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1.0 Introduction & Background Information

MTE Consultants Inc. (MTE) was retained by Columbia International College (CIC) to complete
a Hydrogeological Investigation in support of a proposed redevelopment of an existing
“Motherhouse” structure into a private secondary school. The proposed redevelopment included
converting existing structures located within the south portion of the property, along with the
construction of a new gymnasium facility and additional aboveground parking. The property is
located at 574 Northcliffe Avenue in Dundas, Ontario (hereby referred to as the “Site” or
“Subject Parcel”). The Site location is illustrated on Figure 1. The Hydrogeological Investigation
is required as part of a complete application to the Niagara Escarpment Commission for a
Niagara Escarpment Plan Amendment and to the City of Hamilton for an Official Plan
Amendment and a Zoning By-law Amendment, and is intended to support the proposed use
whether the proposed use can be accommodated on the subject lands.  Since the development
is on private sewage services with a design flow rate of greater than 10,000 LPD, the Ministry of
the Environment, Conservation and Parks (MECP) will be the governing authority.

While completing the Hydrogeological Investigation, new information became available to MTE
regarding the project which required a revision to the Scope of Work. Specifically, MTE became
aware that the Precious Blood Monastery, located north of the proposed redevelopment outlined
above, is located within the legal property boundary of the Site. In addition, the Precious Blood
Monastery utilizes an additional wastewater system that was not considered in the original
Scope of Work.

Based on the above, MTE completed a Hydrogeological Investigation Report, dated September
13, 2019, for IBI Group with the information available and collected at that time for the facility
located in the south portion of the Site; with the understanding that additional information was to
be collected under the revised Scope of Work which would be included in a Supplemental
Hydrogeological Investigation Report. Therefore, the objective of this Supplemental
Hydrogeological Investigation Report is to incorporate the north portion of the Site into the
hydrogeological assessment of the property and to update the Impact Assessment,
Recommendations, and Conclusions made within the Hydrogeological Investigation Report with
the information collected from the north portion of the property.

It is noted that since completion of the previous Hydrogeological Investigation Report, Columbia
International College has acquired the property and is the “Client” for the Supplemental
Hydrogeological Investigation Report.

This report should be read in conjunction with the Geotechnical Investigation report and Tertiary
Treatment System Design Report, completed by MTE and dated June 2, 2021.

In addition, a pre-consultation meeting was held with the MECP on July 4, 2019, in which the
MECP Senior Environmental Officer, reviewing hydrogeologist, reviewing surface water
specialist, and the district supervisor were in present. The MECP provided recommendations for
the Hydrogeological Investigation for the Site, outlined throughout this report.
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1.1 Scope and Methodology

In order to meet the objectives of the Hydrogeological Investigation, the following scope of work
was implemented, as outlined in MTE’s proposal dated March 28, 2019:

1) Site Identification:

a. Legal description.

b. Current land use summary.

c. Site Features and neighbouring land uses.

d. MECP well records review.

e. Published map review:

i. Ontario Base Maps;

ii. Quaternary geology maps; and

iii. Bedrock geology maps.

f. Review of any existing geology and/or hydrogeological reports.

2) Field Investigation:

a. Review off-Site wells within 500m of the Site to identify:

i. Neighbouring wells;

ii. Well Depths; and

iii. Well Construction details.

b. Advancement of boreholes on-Site to determine subsurface soil conditions.

c. Installation of groundwater monitoring wells to supplement the existing monitoring
well network.

d. Sampling and laboratory analysis of groundwater samples collected from the newly
constructed monitoring wells to establish existing groundwater quality.

e. In-situ single well hydraulic response testing of selected on-Site groundwater
monitoring wells to determine the hydraulic conductivity of the geologic media in
which the monitoring wells are constructed.

3) Analysis and Reporting:

a. Geological and hydrogeological summary.

b. Wastewater system impact assessment on shallow groundwater at the Site and
surface water features down-gradient of the Site.

c. Assessment of potential hydrogeological impacts from the proposed development.

d. Preparation of geological cross-sections through the Site.

e. Determination of Site hydrogeological properties:

i. Horizontal hydraulic gradient;

ii. Average linear groundwater velocity; and

iii. Shallow groundwater flow patterns.
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Upon finding the new information relating to the Subject Parcel, the scope of work was updated
to include the following, as outlined in MTE’s revised proposal dated August 15, 2019:

1) Site Identification & Background Information:

a. Review available reports and other pertinent documentation (e.g. aerial photography,
drainage studies, proposed site plans), if made available; and

b. Pre-consultation meeting with Halton Region Conservation Authority (HRCA) and
City of Hamilton regarding the modified scope of work.

2) Field Investigation:

a. Installation of three groundwater monitoring wells north of the Precious Blood
Monastery to further characterize subsurface geology and hydrogeology of the
Subject Parcel;

b. Installation of two groundwater monitoring wells located in the south portion of the
Subject Parcel to address issues and concerns with water quality identified by the
MECP during the July 4, 2019, pre-consultation meeting; and

c. Sampling and laboratory analysis of groundwater samples collected from the newly
constructed monitoring wells.

3) Analysis and Reporting:

a. Incorporation of the results and findings of the supplemental investigation into the on-
going “Motherhouse” Hydrogeological Investigation and Assessment; and

b. Preparation of this Hydrogeological Assessment Report encompassing the entire
Subject Parcel to be reviewed and signed by a Professional Geoscientist licensed to
practice in Ontario.

MTE carried out a pre-consultation meeting with the MECP July 4, 2019, to assist in
establishing a scope of work for the original Hydrogeological Investigation. During this pre-
consultation meeting, MECP staff recommended:

1) Wastewater discharged into the shallow groundwater through subsurface disposal beds
should be assessed under the assumption that it will travel in the southern direction
towards the down-gradient Long Pond surface water feature (established as the
“receptor”) owned and operated by the Royal Botanical Gardens (RBG);

2) For impact assessment purposes, groundwater quality originating from the Site may be
assessed at the up-gradient edge of the Long Pond (i.e. beyond the property limits of the
Site);

3) Use of historical analytical data collected from the Site to predict and model effluent
attenuation across the Site via a prorated “distance from the disposal bed” basis with a
focus on Nitrogen and Phosphorus; and

4) Modelled groundwater quality entering the Long Pond, and originating from the proposed
redevelopment, should be compared against aspects of the surface water quality
standards outlined in the Ontario Provincial Water Quality Objectives (OPWQO) and the
Canadian Council of Ministers of the Environment’s (CCME) Canadian Water Quality
Guidelines (CWQG).

The scope of work was therefore expanded in order to accommodate the comments received by
the MECP following pre-consultation and MECP comments received from a submission made to
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the Niagara Escarpment Commission (NEC) on April 29, 2020 (NEC) and September 2, 2020
MECP.

For the purpose of the Hydrogeological Investigation, the study area is defined as the Site plus
the areas within 500 m of the Site property boundary. The Study Area, including the Site
boundary, RBG Long Pond, and off-Site private water supply well locations are illustrated on
Figure 2. The Site boundary and existing features are shown on Figure 3.

2.0 Documentation Review

As part of this hydrogeological Investigation, the following available reports for the Site have
been reviewed:

¶ Sisters of Saint Joseph Convent, Pre-submission Hydrogeological Report for Sewage
Disposal System, 574 Northcliffe Avenue, Hamilton, Ontario, MTE Consultants Inc.
(formerly Frontline Environmental Management), May 2002; and

¶ Sisters of Saint Joseph Convent Sewage Disposal System, Annual Performance
Reports, 574 Northcliffe Avenue, Hamilton, Ontario, MTE Consultants, Submitted to
MECP between the years of 2012-2018.

A brief summary of relevant information identified in these reports is provided below:

Sisters of Saint Joseph Convent, Pre-submission Hydrogeological Report for Sewage
Disposal System, 574 Northcliffe Avenue, Hamilton, Ontario, MTE Consultants Inc.
(Formerly Frontline Environmental Management), May 2002:

¶ A total of 12 test pits (TP101 through to TP112) were excavated by Naylor Engineering
on the Site to depths ranging from 1.8 metres below ground surface (mbgs) to 2.1 mbgs.

¶ One borehole, drilled by Strata Drilling of Waterloo, was advanced to a depth of 10.8
mbgs.

¶ Subsurface conditions observed indicate the presence of a surficial layer of topsoil
overlaying 1.2 m to 5.5 m thick silt and clay till layer. These layers were observed to be
underlain by red weathered shale encountered at depths ranging from 1.8 mbgs to 5.5
mbgs.

¶ No groundwater was observed within the test pits excavated or borehole, with the
exception of TP108 and TP112. Naylor reported minor seepage in TP108 and TP112
which appeared to be from thin saturated seams within the till materials.

¶ Review of down-gradient water well records did not identify groundwater users between
the Site and the Long Pond. Based on this information and discussion with the MECP,
bed and treatment design criteria was set to satisfy Ontario Drinking Water Quality
Standards (ODWQS) for groundwater.

¶ Recommendations to construct a disposal bed in the north portion of the Site were
made, with a reserve area being proposed east of the “Motherhouse” building.

¶ At the time of this historical submission, it was understood that the northern property limit
was south of the lands that the Precious Blood Monastery are currently located on.

Following the approval process, the proposed subsurface sewage disposal system was issued a
Certificate of Approval (C of A) #2829-5M9F4V for a private sewage works dated May 29, 2003.
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Conditions in the C of A included the requirements to collect surface water, groundwater and
effluent samples on a quarterly basis, and to provide an annual performance report detailing the
results to the MOE.

Sisters of Saint Joseph Convent Sewage Disposal System, Annual Performance Reports,
574 Northcliffe Avenue, Hamilton, Ontario, MTE Consultants, Submitted to MECP
between the years of 2012-2018.

Subsurface disposal system performance reports were prepared for the MECP on an annual
basis to document the results and present an interpretation of the quarterly sampling events of
groundwater, surface water, sewage influent and treated effluent generated on the Site. Work
completed between 2012 and 2018 include:

¶ The advancement and installation of three monitoring wells (MW1, MW2, and MW3) in
2003 at depths ranging from 11.3 mbgs to 11.8 mbgs to allow for down-gradient
monitoring of the constructed bed in the north portion of the Site (hereby referred to as
“North Bed”).

¶ Construction of a replacement bed within the reserved bed area (South Bed) in 2007
following operational issues observed in the west portion of the North Bed.

¶ Advancement and installation of one monitoring well (MW4) in 2007 to a depth of 17.4
mbgs to allow for down-gradient monitoring of the South Bed.

¶ A request to discontinue the sampling of the “Ravine” location was approved by the
MECP in 2010 since the slope steepness and slippery clay soils resulted in unsafe
access conditions during sampling.

¶ Advancement and installation of five additional monitoring wells (MW5 through to MW9)
in 2013 at depths ranging from 14.8 mbgs to 17.7 mbgs to supplement groundwater
monitoring on the Site.

¶ Subsurface conditions observed indicate the presence of a surficial layer of topsoil
overlaying a 1.8 m to 6.7 m thick layer of silt and clay till. These layers were observed to
be underlain by red and grey weathered shale extending to the maximum explored depth
(17.7 mbgs).

¶ Historical groundwater levels were measured to range between 1.3 mbgs (MW8) and
17.6 mbgs (MW9) between 2003 and 2018 and groundwater flow was interpreted to be
southeasterly towards the RBG’s Long Pond and ultimately Lake Ontario.

Historical borehole logs and monitoring well installation details are provided in Appendix A.
Borehole and monitoring well locations are illustrated on Figure 3.

