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1.0 Introduction

MTE Consultants Inc. (MTE) was retained by Pearle Hospitality to complete a hydrogeological

characterization in support of the development of a residential condominium. As the Site is

currently zoned residential/commercial, a zone change will be required to permit re-

development. The proposed development is located on vacant property currently used for

SDUNLQJ DW :DWHU 6WUHHW 1RUWK L QTige[sReHdddtiGNis! 2QWDULR W
illustrated on Figure 1.

JRU WKH UHDGHUTV EHQHILW WKH 2QWDULR OLQLVWU\ RI WKH (QY!
(MECP) was previously named the Ontario Ministry of the Environment (MOE) and the Ontario

Ministry of the Environment and Climate Change (MOECC). For ease of discussion in this

UHSRUW 230(&3°" LV XVHG WR UHSUHVHQW WKLYV SURYLQFLDO PLQLYV
MOECC.

MTE has previously completed a Phase One Environmental Site Assessment (ESA), and a

Phase Two ESA ate the Site. A Site Specific Assessment (RA) is currently being undertaken.

The work described herein builds on this knowledge to satisfy requirements for a Hydrogeology

6WXG\ WR VXSSRUW 5HJLRQ RI :DWHU O Rpplirva zérte &haRde folktheT XLUHP HQ
Site.

In order to meet the objectives of this hydrogeological investigation, the following scope of work
was implemented:

Field Investigation

A limited field program was conducted to fill in small gaps in knowledge present in the ESA and
RA work. This program consisted of in-situ hydraulic response testing on the following wells:

Shallow overburden: MW302-15 and MW401-16
Intermediate overburden: MW502-17
Deep overburden: MW301B-15
Reporting
A summary of regional geology and hydrogeology.
A summary and discussion of the historical groundwater quality.

A detailed description of Site hydrogeology including hydraulic conductivity, hydraulic
gradients, groundwater velocity, and groundwater flow directions.

A calculation the preliminary seasonal high water table to determine minimum separation
distances from footings and foundations to groundwater.

Overview and discussion on construction dewatering requirements.

Evaluation and discussion on potential impacts to the proposed development on the
groundwater aquifer system.

A summary of implications of the Grand River Source Protection Plan on the proposed
development.
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2.0 Site Description

The Site is approximately 0.63 hectares and is currently used for parking. The Site is bounded
by Water Street North to the east, with commercial properties beyond. Immediately north is The
Grand Condominiums (residential), immediately south is the Cambridge Mill (commercial), and
immediately west is a community trail with the Grand River beyond. Existing Site features are
shown on Figure 2.

The Site is generally flat. A flood control berm located to the west, along the Grand River and
the condominium building to the north, are higher in elevation than the Site. The adjacent lands
to the east and south are generally at similar elevations to the Site.

The parking area ground cover is a mix of asphalt and gravel. Surface drainage appears to be
directed overland to on-Site catch basins, which are connected to the municipal storm sewer
system.

3.0 Regional Geolog y and Hydrogeology

The Site is located within the physiographic region known as the Guelph Drumlin Field
(Chapman and Putnam, 2007). The sediments are comprised of the stony tills of the drumlins
and deep gravel terraces of the meltwater spillways (Figure 3). Both types of material usually
have a shallow deposit of loam which reduces the stoniness of the surface sediments
(Chapman and Putnam, 1984).

Ontario Geological Survey (OGS) mapping of the quaternary geology of the area (OGS, 2010)
is presented on Figure 4. The OGS mapping indicates that overburden materials have been
incised by the Grand River and that bedrock is expected to be present at surface. Further to the
east, the bedrock is expected to be overlain by glaciofluvial outwash sands and gravels of the
Late Wisconsin episode. Cross-sections created for the Region of Waterloo prior to the creation
of the Tier 3 Water Budget model indicate that the overburden materials mapped by the OGS as
existing only to the east of the Site may actually be present closer to the Grand River (Stantec,
2011).

The bedrock beneath the Site is the Eramosa member of the Guelph Formation which is
characterized as tan to brown, fine- to medium-crystalline, sucrosic dolostone (Armstrong and
Dodge, 2004).

Mapping available from the GRCA Grand River Information Network indicates that shallow
groundwater flow in the area is from the east and west towards the Grand River.

The municipal wellfields closest to the Site are Blair, Middleton, Elgin, and Willard located 1.7
km northwest, 1.9 km south-southwest, 2.2 km south east, and 3.6 km south-southeast,
respectively. All four wellfields draw water from the Guelph and Eramosa bedrock formations;
with the Blair, Middleton, and Willard wells extending deeper into the Gasport formation. Figure
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5 shows the locations of these municipal wells and their associated Wellhead Protection Areas
(WHPAS) as presented in the current MECP online mapping (MECP, 2020) base on an
outdated Source Protection Plan (SPP; LERSPC, 2015a).

