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Executive Summary
With recent government funding support, the City of Brantford initiated the Mohawk Lake and Mohawk
Canal Cleanup and Rehabilitation Project which consists of three (3) overall phases including:
1. Characterization Study
2. Functional Master Drainage and Restoration Study with the following three components:
Subwatershed Stormwater, Mohawk Park and Canal Master Plan, and Environmental Assessment
3. Design & Construction of the Cleanup and Remedial Work

The objectives for the Mohawk Lake and Mohawk Canal Cleanup and Rehabilitation Project include the
following:
- Protect and enhance the environment in a manner which is in harmony with the natural features
of the Mohawk Lake watershed;
- Restore and maintain water quality to a level which maintains ecological integrity and permits
desired uses including potential recreational activities;
- Protect, maintain and enhance aquatic communities, with particular regard for fish and fish
habitat;
- Protect and maintain self-sustaining natural ecosystems and significant natural features;
- Protect and maintain groundwater recharge / discharge areas and baseflow to a level which
ensures adequate supply for desired uses;
- Restore Mohawk Lake area through remedial works and land use controls; and
- Minimize soil loss through land management practices and remedial control measures.

The City of Brantford is undertaking a Characterization Study in order to assess the current conditions of
the Lake. The Characterization Study draws upon past studies and field investigations to determine the
environmental conditions of the Lake and Canal with the intent of defining potential rehabilitation
approaches to improve the environmental quality of Mohawk Lake and Mohawk Canal and provide
enhanced recreational, fish and wildlife and downstream water quality conditions.

With input from the background review process, work plans for the individual Environmental Assessments
to be completed as part of the scope of work were developed. Per the Terms of Reference, the following
Environmental Assessment tasks were completed in order to further fill data gaps identified during the
background review phase and validate/update existing data from previous studies. The work plan for the
Environmental Assessments included the following:
e Topographic and Bathymetric Surveys of Mohawk Lake and Canals.
e Natural Heritage Assessments including aquatic resources and habitat assessments (Ontario
Stream Assessment Protocols (OSAP)), terrestrial assessments (Ecological Land Classifications
(ELC)), Species at Risk (SAR) screening and Significant Wildlife Habitat (SWH) assessments
e Rainfall Monitoring:
o Establishing one (1) Meteorological Data Collection for continuous data collection.
e Stream Flow Monitoring:
o Continuous and single discrete measurements at three (3) individual locations
e Water quality monitoring:
o Grab sampling at four (4) location within the Lake and Canals for eight (8) wet and four
(4) dry events, analysed for select parameters.
o Grab samples at ten (10) locations at select outfall and potential pollution contribution
sites for three (3) wet and three (3) dry events, analysed for select parameters.
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o Sediment Sampling
o Cores taken at twenty (20) locations and samples taken at select intervals.
e Hydrologic and Hydraulic Modelling
o Flow regime and Floodplain characterization.
o Hydrogeological Monitoring
o Ten (10) groundwater monitoring locations distributed around Mohawk Lake and canals
including continuous groundwater level monitoring.
o One (1) water quality for water quality.
e Geomorphological Assessments
o Geomorphic field assessments and identification of geomorphic conditions and
geomorphic hazards for Mohawk Lake, canals and surrounding tributaries.

A summary of the key findings from the field investigations and modelling are summarized below:

Cultural Heritage

The Waterfront Master and District Plan identifies areas with archaeological potential within the City of
Brantford upstream of Mohawk Lake including Downtown Brantford, Mohawk Parks, Land and Canal,
Hydro Generation Station Ruins, and various locations within the study area with archaeological potential.

Through consultation with ASI, it was confirmed that a Stage 1 Archaeological Assessment will be required
as part of the future EA and subwatershed process completed as part of the Mohawk Lake and Mohawk
Canal Cleanup and Rehabilitation Project.

Soil and Geotechnical

Ten (10) boreholes with monitoring wells were advanced on August 7, 8 and September 4, 2018. Three
(3) of these boreholes are nested wells. The soil sub-strata encountered during borehole advancement
was logged during drilling and representative soil samples were collected for textural classification.

In general, beneath the existing layer of topsoil or earth fill material the native soils underlying the subject
site consists of silty clay, silt, sandy gravel, silty sand and organic soil deposits. The sub-soils encountered
indicate that the subsurface conditions in the area are complex due to the Quaternary glacial processes
and the depositional environment that were created from the Grand River.

Hydrogeology/Groundwater

Boreholes with monitoring wells were strategically placed to enable interpretation of a
hydrogeostratigraphic profile across the lake area, and to determine background groundwater elevations,
groundwater flow pattern, and to characterize the background groundwater quality in the vicinity of the
lake. Ten (10) monitoring wells were established at seven (7) locations at depths of 5-6.5m.

Water quality samples were undertaken once from each of these boreholes to verify groundwater water
quality conditions. Out of the 8 monitoring wells that were sampled only 5 showed exceedances:
e BH-1D had one slight exceedance of Zinc
e BH-2 had three exceedances of PAHs (Methylnaphthalenes and Phenanthrene) and F2
hydrocarbons
e BH-6 had exceedances in Chloride, Barium, F2 and F3 hydrocarbons, and Phenanthrene
e BH-7S had exceedances in Barium, F3 hydrocarbons and in seven different PAHs (Anthracene,
Benzo(a)pyrene, Benzo(b)fluoranthene, Chrysene, Fluoranthene, Phenanthrene, Pyrene)
e BH-7D had exceedances in Barium and Phenanthrene
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The groundwater levels recorded at the monitoring wells showed variable levels of fluctuation over the
1-year monitoring period. The peaks for each well came in the early spring months and water levels
gradually decreased to a minimum in the summer. The groundwater levels indicated that the shallow
groundwater flows in southernly directions from an interpreted high groundwater area located north of
Mohawk Lake. On the south side of Mohawk Lake, the shallow groundwater continued to flow in a
southernly direction, likely toward the Grand River. This is consistent with the groundwater flow trends
that Terraqua observed during their study in 1990. Given the relatively high permeabilities of the sub-
soils surrounding Mohawk Lake, and the relatively high groundwater elevations in the area, the aquifer is
relatively vulnerable to potential contaminants and other anthropogenic activities and groundwater
recharge to Mohawk Lake from the deeper aquifer system is likely. Groundwater temperatures in the
monitoring wells ranged from 6.82°C to 13.86°C.

The results and discussion are based on the draft Hydrogeological Report provided by SEL. The final report
will be published under a separate cover and include a more broad discussion of the groundwater
characteristics surrounding Mohawk Lake and provide further comparative assessments with previously
completed studies.

Flow Monitoring
Flow monitoring completed at three (3) locations provided the following results:

The outlet structure of Mohawk Lake at station FM-1 is constantly flowing. During rainfall events there
was no significant increase in water depth within the channel. However, the velocity and corresponding
discrete flow measurements recorded in the channel were variable ranging from 0.2498m3/s to
0.6458m3/s during rainfall events. Based on the rating curve and continuous data collected at FM-1, the
estimated cumulative volume discharged from the Mohawk Lake weir structure and into the Grand River
over a 10-month period from August 15%, 2018 to June 18", 2019, was estimated at 3,477,045m?>.

Continuous flow and corresponding volume estimates for FM-3/2, and FM-4 were determined using the
Infoworks model. The volume of water that entered the Lake and Canals from numerous outfall locations
was summed to determine an estimate of the total volume of water input into the system from August
15, 2018 to June 18™, 2019. Based on the hydrographs produced for each of these outfalls, the estimated
total volume input from August 2018-June 2019 (10 months) was 2,549,000m3.

10-month monitoring period, estimates demonstrate that more water leaves (29%) the system through
the Mohawk Lake outlet structure than enters the system through the existing stormsewer network.
Previous studies (Gore and Storrie 1995) estimated groundwater inputs account for 18% of the flows
which discharge from the system. Results of the 2018/2019 monitoring support previous findings which
suggest that the Mohawk Lake and canals are subject to significant groundwater inputs from the
surrounding areas and aquifers.

Hydrologic Modelling

Flow within the storm sewer network and Lake and canal system for the 2yr through Regional storm
events were developed. Minor system was modelled to show the state of surcharge under the 2-year,
5-year and 10-year design events. Flows were incorporated into the Hydraulic model.

Several recommendations have been provided for the EA study:
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1. A major system model should be incorporated to route flows according to the urban sewershed
rather than based on topology; this will require re-delineation of the storm sewer subcatchment
areas to reflect urban drainage patterns (i.e. curb and gutter). Catch basin type should be
confirmed for each street and incorporated into the model accounting for slope, grate type and
lead size;

2. LiDAR datais recommended to refine the ground model and to generate the overland flow paths.
This can be done in the 1D InfoWorks model with the surface elevations at each node inferred
directly from the LiDAR ground model.

Hydraulic Modelling
A GeoHECRAS model was developed as part of the study and peak flows for the 2,5,10,100 year and
regional storm (Hurricane Hazel) were assessed.

The completed topographic survey included cross-sections every 20-40m of the Lake and Canals extending
into the floodplain. 20m cross-sections were generally followed; however, given that the main purpose of
the topographic survey was to characterize the local grading of the Lake and canal system for the purpose
of floodplain mapping and GeoHECRAS model development, cross-sections were reallocated to crossing
locations in order to obtain more detail of the local topography around the crossing structures.

A hydraulic model was developed to understand the potential flooding impact of Mohawk Lake and Canals
within the Mohawk Lake subwatershed. Floodlines were created for the regional storm Hurricane Hazel.
e The flood limits remain in the canal corridor, with the majority of the flooding occurring to the
south of Mohawk Lake.
e Six (6) buildings and the entire Brantford Wastewater Treatment Plant are within the Regional
(Hurricane Hazel) flood limits.
e Under the Regional flood conditions two (2) roads (Mohawk Street and Greenwich Street) are
overtopped.
e Itis noted that no culvert or bridge overtopped under Regional flood conditions.

Geomorphological Assessment
Geomorphological and erosion assessments were completed as part of the study. A number of erosion
sites, long-term erosion hazards, and environmental stream restoration opportunities have been
identified and characterized. They are as follows:
1. Erosion Site #2 on Tributary 1 (Reach T1d) upstream of Glenwood Drive is high priority from a
risk management perspective. Immediate steps should be taken to mitigate this risk.

2. Erosion Sites #1 and #3 (reaches SC-1 and OF-1) were assigned lower field scores for erosion risks,
but they have some environmental restoration and sediment mitigation opportunities. These
sites should be considered for future restoration and erosion mitigation as part of the overall
revitalization plan for Mohawk Lake.