The original C of A was replaced by the Amended Environmental Compliance Approval (ECA)
#0852-A9CJV2 issued September 22, 2016.  As part of the amendment conditions, several
upgrades to the existing treatment system were required, including the addition of three
Waterloo Biofilter Treatment Units and an Ultraviolet Disinfection Effluent System. These
upgrades were installed on the existing sewage treatment system between May and July 2017,
to assist with achieving required levels of compounds in effluent, which the system had been
previously unable to meet on a consistent basis. This included the apparent incomplete
nitrification of Ammonia, as Ammonia and Total Kjeldahl Nitrogen (TKN) which were being
detected in treated effluent above the original C of A criteria.

Groundwater levels and historical analytical results of sampling across the Interim Site for the
period between 2003 and 2018 have been summarized and are discussed in further detail later
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throughout this report. Copies of annual performance reports are maintained on record and are
available for review upon request.

3.0 Site Description

As shown on Figure 3, the Subject Parcel is approximately 19.1 hectares and consists of the
Sisters of the Precious Blood Monastery, the Sisters of St. Joseph Motherhouse, a circular
driveway, parking areas, and adjacent green spaces containing subsurface wastewater disposal
systems. Existing structures are serviced by municipal water and private on-site wastewater
treatment and disposal systems.

3.1 Adjacent Land Use

The Subject Parcel is bounded by the major intersection of Highways 6 and 403 to the east and
south, respectively. Cootes Paradise Wetland Complex is located approximately 130 m south of
the Site, across Highway 403, containing Long Pond, a naturalized area of the RBG. The
property to the west is agricultural and Northcliffe Avenue is present to the north with residential
properties present beyond. Two steep ravine features and wooded areas are present along the
west and east boundaries of the Site.

3.2 Topography and Drainage

The Site topography generally ranges from 128.8 meters above mean sea level (mamsl) to
114.9 mamsl and slopes southeasterly towards Highway 403. It is noted that the Site is located
on the edge of an escarpment and is therefore elevated above surrounding features. Surface
water generally follows topography towards the southeast direction with some water being
infiltrated within the green spaces located in the eastern portion of the Site.

As shown on Figure 3, a surface water feature (unnamed stream) is located within the west
ravine, in the west portion of the Site. In addition, two small wetland features are located east of
the Site. Drainage from the Site is interpreted to ultimately discharge to the Cootes Paradise
Provincially Significant Wetland Complex south of the Site, across Highway 403, with contains
the RBG’s Long Pond surface water feature.

3.3 Regulatory Mapping

A Review of the MECP Source Protection Information Atlas (SPIA), Ministry of Natural
Resources and Forestry (MNRF) natural heritage area mapping, and Halton Region
Conservation Authority (HRCA) mapping identified the presence of five environmental features
within the Study Area. These features are comprised of:

¶ The RBG’s Long Pond surface water feature located approximately 200 m south of Site;

¶ The provincially significant Cootes Paradise Wetland Complex surrounding Long Pond,
approximately 130 m south of the Site;

¶ An unnamed stream within the west ravine, reportedly a tributary of the Grindstone
Creek watershed, which drains southerly into Long Pond;
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¶ An unnamed stream located approximately 460 m east of the Site and an unnamed
stream located approximately 440 west of the Site, reportedly tributaries of the
Grindstone Creek watershed, which partially intersect the Study Area;

¶ Two small unnamed unevaluated wetland features located within the east ravine; and

¶ Two unnamed unevaluated wetland features approximately 275 m and 365m northwest
of the Site boundary.

Portions of the Site to the east and west were identified to be within the regulation limits outlined
by the HRCA. These regulation limits are related to setback distances associated with the
ravines, the adjacent unnamed stream, and the unnamed unevaluated wetlands. The MECP
SPIA mapping indicates that the Site is not within any source water protection areas (e.g. well
head protection area, intake protection area, issue contributing area, etc.).

4.0 Regional Geology and Hydrogeology

4.1 Physiography

The Site is located within the physiographic regions known as the Niagara Escarpment and the
Iroquois Plain (Chapman and Putnam, 1984). This Niagara Escarpment region generally
consists of grey carbonated rock cliffs, over red shale. The Iroquois Plain region is associated
with the historical shoreline of Lake Iroquois and consists of fine grained stratified buff sand and
reddish silt layers. Figure 4 illustrates the Site as being located within the Niagara Escarpment
and the Iroquois Plain; however, it is inferred that the entire Site falls within the Niagara
Escarpment region based on the Site’s elevated topography in comparison to surrounding
features.

4.2 Quaternary Geology

Ontario Geological Survey (OGS) published map sheet (Map No. 2605) (Figure 5) regarding
Quaternary Geology of the Hamilton Area (Karrow, 1983) describes the surficial geology of the
Site to be comprised of a clay to silt textured till unit derived from glaciolacustrine deposits and
shale, commonly referred to as the “Halton Till”. The east, south, and western portions of the
Site are shown to be comprised of an exposed bedrock unit, consistent with the Niagara
Escarpment. Areas to the east, south, and west of the site are described as consisting of alluvial
fan deposits of sand and gravel, commonly referred to as the “Dundas Alluvial Fan”.

4.3 Bedrock Geology

Map sheets in publication regarding the Paleozoic geology describe bedrock beneath the Site
as shale, limestone, dolostone, and siltstone of the Queenston Formation. The Queenston
Formation is characterized as being dominated by red and grey shale with thin siltstone,
limestone, and sandstone interlayers.

Bedrock at the Site was encountered at depths ranging from 1.8 mbgs (116.9 mamsl) in the
northeastern portion of the Site to 6.7 mbgs (113.2 mamsl) in the central portion of the Site.



MTE Consultants | 45800-200 | Revised Hydrogeological Investigation  | June 25, 2021 8

4.4 MECP Water Well Record Search

Hydrogeological data related to private water supply wells in the Study Area were obtained from
water well records on file with the MECP. Based on data in the MECP well database, a total of
38 wells were located within 500 m of the Site boundary. Of the 43 wells identified in the Study
Area, 23 are being used for domestic and/or irrigation water supply and 13 are monitoring wells
or test holes. Six of the remaining wells are reported as being abandoned and one did not have
any information available. Table 1 summarizes private well information from the MECP well
data sheets. Individual well records are available on-line in the MECP well records database.

It is noted that there are no private water supply wells located on the Site or between the Site
and the down-gradient Long Pond. The Site utilizes a municipal sourced water supply. Of the
23 private supply wells identified within the Study Area:

¶ 22 are located directly north or northeast of the Site and are interpreted to be
hydraulically up gradient; and

¶ One well (#2805051) is a historical supply well located approximately 460 metres
southeast of the Interim Site which was drilled for a Shell gasoline station that no longer
exists.

Based on the above, there are no identified down-gradient groundwater users. This was
outlined and confirmed by the MECP during the initial approval process in 2003 and reconfirmed
during the pre-consultation meeting completed in July, 2019.

4.5 Significant Environmental Features

The Cootes Paradise Provincially Significant Wetland is located approximately 130 m south of
the Site. The Halton Region Source Water Protection Area (HRSWPA) Assessment Report
(HRSWPA, 2015) describes Cootes Paradise as an 840 hectare wildlife sanctuary containing a
250 hectare freshwater coastal marsh. Cootes Paradise is managed by the Royal Botanical
Gardens (RBG) as it is the largest nursery habitat for fish in the area and is classified as a
Provincially Significant Class 1 Wetland and Area of Natural and Scientific Interest (ANSI). The
City of Hamilton also classifies Cootes Paradise as an Environmentally Sensitive Area.

Cootes Paradise is located within the North Cootes Paradise Watershed as shown on Figure
2.1 in the HRSWPA Assessment Report. As stated in the HRSWPA Assessment Report (2015),
all tributaries within the watershed discharge directly to Cootes Paradise following several
modifications to the flow regime in the area resulting from the construction of the Desjardins
Canal, railway construction across the Cootes Barrier Bar, and provincial highway system.

In addition to the above, the Site is located adjacent to two faces of the Niagara Escarpment.
The HRSWPA Assessment Report (2015) states that the face and slopes of the Niagara
Escarpment are of the most important groundwater discharge areas in the region. This is due to
the discharge of groundwater at the face of the escarpment from the low permeability sediments
and bedrock (HRSWPA, 2015).
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5.0 Field Program

5.1 Borehole Construction and Monitoring Well Installation

MTE carried out a hydrogeological investigation of the south portion of the Site alongside a
geotechnical investigation for the proposed gymnasium addition to the existing Motherhouse
structure. As part of this investigation, a total of eight boreholes (BH101-19 through to BH108-
19) were advanced within the south portion of the Site between June 5 and 6, 2019, under MTE
coordination, by London Soil Test Ltd. Inc. (LST) of London, Ontario. Boreholes were advanced
to depths ranging between 3.2 mbgs (118.4 mamsl) to 12.2 mbgs (109.8 mamsl). The purpose
of this work was to determine the geological and geotechnical profile within the south portion of
the Site and to facilitate the installation of monitoring wells within select locations in the south
portion of the Site.

Following borehole drilling, 50 mm diameter PVC groundwater monitoring wells (MWs) were
constructed within BH101-19 (hereby referred to as “MW101-19”) and BH102-19 (hereby
referred to as “MW102-19”) at depths of 12.2 mbgs (112.8 mamsl) and 12.2 mbgs (108.82
mamsl), respectively with 3.05 m long No. 10 slot well screens. A sand pack was placed across
each screened interval and the monitoring well was sealed to surface using bentonite grout. A
surficial protective steel casing was installed around the monitoring wells and cemented into the
ground. All monitoring wells were installed in accordance with Ontario Regulation 903 (as
amended).

Geological conditions observed during borehole advancement generally consisted of a 0.3 m
thick surficial layer of topsoil underlain by 0.9 m to 2.6 m thick sandy silt to silt and clay till unit.
Red shale of the Queenston Formation was encountered beneath the till at depths ranging from
2.3 mbgs (114.9 mamsl) to 3.5 mbgs (122.6 mamsl). These observations are noted to be
generally consistent with geological conditions reported during previous subsurface
investigations of the Site. Additional information regarding the geotechnical profile of the
advanced boreholes is provided in the Geotechnical Investigation report prepared by MTE,
dated July 29, 2019.

Additional drilling activities were conducted at the Site as part of the updated Scope of Work to
incorporate the north portion of the Site into the Hydrogeological Investigation. As part of this
program, five additional monitoring wells (MW201S-19, MW201D-19, MW202-19, MW203-19,
and MW204-19) were installed at the Site by Altech Drilling and Investigative Services Inc.
(Altech) of Cambridge, Ontario, between September 24 to 26, 2019. Boreholes were advanced
to depths ranging between 10.7 mbgs (108.2 mamsl) to 28.0 mbgs (100.7 mamsl). Sediments
encountered during the drilling activities were described as topsoil underlain by silt / silt till
overlying shale bedrock, which is consistent with the previous descriptions of soil materials
encountered at the Site.

Monitoring wells installed at the Site during the September 2019 drilling program consisted of 50
mm diameter PVC casings with 3.05 m long No. 10 slot well screens. A sand pack was placed
across the screened intervals and the monitoring wells were sealed to surface using bentonite
grout. A surficial protective steel casing was installed around the monitoring wells and cemented
into the ground. The monitoring wells were installed in accordance with Ontario Regulation 903
(as amended).

Borehole logs and monitoring well installation details are provided in Appendix B.
The borehole and monitoring well elevations and locations were surveyed and referenced to a
geodetic datum by MTE on June 5 and 6, 2019. Monitoring wells installed during the September
2019 drilling program were surveyed and referenced to a geodetic datum on November 21,
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2019. Borehole and monitoring well locations from the various drilling events are illustrated on
Figure 3.

