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1.0 INTRODUCTION
11 Terms of Reference

1.2

Paterson Group (Paterson) was retained by 2183144 Ontario Ltd. to conduct a terrain
analysis and hydrogeological study for a proposed rural residential subdivision situated
on the North Parts of Lots D & E, Concession 7, RP50R844 Part 2, former Township
of Cumberland, now the City of Ottawa, Ontario, having the municipal address of 1730
Wilhaven Drive, hereafter referred to as the subject property. (Refer to Figure 1-Site
Location Plan, which can be found in Appendix 5)

The purpose of this study has been 1o ascertain and assess the specific terrain and
hydrogeological conditions which currently exist beneath the subject property as they
relate to the suitability of the site for residential development on private services with
minimal impact on groundwater resources.

The following report has been prepared specifically and solely for the aforementioned
project which is described herein. It contains our findings and recommendations
pertaining to the private services for the subject development as it is understood at the
time of writing this report.

Background

The subject property is located south of the Village of Cumberland, Ontario, along the
south side of Wilhaven Drive, east of Frank Kenney Road and immediately west of
O'Toole Road. An old farmstead, consisting of a small bungalow, shed and medium
sized wood clad barn, is presently situated on the central quadrant of the site with
pasture lands to the west and east. A heavily treed area is present immediately south
of the building area and extends as a narrow freeline along the southern property limits
from east to west. The individual pasture lands are separated by narrow groupings of
trees, also.

The subject property encompasses a total area of approximately 21.85 hectares (49.3
acres), based on available property information provided by the City of Ottawa, and is
proposed to be developed into 21 individual lots. The average minimum lot size for
each of the proposed lots has been assigned at 0.8 hectares (1.98 acres). Itis
proposed that the subdivision will be serviced by individual onsite wells and septic
systems.

Reporl: PH1236-REP.02
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Paterson has conducted extensive hydrogeological investigations in the Ottawa area
and is quite familiar with the geology and hydrogeology of the subject area. In addition
to local experience, Paterson has reviewed numerous available hydrogeological studies
in the area, including available studies in support of neighbouring residential
subdivisions.

Report: PH1236-REP.02
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2.0

21

METHOD OF STUDY
Terrain Analysis

As part of this study, a series of test pits were put down on the subject property to
delineate the subsurface soil conditions beneath the site. The field investigation was
conducted on December 3, 2009. During this investigation a total of 12 test pits were
put down across the subject property, using a small irack mounted excavator. The test
pit locations were selected by Paterson personnel to maximize the lot coverage within
the open areas to minimize the inevitable gaps in the subsurface profile resulting from
a heavily treed area situated along the south-central quadrant of the site.

All of the test holes were advanced 1o depths ranging between 2 and 3 m, measured
below ground surface (bgs). The test pit locations are dencted with the appropriate
symbol on Drawing No. PH1236-1- Test Hole Location Plan, located in Appendix 5.

Each test hole location was recorded and the subsurface conditions, including the soll
morphology and depth o the groundwater table (where encountered), were carefully
recorded as the test holes were advanced. Representative samples of the soils were
recovered from the test holes. All samples were classified texturally in the field and
sealed in proper containers for further perusal and analysis in our laboratory.

The depths at which the soil samples were recovered from the test holes are shown
as “G” on the Soil Profile and Test Data sheets provided in Appendix 1. The locations
of the test pits put down on the subject property are referenced on Drawing No.
PH1236-1, entitled “Test Hole Location Plan”, and is located in Appendix 5 of this
report.

Sample Storage

All samples will be stored in the laboratory for a period of one (1) month after issuance
of this report. They will then be discarded unless we are otherwise directed.

Report: PH1236-REP.02
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2.2 Test Well Installation

In order to evaluate the water supply aquifer(s) underlying the site, a total of three (3)
test wells, hereafter denoted as TW1 to TW3, inclusive, were constructed across the
site. These wells were construcied to compliment an existing drilled well which
services the small bungalow in the property. The locations of the wells were selected
by Paterson and located in the field by Annis, O'Sullivan, Vollebekk Ltd. Ontario Land
Surveyors. Reference should be made to Paterson Drawing No. PH1236-1- Test Hole
Location Plan, located in Appendix 5.

A rigorous review of available Water Well Records for the immediate area, published
by the Ontario Ministry of the Environment (MOE) was undertaken prior to the
placement of the test wells. Overburden thickness, depth of casing, aquifer
interception points and reported well yields were reviewed in detail in order to establish
a conceptual hydrogeological model for the site.

The Water Well Record for the existing well was obtained directly from Bourgeois Well
Drilling who drilled the well in 2003. This well, hereafter denoted as HW, was a
significant factor in the development of the conceptual hydrogeological model. A
comprehensive well construction protocol was subsequently established based on the
conceptual model.

The general well locations were chosen in order to ensure adequate areal coverage
across the site, while, at the same time, endeavoring to maintain sufficient proximity
such that response could be measured in observation wells during the pumping tests.
The test well installation program was carried cut by Air Rock Drilling Company Ltd.
between November 5, 2009 and November 10, 2008. A engineer from Paterson was
present during the creation of the casing hole, installation of the casing and grouting
of the annular space for each test well. The Ministry of the Environment (MOE) Water
Well Records for each test well appear in Appendix 2.

Construction of TW1

With respect to the construction of TW1, a 228 mm diameter casing hole was
advanced using a rotary fri-cone bit through the shallow overburden, to the underlying
limestone bedrock. The casing hole was advanced into the bedrock an additional
2.3 m to ensure that each casing was seated into competent (i.e. unfractured) bedrock
and that a total casing length of 6.2 m bgs was realized.

A new, 150 mm diameter steel casing, having an approximate length of 6.7 m, was
installed in the casing hole, thereby providing for a casing stickup of approximately
0.5m. The annular space was grouted utilizing a neat cement slurry introduced into the

Report: PH1236-REP .02
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bottom of the annular space and pumped, using pressure grouting equipment, to the
surface of the ground. The return of the cement slurry to the surface of the ground,
was visually observed by Paterson staff. As such, the casing installation and grouting
of the annular space is considered to be in general compliance with Ontario Regulation
903, the current regulation governing water well construction in the Province of Ontario.

After sufficient set-up time, the open borehole was advanced using a 150 mm diameter
air percussion button bit. Several potential aquifer intercepts were encountered during
drilling of the open borehole. At each potential intercept, the well contractor repeatedly
surged the formation with air and attempted to establish preliminary yield estimates,
if water was found. Once the water supply aquifer was encountered, the formation was
repeatedly surged with air and allowed to clear. Preliminary well yield was estimated
and the well was purged until the water was chserved to be in a sand free state.

Following completion of the drilling and purging process, the siatic water level was
allowed to stabilize. Air Rock, in accordance with Ontario Regulation 903, proceeded
to chlorinate the well and a one hour constant rate pumping test was carried out within
approximately 7 to 10 days following completion of each test well. The rate chosen for
the one hour purmping test was based on the preliminary findings of the well contractor
at the time of installation and are those which are reflected on the published MOE
Water Well Records.

Consfruction of TW2 and TW3

After TW1 was constructed successfully, thereby validating the well construction
protocol and supporting the conceptual hydrogeological model, the remaining test
wells were constructed.

Each of the remaining test wells were construcied utilizing the same construction
protocol as had been demonstrated in TW1. In each case, the casing was advanced
into the limestone bedrock a sufficient depth in order to ensure that the minimum
casing length extended 6.2 m below ground surface.

Open borehole construction, surging and well development activities were carried out
in general conformity to the well construction program, as detailed in the construction
of TW1. Each well was sufficiently chlorinated and subjected to a one hour constant
rate pumping test by Air Rock, prior to Paterson carrying out any detailed testing.

Report; PH1236-REP.02
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2.3

Construction of HW

Based on the MOE Water Well Record, which can be found in Appendix 2, the existing
drilled well (HW) was completed 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 utilized to seal the annular space.

The open borehole was constructed with a rotary air drilling rig, the same drilling
equipment as was utilized by Air Rock for TW1, TW2 and TW3. The well contractor
reported drilling through grey limestone bedrock with shale interbeds. An aquifer
intercept was encountered at a depth of 18.3 m bgs and the total well depth was
reported to be 26 m below ground surface. The overall well depth was confirmed by
Paterson personnel during the course of the pumping test program.

Aquifer Analysis

Each of the four (4) test wells were subjected to a constant rate pumping test set at the
pumping rate as recommended by Air Rock during their one hour constant rate
pumping test, as noted in Section 2.2. The duration for each test was specified to be
the greater of the time in which steady state was achieved, or after six (6) hours of
continuous pumping.

TW1, TW2 and TW3 were pumped using a 1.5 HP electric submersible pump and
portable generator package supplied by Air Rock. HW was pumped uiilizing the
existing submersible pump installed in the well. A garden hose was connected to the
hose bib on the pressure tank and a constant discharge rate was established. In all
cases, the pump discharge line was placed downgradient of the subject well at a
sufficient distance in order to minimize the potential for short-circuiting and recharge
of the pumped well. Observation wells were closely monitored during each pumping
test, in order to attempt to utilize the drawdown data in the observation wells to
accurately estimate the aquifer storativity.

During the pumping test, the pumping rate was constantly monitored in order to ensure
that the rate did not vary by more than 5%. Furthermore, a series of chemical analyses
of the pumped water were carried out at the well head during each pumping test. The
parameters tested at the well head included: turbidity, free chlorine residual, total
dissolved solids, pH, temperature and electrical conductivity.

Report: PH1236-REF.02
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2.4

2.5

Recovery data was collected for each of the test wells following the completion of
pumping. Recovery times varied from well to well and were considered to be generally
slow. All wells were noted to have at least 95% recovery within 24 hours after the
completion of each pumping test.

Pumping test data was analyzed using Aquifer Test v. 2.5 aquifer analysis software
package, by Waterloo Hydrogeclogic. The following analytical methods were applied
(where relevant data was available):

. Transmissivity Parameters: (Theis & Jacob Recovery ); and
. Storativity Parameters: Cooper Jacob’s Time Drawdown and Theis (Curve
Matching).

