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1.0 INTRODUCTION
1.1 Background

Houle Chevrier Engineering Ltd. (HCEL) was retained by Mr. Greg LeBlanc to conduct a
hydrogeological investigation and terrain evaluation at the site of a proposed rural
commercial/industrial development consisting of a maximum of twelve (12) lots in Carp (City of
Ottawa), Ontario.

The proposed commercial/industrial lot development (hereafter referred to as ‘the subject site’)
will be comprised of a 14.20 hectare (35.09 acre) parcel of land located on Concession 3 in the

Township of Huntley, at 3119 Carp Road (refer to Site Location Plan, Figure 1).

The subject site is currently vacant and portions of it have been previously used for agricultural

purposes. Some mature trees are situated on the western half of the site.

The proposed commercial/industrial development will consist of a maximum of twelve (12) lots
serviced with on-site septic disposal systems and water supply wells. The proposed lots will be
serviced by an internal roadway system and are to have a minimum lot size of approximately
0.7 hectares (1.7 acres) with an average lot size of 1.0 hectares (2.5 acres). It is understood
from information provided by the developer that lot sizes will be tailored to meet customer
demands; for example, if a prospective buyer has large space requirements then they could
purchase two (2) lots as a single large lot. The proposed lot layout, showing the maximum of

twelve (12) lots, is shown on the Site Plan, Figure 2.

1.2 Project Scope
The objectives of this investigation are as follows:

e To investigate the potential quantity and quality of groundwater available from drilled test
wells on the subject site for potential water supply;

e To identify and characterize the shallow subsurface conditions on the subject site as
they relate to the design of septic sewage disposal systems under the Ontario Building
Code (OBC).

e To assess the potential for impact on the receiving aquifer(s) and any nearby surface
water features from on-site septic disposal systems. This will include predictions on
nitrate concentrations at the property boundaries; and

Houle Chevrier Engineering Ltd.
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e To provide preliminary geotechnical engineering guidelines relative to the proposed site
development.

1.3 Policy Overview

Based on available information provided to us, it is understood that the proposed development
meets all existing municipal policies with respect to hydrogeological requirements. Based on a
cursory review of the Carp River Watershed/Subwatershed Study, dated December 2004 and
prepared by Robinson Consultants Inc., no significant restrictions were identified for the
proposed development of the subject site. No PTTW records were identified in the vicinity of

the site based on a review of Access Information Ontario.

14 Land Use in the Vicinity of the Site

Land use in the vicinity of the site consists of vacant undeveloped land, agricultural land, rural
residential land use, commercial / light industrial (Carp airport and gravel pits). Specific land

uses near the site boundaries are documented in the following table:

Site Boundary Land Use

o Combination of former gravel pits (now open water ponds)
and undeveloped rural land along with some heavily treed
areas. McGee Pit is located approximately 900 metres to the
southwest of the site on the far side of William Mooney Road.

Southwest

Northwest » Access road to McGee Pit followed by Carp Airfields.

e Cemetery, private residence and church followed by Carp
Road, followed by: mixed land use, including rural residential,

Northeast ; )
agricultural and commercial (e.g. general contractor,
landscape supply company) along Carp Road.
e Mixed land use, including: rural residential, commercial and
Southeast agriculture land along Carp Road. A municipal landfill site,

Waste Management'’s Ottawa Landfill, is located 5-km
southeast of the site.

Potential impacts to groundwater quality from adjacent land within 500 metres of the subject site
boundary are not anticipated. It is noted that the area encompassing the Carp Airfields does
have a number of petroleum contaminated sites but it is understood that the area has
undergone remediation and is closely monitored. No impacts have been identified in the
sentinel wells located along the Carp Airfield property boundary. Ponds in former gravel pits

southwest of the site may provide some additional recharge to the bedrock groundwater system

Houle Chevrier Engineering Ltd.
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but are not expected to pose any groundwater contamination concerns. No impacts from the

adjacent cemetery and agricultural land uses are anticipated.

No large scale water takings capable of causing adverse impacts to groundwater quantity were

identified within 500 metres of the subject site boundary.

1.5 Overview of Local Geological Setting
1.5.1 Topography

Topographic mapping data provided indicates that elevations range from about 110 to 117
metres above sea level. Overall, the property is relatively flat with a regional slope downwards
in a northeasterly direction towards the Carp River. The topographic high point of the property

is the southwest corner of the property.

1.5.2 Drainage

There are no surface water features on the subject site, however, two ponds (former gravel pits)
are located just west of the site. There is a potential swale (observed to be dry) centrally
located on the western portion of the subject site which may drain westerly to the two ponds on

the adjacent property.

Overall, the drainage of the subject site is assumed to be influenced by the natural topography
of the site and is anticipated to be generally northeasterly towards the Carp River. Roadside

drainage ditches have been constructed along the northwest boundary of the site.

Ontario Base Mapping indicates that there are no wetland features on the subject site which is

consistent with field observations of the subject site.

1.5.3 Regional Surficial and Bedrock Geology

Surficial and bedrock geology maps of the Ottawa area (Urban Geology of the National Capital
Region) indicate that the overburden generally consists of nearshore marine deposits consisting
of sand and silt and Paleozoic bedrock. The overburden thickness is reported to range from 0
to 15 metres in thickness. Based on site observations during test pit operations, there were no
areas of exposed bedrock observed at the subject site. Sand and gravel pit operations were

observed west of the site.

Houle Chevrier Engineering Ltd.
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Bedrock maps of the Ottawa area indicate that the bedrock below the subject site is mapped as
the Middle Ordovician Verulam Formation of the Simcoe Group. The Verulam Formation
gradationally overlies the Bobcaygeon Formation and consists of interbedded bioclastic to very-
fine grained limestone and grey-green calcareous shale. The upper few metres of the Verulam
Formation contain more abundant coarse-grained calcarenites (bio- and intraclastic grainstones
and rudstones) which are locally mapped as a separate upper member (Derek K. Armstrong
and J.E.P. Dodge, Ontario Geological Survey, 2007).

Houle Chevrier Engineering Ltd.
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2.0 TERRAIN EVALUATION
2.1 Field Procedure

Test pits were advanced by HCEL from June 17 to 20, 2011. Eighteen (18) test pits, numbered
11-1 to 11-18, were advanced at the site. The field work was supervised throughout by a
member of our engineering staff, who directed the excavating operations and logged the test

pits.

The test pits were advanced using an excavator to depths ranging from about 0.3 to 3.2 metres
below ground surface. The subsurface conditions encountered in the test pits were identified by
visual and tactile examination of the materials exposed on the sides and bottom of the test pits
and from the excavated materials. Groundwater levels were measured in five (5) temporary
piezometers installed in the test pits. The test pits were backfilled with the excavated materials

and tamped with the bucket of the excavator during backfilling.

Selected samples of the overburden deposits were returned to our office for further testing.
Grain size and hydrometer testing was carried out on six (6) soil samples. The results of the
grain size and hydrometer testing are presented in Appendix A following the Records of Test Pit

sheets and are discussed in Section 2.3 of this report.

The locations of the test pits are shown on the Site Plan, Figure 2. Additional details on the soil

samples can be found in the Record of Test Pit sheets provided in Appendix A.

A plan showing the interpreted overburden thickness is provided in the Interpreted Overburden
Thickness Plan, Figure 3. Please note that the areas identified are approximate only and are
based on the information collected from the test pits. Therefore, areas outside the locations of

test pits may differ in overburden thickness than indicated on Figure 3.

2.2 Soil and Groundwater Conditions
2.2.1 General

Soil and groundwater conditions encountered during test pitting are described in the Record of
Test Pit sheets provided in Appendix A. The test pit logs indicate the subsurface conditions at
the specific test pit locations only. Boundaries between zones on the logs are often not distinct,

but rather are transitional and may have been interpreted. Subsurface conditions at other than

Houle Chevrier Engineering Ltd.
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the test pit locations may vary from the conditions encountered in the test pits. In addition to soil
variability, fill of variable physical and chemical composition can be present over portions of the

site.

The soil descriptions in this report are based on commonly accepted methods of classification
and identification employed in geotechnical practice. Classification and identification of soil
involves judgment and HCEL does not guarantee descriptions as exact, but infers accuracy to

the extent that is common in current geotechnical practice.

An overview of the subsurface conditions, interpreted from the Records of Test Pits, is

presented below.

2.2.2 Topsoil

Topsoil was encountered at ground surface in all of the eighteen (18) test pits. The topsoil
consists of dark brown silty clay to silty sand with organic material. The topsoil ranged from

about 0.1 to 0.2 metres in thickness and has an average thickness of about 0.1 metres.

2.2.3 Silty Clay to Clayey Silt, Silt

Deposits of silty clay to clayey silt with trace sand were encountered in test pits 11-1, 11-2, 11-4,
14, 11-15, 11-16, 11-17 and 11-18. The silty clay deposit was encountered underlying the
topsoil in test pit 11-1 but was encountered overlain by a sand or silty sand deposit at the other
test pit locations. The silty clay to clayey silt deposits ranged from about 0.3 to 1.4 metres in

thickness with an average thickness of about 0.9 metres.

2.2.4 Silty Sand, Sand

Deposits of brown sand (fine to coarse) and silty sand with some to trace clay and gravel were
encountered in all of test pits except for test pits 11-1 and 11-7. The silty sand / sand deposits
were encountered directly beneath the topsoil. The silty sand / sand deposits at test pit 4 was
noted to contain clay seams and cobbles with increasing depth. At some test pit locations the
silty sand / sand deposits occur above and below the silty clay deposits. The silty sand / sand
deposits range in thickness from about 0.2 to 2.3 metres with an average thickness of 1.35

metres.

Houle Chevrier Engineering Ltd.
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2.2.5 Glacial Till

Deposits of glacial till were encountered in test pits 11-9 and 11-10. The glacial till consists of
grey brown silty sand and sandy silt with trace to some clay, gravel, cobbles and boulders. The

thickness of the glacial till deposits was approximately 1.2 metres at both test pit locations.

2.2.6 Inferred Bedrock

All of the test pits were terminated either on the inferred surface of the bedrock (as determined
by practical refusal of the excavator) or practical refusal on boulders at depths ranging from
about 0.3 to 3.2 metres below ground surface. Excavation refusal was encountered at an

average depth of about 2.1 metres below ground surface in the eighteen (18) test pits.

2.2.7 Overburden Groundwater

Groundwater was observed to enter all of the test pits at depths generally ranging from 1 to 2
metres below ground surface. Water levels were measured in five (5) shallow monitoring wells
using an electronic water level meter on June 30, 2011. Water levels ranged from 0.37 to 2.05

metres below the ground surface, averaging 1.1 metres below the ground surface.

As no significant overburden aquifer was encountered on the subject site (that is, 13 of 18 test
pits were observed to be dry upon completion), it is our opinion that the bedrock aquifer is the

receiving aquifer for septic system effluent.

It should be noted that the groundwater levels could vary during wet periods of the year, after

periods of heavy precipitation and snow melt or during the dry summer months.

2.3  Grain Size and Hydrometer Testing

Soil samples from the terrain analysis were selected for grain size and hydrometer testing. The
results of the grain size and hydrometer testing are presented following the Record of Test Pit
sheets in Appendix A. The soil sample ID’s, along with accompanying classification based on

the results of the grain size and hydrometer testing, are summarized below:

Test Pit Sample No. Description

11-3 1 Sand, trace silt and some gravel

Houle Chevrier Engineering Ltd.
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Test Pit Sample No. Description
11-4 4 Silty sand, some clay
11-6 2 Sand, some silt
11-13 2 Sand some silt, trace gravel
11-14 2 Sandy silt with clay
11-15 3 Silty clay and fine sand

24 Sewage Disposal Systems

This section discusses the results of the terrain evaluation as they relate to the feasibility of
installing sewage disposal systems within the proposed developments and the resulting impacts

on the groundwater environment.

It should be noted that it is our understanding that conventional septic disposal systems are
being considered for waste water servicing on the subject site. In addition, developers of
individual lots may consider the use of tertiary septic systems due to smaller space

requirements for tertiary septic systems.

241 Septic Envelopes

The septic system envelope area (septic envelope) represents the area on a lot set aside for the
construction of the leaching bed and is for the leaching bed only. It does not include that area
required for the septic tank or the isolation/separation distances required by the Ontario Building
Code (OBC).

The size of the septic envelope is a function of the percolation rate of the native soil in the
vicinity of the septic envelope or the fill used for the construction of a septic bed and the daily
effluent loading to the septic bed. The test pits indicate that the shallow subsurface at this site
is characterized by deposits composed primarily of sand, silty sand, silty clay and glacial till.
Based on our experience, the results of the grain size distribution analyses and the Ontario
Building Code (2006) Supplemental Standard SB-6, the estimated ranges of percolation rates (t-
times) for the native deposits are between 2 (fine to coarse sand) to over 50 minutes per
centimetre (silty clay). No significant deposits of highly permeable native soil deposits were

encountered on the site during the terrain evaluation.

Houle Chevrier Engineering Ltd.
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In accordance with the OBC, for finer grained soils, such as sandy silt, silty clay and glacial till,
the maximum loading rate ranges from 6 to 8 litres per square metre per day (L/m%day). The
OBC also specifies that where a leaching bed is constructed in unsaturated soil having a
percolation time of greater than 15 minutes per centimetre, any fill used in the construction of
the leaching bed must have a percolation time not less than 75 percent of the percolation time
of the unsaturated soil or leaching bed fill material. In view of the percolation time of the native
sandy silt, silty clays and glacial till encountered over the subject site, a 15 metre sand mantle

should be allowed for on some or all of the proposed lots.

At the time of the hydrogeological investigation, the daily design flow of the future
commercial/industrial buildings on the subject site were unknown (buildings will be custom built
to meet individual lot purchaser needs). As a conservative approach to calculating the
maximum expected septic system envelope required to service a building, a septic system
envelope size was calculated using a daily sewage flow of 3,500 litres. A daily design flow of
3,500 litres per day is suitable for a 46 employee factory/office (assuming 75 litres per employee
per 8 hour shift) or for a warehouse with three (3) washrooms and four (4) loading bays (950
litres per water closet and 150 litres per loading bay). The septic envelope area required for a
daily sewage flow of 3,500 litres and a conservative loading rate of 6 to 8 L/m%day for the sandy
silt is about 440 to 585 m?. This septic system envelope should be readily accommodated on
the lot sizes that are proposed for this development (the minimum proposed lot size is 0.7

hectares).

Prior to establishing the actual septic envelope (leaching bed) location on any particular lot, test
holes should be excavated to determine the actual subsurface conditions in the area of the
proposed leaching bed. The design and construction of individual septic disposal systems on

the proposed lots should be carried out in accordance with the requirements in the OBC.

2.4.2 Leaching Bed Design Considerations

The design of septic leaching beds involves a combination of a number of interrelated factors,
including the volume of effluent discharged to the system, properties of the soil materials used
in the construction of the leaching bed and the subsurface conditions in the area of the leaching
bed. The construction of individual septic disposal systems within the proposed commercial

subdivision should be carried out in accordance with the requirements in the OBC.

Houle Chevrier Engineering Ltd.



Report to: February 2014
Mr. Greg Leblanc -10- Our ref: 11-037

The design must ensure that the bottom of the absorption trenches is at least 0.9 metres above
low permeability soils (such as sandy silt), bedrock, and at least 0.9 metres above the
seasonally high groundwater table. Based on the soil conditions which were observed in the
test pits, it is expected that some or all of the septic leaching beds at this site will be partially or

fully raised.

In order to provide maximum protection to the subsurface groundwater supply aquifer due to the
potential for shallow bedrock conditions (that is, less than 0.3 metres of native soil), it is
recommended that a compacted clay seal with a minimum thickness of 150 millimetres be
placed below the leaching bed and sand mantle on any lots where there is less than 0.3 metres
of suitable native soil above the surface of the bedrock. A plan showing interpreted overburden
thickness is provided on Figure 3. Please note that the identified overburden thickness areas
are approximately only and is based on the information collected from the test pits. Therefore, a
site specific investigation should be carried out on each lot for septic system design purposes to
determine the thickness and type of overburden present in any areas proposed for installation of

leaching beds.

The OBC requires that the upper 0.25 metres of unsaturated soil (soil mantle) underlying the
leaching bed and extending at least 15 metres beyond the outer distribution pipes in any
direction that effluent may migrate have a percolation time between 1 and 50 minutes per
centimetre for Class IV leaching beds. The OBC also specifies that where a leaching bed is
constructed in unsaturated soil having a percolation time of greater than 15 minutes per
centimetre, any fill used in the construction of the leaching bed must have a percolation time not
less than 75 percent of the percolation time of the unsaturated soil. Although it is considered
that the lots on the site will require imported fill and a mantle, the thickness of unsaturated soil in
the downgradient direction from the leaching bed should be investigated on a lot-specific basis
to determine whether the 0.25 metre unsaturated depth requirement can be met with native

soils. If necessary, imported sand fill should be used to augment the native soils.

243 Tertiary Septic Systems

Individual lot developers may consider the use of tertiary septic systems in order to minimize the
area on lots required for waste water treatment and disposal. The disposal beds for tertiary
treatment systems require a smaller area than those for conventional Class IV septic systems.

Furthermore, the required separation distance between the underside of the crushed stone layer

Houle Chevrier Engineering Ltd.
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in the disposal bed and low permeability soils, bedrock, or the seasonally high groundwater

table is less than the required 0.9 metres for conventional septic systems.

2.5 Nitrate Impact Assessment on Groundwater

Calculations were carried out to assess the potential impact of nitrate-reduced septic effluent on
the properties adjoining the subdivision using a nitrate dilution model in general accordance with
MOE Procedure D-5-4. The Thornthwaite Water Balance method was used to estimate the net
potential infiltration based on local climatic data available from Environment Canada for

Carleton Place, Ontario.

