below.

The thickness of the overburden unit, based on available water well record information from
wells drilled on the subject site, varies from 1.98 m to 9.14 m (average thickness = 4.2 m).

A total of 12 onsite test pits were advanced to depths from 2.34 to 3.83 m bgs (see Figure 5
in Appendix 5, and the test pit logs in Appendix 1), to assess the surficial stratigraphy
(Paterson, 2009).

The general stratigraphy that was encountered in the test pits is as follows:
e Topsoll
e Silty Sand / Sandy Silt
o Silty Clay
e il

Please refer to the geotechnical report by Paterson (Paterson, 2009) for further details.
Grain size distribution curves for the main units that were identified are included in
Appendix 1.

Bedrock Geology

Geological mapping information from the OGS Earth website (OGS, 2016) shows that the
site is located in an area where the Bobcaygeon Formation is the uppermost bedrock unit.
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Figure 4 (Bedrock Geology) in Appendix 5 shows the OGS Earth mapping information in the
vicinity of the site.

OGS describes the lithology of the Bobcaygeon Formations as “limestone, with minor shales
in upper part’. Information from nearby MOECC Water Well Records shows that the
dominant rock type is limestone. This information is consistent with the information from
OGS mapping.

Hydrogeology

A shallow unconfined ‘aquifer’ exists within the overburden unit. Observations made during
test pitting suggest that the overburden groundwater is typically encountered at depths from
0.8 m to 1.6 m below ground surface. The direction of groundwater flow in the overburden
‘aquifer’ is interpreted to be to the south.

In the Ottawa area, the most important water supply ‘aquifers’ occur within the horizontally
bedded Palaeozoic carbonate sedimentary bedrock. Permeability within these strata is
controlled by fractures. The primary porosity (i.e. the ‘primary fracture network’) is controlled
by large fractures including horizontal bedding plane fractures and large interconnecting
vertical/subvertical fractures. A significant secondary porosity is caused by small scale
fracturing of the entire mass of rock. These fractures are small and closely spaced.

The direction of groundwater flow in the bedrock aquifer is interpreted to be to the north,
towards the Ottawa River.

The locations of MOECC Water Well Records located in the vicinity of the site are included
on Figure 2 (Please note: well location accuracy is variable based on the MOECC database).

Water well record information was obtained from the MOECC water well records database.
Overburden thickness, depth of casing, aquifer interception points and reported well yields
were reviewed in detail.

A total of 40 water well records were identified. The drilled wells typically intercept a water
supply ‘aquifer zone’ within the Bobcaygeon Formation.
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Conceptual Hydrogeological Model
Please refer to Figure 6 (Cross Section) when reading this section of the report.

e Overburden Unit

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

o Overburden thickness is typically 4-5 m
o Shallow unconfined ‘aquifer’
o Overburden groundwater is typically around 1 m bgs
o Groundwater flows to the south
e Bedrock Unit
o Bobcaygeon Formation
o Lithology is limestone with some shale in the upper part of the formation
o Confined bedrock ‘aquifer’
o Groundwater occurs in fracture controlled porosity
o Groundwater flows to the north

In Paterson’s experience, the upper portion of the Bobcaygeon Formation (i.e. the ‘upper
bedrock aquifer zone’ provides relatively good quality groundwater. The lower portion of the
Bobcaygeon Formation is typically associated with diminished water quality (elevated TDS,
sodium, and chloride).

NOTE: The potentiometric groundwater elevations at TW2 and TW3 are much lower than
those observed in all of the surrounding wells. This is probably due to the drilling technique
that was used (air rotary) which may have caused small water bearing fractures in the ‘upper
bedrock aquifer zone’ to be sealed during the drilling process. This provides evidence that
there is some degree of isolation between the ‘upper bedrock aquifer zone’ and the ‘lower
bedrock aquifer zone’, and shows that the hydrogeological gradient between the two is
downwards.

Hydrogeological Sensitivity

The terrain analysis findings (see Section 4.0) show that the overburden thickness varies
across the site from 1.98 m to 9.18 m, and appears to be more than 3 m thick across most
of the site. A small area near the western end of the site, between the house and the
southwest corner of the property has soils that vary from 2-3 m in thickness.
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The overburden soils at the site are not highly permeable. The overburden material includes
a significant proportion of clay (see Section 4.1 and the test pit logs, and grain size analyses
in Appendix 1). There is a significant proportion of clay in the overburden material at the
three locations (TW6, TW7 and TP4) where overburden was identified to be between 1.98
and 3 m thick.

The western half of the site occurs within in area mapped as ‘inferred karst’ as determined
by OGS (OGS, 2015). This means that the area is within a region of carbonate bedrock
which is vulnerable or susceptible to karstification, as evidenced by the Cardinal Creek karst
(a small cave and associated features) which is located approximately 2.5 km to the west of
the site. The eastern half of the site occurs within in area mapped as ‘potential karst’. There
is no bedrock outcrop at the site, so no karstic features were identified.

The subject site is not considered to be hydrogeologically sensitive. There are no karstic
features onsite and the bedrock is protected by overburden (generally greater than 3 m in
thickness) that contains a significant proportion of clay.

Potential Sources of Contamination
Onsite

The site is developed as a farm with cleared fields, an access laneway and a farmyard area
with house and outbuildings. Potential sources of onsite contamination include pesticide
use, fuel storage & handling, chemical storage & handling, and the existing onsite sewage
system attached to the house. Most of these activities are confined to the farmyard area.

The only potential onsite source of contamination that may have affected the entire property
is the historical use of pesticides. The overburden thickness at the site is generally between
3-5 m based on the onsite water wells. Surficial geology mapping information from the
Ontario Geological Survey indicates the overburden material at the location of the proposed
lots is ‘il comprised of sandy silt and silty sand (see Section 4.1 and Figure 3).

Given the fact that there has been no use of pesticides for 16 years or more, and there have
been no reports of pesticide contaminated groundwater in the vicinity of the site (including
at least one dug well), the potential for any significant impacts to the bedrock aquifer beneath
the proposed new lots is considered to be insignificant. No further action is recommended.

Offsite
The following potential offsite sources of contamination were identified:

e Wilhaven Drive (potential spills, road salt use).

Report: PH1236-REP.02R2
August, 2016



pate rson g rou p Hydrogeological and Terrain Analysis

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

Road salt impacts are expected to be localized and confined to groundwater in the
overburden unit.

3.3.4 Large Water Uses and PTTW Review

Based on a review of large water taking uses in the vicinity of the site, there are no single
large groundwater uses within 750 m of the site. The closest PTTW users of groundwater
are as follows:

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

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

In order to evaluate the water supply aquifer(s) underlying the site, a total of seven (7) test
wells (TW1 to TW7) were constructed across the site from 2009 and 2012. The existing well
at the onsite house (HW), and a nearby offsite water supply well (1490 O’Toole) were also
used as test wells to evaluate the bedrock aquifer.

The locations of the wells were selected by Paterson to ensure representative lot coverage
for aquifer testing. See Figure 5 (Test Hole Location Plan) in Appendix 5.

Aquifer Characteristics

The pumping test data was analyzed using Aquifer Test Pro™ (V2016) software. Drawdown
data was measured using an electronic water level tape. An electronic datalogger unit was
also used to monitor drawdown in the test wells.

The drawdown data at the pumping well was analyzed using the Theis (Theis, 1935), and
the Cooper & Jacob methods of analysis (Cooper & Jacob, 1946). Recovery data was also
analyzed using Theis.

Transmissivity of the ‘upper bedrock aquifer zone’ is estimated to be approximately
7.5 m?/day (average of values from TW5, HW and 1490 O'Toole). Aquifer analysis details
are included in Appendix 4.

Aquifer storativity was not calculated. Several attempts to obtain data at nearby observation
wells did not provide any data (i.e. no response to pumping was identified at any of the
observation wells). Aquifer storativity is estimated to be approximately 1 x 10 based on
Paterson’s knowledge of the bedrock aquifer systems in the Ottawa region.

The following table provides a summary of aquifer characteristics.

Table 5 - Summary of Aquifer Characteristics

SUMMARY OF AQUIFER CHARACTERISTICS

TW5 TW6 HW 1490 O'Toole
Transmissivity (m%day) 1.4 0.2 8.2 13
Pumping Rate (L/min) 19 3 20 24
Available Drawdown (m) 24 64 22 102
Maximum Drawdown (m) 4.63 15.34 414 11.8
% Drawdown 19.3% | 24.0% | 18.8% 11.6%
Specific Capacity (L/min/m) 41 0.2 4.8 2.0
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The average transmissivity value (based on TW5, HW and 1490 O’Toole) is considered to
be a reasonable approximation of the general transmissivity of the ‘upper bedrock aquifer

zone’, measured in wells that encountered the primary fracture network. Two onsite wells
(TW6 and TW7) do not appear to have encountered the primary fracture network and have
very low yield. Any future wells that do not encounter the primary fracture network will
probably need additional storage at surface to meet peak demand requirements (as
discussed in Section 5.2).

Water Quality

Analytical results from the groundwater sampling program are presented in Tables 6, 7 and
8 below. Laboratory certificates of analysis are included in Appendix 3.

Deep Wells

For the purpose of this report the term ‘deep wells’ refers to wells that are deeper than 70 m.
Analytical results from TW1, TW2 and TW3 are summarized in Table 6 below.

The analytical results from the three deep onsite test wells show that water quality is
relatively poor in these wells that extend beyond 70 m in depth. Water quality in the deep
wells is characterized by high concentrations of salt (Na and CI), TDS and turbidity.

The well at 1490 O’Toole Road (1490 O’Toole) is one of the four selected ‘Test Wells’ for
this project. Although this is a deeper well, the water quality is generally good. The only
exceedances of the ODWS limits are for hardness and iron.
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Table 6 - Groundwater Geochemistry - Deep Wells

GROUNDWATER GEOCHEMISTRY - DEEP WELLS

ODWS TWA1 TW2 TW3 1490 O'Toole
03-Dec-09 01-Dec-09 02-Dec-09 16-Mar-16 22-Mar-16

Parameters Units Limit 3 Hour 6 Hour 3 Hour 6 Hour 3 Hour 6 Hour 3 Hour 6 Hour 7 hour
Microbiological Parameters (Health)
Escherichia Coli ct/100 mL oMAC 0 0 0 0 0 0 0 0 -
Faecal Coliforms ct/100 mL | not specified 0 0 0 0 0 0 0 0 -
Faecal Streptococcus ct/100 mL | not specified 2 1" 0 0 2 0 - - -
Heterotrophic Plate Count ct/1mL not specified 135 291 >500 >500 181 1 90 153 -
Total Coliforms ct/100 mL oMAC 0 60 0 0 1 0 0 0 -
Chemical Parameters (Health)
Fluoride mg/L 15MAC 0.2 0.16 194 196 0.61 0.63 0.25 0.41 -
Ammonia mg/L not specified 0.13 0.4 0.20 0.19 0.46 0.46 0.1 0.1
TKN mg/L not specified 0.39 0.23 0.24 0.23 0.58 0.64 0.2 0.2
Nitrite mg/L f1Ae <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 -
Nitrate mg/L 1oMAe 0.41 0.42 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 -
Chemical Parameters with Aesthetic Objectives/ Operational Guidelines
Alkalinity mg/L 500°¢ 408 403 212 213 244 244 235 241 -
Chloride mg/L 250° 718 666 153 153 304 305 16 22 -
Colour TCU 580 <2 <2 <2 <2 10 5 2 <2 -
DOC mg/L 540 17 15 0.9 0.9 17 16 18 15 -
Conductivity uS/cm not specified 3200 3040 1500 1480 2730 2780 502 543
Hydrogen Sulfide mg/L 0.05° <0.01 <0.01 <0.01 <0.01 <0.1 <0.01 <0.02 <0.02 -
pH pH units 6.5-8.5"° 7.81 7.85 8.18 8.18 7.88 793 8.06 8.1 -
Sulphate mg/L 500"° 121 "7 295 287 768 784 18 23 -
Hardness mg/L 100°°¢ 808 662 166 157 687 691 210 212 -
Sodium mg/L 200%° 382 418 272 266 345 340 34 40 -
Calcium mg/L not specified 246 199 35 33 173 173 61 62
Potassium mg/L not specified 5 5 5 5 8 8 6 7
Iron mg/L 0.3"° 5.51 0.73 <0.03 <0.03 155 0.06 0.62 147 048
Magnesium mg/L not specified 47 40 19 18 62 63 1% “
Manganese mg/L 0.05%° 0.15 0.06 <0.01 <0.01 0.04 0.03 0.03 0.10 0.03
Total Dissolved Solids mg/L 500"° 2080 1980 975 962 2180 2220 326 353 -
Tannin & Lignin mg/L not specified 0.1 0.3 0.1 <0.1 0.2 04 0.2 0.3
Phenols mg/L not specified <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Turbidity (ab) NTU Mac 817 15.4 0.7 03 19.4 13 95 >100 5

NOTE:

MAC = Maximum Acceptable Concentration; OG = Operational Guideline; AO = Aesthetic Objective
ODWS = Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2003)
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Shallow Wells

For the purpose of this report the term ‘shallow wells’ refers to wells that are less than 70 m
in depth. All of the shallow wells are completed in the ‘upper bedrock aquifer zone’.
Analytical results from TW4 and TW5 are summarized in Table 7 below. Analytical results
from TW6 and HW are summarized in Table 8.

TW4 is an extremely shallow well (total depth = 8.53 m) that is not considered to be
technically suitable as a test well for the site (the well configuration makes it extremely
difficult to conduct a meaningful pumping test). The water quality is generally good. Previous
sampling of the well in December 2011 demonstrated that there are no bacteria in the aquifer
(the well should have been shock chlorinated prior to pumping on December 6, 2015). The
only other exceedances of the ODWS limits are for hardness and TDS.

TWS5 is one of the four selected ‘Test Wells’ for this project. The water quality at TWS5 is
generally good. The only exceedances of the ODWS Ilimits are for hardness and
manganese. Analysis of additional parameters at this location revealed that all results for
RVCA metals and for phosphate either had very low concentrations (well below the ODWS
limits) or were non-detectable. The following field parameters trends were measured during
the pumping test at TW5:

TWS5 - Pumping Test on May 11, 2016 - Field Parameters
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TW6 is one of the four selected ‘Test Wells’ for this project. Although the yield is very low,
the water quality is generally good. The only exceedances of the ODWS limits is for TDS.
The following field parameters trends were measured during the pumping test at TW6:

TW6 - Pumping Test on July 8, 2016 - Field
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HW is one of the four selected ‘Test Wells’ for this project. The water quality at HW is
generally good. The only exceedances of the ODWS limits is for hardness. Analysis of
additional parameters at this location revealed that all results for RVCA metals, phosphate,
PHS and VOCs either had very low concentrations (well below the ODWS limits) or were
non-detectable. The following field parameters trends were measured during the pumping
test at HW:

HW - Pumping Test on May 24, 2016 - Field
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Table 7 - Groundwater Geochemistry — Shallow Wells (A)

GROUNDWATER GEOCHEMISTRY - SHALLOW WELLS (A)

ODWS TW4 TW5
15-Dec-11 06-Dec-15 19-Dec-11 11-May-16

Parameters Units Limit 6 hour 12 Hour 3 Hour 6 Hour 3 Hour 6 Hour 3 Hour 6 Hour
Microbiological Parameters (Health)
Escherichia Coli ct/100 mL oMAc 0 0 0 1 0 0 0 0
Faecal Coliforms ct/100 mL not specified 0 0 - - 0 0 0 0
Faecal Streptococcus ct/100 mL not specified 1 0 - - 0 0 0 0
Heterotrophic Plate Count ct/1mL not specified 4 3 - - 5 " 4 2
Total Coliforms ct/100 mL oMAC 0 0 50 62 2 0 0 0
Chemical Parameters (Health)
Fluoride mg/L 15MAC <0.10 <0.10 <0.10 <0.10 0.4 0.4 <0.10 <0.10
Ammonia mg/L not specified <0.02 <0.02 <0.05 <0.05 0.04 0.04 0.05 0.05
TKN mg/L not specified 0.20 0.18 0.51 0.4 <0.1 0.13 0.1 01
Nitrite mg/L f1ac <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Nitrate mg/L 1MAC <0.10 <0.10 0.89 0.91 <0.10 <0.10 <0.10 <0.10
Chemical Parameters with Aesthetic Objectives/ Operational Guidelines
Alkalinity mg/L 500°° 193 180 266 278 242 242 258 250
Chloride mg/L 250%° 43 31 69 72 20 24 21 24
Colour TCU 5% 1 10 6 5 5 9 2 <2
DOC mg/L 510 42 43 3.0 33 11 12 14 13
Conductivity uS/cm not specified 551 481 778.0 791 535 533 527 527
Hydrogen Sulfide mg/L 0.05"° <0.01 <0.01 <0.002 <0.002 <0.01 <0.01 <0.02 <0.02
pH pH units 6.5-8.5%° 8.06 8.02 8.02 797 79 7.83 8.21 8.16
Sulphate mg/L 500"° 27 21 34 34 % 13 3 3
Hardness mg/L 100°° 206 182 338 343 257 267 260 262
Sodium mg/L 200*° 30 25 42 44 ? 3 “ 5
Calcium mg/L not specified 76 68 124 126 78 82 81 82
Potassium mg/L not specified <1 <1 1 <1 6 6 4 4
Iron mg/L 0.3%° 0.08 0.03 0.18 0.08 131 0.65 0.7 0.18
Magnesium mg/L not specified 4 3 7 7 15 15 1 “
Manganese mg/L 0.05"° <0.01 <0.01 <0.01 <0.01 0.14 0.14 0.13 0.1
Total Dissolved Solids mg/L 500° 358 313 506 54 348 346 343 343
Tannin & Lignin mg/L not specified 0.1 <0.1 0.2 0.2 <0.1 <01 <01 <01
Phenols mg/L not specified <0.001 <0.001 <0.002 <0.002 <0.001 <0.001 <0.001 <0.001
Turbidity (lab) NTU 50 3.0 12 3.1 13 38.5 16 6.9 16
NOTE: MAC = Maximum Acceptable Concentration; OG = Operational Guideline; AO = Aesthetic Objective

ODWS = Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2003)
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Table 8 - Groundwater Geochemistry — Shallow Wells (B)

GROUNDWATER GEOCHEMISTRY - SHALLOW WELLS (B)

ODWS TW6 HW
17-Dec-11 09-Jul-16 08-Dec-09 24-May-16

Parameters Units Limit 6 Hour 22 Hour 24 Hour 3 Hour 6 Hour 6 Hour
Microbiological Parameters (Health)
Escherichia Coli ct/100 mL oMAe 0 0 - 0 0 0
Faecal Coliforms ct/100 mL not specified 0 0 - 0 0 0
Faecal Streptococcus ct/100 mL not specified 0 0 - 0 2 0
Heterotrophic Plate Count ct/AmL not specified % % - 8 5 16
Total Coliforms ct/100 mL oMAC 0 0 - 90 2 0
Chemical Parameters (Health)
Fluoride mg/L 15MAC 0.82 10 0.68 0.1 0.1 <0.10
Ammonia mg/L not specified n/a 0.21 0.25 <0.02 0.06 0.03
TKN mg/L not specified n/a 0.19 0.30 <0.1 <0.1 0.2
Nitrite mg/L Mac <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Nitrate mg/L 1MAC <0.10 <0.10 0.12 <0.10 <0.10 <0.10
Chemical Parameters with Aesthetic Objectives/ Operational Guidelines
Alkalinity mg/L 500°° 263 285 296 257 258 283
Chloride mg/L 250%° 41 106 94 24 25 39
Colour TCU 580 7] 1 <2 7 <2 <2
DOC mg/L 510 11 0.9 10 16 13 12
Conductivity uS/cm not specified n/a 991 10 580 587 628
Hydrogen Sulfide mg/L 0.05"° <0.01 <0.01 <0.02 0.06 0.01 <0.02
pH pH units 6.5-8.5"° 8.38 8.42 8.27 7.74 7.76 7.96
Sulphate mg/L 500"° 42 63 61 19 20 19
Hardness mg/L 100°° 70 70 98 274 277 341
Sodium mg/L 200*° %1 211 168 4 4 7
Calcium mg/L not specified n/a 15 21 90 91 12
Potassium mg/L not specified n/a 4 5 2 2 2
Iron mg/L 0.3%° 0.57 0.07 0.10 0.78 05 0.19
Magnesium mg/L not specified n/a 8 11.00 12 12 15
Manganese mg/L 0.05%° 0.01 <0.01 <0.01 0.04 0.04 0.03
Total Dissolved Solids mg/L 500"° 457 644 597 377 382 408
Tannin & Lignin mg/L not specified n/a <0.1 <0.1 <0.1 <0.1 <01
Phenols mg/L not specified n/a <0.001 <0.001 <0.001 <0.001 <0.001
Turbidity (ab) NTU 5°° 27.7 58 46 15.1 6.7 16
NOTE: MAC = Maximum Acceptable Concentration; OG = Operational Guideline; AO = Aesthetic Objective

ODWS = Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2003)
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A review of the laboratory groundwater geochemistry results for the wells within the preferred
water supply aquifer zone (i.e. TW4, TW5, TW6 and HW) confirms that the raw water within
the ‘upper water supply aquifer system’ is potable and meets the health related parameter
requirements specified by the Ontario Drinking Water Standards (ODWS) for the analyzed
parameters.