The results of the aquifer analysis are presented and discussed in Section 7 of this
report.

Topographical Survey

A detailed topographical survey had not been carried out on the subject property at the
time of preparation of this report. Rather, the ground surface elevations for the three
(3) new test wells were augmented with the detailed topographical information
furnished by the City of Ottawa, through their interactive mapping website. The
electronic contour mapping was carefully overlain onto the site plan provided by ACV
in order to achieve the base mapping illustrated on Drawing No. PH1236-1. The test
pit elevations were interpolated from the available topographic information.

Laboratory Testing
Gradation of Soils

The soil samples recovered from the test holes were returned to our laboratory and
visually examined to review the results of the field logging. Four (4) representative
samples were selected for grain size analyses in our laboratory. The results of the soil
testing are provided on the Grain Size Distribution curves in Appendix 3.

Overburden Groundwater Assessment

The depth at which groundwater infiltration was observed in each of the test pits (where
encountered) was recorded as part of the terrain analysis program. In addition, three
(3) monitoring wells were installed across the site at TP1, TP9 and TP11, respectively.
Groundwater samples were recovered from each of the monitoring wells after providing
sufficient time for the groundwater to equalize after being disturbed during the test

Report; PH1236-REP.02
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pitting program. These samples were submitted to Exova Accutest Laboratories,
located in Ottawa, Ontario, for chemical analysis for relevant nitrogen species (i.e.
nitrite and nitrate). The results of this analysis were not available at the time of
preparation of this study.

Bedrock Aquifer Groundwater Assessment

Raw water samples were collected from each of the four (4) test wells during the
pumping tests. Specifically, one (1) sample was collected after three (3) hours of
pumping and one (1) sample was collected at the completion of pumping.

Prior to collection of the water samples, the free chlerine residual was verified to be
non detectable. After collection, the water samples were properly stored in a cooler
and transported to Exova Accutest Laboratories, located in Ottawa, Ontario. The
samples were submitted for comprehensive testing of bacteriological, chemical and
physical water quality parameters.

Report: PH1236-REP.02
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3.0 SITE DESCRIPTION
3.1 Surface Conditions

Further to the establishment of the general description of the subject property in
Section1.1 of this report, the subject property is located in a rural area of the former
township of Cumberland. The site topography slopes at a modest grade from west to
east towards the central to south central quadrant of the site. Drainage is imperfect to
fair in the western quadrant.

From the central quadrant, which is heavily freed, the site is flat and the drainage is
imperfect to poor. The existing land surface is primarily grassed, with three of the
smaller parcels along the eastern quadrant of the site being utilized for field crops
(soybeans). The poor crop performance noted during the field investigation in these
fields coorborates the poor surficial drainage in this area.

3.2 Surrounding Land Uses with 500 m

The subject property is located in an area of relatively low density development, bound
by Wilhaven Drive to the north and O'Toole Road to the east. To the south, agricultural
and wooded lands are present. To the west, and beyond Wilhaven Drive to the north,
a series of residential developments are present. A series of individual lots developed
as rural estates, are situated along the north and south sides of Wilhaven Drive
extending from Frank Kenney Road to the subject property. Agricultural lands are
present beyond O’Toole Road to the east.

Based on the available information, there are no obvious indicators of potential
groundwater contamination present on the surrounding lands within 500 m of the
subject property, which may negatively impact the proposed development.

Report: PH1236-REP.G2
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4.0 GEOLOGY
4.1 Surficial Geology

The surficial soils in the vicinity of the subject area generally consist of series of marine
deposits associated with the Champlain Sea. Typically, a shallow deposit of medium
to fine grained clayey silty sand is present overlying a marine clay of variable thickness
and intermittent presence within the subject area. Glacial till, of marine origins, is
typically present beneath the shallower deposits and, which in turn, overlies on
bedrock.

Based on the test pit excavation program, overburden thickness across the site
averages approximately 3 m in depth. Using well recognized techniques for the field
identification of soils, four (4) unique stratigraphic units were identified in the areas
investigated. The soils were classified using the Unified Soil Classification System
(USCS) and percolation rates were estimated based on published data correlating soil
types to permeability while accounting for variability in the consistency of the soil as
identified by the soil morphology. The stratigraphic units are summarized in Table 1,
below, and the grain size distribution curves are provided in Appendix 1.

Test pit locations and corresponding stratigraphy of the main soil types are summarized
on the Test Hole Locations Plan (Drawing No. PH1236-1 in Appendix 5). The test pit
logs are provided in Appendix 1.

To assist in the understanding of the areal coverage of the unit stratigraphic units, a
plan (refer to Figure 2 in Appendix §) has been prepared for illustration purposes.

Report: PH1236-REP.02
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Table 1: Summary of Unique Stratigraphic Units Encountered
on Subject Property Based on Test Pit Excavations' in Study
Area
General Estimated
. . Description General Percolation
Strat h
al'jgn'i‘:p e (USCS Thickness Rate
Classification} (m) (minfcm)
SC- Clayey silty
1 sand 0.3tc 0.8 25t0 35
CH-CL- Silty Clay
2 04t01.0 30to 40
3 ML-CH- Clayey 0.8t02.2 25 to 40
silt to sandy silt
4 GC- Glacial Til more than 30 to 40
3m
1. Maximum depth of test pit excavation of 3.0 m.
4.2 Bedrock Geology

Published geological mapping (Refer to Figure 3 located in Appendix 5}, provided by
the Geologic Survey of Canada (2003), and courtesy of Natural Resources Canada,
reveals that the site and immediate surroundings are underlain by limestone of the
Bobcaygeon formation of the Paleozoic Period. Beyond the Bobcaygeon Formation,
to the east and west lies bedrock of the Gull River Formation. Lindsay Formation

limestone is present beyond the site to the south.

A cursory review of the MOE Water Well Records also confirms that the significant
majority of the wells drilled in the immediate area have been constructed into the
limestone of the Bobcaygeon Formation.

Report: PH1236-REP.02
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9.0 REGIONAL HYDROGEOLOGY

A search of available published MOE Water Well Records for the immediate area
surrounding the subject property (upwards of 750 m radius) yielded 43 water well
records. Careful analysis of these records excluded 4 records due to incorrect
information regarding location and obvious surficial and/or bedrock geology
deficiencies, and general lack of defining information, in addition to records noting well
decommissioning. In all, a total of 39 Water Well Records were utilized to assess the
regional hydrogeology of the area. Of these records, 11 Water Well Records were
located on Wilhaven Drive to the immediate west and east of the subject property.

Based on an analysis of the available water well records, the adjacent wells are drilled
wells typically intercepting a water supply aquifer within the limestone of the
Bobcaygeon. Some of the wells beyond the immediate area were reported to
encounter a grey and green limestone which would suggest the Rockliffe Formation
was encountered.

Through comparative analysis, the majority of wells within the immediate vicinity of the
subject property appear to intercept the water supply aguifer located within the
limestone at three (3) different depth ranges. These ranges are:

. 25mto 27 m;
. 53mto 77 m; and
. 93 m to 100 m.

A few of the wells were reported to intercept a lower water supply aquifer below the
lower depth range. Of these wells, the deepest point of aquifer intercept was reported
to be 134 m.

Beyond the immediate subject area, approximately 46 % of the well intercepted a water
supply aquifer within the 50 m to 80 m depth range and 32% intercepted a water supply
aquifer in the 90 to 100 m range. 11% of the wells were reported to intercept a water
supply aquifer at a depth of between 25 to 30 m. 7% of the wells intercepted a water
supply aquifer at a depth greater than 100 m.

With respect to well yields, the adjacent wells in the immediate vicinity have reported
well yields in the order of 1.5 IGPM to 10 IGPM. Beyond the immediate subject area,
well yields are equally variable with appear to have well yields of between 5 and 30
IGPM.

Report; PH1236-REP.02
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6.0

SITE HYDROGEOLOGY

As previously stated in this report, a total of three (3) test wells were constructed at the
subject site during the well construction program (refer to Drawing No. PH1236-1- Test
Hole Location Plan in Appendix 5 for well locations) to augment the existing drilled well
on the site. Hydrogeological details of the construction of each test well and the house
well, based on the MOE Water Well Records, and engineering site notes, are
graphically presented in the Generalized Hydrogeological Cross Section of the Subject
Property- Drawing No. PH1236-4 in Appendix 5.

A review of Drawing No. PH1236-3 reveals that the hydrogeology of the test well
construction is consistent with the other wells constructed in the immediate vicinity of the
site. The water supply aquifer located within the Bobcaygeon Formation appears, based
on the findings of the pumping test program, which are discussed in detail in Section 7.0
of this report, to consist of a series of individual aquifer intercepts. Based on the resuls
of the pumping test program, the individual intercepts do not appear to be
interconnected. As such, it is believed that there are at least three (3) distinct aquifers
located beneath the subject property. The first is present at a depth of approximately
20 m below ground surface. The next two(2) aquifers are located in the depth ranges
of 103m to 106 m bgs and 130 to 131 m bgs, respectively.

Based on the information contained within the water well record for TW3, the lower
aquifer appears to be present within the Rockliffe or Lindsay Formations. Both of these
formations, especially the Rockliffe formation are younger bedrock with significant shale
present throughout the vertical depth. Also, the water quality of aquifers present in
these formations are well documented by Paterson and others to have elevated
concentrations of iron, and sodium. Hardness is often low in Rockliffe aquifers as a
natural softening process occurs within the aquifer which is generally responsible for the
elevated sodium levels.

Based on the available data, the potentiometric head pressure on the aquifer is meore
than 50 m (on average (excluding HW). Using the Bernoulli equation forincompressible
flow, and assuming a stationary vertical column of water, the confining force on the
water in the aquifer can be calculated as follows:

P, +V?+z, =P, + V,*+z,
0 2q g 2g
where: P= pressure (kNm?)
V= velocity (ms™)
z = height of water column above datum (m)
@ = specific weight of water (kNm™®)
g = acceleration due to gravity (9.81 ms?)