The nitrate concentration at the site boundaries was calculated using the following information:

e A weighted average water surplus value of 390.7 millimetres was obtained for Carleton
Place, Ontario and Ottawa Airport provided by Environment Canada for soils with a
water holding capacity of 280 millimetres (silty clay), 150 millimetres (silty sand/sandy
silt) and 100 millimetres (sand). A copy of the water surplus data and the weighted
average water surplus calculation is provided in Appendix B. The weighted average
calculation used the first layer of soil encountered below the topsoil from the test pit logs;

e A conservative infiltration factor of 0.50 was calculated using Table 2 of Section 4-62 of
the MOE document titled “MOEE Hydrogeological Technical Requirements for Land
Development Applications” dated April 1995.

o A topography factor of 0.20 was used since the site has a rolling topography.

o A soail factor of 0.20 based was chosen based on the existing overburden
deposits (sand, silty sand, silty clay and glacial till underlying silty sand/silty clay
topsoil).

o A cover factor of 0.10 was chosen for this site since the subject site will
eventually be predominately cleared of trees.

e The area for potential infiltration was calculated to be approximately 11.36 hectares.
The area used in the calculation is based on the total site area minus the hard surfaced
areas which were estimated to be approximately 30 percent of the total site area
(includes roads and building roofs).

The nitrate dilution calculation was based on a volume of effluent of 1000 litres per day per lot
(as per MOE Procedure D-5-4), an effluent nitrate concentration of 40 mg/L and the proposed
development of 12 lots. The nitrate concentration at the site boundaries was calculated to be

6.7 mg/L (refer to the calculation in Appendix C).

Houle Chevrier Engineering Ltd.
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The calculated nitrate concentration at the site boundary is below the acceptable nitrate impact
requirement of 10 mg/L established by the MOE. The value is considered to be conservative
since some or most of the water runoff from hard surfaced areas (paved parking areas, roofs,
road, etc.) will be contained on the subject site and will infiltrate through native and imported
soils. A recent Ontario Municipal Board (OMB) hearing concluded that water runoff from hard

surfaced areas could be used for nitrate dilution.

It should be noted that due to the uncertainty regarding future site use (for example, the sizes
and uses of commercial buildings on the subject site), that impacts of development of septic
systems with flows outside those described in MOE Procedure D-5-4 have not been assessed.
Procedure D-5-4 allows for a nitrate loading of 40 g/lot/day with a daily septic flow of 1,000 litres
which assumed to be typical for a residence. As the proposed site use is to be commercial/light
industrial, it is expected that the use of residential loading rates is an acceptable surrogate for
the proposed site use, as the proposed site use tends to result in lower nutrient loading rates
than residential use (e.g. light industrial and commerecial sites are typically only occupied during
business hours, 5 to 6 days a week with water fixtures commonly limited to washrooms and
kitchenettes). A recommendation will be provided to assess any atypical waste water loading
rates of any unusual commercial and light industrial site uses (for example, process water from

manufacturing being directed to septic systems).

Background nitrate concentrations in the overburden were measured in water samples collected
from test pits 11-4, 11-12 and 11-5. The nitrate concentrations were 0.86, 0.28 and <0.10 mg/L
respectively. The highest overburden nitrate concentration of 0.86 mg/L was measured in test
pit 11-4 which is located in the easternmost corner of the subject site. Adjacent land use
surrounding the easternmost corner of the subject site is all agricultural land use (refer to aerial
photograph provided in Site Plan, Figure 2). It is expected that the low nitrate concentration
detected at this location is due to adjacent land use impacts. The source of the trace nitrate
concentration measured in test pit 11-12 is possibly a result of historical use of the site as a cow

pasture.

Background nitrate concentrations measured in the bedrock water samples from the test wells
ranged from <0.10 to 2.78 mg/L. The maximum observed nitrate concentration of 2.78 mg/L
was in the three (3) hour water sample from test well TW2. The nitrate concentration in the six

(6) hour water sample from test well TW2 was reduced to <0.10 mg/L. Therefore, the measured
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concentration of 2.78 mg/L in TW2 is not considered to be representative of the background
nitrate concentrations available in the water supply at the subject site. The observed nitrate
concentrations in TW1 were below the method of detection for the laboratory and are not of
concern. The concentration of nitrates in test well TW3 ranged from 0.46 to 0.67 mg/L. The
lowest concentration (0.46 mg/L) was observed at the end of the pumping test (six hour
sample). The range of nitrate concentrations observed in test well TW3 is attributed to
agricultural land use to the south and east of the subject site. Due to the long term agricultural
use of the adjacent properties (since at least 1976 based on available aerial photographs), the
current observed concentration is assumed to represent the steady state long term impact on
the proposed water supply aquifer from adjacent agricultural land use. The background nitrate
concentrations in the bedrock aquifer are not considered to be indicative of sensitive site

conditions and, therefore, are not of concern.
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3.0 GROUNDWATER SUPPLY INVESTIGATION
3.1 Field Procedures

A field investigation was carried out in accordance with the MOE August 1996 document
‘Procedure D-5-5, Technical Guideline for Private Wells: Water Supply Assessment’ to
determine the quantity and quality of groundwater available for domestic water supply. The
MOE Procedure D-5-5 document indicates that a minimum of three (3) test wells are required

for sites up to 15 hectares.

Three (3) new test wells (Test Wells TW1 to TW3) were drilled by Saunders Well Drilling under
Well Contractor License No. 4879. The wells were completed between June 5 and 13, 2013.
Copies of the MOE Water Well Records and the Certificates of Well Compliance (Well Grouting

Inspections) are provided in Appendix D.

The locations of the test wells are shown on Figure 2. The locations of the new test wells were
chosen to provide maximum coverage of the site and with the intent for future use as water
supply wells on individual lots. MOE Water Well Records for the test wells are provided in
Appendix D and the geographical references for the test wells are provided in the respective
MOE Water Well Records.

3.1.1 Test Well Construction

Well grouting inspections were carried out by HCEL staff during the sealing of the well casings

in the test wells. HCEL staff were not present for the remainder of the drilling of test wells.

Based on the well records provided by the well driller, the test wells were completed with 10.7
metre (34 feet) to 16.3 metre (53.5 feet) of steel casings. The depths of the test wells ranged
from 48.5 to 78.6 metres below ground surface. The test wells were constructed using a
nominal 159 millimetre inside diameter steel casing. The construction details of the test wells

are summarized in the following table:

Test Well Depth to Bedrock | Depth of Casing Depth Water Total Well Depth
(m BGS) (m BGS) Found (m BGS) (m BGS)
TWA1 14.8 16.3 42.7 48.8
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Test Well Depth to Bedrock | Depth of Casing Depth Water Total Well Depth
(m BGS) (m BGS) Found (m BGS) (m BGS)
TW2 11.0 12.5 44.8 48.5
TW3 23 10.7 48.8/70.1 78.6

It should be noted that efforts were made to limit the total well depth to less than 61 metres (200
feet) due to concerns with heavy mineralization water at deep depths in the area. Test well
TW1 was hydrofractured by the well driller to increase the well yield for the purposes of the
hydrogeological investigation. Test well TW2 did not require any activity to increase the flow
rate of the well. Test well TW3 was initially completed to a depth of approximately 50 metres
and hydrofractured, however, the well driller determined that the well yield was insufficient for
the purpose of inclusion in the hydrogeological investigation. The test well was subsequently
deepened to 78.6 metres below ground surface and the lower portion (newly drilled/deepened
section) was also hydrofractured to obtain the necessary well yield for inclusion in the

hydrogeological investigation.

Additionally, it is noted that the reported depth to bedrock reported for test wells TW1 and TW2
are significantly deeper than the average depth to refusal reported in the test pits. The reported
refusal depths for test pits may be due to refusal on boulders within the overburden. It is noted
that the depth to bedrock reported for test well TW3 is more in line with the results of the test
pits.

3.1.2 Pumping Tests

The pumping tests for the onsite test wells were conducted between June 18 and 20, 2013. A
six (6) hour duration constant discharge rate pumping test was conducted in each test well.
During the pumping tests, water level measurements were taken at regular intervals in the well
being pumped using an electric water level tape and on a continuous basis using electronic data
loggers. After the pump was shut off, water level data were measured in wells TW1 and TW2
until approximately 90 percent of the drawdown in water level had recovered. During the
recovery of well TW3 the water level tape got stuck around the pump TW3 and only 61 percent

of the recovered was captured for that well. Data from the electronic data loggers were
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corrupted after the test when a computer hard drive crashed, thus only the manual water

readings were considered for this analysis.

Specific details of the pumping test carried out on each test well are presented in Section 3.3.
The water level measurements for the drawdown and recovery data for the pumping tests are

provided in Appendix E.

Water level measurements were also taken from other onsite test wells (observation wells)
during the pumping of test wells to determine potential interference effects between the test
wells during pumping. Water level measurements taken in the observation wells are provided in

Appendix F.

3.1.3 Water Sampling

Groundwater samples were collected from the test wells after three hours of pumping and again
in the last hour of the pump tests (six hours) to characterize groundwater quality. Total chlorine
tests were performed to ensure that chlorine levels were at 0.0 mg/L prior to sampling for
bacteriological testing. The temperature, conductivity, total dissolved solids, pH, turbidity and
total chlorine levels of the groundwater were measured at periodic intervals during the pumping

tests and are summarized in Table 1.

The groundwater samples were collected and prepared/preserved in the field using established
sampling protocols and submitted to Exova Canada Inc. (Exova) in Ottawa, Ontario for
chemical, physical and bacteriological analyses as listed in the MOE guideline titled “Technical
Guideline for Private Wells: Water Supply Assessment’, dated August 1996. The results of the
laboratory analyses are summarized in Table 2 and the laboratory certificates of analysis are
provided in Appendix G. Additional testing of test wells TW1 and TW2 due to bacteriological
exceedances are summarized in Tables 3 and 4 and the laboratory Certificates of Analysis are

presented in Appendix H.

A supplemental water sample collected after six (6) hours of pumping from test well TW3 was
submitted for analysis of herbicides/pesticides, petroleum hydrocarbons (PHC's) and volatile
organic compounds (VOC'’s) due to historical agricultural land use. The results of this testing
are provided in Table 5. The laboratory certificate of analysis for the supplementary sampling

from test well TW3 is provided in Appendix I.
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Water samples were collected from two (2) nearby private wells located on private lots adjacent
to the subject site to characterize groundwater quality at established wells in nearby
developments. The approximate locations of the private wells are provided on Figure 4, Private
Well Location Plan. The groundwater samples were collected and prepared/preserved using
established sampling protocols and submitted to Exova for chemical, physical and
bacteriological analyses as listed in the MOE guideline titled “Technical Guideline for Private
Wells: Water Supply Assessment”, dated August 1996. The total chlorine levels of the
groundwater were measured in the field and are summarized in Table 6. The results of the
laboratory analyses are summarized in Table 7 and the laboratory certificates of analysis are

provided in Appendix J.

3.2  Water Quality
3.2.1 General

The results of the chemical, physical and bacteriological analyses on the water samples from
the test wells are summarized in Table 2. The water quality at the site is considered safe for
consumption based on no health related exceedances detected in the final water samples from
the onsite test wells. Some treatment, such as conventional water softeners, may be desired by

business owners to reduce aesthetic objective and operational guideline related exceedances.

Initial exceedances of bacteriological parameters were identified in samples from test wells TW1
and TW2 but retest samples on July 22, 2013 (TW2) and August 19, 2013 (TW1) (refer to
Tables 3 and 4) met all the applicable bacteriological maximum acceptable concentrations of
the ODWS. Laboratory Certificates of Analysis for the retesting of the test wells can be found in

Appendix H.

The results of the chemical, physical and bacteriological analyses on the water samples from
the private offsite wells are summarized in Table 7. The water quality from private offsite wells
in the vicinity of the site is considered safe for consumption based on no health related

exceedances detected in the water samples from the offsite private wells.

3.2.2 Health Related Parameters - Onsite Test Wells

No health related exceedances of chemical parameters were encountered in any of the water

samples collected from the onsite test wells. Total coliform bacteria exceeded the ODWS
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maximum acceptable concentration in test wells TW1 and TW2 for the water samples collected

during the six (6) hour pumping tests.

Due to the bacteriological exceedances in test wells TW1 and TW2, corrective actions were
carried out on test wells TW1 and TW2 by the well driller to address the bacteriological
exceedances. The corrective actions and subsequent resampling of the test wells are
summarized in the following sections.

TW1 Corrective Actions

The following corrective actions for test well TW1 were carried out following the detection of a

total coliform exceedance in the June 18, 2013 sample:

e The test well TW1 was chlorinated by the water well driller. The quantity and
concentration of chlorine used by the well driller was not reported to us;

e After a minimum of 24 hours of contact time, TW1 was developed by the well driller until
the odour of chlorine was non-detectable. The flow rate and duration of pumping were
not reported to us;

e HCEL sampled the discharge hose of test well TW1 on August 19, 2013. The total
chlorine concentration was confirmed by HCEL staff to be non-detectable as indicated
by three (3) consecutive chlorine measurements taken approximately fifteen (15)
minutes apart using a HACH Total Chlorine test kit (model CN-66T), and:;

e Two (2) water samples were collected in laboratory supplied bottles by HCEL
approximately fifteen (15) minutes apart and submitted to Exova for analysis of
bacteriological parameters on August 19, 2013.

The results of the re-sampling for bacteriological parameters on August 19, 2013 of test well
TW1 indicated that total coliform bacteria concentrations had been reduced to 0 ct/100 mL in
both of the retest samples. In addition, the concentrations of E. coli., faecal streptococcus and
faecal coliform bacteria were non-detectable. Low concentrations of Heterotrophic Plate Count
(HPC) bacteria were detected; however, these are not considered to be a problem from a water
quality perspective (HPC bacteria are commonly detected in water supply wells). Based on the
absence of total coliform bacteria in the retest samples taken on August 19, 2013 from test well
TW1, no further corrective actions for test well TW1 are required and the water is considered to

be suitable for consumption.
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TW2 Corrective Actions
The following corrective actions for test well TW2 were carried out following the detection of a

total coliform exceedance in the June 19, 2013 sample:

e The test well TW2 was chlorinated by the water well driller. The quantity and
concentration of chlorine used by the well driller was not reported to us;

e After a minimum of 24 hours of contact time, TW2 was developed by the well driller until
the odour of chlorine was non-detectable. The flow rate and duration of pumping were
not reported to us;

e HCEL sampled the discharge hose of test well TW2 on July 22, 2013. The total chlorine
concentration was confirmed by HCEL staff to be non-detectable as indicated by three
(3) consecutive chlorine measurements taken approximately fifteen (15) minutes apart
using a HACH Total Chlorine test kit (model CN-66T), and;

e Two (2) water samples were collected in laboratory supplied bottles by HCEL
approximately fifteen (15) minutes apart and submitted to Exova for analysis of
bacteriological parameters on July 22, 2013.

The results of the re-sampling for bacteriological parameters on July 22, 2013 of test well TW2
indicated that total coliform bacteria concentrations had been reduced to 0 ct/100 mL in both of
the retest samples. In addition, the concentrations of E. coli. and faecal coliform bacteria were
non-detectable. Low concentrations of Heterotrophic Plate Count (HPC) bacteria and a single
isolated faecal streptococcus bacteria were detected in the first retest sample; however, both
types of bacteria were determined to be non-detectable in the second retest sample. The
occurrence of the single isolated faecal streptococcus bacteria in the one sample is not
considered to be representative of the water supply aquifer and does not exceed any health
related limits of the ODWS. Based on the absence of total coliform bacteria in the retest
samples taken on July 22, 2013 from test well TW2, no further corrective actions for test well

TW2 are required and the water is considered to be suitable for consumption.

No health related exceedances of the ODWS were noted for any of the chemical parameters
tested during the investigation. Based on the bacteriological retesting of test wells TW1 and TW2
and the initial bacteriological testing of TW3, the proposed bedrock water supply aquifer is

suitable for consumption.
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3.2.3 Aesthetic Objectives and Operational Guidelines - Onsite Test Wells

Aesthetic and operational related exceedances of the Ontario Drinking Water Standards
(ODWS) were limited to hardness (all wells), turbidity (TW1 and TW2 3 hour sample only),
hydrogen sulphide (TW1 and TW 2), iron (TW2 3 hour sample only), and organic nitrogen (TW3

6 hour sample only). These exceedances are discussed in the following sections:

Hardness

The concentrations of hardness in water samples obtained from all three (3) test wells ranged
from 184 to 263 mg/L as CaCOj3, which exceed the operational guideline of 80 to 100 mg/L of
CaCO; as specified in the ODWS.

Water having a hardness above 80 to 100 mg/L as CaCO; is often softened for domestic use.
The MOE Procedure D-5-5 document states that water having a hardness value of greater than
300 mg/L is considered "very hard". The Ontario Ministry of the Environment publication
entitled "Ontario Drinking Water Objectives", states that water with hardness in excess of 500

mg/L is considered to be unacceptable for most domestic purposes.

The concentrations of hardness in all the test wells are within the treatable limits provided in
MOE Procedure D-5-5 document using conventional water softeners. Most water supply wells

within rural eastern Ontario are equipped with water softeners.

Water softening by conventional sodium ion exchange may introduce relatively high
concentrations of sodium into the drinking water which may be of concern to persons on a
sodium restricted diet. The use of potassium chloride in the water softener (which adds
potassium to the water instead of sodium) could be considered as a means of keeping sodium
concentrations in the water at background levels. Consideration could also be given to

providing a bypass of the water softener for drinking water purposes.

Turbidity

The laboratory Certificates of Analysis indicate that the levels of turbidity in samples from test
well TW1 (both the 3 and 6 hour samples) and the three (3) hour sample from TW2 exceeded
the ODWS aesthetic objective. The six (6) hour water sample from test well TW2 was equal to
the aesthetic objective of the ODWS and is considered to be acceptable.
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Following corrective actions carried out on test well TW1 (to address bacteriological
exceedances), a supplemental water sample was collected from test well TW1 on August 19,
2013 and submitted to Exova laboratory for turbidity analysis. The result of the turbidity analysis
on the supplemental water sample collected from TW1 was 0.7 NTU (refer to the laboratory
Certificate of Analysis is presented in Appendix H). Based on the August 19, 2013 water

sample from TW1, the turbidity is considered to be acceptable.

The levels of turbidity measured in the field during the pumping tests (refer to Table 1) for these
test wells was noted to decrease significantly during the six (6) pump test and levels will likely
further decline with well use. It is noted that the field testing of turbidity for test well TW2 at six
(6) hours showed an increase in turbidity after six (6) hours of pumping (refer to Table 1).
However, this was not correlated with an increase in turbidity in the laboratory results for the six
(6) hour water sample. The discrepancy between the field reading and the laboratory level for
turbidity is unknown; however, it is our opinion that the turbidity measured by the laboratory is
representative of the groundwater quality from the test well (based on the decreasing trend in
turbidity concentrations in the field and laboratory results). Therefore, it is our opinion that the
six (6) hour field measurement of turbidity for test well TW2 is an anomaly and the turbidity in all

of the test wells on the site meets the aesthetic objective of the ODWS.