The water quality in the “upper bedrock aquifer zone’ generally satisfies the aesthetic
objectives/operational guidelines of the ODWS, with the exception of the following
parameters:

e Hardness (TW4, TW5 and HW)
e TDS (TW4 and TW6)

e Manganese (TW5)

Hardness

At the measured concentrations, the water is considered to be moderately hard, which is
typical of wells drilled throughout eastern Ontario. Hardness is a measure of the dissolved
calcium and magnesium in water and is expressed as the equivalent quantity of calcium
carbonate. Hardness can lead to the formation of scale deposits and can form excessive
scum (MOE, 2003).

TDS

Total dissolved solids (TDS) refers to the concentration of inorganic substances dissolved
in water. The main constituents are typically chloride, sulphates, calcium, magnesium and
bicarbonates. High concentration can cause hardness, bad taste, mineral deposition or
corrosion. Water with a TDS concentration above 500 mg/L may not palatable.

Manganese

The aesthetic objective for manganese is colour related. Manganese can cause black
staining of laundry and fixtures. At excessive concentrations it can cause an undesirable
taste.

Additional Parameters

The final groundwater sample from TW5 was also submitted for analysis of ‘RVCA
recommended metals’ and phosphate. The final groundwater sample from HW was
submitted for analysis of ‘RVCA recommended metals’, phosphate, petroleum hydrocarbons
(PHCs), and volatile organic compounds (VOCs). Analytical results are summarized in
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Tables 9 and 10 below. All of the results are either non-detectible, or were detected at
concentrations well below the ODWS limits.

Table 9 - Groundwater Geochemistry — Metals and PHCs

GROUNDWATER GEOCHEMISTRY - ADDITIONAL PARAMETERS

ODWS TW5 HW
Parameters Units Limit 11-May-16 24-May-16
RVCA Metals
Silver mg/L not specified <0.0001 <0.0001
Aluminum mg/L 0.19¢ 0.01 <0.01
Arsenic mg/L 0.025M~AC <0.001 <0.001
Boron mg/L 5MAC 0.05 0.02
Barium mg/L AMAC 0.14 0.18
Beryllium mg/L not specified <0.0005 <0.0005
Cadmium mg/L 0.005MAC <0.0001 <0.0001
Chromium mg/L 0.05MAC <0.001 <0.001
Copper mg/L 1.0%° <0.001 0.002
Molybdenum mg/L not specified <0.005 <0.005
Nickel mg/L not specified <0.005 <0.005
Lead mg/L 0.010MAC <0.001 <0.001
Antimony mg/L 0.006MAC <0.0005 <0.0005
Sellenium mg/L 0.01MAC <0.001 <0.001
Strontium mg/L not specified 1.02 1.01
Thallium mg/L not specified <0.0001 <0.0001
Uranium mg/L 0.02MAC <0.001 <0.001
Zinc mg/L 50 <0.01 <0.01
Mercury mg/L 0.001MAC <0.0001 <0.0001
Petroleum Hydrocarbons
F1 (C6-C10) ug/L not specified - <20
F2 (C10-C16) ug/L not specified - <20
F3 (C16-C34) ug/L not specified - <50
F4 (C34-C50) ug/L not specified - <50
Chemical Parameters
Phosphate (as P) | mgL | <06 <0.2
MAC = Maximum Acceptable Concentration; OG = Operational Guideline; AO = Aesthetic Objective
ODWS = Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2003)
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Table 10 - Groundwater Geochemistry - VOCs

BEDROCK GROUNDWATER GEOCHEMISTRY - VOCs
HW
PARAMETER UNITS ODWS LIMIT
24-May-16
Volatile Organic Compounds
1,1,1,2-tetrachloroethane ug/L <0.5 -
1,1,1-trichloroethane ug/L <0.4 -
1,1,2,2-tetrachloroethane ug/L <0.5 -
1,1,2-trichloroethane ug/L <0.4 -
1,1-dichloroethane ug/L <0.4 -
1,1-dichloroethylene ug/L <0.5 14MAC
1,2-dichlorobenzene ug/L <0.4 200MA¢ / 340
1,2-dichloroethane ug/L <0.2 5MAC
1,2-dichloropropane ug/L <0.5 -
1,3-dichlorobenzene ug/L <0.4 -
1,3,5-trimethylbenzene ug/L <0.2 -
1,4-dichlorobenzene ug/L <0.4 5MAC 7 140
Benzene ug/L <0.5 5MAC
Bromodichloromethane ug/L <0.3 -
Bromoform ug/L <0.4 -
Bromomethane ug/L <0.5 -
c-1,2-Dichloroethylene ug/L <0.4 -
c-1,3-Dichloropropylene ug/L <0.2 -
Carbon Tetrachloride ug/L <0.2 5MAC
Chloroform ug/L <0.5 -
Dibromochloromethane ug/L <0.3 -
Dichlorodifluoromethane ug/L <0.5 -
Dichloromethane ug/L <4.0 50MAC
Ethylbenzene ug/L <0.5 2.4%°
Ethylene Dibromide ug/L <0.2 -
Hexane ug/L <5 -
m/p-xylene ug/L <0.4 -
Methyl Ethyl Ketone (MEK) ug/L <10 -
Methyl Isobutyl Ketone (MIBK) ug/L <10 -
Methyl Tert Butyl Ether (MTBE) ug/L <2 -
Monochlorobenzene ug/L <0.2 80MAC / 3040
o-xylene ug/L <0.4 -
Styrene ug/L <0.5 -
t-1,2-Dichloroethylene ug/L <0.4 -
t-1,3-Dichloropropylene ug/L <0.2 -
Tetrachloroethylene ug/L <0.3 30MAC
Toluene ug/L <0.5 2440
Trichloroethylene ug/L <0.3 5MAC
Trichlorofluoromethane ug/L <0.5 -
Vinyl Chloride ug/L <0.2 mac
Xylene; total ug/L <0.5 300%°
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4.2.1 Offsite Well Water Quality

Water samples were collected at 1753 Wilhaven Drive and at 1865 Wilhaven Drive on July
7, 2016. The analytical results are summarized in Table 9 (below).

Table 11- Groundwater Geochemistry - Offsite Wells

GROUNDWATER GEOCHEMISTRY - OFFSITEWELLS

ODWS

1753 Wilhaven | 1865 Wilhaven

Parameters Units Limit 07-Jul-16 07-Jul-16
Microbiological Parameters (Health)
Escherichia Coli ct/100 mL oMe 0 0
Faecal Coliforms ct/100 mL not specified 0 0
Faecal Streptococcus ct/100 mL not specified 0 0
Heterotrophic Plate Count ct/1 mL not specified 39 196
Total Coliforms ct/100 mL owe 5 11
Chemical Parameters (Health)
Fluoride mg/L 1.5MC <0.10 0.11
Ammonia mg/L not specified 0.03 0.11
TKN mg/L not specified <0.1 0.3
Nitrite mg/L e <0.10 <0.10
Nitrate mg/L 10Me 0.6 2.23
Chemical Parameters with Aesthetic Objectives/ Operational Guidelines
Alkalinity mg/L 500°¢ 273 347
Chloride mg/L 250%° 16 153
Colour TCU 5~° 3 3
DOC mg/L 5% 2.0 2.8
Conductivity uS/cm not specified 529 1220
Hydrogen Sulfide mg/L 0.05"° <0.02 <0.02
pH pH units 6.5-8.5"° 7.86 7.83
Sulphate mg/L 500"° 16 85
Hardness mg/L 100°¢ 288 452
Sodium mg/L 200%° 9 84
Calcium mg/L not specified 107 135
Potassium mg/L not specified <1 5
Iron mg/L 0.3 0.06 0.03
Magnesium mg/L not specified 5 28
Manganese mg/L 0.05"° <0.01 <0.01
Total Dissolved Solids mg/L 500%° 344 793
Tannin & Lignin mg/L not specified <0.1 <0.1
Phenols mg/L not specified <0.001 <0.001
Turbidity (lab) NTU 580 0.5 0.3
MAC = MaximumAcceptable Concentration; OG = Operational Guideline; AO = Aesthetic Objective
ODWS = Ontario Drinking Water Standards, Objectives and Guidelines (MOE, 2003)

The analytical results from 1753 Wilhaven Drive show that one parameter (Total Coliforms)
exceeded the ODWS Maximum Acceptable Concentration. The well owner was immediately
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notified in writing of this health related exceedance and instructions for disinfecting the well
(shock chlorination) were provided. The only other exceedance is for the operational
guideline limit for hardness.

The analytical results from 1865 Wilhaven Drive also show that Total Coliforms exceeded
the ODWS Maximum Acceptable Concentration. The well owner was immediately notified
in writing of this health related exceedance and instructions for disinfecting the well were
provided. The only other exceedances were for hardness and TDS which are elevated
above the ODWS operational/aesthetic limits.

Water Quantity
Peak Demand Water Use

The suitability of the aquifer to supply the proposed development was assessed using the
methodology provided in MOECC Procedure D-5-5 (MOEE, 1996), which indicates the
number of people per house is the number of bedrooms plus one. New houses in the
proposed development will be four bedroom single family homes, so the number of persons
per house will be five (5).

Procedure D-5-5 indicates the minimum ‘per-person water requirement’ is 450 L/day, which
is 2,250 L/day per house (or per well).

Procedure D-5-5 indicates that ‘peak demand’ occurs over a 120 minute period and is to be
based on a per person usage rate of 3.75 L/min during that period. Using this information,
the ‘peak demand rate’ per house is 3.75 x 5 = 18.75 L/min.

Table 3 in Section 2.6 shows that the pumping rates chosen for most of the shallow well
pumping test, were above the estimated ‘peak demand rate’. Only one pumping test was
conducted at a lower rate (TW6 was pumped at approximately 3 L/min for 24 hours).

All of the shallow test wells used less than 25% of the available drawdown during the
pumping tests (see Table 5 in Section 4.1).

This shows that the calculated yield at most of the well locations is representative of the
yields which residents of the proposed development are likely to obtain from future wells
installed at the site. It is likely that a small percentage of the new wells do not intersect the
primary fracture network (like TW6), and these locations will require some additional water
storage at surface to meet peak demand requirements.
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4.3.2 Average Daily Residential Water Use

Information from the City of Ottawa website indicates the Canadian average daily residential
water use per capita is 326 L/day. The Canadian Mortgage and Housing Corporation’s
Household Guide to Water Efficiency (CMHC, 2000, revised 2014) indicates that the
average daily residential water use per capita in Ontario is 225 L/day.

Current Ontario Building Code requirements (OBC, 2012) for water conservation specify that
toilet and shower consumption must now comply with lower use requirements (OBC
Table 7.6.4.2.A & B and Table 7.6.4.1). Based on the new requirements, toilet water demand
is reduced from approximately 13 L/flush to 4.8 L/flush. Shower consumption is reduced
from 18 L/min. to 7.6 L/min.

Toilet use accounts for approximately 25% of total domestic water use, and shower use
accounts for approximately 20% (CMHC, 2014). The OBC efficiencies will result in an
average per person domestic water usage of 163 L/day.

A summary of daily usage estimates and associated peak demand usage rates is provided
below in Table 12.

Table 12- Peak Demand Estimate Comparison

PEAK DEMAND ESTIMATE COMPARION
L/min/person | L/min/house Daily
. . L/day/ (during peak | (during peak | Household
Daily U Estimate S
ly Lsage Estimale souree person demand demand Water Demand
period) period) (L/day)

Procedure D-5-5 450 3.75 18.8 2,250
City of Ottaw a 326 272 13.6 1,630
CMHC 225 1.88 9.4 1,125
CMHC (w new efficiency changes) 163 1.36 6.8 815

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

As stated above, it is likely that a small percentage of the new wells do not intersect the
primary fracture network (like TW6), and these locations will require some additional water
storage at surface to meet peak demand requirements.

In order to be conservative, the additional storage volume should be calculated based on
Procedure D-5-5 ‘average daily residential water use’ values.
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Potential Well Interference

It is anticipated that a total of 21 individual water supply wells (including some of the existing
wells if suitably configured) will be used at the proposed subdivision. All of the wells will be
completed in the ‘upper bedrock aquifer zone’. The well spacing will vary according to lot
size and the locations of wells on each lot. There will be no clustering of wells as there will

be one well on each lot.

No drawdown was identified at any nearby wells during the pumping test. Dataloggers were
placed in the closest well during several tests and no drawdown was observed at the
observation well during the pumping test.

A potential well interference model was used to reflect a hypothetical worst case scenario
for drawdown at the site. The model assumes a series of wells arranged in a concentric
circular array, with each well pumping continuously over a period of 20 years. Mathematical
model calculations are presented in Appendix 4. The calculations were based on an average
of the transmissivity results from TW5, HW and 1490 O’'Toole (as presented in Section 5.1).

The well interference model developed by Paterson assumes a series of approximately
evenly spaced wells, located along concentric circular spacings extending outward from one
central well, (i.e. a regular concentric circular array) each pumping continuously at a rate of
2,250 L/day over a period of 25 years. The model assumes 29 wells at a spacing of 50 m,
in order to simulate the 21 onsite wells plus an additional 8 offsite wells located in close
proximity to the site). The model creates an array of wells with a well spacing that is close
to the minimum well spacing in the proposed subdivision. It is a worst case scenario because
the actual well spacings are mostly greater than the minimum well spacing.

The well interference model predicts that there will be an 11.6 m decline in the potentiometric
head of the water supply aquifer. This represents a reduction of approximately 18% of the
available drawdown (based on TW6 which has an available drawdown 63 m). The findings
of this analysis suggest the proposed use of well water in the subdivision will not result in
unacceptable water quantity interference conflicts between onsite and offsite wells.
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DEVELOPMENT CONSIDERATIONS

The following sections outline the recommendations for development which have been
formulated from the data collected in this study.

Based on the results of this study, the subject site is considered to be suitable for the
development of 21 lots as supported in the analysis advanced in the body of this report.

An adequate water supply aquifer of sufficient quality and quantity is located beneath the
subject property and can be intercepted by private wells drilled in accordance with Ontario
Regulation 903.

The on-site sewage disposal needs can be accommodated with standard Class 4 sewage
systems consisting of a septic tank and fully raised leaching bed, as per Part 8 of the Ontario
Building Code.

Future Well Construction

New lots in the proposed subdivision will be serviced by individual drilled wells water supply
wells completed in the ‘upper bedrock aquifer zone’. The wells must be installed by a
licensed well contractor in accordance with Ontario Regulation 903.

New wells should be configured as follows:

e  Minimum depth of 15 m.
e Total depth from 60-70 m bgs.
e Steel casing to be installed at least 0.3 m into competent bedrock.

The minimum depth is specified in order to ensure new wells that encounter water bearing
fractures at shallow depths are driled deep enough to accommodate long term
potentiometric fluctuations in the ‘shallow bedrock aquifer zone’.

The creation of the casing hole, the installation of the casing and the grouting of the annular
space should be inspected by a licensed Professional Engineer or Professional Geoscientist
of Ontario.

New wells should be developed by surging or pumping until the water is developed to a sand
free state at the time of construction in accordance with Ontario Regulation 903. If the water
is observed to be cloudy at the completion of the prescribed well development, extended
well development should be performed until all visible turbidity is removed.
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Chlorine should be introduced at the completion of well development in sufficient quantity to
produce a free chlorine residual of at least 50 mg/L (ppm). The chlorine should be mixed
with the standing water in the casing using a procedure that will result in the thorough vertical
mixing of the chlorine over the entire depth of the well.

The well should be completed with a submersible pump, pitless adaptor and vermin proof
well cap. All such mechanical work connected to the well is to be completed by a licensed
well contractor possessing a valid Class 4 pump installer’s license. After completion of the
mechanical work in the well, the well should be disinfected as described above.

The grading around the well casing should be slightly elevated to direct surface runoff away
from the well. The casing should project approximately 400 mm above the mounded soil
within 3 m in all directions from the casing.

Consideration should be given to changing the configuration of some of the existing onsite
wells to make them consistent with the configuration that is provided above. TW1, TW2 and
TW3 are too deep (water quality is poor due to salty, high TDS water from fractures below
70 m). The bottoms of these wells can be filled with grout below 70 m. The remained well
section may have a low yield (possibly die to the drilling technique used). Well stimulation
by hydraulic fracturing may cause an increase in yield. Alternatively, the deep wells should
be abandoned.

TWY should be drilled deeper (to 70 m total depth) if it is in a suitable location.
Surface Storage for Low Yield Wells

As discussed above in Section 5.1, two onsite wells (TW6 and TW7) do not appear to have
encountered the primary fracture network and have very low yields. Any future wells that do
not encounter the primary fracture network will probably need additional storage at surface
to meet daily usage and peak demand requirements.