Report: PH1236-REP.02
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Assuming that the column of water is stationary, V,=V,=0. Furthermore, using the
aquifer depth as the datum, z, = 0 m. Assuming P,=atmospheric pressure (101.325
kPa) and assuming a water temperature of 10 °C, substituting the known values into the
equation and solving for P, yields:

P, = 98.81 kNm™ x [(101.325 kN/m) + 50m]
9.81 kNm™

=591 kPa
= ~6 atmospheres (std.)

The presence of these significant pressures suggests that the aquifer is being acted on
by two aquitards, thus creating a confined aquifer. By definition, “a confined aquifer
is an aquifer that is confined between two aquitards.” (Freeze & Cherry, 1979). As
such, the Paleozoic bedrock overlying and underlying the water supply aquifer, is
considered to be an aquitard. This, combined with the strong upward gradient as
evidenced by static water levels significantly above the surface of the ground, provide
sufficient evidence to support the opinion that the water supply aquifers located within
the Bobcaygeon Formation at the depth ranges specified above, are present in a
confined environment and are isolated from passive surficial impacts.

Direction of Groundwater Flow

Typically, the static water levels in at least three (3) wells intercepting the same water
supply aquifer is utilized to provide an interpolated direction of groundwater flow. In this
instance, the test wells appear to intercept different aquifers with different confining
pressures. As such, the direction of groundwater flow cannot be interpolated in this
traditional manner.

instead, the information gathered from previous hydrogeological studies carried out by
Paterson in the area suggest the direction of groundwater flow is north towards the
Ottawa River.

Report: PH1236-REP.02
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7.0 AQUIFER ANALYSIS

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

7.1  Aquifer Characteristics

The aquifer characteristics determined from the compilations of the pumping tests for
the four (4) test wells are summarized below:

Table 2: Summary of Aquifer Characteristics Resulting from Analysis of
PumpingTest Data Obtained from Constant Rate Pumping Tests
Test Well Number
Parameter TW1 TW2 TW3 HW
Transmissivity' (m?/d) 0.5 10.2 1.5 3.3
Storativity N/A N/A 3.8x 10 N/A
Pumping Rate (L/min} 15.2 19.1 15.2 30
Available Drawdown (m} 150 58 81 18.2
Maximum Drawdown {(m) 77.8 5.1 8.9 52
% Drawdown 52% 9% 11% 29%
Specific Capacity 0.2 3.7 1.7 5.8
(L/min/m drawdown)
20 Year Safe Yield(m®/day) 51x10' 40x10? 8.4x10' 1.3 x 10?2
1. Transmissivity values calculated from numerical averages of values derived from the

Theis & Jacobs Recovery method of analysis. In the case of TW3, transmissivity was
calculated as the numerical average of the three (3) analytical results through the use of
observation well data.

2. Storativity values calculated based on the numerical averages of all storativity values
obtained from both Theis and Cooper & Jacobs Time-Drawdown analytical methods.

7.2  Groundwater Geochemistry Assessment

Table 3, presented in this section, summarize the overall laboratory geochemistry
of the water supply aquifers located beneath the subject property. Data obtained
from well head monitoring during the pumping tests is summarized, graphically,
in Figures 4 through 7, in Appendix 5.
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Table 3: Summary of Health and Aesthetic/Operation Objective Parameters
for Original Test Wells

TW No. 1 TW No.2 TW No.3 HW
Parameter Units

3 Hour |6 Hour 3 Hour |6 Hour |3 Hour 8§ Hour | 3 Hour 6 Hour

Microbiological Parameters (Health)

Escherichia Coli ct10OmL| 0 0 ] 0 0 0 N/A N!J
nFaecal Coliforms ct00mL| O 0 ¢ 0 0 0 N/A

Faecal Streptococcus ct100 mL 2 11 ] 0 2 0 N/iA
Heterotrophic Plate Count ct1 mL 135 291 >500 >500 181 1M1 NIA

Tolal Coliforms ctM0OmL| 0 60 0 0 1 0 NfA Nia

Chemical Parameters {Health)

Fluoride mafL 0.12 0.16 1.94 1.96 0.61 0.63 0.11 NiA
Nitrite mgiL <0.10 <0.10 <0.10 =<0.10 <0.10 <0.10 <0.10 NiA
Nitrate mgiL 0.41 0.42 <0.10 «<0.10 <0.10 <0.10 <0.10 N/A

Chemical Parameters with Aesthetic Objectives/ Operational Guidelines

Alkalinity mgiL 408 403 212 213 244 244 257 258
Chloride mgfL 718 669 153 153 304 305 24 25

Colour TCU <2 <2 <2 <2 10 5 7 <2

DOC mg/L 1.7 1.5 0.9 0.9 1.7 1.6 1.6 13
Hydrogen Sulfide mg/L <0.01 <0.1 <0.01 <0.01 <0.01 <0.01 0.06 0.01
pH 7.81 7.85 8.18 8.18 7.88 7.93 T.74 7.76
Suiphate mgfL 121 117 295 287 768 784 19 20
Hardness myfL 808 662 166 157 687 691 274 277
Sodium mgiL 382 418 272 266 345 340 4 4

Iron mg/L 5.51 0.73 <0.03 <0.03 1.55 0.06 0.78 0.50
Manganese mg/L 0.15 0.06 <0.01 <0.01 0.04 0.03 0.04 0.04
Total Dissolved Solids myfL 2080 1280 975 962 2180 2220 377 382
Turbidity {lab} NTU 81.7 16.4 0.7 0.3 19.4 1.3 15.1 6.7

Note: Additional General Chemical Parameters have not been summarized in this section as they have not been deemed relevant
to this analysis. The data can be found on the individual laboratory reports in Appendix 3.
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7.3 Aquifer Analysis Summary
Water Quantity Assessment

Using the procedure summarized in the document entitled, “Procedure D-5-5
Technical Guideline for Private Wells: Water Supply Assessment”, prepared by
the Ontario Ministry of the Environment, last revised August 2006, an analysis
of the suitability of the aquifer to supply the proposed development can be
completed. Using the values contained with in Procedure D-5-5, the per-person
water requirement is set at 450 L/day. The peak demand, which occurs over
a 120 minute period each day, equates to a peak demand rate of 3.75 L/min
per person. Procedure D-5-5 suggest the utilization of the number of bedrooms
plus one, to determine the minimum number of people per house. As the
proposed development will likely witness three bedroom single family homes,
using the Procedure D-5-5 methodology, the number of persons would be four
(4) and the total peak demand rate is calculated to be 15 L/min.

Analysis of Table 3 in Section 7.1, reveals that the pumping rates chosen for
each of the pumping wells are at or above this minimum pumping rate.
Furthermore, all of the test wells were reported to have utilized less than 50%
of the available drawdown during the pumping tests. This information,
combined with the calculated 20 year long term safe yield values, suggests, in
our professional opinion, that the specified well yields are representative of the
yields which residents of the development are likely to obtain from future wells
put down on the site.

Water Quality

A review of the water quality analysis data, received to date, for the test wells
reveals that the raw water meets all health related parameters of the Ontario
Drinking Water Standards (ODWS), with the exception of TW1. Moreover, it
appears to be consistent with the surrounding water quality, based on other
works carried out by Paterson, and, as such, is considered to be indicative of
future, long term water quality.

Total coliforms and faecal streptococcus counts were noted to increase during
the pumping fest period. The laboratory was approached to discuss this
anomaly and it uncertain whether or not the sample results may have been
mixed up. As such, retesting of TW1 will be necessary and could not be
completed prior 1o the preparation of this report.
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With respect fo aesthetic objectives and operational guidelines, the water
contains modestly elevated concentrations of chloride, colour, hardness, iron,

sodium and TDS. The laboratory turbidity levels were slightly elevated in the
test wells also.

Observed levels of colour were noted to be below the aesthetic objective of 5
True Colour Units (TCU) at the completion of the pump tests for all of the test
wells. Given that the iron and manganese concentrations in these wells were
elevated, the colour is anticipated to be primarily a function of these ions,
especially considering the low concentrations of tannin & lignin, and can be
adequately removed using the same treatment devices. In the case of TWS3,
the colour may be indicative of the Rockliffe aquifer itself.

Iron (Fe) concentrations were observed to be above the aesthetic objective of
0.3 mg/L in only TW1 after the completion of the pumping tests. Similarly,
manganese (Mn} concentrations were observed to be above the aesthetic
objective of 0.05 mg/L in TW1. At the measured concentrations for both iron
and manganese, common point of use water treatment devices, designed
specifically for residential flows, will be more than adequate to significantly
reduce these concentrations to aesthetic cbjective levels.

Sodium (Na) concentrations in TW1, TW2 and TW3 were noted to be
elevated. The sodium concentration did not show significant reductions during
the pumping tests. Although sodium is not toxic and no maximum acceptable
concentration has been set, concentrations above 20 mg/L require that the
Medical Officer of Health be notified so that this information may be passed on
to local physicians for use in treatment of those requiring a sodium-restricted
diet.

Hardness, an operational guideline, does not appear in the ODWS. Rather it
appears in the Technical Support Documents for Drinking Water Standards,
Objectives and Guidelines (Technical Support Documents) as a parameter with
an operational guideline of 100 mg/L. At the measured concentrations, the
water is considered to be hard to very hard. TW2 and the HW reported
hardness concentrations below the reasonable treatable limit of 500 mg/L
specified in Table 3 of the guidance document, entitled, “Procedure D-5-5:
Technical Guideline for Private Wells: Water Supply Assessment”, published
by the MOE in 1995.

With respect to turbidity, the field turbidity was measured at regular intervals
through the pumping tests for each of the test wells. With the exception of

Report: PH1236-REP.02
December 10, 2009 Page 18



pate rso n@j F@ME@ Terrain Analysis and Hydrogeological Study

Ottawa Kingston North Bay 1730 Wilhaven Drive,
Ottawa (Cumberland}, Ontarig

TWA1, the turbidity fell below 5 NTU after the completion of the pumping test.

The field measured turbidity for TW1 was reported to be significantly lower than
the laboratory turbidity. This phenomenon has been experienced in many
instances where iron and/or manganese are present in moderate
concentrations. As the raw water is collected, air is allowed to enter the water
stream and air is in the sample bottles prior to collection. As a result, a series
of reduction-oxidation reactions take place with the iron and manganese
resulting in the precipitation of iron oxide and/or manganese oxide. The higher
the pumping rate and longer the sample is stored prior to the laboratory
analysing the sample, the greater the precipitation of these oxides.