3. Tributary 1 generally has local erosion issues with the deterioration of previous roundstone and
armourstone engineering works. This watercourse should be monitored for further deterioration
of the existing erosion control measures, and a geotechnical risk assessment is recommended for
one location in Reach Tlc

4. Mohawk Lake and Canal were visually assessed for evidence of existing bank instability, including
locally undercut banks along the shorelines. The canal and lake embankments were generally
considered geomorphologically stable, but detailed geotechnical assessments should be

4
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considered to confirm risks where local evidence of bank instability (and shoreline undercuts) has
been identified.

As part of the sediment quality investigations completed for Mohawk Lake, one (1) core was submitted
for lead-210 and radiocarbon dating. The results of this testing are summarized below:

Top 30 centimetres of sediment (~20 cm core depth) deposited in the last 55 years;

Top 40 — 50 centimetres of sediments (~30 cm core depth) deposited in the last 90 years;
Pb-210 sedimentation rate is in the range of 0.3 to 0.5 cm/yr (0.1 - 0.2 g cm-2 yr-1);
Radiocarbon (14C) sedimentation rate is about 0.65 cm/yr for the last ~300 years; and

e Recommended average sedimentation rate is about 0.5 + 0.1 cm/yr (~0.2 g cm-2 yr-1).

The results of the Lead 210 testing indicate that the top 50 cm of sediment currently in Mohawk Lake has
been deposited in the last 90 years, and of that 50 cm 60% of the deposits have occurred in the last 55
years. Based on the age model completed as part of the Lead 210 testing analysis, the sediment
accumulation rate follows a linear regression. While the inlet connection to the Grand River was closed in
1983, the sediment accumulation continued on a linear trend indicating that the main source of sediment
to the system consists of that produced by erosion and stormwater runoff. Using the recommended
average sedimentation rate of 0.5 + 0.1 cm/year, in the next 40 years an additional 20cm of sediment is
estimated to accumulate in Mohawk Lake and the Canals.

The key study question introduced for the geomorphological assessment was: what are the effective
strategies to manage and reduce future sediment loadings to the canal and lake? Based on the results of
the geomorphological assessment, the potential strategies to address this question have been evaluated
and prioritized to help guide future phases of the Mohawk Lake revitalization project.

The following recommendations are submitted based on the results of the geomorphological assessment
of Mohawk Lake in the City of Brantford:

e |dentification and mitigation sediment sources from the urban drainage network that may
currently be the primary source of sediment loading the lake, and thus is a critical issue to reduce
future sediment supply.

e Asuspended sediment monitoring program is an essential undertaking to understand the sources
and timing of current sediment loading to the lake.

e Erosion Site #2 is recommended for immediate attention by City staff to mitigation the
documented erosion risks. Erosion Sites #1 and #3 may be considered for future works associated
the overall Mohawk Lake revitalization project.

e To augment and support the recommended erosion mitigation works and erosion hazard
assessments a number of detailed geotechnical investigations should be considered.

o For detailed engineering design to mitigate risk at Erosion Site #2, Reach T1d.

o Forrisk assessment of local geotechnical hillslope hazards in Reach Tlc

o For stability of embankments along the canal, especially where local slope erosion and
undercut banks have been identified.
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Sediment Assessments
Sediment assessment for quantity and quality were completed of the study.

Sediment Quantity

A bathymetric survey and sediment profiling was completed as part of the current Characterization study
to update the surveys completed previously and confirm existing sediment quantities and sediment
distribution.

The results of the analysis are as follows:
e Approximately 185,000m3 of unconsolidated sediment has accumulated within Mohawk Lake and
canals:
o Unconsolidated sediment accumulation within the canals was estimated at 30,000m?3.
o Unconsolidated sediment accumulation within Mohawk Lake was estimated at
155,000m3.
e Sediment thickness within the canals ranged from 0 - 1.5m whereas sediment thickness within
Mohawk Lake ranged from O - 2.4m.
e Water depth within the canals ranged from 0 — 1.0m whereas water depths within Mohawk Lake
ranged from 0 —2.5m.

The 2018 estimate of volume of unconsolidated sediment aligns closer with the 1972 reported volume;
however, the 2018 results for general Lake bathymetry, water depth, distribution of sediment, sediment
thickness and mapping of the unconsolidated sediment/original (dredged) lake bottom are comparable
to the 1994 assessment.

Sediment Quality

Surficial sediment and sediment core samples collected at twenty (20) locations within Mohawk Lake and
Canal was completed. Site selection was based on the results of the bathymetric survey completed for the
lake and canals. In summary, twelve (12) sampling locations were established within Mohawk Lake; four
(4) sampling locations within Mohawk West Canal; and, two (2) locations within Mohawk East Canal. An
additional two sampling locations have been included for quality assurance/quality control (QA/QC)
purposes from within the Mohawk Lake.

Two (2) different sample collection methods were used to collect the required sediment samples in
Mohawk Lake and Canal. The surficial samples (0-10cm) were collected via Petite Ponar; whereas the
deeper sediments 10 cm to a maximum depth of 1.5 m were collected via core sampling via Pollutech’s
hammer core technique.

At each location, three (3) distinct samples were collected/formed (i.e., one (1) surficial sample and two
(2) samples representing two (2) distinct depth intervals) for a grand total of 60 individual samples.

Upon the completion of the core sample collection and processing, all core samples were submitted for
bulk chemical analyses. Bulk analysis results show that current sediment quality for Mohawk Lake is
generally consistent with previously completed sediment quality investigations. Based on the results of
the Ontario Reg. 347 Leachate Extraction Tests, none of the samples exceeded the leachate quality criteria
therefore the sediment was determined to be non-hazardous.
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Natural Heritage
The natural heritage of the study area was characterized through an extensive field program that included
both aquatic and terrestrial field studies.

Fish Surveys
Over five days total between September 9 and September 21, 2018, the nets were set and processed for

a total of four times at various locations throughout the lake and canals. In general, fish community results
are similar to those observed in background data. Overall, 353 total fish and eight different species were
captured and released. Common Carp (Cyprinus carpio) were also observed in abundance however none
were captured during the surveys.

No at-risk fish species, as listed under the federal Species at Risk Act (SARA) or the Ontario Endangered
Species Act (ESA), were identified during the surveys.

Benthic Surveys

Sampling was not conducted within the profundal zone as bathymetric surveys confirmed the presence
of high quantities of organic mud/silt and %DO profiling confirmed very low dissolved oxygen levels. This
supports background findings and suggests that only midge larvae and worms are present in the profundal
zone.

Overall, 341 total organisms and 18 different taxa were sampled within the study site. Results are
comparable with background results.

Aquatic Habitat
Aquatic Habitat surveys were completed for west east canal and Mohawk Lake. Overall, results from the

aquatic ecology surveys support background documentation.

Vegetation Communities

Vegetation communities were assessed in accordance with the Ecological Land Classification Protocol for
Southern Ontario (Lee, et al., 1998) on lands within the study area to which permission to enter was
granted.

The field work completed within the study area in 2018 identified 26 ELC polygons comprised of 23
vegetation community types. Five (5) of the ELC polygons represent complex communities (i.e., patterns
of two or more ecosites or vegetation types forming a mosaic that cannot be mapped at the level of
resolution being employed).

Prairie habitats, which are rare in Ontario and have potential to occur in the broader landscape, were
specifically searched for during the field surveys undertaken in 2018; no prairie habitats were identified
within the study area.

Wetlands

A review of the species list within the wetland evaluation (Ross, 2000) revealed records of species that
were not listed as SAR at the time of the evaluation but have since been uplisted. Should the Mohawk
Lake and Oxbow Wetlands evaluation be updated to include recent SAR records, the results of the
evaluation would change the status of the wetland complex making it a Provincially Significant Wetland
(PSW). This change in wetland status has implications from a planning policy perspective. For the purpose



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

of fulfilling future project phase, it is recommended that existing wetland evaluations be updated
according to the Ontario Wetland Evaluation, Southern Manual (MNRF, 2014).

Flora
A botanical inventory was conducted in concert with vegetation community surveys to create an inventory
of vascular plant species within the study area and to assess whether significant flora was present.No SAR
were found during the botanical inventory. Three provincially significant species (S1-S3) were identified:
e Ohio buckeye (Aesculus glabra) (51);
e Tall boneset (Eupatorium altissimum) (S1); and
e Pignut hickory (Carya glabra) (S3).

Three species considered to be locally rare in Brant County (Oldham, 2017) were also recorded during the
field surveys in 2018:
e Carpenter’s square (Scrophularia marilandica) (locally rare) was identified in Community 3, along
the north edge of Mohawk Lake where a steep forested slope abuts the shoreline.
e Columbia watermeal (Wolffia columbiana) (locally rare) was identified in Community 21, a small
ponded area within Community 20.
e Pale-leaved wood sunflower (Helianthus strumosus) was identified in Community 10, where a
small patch (~20 stems) was found along the edge of Commmunity 2.

Birds

Breeding bird surveys were completed by Terrastory Environmental Consulting Inc. (“Terrastory”) in
accordance with the Ontario Breeding Bird Atlas (OBBA) protocol (Bird Studies Canada et al., 2001). A total
of sixty-two (62) bird species were recorded during the breeding bird surveys; four (4) of which are
Species-at-Risk and one (1) is considered provincially rare.

Records obtained from ebird.org (2017), an online database of public observations, lists sixty-two (62)
species previously observed at Mohawk Lake, thirty-one (31) of which were not captured during the
breeding bird surveys described above. Of these 31, three are considered to be of Special Concern in
Ontario, and one (1) is considered provincially rare.

Mammals
Several common mammal species were observed incidentally during field surveys in 2018.

Herpetofauna
Amphibian call surveys were conducted near wetlands within the study area to determine the presence

and significance of breeding anuran habitat within the study area. Surveys followed the standard protocol
set out by the Marsh Monitoring Program (Bird Studies Canada, 2009). Aquafor Beech Limited staff
completed three (3) surveys at each of the six (6) survey stations. In total, five (5) species were detected
during surveys.

Species at Risk
Aguafor Beech Limited consulted a number of primary and secondary information sources to assess the

presence of SAR and other Species of Conservation Concern (SOCC) within the study area.

A total of seven (7) SAR and three (3) SOCC have been confirmed to be present within the study area.



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

An additional fifteen (15) SAR and SOCC were considered to have the potential to occur within the study
area based on habitat suitability and/or past occurrence records in the vicinity. None of the listed species
were observed in the study area during field investigations for the current study, potentially due to factors
such as: the timing of field surveys; elusive behavior; or general difficulty in detection.