Following construction, monitoring wells were developed with a Waterra™ inertial pump system
and surge block to purge sediment created by drilling to assist in the collection of representative
static water levels, hydraulic conductivity values, and groundwater samples.

5.2 Particle Grain Size Sampling and Analysis

Representative overburden samples were collected from BH103-19, BH105-19, and BH108-19
at depths ranging between 0.8 mbgs and 2.9 mbgs from the silt and clay till unit encountered
across the Site. The samples were submitted to MTE’s Canadian Council of Independent
Laboratories (CCIL) certified geotechnical laboratory for grain size distribution analysis and
hydraulic conductivity estimates. Infiltration rates were then calculated based on estimated
hydraulic conductivity values determined from grain size analysis.

5.3 Groundwater Levels and Elevations

Multiple rounds of manual groundwater level measurements were completed on the Site
between July 29, 2008 and January 6, 2020. It is noted however, that water levels collected at
the Site prior to June 13, 2019, were from the south portion of the Site as no groundwater
monitoring wells were present in the north portion of the Site until installation in September
2019. It is also noted that additional historical water levels were collected prior to 2008;
however, it is believed that the presented eight years of levels is sufficient to establish water
level trends and vertical fluctuations across the south portion of the Site.

Manually measured groundwater levels and elevations within monitoring wells are presented in
Table 2.1 and Table 2.2, respectively.

Shallow groundwater elevations were measured to range between 100.4 mamsl (MW9) and
122.84 mamsl (MW201D-19) with an overall average groundwater elevation of 114.0 mamsl at
the Site. Historical water levels are presented on Hydrograph 1. Local groundwater levels were
generally measured to follow topography and decrease in elevation towards the east and
southerly directions. Groundwater levels are subject to fluctuations due to seasonal changes
and precipitation events.

5.4 Hydraulic Conductivity Testing

MTE conducted multiple single well hydraulic response tests on three of the monitoring wells
(MW101-19, MW102-19, and MW2-19) between June 11 and 13, 2019.  Based on the relatively
slow recovery rate observed in these wells during development, the wells were purged dry and
the water level in the wells was then allowed to recover as a means of inducing an immediate
groundwater level response (rising head test). Groundwater level recovery MW102-19 and MW2
was recorded using data loggers programmed to collect water levels at one second intervals.
Due to notably slower recovery of MW101-19, groundwater level recovery was measured using
a data logger programmed to collect water levels at one minute intervals.
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Prior to analysis, recovery data was normalized by dividing the measured drawdown (Ho) by the
observed maximum drawdown (Ho*) measured after purging the well dry. Normalized data plots
from repeat tests (at the same well) were compared to determine coincidence between tests.
Coincidence between tests suggests assumptions underlying conventional analysis methods
can be considered valid at that well (Butler et. al., 1996; Butler et. al., 2003).

Based on review of the normalized response data, acceptable coincidences were observed
between tests completed in MW101-19, MW102-19, and MW2. An individual representative test
was therefore selected from each respective well data set, for a total of three analyzed tests,
and used to calculate hydraulic conductivity values using the Hvorslev method in AquiferTest©
Pro software (Waterloo Hydrogeologic, 2019).

5.5 Groundwater Sampling

Prior to sample collection, the monitoring wells were purged to remove stagnant water from the
monitoring wells and surrounding filter pack to allow for a representative sample to be collected
from the groundwater system.  Monitoring wells were purged a minimum of three standing well
volumes or until three times ‘dry’.

Historical Groundwater Sampling

As per the requirements of the C of A and amended ECA, MTE has been carrying out on-going
quarterly sampling of wastewater influent, effluent, and groundwater since 2003. As previously
discussed, quarterly sampling at the east ravine was discontinued in 2009 due to the slope
steepness and slippery clay soils resulting in unsafe access conditions.

Prior to the 2017 wastewater system upgrades and ECA amendment, samples collected from
the influent, effluent, groundwater and east ravine were analyzed for Dissolved Oxygen (DO),
pH, Total Suspended Solids (TSS), Total Dissolved Solids, Alkalinity, Ammonia (as Nitrogen),
Chloride, Nitrate (as Nitrogen), Nitrite (as Nitrogen), Total Kjeldahl Nitrogen (TKN), Total
Phosphorus, Escherichia Coli (E. Coli.), Total Coliforms, Biochemical Oxygen Demand (BOD),
Carbonaceous Biochemical Oxygen Demand (CBOD), and select metals.

Modifications to sampling frequencies and parameters were implemented as part of the
Amended ECA following the installation of the wastewater treatment system upgrades in July,
2017. These modifications included monthly sampling of sewage effluent along with quarterly
groundwater sampling.  Additionally, the east ravine surface water was replaced with sampling
of groundwater in MW6. Sampling parameters in effluent and groundwater were reduced to
TSS, Nitrate (as Nitrogen), Nitrite (as Nitrogen), TKN, Total Nitrogen (the summation of Nitrate,
Nitrite, and TKN), E. Coli., and CBOD; with the sampling of select metals in the effluent on a
quarterly basis. Sampling of the influent was carried out on a quarterly basis for due diligence
purposes and to establish baseline concentrations for water entering the treatment system.

Samples were collected using dedicated Waterra™ inertial pumps; placed into laboratory
supplied jars and transported in ice-packed coolers under chain-of-custody to ALS Laboratories
– Environmental Division in Waterloo, ON.

Available historical analytical data collected for the Site between 2003 and 2019 has been
summarized in Table 3.1 through to Table 3.12 for samples collected from the influent, effluent,
MW1 through to MW9, and east ravine locations. Unabbreviated laboratory certificates of
analysis for historical groundwater samples are maintained within MTE records and can be
made available upon request.
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It is noted that Total Nitrogen concentrations were not analyzed prior to the July 2017 upgrades.
As such, Total Nitrogen concentrations presented in these tables prior to the upgrades were
calculated by adding the concentrations of Nitrate (as Nitrogen), Nitrite (as Nitrogen), and TKN.
Furthermore, it is noted that field staff was only able to successfully sample MW9 on April 15,
2014 and April 14, 2016 since its installation in 2013, as a result of insufficient water column
being measured within the monitoring well and slow groundwater recovery rates.

Supplemental Groundwater Sampling

MTE collected supplemental groundwater samples from MW101-19, MW3, and MW4 on June
13, 2019. These samples were collected to provide additional insight on groundwater quality
across the Site beyond the parameters typically sampled as part of the historical ECA sampling.
Supplemental groundwater samples were collected using bailers to reduce TSS concentrations,
placed in supplied jars, and transported in ice-packed coolers under chain-of-custody to ALS
Laboratories – Environmental Division in Waterloo, ON.

Supplemental groundwater samples were submitted to be analyzed for general chemistry,
anions and nutrients, select metals, and E. Coil. Analytical results of supplemental sampling are
summarized in Table 3.13. Unabbreviated laboratory certificates of analysis for supplemental
groundwater samples are provided in Appendix C.

Lastly, MTE collected additional groundwater samples from the monitoring wells installed at the
Site in September 2019 in order to assess the groundwater quality in the north portion of the
Site and to assess issues and concerns with water quality identified by the MECP during the
July 4, 2019, pre-consultation meeting. The groundwater samples collected on December 15,
2019 and were submitted to be analyzed for general chemistry, anions and nutrients, select
metals, and E. Coil. Analytical results from this sampling event are summarized in Table 3.14.
Unabbreviated laboratory certificates of analysis for these groundwater samples are provided in
Appendix C.

6.0 Results Discussion

6.1 Geological Cross-Sections

Boreholes and monitoring wells installed by MTE and available MECP water well records were
used to interpret local hydrostratigraphic units and generate three geological cross-sections
within the Study Area.

Local geological cross-sections A-A’, B-B’, and C-C’ are presented on Figures 6, 7, and 8,
respectively. The cross-section stratigraphy was drawn using HydroGeo Analyst (HGA) which is
a relational database system used to store and query site specific geological and
hydrogeological data. For the purpose of generating the cross-sections, ground surface
elevations on the Site were generated based on a topographic survey provided to MTE by IBI
on July 11, 2019 and the publically available Digital Elevation Map (DEM) topographic data for
the Dundas, Ontario areas surrounding the Site.

Geological Cross-section A-A’ (Figure 6):

¶ Extends approximately 1350 m from northwest to southeast through the Site;

¶ Illustrates topography generally slopes towards the southeast with significant drops
towards the southern boundary of the Site attributed to the edge of the Niagara
Escarpment;
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¶ Shows the Site is underlain by a thin layer of topsoil which overlies a silt and clay till
(Halton Till) that ranges in thickness from approximately 0.9 to 10 m;

¶ Illustrates the Halton Till unit is underlain by the Queenston Shale Bedrock Formation;

¶ Illustrates the down-gradient RBG to be underlain by an approximately 13-meter-thick
sand unit and 14-metre-thick silt unit consistent with “Dundas Alluvial Fan” deposits;

¶ Illustrates generally a downward vertical hydraulic gradient beneath the Site; and

¶ Illustrates the interpreted shallow groundwater table to range from approximately 199.9
mamsl in the north portion of the Site to 100.3 mamsl in the south portion of the Site,
indicating a southerly shallow groundwater flow direction.

Geological Cross-section B-B’ (Figure 7):

¶ Extends approximately 490 m from southwest to northeast through the Site;

¶ Illustrates topography generally slopes towards the east with significant drops towards
the west and east boundaries of the Site attributed to the edge of the Niagara
Escarpment and presence of the two bounding ravines;

¶ Shows the Site is underlain by a thin layer of topsoil which overlies a silt and clay till
(Halton Till) that ranges in thickness from approximately 0.5 to 6.5 m;

¶ Illustrates the Halton Till unit to be underlain by the Queenston Shale Bedrock
Formation;

¶ Illustrates the interpreted shallow groundwater table to range from approximately 117.8
mamsl in the west portion of the Site to 113.5 mamsl in the east portion of the Site,
indicating an easterly shallow groundwater flow direction in the majority of the Site;

¶ Illustrates generally a downward vertical hydraulic gradient beneath the Site; and

¶ Illustrates a small area in the west portion of the Site where the groundwater is
interpreted to flow westerly, towards the west ravine.

Geological Cross-Section C-C’ (Figure 8):

¶ Extends approximately 508 m from northwest to southeast through the Site;

¶ Illustrates topography generally slopes towards the east with a significant drop to the
east boundary of the Site attributed to the edge of the Niagara Escarpment;

¶ Shows the Site is underlain by a thin layer of topsoil overlying a silt and clay till (Halton
Till) with a maximum thickness of approximately 4.8 m which pinches-out towards the
east;

¶ Illustrates the Halton Till is underlain by the Queenston Shale Bedrock Formation;

¶ Illustrates generally a downward vertical hydraulic gradient beneath the Site; and

¶ Illustrates the interpreted shallow groundwater table to range between approximately
121.7 in the west portion of the Site to approximately 110.2 in the east portion of the
Site, indicating an easterly shallow groundwater flow direction.

Based on these cross sections, the local shallow groundwater flow direction across the majority
of the Site is interpreted to be in the east to southerly directions, towards the east ravine or Long
Pond. However, a localized component of groundwater flow is interpreted to flow westerly in the
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west portion of the Site, towards the west ravine indicating a groundwater flow divide is present
within the property.

The regional groundwater flow direction is interpreted to be southerly towards the down-gradient
Long Pond and Lake Ontario regional surface water features.