With respect to Total Dissolved Solids {TDS), the Technical Support
Documents state an aesthetic cobjective of 500 mg/L. Based on the
fundamentals of groundwater chemistry, it is typical that ions of calcium,
chloride, magnesiumn, sodium and sulphate, and hardness account for more
than 90% of the TDS concentration measured in groundwater. TDS is a gross
measurement of dissolved material and the aesthetic objective set out in the
Technical Support Documents reflects both the tendency to have balanced
water and the minimization of ionic concentrations that could affect the
palatability of the water.

In accordance with Procedure D-5-5, Table 3 does not reflect a maximum
concentration considered reasonably freatable for TDS. Rather, Procedure D-
2-0 requires written rationale that corrosion, encrustation, or taste problems will
not occur. The Langelier Saturation Index (LSI} indicates the corrosivity of
water. The LSl is explained in the Table 8 below:

less than -0.5 Water is corrosive
between -0.5 and +0.5 Water is in equilibrium
higher than +0.5 Water has high scale potential

The LSI value for the water in the aquifer intercepted by TW1 is +0.93 based
on the field measured pH and temperature, and the laboratory analyses for
calcium, alkalinity and TDS. Based on the calculated LSI, the water is in
equilibrium with a significant potential for creation of scale but is not corrosive.
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7.4 Water Conditioning Considerations

As the water within the preferred zone of aquifer interception contains elevated
hardness and, to a lesser extent, iron, the raw water can be suitably conditioned to
remove these two aesthetic parameters. A standard residential grade water softener
can be installed to remove both the hardness and iron concentrations in the raw water.
Regeneration rates may be slightly higher given the concentration of iron in a few of
the test wells, however the iron concentrations are not anticipated to substantially
contribute to a reduction in resin capacity.

As the water is considered to be very hard, it is recommended that should a water
softener be selected for installation, that consideration be rnade to installing a separate
tap for drinking water which bypasses the softener.

With respect to the slightly increased turbidity in both the field and laboratory samples,
as there is no need for water treatrnent to control bacteriological parameters, the
turbidity values are considered to be within the acceptable range of values contained
within Procedure D-5-5. It is anticipated that extended well development, at a rate of
not more than 5 L/min for at least 24 hours, will be sufficient to remove any residual
turbidity resulting from well construction for each newly constructed well af the site.

In summary, the water quality from the test wells indicates that there are, indeed, three
distinctly different aquifers located beneath the site. The deepestaquifers, intercepted
by TW3 and TWH1, specifically, have the least desirable aesthetic water quality. HW,
which intercepts the shallowest aquifer, has the most desirable aesthetic water quality.
TW2, which, based on the water quality and aquifer response, appears to be
influenced by another aquifer. The reported aquifer intercept point for TW2 was
between 103 and 106 m bgs. This, based on the hydrogeological cross section (refer
to PH1236-3 in Appendix 5), shows a similar intercept elevation as inthe case of TWA1.
While TW1 and TW2 share some similar water geochemistry markers, they are
significantly different. This suggests that there may be mixing of multiple aquifers
taking place in TW2. This hypothesis is furthered by the fact that the drawdown curve
for TW2 (refer to Appendix 4) shows gapping which would suggest the test well is
influenced by another aquifer of lower yield.
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7.5 Potential Well Interference

Itis anticipated that a series of individual water supply wells, in addition to the existing
test wells, will be constructed at the subject property in order to provide individual
water supplies for each lot. As these wells are anticipated to intercept aquifers located
in Bobcaygeon Formation, and considering the inherent intermittent nature of
pumping, potential well interference with offsite uses is anticipated to be negligible.
This is further corroborated by the 20 year safe yield estimates established earlier in
this report.

As the pumping is anticipated to be intermittent with several wells in operation at any
given time, with the expectation of 100% recovery within a few hours of termination of
pumping, a potential well interference model was created to reflect a hypothetical
worst case scenario for drawdown at the site. The model, assumes series of wells,
located along concentric circular spacings extending outward from one central well,
each pumping continuously at a rate of 2000 L/day (average peak water demand) over
a period of 20 years. The analytical model is presented in Appendix 4.

In the long term model, the maximum anticipated drawdown, based on a total of 29
wells pumping continuously for 20 years at 2,000L/day, is 15.50m. As the average
anticipated well depth is approximately 100 m, this drawdown represents a removal
of 15% of the available drawdown. Given that a conservative, but reasonable
Transmissivity value was utilized (3.2 m¥day (HW)) and the overall conservative
approach of the model, this drawdown is considered to be an acceptable worst case
scenario.

In the second model, a single well having an average available drawdown of 24 m was
modelled to be pumped at 50,000L for 24 hours. This is the maximum allowable
volume of pumping before a Permit to Take Water is required by the MOE. In this
model, again a transmissivity of 3.3 m?/day and a storativity of 3.8 x 10 was chosen.
At a radial distance of 50 m, a distance approximately one half of the closest distance
between future adjacent wells, a drawdown of 3.31 mis anticipated. This corresponds
to a reduction in available drawdown of only 3%.

Given the very conservative nature of the models presented above, it is opined that
the potential well interference between wells, and beyond the property limits is
acceptable in the worst case scenario models. Considering the intermittent pumping,
rapid recovery values and significant 20 year safe yield estimates, actual drawdown
in offsite wells is anticipated to be negligible.
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8.0 DEVELOPMENT RECOMMENDATIONS

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

8.1 Site Development

Based on the results of our study, this site is considered to be suitable for the
development of the 21 lots as described in Section 1.0 of this report. 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. Furthermore, 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.

8.2 Lot Development Plan

One objective of the hydrogeological study is to enhance development and minimize
the effects of sewage systems on the surrounding environment. This is achieved
through prevention of the accumulation of surface water, by ensuring the proper
construction of water supply wells and sewage systems, and by coordinating the
overall positioning of the services to maximize separations. 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 septic systems located on neighbouring
lots.

The proposed Lot Development Plan (Drawing No. PH1236-2) in Appendix 5 shows
the proposed lot development plan for the site. The purpose of this drawing is to show
that a typical home and private services will fit onto the proposed lot, and can meet all
pertinent regulations without causing environmental constraints. The houses shown
in this drawing covers a plan area of 160 m?, assuming a four (4) bedroom, two-storey
300 m? (3,500 ft%) home, with a garage of 50 m?, and is serviced by a sewage system
with the capacity of 3,000 L/day. In actuality, the daily sewage flows will likely be
significantly lower than this value.

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.
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It is not the intent of the Lot Development Plan (Drawing No. PH1236-2) fo 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 shouid be followed.

The required separation distance from a fully raised leaching bed to a surface water
body or drilled well is 18 m. Furthermore, in accordance with Ontario Regulation 903,
all drilled wells, in addition to the prescribed separation distances to the sewage
system, must also be located a minimum of 15 m from a potential source of
contamination. (i.e. fuel oil tanks, Regional Roads, etc.)

8.3 Predictive Impact Assessment
Hydrogeolocial Sensitivity

In accordance with Section 5.0 of the MOE publication, entitled, “Procedure D-5-4
Technical Guidelines for Individual On-site Sewage Systems: Water Quality impact
Risk Assessment”, the groundwater impacts from on-site sewage systems must be
addressed in a step-wise manner. In order to establish the initial step, it is essential
to demonstrate whether or not the site is considered hydrogeologically sensitive.

Given the significant confining pressures exerted by the aquifer combined with the
substantial thickness of competent bedrock present beneath the study area, the
subject property is not considered hydrogeologically sensitive

Isolation of Supply Aquifer

As established in Section 6.0 of this report, the supply aquifer is considered to be a
confined aquifer with the overburden material and bedrock acting as an aquitard. By
definition, “..the term aquitard has been coined to describe the less-permeable
beds in a stratigraphic sequence.” (Freeze & Cherry, 1979). The upper layers of the
limestone bedrock are considered to be an aquitard, which explains the confining
pressure and Theis like response to pumping. Analysis of the available MOE Water
Well Records within a 500 m radius of the site indicate significant thicknesses of
Iimestone are present between the surface of the ground and the depth of the water
supply aquifer on most, if not all of the drilled wells, combined with the absence of
nitrates in the water supply aquifer our opinion, supports the belief that the
hydrogeological isolation extends well beyond the property limits.
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Nitrate Impact Assessment

In accordance with the interpretation of the City of Ottawa relating to MOE Procedure
D-5-4 and D-5-5, the minimum proposed lot size is shall be at least 0.8 ha. As such,
there is no requirement to carry out a nitrate impact assessment. Moreover, it has
been sufficiently demonstrated that the water supply aquifer is hydrogeologically
isolated from surface activities and that the isolation extends a significant distance
beyond the property in all directions. As such, regardless of the minimum proposed
lot size, there is no requirement, as specified in Procedure D-5-4, to continue the
stepwise evaluation.

8.4 Sewage System Design

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.

OBC requirements state that the there 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.

Given the moderately low permeability of the 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 will
also be required.

Based on OBC design sewage flow tables, a large 4 bedroom luxury residence with
a finished floor area of 300 m? may produce in the order of 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 io have a percolation rate {(a.k.a. T-time) of between 6
and 8 minfcm. Considering the design flows and percolation rate of the available
imported sand, a tile length of 140 metres is required. The Lot Development Plan
{(PH1236-2) illustrates the size of such tile beds, complete with minor alternative
configurations due to irregular lot shapes and other constraints. The sewage system
should be placed down slope from any nearby wells, where possible.
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The sewage system layouts detailed in Drawing No. PH1236-2 are shown to be fully
raised leaching beds with a 15 m imported sand mantle. With due consideration to the
low permeable terrain unit which dominates the subject property, the Lot Development
Plan (Drawing No. PH1236-2) has been prepared to illustrate that the maximum
foreseeable size of leaching bed utilized on any given Iot, can be easily
accommodated. Moreover, the purpose of the drawing is to illustrate that adequate
space exists on each lot to accommodate such a sewage system. The end, or toe,
of the mantles will be required to be unobstructed and free draining; the existing topsoil
layer is likely to receive the polished effluent from the toe.

