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1.0 INTRODUCTION

AMEC Earth and Environmental Limited (AMEC) was retained by Peel Region to characterize
the hydrogeological conditions along Bovaird Drive West between Lake Louise
Drive/Worthington Avenue in Brampton and the Peel regional boundary, Ontario (study area) as
part of a Class Environmental Assessment for the study area being conducted by AMEC
Philips. This assessment was carried out in support of redevelopment along the existing
Bovaird Road alignment, which, along with surrounding property and borehole locations, is
shown on Figure 1.

2.0 SCOPE OF WORK

The scope of work for the hydrogeological work involved an assessment of hydrogeological
conditions along the alignment with detailed focus on stream crossing to determine any
potential impacts of the road on groundwater resources during and after construction. The
hydrogeological assessment component of the study involved the following:

¢ Review of borehole logs and grain size analyses from 3 geotechnical boreholes;

e Groundwater elevation monitoring at three monitoring wells located along Bovaird Drive
West;

¢ In-situ hydraulic conductivity testing of three monitoring wells along Bovaird Drive West;

e Assessment of Ontario Ministry of Environment (MOE) water well records within the
study area;

¢ |dentification of significant groundwater recharge and discharge areas;
e Characterization of the study area hydrogeology based on field data;

¢ An evaluation of the potential impact of the proposed redevelopment on local
groundwater resources, private wells and streams; and

e Mitigation measures were developed and recommended as needed to protect existing
groundwater flow patterns and stream flows.

3.0 STUDY AREA DESCRIPTION

3.1 Land Use

The study area extends southwest from the edge of Brampton to the regional boundary
between Peel Region and Halton Region at the edge of Georgetown. At the northeast edge of
the study area at the railway crossing are a train station and residential areas. The rest of the
study area is mostly undeveloped agricultural land with some residences and farms along major
roads. Most of the area has a land use of intensive agriculture, with much smaller percentages
of land use being cultural meadows, construction areas, commercial industrial open space and
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numerous other classifications as shown on Figure 2. Details of the land uses are presented on
Figure 2.

3.2 Topography and Drainage

The study area is located on the South Slope and Peel Plain physiographic regions
characterized by gently sloping glacial till plains from the Oak Ridges Moraine approximately 10
km to the northwest to Lake Ontario approximately 25 km to the southeast (Chapman and
Putnam 1984; Singer et al. 2003).

The topography within the study area slopes gradually down from a high elevation of
approximately 250 m above mean sea level (amsl) in the northeast to a lower elevation of
approximately 235 m amsl at the top of the Credit River Valley in the southwest. The ground
elevation then decreases more steeply down to an approximate elevation of 190 m amsl at the
Credit River located just beyond the southwest edge of the study area.

The ground slope varies from 0.005 south-easterly in the eastern part of the study area to about
0.01 south-easterly in the central part to about 0.03 southerly near the Credit River in the
western part of the study area. A topographic map which presents the surface contours and
the drainage patters is presented on Figure 3.

Several tributaries to the Credit River cross Bovaird Drive and flow southerly. There are two
major tributaries which cross Bovaird Drive, one in the west, about 800 m east of the Credit
River crossing of Bovaird and Huttonville Creek in the eastern portion of the study area. The
other three minor tributaries which pass under Bovaird Drive appear to be intermittent and.
Two of these are located east of Huttonville Creek, namely the Springbrook and Churchville
tributaries.

A number of other unnamed tributaries also drain the study area. Many of the small tributaries
are intermittent streams especially in their upper reaches, south and north of Bovaird Drive.
Natural drainage of the area soils ranges from good to imperfect (Soil Survey of Peel County,
Ontario Soil Survey, 1953)

3.3 General Geology

The surficial geology of the study area is shown on Figure 4. The surface deposits in the area
consist predominantly red to brown clay and silt of the Halton Till, which overlies the relatively
flat-lying shale bedrock of the Queenston Formation. Three small areas of glaciolacustrine
sand are identified within the study area: one near the Springbrook tributary and; one north of
the Credit River and one south of the Credit River at the western end of the study area.
Bedrock or bedrock drift is exposed at two locations in the western end of the study area.
Modern alluvium has been mapped in the valleys of the credit river, Huttonville Creek and parts
of two small tributaries in the western part of the study area.

The overburden in the area ranges from less than 1 m thick at Creditview Road and along the
Credit River Valley up to 15 m thick between Mississauga and Heritage Roads as shown on the
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cross-section profile along Bovaird Drive on Figure 5. The native overburden at most other
locations consists of sandy silt or silty sand till (diamict), namely the Halton Till.

Sand or silty sand, as shown on figure 5, is identified generally underlying clayey silt till at the
overburden bedrock contact in the vicinity of Mississauga road and up to 500 m east of it and at
an isolated location in the Credit River Valley. In the vicinity of Mississauga Road,
discontinuous glaciolacustrine sand lenses (with gravel on occasion) have been reported to
overlie bedrock at a number of drilled locations in the northeast part of the study area, north of
Bovaird Drive and east of Mississauga Road (AMEC 2008).

There are few users of groundwater for domestic purposes as the yields from overburden and
from bedrock are generally very low.

4.0 FIELD INVESTIGATION METHODOLOGY

41 Borehole Drilling and Monitoring Well Installation

To determine hydrogeological conditions along the study area, AMEC completed a borehole
drilling and well installation program as part of the geotechnical investigation completed
between October 13 and 28, 2009. The borehole and monitoring well locations are shown on
the study area map of Figure 1. Of the 55 boreholes drilled for the hydrogeological
investigation, seven were completed with groundwater monitors. Two ground water monitors
were installed at two depths at one of the locations (BC3 and BC3W). One monitor was
completed in bedrock near the Credit River (BC35) and three were completed in overburden at
B10, B11, BC11 and BC4. The boreholes were drilled and sampled using standard
geotechnical investigation techniques and the monitors were installed in general accord with
AMEC’s monitor installation standard operating procedures. Additional details on the monitor
installation can be found in the Geotechnical Investigation Factual Report for Bovaird Drive
(AMEC, April, 2010). Well construction details are provided on Table 1

Due to the location of some monitors on the shoulder of Bovaird Drive, two could not be located
for further monitoring nor testing. Single well response tests were completed in three of the
monitors (BC3, BC11 and BC35).

4.2 In-Situ Hydraulic Conductivity Testing

Hydrogeologic characteristics of the shale bedrock and the saturated overburden were
evaluated by completing single well response tests at monitors BC3, BC11 and BC35. A slug
test analyzed by the Bouwer and Rice method was completed in BC3 (shale bedrock) on
January 27, 2010. The test in BC3 was initiated by pumping the monitor nearly dry with a
WaTerra inertial pump and monitoring the recovery manually with an electric water level tape.
Short term pumping tests and recovery was analyzed in monitors BC11 (overburden clayey silt
till) and BC35 (shale bedrock) on March 16, 2010. These tests were initiated by pumping
nearly dry with a downhole submersible pump and monitoring the drawdown and recovery with
downhole pressure transducers and data loggers.
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4.3 Groundwater Monitoring

Groundwater levels were measured with a manual electric water level tape in all monitors
immediately after installation and in all monitors that could be located on January 27 and March
16, 2010. The depth to groundwater in overburden and shallow bedrock monitors ranges
between 1.5 and 3 m bgs, except near the Credit River Valley, where it may be 11 m below the
top of the river valley. Static groundwater levels were measured in monitors BC3, BC03-W,
BCO04, BC11, and BC35 and the data are provided in Table 2.

4.4 Groundwater Quality

Groundwater quality of the overburden and bedrock units was assessed from investigations
conducted previously by others.

4.5 Water Well Records and Well Survey

Water well records available from the Credit Valley Conservation Authority and the City of
Brampton databases were reviewed and assessed electronically by Aquaresource Inc.
(Aquaresource) to plot well locations and prepare stratigraphic cross- sections. Figures and
cross sections were prepared by Aquaresource for review and assessment by AMEC staff.

5.0 FINDINGS

5.1 Geology

The general geology beneath Bovaird Drive was interpreted from MOE well logs and is
presented on the cross-section on Figure 5 and discussed in Section 3.3. The distribution of
soils in the subsurface in the immediate vicinity of Bovaird Drive was assessed from the
geotechnical boreholes drilled in October, 2009.