A comparison of the water levels within the nested wells at the Site (MW201S-19 and MW201D-
19) indicate a slight upward vertical hydraulic gradient in the bedrock unit in the north portion of
the Site. However, as shown on cross-section A-A’, as groundwater moves southerly across the
Site towards the face of the escarpment, the vertical hydraulic gradient transitions to downward.
This is because the face of the escarpment is a significant groundwater discharge feature (refer
to Section 4.5). Additional groundwater flow discussion is provided in Section 6.4.

6.2 Particle Grain Size Analysis

Table 4.1 below summarizes the results of the grain size analysis, estimated hydraulic
conductivities, and infiltration rates for the representative soil samples collected within the silt
and clay till layer encountered at BH103-19, BH105-19, and BH108-19. Infiltration rate
estimates present below include a factor of safety of 2.5.

Table 4.1 Grain Size Analysis, Hydraulic Conductivity, and Infiltration Rate Results

Sample
ID

Sample
Depth
(mbgs)

Gravel
(%) Sand (%) Silt (%) Clay (%) K value

(m/sec)
Formula

Used

Infiltration
Rate

(mm/hr)

BH103-
19

0.8-1.4 - 2 51 47 3x10-11 Kaubisch 1

BH105-
19

1.5-2.1 8 7 67 18 6x10-10 Kaubisch 2

BH108-
19

2.3-2.9 1 8 65 26 5x10-11 Kaubisch 1

Unsaturated hydraulic conductivity values estimated based on grain size analysis ranged
between 3x10-11 m/sec and 6x10-10 m/sec. These results are generally consistent with the
average published values for till soils (Freeze and Cherry, 1979). Infiltration rates were
estimated to be less than 2 mm/hr at these locations and indicate the presence of a low
permeable soil likely not suitable for storm water infiltration.

6.3 Saturated Hydraulic Conductivity

Table 4.2 below summarizes the saturated hydraulic conductivity values estimated for wells
constructed in the Queenston Formation based on the three representative data sets selected
from MW101-19, MW102-19, and MW2. Aquifer Test Pro data analysis summary sheets are
provided in Appendix D.

Table 4.2 Hydraulic Conductivity Values (M/Sec) - Slug Testing

Location MW101-19 MW102-19 MW2

Hydraulic Conductivity (m/sec) 1.2x10-8 5.5x10-7 7.2x10-7

Geometric Average (m/sec) 1.7x10-7
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The single well hydraulic response test analyses estimated hydraulic conductivity values to
range from 1.2x10-8 m/sec to 7.2x10-7 m/sec with a geometric mean of 1.7x10-7 m/sec. These
results are generally consistent with the average published values for shale (Freeze and Cherry,
1979). For the purposes of this hydrogeological assessment, a hydraulic conductivity value of
7.2x10-7 m/sec (the highest conservative estimate) was selected for the Site and is considered
to be a low hydraulic conductivity.

6.4 Groundwater Flow and Velocity

Figure 9 illustrates groundwater elevation contours based on the measured groundwater levels
on December 6, 2020, referring to a geodetic datum. As shown on Figure 9, and discussed in
Section 6.1, the local shallow groundwater flow across the majority of the Site is interpreted to
be in an easterly to southerly direction, towards the east ravine and Long Pond. Groundwater in
the west portion of the Site interpreted to flow westerly towards the west ravine. The regional
groundwater flow direction is interpreted to be in a southerly direction towards the down-
gradient Long Pond and Lake Ontario.

The water levels measured in the nested wells at the Site (MW201S-19 and MW201D-19) on
December 4, 2019, indicate a slight upward vertical hydraulic gradient in the bedrock unit in the
north portion of the Site. However, as illustrated on Geological Cross-Section A-A’ (Figure 6),
as groundwater moves southerly across the Site, towards the face of the escarpment, the
vertical hydraulic gradient transitions to downward. As stated in Section 4.5, the Site is adjacent
to two faces of the Niagara Escarpment which is a significant groundwater discharge feature.
Therefore, the transition from an upward to downward vertical hydraulic gradient within the Site
is interpreted to be indicative of the Site being adjacent to a groundwater discharge feature.

The horizontal hydraulic gradient is a measurement of the slope of the water table surface which
is the change in hydraulic head over the change in distance between two or more monitoring
points. The estimated horizontal hydraulic gradient from Figure 9 was approximately 0.05 m/m,
which is based on an average horizontal hydraulic gradient between MW8-MW6, MW101-19-
MW2, and MW5-MW1 as measured by the water levels collected on December 6, 2020. This
hydraulic gradient is consistent with previously reported values for the Site.

The average linear groundwater velocity was estimated based on three variables: hydraulic
conductivity, horizontal hydraulic gradient and effective porosity. The equation for calculating
groundwater velocity is:

[Eq.1.]

q = (-Ki)/n

Where:

q = groundwater flux (m3/m2/time)
K = effective hydraulic conductivity (7.2x10-7 m/s)
i = horizontal hydraulic gradient (dh/dl) (0.05 m/m)
ne= effective soil porosity (0.1 typical for a shale, Freeze and Cherry, 1979)

With respect to the above values, the average linear groundwater velocity (q) using Darcy’s Law
(Eq.1.) within the shallow bedrock beneath the Site was estimated to be 11.4 m/year.
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6.5 Groundwater Quality

Historical water quality analytical results for the Influent, Effluent, monitoring well locations MW1
through MW9, and the East Ravine between 2003 and 2019 are summarized in Tables 3.1 to
3.12. Effluent samples were compared to standards outlined in the historical CofA (#2829-
5M9F4V) and the Amended ECA (#0852-A9CJV2). Samples collected from MW1 to MW9 and
the East Ravine were compared to standards outlined in the CofA. It is noted that the Amended
ECA did not stipulate standards for groundwater samples as these samples were collected for
monitoring purposes only. Therefore, samples collected from MW1 through to MW9 and the
East Ravine were also compared to the Ontario Provincial Water Quality Objectives (PWQO)
since the receptor of groundwater is interpreted to be the hydraulically down-gradient Long
Pond.

Table 3.13 summarizes the groundwater samples collected from monitoring well locations
MW101-19, MW3, and MW4 on June 13, 2019.  These samples were compared to the PWQO
and/or the Canadian Water Quality Guidelines (CWQG), where applicable.

Table 3.14 summarizes the groundwater samples collected from monitoring well locations
MW201S-19, MW201D-19, MW202-19, MW203-19, and MW204-19, on December 15, 2019.
These samples were compared to the PWQO and/or the CWQG, where applicable.

Table 3.15 provides a summary of the average historical concentrations of the sampled
parameters as measured between 2003 and 2019. The average concentrations were used to
identify potential water quality issues and trends over time. It is noted that several parameters
were consistently reported to be below laboratory detection limits. To accurately account for
this, concentrations reported to be below detection limits (e.g. <0.10 mg/L) were inputted as
being at that detection limit (0.10 mg/L) while calculating the overall historical average of a
sample parameter. This approach ensures that lower concentrations are accounted for while
producing a conservatively higher historical average concentration for each location.

Historical average concentrations presented in Table 3.15 were compared to the CofA,
Amended ECA, and the PWQO, where applicable. Furthermore, average concentrations for
Total Ammonia (as Nitrogen) and Total Nitrogen were compared to CWQG, as per the
recommendations of the MECP following the July 4, 2019 pre-consultation meeting.

6.5.1 Effluent Quality

As shown in Table 3.15, the average concentration of the historical effluent samples (collected
between 2003-2019) had exceedances of the following parameters:

¶ TSS: The calculated average concentration was 25.2 mg/L versus the applicable
standard of 10 mg/L (standard from CoA and Amended ECA);

¶ Total Ammonia: The calculated average concentration was 11 mg/L versus the
applicable standard of 1 mg/L (standard from CoA);

¶ E. Coli: The calculated average concentration was 120,880 CFU/100 mL versus the
applicable standard of 400 mg/L (standard from CoA and Amended ECA); and

¶ BOD: The calculated average concentration was 12.9 mg/L versus the applicable
standard of 10 mg/L (standard from CoA and Amended ECA).

Exceedances of Total Ammonia in the effluent is attributed to incomplete nitrification within the
wastewater treatment system prior to discharge. It is anticipated that this issue would be
addressed as part of the increased effluent treatment requirements for Total Nitrogen (refer to
Section 7.3).
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Exceedances of E. Coli in the Effluent are attributed to on-going issues related to the
disinfection of the Effluent sampling port. E. coli is difficult to sample and analysis often results
in highly variable concentrations being measured. Additional E. Coli discussion is provided in
Section 7.4.

Exceedances of TSS and BOD in the Effluent are attributed to operational objectives of the
wastewater treatment system are further discussed in annual operational reports.  The operator
of the system has been actively working to adjust the operation of the wastewater treatment
system in order to meet the noted exceedances.

6.5.2 Up-gradient Groundwater Quality

Based on the local shallow groundwater flow, as shown on Figure 9, the monitoring well
locations interpreted to be located hydraulically up-gradient at the Site are:

¶ MW101-19;

¶ MW201S-19 & MW201D-19 (nested wells); and

¶ MW202-19.

Monitoring well MW101-19 is located in the west portion of the Site and based on the local
shallow groundwater flow interpretation is considered not to be influenced by the wastewater
treatment facilities and disposal beds at the Site. Based on this, the groundwater analytical
results from MW101-19 are considered to represent background water quality conditions for the
Site. The groundwater analytical results from MW101-19 did not report exceedances of the
PWQO or CWQG for general chemistry parameters, anions, or nutrients. Exceedances of the
PWQO standards for metals were reported for Aluminum (0.42 mg/L), Boron (1.18 mg/L), and
Iron (0.34 mg/L) and are interpreted to be the result of naturally occurring mineral deposits
within the geological units surrounding the well screen.

Monitoring well location MW202-19 is located in the north portion of the Site, north of the
Precious Blood Monastery, and is interpreted to be located hydraulically up-gradient of the
septic beds located within the Site. The groundwater analytical results at this location also
reported ECA exceedances of Total Ammonia (as Nitrogen) (4.96 mg/L), Total Nitrogen (4.99
mg/L), and Total Phosphorus (0.099 mg/L). These concentrations are interpreted to result from
the septic systems servicing the residential properties located north of the Site, across
Northcliffe Avenue. The reduced concentrations of these parameters, when compared to
MW201S-19, indicates the Site is serving to attenuate these elevated concentrations resulting
from the up-gradient residential properties.

Nested Wells

Monitoring wells MW201S-19 and MW201D-19 are located along the northern property
boundary of the Site, adjacent to Northcliffe Avenue. These locations are a set of nested wells
with the shallow well (MW201S-19) screened approximately 17.1 to 20.1 mbgs and the deep
well (MW201D-19) screened approximately 25.0 to 28.0 mbgs, representing a separation of
approximately 4.9 m between the two well screens.

The groundwater analytical results from MW201S-19 reported exceedances of the CWQG for
Total Ammonia (as Nitrogen) (13.8 mg/L), Total Nitrogen (15.1 mg/L), and Total Phosphorus
(0.357 mg/L). Residential properties located north of Northcliffe Avenue (hydraulically up-
gradient to the Site) are presumed to be serviced via individual on-Site sewage (septic)
systems. Therefore, the elevated concentrations of these parameters within MW201S-19 are
considered to result from the septic beds located up-gradient from the Site.
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The groundwater analytical results from MW201D-19 reported exceedances of the CWQG for
Total Ammonia (as Nitrogen) (3.72 mg/L), Total Nitrogen (3.64 mg/L), and Total Phosphorus
(0.0947 mg/L). Although these concentrations represent exceedances of the CWQG, all of the
reported concentrations of the POI’s within MW201D-19 were less than the concentrations
reported in the shallow well, i.e. Total Ammonia (as Nitrogen), Total Nitrogen, and Total
Phosphorus concentrations were reduced by approximately 73%, 76%, and 73%, respectively.