8.6 Well Design

Drilled wells, completed in the bedrock aquifer, should be used for the water supply
in this development. The wells should be drilled by a licensed well contractor
experienced in the study area, and should be completed in accordance with Ontario
Regulation 903, as amended.

A minimum well yield of 3 IGPM is recommended for an average residence and is
considered to be easily obtainable on this site. As itis desirable to drill the future wells
to achieve the highest quality water, the wells should be drilled to a depth of not more
than 30 m before first surging and flushing the well in order to maximize exposure to
the upper aquifer. Moreover, it may be prudent to utilize a cable tool to construct the
future wells as the inherent nature of the pounding of a cable tool is known to
maximize the fracturing within limestone bedrock to open up a formation in a manner
which a rotary drill cannot.

The casing hole should be constructed such that the hole extends into sound bedrock
such that the casing penetration is at least 2 m into the bedrock and the casing length,
measured below ground surface, should not be less than 6 m.

The casing should be fitted with an appropriate drive shoe prior to installation and the
annular space should be grouted with cement grout delivered from the bottom of the
annular space to the ground surface using a method permitted by Ontario Regulation
903, as amended. The creation of the casing hole, the installation of the casing and
the grouting of the annular space should be inspected by a qualified Professional
Engineer from Paterson Group Inc.

Creation of the open borehole should continue until the borehole reaches a depth of
not more than 30 m below ground surface before first surging and purging the well as
described above..
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The well should be developed by surging or pumping until the water is developed to
a sand free state at the time of construction in accordance with 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.

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 qualified well contractor possessing a valid Class 4 pump installer's license. After
completion of the mechanical work in the well, the well should be disinfected as
described above.

The grading around 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.
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9.0 CONCLUSIONS

Based on the information contained within the body of this report, the following
conclusions can be drawn:

1.

2.

10.

The subject property is located in a relatively flat to slightly sloping setting with
all areas exhibiting poor to imperfect drainage characteristics.

There is minimal potential impacts from surrounding land uses within 500 m of
the site, based on available information. Moreover, offsite impacts from the
proposed density of residential development are considered to be negligible
The surficial geology of the subject property generally consists of a mixture of
silty sand to silty clay deposits overlying bedrock over the subject area. The
soils types and areal delineation are consistent with available soils mapping.

The bedrock geology beneath the site consists of limestone of the Bobcaygeon
Formation. The Bobcaygeon formation is bordered on the west and east by
younger bedrock of the Rockliffe and Gull River Formations respectively. The
direction of groundwater flow is interpreted to be north towards the Ottawa
River.

The construction of the test wells on the subject property appear have
intercepted at least three (3) individual water supply aquifers of suitable
quantity. The quality of the shallowest aquifer is such that it is the preferred
aquifer for future wells.

The most consistent zones of aquifer intercept of the test wells and
neighbouring wells is between 25 mto 27 m, 53 mto 77 m and 93 m to 100 m
below ground surface.

Significant confining pressures are present on the water supply aquifer at the
interception points. An adequate quantity of water is present in all of the
encountered aquifers, however the highest well yields were reported in TW2
and HW. Water quality of the upper aquifer, based on the analyses conducted
in this report, is considered to be excellent for domestic use.

Potential well interference with neighbouring, offsite wells, is considered to be
minimal and, based on the aquifer parameters determined by this study, the
anticipated water demand from this subdivision will have minimal impact on the
safe yield of the water supply aquifers.

Sewage systems, containing fully raised leaching beds, are easily
accommodated on each of the proposed lots.

The subject property is suitable for development as a residential subdivision at
the proposed density. Impacts to the neighbouring low density residential
development area is expected to be minimal, at best.
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10.0 RECOMMENDATIONS

Based on the information presented in the body of this report, the following
recommendations can be made:

1.

In accordance with the intent of Procedure D-5-5, the Medical Officer of Health
must be notified where sodium concentrations in the new wells exceed 20
mg/l.. This requirement is specified in order for the information to be
disseminated to local physicians in order to treat persons with sodium reduced
dietary needs.

If the use of water softeners are considered, it is recommended that a separate
water supply tap be installed. This tap should bypass the water softener to
prevent the increased sodium concentration which will result by softening the
water with sodium chloride.

Wells should be consiructed such that the casing hole extends into sound
bedrock such that the casing penetration is at least 2 m info the bedrock and
the casing length, measured below ground surface, should not be less than 6
m. The annular space should be grouted in @ manner consistent with the
construction of the test wells detailed in this study.

The preferred zone of aquifer interception for future wells should be set at
approximately 25 m to 27 m measured below the ground surface. Wells should
be constructed with cable tool drill to a depth of not more than 100 m before
aggressive surging and purging has taken place.

The creation of the casing hole, installation of the casing, and grouting of the
annular space, should be inspected by a qualified Professional Engineer of
Ontario. Furthermore, itis recommended that a qualified Professional Engineer
of Ontario oversee the construction of the open borehole in order to ensure well
depths do not exceed those recommended in this study. All well construction
must be carried out by a qualified, and experienced well technician.

TWH1 should be chlorinated and resampled to ensure the well is free of
microbiological parameters.

Wells should be developed to a sand free state in order to ensure that the
residual turbidity created by the well drilling activities is compietely 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.
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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.

PATERSON GROUP INC.

!

Robert A. Passmore, P.Eng. Stephen J. Walker, P.Eng.
Hydrogeologist Senior Hydrogeologist
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ncourse 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
HOLE NO.
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 1-09
B SAMPLE Pen. Resist. Blows/0.3m =
SOIL DESCRIPTION 3 D'(E:I)TH E:-TE)" ® 50 mm Dia.Cone | 92
g i1 & Ba %2
Bl E .22 NZ
g & Y| & © Water Content % L5
A S5 &3
GROUND SURFACE 20 40 60 80
0+100.50 —
TOPSOIL
Brown SILTY SAND with T e 1
clay TILL
__________________ 0.81]
1+99.50
:"::::_ G| 2
GLACIAL TILL: Brown silty i
sand with clay, gravel, ot
cobbles and boulders A
] 2198.50
| R
________ 3020 3197.50
End of Test Pit
Refusal on inferred bedrock
@ 3.02m depth
(Water infiltration @ 2.6m
depth)
20 40 60 g0 100
Shear Strength (kPa)
A Undisturbed & Remoulded




SOIL PROFILE AND TEST DATA

patersongroupgru

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

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 Ol NG
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 2-09
B SAMPLE Pen. Resist. Blows/0.3m | __
SOIL DESCRIPTION g D'(Er';)“" E:-"'f;” ‘| ® sommbia.Cone |22
-
$e |8 El2g o5
iy o B @<
E 3 E 5|8 : O Water Content % 28
GROUND SURFACE 2| = oL o025 20 40 60 50
TOPSOIL
__________________ 0.25
G| 1
! Brown SILTY CLAY
- v
1+98.25
__________________ 1.22
GLACIAL TILL: Brown silty M
clay with sand, gravel,
cobbles and boulders nnl
__________________ 18550 G| 2
GLACIAL TILL: Coarse ] 9197 25
sand with gravel, clay, atan )
cobbles and boulders A
7371 S5r AN A N A K IR WU 00 ) UACHEN N S

End of Test Pit

(Water infiltration @ 0.9m
depth)

20

40 60 80 100

Shear Strength (kPa)
& Undisturbed & Remgulded




pate rSONQroupg;;ns__ SOl PROFILE AND TEST DATA

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
Ottawa, Ontario

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

DATUM Elevations interpolated based on topographic information su pplied by the City of FILE NO.
Ottawa. PH1236
REMARKS o
HOLE NO.
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 3-09
B SAMPLE Pen. Resist. Blows/0.3m | __
SOIL DESCRIPTION 2 gl E:-n'f)" | ® 50mmDia.Cone | o2
o [ & Ho Eg
Bl g l.8d8 oe
8| 5 *® 9 O Water Content % L5
| H| & té > H as
=
- GROUND SURFACE 20 40 60 80
| R R 0+99.10 T
| TOPSOIL
b Q'2_5 .....................................
Brown SILTY CLAY, some | G| 1
sand 0.60
TGLAGIAL TILL: Grey-brown el o
silty clay with sand, gravel 0.861"~ T
nandcobbles " i e B
! sl G o3 1198.10
GLACIAL TILL: Brown silty oy v
sand with clay, gravel, WA
cohbles and boulders A
el G| o4 2197.10

i

2,72 ~n

End of Test Pit

(Water infiltration @ 1.6m
depth}

Sh
& Und

20

490 60 80 100
ear Strength (kPa)
islurbed A Remoulded




pate rsongroupesss SOIL PROFILE AND TEST DATA |

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
Oftawa, Ontario

DATUM Elevations interpolated based on topographic information supplied by the City of FILE NO.