The Site is shown as being located within the WHPA-C (2- to 5- year time of travel) with a score
of 8 for the Middleton wellfield. The site is also located within the WHPA-E (50-day time of travel
in surface water to a well) with a score of 8.1 for both the Middleton and Willard wellfields. The
Middleton wellfield is associated with TCE and chloride drinking water quality issues. This
means that the raw water quality at well been impacted by TCE and chloride. This not to be
interpreted as representing that the Site is a source of TCE or chloride contamination in the
Middleton wells as the SPP provides no information provided about the source of impact (i.e.
nature and cause of impact, extent of impact, location of the source of impact relative to the
Site, etc.).

The LERSPC has posted a draft updated Assessment Report for the Region (LERSPC, 2019a).
The revised mapping in the report indicates that the Site is in the WHPA-D (5- to 25- year time
of travel) with a score of 6 for the Middleton wellfield and a WHPA-E (50-day time of travel in
surface water to a well) with a score of 8.1 for the Willard wellfield). TCE and chloride issues
continue to be identified at Middleton, along with sodium which was added as an issue with this
update. This revised SPP has an effective date of October 1, 2020.

The MECP Water Well Record database does not indicate the presence of any private water
supply wells within 500 m of the Site.

4.0 Site Conditions

Based on the boreholes drilled at the Site as part of previous Site investigations (MTE, 2019),
the stratigraphy is interpreted to include the following geological units (from ground surface
down):

Fill

Fill was encountered below asphalt in each of the boreholes to a maximum depth of 6.7 metres
below ground surface (mbgs) (approximately 262 metres above mean sea level (mamsl)). The
upper portion of the fill typically consisted of granular base associated with the asphalt parking
lot. The lower portion of the fill typically consisted of sand and gravel. In the north, west and
central portions of the Site, the lower portion of the fill also included varying amounts of ash,
slag, cinders, brick and wood, which appear to be from historical placement of poor quality fill at
the Site.

Sand and Silt

These layers vary in thickness and extend to a maximum depth of 8.4 mbgs (approximately 260
mamsl).

Sand and Gravel

A layer of native sand and gravel was encountered throughout the Site at elevations ranging
from approximately 266 to 241 mamsl. These sands and gravels are likely representative of the
glaciofluvial outwash sands and gravels mapped by the OGS as being present to the east of the
Site (Section 3.1, Figure 4)
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Bedrock

Bedrock was encountered at a depth of 28.3 mbgs at MW301B-15, representing an elevation of
approximately 241 mamsl. This is consistent with the well record for monitoring well XCG-BH14,
installed along the eastern property boundary in 2005, where limestone bedrock was
encountered at an elevation of approximately 236 mamsl.

Locations of cross-sections depicting the Site-wide geology are presented on Figure 2. The
cross-sections themselves are presented on Figures 6 through 8. Borehole logs are provided in
Appendix A.

MTE conducted single well hydraulic response slug tests (SWRT) in the following wells on June
3, 2020 in order to estimate the hydraulic conductivity of the screened interval:

Shallow overburden: MW302-15 and MW401-16
Intermediate overburden: MW502-17
Deep overburden: MW301B-15

In addition, analysis from SWRTs conducted in MW301A-15 (shallow overburden) and
MW301B-15 was available for review.

SWRTSs typically involve the rapid introduction and/or removal of a slug of known displacement
to raise the water level in a well. The response of this rapid change is measured over time and
can be used to calculated hydraulic conductivity. One downside of this method it that water
levels are influenced by splashing caused by the introduction or removal of the slug. In a long
test of several minutes or more, this influence does not cause problems with the overall
interpretation. In a short test of under a minute, the entire testing period may be overly
influenced and subsequent calculations inaccurate. For this reason, at wells with a high
hydraulic conductivity, a pneumatic method was used where the required initial rise of water
level is generated instantaneously by adding pressure to a sealed well.

For both methods, groundwater level recovery was monitored using a pressure transducer (data
logger) programmed to collect water levels every second. The tests were carried out multiple
times to ensure the viability of assumptions underlying analysis methods.

Prior to analysis, recovery data from the monitoring wells was normalized by dividing the
observed head change by the expected head change (based on slug size or pressure applied).
Normalized data plots from repeat tests at the same well were compared to determine
coincidence between tests. Coincidence between tests suggests that assumptions underlying
conventional analysis methods are valid at that well (Butler et. al., 1996).