Hydrogen Sulphide

The concentration of hydrogen sulphide in test wells TW1 and TW2 exceeded the Ontario
Drinking Water Standards (ODWS) aesthetic objective of 0.05 mg/L. The concentration of
hydrogen sulphide in test well TW1 ranged from 0.23 to 0.75 mg/L and both samples from TW2

contained a hydrogen sulphide concentration of 0.11 mg/L.

Elevated concentrations of hydrogen sulphide are typically characterized by an unpleasant
odour (rotten egg smell) and, when in present in association with iron, can produce black stains

on laundered items and black deposits on pipes and fixtures.

The Ministry of Environment document entitled “Technical Support Document for Ontario
Drinking Water Standards, Objectives and Guidelines” indicates that low levels of hydrogen
sulphide can be removed effectively from most well water by aeration. Hydrogen sulphide can
also be effectively treated through the use of activated charcoal filters, chlorination, manganese

greensand filters and other forms of oxidizing treatment. Due to the possible occurrence of both
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hydrogen sulphide and organic nitrogen exceedances in future wells on the subject site, it is
recommended that chlorination for treatment of hydrogen sulphide not be considered for the
subject site. Based on the measured levels of hydrogen sulphide in TW1 and TW2, it is our
opinion that the measured concentrations on the subject site are reasonably treatable using

aeration and are not of concern.

Iron

The iron concentration was 0.58 mg/L in water sample (3 hour sample only) collected from test
wells TW2. The iron concentration in the test well is above the aesthetic objective of 0.30 mg/L
listed by the ODWS. The MOE Procedure D-5-5 document indicates that iron concentrations up
to 5.0 mg/L are considered treatable by conventional water softeners. The iron concentration in
the six (6) hour water sample from this well was below the ODWS aesthetic objective. The iron
concentration in all of the test wells is well below the aesthetic objective of the ODWS and/or the

treatable limit for water softeners provided by MOE Procedure D-5-5 and is not of concern.

Organic Nitrogen

The operational guideline (OG) for organic nitrogen was exceeded in the six (6) hour water
sample collected from TW3. The concentration was 0.18 mg/L, compared to a guideline value of
0.15 mg/L. Organic nitrogen is calculated as the difference between the total Kjeldah! nitrogen
and the ammonia nitrogen. Organic nitrogen compounds may react with chlorine and severely
reduce its disinfectant power. Taste and odour problems are common with organic nitrogen
levels greater than 0.15 mg/L. The operational guideline limit exceedance in test well TW3 for
organic nitrogen is not considered to be a significant and does not preclude the proposed

development of the subject site.

It is noted that chlorine disinfection is not required for the water supply aquifer at the subject site
because all of the final bacteriological test results met the ODWS for bacteriological parameters.
It is noted that other test wells on the subject site showed low levels of hydrogen sulphide
which, if desired, can be treated with an oxidizing process, such as aeration or addition of
hydrogen peroxide or chiorine. Due to the possible occurrence of both hydrogen sulphide and
organic nitrogen exceedances in future wells on the subject site, it is recommended that

chlorination for treatment of hydrogen sulphide not be considered for the subject site.
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It is our opinion that the water quality available from the onsite test wells is representative of the
water quality that new drinking water wells may encounter at the subject site and that the water
available at the subject site is generally expected to meet the Ontario Drinking Water Standards

and Procedure D-5-5, with the exception of the previously noted exceedances.

3.2.4 Additional Analytical Testing

To test for impacts of historical land use on the subject site (agricultural land use) and in the
surrounding areas, additional water testing was carried out on test well TW3 after six (6) hours
of pumping. The additional water samples were collected and submitted to Exova Ottawa
laboratory for analysis of Herbicides, Pesticides, Petroleum Hydrocarbons (PHC'’s) and Volatile
Organic Compounds (VOC’s). The results of the additional water testing are summarized in

Table 5 and the laboratory Certificates of Analysis are presented in Appendix |.

The results of the additional water testing indicate that the concentrations of herbicides,
pesticides, PHC’s and VOC’s were all below the method of detection of the laboratory. No
impacts from the historical land use on the subject site were detected in the additional analytical

testing.

3.2.5 Private Offsite Wells

Water samples were collected on September 11, 2013 from two (2) private offsite wells in the
vicinity of the subject site. The approximate locations of the private wells are indicated on the
Private Well Location Plan, Figure 4. Both private wells serviced commercial/institutional

buildings.

Interviews were conducted with building occupants at the time of sampling to obtain information
regarding the well construction and the occupants perception of water quality and water

quantity.

The results of total chiorine water testing carried out at the time of sampling of the private wells
are provided in Table 6. The analytical results from the private wells are summarized in Table
7. Copies of the laboratory certificates of analysis for the private well sampling are provided in

Appendix J.
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None of the private well samples contained any health related exceedances of the ODWS.
Operational guideline exceedances for hardness were noted for both of the private wells. The
aesthetic objectives for total dissolved solids was exceeded in private well PW2. No other

exceedances of the ODWS were noted for the private wells.

It is noted that the level of nitrate in private well PW2 was elevated at a concentration of about
9.6 mg/L and close to the maximum acceptable concentration for nitrates provided in the
ODWS. A water well record was not available for PW2; however, it was noted that the building
serviced by this well was likely an old farmhouse and the well was likely installed without proper
well construction and grouting methods. The well may be exhibiting impacts from the onsite
septic system or adjacent agricultural land use due to its construction. The owner of the private
well has been notified of the elevated nitrate level and it was recommended that they investigate
the source of nitrates, as it is beyond the scope of this hydrogeological investigation to
determine the source of the elevated nitrates in the private offsite well. None of the test wells on
the subject site or the other private well showed nitrate concentrations in this range and it is our
opinion that the nitrate level in this private well is not representative of the water supply aquifer

proposed for the subject site.

Hardness

The level of hardness in the water samples from the two (2) of the private wells ranged from 220
mg/L as CaCO; to 252 mg/L as CaCO;, and exceeded the operational guideline for hardness of
80 to 100 mg/L of CaCO; as specified in the ODWS.

Water having a hardness above 80 to 100 mg/L as CaCOQ; is often softened for domestic use.
The MOE Procedure D-5-5 document states that water having a hardness value more than 300
mg/l is considered "very hard" and the ODWS states that waters with hardness in excess of 500
mg/l is considered to be unacceptable for most domestic purposes. There is no upper treatable

limit for hardness using a conventional water softener.

Water softening by conventional sodium ion exchange water softeners that use sodium chloride
may introduce relatively high concentrations of sodium into the drinking water, which may be of
concern to persons on a sodium restricted diet. The use of potassium chloride in the water

softener (which adds potassium to the water instead of sodium) could be considered as a
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means of keeping sodium concentrations in the water to a minimum. Consideration could also

be given to providing a bypass of the water softener for drinking water purposes.

Total Dissolved Solids

The level of TDS in the water sample from private well PW2 was 647 mg/L which is above the
ODWS aesthetic objective of 500 milligrams per litre. As per Table 3 in the Appendix of the MOE
Guideline D-5-5, rationale must be provided that corrosion, encrustation or taste problems will not

occur when there are exceedances of the ODWS for TDS.

To determine the corrosive nature of the groundwater, the Langelier Index (LI) was calculated
for the sample obtained from the PW2. These values are based on the TDS, temperature, pH,
alkalinity (as CaCQg3), and calcium in the sample. A copy of the calculation to determine the LI
value is provided in Appendix J. The LI was calculated for a the range of temperatures between

6 and 12 degrees Celsius to assess the impact of temperature on the LI.

The LI was calculated to range from 0.28 to 0.37 for temperatures ranging from 6 to 12 degrees
Celsius in private well PW2. Available information indicates that the desired range of LI to
prevent corrosion and scaling between -0.5 and 0.5. Based on the range of LI values for the
sample from this well, the groundwater from the private well is within the desired range;
therefore, the degree of corrosion and scaling of plumbing should be acceptable. Based on our
experience of conducting interviews at sites with TDS levels of less than 1,000 mg/L, no taste
problems are expected. However, it is noted that taste preferences can be subjective and differ

from individual to individual.

Resident Interviews
Interviews regarding well construction details and the occupants’ perception of the quality and
quantity of well water were carried out during the water sampling at the offsite locations. The

results of the interviews are summarized in the following table:
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Private Well ID Private Well Homeowner Interview Comments

e Well was drilled on May 22, 1985 by Valley Drilling Ltd. and is
38.1 metres in depth;

Occasional sulphur smell;

No water treatment;

No water quantity issues reported;

No septic system problems were reported.

No information about the well;

Water is not used for drinking (bottled water is provided by
building owner);

Brown color when tap hasn't been used in a while;

No water treatment;

No water quantity issues were reported;

No septic system problems were reported.

PWA1

PW2

Based on the results of the interviews carried out with the building occupants, the wells were
reported to have no issues with respect to water quantity. Reported water quality issues were
limited to occasional sulphur smell (one private wells) and brown water colour when not used for

an extended period (one private well).

Based on the results of the offsite private wells, the water quality in the vicinity of the subject site

is considered to be acceptable and no significant exceedances of the ODWS were identified.

3.2.6 Comparison between Onsite Test Wells and Private Wells

The following summary table provides a list of all aesthetic objective (AO) and operational
guideline (OG) exceedances for both the onsite test wells and the private wells sampled during

the course of this investigation:

Onsite Test Wells Offsite Private Wells
AO and OG Exceedances AO and OG Exceedances
Hardness Hardness

Turbidity -
Hydrogen Sulphide -
Iron -
Organic Nitrogen -

- Total Dissolved Solids
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Both the onsite test wells and the offsite private wells had exceedances for hardness. The
onsite test wells encountered exceedances for turbidity, hydrogen sulphide (test wells), iron
(one test well only) and organic nitrogen (one test well only). The offsite private wells

encountered exceedances of total dissolved solids (one private well only).

Based on the onsite and offsite water sample results and interviews with adjacent homeowners,
water quality on the site appears to be from a different water bearing zone than offsite private
well PW2, as evidenced by the elevated TDS and nitrate levels in the well. However, the
occurrences of aesthetic objective and operational guideline exceedances may vary from well to

well.

3.3  Water Quantity

Pumping tests were carried out on onsite test wells to determine the characteristics of the water
supply aquifer. Water level measurements were taken using an electronic water level tape and
electronic data loggers in the test well being pumped during the pumping and recovery portions
of the pumping test; however, the electronic data logger data was not available for analysis and,

as such, the electronic water level tape data was used for analysis of the pumping tests.

The drawdown and recovery data and graphs for the water levels in the test wells during
pumping are provided in Appendix E. The drawdown data contained in Appendix E was

measured with reference to the top of the well casings.

Please note that the discharge rate on the drawdown data and graph sheets for the pumping
tests are listed as variable because the recovery period, where the discharge rate is zero, is
included in the same data set as the drawdown data. However, the actual discharge rate during

the pumping of the test wells was at a constant rate.

The specific details of the pumping tests carried out on the test wells are provided in the

following table. All depths provided are in metres below ground surface (m BGS):

Parameter TW1 TW2 TW3

Duration (minutes) 360 360 360
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Parameter TW1 TW2 TW3
Flow Rate (L/min) 18.9 30.3 22.7
Static Water Level (m BGS) 3.77 1.66 2.03
Well Depth (m BGS) 48.8 48.5 78.6
Available Drawdown (m) 45.0 46.8 76.6
Water Level at End of

Pumping (m BGS) 4212 8.13 16.84

Observed Dravydown at End 38.4 6.5 14.8
of Pumping (m)

Drawdown Utilized (%) 85.3% 13.9 % 19.3 %
Specific Capacity (m>/daysm) 0.708 6.7 2.2
Percent Recovery (18 hour) 100% >98% 100%

As per MOE Procedure D-5-5, each of the test wells was pumped at a flow rate greater than
18.8 litres per minute over a minimum of 6 hours. The maximum drawdown observed at the
end of pumping was 38.4 metres in test well TW1 which is equivalent to approximately 85.3
percent of the available drawdown in the test well. The drawdown utilized in the remaining test
wells ranged from 13.9 to 19.3 percent. Based on these results, all of the onsite test wells are
capable of supplying water at a rate greater than 18.8 litres per minute for a period greater than

six (6) hours. This is considered sufficient for typical commercial use.

All three (3) of the test wells achieved greater than 98 percent recovery within about 18 hours
after pumping ceased. Therefore, no concerns were identified with the 24 hour
pumping/recovery cycles and the test well yields should be capable of meeting the peak

demand of the proposed development.

Based on the results of the pump test drawdown and recovery data for the pumping test on
each test well, the transmissivity was analyzed based on the Theis and Hantush methods using
Aquifer Test Pro 4.0, a commercially available software program from Waterloo Hydrogeologic
Inc. The results of the Aquifer Test Pro 4.0 analysis are provided in Appendix L. The results of

the analysis are summarized in the following table:
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Transmissivity (m*/day)
Data Source
Theis Analysis Hantush Analysis
Drawdown Recovery Drawdown
TWH1 0.196 0.238 0.166
TW2 4.73 2.59 1.68
TW3 0.869 0.825 0.491
Geometric Mean 0.84

Note:

The geometric mean was calculated for the transmissivity values determined for the onsite test wells.
The geometric mean, which is representative of a log-normal distribution, was calculated to provide a
conservative interpretation of the transmissivity.

The shape of the drawdown curve for test wells generally matched the theoretical shape of the

Hantush and Theis curves.

Based on the flow rates during the pumping tests (minimum of 18.9 litres per minute), the
duration of the pumping tests (6 hours) and the drawdown observed in the water wells
(maximum of 38 metres drawdown after 6 hours of pumping), there is more than sufficient
quantities of water available in the local bedrock aquifer at the subject site for the proposed
commercial/industrial development of the property. No concerns were identified for the long-

term safe yield of the water supply aquifer.

34 Hydraulic Interference Effects

During the pumping of the onsite test wells, water level measurements were generally taken at
one (1) hour intervals in the two (2) test wells that were not being pumped (observation wells).
The water level measurements in observation wells, the radial distances between the pumping

and observation wells and the pumping rates are provided in Appendix F.

The results of the water level measurements made at the bedrock observation wells during the
pumping tests indicate that the drawdown in the observation wells was zero or levels slightly
increased; the maximum increase was -0.02 metres (rise in water level). The radial distances
between the observation wells and the pumping wells ranged from about 218 metres to 430

metres.
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Based on the absence of any hydraulic interference effects during the pumping of the test wells
on the other onsite test wells, any potential interference with on-site or off-site water wells is

expected to be acceptable.

3.5 Interpreted Horizontal Groundwater Flow Directions

The horizontal groundwater flow directions in the bedrock aquifer were determined from the
static water levels in the onsite test wells and the respective top of casing elevations for these
locations. The water level measurements, top of casing elevations and the calculated water
elevations for the test wells are provided in Table 8 following the text of this report. The
interpreted horizontal groundwater flow direction for the bedrock aquifer is shown on Figure 5 -

Interpreted Groundwater Flow Direction.

The groundwater flow direction in the bedrock is interpreted to flow northward across the site

based on the water level measurements obtained on June 18, 2013.

3.6 Local Hydrogeology

A site cross-section was prepared based on the three (3) onsite test wells. Ground surface
elevations for each of the test wells were measured by Houle Chevrier Engineering Ltd. The
elevations are referenced to geodetic datum. The cross-section for the northeast-southwest
direction (cross section A-A’) is shown in Figure 6 - Interpreted Subsurface Section. The

alignment of the cross section is shown on Figure 2 - Site Plan.

The cross-section, based on the onsite test wells, indicates that the depth of overburden ranges
from about 2.3 to 14.8 metres and the bedrock surface elevations range from about 101.2 to
116.5 metres Above Mean Sea Level (AMSL). The test well casing depth elevations range from
99.6 to 108.4 metres AMSL and water bearing zones (depth water found) elevations ranges
from 40.1 to 73.3 metres AMSL. The elevations of the bottom of the test wells ranged from 42.1
to 67.8 metres AMSL.

3.7 Ontario Ministry of Environment Water Well Records

The MOE Water Well Records for a 1.0 kilometre radius surrounding the centre of the subject
site were obtained to determine the characteristics of existing private wells in the vicinity of the

subject site. A total of sixty seven (67) well records were obtained and these records are
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provided in Appendix M. Six (6) well records were for wells completed in the overburden; all of

the remaining well records were for drilled wells completed in the bedrock.

A total of three (3) wells were excluded from the analysis due to incomplete information

provided in the well record summary sheets.

The following table provides a summary of the well characteristics for the remaining sixty seven

(67) water well records for depth to water found, static water levels, depth to bedrock and total

well depth:
Parameter 10™ Percentile 90™ Percentile Averagtlaw/ Sgometiic
ean
Depth Water Found (m) 18.3 68.6 39.8/32.8
Static Water Level (m) 1.9 7.9 54/4.6
Depth to Bedrock (m) 1.2 35.3 10.8/5.5
Total Well Depth (m) 243 74.4 48.6/43.8

The MOE Water Well Records for a 1.0 kilometre radius around the subject site indicate that
water in existing private wells was encountered at shallower depths compared to that of the
onsite test wells (i.e. geometric average of 32.8 metres below ground surface for the offsite
private well records and geometric average of 53.5 metres below ground surface for the onsite
test wells). This indicates that the majority of nearby private wells likely utilize more a shallow

water bearing zone than the onsite test wells.

The MOE Water Well Records indicate that the existing private wells have shallower well
completion depths than the onsite test wells (i.e. geometric average of 43.8 metres below
ground surface for the offsite private well records and geometric average of 57.1 metres below
ground surface for the onsite test wells). Again, this supports the assumption that nearby
shallow wells utilize a more shallow water bearing zone than the onsite test wells. This could be
due to the longer well casing length (10 metres minimum) selected for the test wells at this site.

Somewhat longer casings would cut off shallow aquifer zones.

Houle Chevrier Engineering Ltd.