The daily water usage according to Procedure D-5-5 is 2,250 L/day. The peak demand water
usage is (18.75 L x 120 mins) 2,250 L in 120 minutes.

The volume of water that can be stored in each new well (based on 6” diameter well that is
70 m deep) is approximately 1,270 L. However, the pumping rate in the well will be relatively
low (to ensure the water level does not draw down past the pump), so the water stored in
the well will not be delivered at a fast enough rate for use during peak demand periods. For
example, if the maximum sustainable flow rate from a well is 3 L/min, it can only deliver 360
L during the 120 minute long peak demand period, so an additional 1,890 L of surface
storage would be required.
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In cases where surface storage is deemed to be necessary, the amount of surface storage
should be determined based on the actual sustainable yield of the well.

Potable Water Treatment
The water within the bedrock aquifer has elevated hardness, TDS and manganese.
Hardness

A standard residential grade water softener can be installed to remove hardness in the raw
water. Conventional water softeners will introduce sodium into the water supply, and it may
be appropriate to bypass the water softener with a separate tap for drinking water.

TDS

The Langelier Saturation Index (LSI) and Ryznar Stability Index (RSI) were calculated for
the three test wells (Appendix 4). The LSI result indicate the water is super saturated and
tends to precipitate a scale layer of calcium carbonate (scale forming but non-corrosive).
The RSI result indicates the water is aggressively corrosive.

TDS is primarily comprised of the inorganic substances dissolved in water including chloride,
sulphates, calcium, magnesium and bicarbonates. The palatability of drinking water with
TDS above 500 mg/L may be unacceptable. Reverse osmosis treatment can be used to
remove TDS if raw water is considered to be unpalatable. Point of use systems (at kitchen
sink) are recommended due to the relatively high cost of reverse osmosis treatment.

Manganese

Manganese can cause staining of plumbing fixtures and laundry. The concentration of
manganese in TWS5 is well below the treatable limit according to Procedure D-5-5. A
standard residential grade water softener should be sufficient to significantly reduce the
concentration of manganese to an acceptable level. Alternatively, a green sand filter can
also be used to effectively reduce the concentration of manganese.

Wastewater Treatment and Disposal

MOECC Procedure D-5-4 (Technical Guidelines for Individual On-site Sewage Systems:
Water Quality Impact Risk Assessment, MOEE, 1996) provides a methodology for
assessing the risks associated with individual onsite sewage systems. Procedure D-5-4
indicates that developments consisting of lots which average 1 Ha (with no lot being smaller
than 0.8 Ha) may not require a detailed hydrogeological assessment if it can be
demonstrated that the area is not hydrogeologically sensitive. Since the average lot size in
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the proposed subdivision is 0.87 Ha, the following nitrate impact assessment has been
provided.

Predictive Nitrate Impact Assessment

Groundwater within the bedrock aquifer will be protected from sewage system effluent by
the available overburden and the massive nature of the upper bedrock units.

In conducting an assessment of the impact of the proposed development, the estimate of
groundwater recharge, by infiltration from precipitation, is the primary site-specific input
parameter. In this regard, assumptions are required to be made with respect to evaporation
and evapotranspiration, as well as infiltration and runoff rates. The rate of infiltration will be
dependent upon surficial soil types, vegetative ground covers and their distribution, and site
topography.

In conducting our assessment, a mean annual precipitation value (net of evaporation and
evapotranspiration processes) of 943 mm/year was used (Environment Canada, 2015). An
estimation of infiltration was calculated based on site specific information and the infiltration
factors provided in the document MOEE Hydrogeological Technical Information
Requirements for Land Development Applications (MOEE, 1995). A calculation is provided
in Appendix 4.

The cumulative nitrate impact for this subdivision has been calculated to be 4.4 mg/L. Nitrate
concentrations in onsite and offsite wells are typically non-detectible or below 1 mg/L, so the
additional loading will be well below the provincially mandated limit of 10 mg/L. As such, it
is Paterson’s opinion that the proposed development will have acceptable impacts on the
drinking water aquifer.

5.4.2 Sewage System Design

The fieldwork program carried out on the site shows that the surficial soils are of low
permeability and have significant vertical thickness overlying the limestone bedrock of the
Bobcaygeon Formation. As such, the site is not considered to be hydrogeologically sensitive
to surficial sources of contaminants in the long term.

Sewage systems must be designed according to Part 8 of the Ontario Building Code (OBC).
The OBC sets out minimum design and construction standards for all approved classes of
sewage systems. It is proposed that this site be serviced with traditional Class 4 sewage
systems consisting of a septic tank and separate leaching bed.
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OBC requirements state that the must be a minimum of 900 mm of suitable soil or leaching
bed fill present between the base of the absorption trenches and the high groundwater table,
bedrock or soil with a percolation rate greater than 50 min/cm. Some lots are located in
areas with permeable cover which may permit either in-ground or partially raised leaching
beds. Where lots are located in areas with moderately low permeable silty clayey sand and
silty sand within the overburden soils, combined with the flat topography, most Class 4
absorption trench style leaching beds are expected to be fully raised above the existing
ground surface. An imported sand mantle having a minimum thickness of 250 mm and
extending a minimum of 15 m beyond the absorption trenches in the direction of effluent
flow is also required.

Based on OBC design sewage flow tables, a four bedroom house may produce up to
3,000 L/day of sewage effluent per day. Based on the quality of the sand deposits available
in the local pits, imported sand is anticipated to have a percolation rate (a.k.a. T-time) of
between 6 and 8 min/cm. Considering the design flows and percolation rate of the available
imported sand, a tile length of 140 metres will be required.

The Lot Development Plan (Figure 8 in Appendix 5) shows the size of the leaching beds.
The leaching beds have been placed in the front of each lot, between the house and the
roadside ditch in order to maximize subsurface effluent movement and facilitate
maintenance.

The sewage system layouts detailed on Figure 8 are fully raised leaching beds with a 15 m
imported sand mantle. The Lot Development Plan shows the size of the leaching beds on
each lot.. The end of each mantle will be unobstructed and free draining.

A minimum separation of 18 m for fully-raised systems is required between a well and a
Class 4 sewage system. Clearance distances also apply to wells and sewage systems
located on neighbouring lots.

In all instances, careful, site specific analysis of the soil morphology in the area of each
proposed leaching bed is required during the design stages of the leaching bed in order to
determine if sufficient soil exists to facilitate the use of native soil for subgrade preparation.
Detailed soil morphology should only be determined by a qualified geotechnical specialist.

It is not the intent of Figure 8 (Lot Development Plan) to restrict placement of a dwelling on
each lot. While the actual configuration and position of the home may change, the relative
position of the home, sewage system and well should be maintained. In all cases, the
separation criteria for the immediate and neighbouring lots should be followed.
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Alternative Sewage System Design Considerations

As an alternative to the use of a traditional fill based absorption trench style leaching bed,
advanced treatment of sanitary sewage may be utilized. While not shown on the Lot
Development Plan, the sewage system envelopes associated with effluent meeting
Column 3 of Table 8.6.2.2.A of the OBC will be upwards of 40% smaller than the
conventional absorption trench leaching beds.
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CONCLUSIONS

The following statements and conclusions are based on the investigation and analysis
contained within this report:

e The test wells (TW5, HW, and 1490 O’'Toole) and all future domestic wells in the
proposed subdivision will provide water that is safe and suitable for human
consumption.

o Each future domestic well in the proposed subdivision will provide a sufficient quantity
of water for normal domestic purposes. In some cases additional above ground storage
will be required in order to satisfy peak demand requirements.

o Adverse effects on well water in the proposed subdivision from potential onsite and
offsite sources are considered to be minimal/insignificant.

o 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.

e Potential well interference between neighbouring wells within the subdivision and
nearby offsite wells is considered to be minimal.

e The subject property is suitable for development as a residential subdivision at the
proposed density. Impacts to the neighbouring well users are expected to be minimal.
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RECOMMENDATIONS

Water Supply

o All new wells should be constructed such that the casing hole extends into sound
bedrock at least 0.3 m as per O.Reg. 903, with a minimum casing length of 6.7 metres
below grade.

o All new wells in the subdivision should be drilled using ‘cable tool’ drilling techniques
to maximize potential yield. There are at least two companies in the Ottawa region that
offer this service. Costs are approximately 100% higher compared to regular air rotary
drilling techniques.

o All new wells should have a minimum depth of 15 m and a maximum depth between
60 m and 70 m below ground surface (NOTE: wells should not be drilled deeper in
order to improve yield, as the ‘deep bedrock aquifer zone’ has diminished water

quality).

o Existing wells at the site which are not to be utilized for water supply wells, should be
decommissioned according to the requirements of O.Reg. 903. Consideration should
be given to the reconfiguration and stimulation of some of the existing deep wells if
they are suitably located. Reconfiguration would typically involve grouting the hole
below 70 m depth, then hydraulic fracturing of the remainder of the well to stimulate
flow (the original drilling method may have led to some fractures in the upper bedrock
aquifer zone being sealed).

e Atthe time of new well installation, the drilling of the casing hole, installation of casing,
and grouting of the annular space should be inspected by a licensed Professional
Engineer or Professional Geoscientist of Ontario. All well construction must be carried
out by a licensed well technician.

e Wells should be developed to a sand free state in order to ensure that the residual
turbidity created by the well drilling activities is completely purged from the well.
Additional well development, prior to placing the well into use, is strongly
recommended in order to provide adequate development of the formation and remove
extraneous rock debris from the aquifer pathways. It is likely that future wells at this
site will require additional well development.
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o All future water wells to be completed such that the top of well casing is a minimum of
450 mm above the finished grade within a 3 m radius of the wellhead. The grade should
slope away from the wellhead in all directions for a distance of at least 3 m.

o Well owners should ensure that the wellhead and surrounding area are maintained in
accordance with the requirements of O.Reg. 903. Future well owners should refer to
the MOECC Water Supply Wells Requirements and Best Management Practices,

(Revised April 2015) website at: https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-
master-table-of-contents-chapter-1.pdf

o The raw water found in the water supply aquifer system is considered to be hard.
Residential grade water softeners are recommended where water hardness is deemed
unsuitable. A warning clause addressed to people on low sodium diets should be
registered on title regarding the elevated concentration of sodium (> 20 mg/L)
associated with water softeners.

e Additional treatment to address TDS, and manganese may be required. Additional
treatments methods may include reverse osmosis, coagulation/flocculation processes,
biological filtration, and/or granulated activated charcoal filtration.

e Although artesian conditions are not anticipated, such conditions have been
encountered historically in some nearby wells. Drilling and instrumentation should be
carried out by a suitably experienced and licensed well technician taking precautions
as provided in the document Water Supply Wells Requirements and Best Management

Practices, (Revised April 2015). https://dr6j45jk9xcmk.cloudfront.net/documents/4410/a-wwbmp-title-
master-table-of-contents-chapter-1.pdf

Wastewater Treatment

o A site specific investigation should be carried out for the detailed sewage system
design at each lot, as part of the building permit application process.

o The septic systems should be constructed with all appropriate setbacks as per Ontario
Building Code requirements.

e The native soils should be assessed at the proposed septic location and imported fill
should be used, if the native soils are unsuitable.

e Proposed well, septic, and building locations are noted on Figure 8 (Lot Development
Plan) in Appendix 5.
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e Future owners of individual onsite wastewater treatment systems should familiarize
themselves with basic safety and maintenance information which is available at:

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

In summary, it is our professional opinion that this site is suitable for development as a
residential subdivision at the proposed lot density. The hydrogeological recommendations
contained within this report, if followed, will ensure that the development takes place in an
effective manner, with a minimal impact on the natural environment.

patersongroup

Russell L. Chown, P.Geo.

Senior Hydrogeologist
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STATEMENT OF LIMITATIONS

This Hydrogeology and Terrain Analysis report has been prepared in general accordance
with the agreed scope-of-work and the requirements of MOECC/MOE Guideline D-5:
Planning for Sewage and Water Services (August 1996), Procedure D-5-4: Technical
Guideline for Individual Onsite Sewage Systems: Water Quality Impact Risk Assessment
(August 1996), and Procedure D-5-5: Technical Guideline for Private Wells: Water Supply
Assessment (August 1996).

The conclusions presented herein are based on information gathered from a limited
historical review along with a field inspection and testing program. The findings of this
investigation are based on a review of readily available geological, historical, and regulatory
information and a cursory review made at the time of the field assessment. The historical
research relies on information supplied by provincial agencies and was limited within the
scope-of-work, time, and budget of the project herein.

The client should be aware that any information pertaining to soils and all test hole logs are
furnished as a matter of general information only and test hole descriptions or logs are not
to be interpreted as descriptive of conditions at locations other than those described by the
test holes themselves.

This report was prepared for the sole use of 2183144 Ontario Ltd. Permission from the
above noted party and our firm will be required to release this report to any other party.
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Appendix 1

e Soil Profile and Test Data Sheets
e Symbols and Terms

e Soil Grain Size Analytical Results
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SOIL PROFILE AND TEST DATA

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
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SOIL PROFILE AND TEST DATA

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
Ottawa, Ontario
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Ottawa. PH1236
REMARKS OLENG
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 4-09
B SAMPLE DEPTH| ELEV Pen. Resist. Blows/0.3m | -
SOIL DESCRIPTION B o) | (m | ® 50mmDia Cone o8
g 4 % Ba - E2
Bl H L5498 N2
g > ol O Water Content % 25
5| F 8|58 o
20 40 60 80
GROUND SURFACE 04100 50 .
TOPSOIL
___________________ 0.25
Brown SILTY CLAY, some G| 1
sand and gravel
__________________ 0.71
] G2 1199.50
GLACIAL TILL: Brown silty e
sand with gravel, cobbles AAtA .
and boulders N Ny
2198.50
234000

End of Test Pit

Refusal on inferred bedrock
surface @ 2.34m depth

(Water infiltration @ 1.6m
depth)

20 40
Shear Strength (kPa)
A Undisturbed

60 80 100

A Remoulded




pate rSO n g ro u pCon_suIting SOIL PROFILE AND TEST DATA

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive

28 Concourse Gate, Unit 1, Ottawa, ON K2E 7T7 Ottawa, Ontario

DATUM Elevations interpolated based on topographic information supplied by the City of FILE NO.
Ottawa. PH1236
REMARKS OLE NG
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 5-09
B SAMPLE DEPTH| ELEV Pen. Resist. Blows/0.3m |
SOIL DESCRIPTION a ' ® 50 mm Dia. Cone 35
™ (m) (m) e 8
gl g 8| B58 o%
g | B © 5 g o O Water Content % QL5
5 3] O . 8 oo
GROUND SURFACE B 0199 80 20 40 60 80
TOPSOIL ' RS
__________________ 0.23
Brown SILTY SAND with A el 1
clay e
__________________ 0.60)1 ||
G| 2
Red-brown SILTY CLAY —
__________________ 0.94
R 1-+98.80
GLACIAL TILL: Brown silty m
sand with clay, gravel, AN
cobbles and boulders RN
M 2+97.80
2,50 |:0n0%

End of Test Pit

(Water infitiration @ 1.0m
depth)

20 40 60 80 100
Shear Strength (kPa)
A Undisturbed A Remoulded




patersongroup

28 Concourse Gate, Unit 1, Ottawa, ON K2E 777

Consulting
Engineers

SOIL PROFILE AND TEST DATA

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
Ottawa, Ontario

DATUM Elevations interpolated based on topographic information supplied by the City of FILE NO.
Ottawa. PH1236
REMARKS HOLE NO
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 6-09
B SAMPLE bePTH!| ELEV Pen. Resist. Blows/0.3m |
SOIL DESCRIPTION a : ® 50 mm Dia. Cone %‘%
> (m) (m) €5
8l a | B |5 & S5
R o c§> d & O Water Content % L5
5| F s R
z 20 40 60 80
GROUND SURFACE 019960 .
TOPSOIL

Brown SILTY CLAY, some
sand

Interlayered SAND and
SILTY CLAY

Stiff, brown SILTY CLAY
- grey by 2.3m depth

GLACIAL TILL: Grey silty
nclay with sand, gravel,
\cobbles and boulders

End of Test Pit

(Water infiltration @ 1.5m
depth)

®

1-+98.60

2197.60

20 40 60 80 100
Shear Strength (kPa)
A Undisturbed A Remoulded




patersongroup

28 Concourse Gate, Unit 1, Ottawa, ON K2E 7T7

Consulting
Engineers

SOIL PROFILE AND TEST DATA

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
Ottawa, Ontario
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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 scil structure are as follows:

having visible signs of weathering by oxidation of clay

Desiccated -

, 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 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 <i2 <2
“Soft 12-25 24
Firm 25-50 . 48
Stiff 50-100 8-15
Very Stiff 100-200 156-30

Hard

>200

>30




SYMBOLS AND TERMS (continued)

SOIL DESCRIPTION (continued)

Cohesive soils can also classified according to their "sensitivity". The sensitivity is the ratio between
the undisturbed undrained shear strength and the remoulded undrained shear sirength of the soill.

Terminology used for describing soil strata based upon texture, or the proportion of individual particie
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 (calied
"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))

T™W - 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 at 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 soit is finer (effective grain size)
D60 - Grain size at which 60% of the soll is finer
Cc - Concavity coefficient = (DSO)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

Sand 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 - Present effective overburden pressure at sample depth
P - Preconsolidation pressure of (maximum past pressure on) sample
Cer - Recompression index (in effect at pressures below p’)
Cc - Compression index (in effect at pressures above p’y)
OCRatio  Overconsolidation ratio = p’, / p'
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.