MTE analyzed one representative test from each of the monitoring wells to provide a hydraulic
conductivity estimate using the AquiferTest Pro 2015.1 software (Waterloo Hydrogeologic,
2015). Hydraulic conductivity estimates for the saturated sediments adjacent to each well
screen are as follows:
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Hydraulic

Well Name Well Category Sedn_nept Test Type Conductivity
Description (m/sec)

MW301A-15 Shallow 1.2m Fill 7

(tested in 2018) Overburden 0.8m Sand Slug 6.12x10
Shallow 2.8m Fill =

MW302-15 Overburden 1.9m Silt Slug 1.58x10

MW401-16 Shallow 3.7m Sand Pneumatic 3.00x10
Overburden

MW502-17 Intermediate 26m Sandand | ppoymatic 1.03x10
Overburden Gravel

MW301B-15 2.5m Sand and 3

(tested in 2018) Deep Overburden Gravel Slug 1.08x10

MW301B-15 2.5m Sand and : 3

(tested in 2020) Deep Overburden Gravel Pneumatic 1.10x10

The estimated hydraulic conductivity values in the sand and sand/gravel units are consistent
with averaged published values (Freeze and Cherry, 1979). AquiferTest data sheets are
provided in Appendix B.

Twenty-one (21) monitoring wells installed by MTE and five (5) existing monitoring wells were
have been monitored by MTE since March 2017. The wells are screened at various depths, as
follows:

Twenty (20) wells screened in shallow overburden materials at or near the water table.
Four (4) wells screened at an intermediate depth within overburden materials.

One (1) well screened in the contact zone at the bedrock interface.

One (1) well screened within bedrock.

Groundwater and ground surface elevations for all wells are presented in Table 1. Three wells
(ETC-OW6-15, MW301A-15, and MW405-16) were instrumented with electronic data loggers in
2015 to collect continuous water level data. All three loggers were full by the end of 2017. The
data loggers were downloaded on April 16, 2020 and reset. The hydrographs of this data are
presented in Appendix C.

Figure 9 illustrates groundwater elevation contours based on the measured groundwater levels
in the shallow overburden on February 26, 2018. This date was selected as it represents the
highest average water levels measured at most monitoring wells to date. As shown on Figure 9,
the shallow groundwater flow across the Site is in a south to southwesterly direction from the
high in the north-east corner.

The horizontal hydraulic gradient is a measurement of the slope of the water table surface which
is the change in hydraulic head divided by the lateral distance between two or more monitoring
points along a flow path. The horizontal hydraulic gradient was calculated between MW507-17
and MW405-16; and MW407-16 and 301A-15. In each case, the latter is directly downgradient
from the former. The average of these two values is 0.0023 m/m.
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The average linear groundwater velocity was estimated by calculatingusiQJ 'DUF\fV /DZ DV
follows:

q = (-Ki)/n

Where:

g = average linear groundwater velocity (m/s)

K = effective hydraulic conductivity (1.43x10-5 m/s; geometric mean of calculated values for
shallow overburden)

i = horizontal hydraulic gradient (0.0023 m/m)

ne= effective soil porosity (0.35 typical for sands and silts, Freeze and Cherry, 1979)

The average linear groundwater velocity (q) within the shallow groundwater at the Site is
estimated to be 2.9cm/year.

An extensive groundwater sampling program was completed by MTE as part of the Phase Two
ESA. The contaminants of concern identified in the ESA include sodium, chloride, various
polyaromatic hydrocarbon (PAHS), 1,1-biphenyl, petroleum hydrocarbons (PHCs), benzene,
ethylbenzene, toluene, xylene (BTEX), and volatile organic compounds (VOCs; including TCE,
cis-1,2-dichloroethylene, vinyl chloride, 1,1-dichloroethylene, 1,1-dichloroethane, and styrene. A
summary of the analytical results is presented in Appendix D; further details are provided in the
Phase Two ESA report (MTE, 2019).

5.0 Impacts of Development

As described in Section 3.3, Online Source Protection mapping (MECP, 2020) indicates that the
Site is located within the WHPA-C with a score of 8 for the Middleton wellfield and the WHPA-E
with a score of 8.1 for both the Middleton and Willard wellfields. The Middleton wellfield is
associated with TCE and chloride drinking water quality issues.

Approved revisions to the Assessment Report (LERSPC, 2091a) and Source Protection Plan
(LERSPC, 2019a) will take effect October 1, 2020. The revised mapping in the Assessment
Report indicates that the Site will be in the WHPA-D with a score of 6 for the Middleton wellfield
and a WHPA-E with a score of 8.1 for the Willard wellfield. TCE and chloride issues continue to
be identified at Middleton, along with sodium which was added as an issue with this update.