Significant Wildlife Habitat
Confirmed SWH include:
e Rare Vegetation Communities; Bald Eagle and Osprey Nesting, Foraging and Perching Habitat;
Amphibian Breeding Habitat (Wetlands); Specialized Habitat for Wildlife: Special Concern and
Rare Wildlife Species
Potential SWH which may require individual studies include:
e Raptor Wintering Area; Bat Maternity Colonies; Turtle Wintering Areas & Turtle Nesting Areas;
Reptile Hibernaculum; Shrub/Early Successional Bird Breeding Habitat

Water Quality

In order to determine the level of exceedance of a pollutant, standards issued from the following agencies
were implemented:

e PWQO: Provincial Water Quality Objectives
o Phosphorus, E. Coli, Total Coliforms, Co, Cu, Fe, Ag, Zn, Benzo(gh,i)perylene,
Benzo(k)fluoranthene, Chrysene, Dibenzo(ah)anthracene
e CCME: Canadian Council of Ministers of the Environment
o TSS, Nitrate
e CWAQG: Canadian Water Quality Guidelines
o Al, Mn, Benzo(a)anthracene, Benzo(a)pyrene, Fluoranthene, Pyrene
e PWAQMN: The Provincial (Stream) Water Quality Monitoring Network

Guideline exceedances for the same parameters was observed at all four monitoring stations for various
events collected throughout the monitoring program. Generally, water quality within the canal and Lake
improved from west to east.

When comparing the results to previous studies most of the parameters observed had similar
concentrations with the exception of Phosphorus, Iron, Manganese and Zinc. These parameters were
observed to have slightly greater concentrations currently in the lake and canals compared to those
recorded previously.

Concentration of parameters observed at the PWQMN station upstream of Mohawk Lake either met or
slightly exceeded the respective PWQO guidelines whereas Mohawk Lake results for similar parameters
exceed the PWQO guidelines. These results are expected as the water quality at Mohawk Lake closer
resembles that of a Stormwater Pond, rather than a large, quickly moving natural system such as the
Grand River, due to the fact that the majority of Mohawk’s inputs come from urban runoff.

During the completion of the water quality monitoring program, observable indications of poor water
quality, especially from an aesthetic perspective, was the great deal of trash and debris observed in the
west canal. Items such as grocery carts, metal garbage bins and barrels, and computer monitors were
seen through the canal and the deterioration of these materials could also be a contributing factor to the
poorer water quality observed in the west canal.
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Pollution Monitoring

Three rounds of pollution monitoring were completed within the study area to identify pollution hotspots.
After three rounds of sampling (one dry weather event and one wet weather event per round) potential
pollution “hotspots” were mapped in the upstream catchment.

Recommendations identified during the pollution monitoring include:
e |nvestigation into possible stormsewer and sanitary sewer cross connections

e Continued pollution monitoring to further isolate the pollution hotspots in the study area and
poor performing sewersheds.

Challenges
During the development of the work plans and completion of the Environmental Assessments several

challenges were encountered which impacted the Study results in terms of the overall schedule and data
quality/availability. The challenges encountered during the completion of the Characterization Study
included:

e Property Access

o Weather

e Catchment Hydrologic Response and Canal/Lake Flow Regime

e Vandalism/Theft

e  Utility Locates

Conclusions

Overall the results of the study were found to be consistent with background reports. The water quality
observations within the Mohawk Lake and canal system are typical of a waterbody within urban
environment. When examining the water and sediment quality of Mohawk Lake and its canals over the
past 25 years, there does not appear to be a significant change. With the exception of lead and copper,
the majority of tested sediment contaminants were within the lowest effect level on aquatic life.

The most consistent contaminant found throughout the entire Mohawk Lake system was PAHs. While
PAH exceedances were found in water quality, groundwater quality, pollution monitoring, and sediment
qguality monitoring, the PAH results presented for Mohawk Lake do not present any reason for undue
concern with respect to aquatic life.

Sediment volumes determined as part of this study were comparable to previous studies, with a lower
sedimentation rate than reported by previous studies indicating a general equilibrium of the system.
While there are short term and long term benefits associated with dredging the Mohawk Lake and Canal
system, they are difficult to quantify; consideration in the context of the characterization report and
overall cost should be considered, as there is no evidence of the need for environmental dredging to
alleviate toxic conditions. Dredging as a means of improving Mohawk Lake may be completed in strategic
locations in association with other measures (i.e. end-of-pipe controls, OGS units, LIDs, etc.) implemented
to control the suspected sediment inputs originating from erosion sites and stormwater runoff.

Results from this Characterization Report should be incorporated into subsequent stages to inform on
the existing conditions of Mohawk Lake and Canals and have provide insight of the additional studies
which should be completed to further characterize Mohawk Lake and support future project phases.
Recommendations regarding each aspect of the characterization have been included in subsections
throughout the report.
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1 Introduction

Mohawk Lake is an approximately 13 hectare open water
body located in south-west Brantford, just north of the
Greenwich St. and associated industrial lands. Mohawk Lake
was constructed in the early 1800s as part of a canal system
to provide access for barges travelling through Brantford and
acted as a turn around feature for said river barges. In the
early 1900s, the lake and the surrounding parkland provided
the community with a large recreational area within the City
boundary. However, years of stormwater drainage and
industrial discharges have resulted in the deterioration of the lake. (Source: Gore & Storrie, 1995).

Since the mid-1900’s, the City of Brantford has undertaken several investigations in order to gauge the
health of the Lake and develop plans to revitalize the Lake and surrounding park areas; however, a lack of
available funding sources limited progress and implementation.

With recent government funding support, the City of Brantford initiated the Mohawk Lake and Mohawk
Canal Cleanup and Rehabilitation Project which consists of three (3) overall phases including:

1.
2.

Characterization Study;

Functional Master Drainage and Restoration Study with the following three components:
Subwatershed Stormwater, Mohawk Park and Canal Master Plan, and Environmental Assessment;
and,

Design & Construction of the Cleanup and Remedial Work

The objectives for the Mohawk Lake and Mohawk Canal Cleanup and Rehabilitation Project include the
following:

Protect and enhance the environment in a manner which is in harmony with the natural features
of the Mohawk Lake watershed;

Restore and maintain water quality to a level which maintains ecological integrity and permits
desired uses including potential recreational activities;

Protect, maintain and enhance aquatic communities, with particular regard for fish and fish
habitat;

Protect and maintain self-sustaining natural ecosystems and significant natural features;

Protect and maintain groundwater recharge / discharge areas and baseflow to a level which
ensures adequate supply for desired uses;

Restore Mohawk Lake area through remedial works and land use controls; and

Minimize soil loss through land management practices and remedial control measures.

The following Characterization Report fulfills Phase 1 of the Mohawk Lake and Mohawk Canal Cleanup
and Rehabilitation Project and is intended to assess the current conditions of the Lake and canal system.
The Characterization Study draws upon past studies and field investigations to determine the
environmental conditions of the Lake and canals. The Characterization Study is considered the first steps
in defining potential rehabilitation approaches to improve the environmental quality of Mohawk Lake and
Mohawk Canals and provide enhanced recreational, fish and wildlife and downstream water quality
conditions with its results guiding subsequent Project phases.

11
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2 Study Purpose and Work Plan

The primary purpose of the Phase 1 Characterization Study was to develop an understanding of the form,
function, and current conditions within the Mohawk Lake subwatershed based on available background
information collected and supporting environmental assessments completed. The results of the
environmental assessments completed as part of the Phase 1 Characterization Study intended to verify
and/or update results of previously completed assessments/studies and identify potential trends which
will provide guidance for future phases of the Mohawk Lake and Mohawk Canal Cleanup and
Rehabilitation Project.

To fulfill the project purpose, the study team completed a variety of background reviews and
environmental assessments. The background review process was completed in two (2) stages and
delivered to the City as two (2) individual interim reports. The following provides details of the interim
reports including their purpose and function in developing the work plans for the Environment
Assessments completed as part of the study:
1. Interim Report #1:
Summarized the background information provided at the onset of the project and identified data
gaps. Following the completion of Interim Report #1, information requests were distributed to
the City, relevant Agencies and other sources and further research was conducted to fulfill data
gaps to the greatest extent possible. The results of the first Interim Report guided the initial
development of the work plans for the Environmental Assessments.

2. Interim Report #2:
Summarized the background information provided following the completion of the first Interim
Report. The results of the second Interim Report refined the initial development of the work plans
for the Environmental Assessments.

With input from the background review process, work plans for the individual Environmental Assessments
to be completed as part of the scope of work were developed. Per the Terms of Reference, the following
Environmental Assessments tasks were completed in order to further fill data gaps identified during the
background review phase and validate/update existing data from previous studies. The work plan for the
Environmental Assessments included the following:
e Topographic and Bathymetric Surveys of Mohawk Lake and Canals.
e Natural Heritage Assessments including aquatic resources and habitat assessments (Ontario
Stream Assessment Protocols (OSAP)), terrestrial assessments (Ecological Land Classifications
(ELC)), species at risk screening and significant wildlife habitat assessments
e Rainfall Monitoring:
o Establishing one (1) Meteorological Data Collection for continuous data collection.
e Stream Flow Monitoring:
o Continuous and single discrete measurements at three (3) individual locations.
e Water quality monitoring:

o General Program: Grab sampling at four (4) locations within the Lake and Canals for four
(4) wet and two 2 (dry) events and analysed for select parameters.

o Pollution Prevention Program: Grab samples at ten (10) locations at select outfall and
potential pollution contribution sites for three (3) wet and three (3) dry events and
analysed for select parameters.

e Sediment Sampling
o Cores taken at twenty (20) locations and samples take at select intervals.

12
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e Hydrologic and Hydraulic Modelling
o Flow regime and Floodplain characterization
e Hydrogeological Monitoring
o Ten (10) groundwater monitoring wells distributed around Mohawk Lake and canals
including continuous groundwater level monitoring for a period of one (1) year.
o One (1) water quality taken at each groundwater monitoring location and analysed for
select parameters.
e Geomorphological Assessments
o Geomorphic field assessments and identification of geomorphic conditions and
geomorphic hazards for Mohawk Lake, canals and surrounding tributaries.

The completion of the work plan occurred in 2018 with a draft Characterization Report delivered in
October 2018. Provisional monitoring was completed for an 8-month period following the completion of
the draft Characterization Report from October 2018 to June 2019. This provisional monitoring was
limited to the following:
e Rainfall Monitoring:
o Continuous rainfall data was collected from October 2018 to December 2018 and April
2019 to June 2019. The station was shutdown during winter season.
e Stream Flow Monitoring:
o Continuous water level data was collected from October 2018 to June 2019 at three (3)
individual locations.
e Water quality monitoring:
o General Program was repeated during Fall 2018 to Spring/Summer 2019. Sampling at four
(4) locations within the Lake and Canals for four (4) wet and two 2 (dry) events and
analysed for select parameters was completed.