SYMBOLS AND TERMS (continued)

STRATA PLOT
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MONITORING WELL AND PIEZOMETER CONSTRUCTION
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Well Tag No. (Place Sticker and/or Print Below)

A106363

Well Owner’s Information

Regulation 903 Ontario Water Resources Act

7175490 |

WYy
Well Record

Page of

First Name

Last Name / Organization

E-mail Address

[ Well Constructed
by Well Owner

Mailing Address (Street Number/Name) Municipality Province Postal Code Telephone No. (inc. area code) |
G S L)
Well Location
Address of Well Location (Street Number/Name) Township Lot . Concession
- s . LI -* D J_“ dis
County/District/Municipality City/MTown/Village Province Postal Code
O Ontario 17 | Jf
UTM Coordinates | Zone Eastmg orthlng Municipal Plan and Sublot Number Other g
nao 3131/ PlAA KO LR IS R18H 512
Overburden and Bedrock MaterialslAbandonment Seallng Record (see instructions on the back of this form}
General Colour Most Common Material Other Materials General Description | Frogepﬂr ('"/ﬂ)
- = ] 1
W e /AR TR AP ES o ey e 4 —
Annular Space Results of Well Yield Testing
Depth Set at (m/mA) Type of Sealant Used Volume Placed After test of well yield, water was: Draw Down Recovery
From To _(Material and Type) (/) [ Clear and sand free Time | Water Level | Time | Water Level
[ Other, specify g (min) (m/m) (min) (/)
— £ F 0 3 - - 1| Static
I pumping discontinued, give reason: e - e
1 1
___{ | Pump intake set at (m/f) 2 2
Pumping rate (Vmin / GPM| 3 3
Method of Construction Well Use LIPS (’/mm ) —1= e
‘Cable Tool [] Diamond [] Public [[] commercial [] Nat used S ot == 4 4
Rotary (Conventional) [] Jetting [J Domestic ] Municipal [ Dewatering uraton cpUmp g W = 5
[ Rotary (Reverse) [ Driving [ Livestock Test Hole [] Monitoring ——— hrs +_& a il &
[J Boring [] Digging 3 irrigation Cooling & Air Conditioning Final water leve! end of pumping (mA2) 10 10
Air percussion I industriat = - =
Stherfspoch, L} other, specify = If flowing give rate (/min / GPM) 15 15
Construction Record - Casing Status of Well 20 20
D!nside Open Hole OR Material Wall Depth (m/At) [} water Supply Recommended pump depth (mA?) !
iameter (Galvanized, Fibreglass, Thickness
(crvin) Concrete, Plastic, Steel) (cmvin) From To ] ?eptl:::elment L 25 : 25
=z — S e Recommended pump rate )
[] Recharge Well (Umin / GPM) 30 | © 30
e L S [J o ing Well o o
3 Observation and/or | ['\Well production (Umin 7 GPM) )
Monitoring Hole 4 50 50
[ Atteration — =
B e (Construction) Disinfected?
[C1 Abandoned, g Yes [ | No 60 P 60
Insufficient Supply
Construction Record - Screen | ] Abandoned, Poor ___Map of Well Location
Outside Matarial Depth (mA) Water Quality Please provide a map below following instructions on the back.
D('f;‘me“)e’ (Plastic, Galvanized, Steefy| St No. Eior To ] Abandoned, other,
) specify v
= [] Other, specify

Water Details

Hole Diameter

Water found at Depth Kind of Water: [ }Fresh QUntesmd

(mA) [ |Gas| []Other, specify

Depth (m/)

From To

Diameter
lcrvin,

Water found at Depth | Kind of Water: |_|Fresh [_|Untested

(rm/ft) DGas. [[] Other, specify

Water found at Depth
(mAl) | 1Gas

[] Other, specify

|Kind of Water: [_|Fresh [ ]Untested

Well Contractor and Well Technician Information

Business Name of Well Contractor

_ 4 e ;PN - , 3= _—
Business Address (Street Number/Name)

Well Contractor’s Licence No.

|2

Municipaiity

Comments:

Province g ‘ Postal Code Business E-mail Address

B l l [ Well owner’s | Date Package Delivered Ministry Use Only
Bus.Telephone No. (inc. area code) | Name of Well Technician (Last Name, First Name) g‘aff’:ka"':e""" 2 lly | o o} Audit No.

f 1 d | 1%
A | a1 ) : G2 Date Work Compléted 2131190
Well Technician's Licence No. iSigngiture of Teghniciag and/or Contractor|Date Submitted 3] Yes :
L1 S| | Lrplawi | plsll One  [9imly 1y | (9|6 |G| |zeceves
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Well Owner's Information

Well Tag No. (Place Sticker and/or Print Below)

TW5

§ LA

Well Record

Regulation 803 Ontario Waler Resources Act

7175491

Page of

First Name

Mailing Address (Street Number/Name)

Last Name / Organization

E-mail Address

| O wen Constructed
| by Well Owner

| Telephone No. (inc. area

Municipality Pirovince Postal Code code)}
) =y AR TN
Well Location
Address of Well Location (Street Number/Nams} | Township |Lot Concession
County/DistrictMunicipality = | City/Town/Village 3 [Province T Postal Code
) Ontario L & T %
UTM Coordinates |Zone , Easting Northing "Municipal Plan and Sublot Number ) Other = =
/ =77 7.7 > 1Y 2P |
NAD | 813 wilol @) .“,Eri»t SPA |7 |
Overburden and Bedrock Materiais/Abandonment Sealing Record [see instnictions on the back of this form)
General Colour Most Cormmon Material Other Materials General Description Depth '!'";Tﬁ{__,
F = o/ -
. - - — - e ~
‘ f =y
L L <AL e S = it -
Fi e d . 7 — L & J
B ol B _ — =il i
[ t
| |
I WS = s Annular Space - Resuits of Well Yieid Testing
Depth Set at (m7) Type of Sealant Used Volume Placed After test of well viek?, water was: Draw Down Recovery :
From To | {Material and Type) Yy [ Clear and sand free Time| Water Level [ Time | Vvater Level
- . i 77N L) [ Other, specify” Ji (min} (mM) | (min) (mmy
» f<IC ] - - ~ —{[static c
If pumping discontinued, give reason: Levell # .
1 ] 1 :
:r | Pump intake set at (m43) 2 /4 2
] A
e I = I Pumping rate {min / GPM) 3 3
Method of Coenstruction Well Use o =
[ Cahbie Tcol ] Diamond [ Public ] cCommercial [ Not used e . {{ 4 et ol 4
[ Rotary {Conventional) [ Jetting [ Domestic ] Municipal [ Dewataring stk A 5 ] 5
[ Rotary {Reverse) [ Driving [ Livestock Test Hole 1 Monitoring = hes+_ ( J min !
[ Boring [ Digging [ urrigation Cooling & Air Conditioning Final water level end of pumping (m#) 10 - 10
Air percussion | [ industrial | F
Other, specify | O Other. specify If flowing give rate (Uiin 7 GPM) 15 LJ{ y 15  ,
Construction Record - Casing Status of Well 50 |7 3 '20_ —
Insde Open Hole OR Material wall Depth (mfi) Water Supply Recommended pump depth (n/f) - = — =
Dameter | (Gatvanized, Fibreglass, | Thickness Replacement Well 25 | . d 25
{cmvin) Concrete, Plastic. Steel) fcrvin) From To [ Test Hol i e = S | Ny
I i T Ao | T T r i Recommended pump rate
X Sl - ] Recharge Well (Umin 7 GPM) 30 | S0, S 30
o st - e . “— ] Dewatering Well 5 e 40'“ 5 N
y [ obsenvation andior | [\Well production (min 7 GPM) ) Pyl B
& Monitoting Hole 50 ? 50
[ Atteration - e . Ly /
e . {Construction) Dlsmfected?_ I g
[] Abandoned, n Yes [ | No 60 J, 80
- & N ___ ¥ = K lnsl’fﬁ:ient sU —_— - s ee———— e
Construction Record - Screen .| O Abandoned, p’.‘,'.’,':’ Map of Well Location
Ourside Matoriat Depth (m/m) Water Quality Please provide a map below following instructions on the back.
D(-m'mr (Plastic, Galvanized, Steel) SICE From To o/ ;I:an_cloned, cthery !
specify
AT IS T - = =y
[ Other, specify

Water Detalls

Hole Diameter

Water found at Depth |Kind of Water: [} Fresh [ Untested Depth (m/m) Diameter
" From To ferrvin)
> -~ () [ |Gas| [ ) Other, specify - ; ==
Water found at Depth |Kind of Water: [ |Fresh E},Untested P r
/.0 __tmM [Gas| [ 1Cther. specity
ter found at Depth |Kind of Water: [_|Fresh [ JUr d L=

(mA) [ |Gas| [ ]| Other, specify

Well Contractor and Wei'i Technician information

Business Name of Well Contractor

- 1'_. AR RIS A B il e e
Business Address (Street Number/Name)

Fastal Code

101/ 84

e
Province

I

Wefl Contractor's Licence Na.

ld | 7|

Municipality

Comments:

Vel awner's

Eus:‘i‘e_lé;:hone No. {inc. area coda) |Name of Well Technician {Last Name, First Name)
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Ministry of
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jg] imperial

Well Tao No /Piara Rfrlar andin- Brint Below)

Tag#: A124333

TW6

Page

Tivlk

Well Record

Reguliation 903 Ontario Waler Resources Act

of

Well Owner's Information

First Name | Last Name / Organization E-mail Address 1. ] Well Constructed
| i | . gt} = J_ by Well Owner
Mailing Address (Street Number/Name) Municipality I! Province Postal Code ,Talephunle No. (inc. area code)
. | KierArizi 1111
Weli Location
Address of Well Location (Street Number/Name) | Township S ]_Lot Conces_sio_ﬁ

‘County/District/Municipality

UTM Coordinates | Zone , Easting

NAD |

8|3/ 4

Northung

& GTNER,

| City/Town/Village

1

Municipal Plan and Sublot Number

| Pravince Postal Code
0ot Ontario I e/ [/

1'| Other

Overburden and Bedrock Materials/Abal

ndonment Sealing Record (see instructions on the back of this form)}

General Colour

Most Common Material

Other Materials

General Description

Annular Space

Results of Well Yield Testing

After test of well yield, water was:
[ Clear and sand free
[ Other, specify /

i purrq:lng"disconﬂnued. give reason:

Pump intake set at (m/it)

Depth Set at (mD) Type of Sealant Used Volume Placed

_Fom | To {Material and Type) (/)
1
Method of Construction Well Use

Cabte Tool [ Diamond [ Public [] commercial [ ot used

Rotary {Conventional) [J Jetting [] comestic O Municipal O Dewatering
[J Rotary {Reverse) [ Criving [ Livestoek est Hole [] Monitoring
[ Baring [ Digging [ irrigation [0 cooling & Air Conditioning
r.lAir percussion [ sndustrial

[C] Cther, specify

[C] Other, specify

Construction Record - Casin

Status of Waell

Pumping rate I‘/min / GPM)

Inside
Diameter
femvin)

Open Hole OR Matenal
{Galvanized, Fibreglass
Concrete, Plastic, Steel)

Vvall

Thickness |
(crvin)

From

Depth (m/f)

To

: E Water Supply
' [ Replacement Well
[ Test Hole

Duration of pumping
hrs +

| — 7 -
Final water level end of pumping {m)

Recommended pump depth (m/T)

Matenal
{Plastic, Galvanized, Steel)

Shot No.

[C] Recharge Well
] bewatering weali
[C] Observation andior

Construction Record - Screen

Monitoring Hole

[ Asteration

{Consiruction)

[C] Abandoned,

insufficient Supply

[J Abandoned, Poar

Water Quality

{_] Abandoned, other,

specify

(] 6ﬁ15r, specHy

Recommended pump rate
(Vmir / GPM)

Well production (#min / GPM)

Lives Claos® =8 |
Map of Weli Location

Disinfected?
Yes |: No

If flowing give rate (Vmin / EEKJH
I

Draw Down Recovery
Time | \Water Level { Time | Water Level
"UG {min) mm {min) (mTY
Static ¢
Level £ S
1 1
=3 e A o
2 |/ 2 :
3 [f 3 &
4 - L S S —
4 4
min S 5
10 | % 10
15 [, 15
{| 20 20
—————
25 ) 25 |
P
30 30
40 |2 40
50 50
—
60 80
e L.

Water Details Hole Diameter
water found at Depth | Kind of Water: [ |Fresh [ Untested Depth {m) Diameter
| From To

el

Water found at Depth
) [ 1Gas

(/i) DGasi [ Other, specify b
Water found at Depth |Kind of Water: [ |Fresh [ ]| Untested

{mvit) [ Gas | [ Other, specify

[] Other, specify

Kind of Water: || Fresh [ LUr ]

Well Contractor and Well Technician information
Jnfornmati

Business Name of Well Contractor

Business Address (Street Number/Name)

4
Province

Bhéfl’eiephone No. (inc.

kol
Vel
A

4l Technician's

[ Postal Code

L QA AL

area code} | Name of Well Technician (Last Name, First Name}

1 17 F

| Well Contractor's Licence No.

| 4

Please provide a map below following instructions on the back.

IMunicipality

]Busuness E-mail Address

Comments:

Licence No. | S

Sigag s i el
Signature of Technician andfor Confractor

|Date Submitted

| | |0

Ministry Use Oniy

%II owner's |Date Package Pelivered

information Audit Mo,
Packege (814 1 s | ) 1
] Yes Date Work Complseted 4

ELC Ve 1 Y| 615 | [ecenes

31191
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ZF’}O n!'ario Ministry of Well Tag No. (Place Sticker and/or Print Below) ell Record
. the Environment Ta g# A1 2 43 3 4 Regulalion 903 Ontario Water Resources Act

‘Address of Well Location (Street Number/Name) Township LOtN o

Concession
[ 730 WiLHAYE DR, FORMERLY CUMBERLANVD o= E
County/[?istrict/Municipality City/Town/Village Province Postal Code
OTIAWA CARELTOA O [TAWH- Ontario KQE 7 j
UTM Coordinates | Zone | Easting Northing Municipal Plan and Sublot Number Other
woi 13 (1] 46571/ 171|501

General Colour Most Common Material

Lo LOFH
BRdun CL&Y DENVSE

Other Materials General Description

Browy | ERAVEL STOE<, .
BEoW|  (YmESTONVE. g

i B AnnularSpace D L e ‘Résults of Well Yield Testing
Depth Setat (m/ﬁ) Type of Sealant Used Volume Placed Aﬂerte ofwe y|e!d waler was: Draw Down

Monitoring Hole - -
[ miteration - e 2% 50 g/ / 50
Disinfected?

acovery
 From To (Material and Type) (M) [ Clear and sand free ol Time| Water Level | Time | Water Level
G [ Cther, specif” L AR WSy (min) (/) Hmin) (i
ENTOHILT 22 L
D !Q'O /) / E’ SLU@V £ If pumping discontinued, give reason: f::}: L . a/
[T
11/0.0] 1|32.6
Purrp intake set at (m/AR)
21/h.912|32-3
T Method of ComatiGetion . 1 T WelUss. | | Pumping rate (Vmin / GPM) // S 3/ 5 7
{7 catle Toot [] Biamond [ Pubtic [ commercial [ Not used Suron of . 4 /Q . D 4 5 O, é}
O Rotary (Conventional) O Jetting 3 Domestic [ Municipal O Dewatering uration of pumping . 5 é 5 |~ ‘_/
| Rotary (Reverse) | Dsiving [ Livestock |X Test Hole [ Monitoring _/_ hrs +WQ min ‘7(8 [l (;2 7:
[ Boring [ Digging [ Irrigation [T Cooling & Air Conditioning Final water level end of pumping (m}
| Air percussion [ Industrial 3 . ‘j 10 5’ 3 10 ;2 7"6>
ClOther, specify L] Gther, specify if flowing give rate (Wnin / GPM) 15 /7: ? 15 Q\ 7 B O
e “ Construction Recordi=Casing Sene i status et Well:
20 ' 20 €
D!nsid? Open Hole CR Material Wall Depth (m/fi) [ water Supply Recommendgd pump depth (m/R} QD S Q é g
iameter | (Galvanized, Fibreglass, | Thick
oty | Eoncee i sy | oy | Fom | 7o | Elemecenentyen 7S 6022151257
o S 2N Recommended pump rate H
& Y | STEEC 188 | A7 20 g Recharge s ||umnsemm 0 [A7 T =l 5]
- Dewatering Well
5 OFEN HiLeE. Q_O X 0 | [ obsenvationandlor | [ produstion gimin 7 GPMg 40 JL 7‘ 7|0 A 3 67

~

(Constructicn) b
[ Abandoned, N Yes [ No 60 8 7"0 60 '9,2«
e — Insufficient Supply |z m—
. Construction Record -Screen L\ [ Abandoned, Poor |1
[?:,?,ﬁzr pr GMIEXEH?IM e Sotho Depth (mAY) g x\g:; Sr::;zme{ Please provide a map below. in anstr tions on the back.
astic, Galvanized, Steel N 3 .
(emvin} From To specify
[ ] Other, specify {‘A/ q
e waterDefails iii [ Holé Diameter. : N
at r uund at Depth [Kind of Water: [_|Fresh @}T)ntested Depth (m/) Dlameter
\ From To (crvin) .
(mAt) [ Gas | []Other, specify £
Water found at Depth|Kind of Water: | ]Fresh [_]Untested O &O 9 =7 N
(mAt) (Gas| []Other, specify QO 8 O 6 7 o B %
Water found at Depth|Kind of Water: [[JFresh [_jUnt d ‘ f~i§0® -
.
() DGas [1Cther, specify Vb :
| Well Cantractor and Well Technigian Information: : ! 3s°
Busmess Name of Well Contractor Well Contractor's Licence No,
fggumagﬁs ORLLING- 10| 4 8 |7 |G 4= =
Business Address (Street Number/Name) Mu?licipality Comments:
BERAESIDE.
Province Postal Code Business E-mail Address
-
O/U J Hi U I ﬁ] / 5@ Well owner's | Date Package Delivered
Bus. Telephone No. (inc. area cods) |Name of Well Technician {Last Name, First Name) E;zgggon ;ZLG’ OB
7 &0 delivered L} ?
&/ Q %%Lﬁ y @) Sgum% %J ehere Date Work Completed
We!fTécﬁmman s Licence No. |Signature of Techician andlor Contractor|Date Submitted Klves |
TS 17 ] < )iy AN/ o6l O Rol (| LADE
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Measurements recorded in:

Metric Ij Impenal

&o

- Tag#:A173263 = |

1490 O'Toole

ell Record

Regufation 903 Ontario Water Resources Aci

Page 3 of ‘?

/73R

o

Sk

Well Owner’s Information R R

First Name Last Name 7 Organlzallon E-mail Address - [ wWell CGonstructed

y, L R YA /4 ‘T by Well Owner
Province Postal Code Telephone No. (inc. area code)

Municipality

élflﬁ‘l?lé’l |7|e»w|?