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

Ottawa. PH1236
REMARKS
HOLE NO.
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 4-09
I & SAMPLE Pen. Resist. Blows/0.3m | -
| SOIL DESCRIPTION il D'(E:.)T” E:-'E)V ‘| e 50mmbia.Cone |52
; o 14 E g ] gg
! E & i B 9 % ) oe
E 3 E g =P O Water Content % 28
= 20 40 60 80
GROUND SURFACE 0110050
TOPSOIL
__________________ 0.25
Brown SILTY CLAY, some L G| 1
sand and gravel
__________________ 0.714
f G| 2 1199.50
GLACIAL TILL: Brown silty ]
sand with gravel, cobbles W]
and boulders 0K ¥
2198.50
2,340

End of Test Pit

Refusal on inferred bedrock
surface @ 2.34m depth

(Water infiltration @ 1.6m
depth)

L

20 40 60 g0 100
Shear Strength {kPa)
A Undisturbed A Remoulded




SOIL PROFILE AND TEST DATA

patersongroupg:ss

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

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
Ottawa, Ontario

DATUM Elevations interpolated based on topegraphic information supplied by the City of FILE NO.
Ottawa. PH1236
REMARKS i NG
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 5-09
E SAMPLE E Pen. Resist. Blows/0.3m | __
SOIL DESCRIPTION 2 D | S| ® 50ommDia.Cone |32
< o %(Eaq =
< | B § |.2/38 NE
. 8| & * B O Water Content % L5
j B E O >I»0-| 20
| GROUND SURFACE d| = ologgg | % e w
TOPSOIL )
__________________ 0.23
Brown SILTY SAND with 1t ol 4
clay AT
__________________ 0.60]] ||
G| 2
Red-brown SILTY CLAY B
__________________ 0.94 SEE A Y D
] 119880 o
GLACIAL TILL: Brown silty mnand
sand with clay, gravel, A
cobbles and boulders At
e 279780 [
2.59{wn]

End of Test Pit

(Water infitiration @ 1.0m
depth)

20 40 60 a0 100
Shear Strength (kPa)
A Undisturbed A Remoulded




pate rs o n g ro u pCon_sulting SOIL PROFILE AND TEST DATA
Engineers | 1¢rrain Analysis & Hydrogeological Study
28 Concourse Gate, Unit 1, Ottawa, ON K2E 777 S Whinaven Drive
DATUM Elevations interpolated based on topographic information supplied by the City of FILE NO.
Ottawa. PH1236
REMARKS OLE MO
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 6-09
| 3 SAMPLE . Pen. Resist. Blows/0.3m | _ .
: SOIL DESCRIPTION 2 o (r':]}"" S| @ sommpia.cone |52
b E E
g | 6|8 58 j2
2 | H E » 3|8 , O Water Content % | 25
GROUND SURFACE Ak 008,60 20 40 60 80
Toeson. w0 piiilaiileiilaiel
b 0.30
| G| 1| | | | |iiL
| N
Brown SILTY CLAY, some RN R IR
sand SRR
1-+98.60
__________________ 14714 Y
Interlayered SAND and B . :
| SLTYCLAY y:Y: I L N Y A A S I SIS B &
Stlff, brown SILTY CLAY 2197 60
- grey by 2.3m depth
__________________ 2.991/]
GLACIAL TILL: Grey silty 2 74bd G| 3
nclay with sand, gravel, T
\Cobbles and boulders _ __ _ _ __ _ !
End of Test Pit
(Water infiltration @ 1.5m
depth)

20 40 60 80 100
Shear Strength (kPa)
A Undisturbed /4 Remoulded




SOIL PROFILE AND TEST DATA

patersongroupgsssss

28 Concourse Gate, Unit 1, Ottawa, ON K2E 717

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 OLENG
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP 7-09
B SAMPLE H Pen. Resist. Blows/0.3m | .~
SOIL DESCRIPTION 2 DEPTH| ELEV. | o s5ommDia.cone | S8
Lyl (m} (m) £
£la|&| 5 B8 S %
2| 5 L O Water Content % 25
5 | B o|P 4 G
GROUND SURFACE al | = 09920 20 40 60 80
TOPSOIL ' :
__________________ 0.23
Brown SANDY SILT, trace ] .
clay 1
__________________ 1.07 414 1798.20 -
o]
el G
GLACIAL TILL: Brown fine T
to coase sand with gravel, AT 1
cobbles and boulders “atat 279720
- grey by 2.1m depth Ky RN
2,90/

End of Test Pit

(Water infiliration @ 1.1m
depth)

20 40 60 a0 100
Shear Strength (kPa)
A Undisturbed A Remoulded




SOIL PROFILE AND TEST DATA

patersongroupsgsss

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

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 NG
BORINGS BY Hydraulic Shavel DATE 3 Dec 09 TP 8-09
j B SAMPLE Pen. Resist. Blows/0.3m | _
SOIL DESCRIPTION g D'(E:J” S| @ sommpiaCone | $2
“ 1 R Ba E2
5084|839 i
g | o ® 5 d O Water Content % L5
B B4 E = M [
a 20 40 60 80
GROUND SURFACE 0L99.00 _ _
TOPSOIL
__________________ 0.25 1
Brown SANDY SILT, trace 1798.00
clay
¥
2-97.00
__________________ 241
Brown fine to medium sand
with clay seams
__________________ 2.84(
Firm, grey SILTY CLAY ~
____g_j ____________ 3.05 G| 1 3+96.00
End of Test Pit
(Water infiltration @ 1.5m
depth)
i
20 40 60 B0 100
Shear Strength (kPa)
A Undisturbed A Remoulded




pate rSO ng ro u pCon_sulting SOIL. PROFILE AND TEST DATA

Teirain Analysis & Hydrogeological Study
1730 Wilhaven Drive

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

DATUM Elevations interpolated based on topographic information supplied by the City of FILE NO.
Ottawa. PH1236

REMARKS e

BORINGS 8Y Hydraulic Shavel DATE 3 Dec 09 TP 9-09
B SAMPLE T™H Pen. Resist. Blows/0.3m |

| SOIL DESCRIPTION 2 D'(E:l) Sy | @ sommbia.Cone |32

@ & % 2§ gg
< 8|8 |.E|28 NE.
v & * 6 C Water Content % s
5| & o|l" 5 oo

GROUND SURFACE m | = 20 40 60 380

0+99.80
IL
_T_O_P fc_) _____________ QSZ_B-

Brown SANDY SILT, trace
clay

1798.80

__________________ 1.58
Firm, brown SILTY CLAY N
__________________ 1.83 Gl 1
e 297.80
GLACIAL TILL: Brown sitty AN
sand with clay, gravel, N,
cobbles and boulders At
3,05 3196.80

End of Test Pit

(Water infiltration @ 0.8m
depth)

20 40 60 a0 100
Shear Strength (kPa)
A Undisturbed 2~ Remoulded




SOIL PROFILE AND TEST DATA

patersongroupgsyss

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

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive
Otftawa, Ontario

DATUM Elevations interpolated based on topographic information supplied by the City of FILE NO.
Ottawa. PH1236
REMARKS ——
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP10-09
B SAMPLE Pen. Resist. Blows/0.3m | __
SOIL DESCRIPTION i D'(E;)T"' E:;E;’ ‘| ® sommDia.Cone |22
e o P offa) Eé
S | B g [.Ba¢ N
2| & 0| O Water Content % L5
@ | - g |z 0 &0
20 40 60 30
GROUND SURFACE oleg50 %
TOPSOIL
v
Brown SANDY SILT, trace 1798.50
clay
—————————————————— 198, 2197.50
Firm, grey SILTY CLAY with
sand
3196.50
e 3564/
GLAICAL TILL: Grey silty et
clay with sand, gravel, 3.81 [0
ncobbles and boulders i

End of Test Pit

{Water infiltration @ 0.9m
depth)

20 40 60 8o 100

Shear Strength {(kPa)

A Undisturbed A Remoulded




pate rso n g ro u Consulting SOIL PROFILE AND TEST DATA
Engineers | Terrain Analysis & Hydrogeological Study
28 Concourse Gate, Unit 1, Ottawa, ON K2E 7T7 éﬁ;’w":"'g:t‘:';ig""e
DATUM Elevations interpolated based on topographic information supplied by the City of FILE NO.
Ottawa. PH1236
REMARKS —
BORINGS BY Hydraulic Shovel DATE 3 Dec 09 TP11-09
& SAMPLE p Pen. Resist. Blows/0.3m | __
SOIL DESCRIPTION o Dfm')”" E:-n'f;" ‘| ® 50mmDia.Cone |28
g g3
& ln |8 [, 538 S5
% | o * 0| O Water Content % 25
g 3 % . l-c-)l ﬂ.o
GROUND SURFACE 0d99.30 20 40 60 80
TOPSOIL
1+98.30
Brown SANDY SILT, trace
clay
2197.30
__________________ 234 H:
Grey SILTY CLAY, trace
sand 3196.30
__________________ 3.90 21/
GLACIAL TILL: Grey silty )
sand with clay, gravel, O
cobbles and boulders 3.83/1.0
End of Test Pit
{(Water infiltration @ 2.0m
depth)
20 40 60 80 100
Shear Strength {kPa)
A Undisturbed 2~ Remoulded




pate rso ng rou o2omsuing SOIL PROFILE AND TEST DATA

Terrain Analysis & Hydrogeological Study
1730 Wilhaven Drive

28 Concourse Gate, Unit 1, Ottawa, ON K2E 777 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 TP12-09

SAMPLE Pen. Resist. Blows/0.3m
DEPTH| ELEV. @& 50 mm Dia. Cone

SOIL DESCRIPTION
(m) [ (m)

O Water Content %

STRATA PLOT
Piezometer
Construction

N VALUE
or RQD

TYPE
NUMBER
&
RECOVERY

GROUND SURFACE 20 40 60 80

0—-10050 P - - oLl HE
TOPSOIL SRR RN R ER R
__________________ 0.28 N I R I A

1199.50

GLACIAL TILL: Brown silty
sand with clay, gravel,
cobbles and boulders

J\Aa\nn: 2__ 9850

End of Test Pit

(Water infiltration @ 2.1m
depth)

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




SYMBOLS AND TERMS

SOIL DESCRIPTION

Behavioural properties, such as structure and strength, fake precedence over particle gradation in
describing solls. Terminology describing sol structure are as follows:

Desiccated - having visible signs of weathering by oxidation of clay
minerals, shrinkage cracks, etc.

Fissured - having cracks, and hence a blocky structure,

Varved - compased of regular altemating layers of silt and clay.

Stratified - composed of alternating layers of differentt 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 solls 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 1o 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 solls is the consistency, which is hased
on the undisturbed undralned 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 <12 <2
“Soft 12-25 2-4
Firm 25-50 4-8
Sititf 50-100 8-15
Very Stiff 100-200 15-30

Hard

>200

>30




SYMBOLS AND TERMS (continued)

SOIL DESCRIPTION (continued)

Coheslve soils can also classified according to their "sensitivity”. The sensitivity is the ratio between
the undisturbed undrained shear strength and the remouided undrained shear strength of the soil.

Terminology used for describing soll strata based upon texture, or the proportion of Individual particle
sizes present Is provided on the Textural Soll Classification Chart at the end of this information
package. _

ROCK DESCRIPTION
The structural description of the bedrock mass is based on the Rack Quality Designation (RQD).