The groundwater levels measured at MW201S-19 and MW201D-19 indicated a slight upward
gradient within the bedrock surrounding these wells. Therefore, the reduction in concentration
between the shallow to the deep well is interpreted to result from contaminant diffusion (e.g.
contaminant moving from area with high concentration to a lower concentration) and mechanical
dispersion (e.g. transverse mechanical dispersion which acts to laterally spread the
contaminant) (US EPA, 1997).

6.5.3 Down-Gradient Groundwater Quality

Based on the local shallow groundwater flow, as shown on Figure 9, the monitoring well
locations interpreted to be located hydraulically down-gradient at the Site are:

¶ MW6;

¶ MW204-19.

Monitoring wells MW6 and MW204-19 are located in the east and southeast portions of the Site,
respectively. Therefore, based on the local shallow groundwater flow interpretation, these
locations are considered to represent the most hydraulically down-gradient located wells within
the Site.

It is noted that MW4 and MW9 are also located in the south portion of the Site; however, these
wells are not considered to be representative of the shallow subsurface flow system from a
water quality perspective at the Site (refer to Section 6.5.6 for additional information relating to
MW4 and MW9).

As shown in Table 3.15, the average concentration of the historical groundwater samples from
MW6 (collected between 2003-2019) had exceedances of the following parameters:

¶ TSS: The calculated average concentration was 1325.2 mg/L versus the applicable
standard of 10 mg/L (standard from CoA and Amended ECA);

¶ Nitrate: The calculated average concentration was 4 mg/L versus the applicable
standard of 3 mg/L (standard from CWQG);

¶ Total Nitrogen: The calculated average concentration was 4.6 mg/L versus the
applicable standard of 3 mg/L (standard from CWQG); and

¶ Total Phosphorus: The calculated average concentration was 0.9 mg/L versus the
applicable standard of 0.02 mg/L (standard from PWQO).

The groundwater sample collected from MW204-19 on December 15, 2019, reported an
exceedance of the PWQO for Total Phosphorus with a reported concentration of 0.0702 mg/L
versus the applicable standard of 0.02 mg/L. Concentrations of Total Ammonia and Total
Nitrogen did not exceed their applicable standards. Refer to Section 6.5.6 for additional
discussion relating to MW204-19.
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6.5.4 Central Groundwater Quality

Monitoring wells not considered to be located hydraulically up- or down-gradient within the Site
(as listed in the above sections) are considered to be centrally located within the Site from a
hydraulic gradient perspective.

As shown in Table 3.15, the average concentrations of the historical groundwater samples from
several monitoring locations (collected between 2003-2019) had exceedances of the following
parameters:

¶ TSS: Monitoring locations MW1 to MW9 had calculated average concentrations ranging
between 1325 mg/L to 8336 mg/L while the average concentration of the East Ravine
samples was 141.7 mg/L versus the applicable standard of 10 mg/L (standard from the
CoA and Amended ECA);

¶ Nitrate (as N): Monitoring locations MW7, and MW9 had calculated average
concentrations of 5 mg/L, and 6 mg/L, respectively, versus the applicable standard of 3
mg/L (standard from CWQG);

¶ Total Nitrogen: Monitoring locations MW1, MW7, MW8 and MW9 had calculated
average concentrations of 3.4 mg/L, 5.6 mg/L, 3.4 mg/L, and 21.3 mg/L, respectively,
versus an applicable standard of 3 mg/L (standard from CWQG); and

¶ Total Phosphorus: Monitoring locations MW1 to MW9 had calculated average
concentrations ranging between 0.7 mg/L to 3.4 mg/L while the average concentration of
the East Ravine samples was 0.5 mg/L versus the applicable standard of 0.02 mg/L
(standard from the PWQO).

In addition to the above, monitoring well location MW3 was sampled as part of the supplemental
groundwater sampling program on June 13, 2019. MW3 is located adjacently south of the North
Bed and is interpreted to be hydraulically down gradient of Disposal Bed No. 1. Analytical
results show the groundwater sample collected from MW3 did not exceed the PWQO or CWQG
for general chemistry parameters, anions, or nutrients, with the exception of Total Phosphorus
(0.025 mg/L). The reduction in concentrations of these parameters during the supplemental
groundwater sampling program is attributed to additional monitoring well development efforts
which was completed over a two-day period, in addition to using a bailer for sample collection in
order to reduce sediment in the sample.

Lastly, monitoring well location MW203-19 was sampled as part of the December 2019
groundwater sampling program. MW203-19 is located in the central portion of the Site, between
Disposal Bed No.’s 1 and 2, serving the Sisters of St. Joseph Convent. Therefore, this location
is interpreted to be hydraulically down-gradient to Disposal Bed No. 1 and hydraulically up-
gradient to Disposal Bed No. 2. The groundwater analytical results for monitoring location
MW203-19 reported exceedances of the CWQG for Total Ammonia (as Nitrogen) (12.1 mg/L),
Total Nitrogen (13.3 mg/L), and Total Phosphorus (1.42 mg/L).

6.5.5 Discussion

Exceedances of TSS are attributed to limitations in sampling procedures, especially within
groundwater samples as the Queenston Formation is noted be contain high concentrations of
fine silt and clay particles which are easily mobilized during well development and sampling.

Total Ammonia concentrations within the groundwater and East Ravine samples were notably
lower than the effluent with no exceedances of average concentrations, with the exception of
MW4. This indicates that the Total Ammonia is continuing to undergo nitrification within the
subsurface.
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Several exceedances of select metals were noted among the average concentrations of
groundwater and the East Ravine in comparison to the PWQO standards. Average
concentrations of select metals were generally noted to be higher than the average
concentrations of the effluent. Based on the available information, average concentrations of
select metals are considered to be biased high and attributed to the presence of elevated TSS
concentrations and sediment in the samples. The elevated concentrations also reflect naturally
occurring mineral deposits within the geological units surrounding the well screens.

It is noted that elevated average concentrations of Chlorides and Sodium were reported in the
East Ravine samples, which are interpreted result from runoff generated along the adjacent
Highway 6 and Highway 403 following de-icing activities (i.e. road salt application).

Exceedances of Nitrate (as Nitrogen) and Total Nitrogen occur in several groundwater
monitoring wells and are noted to be higher than the CWQG for the protection of aquatic life in
fresh surface water habitats. While these concentrations exceed the CWQG, it is noted that
these are collected from groundwater locations located more than 200 m up-gradient of the
Long Pond and that concentrations of Nitrate (as Nitrogen) and Total Nitrogen are expected to
continue to decrease within the flow system through natural attenuation and mixing with
downgradient groundwater from the Site to Long Pond (refer to Section 7.0).

Exceedances of Total Phosphorus were noted to occur in all the groundwater monitoring
locations and the East Ravine. Average Total Phosphorus concentrations were lower than the
effluent indicating that natural attenuation was occurring within the subsurface flow system. It is
noted, however, that additional Phosphorus loading may be occurring as a result of the
application of fertilizers to the green spaces located on the Site.

Almost all of the groundwater samples collected from the on-Site monitoring wells reported
concentrations of various metals parameters above the PWQO, including Aluminum, Arsenic,
Boron, Cobalt, Copper, Iron, Nickel, Uranium, and Vanadium. These concentrations in
groundwater at the Site are considered to result from naturally occurring mineral deposits within
the Queenston Shale surrounding the well screens and are not considered to result from
anthropogenic sources at the Site.

A comparison of these metals parameters between the nested shallow (MW201S-19) and deep
(MW201D-19) wells generally found that the concentrations were lower in the groundwater
sample collected from the deep well. This finding is interpreted to result from the deeper well
being screened within more competent shale bedrock material which would have less loose
sediment / colloids (particles with diameters 0.01-10 µm) surrounding the well screen than that
of the shallow well where the bedrock unit would be more weathered. Since colloids are highly
mobile in groundwater and easily bind with metals (DWQ, 2012), it is expected that groundwater
samples containing higher particulate contents report higher metals concentrations.

6.5.6 Limitations

Monitoring Well MW4

Monitoring well MW4 is located in the southeast portion of the Site in the vicinity of Disposal Bed
No. 3. A review of the historical groundwater analytical data collected from MW4 found that
concentrations of various parameters, including TSS, TDS, Nitrates, Total Nitrogen, Sodium,
and Chloride were significantly higher than those of the surrounding monitoring wells. These
concentrations were also higher than the reported effluent concentrations for the same
parameters.
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Specifically, the average historical concentrations of TDS in MW4 are approximately seven
times higher than the other groundwater monitoring locations and approximately 25 times higher
than the effluent generated from the wastewater system.

Health Canada defines TDS to be comprised of inorganic salts and small amounts of organic
matter dissolved in water. The principal constituents may include sodium, chloride, and Nitrate.
A comparison of the concentrations of these parameters from MW4 during the June 13, 2019,
sampling event to the historical average concentrations in MW4 and the Effluent, are
summarized in Table 6.1 below:

Table 6.1 Parameter Concentration Comparisons (Mw4 and Effluent)

Parameter Jun. 13, 2019
Sample

Historical
Average
(MW4)

Historical
Average
(Effluent)

% Change between
Historical Average

(MW4) & June
Sample

TDS (mg/L) 7080 13,244 527 -47%

Sodium (mg/L) 1420 3286 13,558 -57%

Chloride (mg/L) 2800 7265 104 -61%

Nitrate (as Nitrogen)
(mg/L)

24.2 45 7.6 -46%

Total Nitrogen (mg/L) 26 47 18.2 -45%

Based on this comparison it is apparent that concentrations of TDS and its principle constituents
(as defined by Health Canada) are significantly higher in MW4 than the reported concentrations
in effluent, with the exception of Sodium.

In addition, the concentration of TDS in the June 13, 2019, sample is approximately half of the
historical average concentration at MW4. This reduction is attributed to additional efforts by field
staff to further develop MW4 prior to sampling, which included purging the well over a two-day
period and sampling the well with a bailer to assist in reducing sediment in the sample. As
shown above, the concentrations of Sodium, Chloride, Nitrate, and Total Nitrogen are also
reduced by approximately half between the historical average concentrations and the June 2019
groundwater sample, indicating a correlation between TDS concentrations and the
concentrations of these parameters.

In order to assess this correlation further, a comparison of historical concentrations of TDS to
Chloride, Sodium, and Total Nitrogen concentrations over time was completed. The results of
this comparison are shown in Chart 1, below.
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Chart 1 Historical Comparison of TDS and Principle Constituent Parameters

As shown in Chart 1, there appears to be a correlation between the TDS concentrations and
concentrations of Chloride, Sodium, and Total Nitrogen.

MW4 is screened at a depth of approximately 17.4 mbgs with a 3 m long well screen within the
Queenston Formation. The average water column measured in MW4 between 2008-present
was approximately 2.0 m. Based on this, it is considered likely that the anomalous
concentrations reported for MW4 result from inadequate well development due to the slow
recovery, low water column, and deep screened depth. Inadequate well development would
allow for higher TDS values since the well screen would not be adequately cleared of
particulates and stagnation of the groundwater surrounding the sand pack could occur, both of
which would contribute to biased high groundwater concentrations that are not representative of
groundwater quality in the vicinity of the well.

Based on the above, the groundwater quality samples collected from MW4 are not considered
to be representative of the groundwater quality in the vicinity of MW4, but rather directly related
to well development, a small water column resulting in limited recharge and high TDS levels.