Mailing Address (Street Number/Na
L5 2% /’L;"ﬁw;;f’ c-——-'awg/ /’?r/{

Well Location

P iy o

c‘f{mw—-/mmozf o K 1elin?|

Address of Well Location (Street Numben’Name) TO?S DI 7&’ L.r‘ 7 U e ()'/ Lot Concessfn%q
(920 O [Joo e A o e (et apngh ff‘ﬂffpggg& DARF
County/District/Municipality [,, o [ L& C.[yrr wnNﬂraze Province. Posta! Code
L2 T 4 A G‘vf [ fe/ a’&ﬂ'(j Ontario
UTM Coordinates | Zone Easting " Narthing Municipal Plan and Sublot Number Other
YMop 313\ 5 qOBA PR | YA - RS 736

/ NaD | 8|3 |/ ¥
O

verburden and Bedrock Materials/Abandonment Sealing'Record (ses iastrictions onthe back of this forin) -

General Descrlphon

Depth (m/)

General Colour Most Common Material Other Materials
<D L2
Lot carev £ -/&y (5-23-4'-“-'!2’/1} .5‘37';74' o 243
. i - g

G ey SHn L& loose 3.¢2 |45

N ’ . 3 -~ =
(;f t"\,{ AIWPJ){‘.::?N& f:v/f'i““@( 5y s 48

— -

: - Annular Space. A v g ‘Résults’of Well Yield Testing” -~ .~ - .
Depth Set at () Type of Sealant Used Volume Placed Aﬂer t,es! of we]i yl eld, water was: Draw Down Recovery
From To (Material and Type) () E-"Clear and sand free '(I'ime Water Level | Time | Water Level

- [ Other, specify ‘min} (v {min} (L)
2 2 eaa o1t ‘%‘ Tt te Z’; % ‘o -
:{a!' -.} Pl & Co @ o / 6;? e A = If pumping discontinued, give reason: E;T:;I: O. %o 39;,:: P
v BT | 1 [35ES
Pump intake set at (mAt, e
P (ot 2 |#.60 | 2 Bu oy
i a = 3 |
= - PuUmpirg rate (#min / GPM) F.F T s
Method of Construction | e N ¥ o . P -
[ Cabla Toot [ biamond D;}Jbifc I:I Commercial ] Not used Wl 4 (3. 95 a 4 _?_r-? i g rd
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ML}L\:—ﬂIﬂ _Township, Village, Town or City. Cumberland . ...
28 July 1966
Sra 'ﬁ\? .. Date completed 28 T 1966, _ .
— e imlng and Screen Record Pumping TYest
Inzide diameter of casing 6 3/16 Static level : .""7@. iR,k G et
"I'otal length of casing. A3, Test-pumping rate 125 GPH. RO
Type of screen o Pumping level.. .. Q0
Length of screen e Duration of test pumping . + s
Depth to top of screen . . : Water clear or cloudy atend of test  CLORT ..o
Diameter of finished hole ... 8. Recommended pumping rate . 125 GPH. XK
with pump setting of 120 feet below ground surface
Well Log Water Record
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L Querburden and Bedrock Rocord 1 e b which wator () ‘;‘i;f‘,,,'.,;:}.“"r )
., Limestona 0 160 90 frosh
= |
o  — [ N
For what purpose(s) is the water to be used?  [BTM Location of Well
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il e hillside? . YAl road and lot line. Indicate north by arrow.
5 on upland, in y, or on hillside? . ¥ .. orTawm RiveER
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" L JeBa Dﬂm * an bmm .................
Address. 1014 Meltland AVea,. e
_Qttawa 5, e o TR T
Licence Number. .. ZOF0 o S
HmncniDrm:roerr R. Ianlel = = Y~
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QE: 28th 1966 ... e [Eore 8 Ly 2
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ounty or !Dlsfrlcl ship, Village, Town or Guy Lumber

Con... 1s Date completed 20 .Janusry. 19

Ownep Address.4102. Lakewood . Detroit 1§,. Michigan,.U..3.4..

Pumping 1’41

Static level ... I - A ’ ...

Inside diameter of Casing........ o ome i o
Total length of casing... ........ooc 2 e Test-pumping rate .. . & . G.PM
Type Of SCrEER e e Pumping level I -1 LS PSR R
Length of screen Duration of test pumping.. 3 hre.
Depth to top of screen ... ... Water clear or cloudy at end of test clear
Diameter of finished hole . 5" Recommended pumping rate .6 . G.PM.
with pump setting of . 5 feet below ground surface
Well Lop Water Record
Depth(s) at Kind of wat
Overburden and Bedrock Record Fxf-gm 'gf whfch w(a.ter(s) (Erlles?n, ;‘:l!t;r
" . found sulphur)
clay-&-loose rock. 0 4
1 coserock —Xapk-& Jinexkane 4 10
W 10 112 112 fresh
For what purpose(s) is the water to be used? domestic. Location of Well
............................. In diagram below show distances of well from
. . ] road and ot line. Ipdicate north by arrow.
Is well on upland, in valley, or on hillside?  hillside . ] &f

Drilling or Boring Firm . oot 52
. G.Charbonneau, Cable & D:Lampgd_ Drilling

AddressR-H- # 1,.Box 194, Orisane.. Onks

Licence Number
Name of Driller or Borer G.Charbonneau

Address ReR. 4 1, Orleans, Ont,.
Date . . 20, January. 1966. /
. -

ignature o Licensed Drilling or Boring Contractar)
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1’:/" >Om‘.ario

Ministry of
the Environment

Well Tag No. (Place Sticker and/or Print Below)

Tag#: A124334

Well Record

Regulalion 203 Onfario Waler Resources Act

Address of We]l Locatlon {Street Numben’Name) . Township Lot — Concession
/730 WILHAWVEN £, LY COMBERLAINVO o= E
Countyll;)istricthunicipaEity City/Town/Village Province PostaE Code
OTAWA CARELTOAS AW Ontario KRQE7in j
UTM Coordinates | Zone | Easting Municipal Plan and Sublot Number Other
wo 1815 /18 6571/ 17| 50Z227

Qverburden and,

Bedrock Material$/Abandonmen

General Colour

Most Common Material

t: Sealing Record {ses insiuctions on the batk of this 1o
Other Materials

General Description
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To

From

Type of Sealant Used
(Material and Type)

Volume Placed
i)

o

KO

LEVTONITE  SLU@RY

. 2R

L Résults of Weél

L¥ield Testing

....... “Method: of Construction SR D WellUsel S
[:i Cable Toot [.] Diamond [3 Pubtic [ commercial [T Not used
[ Rotary (Conventionaly [ Jetting [} Domestic [ Municipal [ Dewatering
[ Rotary (Reverse) [ oriving [T Livestock IE Test Hole [ Monitoring
1 Boring [ Digging ] Irrigation [J Cooling & Air Conditicning

| Air percussion [ Industrial
] Other, specifi [} other, specify

i Construction' Record ZCasing

Listatusiof Well:

inside

Depth ()

i Open Hole OR Material wall
Diameater {Galvanized, Fibreglass, Thickness
fermvin) Concrete, Plastic, Steel) (ermvin) From To
pr Ay > +9&
&Y | srEEC |88 | & |20

&

O LPEN HOLEE.

50

1 Construction Record - Screen

{71 water Supply
] Replacement well

E Test Hole

{1 Recharge wWell

] Dewatering Well

] Observation and/for
Monitoring Hole

[ Asteration
{Construction)

[T Abandoned,
Insufficient Supply

il [] Abandoned, Poor

Aft rte ofwe yield, water was: Draw Down ecovery
{0 clear and sand free Time | Water Level | Time | Water Level
[ Cther, specih” L EARWIGH (min) A L (min) ()
If pumping discontinued, give reason: fg’;; L P a/
11/0.01 1|32, 6
Purmp intake set at {mA%) 2 /D-» ? 2 3;‘2 . 3
Bumping rate (min 7 GPAM) 317/ 5| s 3/ . 7
Duration of pumping “ /Q - D * 5 O‘ 6
_/_hrs+mein 5 /a()' é 5 ;??“-%
Final water level end ‘c_a_fﬁumping (A 10 5‘ 5 10 ;—2 7 5)
£ -
It flowing give rate (min 7 GPM) 15 / 7. & 15 2 ) O
Recommendgd pump depth (r/f} 20 QD'S 20 Q 6 cg
w1022 |2525.7
A o027 Il 5]
Well production {I/:'nin/GF’M} 40 1;{ 7‘ 7 40 a 3 N 7
Disinfected? 2 50 g/ - / 50 Q 62 56
DNQ 60 3'7/,,0 60 Q\/';l‘

ﬁ Yes

S?::g:r  Material Siot No Depth (mA2) Vater Quality
(cmin} {Plastic, Galvanized, Steel) . From To [ :;:;g?ned, other,
[] Other, specif
s E sWatér Deétails iy g Hole Diameter. :
Water found at Depth |Kind of Water: [:lFresh @;‘Untested Depth (mAy Dlameter
j From Ta (erm/in)
(/) [_1Gas| [_]Other, specify =
Watér found at Depth | Kind of Water: |_] Fresh || Untested o &O ? =
T
(mA) {1Gas | [ Other, specify Q D 8 0 6
Water found at Depth |Kind of Water: [_JFresh [_|Untested

(mAt) {1Gas

[ IOther, specify
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Businesg Address (Sireet Number/Name)

Municipality
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ONT
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KOAY 6o

Business E-mail Address
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&/Q%%kﬁé

Y X SPUNVOFES
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LTS5/
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Casing and Screen Record

Inside diameter of Casing.................o Static level ... /o .............................................................
Total length of casing................... /7 ....... J ............................ Test-pumping rate .. . /j .......................................... G.P.M.
Type Of SCTEEN ... ... ’
Length of screen................. i
Depth to top of screen.. ... .. ..
Diameter of finished hole ... 6" ..

with pump setting of ... 59 ) .......... feet below ground surface

Well Log Water Record

Depth(s) at

Kind of water

Overburden and Bedrock Record Fi_'gm }‘to ‘which water(s)| (fresh, salty,
y) y) /] . : found sulphur)
oy Ae B4 o -
&L PSRN .— X 4/ Yy /<0 /40
For what purpose(s) is the water to be used? &M ...... ‘¢ . Location of Well
............................................................................................................. In diagram below show distances of well from
road and lot line. Indicate north by arrow.
Is well on upland, in valley, or on hillside?.. d ﬂ /
Drilling or Boring Firm &7 CHATBO N ) X -
rilling or Boring Firm................ Oieans G e
........................................................................................ fowner}
AArESS. . o

Licence Number........ 2 { : ? : 3 .........................................................

Name of Driller or Borer. ... .

Address.... % /?nN{,- ..... /7‘/ .........................

Slgnature of Licénsed Drilling or Boring Contractor)
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Weter management h/ Onfario 1. PRINT ONLY IN SPACES PROVIDED — —_ T ?7
2. cHECK JX[ CORRECT BOX WHERE APPLICABLE III jéo /2[1"0 L‘SO‘LQ—Q—QTFB | T AL 1 ‘zz ig‘z
COUNILY OR DISTRICT @HIP BOROUGH, CITY, TOWN ViL CON_ BLOCK, TRACT, SURVEY, ETC. = 25-27
- ) v ;
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| loMx\nse aX Ca fad. KK .3 ‘7 Hmhf&:n el I': - Otlawa. wﬁl—m& v
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{

\ _ l/agf }‘z‘uérfélg’d LA ag 2 sid 444 Looz_‘l’lil'l;zs’r T RN S S R
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a7
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: Y 2 [J GALVANIZED
i 15-18 19 I - 1 CONCRETE 1
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| 3] TEST HOLE +7 [J UNFINISHED
: OF WELL 4 [J RECHARGE WELL
| 55-56
: NJMESTIC 5[0 COMMERCIAL
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i WATER 3 [ IRRIGATION 7 PusBLIC SUPPLY
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2 [] Salty : S g:serals 24-25 | 41 O3 Steel 26 27-30 d g /5 d, - 5 LL <
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X DOMESTIC 01 COMMERCIAL
O svock [0 MUNICIPAL
WATER C1 tRRIGATION 0O PuBLIC SUPPLY
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% 30-33| [ FRESH 3 [] SULPHUR 2 O] CONCRETE 262 30-33]| 80
2 L] SALTY a [] MINERAL a [] OPEN HOLE
. MPING TEST METHOD 10 | FUMPING RATEC 11-14 [ BURATION OF FUMPING
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Well Tag No. (Place Sticker and/or Print Below)

7233585

Well Record

}},_, Ministry of
Ontario .
the Environment Regulation 903 Ontario Water Resources Act
_ » _|a123401 Tag#: A123491
Measurements recorded in:  Metric ] Imperiat Page of
Well Owner's Information
First Name Last Name / Organization E-mail Address ] Well Constructed
Metric Homes. (1979) \In by Weil Owner
Mailing Address (Street Number?Name) Municipality Province Postal Code Telephone No. (inc. area code)
114 Arbourbrook Blvd Carp Ontario KOl A 1 10 61 318/3/684d79
Well Location
Address of Well Location (Street Number/Name) | Township Lot | Concession
161 King Arthur Street Cumberland |
County/District/Municipality City/Town/Village Province ostal Code .
ari AT T
Ottrawa Carleton Cumberland Ontario R T T T T
UTM Coordinates | Zone | Easting Northing Municipal Plan and Subiot Number Other
[y i [ R S G PN j
NAD (8 31 8 lalss 1 0 3 Islol3 8 5l6 7
Overburden and Bedrock Materials/Abandonment Sealing Record (see instructions on the back of this form)
General Colour Most Common Material Other Materials General Description FmE\PP‘h (m/ﬁ)
Brown Clay Packed 6] 3.65
Gray Iimestone Cloured Layers Medium 3.65 151.78
Gray ILimestone Coloured lLayers Medium 151.78| 155.44
i
Annular Space Results of Well Yield Testing
Depth Set at (m/f) Type of Sealant Used Volume Placed After test of well yield, water was: Draw Down Recovery
From To (Material and Type) (/) fg-Clear and sand free Time | Water Level | Time | Water Level
[} Other, specify (min) (r/it) (min) (m/ft)
6..40 Q Grouted. . — Cement 21m3 - - - - — | Static
If pumping discontinued, give reason: Lovel 16.75
" 118.80] ' 76.20
Pump intake set at (m/ft)
2 19.27 | 2 [75.09
91.43 3 3
- P i ate (Vmin /7 GPM,
Method of Construction Well Use umping rate (/min 4 19.80 74.38
i) Cable Tool [ biamond ] Public [} Commercial ] Notused B - 65 4 20.50 4 173.88
B Rotary (Conventionaly - [l Jettirig Bd"Domestic 1 Municipal [T Dewatering uration ol pumping - 5
[N Rotary (Reverse) ] Driving ] Livestock [ Test Hole ] Monitoring .1 _hrs+ 2@ min 20.94 5 173.28
[ Boring [1 Digging T irrigation [] Cooling & Air Conditioning Final water level end of pumping (m/f)
10 10
BdAir percussion L1 industrial 78 23.90 71.53
[JOther, specify ..ol ] Other, specify I flowing give rate (Vmin / GPM) 151 26,751 1% 69,37
Construction Record - Casing Status of Well 20 20 T
Inside Open Hole OR Material Wall Depth (m/ft) [ad water Supply Recommended pump depth (m/i) 29.40 66.70
Diameter (Galvanized, Fibreglass, Thickness :
{cm/in)} Concrete, Plastic, Steel) {cm/in) From To % ?eptlzcelment Wet ai 25 32.95 25 65.35
5 Rzzha? € well Recommen‘(‘ied pump rate 30 30
ge We (7
15.86 | Steel 48 + .45 | 6.40 | [ powmermg wen | |0 M 35. 63.55
! 13.65 40 40
{1 Observation and/for Weil production (Vmin 7 GPM) 39. 59.85
Monitoring Hole
1 Alteration T 5 50 50 57.09
(Construction) Disinfected .
1 Abandoned, 3¢ ves [ InNo 60 497 10 60 sg o
i Insufficient Supply
Construction Record - Screen ] Abandoned, Poor Map of Well Location
Qutside : Depth (m/ft) Water Quality Please provide a map below following instructions on the back.
Diameter | oy Gaanized Steely| . SlotNo. Erom . T ] Abandoned, other,
(crn/in) : 2 specify
[ Other, specify l g3 )(a\ [l
{
Water Details Hole Diameter { i &’
Water found at Depth Kind of Water: Fresh [ Untested Depth (m/ft) Diameter |
£ From To (cm/in) i S, e
(m/ft) | IGas [ Other, specify ______________ ) [ i )
Water found at Depth Kind of Water: | gFresh Untested 0O 6.40,15.89 ’ ‘ E
(m/ft) | 1Gas Other, specify e 6.40 1151.78115.23 { @ /'E
Water found at Depth Kind of Water: JUntested = 2 = i l 6\”‘(’6 \/
JR— . . - &
(m/ft) | _1Gas | Other, specify 151.78 |155.4414.28 1 \:}:\v‘( A
— - —t < <
Well Contractor and Well Technician Information \Z\\Y‘(’:\ Q

Business Name of Well Contractor

Capital Water Supply Ltd

Well Contractor’s Licence No.

§ i
H

1. .5 1.5 18

Business Address (Street Number/Name)

Municipality

Comments:

P.0O. Box 49 Stittsville
Province Postal Code Business E-mail Address
. i 1 ! i . . . Well . T —
Ontario K2 1S1 A6 office@capitalwater.ca . . mfim?a‘.“{igﬁ’ s | Date Package Delivered .Mmlstry Use only
Bus.Telephone No. (inc. area code) |Name of Well TechniCian (Last Name, First Name) package 4 “); 1 . 4; Oi gi 12 Audit NoZ 1 8 8 5 5 7
. . . . A delivered T i | O 2
6 1/3l8 3 6 1 7 Miller; Stephen o Date Work Completed
Well Technician's Licence No. |Signat, hnician arr/or Contractor|Date Submitted ) OxI"Yes . . n{:’f‘ ‘§ 2 2@%’@
0 ol 9! 7 MZAM 200140916 LIN 21011409 04 &
0506E (2007/12) @ Queen's Prirffle 0, 2007 Ministry’s Copy




Ministry of Wall Tag Nu

the Environmant

Ontario

Instructions for Completing Form

« Foruse in the Province of Ontarlo only. This document is B pa
« Al Sectlons must ba complated in full to avoid delays In processing. Further instructions™and
» Questions regarding complating this application can be diracted 1o the
« All metre measuremants shall be reported to 1110™ of a metre,

* Please print clearly in blua or black Ink only.

Wall Owner's Information and Location of Wall Informatlon

Addross

wow)
A 033772 Reguiation 903 Omldowlsﬂlgoﬁgga%
1402)?‘)‘72. pago___of ___
rmanent lagal documént. Plaase rataln for futura referanca.
are available on the back of this form,

Water Wall Management Coordinalos at 416-235-6203.
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mberfName

Ministry Use Only
N | CON Lot
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g é fd&l‘-\ﬂf )
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)
‘HOnditerontistad

Log of Overburden and Bedrock Materals (see instructions)
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= —— / I ——-L‘— e _—
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Hole Dlamutor Construction Record Test of Well Yield
- Depth Metron | Diameter Inside Wwall Dapth Molroa Pumping lost method Draw Down Recov
From To  [Contmotres) | glam Materia! thicknoss ¥) Y/} Trmalviater Lavel] Tima | Watur Loval
contimalres From ‘ To 4/‘*‘. min| Mefes | min | _Wotos
_0____[29" \21 2? = Pump intake sat il - |Static ?Aﬂ 9,
(230 2.3 T3 ot (Jroevgin] = Zm"“‘hm'o KN BN KN4
1555 {Clrmstejconemte fo Aroaimin)
Watsr Rocord Em{d OHK /9- J‘J mﬂ 2 2 |/ Yo0
i i § o
(34 m  1&Fresn [ ] Sulghur YFrestc (] Concrets of pu e 3 %0
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ot e = e [ jrirgons Recofbmandec P | 4 4 gy
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Cloas . [saty  C}Minersis] | Outside |- sl " _{liur&gimi 15 /370 |15 oM
Llgar . y, D) e L'_]]::lh%w Siet No. TR S TW T
[Ahor lost of well yisld, woler was : {litrasdmin} 25 Uif . 25 |1¢ 90
£] Claar and vadimen frea L 1Gwvarized [ L A 130 17 3¢ | 30 |11 247
" Ottar, spocity — No Casing or Screan ' ) w70 | 40]]g.50
) ¥ 71 [ 50 |22 50 I'l.ﬂ';
Criornaod Efves  Citio oo e o &9 |f2f00 et e 7
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0 _cﬁ,g‘z:%a/‘ b ©o5d ,{i”"’a"‘
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Method of Construction d o p'z
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Rotary {reversa) [JBoring Do
Water Use
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Final Status of Well 7z 51952 JE 0 7
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F|30/- 6{9 -.:5("5 f‘/r‘?‘lﬁff’-"'f {)r Zi&“

c&méww{ﬁcdcf- | /3

Counby/District'Municipali | e il "gc [ Prawince Paostal Cade
G)f-r /7 L e — j C:;::{m ™ e /f_(waf | Ontario K’?c !xfj
T Coordinates | Zona _r=.r|r1(; Marthing Municipal Flan and Sublot Mumber Crthver
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Overburden and Bedrock Materials/Abandonment Sealing Record (see irsfructions o e Lack oF tiis ol

: —ren Depth (0 m
General Colour Most Common Material Other Materials General Description Fu ik !
- ! __f‘: -
:_-_‘}l"ff"/ z-‘i;n.a—lf-_b oy &L | b} /5!:3-{5!