The RQD dlassification is based on a modified core recovery percentage in which all pieces of sound
core over 100 mm long are counted as recovery. The smaller pieces are considered to be a result of
closely-spaced discontinuities (resulting from shearing, jointing, faulting, or weathering) in the rock
mass and are not counted. RQD is ideally determined from NXL size core. However, it can be used
on smaller core sizes, such as BX, if the bulk of the fractures caused by drilling stresses (called
"mechanical breaks”) are easily distinguishable from the normal In-situ fractures.

RQD % ROCK QUALITY

90-100 Excellent, intact, very sound

75-90 Good, massive, moderately jointed or sound

50-75 Fair, blocky and seamy, fractured

25-50 Poor, shattered and very seamy or blocky, severely fractured

0-25 Very poor, crushed, very severely fractured

SAMPLE TYPES

88 - Split spoon sample (obtained in conjunction with the performing of the
Standard Penetration Test (SPT))

™ - 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 driling bits



SYMBOLS AND TERMS (continued)

GRAIN SIZE DISTRIBUTION

MC% - Natural moisture content or water content of sample, %

LL - Liquid limit, % (water content above which soll behaves as a liquid)

PL - Plastic limit, % (water content above which soll behaves plastically)

Pl - Plasticlty index, % (difference between LL and PL)

Dxx - Grain size at which >x% of the sod, by weight, is of finer grain sizes
These grain size descriptions are not used below 0.075 mm grain size

D10 - Grain size at which 10% of the soil is finer (effective grain size)

Ds0 - Grain size at which 60% of the soll is finer

Ce - Concavity coefficient =  (D30)2 / (D10 x D60)

Cu - Uniformity coefficient = D60 / D10

Cc and Cu are used to assess the grading of sands and gravels:

Well-graded gravels have: 1<Cc<3 and Cu>4

Woell-graded sands have: 1<Cc<3 and Cuz>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

Py - Present effeciive overburden pressure at sample depth

P’ - Preconsolidation pressure of (maximum past pressure on) sample
Cer - Recorapression index (in effect at pressures below P

Ce - Compression index (in effect at pressures above Py

OC Ratio 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

Monitoring Well Construction
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APPENDIX 2

PUBLISHED MOE WELL DATA

WELL RECORDS FOR TEST WELLS
TWA1
TW2
TW3
HW4

oQCco
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Casing and Screen Record Pumping Test
Inside diameter of casing.... . 6. 3/ 16 Static level ... . .. 70 _______________________________________________
Total length of casing .. ... ....... D N Test-pumping rate ..125 GPH. . . . ... . XXX
Type of screen R Pumping level., .90
Length of screen . ... . Duration of test pumping .. 1 hro -
Depth to top of screen ... . ™ Waler clear or cloudy atend of test ... clear ..
Diameter of finished hole ... .&.. . .. .. . ... .. .. . Recommended pumping rate ... 325 GPH = &K
with pump setting of. _].20. . e - [eer below ground surface
Well Log Water Record
Overburden and Bedrock Record FR’“ }:’ whl t}\‘v{as;:}er?[ts) ]‘(lirt“gsﬁ,f s\ﬁ;;:‘
" found sulphur)
—_ Limeetone 0 160 90 fresh
For what purpose(s) is the water to be used? ... faxm . . 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?. . velley .. ... ...

grrawms R |\yER

J.B, DUFRESNE & CO, LIMITED Hwy

Licence Number ... .. BOB0 s
oD Hwy 7
Name of Driller or Borer. ... Re. T&Q1eY . con
OM.
Address.. . 6. Bsllevue = lucerne, QWe. . ...
coni. B C > z

Date .. . k u1‘728th1966 ol b Ll ’
"7 (Signature f Licensed Drilling oM Boring Contractor) am '

for J.B. Dufresne & Co, Limited —_—
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County or U:stnct . LN AT v LA 4 ship, Village, Town or Clty Glmber
Con..__, a0 RLot—— . Date completed ..., ., 20. J'anuary 19
{dax
s stV Address 4102 Lakewood,. Detroit. 1§, Michigan, U,.3.4..
Casing and Screen Record Pumping Tel!

Inside diameter of casing. ... I Static level . 39" I
Total length of casing................. -3 Test-pumping rate .. ... & ... ... ... .......... . GPM,
Typeof screen .. .. . .. . L.l L Ll Ll e Pumping level .. ... .50%. .. ... .
Lengthof screen .. ....... ... . L. ... . Duration of test pumping . . .3 hrgy- - - - oo e
Depth to top of sereen . . ... . . P Water clear or cloudy atend of test . jgmp - oo
Diameter of [inished hele . .. .. 5“ . U Recommended pumping rate .. .. e .. ... .. GPM.

with pump setting of . P feet below ground surface

Wall Log Water Record
th{s) at Kind of L
Overburden and Bedrock Record F?gm };? Whlc%lw(;.;teras) { E‘;esﬁ, s\;‘:;zllt;,r
3 3 found sulphur)
clay & loose rock 0 4
loocse rock- rack & Iiwestone 4 10
gpey_limq‘l‘nna 10 112 12 _fresh
For what purpose{s) is the water (o be used?. .. domestic..... . .. Location of Well
o ) ) ) In diagram below show distances of well from
: road and lot line. Indicate north by arrow,
Is wéll or upland, in valley, or on hillside?. . hillside - - oo }
Drilling or Boring Firm .. © .. s \_SK-LL)
_______ G..Qb@;:hqngﬁam.,c.abl@,..éﬁ, Piamond Drilling ... . Qf
L]
Address B-R..# L. Box 194, Orleans, Qnt, N
........................................................................................... /——-— ° M—_—’/
Licence Number. .2./.3 4 G e e e e P "5"'-—%-—.._%“ )
=~ - i

Name of Driller or Borer. sCharbormean ¢ 5 E 32 SML‘ é"
Address R.R.. # 1, Orleans, Ont. i. R I 20LL4 " Y
Date ....203....Iamzary._195.6.. I'” s
...._...-.'..’,‘.IF ....... - [ o
- 1g'nature o Llcensed Drlllmg' or ch.'ng Cont:ractor)
Form 7 15M-60-4138 : J\ " c
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APPENDIX 3

(W] SOIL LABORATORY TEST RESULTS

(W WATER LABORATORY TEST RESULTS
a Water Samples from Test Wells
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APPENDIX 4

a AQUIFER ANALYSIS DATA FOR TEST WELLS



Waterloo Hydrogeologic Pumping test analysis Date: 07.12.2009 | None, Page 1
180 Col ia St. W. Ti I
80 Co umb?a St w ime-Drawdown plot Project. PH1236
Waterloo, Ontario, Canada
ph.(519)746-1798 Evaluated by: RAP
Pumping Test No. 1 Test conducted on: Dec.3, 2009
TW2

Discharge 0.32 Ifs

t [min]
0] 50 100 150 200 250 300 350 400 450

0.00

0.70

1.40 \
2.10 “ﬁ\

2.80 \\ | o

3.50 \r\ ]’

7
h,

e
4.20 \9\\ l
4.90 L\“‘ﬂx\‘l
5.60
6.30
7.00




Waterloo Hydrogeologic Pumping test analysis
18C Columbia St. W. Time-Drawdown plot
Waterloo, Onlario, Canada
ph.(519)746-1798

Date: 07.12.2009

None, Page 2

Project: PH1236

Evaluated by: RAP

Pumping Test No. 1

Test conducted on: Dec.3, 2009

TW2

TwZ

Discharge 0.32 l/s

Static water level: 52.070 m below datum

Pumping test duration Water level Drawdown
[min] [m]) (m]
1 0.00 §2.070 0.000
2 15.00 £4.200 2.130
3 20.00 54.240 2.170
4 25.00 54.320 2.250
5 30.00 54.390 2320
6 40.00 54.540 2.470
7 50.00 54.660 2.590
8 60.00 54.790 2.720
9 90.00 55.070 3.000
10 120.00 55.440 3.370
11 150.00 55.680 3810
12 180.00 55.940 3.870
13 210.00 56.200 4,130
14 240.00 56.430 4.360
15 270.00 56.660 4.590
16 300.00 56.870 4.800
17 330.00 57.050 4.980
18 360.00 57.210 5.140
19 365.00 55.590 3.520
20 366.00 55.590 3.520
21 368.00 55.580 3.510
22 369.00 55.580 3510
23 370.c0 55.570 3.500
24 375.00 55.510 3.440
25 380.c0 55.460 3.390
26 385.00 55.400 3.330
27 390.00 55.350 3.280
28 395.00 55.280 3.210
29 400.00 55.200 3.130
30 410.00 55.150 3.080




Waterloo Hydrogeologic
180 Columbia St. W.

Walerloo, Ontario, Canada
ph.{519)746-1798

Pumping test analysis
Recovery method after

THEIS & JACOR
Confined aguifer

Date: 07.12.2008

MNone, Page 1

Project: PH1236

Evaluated by: RAP

Pumping Test No. 1

Test conducied on: Dec.3, 2009

TW2

Discharge 0.32 \/s

Pumping test duration: 360.00 min

10°

10!

107

0.0¢

0.50

1.00

1.50

2.00

§'[m]

2.50

3.00

IU

3.50

4.00

4.50

5.00

Transmissivity [m#min]: 7.09 x 10




Waterloo Hydrogeologic
180 Columbia St. W.

Walsroo, Cniarie,Canada
ph.{519)746-1798

Pumping test analysis

Recovery method after

THEIS & JACCB
Confined aquifer

Dale: 07.12.2009

None, Page 2

Project: PH1236

Evaluated by: RAP

Pumping Test No. 1

Test conducted on: Dec 3, 2009

W2

W2

Discharge 0.32 I's

Static waler level: 52 070 m below datum

Pumping test duration: 360.00 min

Time from Water level Residual
end of pumping drawdown
[min] [m} [m]

1 5.00 55.590 3.520
2 6.00 55.590 3.520
3 8.00 55.580 3.510
4 9.00 55.580 3.510
5 10.00 55.570 3.500
6 15.00 55.510 3.440
7 20.00 55.460 3.390
8 25.00 55.400 3.330
9 30.00 55.350 3.280
10 35.00 55.280 3.210
11 40.00 55.200 3.130
12 50.00 55.150 3.080




Waterloo Hydrogeclogic
180 Columbia St. W.