Regardless of which mapping applies, prior to submission to the City of Cambridge for planning

approval, a Risk Management Plan for the application of road salt will need to be negotiated

ZLWK WKH 5HJLRQ RI :DWHUORRTTV 5LVN ODQDJHPHQW 2IILFLDO 7K
incorporated into the site design which will reduce the formation of ice (and thus the need for

salt application). Examples include the direction of roof water away from impervious surfaces

requiring deicing, lot grading and storm water design to minimize the flow path of parking lot

runoff, and providing for a designhated space to store plowed snow on the low side of any paved

surfaces near a catch basin.
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Based on preliminary building design drawings, MTE has completed an analytical estimate of
expected dewatering volumes. Details of the calculations are attached as Appendix E.

Assuming a time period of one week of pumping prior to the commencement of work, a pumping
rate of approximately 1,040,000 liters per day (L/d) would be required to dewater the work area.
To keep the excavation dry on a continuous basis for six months, a pumping rate of
approximately 265,000 L/d is expected. These pumping rates, while including a

conservative factor of safety, may be underestimate of the true rates as the effects of the
nearby Grand River acting as a constant source of water have not been included.

The analytical model used to assess this dewatering rate does not account for elevated
water table conditions from seasonal variation, direct precipitation inputs, groundwater
storage, and infiltration/soil seepage and should be considered an estimate only.

The assumptions used in the calculation are presented in the table below.

Input Parameter Value Rationale /Source
Design Package provided by Pearle Hospitality dated February
4.288.2 m2 21, 2020 and associated e-mail communication June 10, 2020.

Area of Excavation Note that this represents creating one large excavation for all of
the construction elements. Breaking the construction down into

stages could reduce the dewatering estimates significantly.

(46,158 ft?)

Duration of 6 months E-mail communication with Pearle Hospitality dated September
Construction 29, 2020.
Elevation of Water 265.73 mamsl Highest water table elevation recorded by MTE in on-Site
Table ' monitoring wells. Recorded at MW503 on May 24, 2018.
Elevation of Base of E-mail communication with Pearle Hospitality dated September

) 261.9 mamsl|
Excavation 29, 2020.

As the aquifer extends for a significant depth below the

Elevation of Base of 259 9 mams| excavation, the base of the aquifer was set to the excavation

Aquifer

depth minus 2 m. The saturated thickness is the distance from the
water table to the base of the aquifer.

Hydraulic
Conductivity

1.43 x 105 m/sec

Based on the cross-sections provided in Appendix B, dewatering
is expected to occur in the fill, sand, and silt layers. A geometric
mean of hydraulic conductivities estimated from single well
response testing in these shallow sediments was used.

The storage coefficient of an unconfined aquifer typically ranges

Storage Coefficient 0.25 from 0.02 to 0.26. As dewatering will occur in a sand unit, a
number at the high end of this scale was selected (Fetter, 1994).
A standard factor of safety used in dewatering calculations to
account for variability of sediments, rain events, and other factors
Factor of Safety 15

WKDW FDXVH WKH 3UHDO ZRUOG ™ VLWXDYV
situation described by the dewatering equations.
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Permit to Take Water

Under the Ontario Water Resources Act, a Permit to Take Water (PTTW) is required from the
Ministry of the Environment and Climate Change (MOECC) for water takings greater than
50,000 L/d. For water takings with a pumping rate below 400,000 L/d, a simplified process to
register the project on the Environmental Activity and Sector Registry (EASR) is used in place of
a full PTTW application.

Given the pumping rates estimated above, a full Category 3 PTTW will be required if initial
dewatering of the excavation (i.e. the initial pumping that creates the dry work space) is
completed in a period of one week. An initial dewatering period of approximately two months
would be required to lower the pumping rate to the point where an EASR would be accepted.

As the long term dewatering rate (i.e. the pumping rate required to keep the work space dry
during construction) falls within EASR requirements, the length of the initial dewatering period
will determine which level of approval is needed.

Discharge Options

Three options are available for disposal or discharge of groundwater removed during
construction:

Off-Site Disposal

Groundwater pumped from the excavation may be taken to an off-Site MOECC
approved waste facility using a licensed waste hauler (i.e. vacuum truck) according to
HWIN manifesting. This activity would be at a per cubic metre cost.