The data collected during the provisional 8-month period was incorporated into the results and discussion
of the following Final Characterization Report.
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3 Report Structure
To ensure consistency with the previously submitted Interim Reports, the Characterization Report has
been structured into the following sections:
e Background Information Reviewed
e Site History
e Redevelopment and Revitalization
e Cultural Heritage
e Soil and Geotechnical
e Hydrogeology/Groundwater
e Drainage System and Stormwater Management
Hydrology
Hydraulics
Geomorphological Assessment
Natural Heritage
e Sediment Assessments
e Pollution Monitoring
e Water Quality
e GISData

Within each report section, the following information has been provided:

1. Background Review: consolidates the information collected and summarized as part of Interim
Reports #1 and #2 submitted to the City in February 2018 and June 2018, respectively.

2. Field Study Scope and Methodology: provides an overview the work plans and methodologies
followed as part of the environmental assessments completed.

3. Results and Discussions: summarizes the results of the environmental assessments completed,
provides discussions of the findings and comparisons with background information and/or
historical trends/observations

4. Recommendations: provides and any applicable recommendations to be considered as part of
future Project phases.

14



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

4 Background Information Reviewed

Table 4.1 summarizes the background information and resources collected at various project phases and
reviewed as part of the preparation of the Characterization Report and previously completed Interim
Reports. The background information summarized within the interim reports has been incorporated into
the following report to provide a single comprehensive Characterization Report for Mohawk Lake.

Table 4.1: List of Available Background Information Reviewed to Date

No. REPORT DATE NOTES
1 [Mohawk Lake Study, Brantford Ontario Aug. 1972 Related reports: Biological Survey of
By: M.M. Dillon Limited Mohawk Lake (1972); a Report on
For: Grand River Conservation Authority Investigations Re: Canada, City of
Brantford (1950)
2  |Biological Survey 1972 1972 Informs Mohawk Lake Study
By: Al Sandilands, Biologist, Forestry & Wildlife
Brant, GRCA
For: GRCA
3  |[Mohawk Lake Landuse Planning Study Aug. 1987 In 1986, the Waterfront Advisory
By: Mark Peterson, Graduate Student, School of Committee recommended a land use
Landscape Architecture, University of Guelph planning study for Mohawk Lake
For: Mohawk Lake Steering Sub-Committee of the
Waterfront Advisory Committee, City of Brantford;
and Six Nations
4 |[Mohawk Lake (Brantford) Sediment and Water May 1994 -water and sediment quality study
Quality Investigation -lake sediments are deemed non-
By: Ecological Services for Planning hazardous based on results of Ontario
For: Mohawk Lake Committee, City of Brantford Reg. 347
-removal of sediments is recommended
to realize the waterbody’s beneficial uses|
5 |Mohawk Lake Restoration and Park Development June 1995 -this 15pg document used to prepare a

Project Master Plan Brief (Odd Pages Only)

By: Gore & Storrie Limited (G&S) For: City of
Brantford

rehabilitation plan for Mohawk Lake and
area. Informed by 5 detailed technical
studies on:

-Ecological features
-Stormwater Management

-Potential Contaminant Sources:
Abandoned Landfills

-Shallow Creek Park

-Sediment Management
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6 |Mohawk Lake Rehabilitation Project Ecological May 1995 -detailed technical study that informed
Features of Mohawk Lake -Draft By: Gore & Storrie the Mohawk Lake Restoration and Park
Limited (G&S) Development Project Master Plan Brief,

. June 1995
For: City of Brantford

7 [Mohawk Lake Rehabilitation Project May 1995 -detailed technical study that informed
Mohawk Lake Stormwater Management Study — the Mohawk Lake Restoration and Park
DRAFT Development Project Master Plan Brief,
By: Gore & Storrie Limited (G&S) For: City of June 1995
Brantford

8  [Mohawk Lake Rehabilitation Project Summary of [May 1995 -detailed technical study that informed
Potential Contaminant Sources — the Mohawk Lake Restoration and Park
Abandoned Landfills and Industrial Properties — Development Project Master Plan Brief,
DRAFT June 1995
By: Gore & Storrie Limited (G&S) For: City of

9 [Mohawk Lake Rehabilitation Project May 1995 -detailed technical study that informed
Shallow Creek Park Groundwater Investigation the Mohawk Lake Restoration and Park
By: Gore & Storrie Limited (G&S) For: City of Development Project Master Plan Brief,
Brantford june 1995

10 |Mohawk Lake Revitalization Plan City of Brantford|Feb. 1999 Technical overview and proposed
By: Weslake Inc.; Robert Brenner (Ecologist) solutions
For: City of Brantford

11 |Mohawk Lake Revitalization Plan City of Brantford|Apr. 1999 -comprehensive plan with goals and
By: City of Brantford using Weslake Inc. Report For: objectives
City of Brantford -prepared by City Engineering Dept.

-based on Weslake Feb. 1999 Report
-prepared to support the Canada
Millennium Program application

12 |Canadian Millennium Partnership Program 1998 Application, informed by Weslake Report

Proposal for the Revitalization of Mohawk Lake
City of Brantford, Ontario

By: City of Brantford,

-Project Organizer: Mayor Chris Friel

For: Canada Millennium Partnership Program
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13 |Waterfront Master Plan June 2010 Mohawk Lake is a component of the
overall waterfront in Brantford
14 |Mohawk Lake: Review of Past Reports and May 2014 Mohawk Lake: Review of Past Reports
Studies, Report No. CD2014-070 and Studies.
By: Gregory Dworak, General Manager, Community
Services
15 [Storm Flow Monitoring and System Model Jan. 2018 -Part of the drainage area stormwater
Calibration Study. sewer network is being monitored and
By: Aquafor Beech Ltd modelled in this study.
For: City of Brantford
16 [Birds of Ontario 2000 Illustration guide of birds in Ontario and
By: Bezener, A. their habitats. This book was used to
assess potentially suitable nesting
habitat for candidate birds in the study
area.
17 |Atlas of the Breeding Birds of Ontario 2007 Illustration guide book of the birds in
By: Cadman, M.D., Sutherland, D.A., Beck, G.G. Ontario, their breeding locations, and
. their habitats. This book was used to
Lepage, D., Couturier, A.R. . . .
assess potentially suitable nesting
habitat for candidate birds in the study
area.
18 (City of Brantford Official Plan 2016 Official Plan of the City of Brantford;
By: City of Brantford used to inform Natural Heritage System
policies.
19 [Aquatic Species at Risk 2018 Online aquatic species-at-risk database;
By: Department of Fisheries and Oceans Canada used to assess the potential for aquatic
species-at-risk within the study area.
20 [Species Profile: Red-headed woodpecker 2010 Red-headed woodpecker species profile
By: Government of Canada with habitat preferences. This document
was used to assess the potential for this
species to inhabit the study area.
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21 |Grand River Conservation Authority Wetlands 2003 Wetlands policy for the Grand River
Policy Watershed.

By: Grand River Conservation Authority

22 [Ecological Land Classification for Southern 1998 Land classification protocol for
Ontario: First Approximation and its Application Ecoregions 7E and 6E.

By: Lee, H.T., W.D. Bakowsky, J. Riley, J. Bowles, M.
Puddister, P. Uhlig, S. McMurry.

23 |Mohawk Lake Turtle 2017 Youtube video of a snapping turtle in
By: Maskel, J. Mohawk Lake.

24 |Provincial Policy Statement 2014 2014 Ontario Provincial Policy Statement. This
By: Ministry of Municipal Affairs & Ministry of document was used to describe natural
Housi heritage system policies within the study

ousing
area.

25 |Natural Heritage Reference Manual 2010 Reference manual for describing natural
By: Ministry of Natural Resources and Forestry heritage features and areas in Ontario.

26 Significant Wildlife Habitat Criteria Schedules for 2015 Guide to describe Significant Wildlife
Ecoregion 7E Habitat types in Ecoregion 7E.

By: Ministry of Natural Resources and Forestry
27 [Surficial Geology of Southern Ontario 2010 Utilized in the Surficial Geology figure

By: Ontario Geological Survey

Source link:

http://www.geologyontario.mndm.gov.on.ca/mnd

28 [The Cify of Brantford Geddatabase 2018 Utilized in the creation of figures for the
By: City of Brantford Interim Report
Titled: Brantford_12Feb2018.gdb
Received: February 12, 2018

29 |(Ontario Regulation 150/06 - Grand River Oct. 2015 Policies for the management and

Conservation Authority (GRCA) Policies for the
IAdministration of the Development, Interference
with Wetlands and Alterations to Shorelines and
Watercourses Regulations

By: GRCA

delineation of regulated areas within the
GRCA jurisdiction.
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30

Grand River Information Network (GRIN)
https://data.grandriver.ca/
By: GRCA

Accessed Feb.
2018

GRCA collection of data available for
download, which includes GIS, river and
climate monitoring, and other datasets.

31

Ontario Flow Assessment Tool Il

http://www.gisapplication.lrc.gov.on.ca/OFAT/Inde

Accessed Feb.
2018

X.html?site=OFAT&viewer=0FAT&locale=en-US

By: Ministry of Natural Resources and Forestry

OFAT creates watersheds, calculates
watershed characteristics, executes
hydrology models and reports water flow
statistics. These outputs can be used by a
variety of users and applied to many

32 |Report on Investigations Regarding Canal 1950 Report of proposed dredge and

By: City of Brantford modifications to the canal including
technical analysis and cost estimates.