Report to: February 2014
Mr. Greg Leblanc -32- Our ref: 11-037

The depth to bedrock in existing private wells is slightly less that the depth to bedrock of the
onsite test wells (i.e. geometric average of 5.5 metres below ground surface for the offsite well

records and geometric average of 7.2 metres below ground surface for the onsite test wells).
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4.0 GEOTECHNICAL CONSIDERATIONS
4.1 General

This section of the report provides engineering guidelines on the geotechnical design aspects of
the project based on our interpretation of the test pit information and the project requirements. It
is stressed that the information in the following sections is provided for the guidance of the
designers and is intended for this project only. Contractors bidding on or undertaking the works
should examine the factual results of the investigation, satisfy themselves as to the adequacy of
the information for construction, and make their own interpretation of the factual data as it

affects their construction techniques, schedule, safety and equipment capabilities.

The professional services retained for this project include only the geotechnical aspects of the
subsurface conditions at this site. The presence or implications of possible surface and/or
subsurface contamination resulting from previous uses or activities of this site or adjacent
properties, and/or resulting from the introduction onto the site from materials from offsite
sources are outside the terms of reference for this report and have not been investigated or

addressed.

4.2 Commercial Buildings
4.2.1 Foundation Design

Based on the available test pit information, the subsurface conditions in the area of the
proposed commercial/industrial development consist primarily of topsoil overlying deposits of

silty sand, sand, silty clay, clayey silt, silt and glacial till, followed by bedrock.

Spread footings for the proposed buildings will likely be founded on or within native overburden
deposits or bedrock. All topsoil, fill and disturbed material should be removed from the building
footprint to expose native, undisturbed deposits or bedrock. No unusual constraints are
expected in founding the proposed buildings on or within the native overburden deposits above
the groundwater level. Excavation below the groundwater level within the sandy silt, silty sand,
sand, sand and glacial till could result in disturbance to the subgrade surface. Groundwater
lowering in advance of excavation using wells and/or well points will be required to prevent
disturbance due to excavation below the groundwater level within the sandy silt, silty sand and

sand. If the sandy silt, silty sand, sand, silty clay, clayey silt, silt and glacial till at founding level
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become disturbed, it is recommended that the disturbed material be removed. If necessary, the

grade could then be raised with engineered fill material, as discussed below.

The following allowable bearing pressure values may be used to size the spread footings for the

structures
Preliminary Net Geotechnical | Preliminary Factored Net
Reaction at Serviceability Limit | Geotechnical Reaction at
Suboredetivpe State Ultimate Limit State
(kilopascals) (kilopascals)
Sand (above the groundwater
table) 100 250
Silty Sand (above the 100 250

groundwater level)

Silty Clay (above the
groundwater level) 100 250

Glacial Till (above the

groundwater level) 120 250
Engineered fl_II over native 150 300
soils
Engineered fill over sound
bedrock 300 1,000
Sound bedrock Not Applicable 3,000

To reduce the potential for groundwater inflow into the basement sump pits (if applicable) in the
long term, it is suggested that the spread footings for the proposed buildings be founded at least

0.15 metres above the seasonally high groundwater level.

Since raised septic leaching beds will likely be required over portions of the subject site, it is
expected that the finished grade will be raised in some of the lots. In any areas where the
proposed founding level is above the native soil or bedrock, imported granular material
(engineered fill) should be used. The engineered fill should consist of granular material meeting
Ontario Provincial Standard Specifications (OPSS) requirements for Granular A or Granular B
Type Il engineered fill and should be compacted in maximum 200 millimetre thick lifts to at least
95 percent of the standard Proctor maximum dry density. To allow the spread of load beneath
the footings, the engineered fill should extend horizontally a minimum of 300 millimetres beyond
the edge of the footings and then down and out from this point at a slope of 1 horizontal to 1
vertical, or flatter. The excavations for the buildings should be sized to accommodate this fill

placement. A detail showing the engineered fill requirements could be provided at a later date,
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if required. Currently, OPSS documents allow recycled asphaltic concrete and Portland cement
concrete to be used in Granular A and B Type Il materials. Since the source(s) of recycled
material cannot be determined and could contain contaminants, it is suggested that any
granular materials used below founding level be composed of virgin material only, for

environmental reasons.

The test pits completed as part of this investigation were loosely backfilled with the excavated
material upon completion. Any test pits within building areas, roadways or parking areas should

be subexcavated and backfilled with suitable, compacted material.

All exterior footings for heated buildings should be provided with at least 1.5 metres of earth
cover for frost protection purposes. For unheated buildings and isolated piers the required earth
cover is 1.8 metres. In areas where the required earth cover for foundations is not practicable,
a combination of earth cover and extruded polystyrene insulation could be considered. Further
details regarding the insulation of foundations could be provided on a lot by lot basis. The
requirement for frost protection of footings which are on bedrock could be waived provided that
the bedrock is considered to be non-frost susceptible. This would require inspection of the
bedrock by qualified geotechnical personnel. Also, the depth of frost protection may be taken
from finished grade to the underside of any engineered fill material used below footings since

engineered fill material is considered to be non-frost susceptible.

Based on our experience, the bedrock surfaces may be irregular or stepped. As such, provision

should be made for additional formwork and concrete for footings bearing on bedrock surfaces.

Provided that the excavations are above the seasonally high groundwater level, groundwater
inflow from the native soils into excavations during construction should be handied by pumping

from sumps within the excavations.

4.2.2 Bedrock Excavation

Some bedrock removal is considered possible for the development of this site. Small quantities
of bedrock excavation could be carried out using hoe ramming equipment. In areas where the
upper portion of the bedrock is weathered, bedrock removal could likely be carried out using

large excavation equipment.

Houle Chevrier Engineering Ltd.



Report to: February 2014
Mr. Greg Leblanc - 36 - Our ref: 11-037

4.2.3 Foundation Wall Backfill and Drainage

To avoid frost adhesion and possible heaving, the foundations should be backfilled with
imported, free-draining, non-frost susceptible granular material meeting OPSS Granular B Type
| or Il requirements. In areas where clean sand exist, the sands could be carefully separated,

stockpiled, and tested for conformance with Granular B Type | prior to reuse.

Where the backfill will ultimately support areas of hard surfacing (pavement, sidewalks or other
similar surfaces), the backfill should be placed in maximum 200 millimetre thick lifts and should
be compacted to at least 95 percent of the standard Proctor maximum dry density value using
suitable vibratory compaction equipment. Where future landscaped areas will exist next to the
proposed structure and if some settlement of the backfill is acceptable, the backfill could be

compacted to at least 90 percent of the standard Proctor maximum dry density value.

Where areas of hard surfacing (concrete, sidewalk, pavement, etc.) abut the proposed building,
a gradual transition should be provided between those areas of hard surfacing underlain by non-
frost susceptible granular wall backfill and those areas underlain by existing frost susceptible
native materials to reduce the effects of differential frost heaving. It is suggested that granular
frost tapers be constructed from the bottom of the excavation or 1.5 metres below finished
grade, whichever is less, to the underside of the granular base/subbase material for the hard

surfaced areas. The frost tapers should be sloped at 1 horizontal to 1 vertical, or flatter.

Perimeter foundation drainage is not considered necessary for slab on grade structures,

provided that the floor slab level is above the finished exterior ground surface level.

4.2.4 Slab-on-Grade Support (Heated Areas Only)

To prevent long term settlement of the floor slabs, all fill material, former topsoil, organic, loose,

wet or deleterious material should be removed from below the slab on grade.

The grade within the proposed buildings could be raised, where necessary, with granular
material meeting OPSS requirements for Granular B Type | or Il. The use of Granular B Type Il
is preferred under wet conditions. The granular base for the proposed slab on grades that

support normal live loads should consist of at least 150 millimetres of OPSS Granular A.
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OPSS documents allow recycled asphaltic concrete and concrete to be used in Granular A
material. Since the source of recycled material cannot be determined, it is suggested that any
granular materials used beneath the floor slabs be composed of virgin material (100 percent

crushed rock) or native pit run material only for environmental reasons.

All imported granular materials placed below the proposed floor slabs should be compacted in
maximum 200 millimetre thick lifts to at least 95 percent of the standard Proctor maximum dry

density value.

Underfloor drainage is not considered necessary provided that the floor slab level is above the

finished exterior ground surface level.

Where any interior areas of the buildings will be unheated, thermal protection for the subgrade
will be required where less than 1.5 metres of non-frost susceptible fill cover will exist below the

floor stab. Further details on the insulation requirements could be provided, if necessary.

Proper moisture protection with a vapour retarder should be used for any slab on grade where
the floor will be covered by moisture sensitive flooring material or where moisture sensitive
equipment, products or environments will exist. The “Guide for Concrete Floor and Slab
Construction”, ACI 302.1R-04 should be considered for the design and construction of vapour

retarders below the floor slab.

4.3 Roadways
4.3.1 Subgrade Preparation

In preparation for roadway construction at this site, all surficial topsoil and any soft, wet or
deleterious materials should be removed from the proposed roadways. Any sub-excavated
areas could be filled with compacted earth borrow or well shattered and graded rock fill material.
Similarly, should it be necessary to raise the roadway grades at this site, material which meets
OPSS specifications for Select Subgrade Material, earth borrow or well shattered and graded
rock fill material may be used. The Select Subgrade Material or earth borrow should be placed
in maximum 300 millimetre thick lifts and compacted to at least 95 percent of the standard
Proctor maximum dry density value using vibratory compaction equipment under dry conditions.

It is noted, however, that the native deposits of silty clay, sandy silt, silty sand and glacial till and
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most of the earth borrow materials in the area are sensitive to changes in moisture content,
precipitation and frost heaving. As such, unless the earth material placement is planned during
the dry period of the year (June to September), precipitation and/or freezing conditions may
restrict or delay adequate compaction of these materials. Depending on the weather conditions,

it may be necessary to allow earth fill materials to dry prior to compaction.

Rock fill should be placed in maximum 500 millimetre lifts and suitably compacted either with a
large drum roller, the haulage and spreading equipment, or a combination of both. Prior to
placing granular material for the roadway, the exposed subgrade should be heavily proof rolled
and inspected and approved by geotechnical personnel. Any soft areas evident from the proof
rolling should be sub-excavated and replaced with suitable earth borrow or rock fill approved by

the geotechnical engineer.

The subgrade should be shaped and crowned to promote drainage of the roadway granular

materials.

4.3.2 Pavement Structure
For the roadways within this industrial development, the minimum standard pavement structure

should be used:

e 90 millimetres of hot mix asphaltic concrete (40 millimetres of Superpave 12.5, Traffic
Level B over 50 millimetres of Superpave 19. Traffic Level B), over

e 150 millimetres of OPSS Granular A base, over

e 450 millimetres of OPSS Granular B Type Il (50 or 100 millimetre minus crushed stone)
The above Granular B Type |l subbase thickness could be reduced to 150 millimetres in areas
where the subgrade material below the pavement consists of at least 0.5 metres of well

shattered blast rock, intact bedrock or non-frost susceptible native sand. An assessment of the

subgrade conditions could be made by the geotechnical engineer at the time of construction.
If the granular pavement materials are to be used by construction traffic, it may be necessary to

increase the thickness of the Granular B Type |, install a woven geotextile separator between

the roadway subgrade surface and the granular subbase material, or a combination of both, to
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prevent pumping, contamination and disturbance to the subbase material. The contractor

should be made responsible for construction access roadways.

The above pavement structure assumes that the fill materials are adequately compacted and
that the roadway subgrade surface is prepared as described in this report. If the roadway
subgrade surface is disturbed or wetted due to construction operations or precipitation, the
granular thickness given above may not be adequate and it may be necessary to increase the
thickness of the OPSS Granular B Type Il subbase and/or to incorporate a woven geotextile
separator between the roadway subgrade surface and the granular subbase material. The
adequacy of the design pavement thickness should be assessed by geotechnical personnel at

the time of construction.

4.3.3 Granular Material Placement

The pavement granular materials should be compacted in maximum 300 millimetre thick lifts to
at least 98 percent of standard Proctor maximum dry density using suitable vibratory

compaction equipment.

4.3.4 Transition Treatments

In areas where the new pavement structure will abut existing pavements, the depths of the
granular materials should taper up or down at 5 horizontal to 1 vertical, or flatter, to match the

depths of the granular material(s) exposed in the existing pavement.

4.3.5 Pavement Drainage

The subgrade surface should be shaped and crowned to promote drainage of the roadway

granular materials.

In order to provide drainage of the granular subbase, the granular materials should extend to
the roadside ditches. The bottom of the ditches should be at least 0.3 metres below the bottom
of the OPSS Granular B Type Il Subbase material.

4.4 Construction Induced Vibration

Some of the construction operations (such as granular material compaction, bedrock

excavation, etc.) will cause ground vibration on the site. The vibrations will attenuate with
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distance from the source but may be felt at nearby structures. It is suggested therefore that the
construction operations be planned to avoid any adverse effects of such vibrations on freshly

placed (uncured) concrete and on existing dwellings.

4.5 Construction Considerations and Observations

The engagement of the services of the geotechnical consultant during construction is
recommended to confirm that the subsurface conditions throughout the proposed development
do not materially differ from those given in the report and that the construction activities do not

adversely affect the intent of the design.

The native soils at this site are sensitive to construction operations, ponded water and frost.
The construction operations should, therefore, be carried out in a manner that will prevent

disturbance of the subgrade surfaces.

Detailed investigations should be carried out for the structures and septic systems. The seismic
Site Class and potential for liquefaction should be assessed on a lot by lot basis. All footing
surfaces for the structures should be inspected by geotechnical personnel to ensure that a
suitable subgrade has been reached and properly prepared. The subgrade surface for the
roadway should also be inspected by geotechnical personnel. The placing and compaction of
granular materials beneath the foundations and for the roadway subbase and base layers
should be inspected to ensure that the materials used conform to the grading and compaction

specifications.
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5.0 CONCLUSIONS

The subject site is considered suitable for development based on the results of the
hydrogeological assessment and terrain analysis. The quality and quantity of groundwater is
sufficient to service commercial and/or industrial buildings based on the proposed development.
The following provides conclusions regarding septic systems, soil types, water quality and

quantity and impacts on the receiving and supply aquifers.

Some minor aesthetic and operational guideline exceedances were encountered in the test
wells drilled at the subject site. A hardness exceedance was also observed in water samples
collected from nearby private wells. Groundwater in the vicinity of the subject site is generally
described as being hard. Some treatment, such as conventional softeners, may be desired by
owners to reduce operational related exceedances due to hardness. The levels of iron
encountered in the onsite test wells are considered to be reasonably treatable using a
conventional water softener. Additional treatment, such as aeration may be required to treat
minor aesthetic exceedances hydrogen sulphide. Based on sampling of nearby private wells, it
is also possible that aesthetic exceedances of total dissolved solids may be encountered in

wells drilled on the subject site.

No exceedances of the Ontario Drinking Water Standards (ODWS) health related criteria for
bacteriological parameters were noted during the pumping tests of test well TW3 and for test
wells TW1 and TW2 following corrective actions. No bacteriological exceedances of the ODWS
were noted for nearby private wells. In addition, indicator species of bacteria such as faecal
coliform and faecal streptococcus bacteria were determined to be absent in the final water

samples for the onsite test wells and offsite private wells.

The pump tests indicated that the onsite test wells are capable of sustaining short term yields
greater than 18.9 litres per minute while causing negligible effects on the observation wells

utilized in the investigation.

The site is suitable for onsite sewage disposal using conventional and/or tertiary treatment
septic disposal systems. The overburden across the site generally consists predominantly of
sand, silty sand, sandy silt, silty clay and glacial till. In some areas, a compacted clay seal may

be required above shallow depth bedrock and imported sand fill may need to be placed to meet
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the minimum design requirements for onsite septic systems. The proposed lot sizes (i.e.

minimum 0.7 hectares) are considered to be acceptable based on the nitrate dilution calculation.

Spread footings for the proposed buildings will likely be founded on or within native overburden
deposits or bedrock. No unusual constraints are expected in founding the proposed buildings
on or within the native overburden deposits above the groundwater table. The bearing
pressures for sizing spread footing foundations at this site are similar to those used at other

sites in the Ottawa area.

All exterior footings for heated parts of structures should be provided with at least 1.5 metres of
earth cover. For unheated buildings and isolated piers, the required earth cover is 1.8 metres o.
In areas where the required earth cover for foundations is not practicable a combination of earth

cover and extruded polystyrene insulation could be considered.

All surficial topsoils and soft, wet or deleterious materials should be removed from the areas of
proposed roadways. Should it be necessary to raise the grade of roadways and parking areas
at this site, suitable material, such as select subgrade material, earth borrow or well shattered
and graded rock fill material should be used and suitably compacted. If roadway subgrade
materials are disturbed or wetted due to construction activities or precipitation, it may be
necessary to increase the subbase material thickness and/or incorporate a woven geotextile

separator between the roadway subgrade surface and granular subbase material.
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6.0

RECOMMENDATIONS

The following provides recommendations regarding well construction specifications, water

quality and septic system design:

6.1

6.2

Water Supply Recommendations

All wells that are drilled in the future lots should be constructed in accordance with local
MOE regulations (Ontario Reg. 903);

Drinking water wells should be located so that they meet the minimum setback distances
from septic systems, property lines and any other sources of contamination, as required
in the Ontario Building Code and/or Ontario Reg. 903.

Well casings should be extended at least 10.0 metres below ground surface. The entire
annular space between the steel casing and the overburden/bedrock should be filled
with a suitable cement or bentonite grout;

In addition to the minimum recommended well casing lengths specified in the preceding
recommendation, all well casings should be completed a minimum of 1.5 metres into
sound, competent bedrock;

Hydrofracturing was carried out on two (2) out of three (3) completed test wells in an
effort to minimize the completed well depth and minimize the risk of encountering highly
mineralized water at deeper depths. Hydrofracturing may be required for future wells
constructed on the subject site in order to meet the minimum recommended water
demand of 18.9 litres per minute at the depths investigated in this report;

Water testing in the bedrock water supply aquifer has only been carried out in test wells
completed at depths between 48.5 to 78.6 metres below ground surface. Wells
completed at depths outside this range and/or with alternative well construction
specifications may encounter water bearing zones with water quantity and quality
differing from that of the test wells investigated in this report;

Conventional water softeners may be desired by occupants to treat minor operational
guideline exceedances of the ODWS such as hardness and minor aesthetic
exceedances such as iron;

Additional treatment such as carbon filters and/or aeration systems may be desired by
occupants to treat minor aesthetic exceedances due to hydrogen sulphide; and,

Chlorination systems to treat hydrogen sulphide exceedances are not recommended for
this site.