Logs of boreholes drilled along Bovaird Drive West within the study area indicated varying
thicknesses of clay (rarely sandy) fill beneath surface, especially adjacent to surface water
courses, except under the road where aggregate fill was encountered. These soils were is
generally underlain by a silt and sand till (Halton Till), underlain by the Queenston Shale
bedrock. Where no fill was identified at surface, the topmost soil was generally sandy silt till or
occasionally clayey till continuing down to the interface of the Queenston Shale bedrock.

An interpretation of the subsurface soils near Bovaird Drive is provided by the cross-section
shown on Figure 6.

5.1.1 Fill Materials

The fill materials encountered consist of sand and gravel fill and silty clay fill. The sand and
gravel fill was thickest (1.2 to 1.4 m) under the paved portions of the street. Where there was
no pavement, the sand and gravel fill was generally about 0.6 m thick and underlain by 1 m or
more of silty clay fill. Fill materials at BC3 and BC 4 in the Huttonville Creek valley are thicker
being up to 5 m thick at BC 3. Near the Credit River Valley at BC35, the fill extends about 11 m
down from ground surface to the shale bedrock.
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The average thickness of fill, consisting of sand and gravel fill at surface and silty clay or rarely
silty sand, encountered under and in the vicinity of the road was 4.3 m

5.1.2 Clayey Silt Till

Beneath the fill, a layer of clayey silt till with an average thickness of 2 m was encountered at 32
of the locations drilled. It is inferred, that in general, the clayey silt till overlies the sandy silt
throughout much of the area providing a less permeable cap for infiltration into the more
permeable underlying sandy silt till. The clayey silt till was not found to be in direct contact with
the bedrock except near Huttonville Creek (BC3 and BC4)

5.1.3 Sandy Silt Till

Sandy silt till was encountered at 29 of the locations drilled with an average thickness of about
2 m. At 14 of the locations it was overlain by clayey silt till. Clayey silt till was not identified
overlying the sandy silt till at 15 locations. In these cases the sandy silt till was directly
underlying about 2 m of fill. The sandy silt till commonly was in direct contact with the bedrock
except at one location drilled where 0.7 m of gravel and sand was found to underlie the silty
sand till.

5.1.4 Bedrock

Queenston Shale bedrock was encountered at nine of the locations drilled at an average depth
of 4.8 m bgs, with the depth below ground surface ranging from 1.4 m bgs at BC31 to 11 m bgs
at BC35.

5.2 Hydrogeologic Characteristics

The hydraulic conductivity of the sandy silt till was evaluated at one monitoring locations and of
the shale bedrock at two locations. The hydraulic conductivity of the sandy silt till at BC 11 was
calculated from short term pumping recovery data to be about 3 x 10® m/s. The analysis of
recovery from a very short pumping test in the bedrock at BC35 indicated a hydraulic
conductivity of about 7 x 10® m/s. These hydraulic conductivities are considered to be about
and indicate that the sandy silt till and bedrock at the locations tested is very low yielding and
they not considered to be sufficient for any reasonable water use. The analysis details are
presented in Appendix B

5.2.1 Hydraulic Heads

There are insufficient data available from the recently installed monitors to infer shallow
groundwater flow. Groundwater flow directions can be inferred from analysis of the distribution
of hydraulic heads as determined from the MOE well log database. The directions of
groundwater flow in the saturated overburden and shallow bedrock are inferred to be affected
by the presence of Huttonville Creek in the east and the Credit River in the west. The presence
of the other tributaries in the study area seems to have little effect on the inferred groundwater
flow patterns, supporting the conclusion that these are often intermittent streams in the study
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area. The impacts of these minor surface water courses on the shallow groundwater would be
minimal compared to the impacts of Huttonville Creek and the Credit River.

Horizontal groundwater gradients calculated from the interpreted shallow groundwater contours
shown on Figure 7. The horizontal groundwater gradient of the shallow groundwater (water
table gradient) is about 0.01 ranging from easterly to southerly depending on the effects of
surface water distribution, increasing to 0.12 southerly near the Credit River. Depending on the
hydraulic conductivity of the saturated overburden and shallow fractured bedrock which may
range between 3 x 10° and 3 x 10® m/s, and using an effective porosity of 0.2, the lateral
ground water flow velocity is estimated to range between 0.04 and 4 m/yr.

Groundwater elevations were calculated for monitors BW3(bedrock) and BW3C (overburden
silty clay fill) near Huttonville Creek on January 17 and March 16, 2010. The vertical gradient
across the 0.6 m of clayey silt till and the 1.4 m of upper shale bedrock considered to be
isolated between the two monitors was calculated to be about 0.14 downward in January, 2010
and 0.17 upward in March, 2010. It may be that the gradients across these units reverse
seasonally, being affected by recharge or stream stage.

Assuming that the vertical hydraulic conductivity of the clayey silt till and upper shale is between
3 x 10® and 3 x 10”° m/s, the vertical flow velocity (upward or downward) through the silty clay
till and upper bedrock near Huttonville Creek is estimated to range between 0.07 and 0.7 m/yr.

5.2.2 Groundwater Use

The distribution of groundwater monitors and water wells within the study area as determined
from the water well data base, is presented on Figures 8 and 9. All known locations of reported
water wells and monitor wells installed for environmental investigations are shown on Figure 8.
Only reported water wells and a few investigation wells not used for water supply (identified as
IWA, OGS, MNR, MTO and UGAIS) and are presented on Figure 9. The condition and current
use of these wells is not known at present.

Based on the hydrogeologic conductivities expected for the saturated sol and shale bedrock,
they are not considered in general to be viable aquifers. It is noted however that the
occurrence of discontinuous sand and gravel lenses in the sandy silt till or located at the
till/bedrock interface could possibly produce limited water for domestic use.

Bedrock Wells

Approximately thirty seven locations for wells completed in bedrock (shallow and deep) are
presented on Figure 9 (excluding the three IWA wells, three OGS wells, two MTO wells, seven
UGAIS wells, and one MNR well). It is expected that the fourteen bedrock wells located along
and east of Creditview Road in the developed area are no longer required for water supply as
this area is serviced with Municipal water.

A total of twenty six wells completed in bedrock within the study area may be used for domestic
purposes.
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Overburden Wells

In total twenty-three overburden wells have been identified within the study area which may be
sources of water for use by residents.

In the area east of Mississauga Road, twelve wells completed in overburden were identified, of
which four may be sources for domestic water use. Four overburden wells located on the west
side of Mississauga road may also be sources of water use by local residents. All but one of
the remaining fifteen overburden wells are located west of Heritage Road

5.2.3 Groundwater Quality

Groundwater data from twenty monitors in the vicinity of the study area was reviewed and a
summary of the more relevant parameters is presented on Table 3. The monitors had been
installed and sampled for several previous studies including the IWA study and studies by
private owners for proposed subdivision development. Eight of the monitors are located within
the western part of the study area between Mississauga and Creditview Roads.

The chemical data indicate fresh groundwater in the overburden and shallow bedrock and
saline groundwater in the deeper bedrock. Groundwater in the deeper bedrock is poorer in
quality as indicated by the significantly higher concentrations than the concentrations detected
in the overburden for hardness, total dissolved solids (TDS), bromide, chloride, sulphate and
sodium. Concentrations of hardness, TDS, chloride, sulphate, iron, manganese and sodium in
deeper bedrock groundwater exceeded the respective Ontario Drinking Water Standards
(ODWS). In the overburden, only hardness exceeded the ODWS operational guideline (OG) at
all locations sampled. TDS, chloride, nitrate, iron, manganese and sodium concentrations
exceeded the ODWS at only a few locations.

Hardness concentrations ranged from 120 mg/l to 645 mg/l in the overburden and 530 mg/l to
4900 mg/l in deep bedrock. TDS concentrations ranged from 260 mg/l to 1500 mg/l in the
overburden and 2600 mg/lI to 19 000 mg/l in deep bedrock. Sulphate concentrations ranged
from 11 mg/l to 317 mg/l in overburden, below the ODWS AO of 500 mg/l, and 310 mg/l to
1700 mg/l in the deep bedrock.

There were no significant differences in the concentrations of fluoride, nitrate, nitrite, iron or
manganese between the overburden and bedrock groundwater. Nitrate concentrations did not
exceed the health related ODWS of 10 mg/l in the overburden or bedrock groundwater, except
at one location in the overburden, where a nitrate concentration of 11 mg/l was reported.