Discharge to Sanitary Sewer under RMOW Compliance Agreement

Through a sewer-use agreement with the RMOW, groundwater may be discharged into
the municipal sanitary sewer system at a cost per cubic metre, but must undergo
pretreatment to meet RMOW Sanitary Sewer criteria prior to discharge. Treated effluent
water will require ongoing testing to ensure the discharge water quality meets the sewer
use by-law compliance agreement. An assessment of sewer capacity will also will also
be required.

Discharge to Storm Sewer or Surface Water Source under MOECC Environmental
Compliance Approval (ECA)

Groundwater may be discharged into the municipal storm sewer under an MOECC
Sewage Works ECA, but must be pretreated to meet Provincial Water Quality Objectives
(PWQOs) and RMOW Storm Sewer criteria prior to discharge. In addition, a capacity
assessment of the storm sewer or other receiver (such as a surface water body) must be
completed prior to discharge to ensure the discharge flow rate does not impact the
capacity of the sewer.

Groundwater quality sampling results (MTE, 2019) indicate that groundwater pre-
treatment options would require the removal of metals, PHCs, VOCs (including BTEX
compounds), and PAHSs.

In order to discharge to the storm sewer, the mobile wastewater treatment system
should be able to accommodate the estimated maximum daily flow volumes calculated
above.
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Limitations and Recommendations

The dewatering volumes presented above were calculated using an analytical model which
does not take effects of the nearby Grand River acting as a constant source of water into
account. A constant rate pumping test of a sufficient duration and rate such that the influence of
the test extends to the river, could be conducted on Site to refine the dewatering volume
estimates. It should be noted that the dewatering estimated is intended for temporary
construction dewatering while the proposed building is under construction. Waterproofing or
ongoing groundwater management for the building under post construction conditions will be
managed/designed by others.

As the soil and groundwater beneath the Site is impacted by PAHs, PHCs, BTEX, and VOCs
above applicable regulatory Standards, no on-Site infiltration of stormwater will be permitted.

6.0 Conclusions and Recommendations

Based on the above hydrogeological investigation, MTE offers the following findings:
Geology

Stratigraphic conditions beneath the Site consist of fill underlain by a sand and silt unit
and a sand and gravel unit above limestone bedrock.

Hydrogeology

The groundwater table is encountered at depths ranging between approximately 2.2 to
4.7 m bgs and elevations between 263.6 mamsl to 265.7 mamsl.

The groundwater flow direction is inferred to be south to southwesterly.

The horizontal hydraulic gradient of the shallow groundwater table beneath the Site is
estimated to be 0.0023 m/m;

Estimated average hydraulic conductivity values for the shallow, intermediate, and deep
overburden beneath the Site were 1.4x10-5 m/sec, 1.0x10-4 m/sec, and 1.1x10-3 m/sec,
respectively.

The groundwater velocity of the shallow groundwater beneath the Site was estimated to
be 2.9 cm/year.

Groundwater Quality

Contaminants of concern identified in the Phase Two ESA include sodium, chloride,
various PAHs, 1,1-biphenyl, PHCs, BTEX, and VOCs including TCE, cis-1,2-
dichloroethylene, vinyl chloride, 1,1-dichloroethylene, 1,1-dichloroethane, and styrene.
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Impacts of Development

Online mapping shows the Site as being located within the WHPA-C with a score of 8 for
the Middleton wellfield and the WHPA-E with a score of 8.1 for both the Middleton and
Willard wellfields. In updates which took effect October 1, 2020, the Site is located in the
WHPA-D with a score of 6 for the Middleton wellfield and a WHPA-E with a score of 8.1
for the Willard wellfield. A Risk Management Plan for the application of de-icing salt will
be required prior to development application submission to the City of Cambridge.

Based on an initial building design, dewatering will be required to keep excavations safe
and stable during construction. This dewatering will likely require that at Category 3
PTTW be obtained from the MECP.

As the groundwater beneath the Site is impacted by PAHs, PHCs, BTEX, and VOCs, no
on-Site infiltration of stormwater will be permitted.

Recommendations

Dewatering volumes were estimated using an analytical model which does not take
effects of the nearby Grand River acting as a constant source of water into account. A
constant rate pumping test of a sufficient duration and rate such that the influence of the
test extends to the river, should be conducted on-Site to refine the dewatering volume
estimates. This should be conducted once the design and construction duration have
been finalized.

Monitoring wells located at the Site should be maintained in accordance with Ontario
Regulation 903 (as amended), and upon decommissioning, should be decommissioned
in accordance with Ontario Regulation 903 (as amended).

Continued quarterly monitoring of the existing monitoring well network to document
water levels on an ongoing basis and to monitor seasonal fluctuations.
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