Septic System Recommendations

The proposed lots will be serviced by conventional septic disposal systems or tertiary
treatment septic sewage disposal systems designed according to the Ontario Building

Houle Chevrier Engineering Ltd.



Report to: February 2014
Mr. Greg Leblanc -44 - Our ref: 11-037

6.3

Code. A site specific investigation should be conducted on each lot for the design of the
septic system;

The nitrate impact assessment in this report assumed a maximum flow of 3,500 litres per
day per lot. A professional engineer with experience in hydrogeological investigations
should be retained to assess nitrate impacts if the septic flow from any of the proposed
buildings constructed on the subject site exceeds 3,500 litres per day. It should be
noted that a septic system daily design flow of 3,500 litres per day is anticipated to be
more than sufficient for any of the anticipated commercial and/or industrial development
potential for the subject site;

In view of the percolation time of the native sand, sandy silt, silty sand, silty clay and
glacial till of this site, a partially or fully raised septic leaching bed with a sand mantle
should be allowed for on some or all of the proposed lots;

Based on the shallow bedrock conditions which were observed in some of the test pits, it
is expected that some of the septic leaching beds will require a compacted clay seal to
be placed below the septic leaching bed and the sand mantle. A compacted clay seal
with a minimum thickness of 150 millimetres should be placed below the leaching bed
and sand mantle in any areas where there is less than 0.3 metres of suitable native soil
overlying the bedrock;

Based on the shallow soil conditions which were observed in some of the test pits, it is
expected that some of the septic leaching beds at this site will be partially or fully raised;
and,

Any fill used in the construction of the leaching bed must have a percolation time not
less than 75 percent of the percolation time of the unsaturated soil or leaching bed fill
material.

Geotechnical Recommendations

The native soils and bedrock at the site are considered suitable for the support of small
industrial/commercial buildings on conventional spread footings;

Site specific geotechnical investigations should be carried out as part of lot development;
and,

Roadways within the development should be constructed using a pavement structure

composed of 90 millimetres of asphaltic concrete, 150 millimetres of OPSS Granular A
and 450 millimetres of OPSS Granular B Type |l.

Houle Chevrier Engineering Ltd.
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7.0 LIMITATIONS OF REPORT

This report was prepared for Mr. Greg LeBlanc and is intended for the exclusive use of Mr. Greg
LeBlanc. This report may not be relied upon by any other person or entity without the express
written consent of Houle Chevrier Engineering Ltd. (HCEL) and Mr. Greg LeBlanc Nothing in this

report is intended to provide a legal opinion.

The investigation undertaken by HCEL with respect to this report and any conclusions or
recommendations made in this report reflect the best judgments of HCEL based on the site
conditions observed during the investigations undertaken at the date(s) identified in the report and
on the information available at the time the report was prepared. This report has been prepared
for the application noted and it is based, in part, on visual observations made at the site,
subsurface investigations at discrete locations and depths and laboratory analyses of specific
chemical parameters and material during a specific time interval, all as described in the report.
Unless otherwise stated, the findings contained in this report cannot be extrapolated or extended
to previous or future site conditions, portions of the site that were unavailable for direct
investigation, subsurface locations on the site that were not investigated directly, or chemical

parameters, materials or analysis which were not addressed.

Should new information become available during future work, including excavations, borings or
other studies, HCEL should be requested to review the information and, if necessary, re-assess

the conclusions presented herein.

71 STATEMENT OF QUALIFICATIONS

The Senior Environmental Scientist, Mr. James McEwen, was the principal project manager for
the hydrogeological investigation. Mr. McEwen has a degree in Environmental Engineering and
has been working on hydrogeological investigations in the Ottawa Region for more than 10

years.

The Senior Principal Engineer, Mr. Andrew Chevrier, was the senior engineering reviewer who
provided the required professional oversight for the hydrogeological investigation. Mr. Chevrier
has a Masters of Engineering, is a registered Professional Engineer in the Province of Ontario
and has been carrying out hydrogeological investigations in the Ottawa Region for more than 20

years.
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We trust that this report is sufficient for your requirements. If you have any questions
concerning this information or if we can be of further assistance to you on this project, please

call.

Yours truly,

HOULE CHEVRIER ENGINEERING LTD.

_,,/';'Jémes McEwen, B.Sc., B.Eng.
Senior Environmental Scientist

AF.CHEVRIER |
Tosie 7

Andrew Chevrier, M.Eng., P.Eng.
Principal

Houle Chevrier Engineering Ltd.
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February 2014

Table 8 - Summary of Test Well Groundwater Elevations

Our Ref: 11-037

Bedrock Date of Top of Casing Water Level Water Elevation
Test Well Measurement | Elevation (metres ASL) (metres TOC) (metres ASL)
18-Jun-13 3.77 112.75
TWH1 19-Jun-13 116.52 3.75 112.77
20-Jun-13 3.75 112.77
18-Jun-13 1.66 115.43
TW2 19-Jun-13 117.09 1.66 115.43
20-Jun-13 1.65 115.44
18-Jun-13 2.00 117.54
TW3 19-Jun-13 119.54 2.00 117.54
20-Jun-13 2.03 117.51
Notes:
1. metres ASL = metres above sea level
2. metres BGS = metres below ground surface
Houle Chevrier Engineering Ltd. Page 1 of 1
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APPENDIX A

RECORD OF TEST PIT SHEETS

Houle Chevrier Engineering Ltd.



TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11-037
LOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 17, 2011

RECORD OF TEST PIT

11-1

SHEET 1 OF 1

DATUM:

TYPE OF EXCAVATOR: Backhoe

SOIL PROFILE x
i LLl
2o — 2 SHEAR STRENGTH, WATER CONTENT :,:‘2 WATER LEVEL IN
2 o Q 2 Cu (kPa) (PERCENT) (231 [ OPEN TEST PIT
T o w Eu OR
=W < [.ELEV. Natural. V - + ot STANDPIPE
ES DESCRIPTION £ [oePTH| & Remouided. V - @ wp oMy w <8:(5n INSTALLATION
[} o
™S 20 40 60 80 20 40 60 80
0 Ground Surface )
TOPSOIL Backfilled
with
excavated
0.15 material
Grey SILTY CLAY, occasional small sand
pocket (weathered crust)
1
1
20 mm
diameter,
0.61 metres
__________________ ! | __ long slotted
9974 1.52 well screen
Grey SILTY CLAY, trace small rounded gravel
2 End of test pit 1.96 Sorggﬁg\:]v:ter
Refusal on inferred bedrock or boulder observed at
0.37 metres
below
ground
surface on
June 30,
2011.
3
4
DEPTH SCALE . . . LOGGED: M.L.
Houle Chevrier Engineering Ltd.
1to 20 CHECKED: 1
: Lo
2

124




PROJECT: 11087 RECORD OF TEST PIT 11-2 SHEET 1 OF 1

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit Location Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 17, 2011 TYPE OF EXCAVATOR: Backhoe
w SOIL PROFILE &
2o = 2 SHEAR STRENGTH, WATER CONTENT 28| warerievel N
£z
cﬁ E g = Cu (kPa) (PERCENT) g 'L‘”; OPEN (;EST PIT
W DESCRIPT < |ELEV. | Y Natural. V- + a5 STANDPIPE
£ SCRIPTION £ [oerm| T Remotided. V - & wp o w 5%“ INSTALLATION
a 4
=0 BV 7S 20 40 60 80 20 40 80 80
0 Ground Surface
TOPSOIL
Brown fine to medium SILTY SAND
0.55
Very stiff, brown SILTY CLAY (weathered
crust)
1
End of test pit 1.68
Refusal on inferred bedrock or boulder
2
3
4
DEPTH SCALE . . . LOGGED: M.L.
Houle Chevrier Engineering Ltd.
1to 20 CHECKED%,Z/

4




PROJECT: 11-037 RECORD OF TEST P‘T 11"‘3 SHEET 1 OF 1

TESTPIT RECORD 2012 WIiTH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit LLocation Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 20, 2011 TYPE OF EXCAVATOR: Backhoe
w SOIL PROFILE %
Zo . < SHEAR STRENGTH, WATER CONTENT z(‘(ZD WATER LEVEL IN
% g 9 g Cu (kPa) (PERCENT) % '5 OPEN EEST PIT
TF o =
—w < ELEV. EJJ Natural. V - + s STANDPIPE
5E DESCRIPTION £ [oeem] Romeided. V - @ wp ——oW 4w g 2| msTALLATON
a 4
1 ™S 20 4 60 80 20 40 60 80
0 Ground Surface
TOPSOIL
Dark brown fine to coarse SAND, trace silt,
some gravel
becoming lighter by 0.56 metres depth
1
1
2
End of test pit 2.59
Refusal on inferred bedrock or boulder
3
4
DEPTH SCALE LOGGED: M.L.

Houle Chevrier Engineering Ltd.

1 to 20 CHECK%

z




PROJECT: 11-037 RECORD OF TEST PIT 11'4 SHEET 1 OF 1

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit Location Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 17, 2011 TYPE OF EXCAVATOR: Backhoe
SOIL PROFILE 14
! % 49
?(" » — s SHEAR STRENGTH, WATER CONTENT IZ WATER LEVEL IN
S o 5 Cu (kPa) PERCENT Zi OPEN TEST PIT
2]z e z ( ) on OR
& w =
= DESCRIPTION < ELEV. i Natural. V - + s+ STANDPIPE
= CRIPTIO £ |DEPTH| & Remoulded. V - @ Wp ——e—— wi §9<° INSTALLATION
Qo 14 hu}
3 O 3 20 4 60 80 20 40 60 80
0 Ground Surface
TOPSOIL
Brown fine SILTY SAND, trace organics
1
Grey brown SANDY SILT with clay A 05
_________________ . 2]
.66
Grey SANDY SILT and CLAY
1
3
Grey, fine SILTY SAND, some clay with
intervals of 0.15 metres silty clay seams,
cobbles with depth
2
4
3
End of test pit
Refusal on inferred bedrock or boulder
4
DEPTH SCALE LOGGED: M.L.

Houle Chevrier Engineering Ltd.

1 to 20 CHECKED:v g

-




PROJECT: 11-037 RECORD OF TEST PlT 11"'5 SHEET 1 OF 1

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit Location Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 20, 2011 TYPE OF EXCAVATOR: Backhoe
SOIL PROFILE x
w w
2o - 2 SHEAR STRENGTH, WATER CONTENT :é(—é? WATER LEVEL IN
8 g (3 % Cu {(kPa) (PERCENT) % <’7) OPEN gEST PIT
Tl= o m =
=w < ELEV. Natural. V - + = STANDPIPE
=L DESCRIPTION £ [oeer] @ Romeided. vV - @ wp b——o W 1w 8¢ |  INSTALLATON
[a] 14 in}
A R S 20 4 60 80 20 40 60 80
Ground Surface
0 - p : Backfilled
Brown silty sand, trace topsoil and organics with
(TOPSOLL) excavated
material
Brown fine to medium SAND, some gravel and
cobbles
1
20 mm
diameter,
0.81 metres
) long slotted
well screen
End of test pit 244 oo 1
Refusal on inferred bedrock or boulder observedsat
2.05 metres R
below
ground R
surface on
June 30, E
2011.
3 -
4 _]
DEPTH SCALE " . . LOGGED: M.L.
Houle Chevrier Engineering Ltd.
1 to 20 CHEC%
7

-~



PROJECT: 11-087 RECORD OF TEST PIT 11-6 SHEET 1 OF 1

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit Location Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 20, 2011 TYPE OF EXCAVATOR: Backhoe
w SOIL PROFILE %
20 - 2 SHEAR STRENGTH, WATER CONTENT 22| wATERLEVELIN
Qu 9 > Cu (kPa) (PERCENT) zt | oren SEST PIT
Th o w Y
Eu DESCRIPTION < |ELEV. IY Natural V- + Er STANDPIPE
o= . |DEPTH} & Remoulded. V - @ wp ———o X w 9:% INSTALLATION
a 4
Sl ™S 20 40 60 80 20 40 60 80
o Ground Surface ]
TOPSOIL ph -
Dark brown SILTY SAND, trace organics L ’
0.23
Reddish brown fine SAND, trace organics and
siit
1
Grey fine SAND, some silt
1
2
Test pit terminated on inferred smooth surfaced 1.75
bedrock
2
3
4
DEPTH SCALE LOGGED: M.L.

Houle Chevrier Engineering Ltd.

1 to 20 CHECKE% ”

&




PROJECT: 11-037 RECORD OF TEST P'T 11"7 SHEET 1 OF 1

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit Location Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 20, 2011 TYPE OF EXCAVATOR: Backhoe
m SOIL PROFILE %
o = 2 SHEAR STRENGTH, WATER CONTENT :(“ZD WATER LEVEL IN
8 E ?_ % Cu (kPa}) (PERCENT) 5@ OPEN SEST PIT
=z I =
= DESCRIPTION < ELEV. v Natural. V - + =k STANDPIPE
6= © £ [DePTH| Z Remouided. V - @ wp —o ¥ 1w § 3| NsTALLATION
a o
3 B S 20 40 60 80 20 40 60 80
%)
0 Ground Surface
Brown silty sand, TOPSOIL
ey
Test pit terminated on inferred smooth surfaced 0.25
bedrock
1
2
3
4
DEPTH SCALE . . . LOGGED: M.L.
Houle Chevrier Engineering Ltd.
1 to 20 CHECKE%/,




PROJECT: 11-037
LOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 20, 2011

RECORD OF TESTPIT 11-8

SHEET 1 OF 1

TYPE OF EXCAVATOR: Backhoe

SAMPLE NUMBER

" SOIL PROFILE
I =
S8 o
N par
= ;
Fu DESCRIPTION =
] <
e E
(23

SHEAR STRENGTH,
Cu (kPa)
Natural. V - +

Remoulded. V- &
20 40 60 80

WATER CONTENT

Wp oY Jw

Ground Surface

Dark brown TOPSOIL

Brown fine SAND

Test pit terminated on inferred smooth surfaced
bedrock

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

DEPTH SCALE

1to 20

Houle Chevrier Engineering Ltd.

;2 WATER LEVEL IN
Ze OPEN TEST PIT
Sn

=] OR

5 STANDPIPE
ad INSTALLATION
<5

LOGGED: ML.

CHECK%

O




PROJECT: 11-037 RECORD OF TEST PIT 11'9 SHEET 1 OF 1

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit Location Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 20, 2011 TYPE OF EXCAVATOR: Backhoe
W SOIL PROFILE % ©
:,:' » [ g SHEAR STRENGTH, WATER CONTENT ?(' z WATER LEVEL IN
Ol @] > Cu (kPa) PERCENT Z = OPEN TEST PIT
n g i b4 ( ) [} (ﬁ OR
z w =
gt DESCRIPTION < J.ELEV. |4 Natural. V - + 5° STANDPIPE
0= ESC 't [DEPTH| & Remoulded. V - @ wp ——o ¥ w od INSTALLATION
[a] o pa]
=3 B S 20 40 60 80 20 40 60 80
o Ground Surface i
TOPSOIL RIS 05
Brown SILTY SAND, trace organics, small S '
rootlets
A 020
Brown silty sand, some gravel, cobbles and <5
boulders (GLACIAL TILL) Y 1.
)7
9l
g
ks
17
<p{
;
1 a9
)
sos
5
gf
Test pit terminated on inferred smooth surfaced 137
bedrock
2
3
4
DEPTH SCALE LOGGED: M.L.

Houle Chevrier Engineering Ltd.

1to 20 CHECKED%
o




TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11-037
LOCATION: See Test Pit Location Pian, Figure 2

DATE OF EXCAVATION: June 20, 2011

RECORD OF TEST PIT 11-10

SHEET 1 OF 1

DATUM:

TYPE OF EXCAVATOR: Backhoe

DEPTH SCALE

METRES

SOIL PROFILE

DESCRIPTION

SHEAR STRENGTH,
Cu (kPa)

ELEV.
DEPTH

(m)

Naturat. V - +

SAMPLE NUMBER

STRATA PLOT

20 40 60 80 20

WATER CONTENT
(PERCENT)

40 60

Remoulded. V - & Wp o W

80

WATER LEVEL IN
OPEN TEST PIT
OR
STANDPIPE
INSTALLATION

ADDITIONAL
LAB. TESTING

Ground Surface

TOPSOIL

<
P

Brown SILTY SAND, trace organics

0.08

Grey brown silty sand, some gravel, cobbles
and boulders (GLACIAL TiLL)

0.25

End of test pit
Refusal on inferred bedrock or boulder

1.47

Backfilled
with
excavated
material

20 mm
diameter,
0.61 metres
long slotted
well screen

Groundwater
conditions
observed at
1.33 metres
below
ground
surface on
June 30,
2011,

DEPTH SCALE

110 20

Houle Chevrier Engineering Ltd.

LOGGED: M.L.