In summary, the groundwater quality in the overburden and shallow bedrock although hard, is
by and large of acceptable quality for drinking. Elevated concentrations of sodium in shallow
groundwater, likely resulting from application of road de-icing materials, were reported at a few
locations. The quality of groundwater in the deeper bedrock is poorer and much more highly
mineralized, with relatively very high concentrations of chloride, sodium, sulphate and TDS.
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5.2.4 Sensitive Areas

The CVC has identified several areas, shown on Figure 10, which are considered sensitive.
These include a Life Science Area of Natural and Scientific Interest (ANSI) in the west end of
the study area adjacent to the Credit River and two of its tributaries. There are also two
Provincial Wetlands located just west of Heritage Road and one further to the west between the
two western tributaries to the Credit River all of which are very near Bovaird Drive and appear
to be within the project limit area. Several other wetlands identified are of less concern as they
are located further from Bovaird Drive although they may be within the project limit area.

5.2.5 Water Budget Analysis

The impact of the proposed development on the recharge/discharge characteristics of the Site
is dependent on the pre-development conditions of the Site and the type of development
proposed.

The soils along the Bovaird Drive corridor are classified in the Soil Survey of Peel County as
Chinguacousy and Oneida clay loams. Both soil types are derived from shale and limestone
based till. Despite relatively slow infiltration and percolation, these soil types exhibit good
drainage due to relatively rapid runoff. For the purposes of this analysis, the native soil on the
Site has been classified as clay loam.

Recharge to aquifers can occur through several processes including: direct infiltration of
precipitation, influent losses from watercourses, irrigation, leakage from water mains and
sewers, and flow between aquifers. Of these, direct infiltration is the most important recharge
mechanism. In any area, recharge is dependent on a complex interaction of several physical
variables including: intensity and duration of rainfall, air temperature, textural properties of soils,
soil moisture capacity (SMC), water table depth, ground surface characteristics, vegetation type
and topography. In summary, there is no simple way to accurately measure recharge to an
aquifer system.

Indirect measurement of recharge by the measurement of baseflow in streams and the use of
ground water models has been used in comprehensive sub-watershed studies, but this
approach is unwarranted due to the relatively small size and linear nature of the Bovaird Drive
corridor.

Where more sophisticated methods for evaluating the effects of urban development on
recharge are impractical, a water balance model based on local precipitation, temperature and
soils data is commonly used.

5.2.6 Water Budget Calculation

The seasonal infiltration/recharge characteristics of the Site were evaluated using a general
water balance equation of the form:

Potential Infiltration (I) = Precipitation (P) — Actual Evapotranspiration (AET) — Runoff (R)
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An estimate of AET for the Site was made using the Thornthwaite Model for approximating
potential evapotranspiration (PET). The Thornthwaite Model is based on an empirical
relationship between PET and mean air temperature (Palmer and Havens, 1958) given by the
formula:

PET = 16d (10T/ 1)?, where:
= PET = monthly evapotranspiration (mm)
= T = mean monthly temperature (°C)
* | =annual thermal index = sum of the monthly indices (i)
= i=(T/5)""" Note:i=0when average T (°C) <0

= d = correction factor for monthly sunshine duration based on latitude of approximately
44° N.

= a=0.49 + 0.01791 — 0.00007711? + 0.000000675I°

The climate station operated by Environment Canada that is closest to the Site is located at
Toronto International Airport (43°41N, 79°38W). Records for mean monthly temperature and
precipitation (rainfall and snowfall) were reviewed for the period 1971 to 2000. (Environment
Canada: Canadian Climate Normals, 2004).

Estimates of runoff for the Site were made on the basis of the surface soil/sediment types, type
of cover and slopes using runoff coefficients based on standard methods for drainage analysis
(MTO, 1997). The runoff coefficient (C,) is the ratio of the depth of runoff to the corresponding
depth of rainfall falling on an area. Where there are different land uses and soil types on a Site,
a composite runoff coefficient based on the following formula is used:

C :M Equation 1
where:
C = Composite runoff coefficient
A, = Area (ha) corresponding to specific land use or soil type
Cio = Runoff coefficient (C,) corresponding to A ...
A = Total drainage area, ha

Runoff coefficients, corresponding to a return period of 5 to 10 years, used for the Site are
based on empirical values obtained from the MTO Drainage Management Manual (1997) and
adjusted for estimated capture of runoff by underdrained swales. The runoff coefficients (MTO,
Design Chart, 1.07) are summarized in the worksheet provided in Appendix D of this report.

Post-development runoff coefficients were selected to reflect the discharge of runoff from the
various land uses in the Bovaird Drive corridor as shown on Figure 2 of the report. Runoff
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coefficients were also adjusted to account for evaporation losses when air temperatures were
less than zero degrees Celsius (0°C).

A simple spreadsheet model (Appendix D) was used to calculate PET and water balance on a
monthly basis for pre- and post-development conditions on the site. General assumptions
made in calculating PET and water balance are as follows:

»= When the monthly thermal index (i) = 0, the PET is zero

= When T < 0°C, infiltration (/) = 50 percent of the difference between precipitation and
runoff

= When PET exceeds (P — R), AET equals (P — R)
5.2.6.1 Pre-Development Water Balance

Table 4 summarizes the results of the water balance model computed for pre-development
conditions:

Table 4: Pre-development Water Balance

Month Precipitation mm AET mm Runoff mm Infiltration

mm
January 52.2 0.0 8.1 22.0
February 42.6 0.0 6.6 18.0
March 571 0.0 8.9 241
April 68.4 31.5 17.3 19.6
May 72.5 54.2 18.3 0.0
June 74.2 55.5 18.7 0.0
July 74.4 55.6 18.8 0.0
August 79.6 59.5 20.1 0.0
September 77.5 57.9 19.6 0.0
October 64.1 37.7 16.2 10.2
November 69.3 10.6 17.5 41.2
December 60.9 0.0 9.5 25.7
Year 793 363 180 161
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These data indicate that net infiltration contributing to aquifer recharge occurs primarily in the
spring and fall of the year with a deficit occurring in the summer months (See Appendix D for
details). The estimated annual recharge rate of 161 mm is a reflection of the combination of
the local clayey silt soils and the disturbed conditions observed on the Site.

5.2.6.2 Post Development Water Balance

The widening of Bovaird Drive represents a relatively small decrease in the area available for
the recharge of local aquifers. In calculating the post-development water balance, the loss of
recharge area was estimated to be approximately nine hectare.

Table 5 and Figure 1 (Appendix D) summarize the estimated water balance for pre- and post-
development conditions in the vicinity of the Bovaird Drive corridor:

Table 5: Summary of Annual Infiltration/Recharge

Stage Pre-Development Post Development
Month Infiltration Recharge Infiltration Recharge
mm m® mm m®
January 22.0 127564 21.7 125658
February 18.0 104104 17.7 102549
March 24.1 139538 23.7 137454
April 19.6 113689 18.8 109140
May 0.0 0.0 0.0 0.0
June 0.0 0.0 0.0 0.0
July 0.0 0.0 0.0 0.0
August 0.0 0.0 0.0 0.0
September 0.0 0.0 0.0 0.0
October 10.2 59216 9.5 54954
November 41.2 238404 40.4 233796
December 25.7 148824 25.3 146602
Totals 161 931339 157 910153

Based on the water balance calculation, the estimated post development infiltration of 157 mm
represents a estimated net loss of annual recharge capacity in the Bovaird Drive corridor of
21,186 m3 or 2.3 percent of the pre-development capacity. This is considered to be a
negligible change and well within the margin of error for a water budget calculation.
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6.0

CONCLUSIONS

The findings of this investigation permit the following conclusions to be presented.

1

The land use within the study area consists primarily of agricultural (more than 60 %)
predominated by intensive agricultural.

Topographic gradients are low, generally to the southwest, (<0.01) except at the Credit
River Valley.

Major perennial streams in the Study area are the Credit River, Huttonville Creek and
the large westernmost tributary to the Credit River in the study area. Lesser, ephemeral
streams in the Study area include the Springbrook and Church tributaries, and the
unnamed tributaries between Huttonville creek and the westernmost tributary of the
Credit River within the study area.