AnnularSpace Results of Well Yield Testing
o T n

Depth Seat at | rﬁ". ] Wolume Plased ﬁ';‘?’)"‘« of wiell yighd, walter was:
.

From aterial and (A [F'Claar and sand free
] Othar, specify B E. L & =
-I"’I::jl. éﬁ -..5 / Cgéf' . € suf ?{ J"/ﬁl“-'i‘ 17? ﬂ;% % J If pumiping discentimed, give reason. F‘jtll':: ‘?‘_ 0"? | -F- 0(?_ ?j
B e B R AT R
Pump intake set at (mft) | 2 J’/{; 3 g 5'-- 2 '_‘f'& .r",?-_

Pumping rate L

F P 3 P2 | 3 & 3T
ethod of Construction I we_u Usle__ ! /d 6, i | 22
MI‘J" = . q ::r: : Duration (ﬁ)u.j:plr.? (J 4 Eﬁ.‘e ? i - |J?, /{/_.‘-'
L a7 / hrs +‘$I@' rrin d";' '5",2. . 5 !'?-tj" _,r"r:P‘

] Test
Fimal water leval end af purmnping [.'?.;"'l’,'l
|

| Cooling & Air Comd f{/‘;? ("/",\‘-g s | 10 |£3:6J ﬁf 10 nyr E:J ?

~abhle Tool

L Rotary {Con
otary (Rew

nitkanal)

=) M4 RI

h

I
L] Air percussion
| Other, specify

If flowing give rate [Mmin £GP | 15 ‘??‘? 6{/ | 15 |-u§?' a?? ?
Construction Record - Casing 3 Status of Well 20 20 | <
Wall Depth {m/ft] [B-1Tater Supphy _[ Recommended pump depth (med) | 5 5&’?! Gp-"r‘ s ? 0

B i 2 Beriiihing /35 PY = 35, 79| = 2825

Raecommendad PUMmp rate

» I ‘Elj‘f| j,j_d,} - Recharge u’l.-all [min # GEM) . | 30 Z?fl 30 | ?:.{;GP

Dewatering Wall

> J 0 r ”
ation anddar wall :lrndl.."j;zﬂ?{ '5_1::;:';"{} | A0 a P rl' | 40 g"{‘t}d,

| ‘ ‘l Alteration o e | so E"ﬁ;-a@'pa 50179 O (
I {Construction) =',;/% ea'r
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| ! 1 | Insufficient Supply
Construction Record - Screen | 17 Abandonad. Peor f Map of Well Location S 2
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visteria | = Z RULNELE o
(Plastic, Galvanized, Steed) Shot Mo | E ke Ta — | Abandoned, oliver,
| | | Epecifls
J?/ = =
i I [] Other, specify '7',,.“ = '{.\‘ <
! -4
] ] | =
i : Water Details | Hole Diameater
Water found at Depth |Kind of Water: a-f—‘%sr. Untested | “lﬂ" A}

f;ér 5"{“’ Gas Other, specify I From ! 3
VWater found at Depth |Kind of Water: [£-FTsh Untested | &2 /é! FAT) fj(qff

/j-"‘: E}J’r:fr:_.-_"-:l Gas Oer S,r;-crf,._r}' e Uniomina Do‘ GC‘ |/_‘.7‘-'f.a fﬁfb 55.—

Water found at Depth |Kind of Wai
(et Gas Other, specify |

Well Contractor and Well Technician Information
Business Mame of Well Contractor WWell Contractor's Licanoa ko
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e S /?Ufcﬂic‘ b 2 Wﬂc’_ﬁ:?{ [Vt 1o o/

Prowvince ostal Code Business E-mail Address

oW Ko #3co

Bus. Telephone Mo, (e aea codel | Mameagf Well Technician {Last Mame, First Mame}

{:. / 3 2 ?5 3‘?‘{9 &I ‘y}: S Loeiss

antractor| Date Submitted
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Goresoh Colou Mot Common Matenal Cithee Matarisls Ge_n:fnl ?Tc"‘“”" - ] F.-.E’-"m‘""}.‘__
Brown l L Llay—Re Stones . .. Packed 0 1.82
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1
—— e e TTTTTR
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EXOVA ACCUTEST REPORT OF ANALYSIS EXOVQ "Fl“
Acculest
Client: Paterson Group Report Number: 2929721
28 Concourse Gale, Unit 1 Date: 20091207 | W1
Nepsan, ON Date Submitted: 2009-12-4
K2ETT7
Attention; Mr. Robert Passmore Project: PH1236
INVOICE: Patsrson Group inc. P.0. Number:
Chaln of Custody Number: 11723 Matrix: Waler
LAB ID: 764880 7648681 GUIDELINE
Sample Dats: | 2009-12-03 | 2009-12-03
Sample ID: | TW1 W51 TW1 W52 ODWSOG
PARAMETER _ UNITS MRL TYPE LIMIT UNITS
Total Coliforms CFU/M00mY o 60 MAC 1] CFUM00mL,
Eschatichia Call CFUM00mL 1] 0 MAC 0 CFUMO0mL
Hetarolrophic Plate Gount CFUMmL 135 201
Faecal Coliforms CFU/10Dml. [ o
Fascal Streplocaccus CFUMO0OmL] 2 1

MRL = Method Reponing Limit INC = incompiete  AD = Aesthetic Objective OC = Operational Gudeling MAC = Maximum Allowabla Concentration IMAC = Inarim Maximum Allowable Concontration
Comment:

Oragana Dzeletoy
Microbiology Anal

Fesults ielale pnly 10 e parameters lested on the sampies Submitied.
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EAUVA ACCUTEST REPORT OF ANALYSIS EXOVG ll |||l
Accutest I

Cliant: Paterson Group Raport Number: 2929468

28 Concourse Gale, Unit 1 Date: 20091203 | W2

Nepean, ON Date Submitted: 2009-12-01

KIETT7
Attention:  Mr. Robert Passmore Project: PH1236
INVOICE: Palerson Group Inc. P.0. Rumbsr: 7873
Chaln of Custody Numbar: 108473 Matrix: Water

LAB 1D: 764211 764212 GUIDELINE
Sampla Date; | 2009-12-01 2008-12-01
Sample ID: | TW2WS1 TW2Z WS2 ODWS0G
PARAMETER UNITS MRL TYFE LIMIT UNITS

Total Goliforms CFU/00mL| 0 1] MAC 0 CFU/100mL
Escherichla Coli CFU/100mL 0 0 MAG 0 CFUM00mL
Hetemlrophic Plate Count CFUMNmL >500 >500
Fagcal Coliforms CFU/M00mL| a 1]
Faecal Straptococcus CFU/100mL] 4] 0
WRL = Melhod Reporing LImIL INC = incomplete  AQ = Assthetic Objective (G = Operational Guideline MAC = Maxymum Aliowable Concentration IMAC = Interim Maximumn Aliowable Concentretion

Commant:

8146 Colonnads Aos, Otawa, ON, KZE 7Y?

1oft

APPROVAL: !z P! a AR
Krista Qbantnll

Drinking Water Coardinator

Mummwwmmmwﬂw\nmm:m submited.
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CAUVA ACCUTEST REPORT OF ANALYSIS EXOVG Illml
Acculest
Client: Patsrson Group Report Numbar: 2929599
28 Concourse Gate, Unit 1 Date: 20081207 | W3
Nepean, ON Date Submitted: 2009-1203
K2E 7T7
Attantion:  Mr. Robart Passmore Praject: PH1236
INVOICE: Palersen Group inc. P.O. Mumber: 7873
Chaln of Custody Number: 108474 Matrix: Water
LAB IO: 764594 764595 GUIDELINE
Sample Data: { 2009-12-02 2009-12-02
Sample ID: | TW3 W51 TW3 WSs2 ODWSOG
PARAMETER UNITS | WAL TYPE_| LMW | UNMS
Total Coliforms GFU/100mL 11 1] MAC 0 CFRUMMImL
Escharichia Coli CFU/M00mL 0 0 MAC 0 CFUM0CmL
Heteralrophic Plate Counl CFUMmL 181 11
Faacal Coliforms CFRUM00mL 0 ¢
Faecal Slreplococcus lcRU100mL] 2 0

RL = Method Reporing Limit iNC = incomplele AD = Aesinetic

Comment:

8-146 Colonnade Road, Ottewa, ON, K2E TY1

1ol 1

Objective OG = Operalionai Gukieling MAC = Maximum Allowshie Concentration MAC = Intedm Maximum Allowable Concentration

APPROVAL:
Bragana Dzaletovic

Microbiology Anatyst

Results retate oaky 1o the parameters lested on the sanples s
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EXOVA ACCUTEST REPORT OF ANALYSIS E
XOovQ
Acceutest
Cllent: Paterson Group
28 Concourse Gate, Unil 1 Report Number: 1120193 TW4
Dats: 2011-12-21
Nepsan, ON Datas Submittad: 2011-12-16
K2E 717
Attantion:  Mr. Robert Pasamore Project: PH1238
INVOICE: Patsrson Group Inc. P.0. Number: 11041
Chain of Custody Number: 99228 Mtrix: Water
LAB ID: 932535 932538 GUIDELINE
Sample Date: | 2011-12-15 | 2011-12-15
Sample ID; | TWA-WS1 TW4-W5S2 ODWS0G
PARAMETER UNITS MRL TREATED TREATED TYPE LIMIT UNITS
Alkalinlty as CaCO3 mg/t 5 193 180 oG 500 mpit
Chloride mg/L 1 43 3 AQ 250 mgiL
Colaur TCuU 2 11 10 AQ 5 TCU
Conductivity uSicm 5 551 481
Cissolved Organic Carbon mg/l 0.5 4.2 4.3 AO 5 mgil
Ruoride mg/L. 0.1 <010 <0.10 MAC 15 mgiL
Hydrogen Sulphide mglL 0.1 <0.01 <0.01 AD 0.05 mgiL
N-NH3 {Ammonia) mgiL 0.02 <0.02 <0.02
N-NO2 {Nitrite} mg/L 0.1 <0.10 <010 MAC 1.0 mgit.
N-NO3 {Nitrate) mgflL 0.1 0.55 D.43 MAC 10.0 mg/L
pH B.O6 8.02 6.5-8.5
Phenols mgfL 0.001 <0,001 <0.001
Sulphate mgiL 1 27 21 AC 500 mg/L
Tannin & Lignin mgf 0.1 D.1 <0.1
Total Dissolvad Solids (COND - CALC) mgfL 1 ass 313 AC 500 mgil
Total Kjeldahl Nitrogan mg/L 0.1 0.20 0.18
Turbidity NTU 0.1 an 1.2 MAC 1.0 NTU
Hardness as CaC0O3 mg/L 1 206 182 oG 100 mg/L
fon Balance ) 0.01 0.98 0.88
Calcium mgit. 1 76 6B
Magnesium mg/L 1 4 3
Patassium mg/t, 1 <] <1
Sodlum mg/t. 2 30 25 AQ 200 mg/L
Iran mg/L 0.03 0.08 0.03 AO 0.3 mglL
Manganese mg/L 0.1 <0.01 <0.01 AOQ 0.05 mgii.
MRL = Method Reparting Limit INC « Incomplels AO = Aesihatic Objective  OG = Operational Guideline MAC = Maximum Allowable Concertration IMAC = Interim Maximum Allowable Cancentration
Comment:
APPROVAL: %
Loma Wilson
Methods rafarences and/or additional QA/QC infosmation avallable on request. Ingrganic Lab Supandsor

B-145 Colnnade Road, Ottzws, ON, K2E 71

10f1

Resuits reiste only to the parametans tested on the samplad submited.
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EXOVA ACCUTEST REPORT OF ANALYSIS Exovd “lml
Accutest

Client: Paterson Group

28 Concourse Gate, Unit 1 Report Number: 1129300

Date: 2011-12-22 TW5

Napean, ON Date Submitted: 2011-12-20

K2E 777
Aftention: Mr. Robart Passmore Project: PH1238
INVOICE: Paterson Group Inc. P.0. Numbaer: 11636
Chain of Custody Numbar: 150779 Matrix: Waler

LAB ID: 932884 GUIDELINE
Sample Date: | 2011-12-19
Bample ID: | TW 5-WS1 -
1812111 Opwsce

| PARAMETER UNITS MRL TYPE _Lvir UNITS
Total Coliforms CFUM00mL 2 MAC 0 CFUMO0mL
Escherichia Coll CFUH0OmL 0 MAC 0 CFLH00mL.
Helarotrophic Plate Count CFUAmML 5
Fascal Caollforms CFU/10DmL! 0
Faecal Streptococcus CFLU/100mL] 0

MAL = Mathod Reporting Limit INC = Incomplate  AO = Aesthetic Objective OG = Oparational Guideline  MAC = Maximum Allowabia Cancantration IMAC = Interim Maximum Allowable Concentration

APPROVAL: !iE ! 3 W S /
st Cuantrill

Comment:

Mathods referances andfor additional QAIQC information available gn request.

B-148 Colcnnade Rosd, Ottawa, ON, K2E TY1

1af1

Microblology Lab Supervisor

Rasuity relate only i the paramatens tested on tha samples submitted,
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EXOVA AccuTEST REPORT OF ANALYSIS Exova lllml
Acculest
Cllent: Paterson Group
28 Concourse Gate, Unit 1 Report Number: 1128213
Date: 20111219 W6
Nepean, ON Date Submitted: 2041-12-16
K2E 7T7
Attention:  Mr. Robert Pasamore Project: PH1238
INVOICE: Paterson Group Inc. P.O. Numbar: 11636
Chain of Custody Number: 141380 Matrix: Water
LAB ID: 832598 GUIDELINE
Sample Date: | 2011-12-18
Bample ID: | TWSE -WS1 -
1611811 ODWS0G
PARAMETER [_uUNIS MRL TYPE LiMIT UNITS |
Total Califorms CFuMoomL) [+] MAC (¢] CFU/100mL
Escherichia Coli CFU/100mL 0 MAC 0 CFUAO0mL
Heaterotrophlc Plate Count CFUMmL 14
Faecal Colifarms CFUM00mL 0
Fascal Sireplococcus CFU/M100mL ]

MRL = hsthod Raporting Limit INC = Incomplate AC = Assthatic Ohjactive OG = Operational Guideline MAC = Maximum Allowable Concentration - IMAG = tnerim Maximum Altowable Concantrasion

Comment:

Methods references and/or additional QAJQC information available on request.

B-146 Colonnada Road, Ottawa, OH, (GE TY1

Kyfbta Quantril p
Microbiclogy Lab Superdidr

AP VAL: L \"N
opo Ll [/
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EXOVA ACCUTEST REPORT OF ANALYSIS Exovd ||||l||
Acculest

Cilent: Paterson Group Report Number: 2930079

28 Concourse Gala, Unit 1 Date: 2008-12-10 HW

Nepean, ON Date Submitted: 2009-12-08

K2E 7T7
Attention: Mr. Robert Passmore Project: PH1236
INVOICE: Paterson Group Inc. P.O. Number: 7875
Chain of Custody Number: 105473 Matrix: Vvater

LAB ID: 765935 765936 GUIDELINE
Sample Date: | 2009-12-08 2009-12-08
Sample ID: HW W51 HW Ws2 ODWSOG
PARAMETER UNITS MRL TYPE LIMIT UNITS
Total Coliforms CFUH00mL] 90 2 MAC 0 CFUM00mL
Escherichia Celi CFUM00mL] 0 0 MAC 0 CFUM00mL
Heterotrophic Flate Count CFUAmL 8 5
Faecal Coliforms CFUH00mL 0 0
Faecal Streplococcus CFUM00mL, 0 2
MRL = Method Reporing Limit INC = Incomplete AO = Aesthalic Objectiva OG = Operational Guideline MAC = Maximum Allowable Concentration IMAC = Interim Maximum Allowable Concentration
Comment:
APPROVAL:
rista Quanirill
Drinking Water Coordinator

A-14f Colonnade Road, Otiawa, ON, K2E 7Y1

10f1
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pate rson g rou p Hydrogeological and Terrain Analysis

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

Appendix 4

e Aquifer Analysis

e Well Interference Model

e LSI-RSI Calculations

¢ Nitrate Impact Assessment Calculations

e Offsite Well Owner Interviews

Report: PH1236-REP.02R2
August, 2016



Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

| Pumping Test: Pumping Test of TW1 Pumping Well: TWA1

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Theis (linear)

Analysis Date: 01/02/2016

Aquifer Thickness: 146.00 m

Discharge: variable, average rate 0.1796 [I/s]

Time [min]

0 100 200 300 400 500
0.00
]
]
[
20.00 (]
[
m .
g .
T 40.00 u
E ]
E [ |
< ]
E | |
3 60.00
1s
]
LI | ]
80.00 " 8 m n g moy o mE=
100.00
= TW1
Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW1 7.98 x 107 5.47 x 10™ 0.03




Paterson Group
Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

Pumping Test: Pumping Test of TW1 Pumping Well: TWA1

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Cooper Jacob |

Analysis Date: 14/03/2016

Aquifer Thickness: 146.00 m

Discharge: variable, average rate 0.1796 [I/s]

Dimensionless Time tD [min]

1EOQ 1E1 1E2 1E3
1E2

E L

Q 8E1l e — T

: ///’/“ .-'

/// =
% ’/’// n
T 6E1 = .
—

[a) [ |

n [

E 4E1 o

c

=) "

2 .