CHECK%7

[




PROJECT: 11-037 RECORD OF TEST PIT 11'11 SHEET 1 OF 1

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

LOCATION: See Test Pit Location Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 17, 2011 TYPE OF EXCAVATOR: Backhoe
w SOIL PROFILE i
2o . g SHEAR STRENGTH, WATER CONTENT 22| WATERLEVELIN
8 HEJ g % Cu (kPa) (PERCENT) 5 E OPEN EEST PIT
T w E
=31 < | ELEV. 1 Y4 Natural. V - + &5 STANDPIPE
B DESCRIPTION g [oePTH| 2 Remoulded. V - @ wp —— oW 1w 2%3 INSTALLATION
o o4
5 m 1S 20 40 60 80 20 40 60 80
Ground Surface
TOPSOIL
0.08
Dark brown SILTY SAND, trace small rootlets
0.30
Reddish brown fine to medium SAND
077
Brown grey fine to medium SAND
1.00
Grey SILTY SAND, trace small gravel, trace
shells
1.70
Grey SILTY SAND, some clay, some gravel
and shells
2.30
Grey SAND
End of test pit 2.70
Refusal on inferred bedrock or boulder
DEPTH SCALE . . . LOGGED: M.L.
Houle Chevrier Engineering Ltd.
1to 20 CHECKW;




TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11-037
LOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 17, 2011

RECORD OF TEST PIT 11-12

SHEET 1 OF 1

DATUM:

TYPE OF EXCAVATOR: Backhoe

w SOIL PROFILE ﬁ ©
N - 2 SHEAR STRENGTH, WATER CONTENT ZZ | WATERLEVELIN
Oy ) 5 Cu (kPa) Z= OPEN TEST PIT
(PERCENT) 5
2 & z 20 OR
= < ELEV. ‘-'_3' Natural. V - + aF STANDPIPE
Ee DESCRIPTION = [oepm| & Remoulded. V - @ wp —o¥ 1w g% INSTALLATION
a 4
5 LA 20 40 60 80 20 40 60 80
o Ground Surface )
TOPSOIL \,Bvﬁﬁkﬂ”ed
B | excavated
| Reddish brown fine SILTY SAND with trace ’ material
organics
| turning brown grey by 0.3 metres depth
i Grey fine SILTY SAND to SANDY SILT, trace
| shells, trace small gravel I
' 2
| Brown grey fine to medium SAND
3 29 mm H
diameter, H
B — 0.61 metres -
long well H
5 3 screen E
|-
|-
| = ]
-
]
- 2 =
.
-
3 ]
-
-
3 Groundwater —
End of test pit 2.20 conditions
L Refusal on inferred bedrock or boulder observed at
1.38 metres
B below
ground
| surface on
June 30,
B 2011.
- 3
— 4
DEPTH SCALE LOGGED: M.L.

1 to 20

Houle Chevrier Engineering Ltd.

CHECKEI%7

/




TESTPIT RECORD 2012 WiTH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11-037
LOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 17, 2011

RECORD OF TEST PIT 11-13

SHEET 1 OF 1

DATUM:

TYPE OF EXCAVATOR: Backhoe

m SOIL PROFILE 5
T — g SHEAR STRENGTH, WATER CONTENT 3 (gD_ WATER LEVEL IN
Py g 2 Cu (kPa) (PERCENT) 5 Q OPEN SEST PIT
=
i DESCRIPTION < [ELEV. ju Natural V- + w Er STANDPIPE
&= 2 |DEPTH] & Remoulded. V - @ wp ——o———w od INSTALLATION
a o iui
sl ™ |3 20 40 60 80 0 40 60 80
L o Ground Surface
TOPSOIL
i 0.10 1
B Reddish brown fine to medium SAND, trace silt | ]
and organics
5 Brown fine to medium SAND, some silt, trace _—
gravel
- 2
— 1 __________________ —
5 Brown fine to medium SAND, trace silt 3
[ T20 7|
B Grey SAND, occasional gravel with depth
- 2
I End of test pit 2.59
| Refusal on inferred bedrock or boulder
— 3
- 4
DEPTH SCALE LOGGED: M.L.

1 to 20

Houle Chevrier Engineering Ltd.

CHECKED%
i

Z




TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11-037
LLOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 17, 2011

RECORD OF TEST PIT 11-14 SHEET 1 OF 1

DATUM:

TYPE OF EXCAVATOR: Backhoe

w SOIL PROFILE é Lo
j » — = SHEAR STRENGTH, WATER CONTENT <Z WATER LEVEL IN
8 % 9 2 Cu (kPa) (PERCENT) % ia OPEN SEST PIT
TF a =W
= <« ELEV. { W Natural. V - + = STANDPIPE
as DESCRIPTION & [DEPTH g Remoulded. V - & wp ——o N {w :é( g INSTALLATION
[a) 14 3
5 ™ 135 20 40 80 80 20 40 60 80
0 Ground Surface ]
TOPSOIL
0.08 1
Reddish brown fine to medium SAND, trace silt |
1
Grey brown fine to medium SAND |
082 1
Grey brown SANDY SILT with clay b
1 —
2 =
1.43
Grey SILTY SAND, some shells b
1.77 i
Grey brown fine to coarse SAND, trace silt
2 —
3 -4
End of test pit 2.80 i
Refusal on inferred bedrock or boulder ]
3 —
4 ]
DEPTH SCALE LOGGED: M.L.

1to 20

Houle Chevrier Engineering Ltd.

CHECKED%W

£



TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11-037
LLOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 17, 2011

RECORD OF TEST PIT

11-15

SHEET 1 OF 1

DATUM:

TYPE OF EXCAVATOR: Backhoe

w SOIL PROFILE % ©
Ze = 2 SHEAR STRENGTH, WATER CONTENT 2z | WATERLEVELIN
Sy o 5 Cu (kPa) (PERCENT) Z- | OPENTESTPIT
2Js: e 4 24 OR
=w < |ELEV [ W Natural. V - + at STANDPIPE
F2 DESCRIPTION = [oepti| 2 Remouided. V - & wp —— oW jw = % INSTALLATION
[a) 4
s ™S 20 40 60 80 20 40 60 80
0 Ground Surface )
TOPSOIL \,Bvﬁﬁkﬂ”ed
excavated
material
Brown grey fine SAND
Brown SILTY fine SAND, trace clay |
1
1
1.09 |—
Grey fine silty SAND
2
1.35 |—
Grey fine SILTY SAND, trace shells
191
2 Grey SILTY CLAY and fine SAND
20 mm H
3 diameter, =
0.61 metres ]
long slotted | .
well screen -
]
]
|| ]
]
]
Grey fine SAND, some silt M
4 -
-
(]
]
Groundwater —
End of test pit conditions
Refusal on inferred bedrock or boulder observed at
0.45 metres
below
3 ground
surface on
June 30,
2011.
4
DEPTH SCALE LOGGED: M.L.

110 20

Houle Chevrier Engineering Ltd.

CHECKED%/]




TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11037 RECORD OF TEST PIT 11-16 SHEET 1 OF 1

LOCATION: See Test Pit L.ocation Plan, Figure 2 DATUM:
DATE OF EXCAVATION: June 17, 2011 TYPE OF EXCAVATOR: Backhoe
w SOiL. PROFILE %
= » = g SHEAR STRENGTH, WATER CONTENT Fd 2 WATER LEVEL IN
8 g:.l 9 g Cu (kPa) (PERCENT) % ('7) OPEN SERST PIT
Th o w ey
= DESCRIPTION < |.ELEV. | Y Natural, V- + Bl STANDPIPE
6= £ [oePTH| & Remoulded. V - @ wp —o W 1w 8% | INSTALLATION
[a) @ =
3 I S 20 40 680 80 20 40 60 80
0 Ground Surface
TOPSOIL
0.10
Dark brown to brown fine to medium SAND
1
0.81
Grey brown SILTY CLAY and fine SAND
1
1.04
Brown grey SILTY CLAY (weathered crust)
2
—————————————————— oo 103
2 Grey SILTY CLAY, trace rounded gravel, trace
shells
End of test pit 2.44
Refusal on inferred bedrock or boulder
3
4
DEPTH SCALE " = = LOGGED: M.L.
Houle Chevrier Engineering Ltd.
110 20 CHECKED:"?/é 2

[




TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

PROJECT: 11-037
LOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 17, 2011

RECORD OF TEST PIT 11-17

SHEET 1 OF 1

DATUM:

TYPE OF EXCAVATOR: Backhoe

w SOIL PROFILE &
:,:' »n = g SHEAR STRENGTH, WATER CONTENT Zij 2 WATER LEVEL IN
8 I&J 9 % Cu (kPa) (PERCENT) % ’U_) OPEN gEST PIT
Tk o LL| =
= DESCRIPTION < ELEV. 3 Natural. V - + = '- STANDPIPE
B2 £ [oerm| L Remouided. V - @ wp o —{w é%: INSTALLATION
a I
5 m 13 20 40 60 80 20 40 60 80
0 Ground Surface ] ] a
TOPSOIL L’/ 3]
0.10 ]
Dark brown SILTY SAND, trace organics E
0.24
Reddish brown fine to medium SAND 7
becoming grey brown by 0.48 metres depth i
0.86 i
Brown grey SILTY SAND, some clay seams
1 —
grey with shells by 1.83 metres depth g
1.83
Grey medium SAND E
2 4
2.44
Grey SILTY CLAY i
3 End of test pit 297 | |
Refusal on inferred bedrock or boulder
4 —
DEPTH SCALE N A N LOGGED: M.L.
Houle Chevrier Engineering Ltd.
1 to 20 CHECKED:

/



PROJECT: 11-037

LOCATION: See Test Pit Location Plan, Figure 2

DATE OF EXCAVATION: June 17, 2011

RECORD OF TEST PIT 11-18

SHEET 1 OF 1

TYPE OF EXCAVATOR: Backhoe

TESTPIT RECORD 2012 WITH LAB WC GINT 11-037 TP 1-18.GPJ  3/12/14

1 to 20

w SOIL PROFILE E
o - £ SHEAR STRENGTH, WATER CONTENT 22| waterLEVELIN
8 w O 2 Cu (kPa) Zi= OPEN TEST PIT
& T z 20 OR
I w
re DESCRIPTION < |ELEV. 1 Y Natural. V- + Er STANDPIPE
&= & |OEPTH] T Remoulded. V - & wp —o N {w =F INSTALLATION
[a) 14 =
™S 20 40 60 80 20
Ground Surface ]
TOPSOIL SR
0.09 E
Dark brown SILTY SAND, trace rootlets H
0.23
Brown fine to medium SAND, trace siit T
1
Brown fine to medium SAND 2 L]
becoming grey by 1.09 metres depth
2.29 E
Grey SILTY CLAY |
End of test pit 2.59 )
Refusal on inferred bedrock or boulder ]
DEPTH SCALE LOGGED: M.L.

Houle Chevrier Engineering Ltd.

CHECKEg 27




GRAIN SIZE ANALYSIS FIGURE

756 530 ) 13.2 189
Sweve Gize frvvn;
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% PASSING
f
"
g
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A
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F2
S
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20 \ E

1 M\Hi

§ 5
100 G ' 01 am G
Grain Siza, mm
COARSE MEDIU FINE COARSE MEDIUM FINE COARSE ] MELIUM l FINE CLAY
GRAVEL SAND SILT
Moditiedi ¥.1.7. Classification
Test Pit Sample Depth (m ) Legend
$1-3 1 0.61-0.91 P
114 4 244 -3.05 »
116 2 0.91-1.22 o
143 2 0.500.70 A
13-14 2 0.95-1.25 &)
11-15 3 1.88-244 []

\ Date: July 2011

oul hevrier Project: 11-037
Enginesring




February 2014 Our ref: 11-037

APPENDIX B

ENVIRONMENT CANADA
WATER SURPLUS DATA

Houle Chevrier Engineering Ltd.
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Environment Canada
Water Surplus Data
(1983-2002)

Soil Type: Sand

Water Holding Capacity: 100 millimetres

Year  Surplus (mm)

1983, 471.7
1984, 414.3
1985/ 308.1,
19861 508.2
1987 285.9
1988 341.2
1989 253.5|
1990 423.3
1991 355.2
1992 430.8
1993 530.4|
1994 335.6
1995 327.6
1996 4476
1997 3414
1998 306.6
1999 344.4
2000 329.3
2001 306.7|
2002 382.7|

Avg. Surplus (mm) (1983-2003)

372.2

Houle Chevrier Engineering Ltd.



Environment Canada
Water Surplus Data
(1983-2002)
Soil Type: Silty Clay
Water Holding Capacity: 280 millimetres
Year  Surplus (mm)

1983 3371

1984 386.7

1985 258.8

1986 460.4

1987 240.6

1988 287.3

1989 203.9)

1990 353.9,

1991 335.8]

1992 308.7|

1993 467.7|

1994 335.6,

1995 298.6,

1996 374.3

1997 3414

1998 223.8

1999 150.9

2000 329.3|

2001 215.5

2002 338.6|
Avg. Surplus (mm) (1983-2003) | 3124

Houle Chevrier Engineering Ltd.
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APPENDIX C

NITRATE DILUTION CALCULATION

Houle Chevrier Engineering Ltd.
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Nitrate Dilution Calculation - 3119 Carp Road

Nitrate Loading

Untreated Septic Systems

Number of lots with untreated septic systems = 12 lots
Nitrate loading from untreated septic system = 40 grams/lot/day
Total annual nitrate loading from untreated systems = 175200 grams/year

Treated Septic Systems

Number of lots with treated septic systems = 0 lots

Nitrate loading from treated septic system = 22.5 grams/lot/day

Total annual nitrate loading from treated systems = 0 grams/year
Total annual nitrate loading from all systems = 175200 grams/year

Dilution Volumes

Infiltration Factors

Topography factor = 0.2
Soil factor = 0.2
Cover factor = 0.1
Combined infiltration factor = 0.5

Precipitation Infiltration
Annual water surplus = 0.3907 metres/year
Annual infiltration (Water Surplus x Infiltration Factor) = 0.1954 metres/year

Infiltration Area

Total Site Area = 142003 square metres
Hard Surface Areas 30 percent (estimate)
Area available for infiltration (Site Area - Hard Surface Area) = 99402.1 square metres
Total Annual Volume of Infiltration (Infiltration x Area) = 19418 cubic metres/year

Total Annual Volume of Septic Effluent (1000 L/day/lot x 365 days) = 4380 cubic metres/year

Total Annual Volume Available for Dilution = 23798 cubic metres/year

Dilution Calculation

Mass Annual Nitrate Loading(grams/year) ~ grams my

Volume _ Annual Dilution Volume(cubic metres/year)  cubic metre =7

Cnitrate =

175200 gramslyear S 7.36 mglL

Cni =
Nitrate 23798 cubic metres/year

Houle Chevrier Engineering Ltd.
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APPENDIX D

ONSITE TEST WELL WATER WELL RECORDS
AND CERTICATES OF WELL COMPLIANCE

Houle Chevrier Engineering Ltd.
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CERTIFICATE OF WELL COMPLIANCE

1, TROY SAUVDELS DO HEREBY CERTIFY that 1 am licensed o dril
water wells in the Province of Ontario, and that [ have supervised the drilling of a well on the
property  of @R\T’ LERTVC — (Name of Landowner), locaied at
ﬂ S// 9 CARP R0 (Legal Description, Lm / Plan No.) in the City of
Ottawa, TEST WELL # / /&’ 0 OEEP

WHELL TAG # AJ38AYD

I CERTIFY FURTHER that, I am aware of well drilling requirements, the guidelines,

recommendations and regulations of the Ministty of the Environment governing well
installations in the Province of Ontario, and the standards specified in any subdivision agreement

and hydrogeological report applicable to this site and Township Standards:

AND DO HEREBY CERTIFY THAT the said well has been drilled, cased, grouted {cement or

bentonite} and constructed in strict corformity with the standards required.

SIGNED thisé&ﬂ&éay of JULY R0

JMA / SAVUOERS, LWELL @/e/mm%

W ller / Company”

The Engineer on behalf of the landowner set out above CERTIFIES that be/she has inspected
the well and it was constructed in accordance with the specifications in 0.Reg.903, this tepott

and the Hydrogeological Report with regards to casing length and grouting requirements.

SIGNED this 24 dayof_mg)z %sg . 203 . JETRtN

;{f; C. ﬁEnj.

' A. C. HOULE
Engineer

Houle Chavrier Engineering Lo,
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CERTIFICATE OF WELL COMPLIANCE

“TRIY SAVUDERS DO HEREBY CERTIFY that I am licensed fo drill
water wells in the Province of Ontario, and that T have supervised the drilling of 2 well on the
property of GﬁEGGR Y LEBLANC (Name of Landowner), located at
5119 CARP §20 (Legal Description, Lot / Plan No.) i the City of
Ottawa. TEST™ WELL #c;z

WELL TG A/ZEAY]

I CERTIFY FURTHER that, I am aware of well drilling requirements, the guidelines,

recommendations and regulations of the Ministry of the Environment governing well
installations 1n the Provinee of Ontario, and the standards specified in any subdivision agreement

and hydrogeological report applicable to this site and Township Standards:

AND DO HEREBY CERTIFY THAT the said well has been drilled, cased, grouted (cement or

bentonite) and constructed in strict confornuty with the standards required.

A
SIGNED zhi&ﬁ_n day of <3 UAY SIS

d@% / SAHNWOERS WELL DrRrelin L7

Wel@ﬁller / Company

The Engineer on behalf of the landowner set out above CERTIFIES that he/she has ingpected
the well and it was constructed in accordance with the specifications in 0.Reg. 903, this report

and the Hydrogeological Report with regards to casing length and grouting requirements,

A. C. HOULE

SIGNED this 2 4 day of 20{3 .
’ "

. C. , LE 19 .
Enginée

Houle Cheveier Engineering Litd.
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CERTIFICATE OF WELL COMPLIANCE

1, Mﬁgﬁ_ SRUNUPERS O HEREBY CERTIFY that I am licensed to deill

water wells in the Province of Ontaro, and that I have supervised the dulling of a well on the

property  of ﬁ%feifa LEBLANC (Name of Landowner), located at

M?// ? CARF RD, .. {Legal Description, Lot / Plan No.) in the City of
WELL TAEF /4 /38439

I CERTIFY FURTHER that, I am aware of well drilling requirements, the guidelines,

recommendations and regulations of the Ministry of the Environment governing well
installations in the Province of Ontarje, and the standards specified in any subdivision agregment

and hydrogeological report applicable to this site and Township Standards:

AND DO HEREBY CERTIFY THAT the said well has been drilled, cased, grouted (cement or

bentonite) and constructed in strict conformity with the standards required.

SIGNED thigleA nfi{ay of JULY . 0! S,

\j«wM / SHNIDERS WELL DRILLING-

Well @her / Company #

The Engineer on behalf of the landowner sot out above CERTIFIES that he/she has inspected
the well and it was constructed in accordance with the specifications in 0.Reg.903, this report

and the Hydrogeological Report with regards to casing length and grouting requirements.

(4 AC.HOULE

SIGNED this_24 dayof %_ﬂ ,_20i3 |
A_Z y &, ) R Eﬂ\} . =
Engineer '

Houle Chaveier Engineering Lid.
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APPENDIX E

TEST WELL DRAWDOWN AND RECOVERY MEASUREMENTS

Houle Chevrier Engineering Ltd.