The overburden in the area, underlain by Queenston Shale bedrock, consists primarily
of clayey silt till (upper) to sandy silt till (lower) (both Halton Till) which is less than 1 m
thick at Creditview Road and along the Credit River Valley up to 15 m thick in the central
portion of the study area.

Discontinuous deposits of sand (occasionally with gravel) have been identified, primarily
in the vicinity of Mississauga Road and east of it.

The direction of groundwater flow as inferred from MOE water well data for shallow wells
is south-westerly, modified to some extent by discharge into Huttonville Creek and the
Credit River within the study area and Fletcher's Creek , east of the study area. The
other tributaries, except the most westerly on in the study area, are considered to be
ephemeral and do not influence groundwater flow directions throughout most of the
year.

Approximately forty-nine wells completed in overburden and bedrock within the study
area may be used for domestic purposes. No information on the condition nor current
use of these wells is available.

The hydrogeologic characteristics determined for the overburden and bedrock indicate
that both are poor aquifers, generally incapable of supplying sufficient water for
domestic uses. Wells that intercept the discontinuous sand or sand and gravel lenses,
generally at the bedrock interface may produce sufficient water for domestic use.

The quality of the groundwater from wells completed in overburden and shallow bedrock
(<5 m below bedrock surface), although very hard, meets the ODWQS. The quality of
groundwater in deep bedrock, in addition to being very hard, may be very mineralized
and concentrations of a number of parameters (some health related) exceed the
ODWAQS.
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10 There is minor evidence of impact from road de-icing to the groundwater in overburden
and shallow bedrock.

11 Several small Provincial Wetlands and an ANSI have been identified within the study
area by the Credit Valley Conservation Authority.

12 Water budget analysis indicates that the net effect of widening Bovaird Drive from two
to four lanes may decrease recharge by less than 3 per cent, an insignificant amount
considering the range of error inherent in the assumptions and calculations.

13 Impacts to surface water, groundwater or water supply wells from reconstruction of
Bovaird Drive and its associated structures (culverts, bridges) is expected to be minimal.

7.0 RECOMMENDATIONS

Based on the findings of this assessment, the following recommendations are presented for
consideration.

1 Locate all groundwater monitors installed and equip with data logging equipment to
measure groundwater levels for six to nine months from late winter until late fall.

2 Prior to construction, complete a door-to-door water well survey for all water supply
wells located within the study area to provide baseline data for comparison with future
conditions.

3 Review of the potential for impacts of discharge to surface water and impacts to
wetlands be revisited when reconstruction options especially as related to bridge
reconstruction are developed with more certainty.

8.0 CLOSURE
This report has been prepared for the exclusive use of The Region of Peel for specific
application to this portion of this Class Environmental Assessment.

Respectfully Submitted,
AMEC Earth & Environmental,
a divislon of AMEC Americas Limited

Prepared by:

Tomas Cihula, M.Sc., P.Geo.
Project Hydrogeologist
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WELL COMPLETION DETAILS

TABLE1

HYDROGEOLOGICAL ASSESSMENT
BOVAIRD DRIVE WEST (HIGHWAY 7) - LAKE LOWISE DRIVE TO PEEL / HALTON BOUNDARY

BRAMRTON, ONTARIO
Monitor Screened Well Completion  UTM Coordinates Well Top of Pipe Stickup  Ground  Boring Well  Screen Screened Interval  Sand Pack Interval
Name Unit Location along Date Zone 17 (MAD 83) ID  Elevation Elevation  Depth Dapth Length {m BGS) {m BGS)
Bovaird Drive W. Eagting _ Northing (cm) (mAMSL) (em)  (m AMSL) (mBGS) (mBGS) {m) Top Bottom Top  Bottom
BCO3 SHALE Mississauga Rd. 14-0¢c1-09 554 358 4 B35 573 38 237.87 =17 238.04 10.7 10.7 a0 7.7 10.7 T.7T 10.7
BCOa-wW silty CLAY il Mississauga Rd. 26-0ct-09 554 358 4 B35 573 a8 237.84 =20 238.04 4.6 4.6 1.6 a0 4.6 3.0 4.6
silty SAND fill and
BOO4 ) iewT i MssissaugaRd.  14-0ct09 594367 4835579 38 23779 -17 237.96 10.7 4.6 1.6 a0 4.8 3.0 46
BCI0 SILTASANDTILL Bl Tower 150000 503954 4834959 - 238.14 46 4.8 16 30 46 a0 46
Bi1 CLAY & SILT TILL West of Boll Tower  15-Oct-09 5090 927 4 B34 541 - 237.85 46 4.6 1.5 a0 4.5 a0 4.5
BC11 SILT & SAND TILL Q;fln..rm o 15-0c1-09 553 830 4 B34 T4 51 236.56 27 236.83 4.7 4.6 1.6 a0 4.6 a0 4.6
BCAS SHALE cm‘:;:;m o 27-0ct1-09 552 898 4 B33 605 51 217.53 TE 216.77 128 129 16 1.3 129 113 12.9
MOTES:

UTM coordinates and ground abevations ane from professional survey.
Ramaining information is from borehola logs, except stickup and well 1D, which were measured.

== niot available

1D - inside dameter of wel

m BGS - matres balow ground swrface
m AMSL - metres above mean sea laval
m BTOP - matres below top of pipe

AMEC Earth & Ervironmental
SW13090a7

Page 10l 1



TABLE 2
GROUNDWATER ELEVATIONS
HYDROGEOLOGICAL ASSESSMENT
BOVAIRD DRIVE WEST (HIGHWAY 7) - LAKE LOUISE DRIVE TO PEEL / HALTON BOUNDARY

BRAMPTON, ONTARIO
Monitor Screened Top of Pipe  Ground Date Depth to Groundwater Groundwater
Name Unit Elevation Elevation Measured Elevation
(m AMSL) (mBTOP) (mBGS) (m AMSL)
BC03 SHALE 237.87 238.04 14-Oct-09 1.63 1.80 236.24
27-Jan-10 3.32 3.49 234.55
16-Mar-10 2.20 2.37 235.67
BCO3-W silty CLAY fill 237.84 238.04 26-0ct-09 dry dry -
27-Jan-10 2.88 3.08 234,96
16-Mar-10 2.68 2.88 235.16
silty SAND fill and
BC04 CLAY/SILT TILL 237.79 237.96 14-Oct-09 3.03 3.20 234.76
27-Jan-10 3.37 3.54 234.42
16-Mar-10 2.49 2.66 235.30
BC10 SILT & SAND TILL .- 238.14 15-0ct-09 - 4.10 234.04
27-Jan-10 not found -
16-Mar-10 not found --

B11 CLAY & SILT TILL - 237.95 15-0Oct-09 - 2.40 235.55
27-Jan-10 not found -
16-Mar-10 not found aa

BC11 SILT & SAND TILL 236.56 236.83 15-Oct-09 3.23 3.50 233.33
27-Jan-10 not found -
16-Mar-10 1.06 1.33 235.50
BC3s SHALE 217.53 216.77 27-0ct-09 dry dry -
27-Jan-10 11.60 10.84 205.93
16-Mar-10 11.16 10.40 206.37
NOTES:

Groundwater depths in 2009 were mesaured after borehole completion and may not be representative.
-- not available

m BGS - metres below ground surface

m AMSL - metres above mean sea level

m BTOP - metres below top of pipe

AMEC Earth & Environmental
SW1309037 Page 1 of 1



TABLE 3

HISTORICAL GROUNDWATER CHEMISTRY
HYDROGEOLOGICAL ASSESSMENT
BOVAIRD DRIVE WEST (HIGHWAY 7) - LOLISE DRIVE TO PEEL / HALTON BOUNDARY

BRAMPTON, ONTARID

Sita B-21¢  South of intersection betwesn Bovaird Drive Wes! and Credview Road (Golder 1393).

GW-2, -3, 4 South of intersection between Bovaird Drive West and Creditview Road (Credit Valley Conservation 2007).
Site B-22d  South of intersaction between Wanless Drive and Heritage Road approximately 2 km northwest of Bovaind Drive Waest (Golder 1993).
BB-BH2  Approximately 100 m north of iMarsaction of Bovaind Drive West and Mississauga Road along Huttorvile Creek (Blackpont 2008).

bl no critenion { not analyzed / not available

{1 Ontario Drinking Water Standards (ODWS), Objectives and Guidelines (MOE 2003, revised June 2006).