2E1
[}
]
- .
= TW1
Calculation using COOPER & JACOB
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]

TW1 259 x 10" 1.78 x 10° 0.03




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

| Pumping Test: Pumping Test of TW1

Pumping Well: TWA1

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Theis (log-log)

Analysis Date: 19/07/2016

Aquifer Thickness: 146.00 m

Discharge: variable, average rate 0.1796 [I/s]

Dimensionless Time tD [min]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW1 6.90 x 10 473 x10™ 0.03




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

Pumping Test: Pumping Test of TW1

Pumping Well: TWA1

Test Conducted by: RAP

Test Date: 01/02/2016

Aquifer Thickness: 146.00 m

Discharge: variable, average rate 0.1796 [I/s]

Analysis Name Analysis Performed by Analysis Date | Method name Well T [m?/d] K [m/d]
1| Theis (linear) 01/02/2016 | Theis TWA1 7.98 x 10% | 5.47 x 10™
2 | Cooper Jacob | 14/03/2016 | Cooper & Jacob | TWA1 259 x 10" | 1.78 x 107
3 | Theis (log-log) 19/07/2016 | Theis TWA1 6.90 x 10 | 4.73 x 10™
Average | 1.36 x 10" | 9.32 x 10™




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: 1370 Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

Pumping Test: Pumping Test of TW2

Pumping Well: TW2

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Theis

Analysis Date: 01/02/2016

Aquifer Thickness: 104.00 m

Discharge: variable, average rate 0.31 [I/s]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]

TW2 1.53 x 10° 1.47 x 10 0.03




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: 1370 Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

Pumping Test: Pumping Test of TW2 Pumping Well: TW2

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Time-Drawdown

Analysis Date: 01/02/2016

Aquifer Thickness: 104.00 m

Discharge: variable, average rate 0.31 [I/s]

100 200
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300 400 500
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Paterson Group
Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: 1370 Wilhaven

Number: PH1236

Client:

F. Farsi

Location: Cumberland, ON

Pumping Test: Pumping Test of TW2

Pumping Well: TW2

Test Conducted by: RAP

Test Date: 01/02/2016

Aquifer Thickness: 104.00 m

Discharge: variable, average rate 0.31 [I/s]

Analysis Name

Analysis Performed by

Analysis Date

Method name

Well

T [m2/d]

K [m/d]

1 Theis

01/02/2016

Theis

TW2

1.53 x 10°

1.47 x 102




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

| Pumping Test: Pumping Test of TW3

Pumping Well: TW3

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Theis (linear)

Analysis Date: 01/02/2016

Aquifer Thickness: 128.00 m

Discharge: variable, average rate 0.25 [I/s]
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= TW3
Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW3 1.54 x 10° 1.20 x 10 0.03




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

Pumping Test: Pumping Test of TW3 Pumping Well: TW3

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Theis RECOVERY

Analysis Date: 01/02/2016

Aquifer Thickness: 128.00 m

Discharge: variable, average rate 0.25 [I/s]

Dimensionless Time tD
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= TW3
Calculation using THEIS & JACOB
Observation Well Transmissivity Hydraulic Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW3 2.00 x 10° 1.56 x 10 0.03




Paterson Group
Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

| Pumping Test: Pumping Test of TW3 Pumping Well: TW3

Test Conducted by: RAP

Test Date: 01/02/2016

Analysis Performed by:

Theis (log-log)

Analysis Date: 19/07/2016

Aquifer Thickness: 128.00 m

Discharge: variable, average rate 0.25 [I/s]

Dimensionless Time tD [min]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW3 1.53 x 10° 1.19 x 10 0.03




Paterson Group
Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: 1730 Wilhaven

Number: PH1236

Client: F. Farsi

Location: Cumberland, ON

Pumping Test: Pumping Test of TW3 Pumping Well: TW3

Test Conducted by: RAP

Test Date: 01/02/2016

Aquifer Thickness: 128.00 m

Discharge: variable, average rate 0.25 [I/s]

Analysis Name Analysis Performed by Analysis Date | Method name Well T [m?/d] K [m/d] S
1| Theis (linear) 01/02/2016 | Theis TW3 154 x 10° | 1.20 x 10
2 | Theis RECOVERY 01/02/2016 | Theis Recovery TW3 2.00x 10° | 1.56 x 10
3 | Theis (log-log) 19/07/2016 | Theis TW3 153 x10° | 1.19x 102
Average | 1.69 x 10° | 1.32 x 10




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: Cumberland ON

Pumping Test: Pumping Test 1 Pumping Well: TW4

Test Conducted by: AO

Test Date: 12/06/2015

Analysis Performed by:

Theis RECOVERY

Analysis Date: 02/11/2015

Aquifer Thickness: 2.50 m

Discharge: variable, average rate 1.7451 [I/s]

Time
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0-00 EEEEmm ®
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Calculation using THEIS & JACOB
Observation Well Transmissivity Hydraulic Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]

TW4 1.62 x 10° 6.48 x 10° 0.25




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: Cumberland ON

| Pumping Test: Pumping Test 1

Pumping Well: TW4

Test Conducted by: AO

Test Date: 12/06/2015

Analysis Performed by:

Theis (linear)

Analysis Date: 19/07/2016

Aquifer Thickness: 2.50 m

Discharge: variable, average rate 1.7451 [I/s]

Time [min]

0 140 280 420 560 700
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]

TW4 1.89 x 10° 7.56 x 10’ 0.25




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: Cumberland ON

| Pumping Test: Pumping Test 1 Pumping Well: TW4

Test Conducted by: AO

Test Date: 12/06/2015

Analysis Performed by:

Theis (log-log)

Analysis Date: 19/07/2016

Aquifer Thickness: 2.50 m

Discharge: variable, average rate 1.7451 [I/s]

Dimensionless Time tD [min]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW4 8.64 x 10’ 3.46 x 10’ 0.25




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:

Fred Farsi

Location: Cumberland ON

Pumping Test: Pumping Test 1

Pumping Well: TW4

Test Conducted by: AO

Test Date: 12/06/2015

Aquifer Thickness: 2.50 m

Discharge: variable, average rate 1.7451 [I/s]

Analysis Name Analysis Performed by Analysis Date | Method name Well T [m?/d] K [m/d]
1 | Theis RECOVERY 02/11/2015 | Theis Recovery TW4 1.62 x 10° | 6.48 x 10°
2 | Theis (linear) 19/07/2016 | Theis TW4 1.89 x 10° | 7.56 x 10’
3 | Theis (log-log) 19/07/2016 | Theis TW4 8.64 x 10' | 3.46 x 10°
Average | 6.32 x 10° | 2.53 x 10°




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive

| Pumping Test: Pumping Test 1

Pumping Well: TW5

Test Conducted by: MM

Test Date: 11/05/2016

Analysis Performed by:

Theis (linear)

Analysis Date: 12/05/2016

Aquifer Thickness: 15.24 m

Discharge: variable, average rate 0.32046 [I/s]

Time [min]

0 200 400 600 800 1000
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW5 8.36 x 10° 5.49 x 10” 0.07




Paterson Group

Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive

Pumping Test: Pumping Test 1

Pumping Well: TW5

Test Conducted by: MM

Test Date: 11/05/2016

Analysis Performed by:

Theis RECOVERY

Analysis Date: 25/05/2016

Aquifer Thickness: 15.24 m

Discharge: variable, average rate 0.32046 [I/s]

1EO

Dimensionless Time tD
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7EQ
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Dimensionless Drawdown sD [m]

.,

e

OEO
= TW5

Calculation using THEIS & JACOB

Observation Well Transmissivity Hydraulic Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW5 1.43 x 10° 9.36 x 107 0.07




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive | Pumping Test: Pumping Test 1 Pumping Well: TW5
Test Conducted by: MM Test Date: 11/05/2016
Analysis Performed by: Theis (log-log) Analysis Date: 19/07/2016

Aquifer Thickness: 15.24 m

Discharge: variable, average rate 0.32046 [I/s]

Dimensionless Time tD [min]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW5 2.56 x 10° 1.68 x 10 0.07




Paterson Group
Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven - pumping test TW5

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive

Pumping Test: Pumping Test 1

Pumping Well: TW5

Test Conducted by: MM

Test Date: 11/05/2016

Aquifer Thickness: 15.24 m

Discharge: variable, average rate 0.32046 [I/s]

Analysis Name Analysis Performed by Analysis Date | Method name Well T [m?/d] K [m/d] S
1| Theis (linear) 12/05/2016 | Theis TW5 8.36 x 10° | 5.49 x 10
2 | Theis RECOVERY 25/05/2016 | Theis Recovery TW5 1.43 x 10° | 9.36 x 107
3 | Theis (log-log) 19/07/2016 | Theis TW5 2.56 x 10° | 1.68 x 10
Average | 4.11 x 10° | 2.70 x 10”




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland,| ®hNmping Test: Pumping Test 1

Pumping Well: TW6

Test Conducted by: MM and RLC

Test Date: 08/07/2016

Analysis Performed by:

Theis (linear)

Analysis Date: 19/07/2016

Aquifer Thickness: 63.00 m

Discharge: variable, average rate 0.046 [I/s]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW6 1.63 x 10" 259 x 107 0.07




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland,| ®hNmping Test: Pumping Test 1

Pumping Well: TW6

Test Conducted by: MM and RLC

Test Date: 08/07/2016

Analysis Performed by:

Theis (log-log)

Analysis Date: 19/07/2016

Aquifer Thickness: 63.00 m

Discharge: variable, average rate 0.046 [I/s]

Dimensionless Time tD [min]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW6 1.04 x 10° 1.65x 10™ 0.07




Paterson Group
Hydrogeology

Ottawa, ON, K2E 7J5

154 Colonnade Road South

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland| ®Nmping Test: Pumping Test 1

Pumping Well: TW6

Test Conducted by: MM and RLC

Test Date: 08/07/2016

Analysis Performed by:

Theis RECOVERY

Analysis Date: 19/07/2016

Aquifer Thickness: 63.00 m

Discharge: variable, average rate 0.046 [I/s]
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Calculation using THEIS & JACOB

Observation Well Transmissivity Hydraulic Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
TW6 1.67 x 10" 2.65x 107 0.07




Paterson Group
Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland,

®hNmping Test: Pumping Test 1

Pumping Well: TW6

Test Conducted by: MM and RLC

Test Date: 08/07/2016

Aquifer Thickness: 63.00 m

Discharge: variable, average rate 0.046 [I/s]

Analysis Name Analysis Performed by Analysis Date | Method name Well T [m?/d] K [m/d]
1| Theis (linear) 19/07/2016 | Theis TW6 163 x10" | 259 x 10°
2 | Theis (log-log) 19/07/2016 | Theis TW6 1.04 x 102 | 1.65x 10™
3 | Theis RECOVERY 19/07/2016 | Theis Recovery TW6 167 x 10" | 2.65x 10°
Average | 1.13x 10" | 1.80 x 10




Paterson Group
Hydrogeology

Ottawa, ON, K2E 7J5

154 Colonnade Road South

Pumping Test Analysis Report

Project: Wilhaven - p-test HW on 24may16 by MM

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland,| ®hNmping Test: Pumping Test 1

Pumping Well: HW

Test Conducted by: MM

Test Date: 24/05/2016

Analysis Performed by:

Theis (linear)

Analysis Date: 25/05/2016

Aquifer Thickness: 22.00 m

Discharge: variable, average rate 0.35 [I/s]
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Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
HW 1.14 x 10’ 5.19 x 10" 0.07




Paterson Group Pumping Test Analysis Report
Hydrogeology et Wi
154 Colonnade Road South Project: Wilhaven - p-test HW on 24may16 by MM
Ottawa, ON, K2E 7J5 Number: PH1236

Client:  Fred Farsi
Location: 1730 Wilhaven Drive, Cumberland,| ®Nmping Test: Pumping Test 1 Pumping Well: HW
Test Conducted by: MM Test Date: 24/05/2016
Analysis Performed by: Thies (log-log) Analysis Date: 25/05/2016
Aquifer Thickness: 22.00 m Discharge: variable, average rate 0.35 [I/s]

Dimensionless Time tD
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Calculation using Theis

Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW

[m2/d] [m/d] (m]

HW 1.43 x 10" 6.49 x 10™ 0.07




Paterson Group
Hydrogeology

Ottawa, ON, K2E 7J5

154 Colonnade Road South

Pumping Test Analysis Report

Project: Wilhaven - p-test HW on 24may16 by MM

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland, ®Nmping Test: Pumping Test 1 Pumping Well: HW

Test Conducted by: MM

Test Date: 24/05/2016

Analysis Performed by:

Theis RECOVERY

Analysis Date: 25/05/2016

Aquifer Thickness: 22.00 m

Discharge: variable, average rate 0.35 [I/s]

Time
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Calculation using THEIS & JACOB
Observation Well Transmissivity Hydraulic Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]

HW 8.25 x 10° 3.75x 10" 0.07




Paterson Group
Hydrogeology

154 Colonnade Road South

Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven - p-test HW on 24may16 by MM

Number: PH1236

Client:

Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland,

®hNmping Test: Pumping Test 1

Pumping Well: HW

Test Conducted by: MM

Test Date: 24/05/2016

Aquifer Thickness: 22.00 m

Discharge: variable, average rate 0.35 [I/s]

Analysis Name Analysis Performed by Analysis Date | Method name Well T [m?/d] K [m/d]
1| Theis (linear) 25/05/2016 | Theis HW 114 x10" |5.19x 10"
2 | Thies (log-log) 25/05/2016 | Theis HW 143 x10" | 6.49x 10
3 | Theis RECOVERY 25/05/2016 | Theis Recovery HW 8.25x10° [3.75x 10
Average | 1.13x 10" | 5.14 x 10”




Paterson Group
Hydrogeology

Ottawa, ON, K2E 7J5

154 Colonnade Road South

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland,| ®hNmping Test: Pumping Test 1

Pumping Well: 1490 O'Toole

Test Conducted by: Kollard Associates Inc.

Test Date: 16/03/2016

Analysis Performed by:

Theis (linear)

Analysis Date: 19/07/2016

Aquifer Thickness: 91.00 m

Discharge Rate: 24 [I/s]
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Calculation using Theis

Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]
1490 O'Toole 1.34 x 10° 1.47 x 10° 0.07




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi

Location: 1730 Wilhaven Drive, Cumberland,| ®hNmping Test: Pumping Test 1 Pumping Well: 1490 O'Toole

Test Conducted by: Kollard Associates Inc.

Test Date: 16/03/2016

Analysis Performed by:

Theis (log-log)

Analysis Date: 19/07/2016

Aquifer Thickness: 91.00 m

Discharge Rate: 24 [I/s]

Dimensionless Time tD [min]
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® 1490 O'Toole
Calculation using Theis
Observation Well Transmissivity Hydraulic Storage coefficient Radial Distance to
Conductivity PW
[m2/d] [m/d] [m]

1490 O'Toole 1.59 x 10 1.75 x 10° 0.07




Paterson Group
Hydrogeology

154 Colonnade Road South
Ottawa, ON, K2E 7J5

Pumping Test Analysis Report

Project: Wilhaven

Number: PH1236

Client:  Fred Farsi
Location: 1730 Wilhaven Drive, Cumberland| ®Nmping Test: Pumping Test 1 Pumping Well: 1490 O'Toole
Test Conducted by: Kollard Associates Inc. Test Date: 16/03/2016
Aquifer Thickness: 91.00 m Discharge Rate: 24 [I/s]
Analysis Name Analysis Performed by Analysis Date | Method name Well T [m?/d] K [m/d]
1| Theis (linear) 19/07/2016 | Theis 1490 O'Toole 1.34 x 10° | 1.47 x 10°
2 | Theis (log-log) 19/07/2016 | Theis 1490 O'Toole 159 x 10° | 1.75 x 10°
Average | 1.46 x 10° | 1.61 x 10°




patersongroup
Wilhaven

PH1236
Pumping Rate (Q) m3/day
Transmissivity (T) m2/day
Average Well Spacing (m) r

2.25

7.5 Transmissivity is average of results from TW5, HW and 1490 O'Toole

50

Determination of Potential Well Interference

Coefficient of Storage S 1.00E-06 Storativity is approximate - based on Paterson’s knowledge of Ottawa aquifers
Notes: Analysis Assumes Continuous Pumping of 29 Wells
1st Well Grouping 2nd Well Grouping 3rd Well Grouping
Time (days) u W(u) u W(u) u W(u) Drawdown
5 8.3E-06 11.12 2.5E-05 10.02 4.2E-05 9.51 6.61
10 4.2E-06 11.81 1.3E-05 10.71 2.1E-05 10.20 7.07
25 1.7E-06 12.73 5.0E-06 11.63 8.3E-06 11.12 7.68
50 8.3E-07 13.42 2.5E-06 12.32 4.2E-06 11.81 8.15
100 4.2E-07 14.11 1.3E-06 13.02 2.1E-06 12.50 8.61
365 1.1E-07 15.41 3.4E-07 14.31 5.7E-07 13.80 9.48
1100 3.8E-08 16.51 1.1E-07 15.41 1.9E-07 14.90 10.21
3650 1.1E-08 17.71 3.4E-08 16.61 5.7E-08 16.10 11.01
9125 4.6E-09 18.63 1.4E-08 17.53 2.3E-08 17.02 11.63
Graph of Drawdown vs. Time
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patersongroup

Wilhaven
PH1236
Langlier Saturation Index (LSI) Calculation (Langlier, 1936)
LSI = pH - pHs A = (LoglO [TDS]-1)/ 10
pHs = (9.3+ A +B)-(C+D) B =-13.12 x Log10 (oC + 273) + 34.55
Where: C = Logl0 [Ca2+ as CaCO3]-0.4
D = Log10 [alkalinity as CaCO3]
TW6 inputs
pH 8.27 A 0.18
TDS 597 B 2.32
Hardness 98 C 1.59
Alkalinity 296 D 2.47
Temp. 13
pHs = 7.74
| LSl = 0.5 |
LSI Effect

0.5t0 2 Water is super saturated and tends to precipitate a scale layer of calcium carbonate (scale forming but non-corrosive)

0to 0.5 Water is super saturated and tends to precipitate a scale layer of calcium carbonate (slightly scale forming and corrosive).

0 Water is saturated (in equilibrium) with calcium carbonate. A scale layer of calcium carbonate is neither precipitated nor dissolved.

0to-0.5 |Wateris under saturated and tends to dissolve solid calcium carbonate (slightly corrosivebut non-scale forming).

-0.5to0-2 |Water is under saturated and tends to dissolve solid calcium carbonate (seriously corrosive).