GEMTEC Pumping Test Analysis Report

Consulting Engineers and Geoscientists

191 Doak Road Project: Hydrogeological Investigation
Fredericton, NB, Canada Number:
Client:  Mr. Greg LeBlanc
Location: Carp Rd., Ottawa, Ontario Pumping Test: TW1 Pumping Well: TW1
Test Conducted by: HCE Ltd. Test Date: 6/18/2013
Analysis Performed by: BK Drawdown and recovery data Analysis Date: 9/28/2013
Aquifer Thickness: Discharge: variable, average rate 5 [U.S. gal/min]

Time [min]

0.00-

10.00

1000

N
o
o
o

w
(=}
o
o

Drawdown [m]

40.00

50.00- — —




GEMTEC

Consulting Engineers and Geoscientists

191 Doak Road
Fredericton, NB, Canada

Pumping Test - Water Level Data

Project:

Hydrogeological Investigation

Number:

Client:

Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario

Pumping Test: Test Well 1

Pumping Well: TW1

Test Conducted by: HCE Ltd.

Test Date: 6/18/2013

Discharge Rate: 5 [U.S. gal/min]

Observation Well: TW1

Static Water Level [m]: 3.70

Radial Distance to PW [m]: -

Time Water Level Drawdown
[min] [m] [m]
1 1 4.30 0.60
2 2 5.16 1.46
3 3 5.91 2.21
4 4 6.66 2.96
5 5 7.18 3.48
6 7 8.21 4.51
7 8 8.80 5.10
8 9 9.50 5.80
9 10 9.77 6.07
10 12 10.72 7.02
11 15 12.38 8.68
12 20 14.78 11.08
13 25 16.75 13.05
14 30 18.50 14.80
15 40 21.33 17.63
16 50 23.56 19.86
17 60 25.25 21.55
18 120 36.44 32.74
19 180 40.10 36.40
20 240 41.71 38.01
21 300 42.08 38.38
22 360 42.12 38.42

Page 1 of 1




GEMTEC Pumping Test Analysis Report

Consulting Engineers and Geoscientists

191 Doak Road Project: Hydrogeological Investigation

Fredericton, NB, Canada Number:

Client:  Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario Pumping Test: TW2 Pumping Well: TW2

Test Conducted by: Houle Chevrier Engineering Ltd. Test Date: 6/19/2013

Analysis Performed by: BK Drawdown and recovery Analysis Date: 9/28/2013

Aquifer Thickness: Discharge: variable, average rate 8 [U.S. gal/min]

Time [min]

0.004—————

1.40-

2.80

4.20- .

Drawdown [m]

5.60

1000

¥ ST T T

700_ — — —_— —




GEMTEC

Consulting Engineers and Geoscientists

191 Doak Road
Fredericton, NB, Canada

Pumping Test - Water Level Data

Project:

Hydrogeological Investigation

Number:

Client:

Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario

Pumping Test: Test Well 2

Pumping Well: TW2

Test Conducted by: HCE Ltd.

Test Date: 6/19/2013

Discharge Rate: 8 [U.S. gal/min]

Observation Well: TW2

Static Water Level [m]: 1.65

Radial Distance to PW [m]: -

Time Water Level Drawdown
[min] [m] (m]
1 1 3.60 1.95
2 2 4.28 263
3 3 4.85 3.20
4 4 5.33 3.68
5 5 5.80 4.15
6 7 6.29 4.64
7 8 6.51 4,86
8 9 6.70 5.05
9 10 6.85 5.20
10 12 7.12 5.47
11 15 7.46 5.81
12 20 7.65 6.00
13 25 7.78 6.13
14 30 7.84 6.19
15 40 7.97 6.32
16 50 8.03 6.38
17 60 8.03 6.38
18 120 8.08 6.43
19 180 8.09 6.44
20 240 8.10 6.45
21 300 8.11 6.46
22 360 8.13 6.48

Page 1 of 1




GEMTEC

Consulting Engineers and Geoscientists

191 Doak Road

Fredericton, NB, Canada

Pumping Test Analysis Report

Project: Hydrogeological Investigation

Number:

Client:

Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario

Pumping Test: TW3

Pumping Well: TW3

Test Conducted by: Houle Chevrier Engineering Ltd.

Test Date: 6/20/2013

Analysis Performed by: BK

Drawdown and recovery

Analysis Date: 9/28/2013

Aquifer Thickness:

Discharge: variable, average rate 6 [U.S. gal/min}

co

Time [min]

T i

1000

S T S

Drawdown [m]
[N
N
|
|

16 - —

20 —




GEMTEC

Consulting Engineers and Geoscientists

191 Doak Road
Fredericton, NB, Canada

Pumping Test - Water Level Data

Project:

Hydrogeological Investigation

Number:

Client:

Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario

Pumping Test: Test Well 3

Pumping Well: TW3

Test Conducted by: HCE Ltd.

Test Date: 6/20/2013

Discharge Rate: 6 [U.S. gal/min]

Observation Well: TW3

Static Water Level [m]: 2.03

Radial Distance to PW [m]: -

Time Water Level Drawdown
[min] [m] (m]
1 1 293 0.90
2 2 3.64 1.61
3 3 443 240
4 4 5.10 3.07
5 5 6.13 4.10
6 7 6.56 4.53
7 8 6.98 4,95
8 9 7.31 5.28
9 10 7.68 5.65
10 12 8.26 6.23
11 15 9.38 7.35
12 20 10.49 8.46
13 25 11.42 9.39
14 30 12.40 10.37
15 40 13.68 11.65
16 50 14.21 12.18
17 60 15.05 13.02
18 120 16.07 14.04
19 180 16.85 14.82
20 240 16.89 14.86
21 300 16.70 14.67
22 360 16.84 14.81

Page 1 of 1




February 2014 Our ref: 11-037

APPENDIX F
OBSERVED INTERFERENCE EFFECTS

OBSERVATION WELLS

Houle Chevrier Engineering Ltd.



February 2014

Pumping Interference Effects

Pumping of TW1 @ 18.9 L/min

Our Ref: 11-037

Time (hours) Water Level in Observation Wells (m TOC)

TW2 TW3

0 (Static Water Level) 1.66 2.00
1 1.66 2.00

2 1.66 2.00

3 1.66 1.99

4 1.65 1.99

5 1.65 1.99

6 1.65 1.99

Maximum Observed Drawdown - 0.01 (rise in water level) - 0.01 (rise in water level)

Pumping of TW2 @ 18.9 L/min

Time (hours)

Water Level in Observation Wells (m TOC)

T™W1 TW3

0 (Static Water Level) 3.75 2.00
1 3.74 1.98

2 3.74 1.98

3 3.74 1.97

4 3.74 1.97

5 3.74 1.98

6 3.74 1.98

Maximum Observed Drawdown

- 0.01 (rise in water level)

- 0.02 (rise in water level)

Pumping of TW3 @ 18.9 L/min

Time (hours) Water Level in Observation Wells (m TOC)

TW1 TW2

0 (Static Water Level) 3.75 1.65
1 3.75 1.64

2 3.75 1.64

3 3.75 1.64

4 3.75 1.64

5 3.75 1.63

6 3.75 1.63

Maximum Observed Drawdown 0.00 - 0.02 (rise in water level)

Houle Chevrier Engineering Ltd.

Page 1 of 1
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APPENDIX G
LABORATORY CERTIFICATES OF ANALYSES

PUMP TESTS

Houle Chevrier Engineering Ltd.
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SUPPLEMENTAL TESTING OF TEST WELLS TW1 AND TW2

Houle Chevrier Engineering Ltd.



"Aluo sesodind [euoneulsojul o) pajussaud s| pue juso sy} Aq papiroid usaq sey ‘Hodal ayj Uo pajuasald a1sym ‘ejep pisld 9lou ases|d

(52021 OS] 01) EpEUE) JO [I0UNOD SPIBPUBLS ‘DOS
:Aq slejeweled olyioads Joy peypasooe s| (eBnessissiy) BAoxg

“Jajem BuIyuLIp Ul s188) Oly1oads 10} JOIN OHBIUD AG PasUSdIT ‘(S|10S LB} JOJ) SHieYY |einy PUe oo ‘@inynouby Jo Aisiujy oLeu0 “vH4YINO (G201 OS] 03) Uone}ipelady AIoJeIogeT Joj UONBID0SSY UBIPEUED YD

:Aq s1ejeweled oyioads Joj pajipalooe puke paypad st (EMERO) BAOXT

Jabeuey 10afold
uosdwoy) Bieip

,00.¥70- 0G:0¥:91 “IYAOHdY

87'80°€102 e

uosdwoy] bies>

"1s8nbai jualo Jad se pabueyo () s|dwes - Hodey pesirey

Sjuswwo) Hoday

*(2695-2Z2-£19) I1e2 03 B3ES3Y JoU Op ases|d ‘Wodar siyy Buipiebal suonsanb Aue eaey noA j) sejdwes Inok Joy sy|nsal jeanheue ayy payoepne puy asesjd

IUBMION Sawepr Jeaq

905091
L80-L1
¢¢80€L0¢
61-80-€10¢
068.1LElL

Il oAoxa

‘#0020
osloid
:pauoday ajeq

:papiwgng ajeq
:JaquinN Hodey

2o | ebed

SiSAjeuy jo sjedyiad

Buusauibuz JauAsyd sinoH ;0] 80I0AU|

#0d
UsMIo sewer JN ‘uonuany
01l vOr
NO ‘dien
Z# "y 'sue Jeosep 08)
Bunssulbuz 1suaeys sinoH quslD
VMVLLO WAOX3A



730 7 98eg VAL 323 NO "BMENO ‘g NN "PY dpBULOie) oYL

abuey palisaq [ea1dAL = AL ‘9A3d3(qO ANjEND JB1BAA [EISUINDIH WHBU| = ‘}senbal uo s[ge|ieAe uoneuLoUl HD/YD [BUCIIPPE JO/pUB SB8JUSIS)el SPOYISN
ODMdI 'auljaping AjllenD Jejep [elouinold = ODMd 'PIEPUBIS = (11§ ‘UONEIUSIUOD) ‘paniwgns sajdwes ay) Uo pajss} sisjaweled ay) 01 A|Uo 8je[al s)nsey
2|qe1deooy WNWIXe WHSIU| = DY ‘UOenuSoU0s) 8|qe1deody WNWIXEA = DY ‘oueuO ‘ebnessissiy 1e pajejdwon sishleuy = ,,
‘aulleping feuonessdp = OO ‘BAIOSIGO JneUIseY = OV ‘Wi Buuodey poyley = THIN aduapesoaxg auljeping =, D0SMAo = sulleping
0 0 0-OVI TwooiAe 0| _ swiopoppeloy | o
L v WA 0 _junog ejed alydosjoiee |
0 0 JwooLAd 0 _snoooooydadig eosey |
0 0 JwooLA2 0 __ sudojjopiessey @0 |
0 0 i __0-DVW qwookAe . 0 WeQelyouweyss 00 | ABojoiqosoiy
auljaping suun THN ayfjeuy dnoip
2y LML LML ‘a’| eidwes
61-80-€L0¢C 61-80-ELOC ajeq Buyduies
adi] sjdwes
19)BM IaEp xulew sjdwes
/811501 9gLLsoL ‘a’lgen
Bunesuibuz Jauasyg einoH  :0} 8210AU|
90509} #9000 #0d
80711 ;Josfolg USMIO sawer JJN- [uojusny
22-80-€102 :payoday sjeq 071} VO
61L-80-€L0C ‘papiwigng syeq NO ‘dien
068.1E1 JJaquinN Hodey Z# "dd 'aueT Jeosap 08l

Buyssulbug JeureyD ajnoH JualD

7_“___ DAOXT STSATEUV 10 91ER9D VMVLLO YAOXI




“Ajuo sesodind [euoljewlojul Joy pajussald s| pue Jus!io ay) Aq papiaoid usaq sey ‘Hodal ay) uo pajussald alaum ‘Elep plald ;810U ases|d

(520.L OS| 0) EpEUED JO 1DUNCY SPJEPUEIS '00S
:Aq sis1eweled oloads o pejiparooe s| (eBnessissiy) BAOXT

“Usjem Bupjuup Ut sysa) aljoads Joj JOW oueIuQ Ag pasusalr] ‘(s|ios Wiey 10}) SliBYY [BINY PUEB POO4 ‘a1n)nolby Jo ASIUIN OLRIUQ ‘WY IVIND (SZ0.LL OS] OF) Uoelpaiooy AIojeIoqeT Joj UCHEIS0SSY UBIPEUED “vyo)
:Aq siejowesed oyioads 1oy palipaiaoe puB payipad s| (BMEJO) BAOX]

JeBeuepy josloid
uosdwoy] Bieln

00.¥0- vC:eV9l

87'80°€10¢C
uosdwoy] bies>

SIYAOHddY

e

"1senbai jusl|o Jod se pabueys | sjdwes - Lodsy pasirey

Sjuswwo?) podey

"(2695-222-£19) lIeo 0} ayeysay jou op ases|d ‘Wodai siyy Buipsebas suonsanb Aue aaey nok | "sejdwes 1nok 1oy synsal jeonhjeue ayy payoene puly ases|d

Iuam3op sawep ieaq

905091
L8011
2¢-80-€10¢C
61-80-€10¢
968.LEL

____ DAOXZ

#0090
1108(0ld
:peuoday ajeq

‘pepiuIgng a1eq
JJlaquinN Hoday

¢ jo | afed

SisAjeuy jo 8jedliped

Bupssuibuz JelAsyD sINoH 10} 80I0AU

#0d
Usm3o sawer “JN ‘uonuany
01 VO
NO ‘diep
Z# W'Y 'eue JBOSSM 08L
Bunasuibuz 1auaey) ojnoH pULTIS)
YMVYLLO YAOXT



€Jo 7 3%eqd LAZ 32 NO ‘BMENO '8 UN "PY PEUUCIOD gFL

abuey painse( jeaidAL = YAl ‘eAlealqO ANEND 181 [BIDUIAOI WILIBU| = "}senbal uo s|ge|leAe uoneuLojUl HD/VD [EUOCIHIPPE JO/PUB S82USIS)81 SPOYIB|N
ODMdI 'auleping Alfenp Jeiep [BIDUINOI = ODMJ ‘PIEpUB)S = (11S 'UoREIUSIU0D ‘peniwgns sa|dwes 8y} uo pajsa} siajeweled ay} 0} Ajuo ajelal sjnsay
9|qe}deaody WnWIXe Wildju] = DI 'Uolieljusouo) a|gejdesdy WNWIXB = DYIN ‘olJejuQ ‘ebnessissiy 1e pays|dwo9 sishleuy = .,
‘aullepIng [euoleledO = OO ‘BAROB[qO dneUISeY = OV ‘i Buiodsy pouisinl = THIN 92uspesdx3 aujjeping =, O0SMao = aulpping
0 | OLOWA NLN ) Apiuny | Ansiweyg [eleuss
autjaping spun THW afjeuy dnoig
cd - LML 'Q’| eidwesg
61-80-€102 aeq buidwes
adA] s|dwesg
189)BM x|ep s|dwes
9611501 ‘aigeq

Bupeauwbuz JaliABYD BINOH 10} 9210AU|

905091 # 00D #Od
LE0-LL yooloid USMION sawer N uonuspy
2z-80-€102 :peyoday ayeqg 0711 VO
61-80-€10C ‘pepugng ayeq NO ‘dien
968.L€} :dequinN podey Z# "y ‘eueT JBOSIM 081
Bupsaulbug JeuAsy) 8INOH JuslD

"

1l
mﬂ C >Oxm SISA[euy Jo 9JesIe) VMVLLO YAOXT

!

]



€0 ¢ a8y LAZ 32% NO ‘EMERO '8 NUN "PY 8PEULIC|OD Sl

abuey paliseq [ealdA] = ML '2A193[qO ANEND JajepA |EIDUIACLH WWSIU| =

ODMdI ‘aulIopIng AlllenD JaleM [eIoUIn0Id = ODMd ‘PIEPUBIS = OLS 'UCHEIUS0UOD
3]|qe}danoy WnWIXeA WUsIU| = DY ‘UoHBUSIU0D 8]qeidasoy WNWIXEN = DYIA
‘auljeping |euolieledO = DO ‘sAlR2lgO anBYIseY = OV ‘Nl Buptodey pouile = THIN

‘}senbal uo e|qe|leAe uoneuLolul HD/YD [BUCIHPPE JO/pUE Saoualalel SPOUISA
‘papiwugns sajdwes ay) uo pajsa} siejoweled ay} o} Ajuo sjejal sjnsey
‘oueluQ ‘ebnessissijy ye pajoldwos sisAjeuy = .