33 |Physiography of Southern Ontario 2007 Ontario Soil Physiography
Miscellaneous Release — Data 22
By: Chapman and Putnam
For: Ontario Geological Survey

34 [Preliminary Environmental Assessment of a 1990 - ESA
Former Coal Gasification Plant Site, Brantford,
Ontario
By: Terraqua Investigations Limited

35 [Mohawk Lake Rehabilitation Options Letter 2006 - Summary of previous studies and
By: Conestoga Rovers potential remediation recommendations
For: City of Brantford

36 |Cultural Heritage Landscape Feasibility Study: May 2016 Feasibility study to determine which
Mohawk Canal and Alfred Watts Hydro heritage planning tool to use for the
Generating Station Ruins conservation of Mohawk Canal and

surrounding area

By: ASI
For: City of Brantford

37 |Greenwich Mohawk Remediation Program Final |Mar. 2017  [Summary of the Final Soil Remediation
Summary, City of Brantford 2017 program for the Greenwich Mohawk
By: Community Development, City of Brantford Brownfield (22 & 66 Mohawk & 347
For: City of Brantford Greenwich)

38 [Phase Two Environmental Site Assessment 22 Mar. 2014 _Phase 2 ESA

Mohawk Street, Brantford, Ontario
By: CH2MHill
For: The City of Brantford

-historical buildings at this location
-groundwater and soil quality
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39 [Phase Two Environmental Site Assessment 66 Mar. 2014 _Phase 2 ESA
Mohawk Street, Brantford, Ontario -historical buildings at this location
By: CHZMHill -groundwater and soil quality
For: The City of Brantford

410 [Phase Two Environmental Site Assessment 347 Mar. 2014 _Phase 2 ESA
Greenwich Street, Brantford, Ontario -historical buildings at this location
By: CHZMHill -groundwater and soil quality
For: The City of Brantford

41 [Mohawk Street Landfill Site Design & Apr.1992  [Original Mohawk Street Landfill design
Development Plan - Volumes | and Il
By: Gore & Storrie Ltd
For: The City of Brantford

42 [Mohawk Street Landfill Site 2016 Annual Apr.2017  |Results of annual groundwater and
Monitoring Report surface monitoring at the Mohawk Street
By: WSP Landfill
For: The City of Brantford -more up to date information on landfill

control systems

43 |Long Term Monitoring and Contingency Plan December  |Landfill contaminant control systems
Mohawk Street Landfill Site City of Brantford 2010 overview
By: Golder Associates
For: The City of Brantford

44 |Waterfront Master Plan — Bald Eagle Habitat December |- Bald Eagle Habitat Management
Management Recommendations — DRAFT 2009 Recommendations which fed into the
By: PLAN B Natural Heritage \Waterfront Master Plan
Landscape Ecology and Natural Heritage Planning

45 [Environmental Restoration and Management N/A - Presentation on the Environmental
Presentation resources within the City of Brantford
By: PLAN B Natural Heritage
Landscape Ecology and Natural Heritage Planning

46 [Summary of Meeting for MOEE Biomonitoring  [jJune 1995  |Meeting minutes between MOEE and
Results Gore and Storrie regarding
By: Gore and Storrie Ltd Biomonitoring Results

47 [Distribution of Fish Species at Risk — GRCA May 2015  |DFO mapping of distribution of fish
Mapping species at risk within the GRCA
By: Department of Fisheries and Oceans Canada watershed

48 [PAH Contributions from Storm Sewer Sediments |Feb. 1996 Memo from CH2M Gore and Storrie Ltd
(Memorandum) to the City regarding PAH Contributions
By: CH2M Gore and Storrie Ltd from Storm Sewer Sediments to

Mohawk Lake
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49

LFG Collection System Master Plan
Mohawk Street Landfill

Brantford, Ontario

By: SCS Engineers

June 2017

Details of landfill gas (LFG) collection
system master plan

50

Mohawk Lake District Working Group Agenda and
Minutes

Jan. 18, 2018

Mohawk Lake District Working Group
Proposed Work Program Overview

Ontario Wetland Evaluation, Data and Scoring
Record

51 |[Mohawk Lake Technical Presentation Oct. 2016  [Summary of work completed to date for
Mohawk Lake revitalization
46 |Long Term Monitoring and Contingency Plan December  |Landfill contaminant control systems
Mohawk Street Landfill Site City of Brantford 2010 overview
By: Golder Associates
For: The City of Brantford
47 [MNRF response to Information Request 9 April 2018 [Response to Aquafor Beech Ltd.’s
request for information on species-at-
risk, fisheries data, and wetland
evaluations.
48 [Mohawk Lake and Oxbow Wetlands — Southern  ljanuary 2000 [Southern Ontario Wetland Evaluation,

Data and Scoring Record (Ross, 2000),
with data

Received Post Interim Report #1

Collected by: Unknown

August 2004

No. REPORT DATE NOTES

1 |Mohawk Lake Rehabilitation Plan Sediment Nov. 1995 -presentation by CH2M Gore & Storrie
Management Assessment -detailed technical study that informed
Presentation at 15" International Symposium on the Mohawk Lake Restoration and Park
Lake, Reservoir and Watershed Management Nov Development Project Master Plan Brief,
6-11, 1995, Toronto June 1995

2  [Summer 1983 Study of Mohawk Lake: Proposal for/Oct. 1983 -requested by Brantford Dept. of
Restoration Engineering to determine the feasibility
By: J.C. Roff; C.W. Emerson; J. Dorey; J. Bisset of restoring and to determine the
For: City of Brantford present status of the water quality of

Mohawk Lake.

3  [Mohawk Street Landfill Site — 2017 Annual April 2018  [2017 Annual Monitoring Report for the
Monitoring Report Mohawk Street Landfill Site
By: WSP

4 Water Quality Results from Mohawk Lake Outfall _]u|y and General Water Qua“ty results from

Mohawk Lake Outfall
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5 |Grand River Source Water Protection Plan — City |November  [Source water protection policies and
of Brantford 2015 mapping for the City of Brantford
By: GRCA
6 |Mohawk Lake Visioning Workshop Results Report provides Council with a summary
(CD2015-118) of the ideas that were heard by the
By: Gregory Dworak, General Manager, Community Mohawk Lake Working Group at the
Services three workshops held on May 5th, 7th
and 14th, 2015
7 [East Ward Creek Report 1965 Evaluation of East Ward Creek flooding
By: J.M Tomlinson and Associates Ltd and detail design alternative for
alleviating flooding issues.
3 |Local News Articles of Pilot Testing for Sediment [1995 Local News Articles of Pilot Testing for
Dredging Sediment Dredging
By: Gore & Storrie Limited (G&S)
9 [Mohawk Lake Restoration and Park Development |June 1995 -this document was used to prepare a
Project Master Plan Brief (Full Document) rehabilitation plan for Mohawk Lake and
By: Gore & Storrie Limited (G&S) area.
10 [Lake Bathymetry Mapping 1972 Bathymetry measurements completed
By: Dillon and Associates by Dillon in 1972
11 [Mohawk Lake Sediment Dredging Pilot Testing — (1995 Terms of reference for the sediment
Terms of Reference dredging and dewatering pilot study
By: Gore and Storrie associated with the rehabilitation of
Mohawk Lake
12 [City of Brantford 2014 Master Servicing Plan July 2014 Master Servicing Plan (MSP) for Water,
(MSP) for Water, Sanitary, and Stormwater Sanitary, and Stormwater
Services
By: Blue Plan Engineering
13 [Emails from Stephanie Dearing (Local Resident) to lanuary 2018 |Local input regarding wildlife species
Janet vy (GRCA) observed around the Lake and
surrounding areas
14 ([Environmental Investigation of the Glebe Farm  |December  [Subsurface environmental conditions at
Lands 2001 the Glebe Farm Lands

By: Naylor Engineering Associates Ltd.

22




MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

5 Mohawk Lake Study Area

The entire City of Brantford is located within the Grand River Watershed and subdivided into seven (7)
sub-watersheds as illustrated in Figure 5.1 including the Mohawk Lake subwatershed which represents
the general limits of the study area. The predominate feature of the Mohawk Lake subwatershed is the
Mohawk Lake and canal system which was the main focus of the Characterization Study.

Mohawk Lake was constructed in the 1840s as part of the Mohawk Canal, located in the City of Brantford.
The Mohawk Canal starts at Shallow Creek Park and continues to the Alfred Watts Hydro Generating
Station Ruins at the Grand River, a federally recognized National Heritage River. The 4.8km (3 mile) canal
is narrow and shallow with reinforced banks. Mohawk Lake is surrounded by trees with several small open
areas that can be accessed for recreational purposes. The shallow lake has a surface area of approximately
13 hectares (32 acres) and depths range from 1 to 3m. Multiple outfalls from the municipal stormsewer
system are found along the canal, making stormwater runoff the primary input (water source).

Mohawk Lake’s 839 ha drainage area is composed of mainly urbanized sub-catchments, including the
Brantford neighbourhoods/districts of Lower Downtown, Colborne, and Mohawk Greenwich. Six Nations
owns the 92 acres Glebe Farm No. 40B directly on the north side of the lake. The land directly adjacent to
the south side of Mohawk Lake, and north of Six Nations Indian Reserve No. 40. is privately owned. Grand
River Conservation Authority (GRCA) owns the land abutting the Grand River. The City of Brantford owns
the majority of the remaining adjacent land. The general study area map and property ownership are
displayed in Figure 5.2 and Figure 5.3, respectively.

The Mohawk Lake drainage area is comprised of multiple land use types, including low and medium
residential, commercial, industrial, and recreational/park/open space usage. The central and northern
portions of the drainage area are largely built out with some industrial sites suitable for long term
redevelopment. The southeast portion is mainly composed of residential and employment uses with
major open space along the canal. This open space includes Mohawk Park and other parkland providing
the community with a large recreational area. There is also a brownfield site along Greenwich Street south
of Mohawk Canal that is in the planning process for redevelopment for housing. The eastern end of the
study area abutting the Grand River is heavily wooded.

The existing land use is displayed in Figure 5.4. Note: Section 5.12.2, Figure 5.129 refined the existing land
uses and addresses noted data gaps within the City’s GIS information noted in Figure 5.4.
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Figure 5.1: City of Brantford Storm Subwatersheds
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Figure 5.3: Ownership Cultural Heritage Landscape Feasibility Study (ASI: May 2016)
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5.1 SITE HISTORY

Historically, the study area has been intermittently inhabited for thousands of years. Multiple
archaeological sites have been discovered within the City of Brantford, including: Fifteen (15) Paleo-Indian
sites, ninety-one (91) Archaic sites, twenty (20) Early Woodland sites, twelve (12) Middle Woodland sites,
nine (9) Transitional Woodland sites, and twenty (20) Late Woodland sites. The Attiwandaron lived in the
Grand River valley before the seventeenth century until their demise in 1653. The Six Nations then used
the area as a hunting ground. Eventually Captain Joseph Brant and the Six Nations Indians of the Iroquois
Confederacy settled Brant’s Ford, near the original Mohawk settlement on the south edge of present-day
Brantford. Brant’s Ford became the founding place of the future settlement of Brantford.

A canal was proposed to promote Brantford as a major port and industrial city. Construction of the
Brantford Cut, now the Mohawk Canal, started in 1842 and officially opened for navigation November 7",
1848 providing access for barges travelling through Brantford. The Mohawk Canal system was built to
bypass 19.3km (12 miles) of meandering river between Bunnells Landing and Brantford. The lake was
constructed as part of the Mohawk Canal system to allow for barges to turn around.