Monitoring Well MW9

Monitoring well MW9 is located in the south portion of the Site, in the vicinity of the southern
property boundary. Similar to monitoring location MW4, the groundwater concentrations of TDS,
Chloride and/or Nitrate in MW9 was the same or higher than that of the historical effluent
concentration. It is noted that there is only one sample collected from MW9 with a reported
result of TDS, collected in April, 2014. A comparison of the concentrations of these select
parameters in the most recent groundwater sample collected from MW9 on January 25, 2018, to
the historical average concentrations of MW9 and the Effluent, are summarized in Table 6.2
below:
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Table 6.1 Parameter Concentration Comparisons (MW9 and Effluent)

Parameter Jan. 25, 20181

Sample
Historical Average

(MW9)2
Historical Average

(Effluent)

TDS (mg/L) NA 3330 527

Sodium (mg/L) NA 1227 13,558

Chloride (mg/L) NA 2547 104

Nitrate (as Nitrogen) (mg/L) 13.5 6 7.6

Total Nitrogen (mg/L) 18.2 8.5 18.2
Notes:
1 Sample represents the most recent collected.
2 MW9 was observed to have insufficient volume for sampling during numerous sampling events between 2003-2018.
Therefore, historical average concentrations are based on a reduced number of samples.
NA – Not Analyzed

Monitoring well MW9 is screened similar to MW4 at a depth of approximately 17.7 mbgs with a
3 m long well screen within the Queenston Formation. The average water column measured in
MW9 between 2013-present was approximately 0.3 m. Based on this, is it considered likely that
the anomalous concentrations reported for MW9 also result from inadequate well development
due to the slow recovery, low water column, and deep screened depth. Therefore, the
groundwater quality samples collected from MW9 are also not considered to be representative
of the groundwater quality in the vicinity of MW9.

In order to facilitate the collection of representative groundwater quality samples in the south
portion of the Site, monitoring well location MW204-19 was installed as part of the September
2019 drilling program. MW204-19 was installed approximately 8 m southeast of MW4 at a depth
of approximately 10.7 mbgs with a 3 m long well screen. MW204-19 is also screened within the
Queenston Formation.

A groundwater sample was collected from monitoring well MW204-19 on December 15, 2019, in
order to assess the down-gradient groundwater quality at the Site. Water level measurements
collected from MW204-19 on December 4, 2019, and January 6, 2020, measured water levels
of 5.63 mbgs (water column of approximately 5.0 m) and 5.75 mbgs (water column of
approximately 4.9 m), respectively. Therefore, it was determined that there was sufficient water
column in the well for monitoring well development. A comparison of the groundwater quality
results for MW4, Effluent, and MW204-19 is provided in Table 6.3, below.

Table 6.3 Comparison of MW4, Effluent and MW204-19 Analytical Results

Parameter
Jun. 13, 2019

Sample
(MW4)

Historical
Average
(MW4)

Historical
Average
(Effluent)

Dec. 15, 2019
Sample

(MW204-19)

TDS (mg/L) 7080 13,244 527 563

Sodium (mg/L) 1420 3286 13,558 11.9

Chloride (mg/L) 2800 7265 104 34.7

Nitrate (as Nitrogen)
(mg/L)

24.2 45 7.6 1.58

Total Nitrogen (mg/L) 26 47 18.2 2.14
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As shown in Table 6.3, the reported TDS concentration from MW204-19 was significantly lower
than both the historical average concentration at MW4 and the June 13, 2019, reported
concentration at MW4. In addition, the concentrations of Sodium, Chloride, Nitrate, and Total
Nitrogen are also significantly lower strengthening the hypothesis that elevated TDS
concentrations result in elevated concentrations of these other parameters.

Based on the groundwater analytical results for MW204-19, the measured groundwater levels at
MW204-19, and the observations of the well during development, the groundwater sample
collected from MW204-19 is considered to be representative of groundwater quality in the
vicinity of the well.

7.0 Wastewater Impact Assessment

A wastewater impact assessment was conducted separately for the north (Precious Blood
Monastery) and south (Sisters of St. Joseph Convent) portions of the Site. As discussed
throughout this report, the Sisters of St. Joseph Convent is anticipated to be expanded resulting
in the requirement that the septic disposal beds be expanded to accommodate the increased
daily flows. Alternatively, the septic bed located in the north portion of the Site servicing the
Precious Blood Monastery is not anticipated to be expanded and inclusion in this report is to
serve the objective of updating the Hydrogeological Investigation to include the entire Site and
obtaining an Environmental Compliance Approval for the Site as required when wastewater
volumes generated from one property exceed 10,000 liters per day.

7.1 Methodology

7.1.1 Total Nitrogen & Total Ammonia

Crites and Tchobanoglous (1998) define a Rapid-Infiltration (RI) Land Treatment System as a
treatment system whereby wastewater is released to the surface which is treated by physical,
chemical, and biological processes as it moves through the soil. The primary objective of most
RI treatment systems is wastewater treatment to avoid direct discharge to surface water (Crites
and Tchobanoglous, 1998). RI treatment systems differ from Slow-Rate (SR) Land Treatment
Systems in that RI’s have the highest hydraulic loading of the land treatment systems (Crites
and Tchobanoglous, 1998). Therefore, the Disposal Beds at the Site were considered to be RI
treatment systems.

Crites and Tchobanoglous (1998) also state that the primary mechanisms for nitrate and
ammonia removal from wastewater in an RI system are nitrification and denitrification as the
wastewater moves through the subsurface.

Based on the above, a monitoring based approach was used to predict reduction factors based
on groundwater quality data collected from select on-Site monitoring wells. The estimated
reduction factors are considered to represent Total Nitrogen and Total Ammonia removal
through the subsurface at the Site resulting from all attenuative mechanisms for nitrogen and
ammonia, including nitrification, denitrification, and dilution through precipitation recharge.

In addition, Section 22.5.15 of Chapter 22 within the MECP document Design Guidelines for
Sewage Works indicates that extrapolation from actual performance data is considered to be a
more reliable approach to modelling effluent attenuation throughout the subsurface than a
prediction based on theoretical assumptions which may be difficult to verify.



MTE Consultants | 45800-200 | Revised Hydrogeological Investigation  | June 25, 2021 25

MTE completed the wastewater impact assessment for Total Nitrogen and Total Ammonia
based on the methodology outlined in the document entitled “Monitoring Based Approach”
included in Appendix E, which was provided to MTE from Ms. Isabelle Drouin-Brisebois, a
Hydrogeologist with the MECP, on November 15, 2012. A brief outline of the steps used in the
assessment, based on the “Monitoring Based Approach” document, is provided below. For
additional details please refer to Appendix E.

Step 1: Calculate the Reduction Factor (Rf) for a contaminant.

Step 2: Calculate the Prorated Reduction Factor (PRf) for a contaminant.

Step 3: Calculate the Predicted Concentration (Cp) of the contaminant at the down-gradient
compliance boundary.

Step 4:  Complete calculations using various scenarios of effluent concentrations to predict the
acceptable effluent concentration that would result in contaminant concentrations at the down-
gradient compliance boundary that meet the specified limits.

It is noted that the “Monitoring Based Approach” document provided in Appendix E only
includes Step 1, Step 3, and Step 4. For the purposes of this wastewater impact assessment,
MTE added Step 2 which serves to adjust the RF calculated in Step 1 to predict the Rf between
an up-gradient location (e.g. monitoring well) and down-gradient receptor (Long Pond) which
can then be used in Step 3 of the assessment. Therefore, the PRf was used in Step 3, instead
of the Rf.

In addition to the above, MECP staff provided MTE with the following recommendations to
conduct the wastewater impact assessment:

1) Wastewater discharged into the shallow groundwater through subsurface disposal beds
should be assessed under the assumption that it will travel in the southern direction
towards the down-gradient Long Pond surface water feature owned and operated by the
Royal Botanical Gardens;

2) Groundwater quality originating from the Site may be assessed at the up-gradient edge
of the Long Pond (i.e. beyond the property limits of the Site); and

3) Use of historical analytical data collected from the Site to predict and model effluent
attenuation across the Site via a prorated “distance from the disposal bed” basis with a
focus on Nitrogen and Phosphorus as POIs.

The geological cross-sections across the Site indicate that the subsurface beneath the Site is
comprised of silt and clay till overburden layer, ranging between 0.5 m-10 m in thickness,
underlain by the shaley Queenston Formation bedrock unit. As a result, effluent attenuation
through the subsurface can be modelled based on Reduction Factors (Rf) calculated using
average parameter concentrations in the effluent and groundwater samples (Table 3.13) and
extrapolated to predict down-gradient attenuation at the edge of the RBG Long Pond surface
water feature.

The wastewater impact summary and calculations completed for Total Nitrogen and Total
Ammonia for the north and south portions of the Site are included in Appendix E.

7.1.2 Total Phosphorus

Crites and Tchobanoglous (1998) state that the primary mechanisms for phosphorus removal in
an RI system are adsorption and chemical precipitation, with adsorption occurring rapidly in the
subsurface. Crites and Tchobanoglous (1998) also state that “if the travel distance to the critical
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point for phosphorus removal is known, the ‘worst case’ phosphorus concentration can be
calculated” from the following equation:

Equation 10.1
�2�ë = �2�Û�A�?�Þ�Û�ç

Where:

Px = Predicted Total Phosphorus concentration at a distance “x” on the flow path (mg/L)
P = Proposed Total Phosphorus concentration in the effluent (mg/L)
K = Constant for Phosphorus removal provided by Reed and Crites - 0.048 (1/day)
t = detention time (day) where �P=

�ë�Û�4.�8

�Ä�ã�Û�Ì

x = distance along flow path (m)
Kx = hydraulic conductivity (m/day)
S = hydraulic gradient (m/m)

Since the distance to the “critical point” (e.g. the nearest limit of Long Pond) is known, the
methodology used in the assessment of total phosphorus in the wastewater impact assessment
was equation 10.1 above.

The wastewater impact summary and calculations completed for Total Phosphorus for the north
and south portions of the Site are included in Appendix E.

7.2 Groundwater Quality Limits

A pre-consultation meeting with the MECP was held on July 4, 2019 in which the MECP Senior
Environmental Officer, the reviewing hydrogeologist, the reviewing surface water specialist and
district supervisor attended.  During this meeting, MECP staff identified that RBG Long Pond
was the down-gradient receptor of groundwater originating from the Site and that the
Reasonable Use Criteria did not apply to the Site, as there are currently no drinking water wells
identified on the Site or between the Site and the Long Pond. As such, it was recommended that
groundwater quality entering the Long Pond originating from the Site be compared against
applicable aspects of the surface water quality standards outlined in the OPWQO and the
CWQG.

Water quality limits for groundwater originating from the Site and entering the Long Pond
surface water feature were therefore determined based on a review of the historical
groundwater analytical results, supplemental groundwater analytical results, a review of
available OPWQO and CWQG standards, and Chapter 22: Large Subsurface Sewage Disposal
Systems of the MECP document Design Guidelines for Sewage Works (Chapter 22). A
summary of the identified Parameters of Interest (POI’s), applicable standards, and related
assumptions are summarized in Table 7.1 below.
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Table 7.1 Summary of POI’S and Applicable Standards

Parameter of Interest Unit Limit Source Assumptions

Total Ammonia (as
Nitrogen)

mg/L 2.68 CWQG
Based on pH of 7.5 and average

groundwater temperature of 10°C.

Total Nitrogen (Nitrate +
Nitrite + TKN) mg/L 3 CWQG

All forms of inorganic Nitrogen,
Ammonia (NH3), or ammonium

(NH4+) have the potential to
undergo nitrification to Nitrate.

Total Phosphorus mg/L 0.02 PWQO
To avoid nuisance concentrations

of algae in lakes.