= Lass than the Method Datection Limit (MOL)
Mathaod detection limil excesds ODWS
Concentration exceeds ODWS
oG Operational Guidaling
AD Ansthatic Objective
MAC Maximum Acceptable Concentration
IMAC Interim Maximum Acceptable Concentration
(a) Total concentration of nitrate and nitrite should not exceed 10 mg (as N).

AMEC Eanh & Environmental

SW1302037

Samplo Mame ! SwatgraphicUnt .03 | Hardness Dissoked Bromide  Choide  Fluoide N ooy Subhate
Solds
Ui mpl___moh g mgh ___mgl mgl ___mgh __mg
oows' | £0-100 500 2850 15 10() 1ia) 500
0G AD AD MAC MAC  MAC  AD
B-150-4C 300 029 <02 <02 1
B-22d-1C Middle and Upper 260 .44 66 <02 40
B-22d-PLT TILL 540 028 <02 <02 0
B-220-PLO | 430 0.19 48 <02 42
B-2161C 015 <02 <02 180
B-210-2C 0.18 10 05 76
B-21c-3C Overburden and o2 [N o024 47
B-21c4C Shallow Bedrack 021 10 <02 55
B-216-5C 033 42 <02 48
B-21c-6C 0.21 74 <02 P
BB-BH2 il 1820 S o2 <01 <01 317 ESHI oo [ e
GW-2 TILL and Shallow ' = - <01 < 0.01 < 0.01 &9 021 0.07 2%
GW-3 Bedrock <0, <0.01 001 0 < 0.05 0.033 21
GW4 02 3z 001 84 < 0.05 JOOTSINNN 19
SIE B-21¢
B-21c-1A 0.4 <02 < 0
B-210-24 052 13 310 < 0.01
B-2ic4A 0.4 44 130K J
B-21c-48 Bang Bardmok 04 10
B21c-5A 037 <02
B-21c-6A 064 <02
NOTES:

Page 1 of 1
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BOREHOLE LOGS AND
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RECORD OF BOREHOLE No. B 01 arnecg
Project Mumber:  TT93042 Driing Location: 150 m Wt of Lake Louise Drive Logged by:  JF
Projoct Cllent:  AMEC infrastructurs Group Driing Method: 150 mm_Solid Stem Augering Compéled by: SN
Project Mame:  Geotechnical investigation for Bovaird Drive Class EA Study  Dnlling Maching:  Truck Mounted Driil Reviewed by: PB
Project Location: B 1 Date Stared: 0c113,09  Date Complated: Oct 13, 09 Ravision No.: 0, 2810
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RECORD OF BOREHOLE No. B 02 amecg

Project Mumber:  TT93042 Drilling Location: 200 m East of CNR Crossing Bridge Loggedby:  JF
Profact Client: AMEC Infrastructurs Group Drilling Mathod: 150 mm_Solid Stem Augering Compilad by: SN
Project Mame:  Geotechnical investigation for Bovaird Drive Class EA Study  Drilling Machine:  Truck Mounted Drill Raviewed by: PB
Project Location:  Bovalrd Drive from Lake Louiss Drive to PeslMalton Data Started: Oct 13,09 Data Compietad: Oct 13, 09 Revision No.: 0, 2810
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RECORD OF BOREHOLE No. B 03 amecg
Project Number:  TTS3042 Drilling Location: 200 m East of Ashby Fleld Drive Loggedby:  JF
Progect Cliant:  AMEC infrastructure Group Drrilling Mathod: 150 mm_Solid Stem Augering Compied by: SN
Froject Name:  Geotechnical investigation for Bovaird Drive Class EA Study  Drilling Machine:  Truck Mounted Drill Reviewedby: PB______
Progect Location:  Bovalrd Drive from Laks Louise Drive to PeslMakton Date Started: Oct 13, 09 Date Completed: Oct 13, 09 Rewlgion No.: 0, 25M0
LITHOLOGY PROFILE SOIL SAMPUNG FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. B 04 a[necg
Propect Number:  TTS3042 Drilling Locaticon: 50 m Esst of Ashby Fledd Drive Loggedby:  JF
Project Client:  AMEC Infrastructure Group Drilling Mathod: 150 mm_Solid Stem Augering Compilad by, SH
Projact Name: Geotachnical Investigation for Bovaird Drive Class EA Study  Drilling Machine:  Truck Mounted Drill Reviewad by: PB
Project Location: Bovaird Drive from Lake Loulss Drive 1o PeelHatton Date Staried: Oct 13,09 Date Complatad: Oct 13,09 Revision No.:. 0, 2910
LUTHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. B 05 amec®
Project Number:  TT93042 Drilling Location: 250 m West of Ashiby Field Drive Loggedby:  JF
Progact Cllent: AMEC Infrastructure Group Drilling Meathod: 150 mm_Solld Stem Augering Compiled by: SN
Project Mama: Geotechnical investigation for Bovaird Drive Class EA Study  Drilling Machine:  Truck Mounted Drili Rendowad by: PB
Project Location: Bire 1 Data Stariad: Oct 14,09 Date Complated: Oct 14, 09 Revision No.. 0, 2610
UTHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
Panetration Tasting . hmg g_w 12 é m-“fm
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RECORD OF BOREHOLE No. B 06

amec5

Project Numigr.  TT93042 Drilling Location: 450 m East of Mississauga Road Loggedby: JF
Project Chient:  AMEC infrastructure Group Drilling Method: 150 mm_Solid Stem Augering Compiled by: SN
Project Mame:  Geotechnical investigation for Bovalrd Drive Class EA Study  Drilling Machine:  Truck Mounted Drill Reviewsd by, PB
Project Location: Boﬂiru Data Stanad: Oct 14,09 Date Complatad: Oct 14, 09 Revision No.- 0, 2810
LI'I"I‘I'l'.':ll.'i'liG'ﬂr FFN'J'HLE S(HL SAMPLING FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. B 11

amec®

Progect Numbar.  TT93042 Drilling Location: 500 m East of Drivewsy #2472 Loggedby:  JF
Projact Client:  AMEC Infrastructurs Group Driling Mathod: 150 mm_Solid Stem Augaring Compiled by:  SH
Progact Mama: Gectechnical investigation for Bovalrd Drive Class EA Study  Driling Machine:  Truck Mounted Dl Reviewsd by: PB
Progect Location:  Bovalrd Drive from Lake Loulse Drive to PesiHalton Date Started: Oct 15,09 Dats Complsted: Oct 15, 09 Revision No.: 0, 280
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
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amec®|

RECORD OF BOREHOLE No. B 18
Project Number:  TTS3042 Driling Location: 7SmWestofDriveway #2868 loggedby:  JF
Project Client  AMEC Infrastructurs Group Driling Method: 150 mm_Solld Stem Augering Compiled by: SN
Project Nama:  Geotechnical imnvestigation for Bovalrd Drive Class EA Study  Drilling Maching:  Truck Mounted Drill Reviewad by: PB
Date Started: Oct27,08  Dala Comphited: Oct 27,09 Rievision No: 0, 20800
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RECORD OF BOREHOLE No. BC 01 amecg

Projoct Number.  TT93042 Driling Location: 15mEast of CNRCrogeingBridoe _________ loggedby:  JE___
Project Client:  AMEC infrastructum Group Drrilling Mathod: 150 mm_Solld Stem Augarng Complied by: SN
Project Name: WIMMWWME&& Driling Machine:  Truck Mounted Drill Reviewad by:  PB

Progect Location: mmmmm ol Date Stariad: Oct 13,09 Data Compiated: Oct 13, 09 Revision No.. 0, 2810
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RECORD OF BOREHOLE No. BC 02 a[neca—

Projact Numier:  TT33042 Drilling Locaton: 20 m West of CNR Crossing Bridge Logged by:  JF
Project Chent:  AMEC infrastructure Group Drilling Method: 150 mm_Solid Stem Augering Compdociby. SM______
Project Mams: mmiwmmmulﬂm_ Drilling Machine:  Truck Mounted Drill Reviewed by: PB
rd Drive from Lak 8 0 ls Date Started: Oct 13,09 mmwm:mu,m Rewigion No.: 0, 2810
UTHOLOGY PROFILE SOIL SAMPUNG FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 03 amecﬁ