The Mohawk Canal served four (4) purposes throughout its history including:
1. Transportation use (1829-1859),
2. Hydro-electric power generation use (1861-1911),
3. Industrial use (1844-1980s), and
4. Recreational use (1848-present).

5.1.1 Transportation

The Mohawk Canal was part of the Grand River Canal, a 91.7km (57 mile) waterway from Brantford to
Dunnville. The creation of this canal formed a connection with outside markets including Brantford to
Buffalo. The opening of the canal also led to the establishment of new mills and the increase of businesses
within Brantford. The entire canal system was owned and constructed by the Grand River Navigation
Company. In 1861, after eleven (11) years of operation and poor maintenance the Mohawk Canal was
neglected and considered abandoned. The canal continued to be used for both tourism and waste water
discharge from the factories along its banks.

5.1.2 Hydro-electric Power Generation

In 1875 Alfred Watts bought the canal rights from the City on the condition that the breaks in the
embankment adjacent to the canal were fixed, the water level was maintained at a suitable condition for
navigation, hydraulic and mill purposes, and the canal was kept in a sanitary condition. He used the locks
as a dam to utilize the 10m elevation difference between the Grand River and the canal. With the
improvement of hydro-electric technology, power to Brantford came from DeCew Falls rather than the
canal in 1908. The powerhouse at the locks was closed in 1911, and after a flood in 1927 the dam and
locks were destroyed.

5.1.3 Industrial
The canal served multiple industrial purposes including: shipping access, a water source for industrial
processes, and a hydro-electric power source. Multiple industrial facilities were built along, or closely
adjacent to the banks of the Mohawk Canal. Most of the historical pollution in the canal and the lake is
the result of indiscriminate dumping of waste materials from the farm implement factories along
Greenwich Street.
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5.1.4 Recreational

Mohawk Lake and surrounding parkland has been used for recreation for hundreds of years. After the
construction of the canal, the water levels in the original wetland rose to form a pond, now Mohawk Lake.
Recreational facilities include Mohawk Lake, Mohawk Park, and extensive pedestrian trails, including the
Trans Canada Trail and circulation routes. The area has been used for both water-based and open space
recreation. Past uses of Mohawk Park include the Brantford Street Electric Railway Station and an
amusement park, as well as cycling competitions hosted on the first cinder bicycle track in Ontario. In the
1950s the canal ditch west of Greenwich Street was backfilled creating Shallow Creek Park.
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5.2 REDEVELOPMENT AND REVITALIZATION PLANS

The City of Brantford has been working on a plan to revitalize the Mohawk Lake and Canal area for the
last thirty years. Multiple plans have been created to reflect the communities’ ideas in regard to land use
in this area. The enhancement of the natural attributes and recreational usage of the Mohawk Lake area
have consistently been a primary focus of both the community and proposed plans. The Mohawk Lake
Revitalization Plan developed in 1999 aimed to restore the natural system and improve the recreational
usage while respecting the cultural heritage of this site; this same goal is reflected in the Waterfront
Master Plan.

The Master Plan, as well as previous studies, have identified the environment, parks, access, heritage and
culture, destinations, and neighbourhoods and districts as six components critical in improving the
Brantford Waterfront. These components are addressed in the development opportunities in the vicinity
of Mohawk Lake (Figure 5.6), as well as revitalization of the Lake and Canal.

The recently remediated 50-acre Greenwich Mohawk Brownfield is planned to have a range of residential,
commercial, heritage, and recreation uses on the site with a 15m setback from the railway spur line.
Improving trail access and creating a waterfront cultural corridor are important aspects in the
revitalization of Mohawk Lake and Canal. A continuous linear greenway along the Canal is suggested in
the Master Plan and intends to provide for other nodes of recreation activity. A proposed 3km Primary
Waterfront Trail on the north side of the lake will encourage pedestrian access to Mohawk Park.

5.2.1 Mohawk Lake Working Group

The Mohawk Lake Working Group was formed in December 2014 in response to the community interest
in re-examining the revitalization of Mohawk Lake, Mohawk Canal and its associated waterways. The
Working Group is comprised of ex-officio members: MP Phil McColeman, MPP Dave Levac, City of
Brantford Mayor Friel, County of Brant Mayor Eddy, and Six Nations of the Grand River Chief Hill, along
with staff members form the City of Brantford, Six Nations, and the GRCA. Citizen-members representing
various agencies and groups are also members of the Working Group.

The Mohawk Lake Working Group undertook a public consultation process to gain public input to assist
in the development of a vision for the Mohawk Lake Project. Three workshops and an on-line survey were
available to the public. The purpose of the workshops was to hear from the community about two aspects
related to the revitalization of Mohawk Lake:

1. What does the community value about Mohawk Lake from the past and present and what
existing features are important; and,

2. What is the vision for Mohawk Lake twenty (20) years from now and what should be
maintained, improved or added to meet that vision? (Figure 5.5)
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Figure 5.5: Mohawk Lake Working Group Workshop Vision Results

Some of the community’s opinions about the Mohawk Lake Revitalization are summarized in the following
table.

Table 5.1 Community Feedback re: Mohawk Lake Revitalization

Fears

Hopes

The impact of a possible Brantford
Southern Access Road route through the
area;

Over-developing the Lake and Park with
recreational and tourism amenities that
will impact the area’s natural setting;

The expenses to be spent on the project’s
design, especially if the plan is not

Reconciliation and collaboration with the
Six Nations community through this
project;

Using the park for education, recreation,
festivals and events;

An all-season lake and park; and

A vibrant green space for all ages and
people in Brantford.

implemented; and

e Making Mohawk Lake and Canal worse off
by disturbing the contaminants that are
held in the sediments.

The participants 20 Year vision of Mohawk Lake included the following: enhancing and broadening
recreational activities on the Lake, such as boating (with an emphasis on non-motorized boats), fishing,
swimming and adding beaches. Other suggestions to enhance the area were implementing access to the
water, improving the shoreline with native vegetation and more trees, particularly around the Canal
section, and improving water quality.

Some common visions for Mohawk Lake and Canal included:
e A kind of “Central Park” in Brantford for families and people of all ages to gather and meet;
e A major tourist attraction that is a place for festivals and events, a place for recreation, a place for
romance, a place for children, “the place where everyone meets”;
e Change the reputation of the Lake to be known as a safe place and environmentally sound;
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e Educational opportunities and research partnerships for school groups and post-secondary
institutions and others about the natural environment and about the cultural history of the Canal,
Six Nations, and Brantford’s industrial heritage;

e Restore or establish connections with the Grand River and with existing parks and trails; “re-
connect people to the Lake”;

e Restore the natural environment, fish habitat, wildlife, and flora; and

e Establish Mohawk Lake as a place for residents of Brantford to have a “stay-cation” and a place
which attracts people to visit and discover Brantford.

These visions resulted in the Mohawk Lake Vision Statement:

I will be the place of vibrancy | was yesterday.
I am the heart of our communities and our place for reflection, healing, and celebration.
I am both Mother Earth’s refuge and your family’s natural playground.
I am Mohawk Lake.

Comments from the workshops also expressed the revitalization of Mohawk Lake would have a significant
effect on Brantford, as improvement to Mohawk Lake and Canal and its waterways could be a “catalyst
for rejuvenation” for the entire city that would be a major attraction to both Brantford residents and
visitors. Furthermore, the Mohawk Lake, Canal, and Park could help connect various communities, such
as the Eagle Place and Echo Place neighbourhoods as well as the Six Nations community.

5.2.2 Mohawk Lake District Plan
The Mohawk Lake District Plan is currently underway to investigate opportunities where the
enhancement of Mohawk Lake and Mohawk Canal may contribute to the redevelopment and
revitalization goals of the District Area.

The purpose of the District Plan Study is to develop a comprehensive land use structure and policy
framework to guide future development for the Mohawk Lake District area, consistent with the City’s
Official Plan, Provincial Plans and other City master plans and initiatives.

As part of the Mohawk Lake District Planning Study, an evaluation and analysis of options for future
development and revitalization of the Study Area will be completed to produce a recommended preferred
concept plan and land use policies, which may include:

e Amendments to the Official Plan and Zoning Bylaw;

e Where applicable, the anticipated boundaries of implementing plans of subdivision;

e Cost estimates of the works necessary, and phasing;

e Recommendations related to the City’s options regarding the retention or sale of City-owned

lands or strategic acquisition of any other lands within the Study Area at different stages; and
e Recommendations for further study.

The City of Brantford has set the following Study Objectives for the Mohawk Lake District Plan:
e To align and coordinate planning information with several other municipal projects and
initiatives occurring in the Study Area;
e Incorporate efficient, cost-effective development and land use patterns that help to achieve
Provincial growth targets and densities, prescribed in the Growth Plan for the Greater Golden
Horseshoe;
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To identify the location and appropriate mix of a range of land uses, including any emergency
or surface infrastructure (i.e. stormwater management facilities) but excluding industrial
uses, and identify the appropriate buffering and compatibility between existing and future
uses;

To provide detailed development policies and urban design guidelines to ensure development
of these lands is consistent with the City’s Official Plan, and achieves the objectives of the
Provincial Policy Statement, and conforms to the Growth Plan, as well as represents current
and contemporary land use planning principles;

To identify environmental attributes and constraints and prepare a development concept
plan that protects and enhances the natural environment;

To undertake a comprehensive transportation assessment to determine the potential
development impacts on existing intersections and roadways within and immediately
surrounding the Study Area;

To utilize the complete streets approach to ensure that urban elements are connected to each
other and to adjacent portions of the City by roads, trails, pedestrian and bicycle facilities and
transit routes in order to create transit supportive, pedestrian and bicycle-friendly, accessible,
convenient, safe and energy efficient environments;

To undertake the study in a manner that engages the Brantford community and Six Nations
of the Grand River Territory in accordance with the City of Brantford’s Community
Involvement Framework; and

To complete the study in a timely and efficient manner.

5.2.3 Discussion and Recommendations

Redevelopment plans around Mohawk Lake and throughout the subwatershed are ongoing and
constantly evolving as planning phases progress. Future phases of the Mohawk Lake and Mohawk Canal
Cleanup and Rehabilitation Project will have to consider the most recent Official Plan, Master Plans and
individual planning studies in order to guide potential remediation alternatives.
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Figure 5.6: Waterfront Master Plan Core Environmental Features, Restoration Areas, Parks, & Linear Parks on Dyke
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5.3 CULTURAL HERITAGE

The following section summarizes and describes the existing Cultural Heritage features within the
Mohawk Lake area including the results of the cultural heritage landscape (CHL) feasibility study and areas
of cultural heritage or archaeological importance.