Ryznar Stability Index (RSI) Calculation (Ryznar, 1944)

RSI = 2(pHs) - pH

RSI = 7.2

RSI Effect

<5.5 Heavy scale will form

5.5t06.2 |[Scale will form

6.2t06.8 |No scale or corrosion

6.8 t0 8.8 |Water is aggresively corrosive

>8.5 Water is very agressively corrosive




patersongroup
Wilhaven

Predictive Nitrate Impact Assessment

PRE DEVELOPMENT CONDITIONS

POST DEVELOPMENT CONDITIONS

Groundwater Flow Through NOT USED Groundwater Flow Through NOT USED
Background-Nitrate-Concentration{Gy)= 0 -mgi Background-Nitrate-Goncentration—{G,)= 0 gl
Hydraulic-Conduetivity-tk)— 0 mfs Hydrautic-Gonduetivity-tk)— 0 mfs
Herizontal-Gradient-(i)-= [} Herizontal-Gradient-(i)-= [}
Length (L= om Length (L= om
Aguifer Thickness-{t} = 9 m Aguifer Thickness-{t} = 9 m
Groundwater Flow-{Qy)= o -m/day Groundwater Flow-{Qy)= o -m/day
Infiltration Factors Infiltration Factors
Topography 0.30 Topography 0.30
Soil 0.24 weighted Soil 0.26 weighted
Cover 0.13 weighted Cover 0.12 weighted
Total 0.67 Total 0.68
Site Characteristics Site Characteristics
Area of Site : 199,161 m’ Area of Site : 199,161 m’
Area of each roof: 525 m®
Total of roof areas: 11,025 m?
Area of each driveway: 200 m?
Total of driveway areas: 4200 m?
Length of roadways: 753 m
Width of roadways: 8m
Total area of roadways: 6024
Impervious Area 21,249 m?
Percent Impervious Area = 10.67 %
Infiltration Area = 199,161 m’ Infiltration Area = 177,912 m?
Septic Effluent Septic Effluent
Concentration of Effluent (Cs) = 0 mg/L Concentration of Effluent (Cs) = 40 mg/L
Daily Sewage Flow (Qs)= o m Daily Sewage Flow (Qs)= 21 m®
Infiltration Calculation Infiltration Calculation
Nitrate concentration in precipitation (C;) = 0 mg/L Nitrate concentration in precipitation (C;) = 0 mg/L
Preciptation (from Environment Canada climate normals) 943.4 mm/yr Preciptation (from Environment Canada climate normals) 943.4 mm/yr
Surplus Water (Environment Canada) 300 mm/yr Surplus Water (Environment Canada) 384 mm/yr
Factored Water Surplus = 200 mml/yr Factored Water Surplus = 261 mml/yr
Total volume of Infiltration 39,785 m® Infiltraion % due to stormwater management measures 78%
Runoff volume (all water running off impervious areas) 20,046 m°
Minimum 'storminf' volume (25mm event, Stantec, 2016) 15,550 ma/year
43 m%day
Infiltration flow entering the system (Q) = 109 m%day Infiltration Flow Entering the System (Q) = 127 m%day
Infiltration Flow Entering the System (Q_with 'storminf') = 170 m%day

Mass Balance Model (MOEE, 1995)

Cr = (QpCpt+QcCet+QiC)/(Qu+Qe+Q;) = Cumulative Nitrate Concentration

Q, = flow entering the system across the upgradient area
C,, = background nitrate concentration

Q, = flow entering the system from the septic drainfield
C, = concentration of nitrates in the septic effluent

Q = flow entering the system from infiltration

C; = Concentration of nitrates in the infiltrate

Estimate Number of Lots

0 m%day
0 mg/L
0 m%day
0 mg/L
109 m¥%day
0 mg/L

Cr= 0.0 mg/L
1 big lot

Mass Balance Model (MOEE, 1995)

Cr = (QpCp+QcCet+QiC)/(Qu+Qe+Q;) = Cumulative Nitrate Concentration

Q, = flow entering the system across the upgradient area
C,, = background nitrate concentration

Q, = flow entering the system from the septic drainfield
C, = concentration of nitrates in the septic effluent

Q = flow entering the system from infiltration (with 'storminf')

C; = Concentration of nitrates in the infiltrate

Estimate Number of Lots

0 m%day

0 mg/L
21 m¥day
40 mg/L
170 m¥day

0 mg/L

Cr= 4.399 mg/L
21 lots

* = see separate weighted infiltration factor calculations




patersongroup Water Well / Septic System Inspection Log
Address: / '2 6 i j, o en J o Project Number: P I236

Name of Property Owner: CL AL Mot hiey L13 833 033_/
Date of Inspection: OC)/V 7, 20 "4 Owner telephone No:

Paterson Rep: /{7 M . N

Well Details (Flf /e(r) , /@

Is well casing exposed above ground surface ? Length of stickup: -
Does owner have a copy of the 'water well record'? Y /@ Try to oblain a copy or get datails (take a photo)

How old is the well ? £~ / ‘?’7 In what year was the house built ? ~ ! ?

Depth of well ? / / & ! Depth of well casing 7 .

Who drilled the well ? el check well cap for driller ID

Water Quality

Taste ?

Odour ? 7 oz # /)

Colour ? i o I =4

Hardness ? ty el

History of bacteria testing ? ! e o

Any other water quality related comments or issues ? /‘f ¢

Water treatment details: e ‘F‘/:Q ee

SAMPLING DETAILS; v
Copy of results to well owner 7 {get contact details / email address) &/ & /1.1 'H-L Q @mg{‘/ > COL7
Temp pH . Cond TDS

Water Quantity

Size of pump in well ? — Type of pump ? —

Pumping rate ? -

Depth of pump in well ? L euntll T has owner ever seen it Iay?d out on surface ?

Any water duantity related comments or issues ? 7 £ 5% / Wf(_ﬁc,{ 7’7 / / f 74 2 /7 oo |
Has the well ever run dry ? / /
yhiaz /

Septic System draw location on sketch

Class 4 7 Tertiary treatment ?

Have there been any problems with the septic system ? Y / @

Environmental Concerns

Surface water ? oo /LELC7 [ ‘7[&_1 079;"/ L{;

Septic System ? r /\/b

Land use ? "ﬁ) fé,jff'epp «<fpt/ L(ap | fQJhU—( /ﬁ.ﬁ( A ﬁ’ %éf -S- \\

Neighbouring properties ? . Te d‘l‘ 2
Potential sources of contamination (onsite and offsite) ? : )
Noe (roed self

Please sketch the site [ayout showing well location and location of septic system - on reverse side of this sheet

¢

All dimensions in metres (m) unfess otherwise noted

. Paterson - Well Owner Interview Form - 28Juni8.xisx 4 - Water Supply
) — Mot avacl.

/




patersongroup Water Well / Septic System Inspection Log

draw site layout / show nonth arrow and approx scale / show well location / show 'septic system location / gradients

/j\?r- ‘ | .TM

All dimensions in metres (m) unless otherwise noted
Paterson - Well Cwner [nterview Form - 29jun16.xlsx Water Supply
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patersongroup Water Well / Septic System Inspection Log

Address: : Fg) H‘”’lﬁlﬁf\ Dr‘ Project Number: f/)ff

Nams of Property Owner: ’J)lmd |' 2aCh —~ CI/\Q.LS{\.\ l,a‘orthw(,
Date of Inspection: ﬁb’/\f 72016 _ Owner telephone No: (9\3\ 8271 S'bo'—f

Paterson Rep: v M

T3

Well Details :

Is well casing exposed above ground surface ? . @l N Length of stickup: [ P""L/
Does owner have a copy of the 'water well record' ? Y /@ Try to obtain a copy or get datails (take a photo)

How old is the welt 2 "~ ( 980 In what year was the houss buiit ? - /T80

Depth of well ? — Depth of well casing ? il

Who drilled the well ? - check well cap for driller 1D

Water Quality

Taste ?

Odour ? g’c?x?/ p O 09ﬂ£76/f‘

Colour ? @ £ a

Hardness 7 /\/ [ .

History of bacteria testing ? /?{ 0 .
Any other water quality related comments or issues ? /\/ ()

Water treatment details; Co#ﬁ u ey
SAMPLING DETAILS: /

Copy of results to well owner ? {get contact details / email address)

Temp pH Cond TDS
Water Quantity :
Size of pump in well 7 -~ Type of pump ? -—_
Pumping rate ? —
Depth of pump in well 7 -—_—

;
has owner gver seen It layed out on surface 7 /Vo

Any water quantity related comments or issues ? %>

Has the well ever run dry ? MO

Septic System draw location on sketch

Class 4 7 Tertiary treatment ? 7[
Qa
Have there been any problems with the septic system ? Y / @ / u ‘ ; et ‘97[ &00'?
1 .

Environmental Concerns

Surface water ? Ff'G.—u ae(‘bt? W%‘f@{ l e (7(9 rl &2/
<

Septic System ? “— Y <t 0&. r-273 'f Ov T W
Land use ? ﬁ: erted anca
7

Neighbouring properties ? - o v - QM 7[& 7£4_Q J0 ”7@
Potential sources of contamination (onsite and offsite) ?
' Nowg (roadd ca C)

Please skelch the site layout showing welt location and location of septic system - on reverse side of this sheet

All dimensions in metres (m) unless otherwise noled

Paterson - Well Owner Interview Form - 28jun16.xlsx Water Supply




patersongroup Water Well / Septic System Inspection Log

draw site layout / show north arrow and approx scale / show well location / show 's? system lothion { gradients H

orec

We (t

T«Zr- T"‘"‘fu‘/

7t Hovie

(

—

I
JWV@&“‘( \@f -

7 1S

forest

'fcmu fcz.m/f

All dimensions in metres {m) unless otherwise noted

Paterson - Well Owner Interview Form - 29jun16.xréx

Water Supply




patersongroup Water Well / Septic System Inspection Log
Address: /6 G ? 1274 ;'/ i'.'(t? €Ly @}’}'&"@'

Name of Property Owner:

Date of Inspection: ey /._J, 7 y o Project Number: {4 238
 —
Paterson Rep: Mo
/SfE':r pue ‘)A Lo e,
Well Details wet et el ¢crveel
Is well casing exposed above ground surface ? ¥ / N Length of stickup:
Does owner have a copy of the ‘water well record' ? Y / N Try to obtain a copy or get datais (lake a photo)
How old is the well 7 In what year was the well drilled ?
Depth of well 7 Depth of well casing ?

Who drilled the well 7

Water Quality
Taste 7
Cdour 7

Colour ?

Hardness 7

History of bacteria testing 7

Any other water quality realyed comments or issues 7

Water Quantity
Size of pump in well 7 Type of pump ?
Pumping rate 7

Depth of pump in well 7

Any water quantity related comments or issues ?

Environmental Concerns

Surface water 7

Septic System ?

Lduse? Y2 ' b- /
Neighbouring properties 7 'i"h“tﬁflac fﬂ{{ ‘_{) /Vf W: £ , Z‘C’I/EJ ?Q*‘fp/ o é_

Potential sources of contamination (onsite and offsite) 7

Please sketch the site layout showing well location and location of septic system - on reverse side of this sheet

All dimensions in metres {m) unless otherwise noted
Paterson - Well-Septic Inspection Form - 15apriodsx Water Supply




patersongroup

draw site layoul / show norh arrow and approx scale ( show well location § show 'sepfic system location / gradients

647

(610

Water Well / Septic System Inspection Log

-

f

~ H00 WL ‘[‘c‘ w4

e [W(§

All dimensions in metres (m} unless ofhemnise noted

Paterson - Well-Septic Inspecton Form - 15apri8.xlsx

Water Supply




patersongroup Water Well / Septic System Inspection Log

Address: (620 wi/bay ece TFroe
Name of Property Owner:
Date of Inspection: i/, 7, 2CH6 Project Number: Y /2 56
Paterson Rep: I Vs M .

Mo owe @l tep
Well Details well ﬁ{pf ob Levy r?e.ﬁ
Is well casing exposed above ground surface ? ¥ I N Length of stickup:
Does owner have a copy of the 'water wellrecord'? Y / N Try to abtain & copy or get datails (lake a phota)
How old is the well 7 In what year was the well drilled 7
Depth of well 7 Depth of well casing ?

Who drilled the weall 7

Water Quality
Tasta 7
Odour ?

Colour 7

Hardness 7

History of bacteria testing 7

Any other water guality realyed comments or issues 7

Water Quantity
Size of pump in well 7 Type of pump ?
Pumping rate ?

Depth of pump in well ?

Any water guantity related comments or issues 7

Environmental Concerns

Surface water 7

Septic System ? . _ :

Land use ? Ye 1 el 'F] o -(:J E g
Neighbouring properties ? V< 1 @E’ *f,g 'fﬁu /'/ i 7l GEV AL E’){a{,xa{g = W/

Potential sources of contamination (onsite and offsite) ?

- lvettoet af Ao preperty (T

Please sketch the site layout showing well location and location of septic system - on reverse side of this sheet

All dimensions (n metres (m) untess othernwse nofed
Paterson - Well-Septic Inspaction Farm - 15apri 6. xlsx Water Supply
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patersongroup Water Well / Septic System Inspection Log
Address: o Project Number: P TERE

Name of Property Owner: —

Date of Inspection: Ef,:i ,-{{ '}} 72l Owner telephone No:
!

Paterson Rep: MA7 : "

/V@?mg/ at Lo mg;/}, - obeds'” Eteeoins

P> WAPSNr SRS

Well Details :
Is well casing exposed above ground surface ? ¥ I N Length of stickup:
Does owner have a copy of the ‘waterwellrecord ? ¥ / N Try 1o obtain @ copy or get dataifs (lake a phato)
How old is the well ? In what year was the house built 7
Depth of well ? Depth of well casing 7
Who drilled the well 7 chock wall cap for driller ID

Water Quality
Taste 7
Odaour ?
Colour ?
Hardness 7

History of bacteria testing ?

Any other water quality related comments or issues 7

Water treatment details:
SAMPLING DETAILS:;

Copy of results to well owner 7 (gol contac! details | email zddress)
Temp pH Cond TDS

Water Quantity
Size of pump in well 7 Type of pump ?
Pumping rate ?

Depth of pump in well 7 has owner-aver saen it layed ouf on surface 7

Any water quantity related comments or issues 7

Has the well ever run dry 7

Eepﬁn System draw hacation on skelch
Class4 7 Teniary treatment 7

Have there bean any problems with the septic system ? ¥ I N

Environmental Concerns
Surface water ?
Septic System 7

Land use ? ek té?{] ' P oo _ - c
Neighbouring properties ? ;_-F{? yed 7('é‘—¢1& - & / N ||; yere. j{QJ L toye / =G %

Paotential sources of contamination (onsite and offsite) 7

Please skelch the site layoul showing well location and location of seplic system - on raverse side of s sheet

All dimansions in mefres (m) unless otherwise noled
Patarson - Well Owner Interview Form - 22juni6, xlsx Water Supply



patersongroup Water Well / Septic System Inspection Log

draw site layoul [ show nonh-armow and approx scale d show well lpcation / show septic syslam location / gradients

Kgq{ H

w5 -

\

A DWW

_ . bobu. T2 Wb

o W4

All dimensions fn melres (m) unless otherwize noted
Faterson - Well Dwner Interview Form - 285un 16 xlax Water Supgply




pate rson g rou p Hydrogeological and Terrain Analysis

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

Appendix 5

e Figure 1 - Site Location Plan

e Figure 2 - MOECC Water Well Records
e Figure 3 — Overburden Geology

e Figure 4 - Bedrock Geology

o Figure 5 - Test Hole Location Plan

e Figure 6 — Cross Section

o Figure 7 — Draft Plan of Survey

e Figure 8 - Lot Development Plan

Report: PH1236-REP.02R2
August, 2016
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patersongroup

consulting engineers
154 Colonnade Road South, Ottawa, Ontario K2E 7J5

2183144 ONTARIO LTD.

1730 WILHAVEN DRIVE, CUMBERLAND, ONTARIO

SITE LOCATION PLAN

Dwg. No.

FIGURE 1

Report No.:

Date:
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e o N sTE

Ordovician
Ontario Geological Survey

Upper Ordovician PALEOZOIC GEOLOGY OF
SOUTHERN ONTARIO
- Queenston Formation: shale, siltstone, minor limestone and sandstone
15 Carlshad Formation (in eastern Ontario): shale and limestone
Georgian Bay Formation (in eastern Ontario): shale and limestone
Billings Formation (in eastern Ontario): shale, minor limestone
Blue Mountain Formation (in eastern Ontario): shale, minor limestone
Middle Ordovician
Simcoe Group

Lindsay Formation: limestone; nodular to black laminated
(=Collingwood Member or Eastview Member in eastern Ontario)

Verulam Formation: limestone and shale
Bobeaygeon Formation: limestone, with minor shales in upper part

Gull River Formation: limestone, with dolostone beds towards base

Shadow Lake Formation: shale, argillaceous sandstone, silty dolostone
Rockeliffe Formation: sandstone, shale, limestone, dolostone
Lower Ordovician

Beckmantown Group

=3 | = i 2 ‘ - Oxford Formation: dolostone, minor shale and sandstone
Ministry of Northern Development, Mines and Forestry, - Ontario Geological Survey, OGS Earth = =L =2

website: (http://www.mndm.gov.on.ca/en/mines-and-minerals/applications/ogsearth). March Formation: sandstone, dolomitic sandstone, dolostone
t 2183144 ONTARIO LTD.
pa erson @ [FO@U [@ HYDROGEOLOGICAL AND TERRAIN ANALYSIS

consulting englneers 1730 WILHAVEN DRIVE, CUMBERLAND, ONTARIO BEDROCK MAPPING Report Mot priraas AER 03
B

154 Colonnade Road South, Ottawa, Ontario K2E 7J5 Date: 2-NOV-2015
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'SUBJECT TO THE CONDITIONS, IF ANY, SET FORTH IN OUR LETTER
DATED

MIKE WILDMAN, MANAGER
DEVELOPMENT APPROVALS, SUBURBAN SERVICES
PLANNING AND GROWTH MANAGEMENT
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oT 22 TONCESSION / (e 4, \ (CUMBERL ANB
. \ N “»E.

CITY OF OTTAWA

2l

KEY MAP
NOT TO SCALE

(CUMBERLAND)

==

DRAFT PLAN OF SUBDIVISION OF
PART OF LOTS 'D' AND 'E'
CONCESSION 7 AND

PART OF LOT 21

CONCESSION 7 (OLD SURVEY)

Geographic Township of Cumberland

CITY OF OTTAWA

Prepared by Annis, O'Sullivan, Vollebekk Ltd.

.
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\
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17

(C UMB? AND)
9
/D

166.92

Scale 1:1000

4 2 20 10 o 20 40 Metros.

Metric
DISTANCES SHOWN ON THIS PLAN ARE IN METRES AND
CAN BE CONVERTED TO FEET BY DIVIDING BY 0.3048

SURVEYOR'S CERTIFICATE

| CERTIFY THAT:
ies of the
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ONTARIO LAND SURVEYOR

OWNER'S CERTIFICATE

“This is to certify that we are the owners of the lands to be subdivided and that this plan
was prepared in accordance with our instructions.

(SEE SIGNED APPLICATION)

Date 2183144 Ontario Limited
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ADDITIONAL INFORMATION REQUIRED UNDER
SECTION 51-17 OF THE PLANNING ACT
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'; (a) see plan
(b) see plan

dih (c) see plan

araty] (d) residential housing

I Q (e) see.plan

\§ (f) see plan
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(g) see plan

(h) individual well and septic systems
(i) see soils report

(i) see plan

(k) hydro, cable and bell

b () see plan
)
Site Area = 19.9161 Hectares (49.21 Acres )
| All Lots Are Larger Than The Minimium

Area of 8000 Square Metres
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FIGURE 7
DRAFT PLAN OF SURVEY
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