Projact Number:  TT93042 Deiling Location: 20 m East of Mississauga Road Loggedby:  JF
Progect Client: AMEC Infrastructure Group Diillling Mathod: 150 men_Solld Stem Augering Compiled by: SN
Project Name: Geotechnical for Bovalrd Drive Class EA Study  Drilling Maching:  Truck Mounted Drill Rewviewed by PB
Progact Location: 1 Date Starad: Oct 14,09 Data Completed: Oct 14, 08 Revision No.: 0, 2810
LUTHOLOGY PROFILE FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 03

amec®

Project Number:  TTS3042 Dyilling Location: 20 m East of Misslssauga Road Logged by:  JF
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
Paritraton Testog uimu;m;u.; 0o CGIW&EHIS
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amec®

RECORD OF MONITORING WELL No. BC03-W
Projact Number:  TT93042 Dreilling Location: 20 m Esst of Mississauga Road Loggedby:  JF
Project Client:  AMEC Infrastructurs Group Driling Mathod: 150 mm_Solld Stem Augering Compiled by: SN
Projedct Mams: Geotechnical Investigation for Bovaird Drive Class EA Study  Driling Machina:  Truck Drill Reviewed ty: PB
Propect Locaton:  Bovalrd Drive from Lake Loulss Drive to PesiHalton Date Staned: Oct 36, 08 Date Complstad: Oct 26, 09 Rervision No.: 0, 2810
LUTHOLOGY PROFILE SOIL SAMPLING FIELD TESTING _LAB TESTING
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RECORD OF BOREHOLE No. BC 04 a{nec‘?

Project Number: ~ TT83042 Driing Location:  J0mEastofMississsugaRosd Loggedby: JE
Project Client.  AMEC Infrastructurs Group Drilling Method: 150 mm_Solid Stem Augering Compiled by: SN
Projact Mama:  Geotechnical investigation for Bovalrd Drive Class EA Study  Drilling Maching:  Truck Mounted Drill Reviewad by: PB
Project Location:  Bowvalrd Drive from Lake Loulss Drive to FeelHalton Date Staned: Oct 14, 09 Date Complated: Oct 14, 09 Ravision No.: 0, 2810
UTHOLOGY PROFILE SOIL SAMPLING FELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 05 afnec@

Froject Numbar:  TT93042 Driling Location: EntrancetoPetroCanadaGas  loggedby:  JF
Progect Cliant: AMEC Infrastructurs Group Drilling Mathod: 150 mm_Solid Stem Augering Compdad by: SN
Progect Mama:  Geotechnlcal Investigation for Bovalrd Drive Class EA Study  Drilling Maching:  Truck Mounted Drill Reviowed by: PB
Progect Location:  Bovalrd Drive from Laks Loulss Drive o PeslHaltg Date Started: Oct15, 09 Date Complated: Oct 15,09 Revision No.: 0, 2910
Boundary a1 Caseley Drive, Brampton, ON
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RECORD OF BOREHOLE No. BC 07 an']ec,0
Project Number:  TT93042 Drilling Location:  Drivewary #2055 (Pro Golf) Loggedby:  JE
Project Client:  AMEC Infrastructurs Group Diiling Method: 150 mm_Solid Stem Augering Compiled try: SN
Project Nama: Wlmmmmmmum Dwiling Maching:  Truck Mourted Dirill Reviewsd y: PB
Project Location: mﬂ Drive to PestHalton Dala Starbod: Oct 15,09 Date Complated: Oct 15,09 Revision Mo.: 0, 27910
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RECORD OF BOREHOLE No. BC 10 ameco_

Project Number:  TT93042 Drilling Location: 470 m Wast of Driveway #2055 Logged by  JE
Project Cliant: AMEC Infrastructurs Group Drilling Method: 150 men_Solld Stem Augering Compiled by: SN
Project Nama: Geotechnical Investigation for Bovalrd Drive Class EA Study  Drilling Machine:  Truck Mounted Revigwad by: PB
Projact Location: Bwﬂrd mumuummnmnm Date Started: Oct 15,09 Date Cormplated: Oct 15, 09 Revision No.: 0, 2910
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RECORD OF BOREHOLE No. BC 11

amec®

Projact Murmbar:  TTS3042 Dyilling Location: 350 m East of Drivewsy #2472 Loggedby:  JF
Project Client: AMEC Infrastructurs Group Driling Method: 150 mm_Solld Stem Augering Compiled by: SN
Projact Mamsa: lcal | Dirive EA Dwilling Machina:  Truck Mounted Drill Reviewad by: PB
Project Location:  Bovalrd Drive from Lake Loulss Drive to PeslHalton Date Started: Oct 15,09 Date Complsted: Oct 15,00 Revision No.: 0, 20910
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 13

Project Locathon:

Date Started:

Oct15,09  Date Completed: Oct 15, 09

amec®

Projact Number:  TT23042 Drilling Location: 150 mEastof Oriveway w2475 Loggedby:  JF
Project Clent:  AMEC Infrastructure Group Driling Mathod: 150 mm_Solid Stem Augering Compded by: SN
Project Mame:  Geotechnlcal Investigation tor Bovaird Drive Class EA Study  Driling Maching:  Truck Mounted Drill Aeviewsd by: PB

Ravision No.: 0, 28010
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RECORD OF BOREHOLE No. BC 15 afnecg
Project Mumber:  TT93042 Drilling Location:  Drivewsy 82475 Logged by JF
Projact Client:  AMEC Infrastructsre Group. Driling Method:  150mm SolldStemAugering ~  Compiledby: SN
Projact Mama: Geotechnical Investigation for Bovalrd Drive Class EA Study  Drilling Machine:  Truck Mounted Drill Reviewad by: PB
Project Location:  Bovalrd Drive from Lake Loulss Drive 1o PesiHalton Date Staried: Oct 15, 09 Date Complated: Oct 15, 09 Revision No.. 0, 2910
UTHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 18 aﬂ'lec0

Project Number:  TT93042 Drilling Location:  Intersaction at Herdtage Road Logged by:  JF
Progect Cliant: AMEC Infrastructure Group Dvilling Mathad: 150 mm_Solld Stem Augering Compiled by: SN
Project Nama:  Geotechnlcal Investigation for Bovalrd Drive Class EA Study  Drilling Maching:  Truck Mounted Drll Rewvewed by: PB
Progect Location: %Ilﬂ %ﬁnm Laks Loulss Drive to PeslHalton Date Staried: Oct 27, 09 Data Complated: Oct 27, 09 Revision No.. 0, 2810
LITHOLOGY PROFILE SOIL SAMPLING FELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 19 M
Project Number:  TT33042 Driing Location: 20 m West of Heritage Rload Loggedby: JE
Project Client:  AMEC infrastructure Group Drilling Mathod: 150 mm_Solld Stem Augering Compiled by: SN
Project Mams:  Geotechnical Investigation for Bovalrd Drive Class EA Study  Drilling Machane:  Truck Mounted Drill Reviowed by- PB
Projact Locabon:  Bovaird Drive from Loulse Data Stared: Oct 15,09 Dae Completed: Oct 15,09 Revision No.. 0, 2910
UTHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 30 arnec0
Projact Numbar,  TTS3042 Driing Location: 35 m East of Drivewsy #2774 Loggedby: JE
Project Client  AMEC infrastructurs Group Drilling Method: 150 mm_Solid Stem Augaring Compiled by: SN
Project Nama: Geotechnical Investigation for Bovalrd Drive Class EA Study  Drilling Machine:  Truck Mounted Drill Reviewad by. PB
Project Locaton:  Bovalrd Drive from 1o PaalHalte Data Started: Oct28 09 Date Complsted: Oct 28, 09 Revision No.: 0, 2810
plon, ON.
UTHOLOGY PROFILE SOIL SAMPUNG FELD TESTING LAB TESTING
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RECORD OF BOREHOLE No. BC 33

amec®

Fax +1{418) 751-75592
WA AT DT

| el the g E of Borshols Log'.