An archeological review was undertaken as part of the Characterization Study by ASI which included an
evaluation of the Cultural Heritage and archaeological studies completed within the Mohawk Lake
subwatershed and identification of additional studies which may be required in order to support future
project phases.

5.3.1 Background

The Cultural Heritage Landscape (CHL) Feasibility Study: Mohawk Canal and Alfred Watts Hydro
Generating Station Ruins was completed to assess the Mohawk Canal and Alfred Watts Hydro Generating
Station Ruins for a potential CHL Study, and to determine the appropriate protection or designation tools
for the study area.

The Mohawk canal and Alfred Watts Hydro Generating Station Ruins study area has been identified as a
potential cultural heritage landscape and is known to meet the criteria for designation under the Ontario
Heritage Act (OHA Regulation 9/06 - Criteria For Determining Cultural Heritage Value or Interest). Its
cultural heritage value and interest stems from its design/physical values, historical/associative values,
and contextual values.

Mohawk Lake and Surrounding Areas

Forty-eight (48) resources were previously identified by the City of Branford or GRCA, or identified in
archival research and historic mapping as having potential cultural heritage value. After field review and
analysis by ASI, each Build Heritage Resources (BHR) or Cultural Heritage Landscape (CHL) was evaluated
based on O Reg. 9/06 criteria. Features identified as meeting one or more of these criteria have been
identified as having confirmed heritage value. Features meeting multiple criteria, consistent of the
heritage attributes of the CHL are considered strong candidates for conservation and inclusion in the CHL.

Forty-seven (47) of the resources were identified as having some cultural heritage value, of these: twenty-
four (24) were identified as being strong candidates for conservation, nineteen (19) were identified as
being candidates for conservation, and four (4) were identified as weak candidates for conservation.

The Cultural Heritage Landscape (CHL) Feasibility Study by ASI gave the following recommendations in
regards to protecting the cultural heritage of the Mohawk Canal system:
1. Recognition as a Cultural Heritage Landscape through an Official Plan Amendment for Mohawk
Canal and Alfred Watts Hydro Generating Station Ruins area;
2. Two Stage Implementation of the Official Plan Amendment:
a. Preparation of Cultural Heritage Landscape Technical Study and Conservation Plan; and,
b. Official Plan Amendment for the Designation of a Cultural Heritage Landscape
3. Public consultation and stakeholder engagement: a formal community consultation process which
outlines the methods and tools for engaging stakeholders in the community and maximizing input
at each stage of the project should be prepared; and,
4. City of Brantford Archaeological Master Plan and mapping of areas of archaeological potential
should be updated as a part of the CHL Technical Study and OPA process, in order to ensure that
these resources are identified and protected.
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The ASI study concluded that the Mohawk Canal and Alfred Watts Hydro Generating Station Ruins retains
significant cultural heritage value and is worthy of recognition and protection as a Cultural Heritage
Landscape. A review of CHL policy has identified the preferred alternative for recognizing the features as
a Cultural Heritage Landscape is through an Official Plan Amendment. Standard procedures for Official
Plan Amendments under the Planning Act were recommended to be followed with respect to giving
notice, providing information, and public consultation to ensure the long-term protection and
enhancement of the significant cultural heritage landscape.

Upstream Catchment Area

The ASI CHL feasibility report study area centred around the remnants of the Mohawk Canal between the
Grand River, the former locks, and Alfred Watts Hydro Generating Station ruins to the east, and Shallow
Creek Park to the west, and either side of the canal banks. This area does not include a large portion of
the Mohawk Lake study area upstream of the Lake and canals.

The Waterfront Master and District Plan identifies areas with archaeological potential within the City of
Brantford upstream of Mohawk Lake including Downtown Brantford, Mohawk Parks, Lake and Canal,
Hydro Generation Station Ruins, and various locations within the study area with archaeological potential,
as seen in Figure 5.7. Within the downtown core, Brant Avenue and Colborne Street are important historic
transportation corridors established as part of the Hamilton to London Road in the early nineteenth
century. These roads aided the development of Brantford, and both align towards the historic Lorne
Bridge. Colborne Street marks the southern boundary of the historic downtown core of Brantford and
Brant Avenue was where prominent nineteenth century residents built their residences. Both streets are
linked to the successful industries connected to the Grand River via the Mohawk Canal. Brant Avenue is
designated under Part V of the Ontario Heritage Act as a heritage conservation district. Unfortunately,
similar to the ASI CHL feasibility report study, the Waterfront Master and District Plan does not
characterize the northern section of the Mohawk Lake study area.

The City of Brantford Planning Department released a map identifying areas in the City of Brantford with
Archaeological Potential that included the entire Mohawk Lake study area. The Areas of Archaeological
Potential identified six (6) areas of interest to the Mohawk Lake Characterization study including: the
downtown core, Arrowdale Public Golf Course, Brantford Train Station, Greenwich St along the south side
of Mohawk Lake, Shallow Creek Park, the Alfred Watts Generating Ruins, and the southern part of the
Study area around Mohawk Street. See Figure 5.8 for the entire map.

5.3.2 Coinciding Works and Recommendations

ASl is currently completing a Cultural Heritage Study as part of the Mohawk Lake District Plan to further
characterize the archaeological potential of the area. Results from this study were not available during
the preparation of the Mohawk Lake Characterization Study but should be considered to inform future
studies and phases of the Mohawk Lake and Mohawk Canal Cleanup and Rehabilitation Project once
available. Through consultation with ASI, it was confirmed that a Stage 1 Archaeological Assessment will
be required as part of the future EA and subwatershed process completed as part of the Mohawk Lake
and Mohawk Canal Cleanup and Rehabilitation Project. The Stage 1 Assessment shall include a full review
of registered archaeological sites within the Mohawk Lake Study Area.
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Figure 5.7: Heritage & Culture Framework per the Waterfront Master and District Plan 2010
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5.4 SOIL AND GEOTECHNICAL

The following section summarizes the general sub-surface characteristics of the study area and describes
the overburden geological units, their material composition, origins and the underlying bedrock. The
information provided was based upon the geotechnical investigations completed as part of the
Characterization Study and results of previous investigations and studies.

5.4.1 Background

Soils and Surficial Geology

The surficial geology of the Brantford area is a complex mix of glaciofluvial and glaciolacustrine deposits,
reworked by the present day Grand River. According to the physiographic regions of Chapman and Putnam
of southern Ontario (Chapman and Putnam, 2007) the study area is classified as sand plain.

A review of Ministry of Northern Development and Mines (MNDM) map 2240, Pleistocene Geology of the
Brantford Area, Southern Ontario, (MNDM, 1972) shows four (4) main geologic units within the Mohawk
Lake study area. See Figure 5.9.

Areas south of and including Mohawk Lake and canal are underlain by modern alluvial sediments of the
Grand River comprised of unsubdivided sand, silt, gravel clay and muck. The lake and canal almost form a
boundary between the glaciolacustrine and older alluvial deposits to the north. From previous sediment
characterization exercises of the lake bottom it was presumed, by hand probing, that the bottom
appeared to be a compact, sand-silt and gravel mixture (Dillon, 1972). Boreholes from environmental
investigations completed at 347 Greenwich St., 66 Mohawk Dr. and 22 Mohawk Dr., located just south of
the canal and 1.0km west of the lake show the deposits to be variable in thickness from about 2.0 - 5.5m
and extending to depths from 3.5 — 6.0 mbgs which are underlain by silty clay/clayey silt (CH2MHill, 2014).

Older alluvial terrace remnants, consisting of gravel and sand make up the southwest portion of the
drainage area within the city core and a pocket on the north side of the canal in the Glebe lands where it
empties into the lake. The latter location has had some aggregate extraction in the past followed by
landfilling activities.

Central and north areas of the drainage area located in the city core and areas on the north side of
Mohawk Lake and canal are underlain by glacial-age Lake Warren and younger glaciolacustrine deep water
deposits comprised of stratified to varved silt and clay with minor sand and locally overlain by a veneer of
sand. A pocket in the south central and peripheral areas in the northwest, north, northeast and east
drainage area are underlain by Lake Warren and younger glaciolacustrine sands with some silt of shallow
water and deltaic origin.

The Mohawk Lake Sediment Dredging Pilot Testing — Terms of Reference (Gore and Storrie, 1994) includes
borehole logs from locations within the lake footprint. The boreholes were completed by Golder
Associated for Gore and Storrie. The Mohawk Lake Rehabilitation Plan Sediment Management
Assessment-Presentation at 15th International Symposium on Lake, Reservoir and Watershed
Management (Gore and Storrie, 1995) further discusses the results of the boreholes and indicates that
the lower layer, as well as the layers of silt, sand and sand and gravel, are considered to pre-date
development of the area.
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Bedrock

A review of the MNDM Map 2544, Bedrock Geology of Ontario, Southern Sheet (MNDM, 1991) shows the
study area is underlain by Upper Silurian age bedrock of the Salina Formation, comprised typically of
limestone, dolostone, shale, sandstone, gypsum and salt. Ontario Ministry of Northern Development,
Mines and Forestry (MNDMF) Preliminary Map P.1049, Bedrock Topography Series, Brantford Area
(MNDMF, 1975), shows the regional bedrock surface sloping towards the east and southwest. As indicated
in Phase 1 and 2 Environmental Assessment Reports completed for 347 Greenwich St. and 66 Mohawk St.
(CH2MHill, 2013 and 2014), the bedrock surface elevation in the vicinity of these properties, which are in
the central portion of the study area, ranges from 175 to 183 masl. The overburden thickness in the area
is expected to be in the range of 20-25m thick (Gore and Storrie, 1995).
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5.4.2 Field Study Scope and Methodology

Geotechnical and hydrogeological assessments were completed as part of the Characterization Study to
provide general characterization of the stratigraphy and sub-surface conditions of the areas surrounding
Mohawk Lake and canals. Soil Engineers Ltd. (SEL) was retaining to completed the geotechnical and
hydrogeological investigations. The investigation consisted of boreholes and monitoring wells established
at ten (10) locations distributed throughout the Mohawk Lake and canal areas as displayed in Figure 5.10.

Drilling of the boreholes/monitoring wells were completed on August 7%, 8" and September 4", 2018.
The gap in drilling dates was a result of field adjustments made as a result of park access restrictions
identified following the original confirmation of the drilling locations and the subsequent utility locate
clearances required. The installation date of each borehole is summarized in Table 5.2.