Notes:
Ontario Provincial Water Quality Objectives (OPWQO)
Canadian Water Quality Guidelines (CWQG)

Selected parameters were noted to have elevated historical average concentrations in
groundwater, undesirable impacts to the aesthetics of surface water features, and/or pose a risk
to aquatic habitat within the Long Pond. It is noted that CWQG limits were selected in cases
where an OPWQO for the parameter of interest was not available (e.g. Total Ammonia and
Total Nitrogen). The selected parameters and their respective limits are used as part of the
wastewater impact assessment to determine suitable effluent criteria for the proposed
wastewater treatment system in the south portion of the Site.

7.3 South Portion of Site – Sisters of St. Joseph Convent

The methodology and calculations for conducting the wastewater impact assessment for the
south portion of the Site are provided in Appendix E. A summary and discussion of the findings
is provided below.

Total Nitrogen (Nitrate + Nitrite + TKN)

Total Nitrogen was modelled based on the objective of treating Total Nitrogen effluent
concentrations to 10 mg/L and 20 mg/L. As shown in Appendix E, Total Nitrogen
concentrations at the down-gradient compliance boundary (Long Pond) were estimated to range
between 0.17 mg/L and 1.02 mg/L based on an effluent concentration of 10 mg/L while
concentrations were estimated to range between 0.34 mg/L and 2.05 mg/L based on an effluent
concentration of 20 mg/L. These concentrations are below the 3 mg/L standard for Total
Nitrogen.

Therefore, the objective of treating the effluent in the south portion of the Site to 10 mg/L with a
limit of 20 mg/L is considered acceptable for the Site and is not predicted to result in impacts to
the Long Pond.

Total Ammonia (as Nitrogen)

As shown in Appendix E, the Total Ammonia effluent concentration in the effluent resulting in
an exceedance of the standard (2.68 mg/L) at Long Pond is 132 mg/L.

In addition, the Total Nitrogen impact assessment is considered to include total ammonia since
Total Nitrogen is the sum of Nitrate-N, Nitrite-N and Ammonia-N.
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Therefore, a proposed effluent concentration for Total Ammonia has not been recommended
since it is predicted that treatment of the effluent for Total Nitrogen would ensure the Total
Ammonia concentrations remain well below the 132 mg/L concentration required to result in an
exceedance at Long Pond.

Total Phosphorus

As shown in Appendix E, the Total Phosphorus concentration is estimated to meet the PQWO
of 0.02 mg/L at a distance of approximately 0.95 m from the source when the original Total
Phosphorus concentration is 8.9 mg/L.

In addition to the above, Section 22.5.11 - Attenuation of Phosphorus and Ammonia in Chapter
22 – LSSDS of the MECP guideline document state that a “separation distance of 300 m
between the area of sewage infiltration and the surface water body should be sufficient to
ensure that there are no appreciable effects to surface water quality”. Disposal Bed No. 1 is
located approximately 400 m from Long Pond while Disposal Bed No. 2 is located
approximately 250 m from Long Pond.

It is noted that the bedrock is overlain by a continuous silt and clay unit (Halton Till) which
extends horizontally across the entire Site and was observed to have a minimum thickness of
approximately 3 meters beneath Disposal Bed No. 2 and 2.7 meters beneath Disposal Bed No.
3. Furthermore, the hydraulic conductivity of the overlying Halton Till material was estimated to
range between 3x10-11 m/sec and 6x10-10 m/sec (Section 6.2) based on grain size analysis.

Based on the above, it is predicted that a significant amount of phosphorus attenuation will
occur rapidly within a short distance of the discharge point in the south portion of the Site.
Therefore, a proposed effluent concentration for Total Phosphorus has not been recommended.

Escherichia Coli (E. Coli)

Average historical concentrations of E. coli (Table 3.14) were measured to range between 0.4
CFU/ 100 mL (MW5 and MW8) to 7.4 CFU/100 mL (MW3) in groundwater.  These
concentrations are significantly lower than average E. Coli concentrations measured within the
effluent (120,880 CFU/100 mL) and below the 100 CFU/100 mL OPWQO limit. E. Coli is difficult
to sample and analysis often results in highly variable concentrations being measured. Based
on this information, E. Coli was not identified as a POI and was not modelled using the
monitoring based approach.

It is noted that disinfection is not commonly provided in typical on-site wastewater treatment
systems.  The measured reductions are interpreted to be due to E. Coli bacteria not surviving in
the unsaturated conditions found below the existing and proposed disposal beds. Furthermore,
the potential down-gradient surface water receptor (the Long Pond) is located a substantial
distance from the existing and proposed disposal beds, allowing for further reductions of E. Coli
concentrations in groundwater prior to entering the Long Pond. For these reasons, it is
proposed that E. Coli sampling and disinfection treatment be removed from the scope of this
project.

Based on these results, MTE predicts no adverse impacts to the down-gradient Long Pond
surface water feature, and environmental features surrounding Long Pond, as a result of the
proposed wastewater system and subsurface disposal bed expansions required as part of the
proposed development in the south portion of the Site.
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7.4 North Portion of Site – Precious Blood Monastery

The methodology and calculations for conducting the wastewater impact assessment for the
north portion of the Site are provided in Appendix E. A summary and discussion of the findings
is provided below.

Total Nitrogen (Nitrate + Nitrite + TKN)

Total Nitrogen was modelled based on an effluent concentration of 40 mg/L, as outlined in
Appendix E.

As shown in Appendix E, it is estimated that the Total Nitrogen concentration of effluent
originating from Disposal Bed No. 3 would be reduced to approximately 2.01 mg/L at the down-
gradient compliance boundary (Long Pond).

This estimated concentration is below the outlined 3 mg/L CWQG limit, based on an original
effluent concentration of 40 mg/L. Based on these results, MTE predicts no adverse impacts to
the down-gradient Long Pond surface water feature, and environmental features surrounding
Long Pond, as a result of Total Nitrogen concentrations generated from the north portion of the
Site.

Total Ammonia (as Nitrogen)

As shown in Appendix E, the Total Ammonia effluent concentration in the effluent resulting in
an exceedance of the standard (2.68 mg/L) at Long Pond is 115 mg/L.

Therefore, a proposed effluent concentration for Total Ammonia for the north portion of the Site
has not been recommended since it is considered unlikely that Total Ammonia concentrations in
effluent in the north portion of the Site would be released at the concentration required to result
in an exceedance at Long Pond.

In addition, the Total Nitrogen impact assessment is considered to include total ammonia since
Total Nitrogen is the sum of Nitrate-N, Nitrite-N and Ammonia-N.

Total Phosphorus

As shown in Appendix E, the total phosphorus concentration is estimated to meet the PQWO of
0.02 mg/L at a distance of approximately 1 m from the source when the original Total
Phosphorus concentration is 12 mg/L.

In addition to the above, Section 22.5.11 - Attenuation of Phosphorus and Ammonia in Chapter
22 – LSSDS of the MECP guideline document state that a “separation distance of 300 m
between the area of sewage infiltration and the surface water body should be sufficient to
ensure that there are no appreciable effects to surface water quality”. Disposal Bed No. 1 is
located approximately 530 m from Long Pond.

It is noted that the bedrock is overlain by a continuous silt and clay unit (Halton Till) which
extends horizontally across the entire Site and was observed to have a thickness of
approximately 4.7 meters beneath Disposal Bed No. 1. Furthermore, the hydraulic conductivity
of the overlying Halton Till material was estimated to range between 3x10-11 m/sec and 6x10-10

m/sec (Section 6.2) based on grain size analysis.

Based on the above, it is predicted that a significant amount of phosphorus attenuation will
occur rapidly within a short distance of the discharge point in the north portion of the Site.
Therefore, a proposed effluent concentration for Total Phosphorus has not been recommended.
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Escherichia Coli (E. Coli)

As stated above, average historical concentrations of E. coli (Table 3.14) were measured to
range between 0.4 CFU/ 100 mL (MW5 and MW8) to 7.4 CFU/100 mL (MW3) in groundwater in
the south portion of the Site.  These concentrations are significantly lower than average E. Coli
concentrations measured within the effluent (120,880 CFU/100 mL) and below the 100 CFU/100
mL OPWQO limit. E. Coli is difficult to sample and analysis often results in highly variable
concentrations being measured. Based on this information, E. Coli was not identified as a POI
and was not modelled using the monitoring based approach.

8.0 Conclusions

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

Geology

¶ Stratigraphic conditions beneath the Site consist of thin layer of topsoil underlain by a silt
and clay till unit (Halton Till); and

¶ Bedrock was encountered in the boreholes advanced at the Site at depths ranging from
1.8 mbgs (116.87 mamsl) in the northeastern portion of the Site to 6.7 mbgs (113.2
mamsl) in the central portion of the Site. Geological Cross-section A-A’ interprets a
maximum overburden thickness of approximately 10 m. Bedrock was described as red
shale of the Queenston Formation.

Hydrogeology

¶ Shallow groundwater elevations were measured to range between 100.4 mamsl (MW9)
and 122.84 mamsl (MW201D-19) with an overall average groundwater elevation of
114.0 mamsl at the Site;

¶ The local shallow groundwater flow direction across the Site is interpreted to be in the
easterly to southerly direction; however, the regional groundwater flow direction is
interpreted to be in a southerly direction towards the down-gradient Long Pond;

¶ The horizontal hydraulic gradient of the shallow groundwater table beneath the Site is
estimated to be 0.05 m/m;

¶ Minimum and maximum hydraulic conductivity values for the shallow groundwater table
beneath the Site were calculated as 1.2x10-8 m/sec (MW101-19) to 7.2x10-7 m/sec
(MW2) with a geometric mean of 1.7x10-7;

¶ Based onsite in-situ hydraulic conductivity testing, the bedrock unit is determined to be
of low permeability and will add to the attenuation of wastewater effluent; and

¶ The groundwater velocity of the shallow groundwater beneath the Site was estimated to
be 11.4 m/year.
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Historical Effluent Quality

¶ Historical effluent quality samples collected from the south portion of the Site reported
exceedances of the standards outlined in the CoA and Amended ECA for TSS, Total
Ammonia, E. Coli, and/or BOD. The exceedances of Total Ammonia are attributed to
incomplete nitrification within the wastewater treatment system prior to discharge. It is
anticipated that this issue would be addressed as part of the increased effluent treatment
requirements for Total Nitrogen (i.e. updated treatment objective for Total Nitrogen of 10
mg/L).

Up-Gradient Groundwater Quality

¶ Groundwater analytical results collected from MW101-19 are considered to represent
background groundwater quality for the Site.

¶ The groundwater analytical results from MW101-19 did not report exceedances of the
PWQO or CWQG for general chemistry parameters, anions, or nutrients. Exceedances
of the PWQO standards for metals were reported for Aluminum, Boron, and Iron and are
interpreted to be the result of naturally occurring mineral deposits within the geological
units surrounding the well screen.

¶ Monitoring well location MW202-19 is interpreted to be located hydraulically up-gradient
of the septic beds within the Site.

¶ The groundwater analytical results from MW202-19 reported exceedances of Total
Ammonia (as N), Total Nitrogen, and Total Phosphorus. These concentrations are
interpreted to result from the septic systems servicing the residential properties located
north of the Site. The reduced concentrations of these parameters, when compared to
MW201S-19, indicates the Site is serving to attenuate these elevated concentrations
resulting from the up-gradient residential properties.

¶ Monitoring wells MW201S-19 and MW201D-19 are a set of nested wells located along
the northern property boundary and are therefore interpreted to be located hydraulically
up-gradient at the Site.