Project Number:  TT93042 Drillrg Location:  Drivewsy #2838 Loggedby: JE
Progact Cliant: AMEC Infrastructure Group Drilling Meathod: 150 mm_Solld Stem Augering Compied by: SN
Progect Mama:  Geotechnlcal investigation for Bovalrd Drive Class EA Study  Drifling Machina:  Truck Mounted Dril Reviewed by: PB
Project Location:  Bovalrd 8 Dirive P Date Starad: Oct 27,09 Date Complated. Oct 27, 09 Revision Mo.: 0, 2800
Hounda nton, ON
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RECORD OF BOREHOLE No. BC 34

Project Mumbar:  TT93042

Driling Location:  Drivewsy #2809

Progact Location:

amec®

Loggedby: JE

Project Client:  AMEC Infrastructure Group Drilting Method: 150 mm_Solid Stem Augering Compiled by: SN
Projct Mama:  Geotechnlcal Investigation for Bovalrd Drive Class EA Study  Driling Maching:  Truck Mounted Drll R dby: PB

Date Startod: Oct27,09  Date Completed: Oct 27,09

Revision No.: 0, 20010
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RECORD OF BOREHOLE No. BC 35

amec®
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APPENDIX B

SINGLE WELL RESPONSE
TEST ANALYSES
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WELL TEST ANALYSIS
Data Set: \..\BC11 pump&recover test.aqt
Date: 04/06/10 Time: 12:52:25

PROJECT INFORMATION
Company: AMEC

Test Well: BC11
Test Date: 16 March 2010

AQUIFER DATA

Y |m

Saturated Thickness: 2.5 m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA
Pumping Wells Observation Wells
Well Name X (m) Y (m) Well Name X (m)
BC11 0 0 BC11 0
SOLUTION
Aquifer Model: Confined Solution Method: Theis (Recovery)

T =7.7E-8 m?/sec S/5'=0.9386




AQTESOLV for Windows . i s ' _

Ba}a ngﬁ ﬂ‘%‘h;i-'gT-Fm\ijactFWﬂﬂ?-EﬂﬂQmﬂDmEnvironmental Projects 2009\SW 1309037 Bovaird Drive EA\EA W
ate:

Time: 12:53:15

PROJECT INFORMATION

qupary: AMEC

Client: Peel Region

Project: SW1309037

Location: Brampton ON

Test Date: 16 March 2010

Test Well: BC11

AQUIFER DATA

Saturated Thickness: 2.5 m
Anisotropy Ratio (Kz/Kr): 1.

PUMPING WELL DATA
No. of pumping wells: 1
Pumping Well No. 1: BC11

X Location: 0. m
Y Location: 0. m

Casing Radius: 0.0255 m
Well Hadius: 0.0255 m

Partially Penetrating Well

Depth fo Top of Screen: 0.9 m
Depth to Bottom of Screen: 25 m
No. of pumping periods: 2

Pumping Period Data

Time (sec Rate (L/min — Time (sec Rate (L/min
U.I—J _II(RT' n) _Eiillg,_:l EI )
OBSERVATION WELL DATA

Mo. of observation wells: 1
Observation Well No. 1: BC11

X Location: 0. m
Y Location: 0. m

Radial distance from BC11: 0. m
Partially Penetrating Well

Depth fo Top of Screen: 0.9 m
Depth to Bottom of Screen: 2.5 m
No. of Observations: 14682

Observation Data

Time (sec) Displacement(m)  Time !sec} Displacement (m

G 0.0204 : 1.66

2. 0.061 7357. 1.668
3. 0.1039 7358. 1.668
4. 0.1475 7359. 1.668
5. 0.2023 7360. 1.668
6. 0.1703 7361. 1.668
7. 0.1695 7362. 1.668
8. 0.1802 7363. 1.668
9. 0.1865 7364. 1.668

04/06/10 1 12:53:15



AQTESOLV for Windows

Time (sec Displacement (m Time (sec Displacement (m
Timegsee) Cleplagement (m) et Plagement (m)

1.114
7328 1.672 1.467E+4 1.114
7329 1.672 1.467E+4 1.114
7330. 1.672 1.467E+4 1.114
7331. 1.672 1.467E+4 1.114
7332. 1.672 1.467E+4 1.114
7333. 1.671 1.467E+4 1.114
7334, 1.671 1.46BE+4 1.114
7335. 1.671 1.468E+4 1.114
7336. 1.671 1.468E+4 1.114
7337. 1.671 1.46BE+4 1.114
7338. 1.671 1.46BE+4 1.114
7339. 1.671 1.46BE+4 1.113
7340. 1.671 1.46BE+4 1.114
7341, 1.67 1.46BE+4 1.113
7342. 1.671 1.468E+4 1.113
7343, 1.67 1.46BE+4 1.114
7344, 1.67 1.469E+4 1.114
7345, 1.67 1.469E+4 1.113
7346. 1.67 1.469E+4 1.114
7347. 1.67 1.468E+4 1.113
7348, 1.67 1.469E+4 1.113
7349. 1.669 1.469E+4 1.113
7350. 1.669 1.469E+4 1.113
7351. 1.669 1.469E+4 1.113
7352, 1.669 1.468E+4 1.113
7353. 1.668 1.469E+4 1.113
7354, 1.669 1.47E+4 1.113
7355. 1.669 1.47E+4 1.113

SOLUTION
Pumping Test

Aquiter Model: Confined
Solution Method: Theis (Recovery)

VISUAL ESTIMATION RESULTS
Estimated Parameters

Parameter Estimate
T 7.7E-8 m2/sec
s/ 0.9386

K = T/b = 3.08E-8 m/sec (3.0BE-6 cm/sec)

04/06/10 111 12:53:16
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WELL TEST ANALYSIS
Data Set: \..\BC35 pumpé&recover test.aqt
Date: 04/06/10 Time: 13:23:46

PROJECT INFORMATION

Company: AMEC

Client: Peel

Project: SW1309037

Location: Bovaird Rd. W., Brampton ON
Test Well: BC35

Test Date: 27 January 2010

AQUIFER DATA

Saturated Thickness: 1.91 m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA
Pumping Wells _ Observation Wells
Well Name X(m) | Y(m)  WellName X (m) Y (m
BC35 0 0 BC35 0 0
SOLUTION
Aquifer Model: Confined Solution Method: Theis (Recovery)

T =1.313E-7 m@/sec S/S' = 0.9347




AQTESOLYV for Windows

Ba%a S&t‘} l::u;;‘}'*i"StT‘FS1"LF'r»::-je-:tF:‘.‘v‘nLEl:lEIIr’azl::lltlii‘uf«lL‘It.‘l'?.il"nEmrirn::nrmﬂ-.ntal Projects 2009\SW 1309037 Bovaird Drive EA\EA W
ate:

Time: 13:24:12 _

PROJECT INFORMATION

Company: AMEC

Clie n?? FYeel

Project: SW1309037

Location: Bovaird Rd. W., Brampton ON

Test Date: 27 January 2010

Test Well: BC35

AQUIFER DATA

Saturated Thickness: 1.91 m
Anisotropy Ratio (Kz/Kr): 1.

PUMPING WELL DATA
No. of pumping wells: 1
Pumping Well No. 1: BC35

X Location: 0. m
Y Location: 0. m

Casing Radius: 0.0255 m
Well Hadius: 0.075 m

Partially Penetrating Well
Depth fo Top of Screen: 0.3 m
Depth to Bottom of Screen: 1.9 m

No. of pumping periods: 2

Time (sec) Hat%j!‘.;linil_rr?)p EQ“PE“@Q‘D?T%B Esec} Rate &Umin}
0. ; ; ;
OBSERVATION WELL DATA
No. of observation wells: 1
Observation Well No. 1: BC35

X Location: 0. m
Y Location: 0. m

Radial distance from BC35: 0. m
Partially Penetrating Well

Depth fo Top of Screen: 0.3 m
Depth to Bottom of Screen: 1.9 m
No. of Observations: 4395

Observation Data

Time:? (sec) Displaceﬂrnent (m) ijﬁ sec) Displacement (m)
: g R 1T.19

4, 0.16 4432, 1.19

6. 0.15 4434, 1.19

8. 0.19 4436. 1.19

10. 0.2 4438, 1.19

12. 0.2 4440. 1.19

14. 0.2 4442, 1.19

16. 0.2 4444 1.19

18. 0.22 4446, 1.19

04/06/10 1 13:24:12
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Time Esec] Displacement (m) Time }sac} Displacement (m)