@2uUepalaxy euljaping =, 90SMJdo = suljepiny
LZL-EL 0L NLN ['0> Aupioung
g0ELEWNS O PousiN £1-00-000Z @ieQ sisAeuy 'L0E9SZ  ON uny
spwI 994 %
o0 20 juelg afjeuy
Aewwing 29
Bunesuibug Jsurayn onoH 10} 2010AL|
; #0d
m%mwn_.m__” M%%w USMJAW seWwer Iy UoHUS)Y
ZZB0EL0Z ‘pepodey sjeg %%.va_u
61-80-€102 ‘paniwans ejeq . ;
968LLEL Jagunn poday Z# "dY ‘aue] Jeosapn 08l
Buuseuibug Jauaayy ojnoH qualn
_ o >oxm SISA[euy JO ojedijia) VMVLIO YAOX3
']



"Ajuo sesodind [euorewIojUl 10§ pajuesald S| pue Jusljo sy} AQ paplaoad useq sey ‘Hodal ay) uo pejussald alsum ‘ejep piald :8jou ases|d

(5201 OSI 1) BpeUE) JO [IDUN0Y SPIEPUE)S ‘DOS
:Aq s1ejeweled oyioads Joj psypainoe s (eBnessissIN) BAOXT

191em BUIULP Ul §153) 21j198ds 1o} JOW OMEIUO AQ Pasuaal] ‘(s|1os Wiey Joj) sileyy [einy pue pood ‘eiminoLby Jo Aisiujy OLBIUO ‘YH4YINO (52021 OSI 0)) UONE}IPa129Y AlOJRIogeT 10} UOEII0SSY UBIpRUED) vV

:AQ siejawezed oyoads 10§ PajipaIooe PUE payisd si (BMEND) BAOXT

Jabeue 108loid
uosdwoy| Bre1p

“IVAOHddY
00.t0-

61:9€:91 87'80°¢L0C \&

uosdwoy] bieidH

"1senbal Jualo Jad se pabueys Q| sjdwes - Hoday pasiray

‘SjusWWo? Hoday

(269S-222-€19) ||e2 0} ajelisay jou op asea|d ‘pwodau siyj Buipiebas suonsanb Aue aaey nok j| ‘sejdwes JnoA 1o} sjinsal [eanAjeue ayj paysepe pulj oses|d

IUBMIIO Sowep Jeaq

10G091
L80-kL
Ge-10-€l0C
¢¢-L0€L0C
Z8vSiel

ifl oAox

‘#9000
;1osloid
pauoday sjeq

-papiugng sied
1laquinN Hoday

ZJo | ebed

SISA[eUy Jo ojeoniien

Buuesulbuz Jauaay SINOH 0} 99I0AU|

#0d
UsMJo sewer "IN :uonuapy
0711 VO
NO ‘dieg
Z# Y 'sue” Jeosap 08l
Buriseuibug Jeuasy) a|noH LD
YMV110 YAOX3



730 7 98eq

obuey palisaq |ea1dA] = HAL ‘@AoslqO Ajend Jalepn [BIDUIAOLL WL =

ODMd! 'Bulleping AjjenD J91EAA [BIOUIAOId = QDM ‘PJBPUEIS = LS 'UOlBIUSOU0D
9|gedesdy wnwixep WUa} = DYW| ‘Uoijenuasuo) o|qejdesdy wnwixepy = DY
‘aulleping [euoneled( = OO 'BAI0SIqO JNBUIseY = OV ‘W7 Bulodsy powye = TIIN

LAZ 32X NO "BMeRO ‘g HUN "PY SPeUUojo) 9L

"1senbal uo s|qejIeAR UOEULIOUI DD/YD [BUORIPPE JO/PUB S80UBIS§0) SPOUIBN
‘papiigns sa|dwies sy} uo pa)ss} siojslueled ay) o} Aluo dje[al syNsay

‘oejuQ ‘ebnessissi 1e pejo|dwoa sisAleuy = .,

20uapeadXg BulepINg =, 90SMAO = aullepINg

0 0 A 0-OVIN WO LAd 0 m_Em__oo B0l
0 2 _Twipo o _iunoD eeid oydonoseiey
0 L TWO0LA0 o snoooooydenig eosey
0 1} TWOOLAS 0 _ swojljoD |edsed ]
0 0 0-OVIN JwooLAe (0] oD elyollsyosy | ABojoigoJol\
auljaping spun YN aMijeuy dnoig
cd-zML LH-ZAML ‘a’] eldwes
2z-L0€L0e 2C-10-¢l0e ejeq Buljdweg
adA] s|dweg
DTV 191 M XU sdweg
L5EYP0L 9sevrol ‘a’lgel
Buussuibuz Jauasyd aNoH 0} BJI0AU|
10S091 #0090 #0Od
160714 ‘1o8foud USMIOW setier A tuonusny
GZ-10-€102 ‘payoday s1eqg o#_ YoM
22-L0-€102 :pepiwgns sjeq NO ‘dzed
Z87SLEL Jlaquunp Hoday Z# Y'Y 'eueT Jeasap 081
Buussuibug Jo1ABYD BJNOH uslD
4@ MM: c>oxm SISAjeuy JO 8jedl}iud) YMVLLO YAOX3A
gL



February 2014 Our ref: 11-037

APPENDIX |
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PW2 LANGELIER INDEX CALCULATIONS
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Langlier Calulator: Calculating the Langelier Saturation Index or LSI
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HOME

Technical Resources

Caleulators for Water Treatment
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CC 's per minute
Chlorine Metering Pump Sizing
Fixture Counts

How to determine pump flow rate on
systems with pressure tanks

Langelier Index

Metric Conversions

Ozone Demand

Rainfall

Multi-Media Sand Filters

Filter System Flow Rates (English)
Filter System Flow Rates (Metric)

Diagrams & Schematics
Factory Manuals

Frequently Asked Questions
Glossary of Water Terms
How-To-Guides

Instaliation Guides

System Selector Form
Water Sources
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Account

Call Us Toll-Free!888-600-5426

RESOURCES TESTIMONIALS

Langelier Index calculator (online calculator)

This calculator helps you determine the scaling potential of the water by using the Langelier Saturation

Index

Give the values of your water analysis. All the fields with * are required.

Water Temperature (Fahrenheit or Celcius) { [
pH w775
DS (mg/L): {647
Ca (mg/L): 175
Alkalinity (mg/L as CaC03): {227
Langelier Index: {+028
Saturation Index Description
-5 Severe Corrosion
-3 Moderate Corrosion
-2 Moderate Corrosion
-1 Mild Corrosion
-0.5 None- Mild Corrosion
0 Near Balanced
0.5 Some Faint Coating
1 Mild Scale Coating
2 Mild to Moderate Coatings
3 Moderate Scale Forming
4 Severe Scale Forming

Click here to get code

Please Note- ST Index is not a reliable means of evaluating corrosion potential, but it can be used as a guide,

BLOG

Page 1 of 1

Rd

WishList  View Cart  Checkout

CUSTOMER SUPPORT I

~ o
.+ OF ‘@ oC

3 CaC0; ® Ca®*

lr Calculate Now! J [.'Reset ]

General Recommendation

Treatment Recommended
Treatment Recommended
Treatment May Be Needed
Treatment May Be Needed
Probably No Treatment
No Treatment
Probably No Treatment
Treatment May Be Needed
Treatment May Be Needed
Treatment Recommended

Treatment Recommended

Wy, sEeyunie av national
f@‘ % ‘\\ N¢)) Geotrust| - grovind water
% AW }: BUSINESS 26-Dct13 14:39 GMT BS0CIALoN

Home | Products | Water Problems | Technical Resources | Warranty and Returns | Contact Us | Company Info | Privacy Policy

Clean Water Systems & Stores, Inc. 2806-A Soquel Ave, Santa Cruz, California 95062
CALL US TOLL-FREE: 888-600-5426 Office 831-462-8500 Fax: 831-515-5119

Office hours Mon, - Fri. 8:00 AM - 5PM Pacific Standard Time Eastern: 11:00 AM - 8:00 PM EST
Se Habla Espafiol
Servicio en espanol disponible lunes - viernes de 8AM - 5PM PST

RS

Certified Water Specialists Members Water Quality Assocation

Licensed Water Treatment Plant Operators & Distribution Operators
Fast Shipping for FREE (over $100) to U.S. Lower 48 States! Discounted shipping worldwide.
Questions? Get a Fast Answer to your water treatment problems, click here!

Copyright © 1998 - 2013 Clean Water Systems & Stores, Inc., All Rights Reserved.

http://www.cleanwaterstore.com/technical/water-treatment-calculations/langlier.php 26/10/2013



Langlier Calulator: Calculating the Langelier Saturation Index or LSI

HOME

PRODUCTS

WATER PROBLEMS

Call Us Toll-Free!888-600-5426

TESTIMONIALS

RESOURCES
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Account

Wish List  View Cart

Langelier Index calculator (online calculator)

This calculator helps you determine the scaling potential of the water by using the Langelier Saturation

CUSTOMER SUPPORT

Page 1 of 1

.

Checkotit

f —— Index
[“th | Give the values of your water analysis. All the fields with * are required.
Water Temperature (Fahrenheit or Celcius) 112 ) OF @ oC
pH 775
.| oS (mayy: 647
Technical Resources .
Ca (mg/L): 75 ) CaC03® Ca
Calculators for Water Treatment )
Chlorine Metering Pump Calculator: Alkalinity (mg/L as CaCO3): . 227
CC''s per minute |
Chlorine Metering Pump Sizing . Langelier Index: {+0.37 [ calculate Nowlé] [ Reset ]
Fixture Counts |
How to determine pump flow rate on Saturation Index Description General Recommendation
systems with pressure tanks
| Langelier Index =S Severe Corrosion Treatment Recommended
Metric Conversions | -3 Moderate Corrosion Treatment Recommended
QzonelDetmand i -2 Moderate Corrosion Treatment May Be Needed
Rainfall . )
Multi-Media Sand Filters | -1 Mild Corrosion Treatment May Be Needed
Filter System Flow Rates (English) -0.5 None- Mild Corrosion Probably No Treatment
Filter System Flow Rates (Metric) 0 Near Balanced No Treatment
| Diagrams & Schematics 0.5 Some Faint Coating Probably No Treatment
| Factory Manuals 1 Mild Scale Coating Treatment May Be Needed
| Frequently Asked Questions _ )
| Glossary of Water Terms 2 Mild to Moderate Coatings Treatment May Be Needed
| How-To-Guides | 3 Moderate Scale Forming Treatment Recommended
Installation Guides | 4 Severe Scale Forming Treatment Recommended
System Selector Form || Click here to get code

Water Sources

Please Note- SI Index is not a reliable means of evaluating corrosion potential, but it can be used as a quide.

W, u (u.-lbrl' ational
N Waer st 3 N\ [ PEER o c| i
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Home | Products | Water Problems | Technical Resources | Warranty and Returns | Contact Us | Company Info | Privacy Policy

Clean Water Systems & Stores, Inc. 2806-A Soquel Ave, Santa Cruz, California 95062
CALL US TOLL-FREE: 888-600-5426 Office 831-462-8500 Fax: 831-515-5119

Office hours Mon. - Fri. 8:00 AM - 5PM Pacific Standard Time Eastern: 11:00 AM - 8:00 PM EST
Se Habla Espafiol
Servicio en espanol disponible lunes - viemes de 8AM - SPM PST

Certified Water Specialists Members Water Quality Assocation

Licensed Water Treatment Plant Operators & Distribution Operators
Fast Shipping for FREE (over $100) to U.S. Lower 48 States! Discounted shipping worldwide.
Questions? Get a Fast Answer to your water treatment problems, click here!

Copyright © 1998 - 2013 Clean Water Systems & Stores, Inc., All Rights Reserved.

http://www.cleanwaterstore.com/technical/water-treatment-calculations/langlier.php 26/10/2013
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GEMTEC

Consulting Engineers and Geoscientists

191 Doak Road
Fredericton, NB, Canada

Pumping Test Analysis Report

Project: Hydrogeological Investigation

Number:

Client:

Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario

Pumping Test: Test Well 1

Pumping Well: TW1

Test Conducted by: Houle Chevrier Engineering Ltd.

Test Date: 6/18/2013

Analysis Performed by:

BK

Hantush Analysis

Analysis Date: 9/27/2013

Aquifer Thickness:

Discharge Rate: 5 [U.S. gal/min]

100

200

Time [min}]
300

400

500

Drawdown [m]

40 | EE—

50

B TW1

Calculation using Hantush

Observation Well

Transmissivity

[m3/d]

Storage coefficient | Hydr. resi_stan-ce

[min]

Leakage factor

[m]

Radial Distance to
PW

(m]

1.66 x 107

1.30 x 10°

3.87 x 107




GEMTEC
Consulting Engineers and Geoscientists

Pumping Test Analysis Report

191 Doak Road

Project: Hydrogeological Investigation

Fredericton, NB, Canada

Number:

Client:  Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario Pumping Test: Test Well 2

Pumping Well: TW2

Test Conducted by: Houle Chevrier Engineering Ltd.

Test Date: 6/19/2013

Analysis Performed by: BK Hantush Analysis

Analysis Date: 9/27/2013

Aquifer Thickness: Discharge Rate: 8 [U.S. gal/min]

0 100 200

Time [min]

400

500

- - -] ]
; I
m TW2
Calculation using Hantush_ o
Observation Well _ Transmissivity Storage coefficient | Hydr. resistance Leak_e-zg; factor ﬁ\%jial Distance to
[m3/d] [min] [m] [m]
W2 168 x10° 8.42 x 10' 3.14 x 10"




GEMTEC

Consulting Engineers and Geoscientists
191 Doak Road

Fredericton, NB, Canada

Pumping Test Analysis Report

Project: Hydrogeological Investigation

Number:

Client:  Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario Pumping Test: Test Well 3

Pumping Well: TW3

Test Conducted by: Houle Chevrier Engineering Ltd.

Test Date: 6/20/2013

Analysis Performed by: BK Hantush Analysis

Analysis Date: 9/27/2013

Aquifer Thickness: Discharge Rate:

6 [U.S. gal/min]

Time [min]

0 100 200 300 400 500
0..._ e ————— p—— T — a5 — — —
4- _

™

E

= 8

c

3

o

°

=12 - -

I

a | |

‘\1\.__ ) a
16 -
20— — = —
= TW3
Calculation using Hantué;l__ - o
Observation Well Transmissivity Storage coefficient | Hydr. resistance Leakage factor Radial Distance to
PW
[m?/d] [min] [m] [m]

TW3 4.91x 10" 2.08 x 10 2.66 x 10




GEMTEC Pumping Test Analysis Report

Consulting Engineers and Geoscientists i - =
191 Doak Road Project: Hydrogeological Investigation

Fredericton, NB, Canada Number:

Client: Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario Pumping Test: Test Well 1 Pumping Well: TW1
Test Conducted by: Houle Chevrier Engineering Ltd. Test Date: 6/18/2013
Analysis Performed by: BK Theis Analysis Analysis Date; 9/27/2013
Aquifer Thickness: Discharge Rate: 5 [U.S. gal/min]

Time [min]

0 100 200 300 400 500
D-' — S— — e ————————————————— —
10-
20 =
E
30 S~
) \
]
a | |
40 —
50 = — —_————
= TW1
Calculation using Theis
Observation Well Transmissivity Radial Distance to
PW
[m?#/d] [m]

TW1 1.96 x 107




GEMTEC

Pumping Test Analysis Report

Consulting Engineers and Geoscientists
191 Doak Road

Project: Hydrogeological Investigation

Fredericton, NB, Canada

Number:

Client:  Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario

Pumping Test: Test Well 2

Pumping Well: TW2

Test Conducted by: Houle Chevrier Engineering Ltd.

Test Date: 6/19/2013

Analysis Performed by: BK Theis Analysis

Analysis Date: 9/27/2013

Aquifer Thickness: Discharge Rate: 8 [U.S. gal/min]
Time [min]
100 200 300 400 500
0_ — - e —
1 ST
]
&
c
3
o
)
3 _ _
[
|
(o]
I' \
] Bgm l\. ] T ™
7 -t - - — - — P— S— - ! S——
5 TW2

Calculation using Theis

Observation Well Transmissivity Storage coefficient

[m?/d]

Radial Distance to
PW

(m]

TW2 4.73 x 10°




GEMTEC

191 Doak Road
Fredericton, NB, Canada

Consulting Engineers and Geoscientists

Pumping Test Analysis Report

Project: Hydrogeological Investigation

Number:

Client: Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario Pumping Test: Test Well 3 Pumping Well: TW3
Test Conducted by: Houle Chevrier Engineering Ltd. Test Date: 6/20/2013
Analysis Performed by: BK Theis Analysis Analysis Date: 9/27/2013
Aquifer Thickness: Discharge Rate: 6 [U.S. gal/min]

Time [min]

0 100 200 300 400 500
0 L_ - —— — - EE——V p— —e ]
m
4_. S— —— e — - — S—
E
- 8
c
2 )
_§ ]
A1 i L S
g 12 w 5 ‘\\
\.\
] L] ]
16 - —— —]
20 =— - = —
m TW3
Calculation using Theis N .
Observation Well Transmissivity Storage coefficient | Radial Distance to
PW
[m2/d] [m]

TW3 8.69 x 10”"




GEMTEC

Consulting Engineers and Geoscientists
191 Doak Road

Fredericton, NB, Canada

Pumping Test Analysis Report

Project: Hydrogeological Investigation

Number:

Client:  Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario Pumping Test: Recovery Test Well 1 Pumping Well: TW1

Test Conducted by: Houle Chevrier Engineering Ltd.

Test Date: 6/18/2013

Analysis Performed by: BK Theis Recovery Analysis Date: 9/27/2013
Aquifer Thickness: Discharge: variable, average rate 5 [U.S. gal/min]
t/t
1 100 1000
0_.____ o B T— U T —— . - — . P R T

- 10

E

hd

3

o 20

©

3

©

S

L

® 30

3

2

(4]

[}

% 40

50 4. -
= TW1
Calculation using THEIS & JACOB -
Observation Well Transmissivity Radial Distance to
PW
[m?/d] [m]

TWA1 2.38 x 107




GEMTEC

Pumping Test Analysis Report K

Consulting Engineers and Geoscientists
191 Doak Road

Project: Hydrogeological Investigation

Fredericton, NB, Canada

Number:
Client: Mr. Greg LeBlanc
Location: Carp Rd., Ottawa, Ontario Pumping Test: Recovery Test Well 2 Pumping Well: TW2
Test Conducted by: Houle Chevrier Engineering Ltd. Test Date: 6/19/2013
Analysis Performed by: BK Theis Recovery Analysis Date: 9/27/2013
Agquifer Thickness: Discharge: variable, average rate 8 [U.S. gal/min]
t/t
10 100 1000
000_ — e S P STR—TS PR e S P T U ST
| | |
— 1.40-
E
5
o 2.80-
©
3
©
[
°
® 4.20-
3
=
n
0
& 560
7.0 ——— — — - —

Calculation using THEIS & JACOB

.Observation Well Transmissivity Radial Distance to
PW
[m?/d] [m]

TW2 2.59 x 10°




GEMTEC

Consulting Engineers and Geoscientists

191 Doak Road

Fredericton, NB, Canada

Pumping Test Analysis Report

Project: Hydrogeological Investigation

Number:

Client:  Mr. Greg LeBlanc

Location: Carp Rd., Ottawa, Ontario

Pumping Test: Recovery Test Well 3 Pumping Well: TW3

Test Conducted by: Houle Chevrier Engineering Ltd.

Test Date: 6/20/2013

Analysis Performed by: BK

Theis Recovery Analysis Date: 9/27/2013

Aquifer Thickness:

Discharge: variable, average rate 6 [U.S. gal/min]

t/t'
100

1000

Residual drawdown [m]

= TW3

Calculation using THEIS & JACOB_

Observation Well

Transmissivity

[m?/d]

Radial Distance to
PW

(m]

8.25x 107
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