¶ The groundwater analytical results from MW201S-19 reported exceedances for Total
Ammonia, Total Nitrogen, and Total Phosphorus. Residential properties located
hydraulically up-gradient to the Site are presumed to be serviced via individual on-Site
sewage (septic) systems. Therefore, the elevated concentrations of these parameters
within MW201S-19 are considered to result from the septic beds located up-gradient
from the Site.

¶ The groundwater analytical results from MW201D-19 reported exceedances of the
CWQG for Total Ammonia, Total Nitrogen, and Total Phosphorus. All of the
concentrations of these parameters within MW201D-19 were less than the
concentrations reported in MW201S-19.

¶ The reduction in concentrations of Total Ammonia, Total Nitrogen, and Total Phosphorus
between MW201S-19 to MW201D-19 is interpreted to result from contaminant diffusion
(e.g. contaminant moving from area with high concentration to a lower concentration)
and mechanical dispersion (e.g. transverse mechanical dispersion which acts to laterally
spread the contaminant) (US EPA, 1997).
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Down-Gradient Groundwater Quality

¶ Monitoring well locations MW6 and MW204-19 are interpreted to be located hydraulically
down-gradient within the Site.

¶ Average historical groundwater analytical results for MW6 reported exceedances of
TSS, Nitrate, Total Nitrogen, and Total Phosphorus.

¶ The groundwater sample collected from MW204-19 reported an exceedance of the
PWQO for Total Phosphorus. Concentrations of Total Ammonia and Total Nitrogen did
not exceed their applicable standards.

Central Groundwater Quality

¶ The average concentrations of the historical groundwater samples from several
monitoring locations had exceedances of TSS, Nitrate, Total Nitrogen, and Total
Phosphorus.

¶ MW3 is located adjacently south of Disposal Bed No. 1 and is interpreted to be
hydraulically down gradient of Disposal Bed No. 1. Analytical results show the
groundwater sample collected from MW3 did not exceed the PWQO or CWQG for
general chemistry parameters, anions, or nutrients, with the exception of Total
Phosphorus.

¶ MW203-19 is located between Disposal Bed No.’s 1 and 2 and is interpreted to be
hydraulically down-gradient to Disposal Bed No. 1 and hydraulically up-gradient to
Disposal Bed No. 2. The groundwater analytical results for monitoring location MW203-
19 reported exceedances of the CWQG for Total Ammonia, Total Nitrogen, and Total
Phosphorus.

Analytical Results Discussion

¶ Exceedances of TSS are attributed to limitations in sampling procedures, especially
within groundwater samples as the Queenston Formation is noted be contain high
concentrations of fine silt and clay particles which are easily mobilized during well
development and sampling.

¶ Elevated concentrations of Chlorides and Sodium in the East Ravine samples are
interpreted result from runoff generated along the adjacent Highway 6 and Highway 403
following de-icing activities.

¶ Exceedances of Nitrate (as N) and Total Nitrogen occur in several groundwater
monitoring wells and are noted to be higher than the CWQG for the protection of aquatic
life in fresh surface water habitats. It is noted that these are collected from groundwater
locations located more than 200 m up-gradient of the Long Pond and that concentrations
of Nitrate (as N) and Total Nitrogen are expected to continue to decrease within the flow
system through natural attenuation from the Site to Long Pond.

¶ Exceedances of Total Phosphorus were noted to occur in all the groundwater monitoring
locations and the East Ravine. Average Total Phosphorus concentrations were lower
than the effluent indicating that natural attenuation was occurring within the groundwater
flow system. It is noted, however, that additional Phosphorus loading may be occurring
as a result of the application of fertilizers to the green spaces located on the Site.

¶ The elevated concentrations of select metals in groundwater at the Site are considered
to result from naturally occurring mineral deposits within the geological unit surrounding
the well screens and are not considered to result from anthropogenic sources at the Site.
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¶ Groundwater quality samples collected from MW4 and MW9 are not considered to be
representative of the groundwater quality in the vicinity of these wells.

Wastewater Impact Assessment – South Portion of Site (CIC School Site)

¶ Total Nitrogen concentrations at Long Pond were estimated to range between 0.22 mg/L
and 0.88 mg/L based on an effluent concentration of 10 mg/L while concentrations were
estimated to range between 0.45 mg/L and 1.77 mg/L based on an effluent
concentration of 20 mg/L. These concentrations are below the 3 mg/L standard for Total
Nitrogen. Therefore, the objective of treating the effluent in the south portion of the Site
to 10 mg/L with a limit of 20 mg/L is considered acceptable for the south portion of the
Site.

¶ The Total Ammonia effluent concentration resulting in an exceedance of the standard
(2.68 mg/L) at Long Pond is 132 mg/L. Therefore, a proposed effluent concentration for
Total Ammonia has not been recommended since it is predicted that treatment of the
effluent for Total Nitrogen would ensure the Total Ammonia concentrations remain well
below the 132 mg/L concentration required to result in an exceedance at Long Pond.

¶ The Total Phosphorus concentration is estimated to meet the PQWO of 0.02 mg/L at a
distance of approximately 0.95 m from the source when the original Total Phosphorus
concentration is 8.9 mg/L, representing the maximum Total Phosphorus concentration
historically measured in the effluent for the South portion of the Site. Therefore, a
proposed effluent concentration for Total Phosphorus has not been recommended since
it is predicted that a significant amount of phosphorus attenuation will occur rapidly
within a short distance of the discharge point in the south portion of the Site.

¶ Average historical concentrations of E. coli measured within groundwater monitoring
wells at the Site were significantly lower than average E. Coli concentrations measured
within the effluent and below the 100 CFU/100 mL OPWQO limit. E. Coli is difficult to
sample and analysis often results in highly variable concentrations being measured.
Based on this information, E. Coli was not identified as a POI and was not modelled
using the monitoring based approach. It is proposed that E. Coli sampling and
disinfection treatment be removed from the scope of this project.

Wastewater Impact Assessment – North Portion of Site (Precious Blood Monastery)

¶ It is estimated that the Total Nitrogen concentration of effluent originating from Disposal
Bed No. 3 would be reduced to approximately 1.2 mg/L at the down-gradient compliance
boundary (Long Pond) when released at an effluent concentration of 40 mg/L. This
estimated concentration is below the outlined 3 mg/L CWQG limit.

¶ The Total Ammonia effluent concentration resulting in an exceedance of the standard
(2.68 mg/L) at Long Pond is 115 mg/L. Therefore, a proposed effluent concentration for
Total Ammonia for the north portion of the Site has not been recommended since it is
considered unlikely that Total Ammonia concentrations in effluent in the north portion of
the Site would be released at the concentration required to result in an exceedance at
Long Pond.

¶ The total phosphorus concentration is estimated to meet the PQWO of 0.02 mg/L at a
distance of approximately 1 m from the source when the original Total Phosphorus
concentration is 12 mg/L. Therefore, a proposed effluent concentration for Total
Phosphorus has not been recommended since it is predicted that a significant amount of
phosphorus attenuation will occur rapidly within a short distance of the discharge point in
the north portion of the Site.



MTE Consultants | 45800-200 | Revised Hydrogeological Investigation  | June 25, 2021 34

While the impacts for each Disposal Bed were calculated separately, the cumulative impact of
the three Disposal Beds are also predicted to not adversely impact Long Pond.

Based on these results, MTE predicts no adverse impacts to the down-gradient Long Pond
surface water feature, and environmental features surrounding Long Pond (e.g. The Cootes
Paradise Provincially Significant Wetland Complex), as a result of the current and proposed
wastewater systems and subsurface disposal beds at the Site.

8.1 Recommendations and Monitoring

Based on the above, it is recommended that effluent discharged from the proposed on-Site
wastewater treatment system located in the south portion of the Site, servicing the Sisters of St.
Joseph Convent, is treated to a target concentration of 10 mg/L for Total Nitrogen with a Limit of
20 mg/L of Total Nitrogen.

Additional recommendations are as follows:

¶ Effluent concentrations for the north portion of the Site (the Precious Blood Monastery)
were estimated based on the maximum concentrations of the POI’s within typical
residential wastewater outlined in Table 22-2 of Chapter 22 of the MECP document
Design Guidelines for Sewage Works since actual effluent concentrations were not
available. It is therefore recommended that an effluent sample be collected from the
wastewater system in the north portion of the Site and analyzed for the POI’s to ensure
the concentrations used and findings of this report are accurate.

¶ As stated in Section 7.2.2 of this report, MTE recommends the use of shallow buried
trench disposal beds in order to minimize the footprint of the disposal beds for the
proposed disposal bed expansions in the south portion of the Site.

¶ Based on a review of the historical sampling results, monitoring and treatment of E. Coli
is not recommended for the current and proposed wastewater treatment systems and
subsurface disposal beds at the Site.

¶ 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).

Post–Construction Monitoring and Contingency Programs

As outlined in Chapter 22, comprehensive monitoring programs are likely needed when specific
effluent quality requirements are stipulated. Since treatment of the effluent is recommended
prior to discharge to the subsurface for the system in the south portion of the Site, a
comprehensive monitoring program is recommended for the Site. This would include, but is not
limited to the following:

¶ A schedule for the monitoring of flows and quality of sewage at the point of input to the in
ground distribution system;

¶ The installation of supplemental down-gradient monitoring well(s) within the plume to
address issues observed in MW4 and MW9;

¶ A schedule for water level and/or quality monitoring;

¶ A schedule for continual assessment and reporting on compliance and efficiency of the
program;
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¶ A protocol for reporting routine and extraordinary circumstances to the MECP; and

¶ A schedule of regular maintenance of the treatment works.

The frequency of the monitoring report submission should normally be less than annually,
however this is decided on a case-by-case basis upon discussion with the MECP. In addition,
where the submission of reports to the MECP is not required, the MECP may require the owner
to produce and store reports and provide them upon request or to send status letters confirming
the required monitoring has been completed.

A contingency plan in case of failure may be necessary and would become a condition in an
ECA.
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9.0 Limitations

Services provided by MTE Consultants Inc. (MTE) were conducted in a manner consistent with
the level of care and skill ordinarily exercised by members of the Environmental Engineering &
Consulting profession.  No other warranty or representation, expressed or implied, as to the
accuracy of the information, conclusions or recommendations is included or intended in this
report.

This report was completed for the sole use of MTE and their Client. It was completed in
accordance with the scope of work identified in the introduction of the text.  As such, this report
may not deal with all issues potentially applicable to the Site and may omit issues, which are, or
may be, of interest to the reader.  MTE makes no representation that the present report has
dealt with any and all of the important features, including any or all important environmental
features, except as provided in the Introduction.  All findings and conclusions presented in this
report are based on Site conditions, as they existed during the time period of the investigation.
This report is not intended to be exhaustive in scope or to imply a risk-free facility.

Any use which a third party makes of this report, or any reliance on, or decisions to be made
based upon it, are the responsibility of such third parties.  MTE accepts no responsibility for
liabilities incurred by or damages, if any, suffered by any third party as a result of decisions
made or actions taken, based upon this report.  Others with interest in the site should undertake
their own investigations and studies to determine how or if the condition affects them or their
plans.

It should be recognized that the passage of time may affect the views, conclusions and
recommendations (if any) provided in this report because environmental conditions of a property
can change. Should additional information become available, MTE recommends that it be
brought to our attention in order that we may re-assess the contents of this report.

We trust this meets your current requirements. If you have any questions or comments, please
do not hesitate to contact the undersigned directly at (519) 743-6500.

Respectfully submitted,

MTE Consultants Inc.

Andrew Bingeman, C.E.T.
Senior Project Manager
519-743-6500 ext. 1309
abingeman@mte85.com

Peter A. Gray, P.Geo., QPESA

VP., Senior Hydrogeologist
519-743-6500 ext. 1306
pgray@mte85.com
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