Walerco,Ontario, Canada
ph.{519)746-1798

Pumping test analysis Date: 08.12.2009

none, Page 1

Time-Drawdown-method after

COOPER & JACOB Project: PH1236

Confined aquifer Evalualed by: RAP

Pumping Test No. 1

Test conducted on: Dec. 2, 2009

TW3

Discharge 0.25 Ifs

10°

t Imin]

10°

6.00

1.00

2.00

3.00 T~
S~

4.00

s {mj

5.00

6.00

7.00

8.00

9.00

10.00
o TW3

Transmissivity [m?min]: 1.02 x 10°°

Storativity: 2.97 x 1077




Waterloo Hydrogeologic
180 Columbia Si. W.
Walsrloo, Cntario,Canada
ph.(519)746-1798

Pumping test analysis

Time-Drawdown-method after

COOPER & JACOB
Confined aquifer

Dale: 05.12.2009

none, Page 2

Project: PH1236

Evaluated by: RAP

Pumping Test No. 1

Test conducied on: Dec. 2, 2009

TW3

TW3

Discharge 0.25 /s

Dislance from the pumping well 1.000 m

Slatic waler level: 53.630 m below datum

Pumping test duration Water level Drawdown
[min] [m] [m]
2 1.00 56.050 2420
3 2.00 56.600 2.970
4 5.00 57.530 3.900
5 6.00 57.820 4190
6 7.00 58.090 4.460
7 9.00 58.460 4.830
a 10.00 58.680 5.050
9 15.00 59.320 5700
10 20.00 59.770 6.140
11 25.00 60.150 6.520
12 30.00 60.420 6.790
13 40.00 60.750 7120
14 50.00 §0.970 7.340
15 60.00 61.120 7.490
16 90.00 61.460 7.830
17 120.00 61.670 8.040
18 150.00 61.840 8.210
19 210.00 62.120 8.480
20 240.00 62.230 8.600
21 270.00 62.330 8.700
22 300.00 62.400 8.770
23 330.00 62.480 8.860
24 360.00 62.530 8.900




Waterloo Hydrogeologic
180 Columbia St. W.

Watedoo, Onlano,Canada
ph (519)746-1798

Pumping test analysis
Recovery method after

THEIS & JACOB
Confined aquifer

Date: 08.12.2009

none, Page 1

Project: PH1236

Evaluated by: RAP

Pumping Test No. 1

Test conducted on: Dec. 2, 2009

W3

Discharge 0.25 Ifs

Pumping test duration: 360.00 min

10°

it
10"

10°

0.00

0.50

1.00 \

1.50

2.00

s'[m]

250

3.00

[a]

3.50

4.00

4.50

°/

500

Transmissivity [m#min]: 1.39x 10°°




Waterloo Hydrogeologic
180 Columbia St. W.

Waleroo,Ontaric,Canada

Pumping test analysis
Recovery method after
THEIS & JACOB

Date: 08.12.2009 | none, Page 2

Project: PH1236

ph.(519)746-1798 Confined aquifer Evaluated by: RAP
Pumping Test No. 1 Test conducted on: Dec. 2, 2009
TW3 TW3
Discharge 0.25 Ifs Distance from the pumping well 1.00C m
Slatic water level: 53.630 m below dalum Pumping tesl duration: 360.00 min
Time from Waler level Residual
end of pumping drawdown
[min] [m] [m]
1 4.00 58.500 4.870
2 5.00 58.280 4.650
3 6.00 58.010 4.380
4 7.00 57.900 4270
5 8.00 57.680 4050
6 9.00 57.550 3.920
7 10.00 57.450 3.820
8 15.00 57.050 3.420
9 20.00 56.800 3.170
10 25.00 56.740 3.110
11 30.00 56.620 2.920
12 40.00 56.450 2.820
13 50.00 £6.300 2670
14 60.00 568.170 2.540
15 75.00 56.010 2.380
6 90.00 55.900 2.270
17 95.00 55.830 2.200
18 120.00 55.760 2.130




Waterloo Hydrogeologic
180 Columbia St. W.

Walerlog,Ontario, Canada
ph.(519)746-1728

Pumping lest analysis
Time-Drawdown plot
wilh discharge

Date: 08.12.2009 |none, Page 1

Project: PH1236

Evaluated by: RAP

Pumping Tesl No. 1

Test conducted on: 03.12.2009

TW1

Discharge 0.25 Ifs

100

t [min]

150 200 250 300 350 400 450

0.00 N

10.00 \\

20.00 "’\

30.00 \\

40.00

50.00

s [m]

60.00

70.00

80.00

90.00

0.30

0.24

0.18

Q [I¥s]

012

0.06

0.00
o TW1




Waterloo Hydrogeologic
180 Columbia SI. W.

Wateroo, Ontario, Canada
ph.(519)746-1798

Pumping test analysis
Time-Drawdown plot
with discharge

Dale: 08.12.2008 |none, Page 2

Project: PH1236

Evaluated by: RAP

Pumping Test No. 1

Test conducted on: 03.12.2009

TWA1

™A

Discharge 0.25 I/s

Distance from the pumping well 1.000 m

Static water level: 1.320 m below datum

Pumping test duration Water level Drawdown
[min] Im] [m]

1 0.00 1.320 0.000

2 1.00 2910 1.590

3 2.00 3.410 2.090

4 3.00 3.990 2670

5 4.00 4.380 3.060

6 5.00 4.990 3.670

7 6.00 £.480 4,180

8 7.00 5.820 4.800

9 8.00 6.440 5120
10 9.00 6.850 5.530
i 10.00 7.280 5.950
12 15.00 9.080 7.760
13 20.00 11.640 10.320
14 31.00 16.990 15.670
15 40.00 22.600 21.280
16 52.00 28.730 27.410
17 60.00 31.220 29.900
18 72.00 37.610 36.290
19 80.00 40.430 39.110
20 90.00 45.080 43.740
21 100.00 49.640 48.320
22 110.00 53.690 52.370
23 120.00 57.660 56.640
24 133.00 62.870 61.550
25 150.00 67.900 66.580
26 165.00 72.970 71.650
27 180.00 76.030 74710
28 195.0C 78.160 76.840
29 210.00 79.270 77.950
30 225.00 80.100 78.780
3 240.00 80.330 79.010
32 255.00 80.810 79.490
33 270.00 81.110 79.790
34 300.00 81.510 80.190
35 330.00 81.510 80.190
36 360.00 81.510 80.190
37 361.00 76.440 75120
38 362.00 76.210 74.890
39 363.00 76.050 74.730
40 364.00 75.910 74.590
41 365.00 75.800 74.480
42 367.00 75.500 74.180
43 375.00 74.400 73.080
44 380.00 73.740 72.420
45 350.00 72.470 71.150
46 405.00 70.550 69.230
47 420.00 68.620 67.300
48 435.00 66.710 65.390
49 450.00 64.91C 63.590
50 465.00 63.140 61.820




Waterloo Hydregeologic
180 Columbia 51, W.

Pumping test analysis
Time-Drawdown plot

Dale: 08.12.2009 | none, Page 3

Project: PH1238

Waterloo,Ontario, Canada with discharge
ph.(519)746-1798 Evaluated by: RAP
Pumping Test No. 1 Test conducted on: 03.12.2009
™1 W1
Discharge 0.25 I/s Distance from the pumping well 1.000 m
Slatic water level: 1.320 m below datum
Pumping test duration Water level Drawdown
[min] (m] [m]
51 480.00 61.400 60.080




Waterloo Hydrogeologic
180 Columbia St. W.

Vvaterdoo, Onlario, Canada
ph (518)746-1798

Pumping test analysis Date: 08.12.2009

Recovery method after

THEIS & JACOB
Confined aquifer

none, Page 1

Project: PH1236

Evaluated by: RAP

Pumping Test No. 1

Test conducied on: 03.12.2002

™1

Discharge 0.25 Ifs

Pumping test duration: 360.00 min

10°

101

10%

10°

0.00

10.00

20.00

30.00

40.00

s' [m]

50.00

60.00 B

70.00

80.00

£0.00

100.00
o TWH1

Transmissivity [m#min]: 3.39 x 107




Waterloo Hydrogeologic Pumping test analysis Date: 08.12.2009 | none, Page 2
180 Columbia St. W. Recovery method after -
Wateroo,Ontario, Canada THEIS & JACOB Project: PH1236
ph.(519)746-1798 Coniined aquifer Evaluated by: RAP
Pumping Test No. 1 Tesl conducted on: 03.12.2009
™1 TW1
Discharge 0.25 Ifs Distance frem the pumping well 1.000 m
Static water level: 1.320 m below datum Pumping test duration: 360.00 min
Time from Water level Residual
end of pumping drawdown
[min] [m] [m]
1 1.00 76.440 75.120
2 2.00 76.210 74.850
3 3.00 76.050 74730
4 4.00 75.910 74.590
5 5.00 75.800 74.480
& 7.00 75.500 74.180
7 15.00 74.400 73.080
<} 20.00 73.740 72.420
g 30.00 72.470 71.150
10 45.00 70.550 69.230
11 80.00 68.620 67.300
12 75.00 66.710 65.390
13 20.00 64.910 63.590
14 105.00 63.140 61.820
15 120.00 61.400 50.080
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APPENDIX 5

FIGURE 1 - SITE LOCATION PLAN
FIGURE 2- TERRAIN UNIT DELINEATION
FIGURE 3- BEDROCK MAPPING
FIGURE 4- GRAPHICAL SUMMARY OF WELL HEAD
T0 7 WATER QUALITY ANALYSIS OF
TEST WELLS DURING PUMPING TEST

TEST HOLE LOCATION PLAN - Drawing No. PH1236-1
LOT DEVELOPMENT PLAN - Drawing No. PH1236-2
HYDROGEOLOGICAL CROSS SECTION - Drawing No.
PH1236-3
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