1T.19
4342, 1.19 8738, 1.11
4344, 1.19 8740. 1.1
4346, 1.18 8742, 1.11
4348, 1.19 8744, 1.1
4350, 1.19 B746. 1.11
4352. 1.19 8748. 1.11
4354. 1.19 8750. 1.11
4356, 1.19 8752. 1.11
4358. 1.19 8754. 1.11
4360. 1.19 8756. 1.1
4362, 1.19 8758. 1.11
4364. 1.19 8760. 1.11
4366. 1.18 8762, 1.11
4368, 1.19 8764. 1.11
4370. 1.19 8766. 1.11
4372, 1.18 8768. 1.11
4374, 1.19 8770, 1.1
4376. 1.19 B772. 1.11
4378. 1.19 8774. 1.11
4380. 1.19 87786. 1.11
4382, 1.19 B8778. 1.11
4384. 1.18 8780. 1.11
4386. 1.18 8782, 1.11
4388. 1.19 8784, 1.1
4390, 1.19 B786. 1.11
4392, 1.19 8788. 1.11
4394, 1.19 B8790. 1.11
4396. 1.19 8792. 1.11
4398. 1.19 8794. 1.11
4400, 1.18 8796. 1.11
4402, 1.19 8798, 1.11
4404, 1.19 8800. 1.11
4406. 1.18 8802. 1.11
4408. 1.19 8804 1.11
4410, 1.18 8806. 1.11
4412, 1.19 8808. 1.11
4414, 1.18 8810 1.11
4416. 1.19 8812 1.11
4418, 1.19 8814 1.11
4420, 1.19 8816 1.11
4422, 1.18 8818. 1.11
4424, 1.19 8820, 1.1
44286, 1.19 8822 1.11
4428, 1.18

SOLUTION

Pumping Test

Aquiter Model: Confined
Solution Method: Theis (Recovery)

VISUAL ESTIMATION RESULTS
Estimated Parameters

Parameter Estimate
T T.313E-7 m2isec
S/s' 0.9347

K = T/b = 6.877E-8 m/sec (6.877E-6 cm/sec)

04/06/10 34 13:24:12
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GRAINSIZE ANALYSES


















APPENDIX D

WATER BUDGET ANALYSIS






Appendix D

Project Number SW1308027

Location Hydrogeologic Investigation - Bovaird Drive Class Environmental Assessment
Owner Regional Municipality of Peel

Site Elevation 235 masl

Class Environmental Assessment

’ Water Balance - Bovaird Drive
i
|

120.0
‘ 100.0 |
'—e—Precipitation
| 80.0 —— Pre-Development Evapotranspiration
| E Pre-Development Infiltration
g 600 —— Pre-Development Runoff .
| = —e— Post-Development Evapotranspiration
5 40.0 —%— Post-Development Runoff
‘ —+— Post-Development Infiltration
20.0
0.0 : +
= =] - = = [ = o =1 k3] = 4]
s & 2 < § 3 5 2 § o 2 &
Month

Data Source: Environment Canada Canadian Climate Normals 1971-2000
Station: Toronto International Airport

April 2010






APPENDIX D
SW1309027: Regional Municipality of Peel - Bovaird Drive Class Environmental Assessment

Project Number SW1309027

Regional Municipa;ity of Peel - Hydrogeologic Investigation Bovaird Drive Class Environmental Assessment

Water Balance Calculation
Land Use Area (ha) Topegraphy/Soil Runoff Coefficient |
Total Area [ 579 T=0°C T<0°C
Undeveloped .

Cultivated/Pasture _ 372 Flav/Silt Clay Loam 0.15 0.08
Residential | 58 Flat'SiltClay Loam 035 0.5
Industrial/lCommercial/institutional | 30 Flat/Silt Clay Loam 0.60 0.50
Woodland | 74 Flat/Siit Clay Loam 0.35| 0.15
Roadway _ _ 30 Flat/Siit Clay Loam 0.85 0.70!
Wetland | 15 Water 005 005
Composite Runoff Coefficient - 0.25| 0.16|

. Developed .
Cultivated/Pasture | | 365 Flat/Partial Clay Loam 0.15 0.08
Residential | E 88 ! 0.35| 0.2
IndustrialiCommerclalfinstitutional ! . oL & . 06 0.5
Woodland ] | | 72| | | 0.35 0.15
Roadway ] ) | 39 i | 085 0.7
Wetland | . . 15 Flat/Grass,shrubs-Clay Loam 04 005
Composite Runoff Coefficient ] | 0.26 017
Reference Location |Toronto International Airport - Normals 1971 to 2000
Latitude 43°41'N
Longitude 79°38' W
Elevation 173 m

Potential Evapotranspiration (PET) = 16d(10T/)* Thomthwaite Method (Palmer and Havens, 1958)
where: ] |PET = Potential evapotranspiration in mm

T = Mean manthly air temperature in °C _

| = Annual thermal index = Sum of monthly indices i |

i =(T/5)"*"* Note: i=0 when average T (°C) <0

d = Correction factor for monthly sunshine duration

|a=0.49 + 0.0179 1 - 0.0000771 I + 0.000000675 I* |

URO = Pre-development runoff ' ' | | _
AET=Aclual evapotransp 1rat1nrr under anIavulu pment -:undmuns { |

Ul = Infiltration for p[a-_gmrelopment {U) conditions. VWhen mean air temp-eratura is < 0°C, mﬁitrahnn tUI*j is assumed to = 0. 5*[prempmuan - runnl‘f}
us = Watar s.urpius due to unaccountable losses; such as sublimation of snow ! : | [

UR = Pre-davelupmant {U) recharge = Ul x avalla.blu area _ _ _ !

DRO = Post-development runoff |

DAET=Actual evapolranspiration under post-development conditions

|DS=Water surplus due to unaccountable losses; such as sublimation of snow

LDI infiltration for post—devalupmurﬂ {U) conditions. When mean air temperature is < 0°C, infiltration (DI*) is assumed to = 0. 5*{prev;|p1mtlnn runoff)
-rl_:lR Post development recharge = Ul x available area

Month 'MeanT®C Precmm @ Rainmm Snow mm i . d PET mm  AET mm URQ mm
January -6.3 522 2439 311 0.000 0 _ 0.0 0.0 8.1
February -5.4 4286 223 221 0.000 0 0.0 0.0 6.6
March -0.4 57.1| 36.7 18.2 0.000, 0 0o 0.0 89
April 6.3 68.4/ 62.4 57 1.419 1.12 318 31.5 17.3

12.9 T72.5] 72.4 0.1 4.199 1.24 76.1 54.2 18.3
i.Julr'm 17.8 74.2 74.2 0.0 6.837 1.3 1133 55.51 18.7
t.Julg.r 20.8 74.4 4.4/ 0.0 8.656 1.28 1322 55.6 18.8
;August 19.9 79.6 79.6 0.0 8.035 1.18 116.1 59.5 201
| September 15.3 71.5 7.5 0.0 5.437 1.05 776 579 19.6
| October 8.9 64.1 63.4 0.5 2.304/ 0.92 s 3r7 162/
|Movember 3.2 69.3 62.0 7.6 0.509 0.79 10.6 10.6 17.5
|Decamber -2.9 60.9 34.7 292 0.000 0 0.0 0.0 _ 85
| Year 7.5 792.8 684.5 1165  37.547 595.0 362.5 179.7

URO m’
4711.1
3844.7

51533

10003.5
10803.1
10851.8
10881.0
11641.5
11334.4

93746
10135.1

5496.2
104030

Ul mm
44.1
36.0
48.2
196

0.0
0.0
0.0
0.0
0.0
10.2
412
514
250.7

Ul mm*
2210
18.0
241

UR m® DAErmm DRO mm

127564
104104
139538
113689

0.0
0.0
0.0

315

534

88
7.2
96

18.1
19.1
196
196
21.0
205
16.9
18.3
10.3
189.0

DROm’ Dimm DI*mm

50921 434 21.7]
41556, 354 177
55701 475 237

104584 188 18.8

110853 0.0 0.0

113452 0.0 0.0

113758 0.0 0.0

121708 0.0 0.0

118498 0.0 0.0
98009 9.5 95

105960 40.4 40.4
59408 50.8 253

.0 1094408 2457  157.2

54954
233796
146602

910163

April 2010
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