The boreholes included the installation of groundwater monitoring wells at all ten (10) locations in
addition to continuous water level loggers in order to assess the hydrogeological conditions within the
Mohawk Lake area. The ten (10) boreholes were drilled with varying depths from 5.0 - 6.5 m depending
on the location. At three (3) of the ten (10) locations, nested wells were installed with both a shallow
groundwater monitoring well and an adjacent deeper monitoring well to quantify the hydraulic gradient
and expected flow patterns.

The borehole and monitoring well construction were completed by a licensed well contractor, DBW
Drilling Ltd., under the full-time supervisions of a geotechnical technician from Soil Engineers Limited
(SEL). SEL also logged the soil sub-strata encountered during borehole advancement, groundwater
conditions and collected representative soil samples for textural classification. The boreholes were drilled
using continuous flight power augers. Detailed descriptions of the encountered subsurface soil and
groundwater conditions are presented on the borehole and monitoring well logs in Appendix A-1.

The following section discusses the findings. Logs of the borehole taken at the time of drilling can be found
in Soil Engineers Ltd.
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5.4.3 Results, Discussion & Conclusions

The following section described the soil sub-strata encountered during borehole advancement and
general textural classification of the strata during drilling. In general, beneath the existing layer of topsoil
or earth fill material the native soils underlying the subject site consists of silty clay, silt, sandy gravel, silty
sand and organic soil deposits. The sub-soils encountered indicate that the subsurface conditions in the
area are complex due to the Quaternary glacial processes and the depositional environment that were
created from the Grand River. A key plan and the interpreted geological cross sections are presented in
Figure 5.11, Figure 5.12, and Figure 5.13.

Topsoil (BH/ MWs 1S, 1D, 2, 4S, 4D, 7S and 7D)
Topsoil, approximately 80 to 100 mm thick, was observed at the ground surface at the BH/ MWs 1S, 1D,
2,4S, 4D, 7S and 7D locations.

Earth Fill (All BH/MWs)

Earth fill was encountered beneath the topsoil layer, or at the ground surface, at all of the BH/MW
locations. The fill was generally brown in colour and consisted of fine to medium grained sand, or silty
sand having traces of gravel. At the BH/MW 6, 7S and 7D locations, the earth fill encountered was brown
to black in colour, consisting of organics, sand and glass fragments, which emitted a strong odour. The
thickness of this unit generally ranged from 0.6 to 3.0 m. At BH/MW 7D, the earth fill was encountered
from a depth of 0.1 mbgs to the maximum investigated depth of 6.5 m. A lower unit of earth fill was
encountered at BH/MW 3, at a depth of 4.6m. The fill was grey in colour, consisting of silty clay with some
organics, and having a strong odour. This unit extended to the maximum investigation depth of 5.0 m at
the BH/MW 3 location.

Silty Clay (BH/MWs 1S, 1D, 2, 4S, 4D, 5R and 6)

Silty clay, was encountered at depths ranging from, 2.3 to 4.6 mbgs at BH/MWs 1S, 1D, 2, 4S, 4D, 5 and 6
locations. It was brown to grey in colour, soft to stiff in consistency, having traces of sand and gravel, with
traces of organic material and gravel. A lower unit of silty clay was encountered at a depth of 6.1 mbgs at
the BH/MW 1D location. The thickness of the silty clay layer ranged from 0.1 to 2.3 m at BH/MWs 185, 1D,
and 6 locations, where it extended to the maximum investigated depth of 6.5 m at the BH/MW 2 and 4D
locations. The lower unit encountered in BH/MW 1A extended to the maximum investigated depth of 6.5
m. The moisture content for this silty clay unit ranged from 6% to 33%, indicating damp to very moist
conditions.

Silt (BH/MWs 1S and 1D)

Silt, was encountered at a depth of 2.5 mbgs beneath the silty clay unit at the BH/MWs 1S and 1D
locations. It was brown in colour and compact to dense in consistency. The unit was 2.1 m thick at BH/MW
1D and at BH/MW 1S, where it extends to the maximum borehole depth of 5.0 m. The moisture content
for the sandy silt unit ranges from 17% to 19%, indicating moist conditions.

Sandy Gravel (BH/MW 5R)

Sandy gravel, was encountered at a depth of 4.6 mbgs, beneath the silty clay unit at the BH/MW 5R
location. It was brown in colour and compact in consistency, having some silt with traces of clay. This unit
extended to the maximum investigated depth of 6.5 m. The moisture content for the sandy gravel unit
ranged from 20% to 23%, indicating moist conditions. The estimated permeability for the sandy gravel
unit at BH/MW 5R, at a depth of 4.57 mbgs was about 10-5 m/sec. Grain size analysis was performed on
one (1) sample from BH-5R, the plotted gradation can be found in Appendix A-1.
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Silty Sand (BH/MWs 1D and 6)

Silty sand was encountered at depth of 4.6 mbgs, at BH/MWs 1D and 6 locations. It was brown to grey in
colour, was loose to very loose in consistency, having a trace of clay. The unit was 1.5 m thick at BH/MW
1D where it extended to the maximum investigated depth of 6.5 m at the BH/MW 6 location. The moisture
content for the silty sand unit ranged from 17% to 31%, indicating moist to very moist conditions. The
estimated permeability for the silty sand unit at BH/MW 6, at a depth of 6.1 mbgs was about 10-6 m/sec.
Grain size analysis was performed on one (1) sample from BH-6, the plotted gradation can be found in
Appendix A-1.

Organics (BH/MW 3)

A layer of organic material, was encountered at a depth of 3.0 mbgs at the BH/MW 3 location. It was black
in colour, and contained wood debris. It was approximately 1.6 m thick. The moisture content for the
retrieved soil sample was 50%, indicating saturated conditions.
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5.5 HYDROGEOLOGY/GROUNDWATER

The following section summarizes the general hydrogeological conditions in the study area where sub-
surface investigations including environmental site assessments and landfill studies have been
undertaken, and includes information describing geologic units identified as aquifers and aquitards, static
water levels, groundwater flow direction, hydraulic conductivity and flow velocity and possible
groundwater discharge zones.

5.5.1 Background

Groundwater in and around the City of Brantford generally flows radially to the south, southwest and east
following the general topography (Terraqua, 1990). Aquifers in the general vicinity of City of Brantford are
low yielding and of poor quality and as such are not drinking water sources (Golder Associates, 1994).

Environmental investigations on the grouping of former industrial properties located at 347 Greenwich
St, 66 Mohawk St. and 22 Mohawk St. (CH2MHill, 2014), found an unconfined shallow aquifer of mainly
sand and gravel varying in thickness of 2.0 - 5.5m extending to depths of 3.5 - 6.0m below ground surface
(bgs). Underlying this was silty clay/clayey silt and considered an aquitard where vertical movement of
groundwater was impeded. The groundwater table was found to range in depth from 2.0 - 3.5 across the
three properties.

Hydraulic conductivities (K) in the aquifer ranged from 1.8x1073 to 7.5x10® m/s translating into a horizontal
linear flow velocity ranging from 4 - 53m/yr. K values in the aquitard ranged from 8.2x107 to 8.7x10%°
m/s, a 3-4 order of magnitude lower than that of the aquifer which will result in a tendency for
groundwater to flow mostly horizontal. Groundwater flow direction was determined to be mostly to the
south and southwest except for the north portion of 347 Greenwich St. which flowed radially from a water
table high point in the center north towards the canal.

A series of landfill investigations have been completed for several former landfills located throughout the
surrounding areas of Mohawk Lake which provide some additional information with respect to local
groundwater characteristics. Figure 5.14 demonstrates several historical and existing landfill locations as
detailed in the Gore and Storrie, 1991 report. The following groundwater characteristics are identified are
as follows:
e Landfill A — Located 400m south of the lake at the Brantford WPCP the groundwater table was
recorded at 3-5m bgs
e Landfill B - At the corner of Mohawk and Greenwich, 30-50m south of the lake the groundwater
table ranged from 1.0-2.5m bgs with flow to the southeast
e Landfill E—Immediately south of and adjacent to the top two thirds of the Lake, groundwater was
found at 4.0m bgs, lower than the surface elevation of the lake indicating a southward flow of
groundwater away from the Lake
o Landfill G - In the Glebe lands 250m west of the Lake and 60m north of the canal the water table
was recorded at 3.0 -5.0m bgs and flows south toward the lake and canal
e Mohawk Landfill - About 200m south of the Lake on the south side of Mohawk Dr. groundwater
radiates in a west, south and east direction away from the lake towards the Grand River

Previous reports have also identified potential groundwater inputs to Mohawk Lake. Previous recordings
of temperature-depth profiles identified potential (cold) groundwater springs feeding into the deepest

49



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

portion of Mohawk Lake along its northeastern shore with water temperature measured to be 6°C cooler
than the surface water (17.2 vs. 23°C) (Sandilands, 1972).

Investigations in Shallow Creek Park, a mostly filled in part of the former canal turning basin located at
the west end of the canal, by Terraqua in 1990 found that “the groundwater appears to flow west and
southwest across the site, from the embankment toward Eastward Creek and Grand River”. They found
that the level of Eastward Creek was above the groundwater table thus it was losing water and that “the
main zone of potential off-site groundwater migration is the south boundary of the property” (i.e., the
Shallow Creek Park area). (Terraqua, 1990)

Intake protection zones from the local Source Protection Plan (SPP) are shown in Figure 5.15.
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5.5.2 Field Study Scope and Methodology: Hydrogeological Monitoring
The scope of work for the Hydrogeological Study completed as part of the Characterization Study is
summarized below:

e Installation of ten (10) monitoring wells within the study area;

e Monitoring well development and manual groundwater level measurements at the ten (10)
monitoring wells;

e Instrumentation of all monitoring wells with data loggers to continuously monitor the shallow
water table and any responses to precipitation received;

e Estimation of the range of values for hydraulic properties (i.e. hydraulic conductivity, infiltration)
for the groundwater bearing subsoil strata using Single Well Response Tests and grain size
analysis;

e Characterization of the stratigraphy, hydrostratigraphy and groundwater quality; and,

e Evaluation of the horizontal and vertical gradients for local groundwater to assess any losing or
gaining status for local shallow groundwater relative to Mohawk Lake, including areas of
groundwater discharge and recharge

Borehole and Monitoring Well Installation

The hydrogeological monitoring program included the drilling of ten (10) boreholes with depths of 5.0 -
6.5 m within the close vicinity of Mohawk Lake and installation of groundwater monitoring wells at seven
(7) selected locations to confirm the hydrogeological conditions. There are three (3) locations with nested
sets of groundwater monitoring wells with both a shallow groundwater monitoring well and an adjacent
deeper monitoring well. These nested wells were installed to assist with the determination of any vertical
groundwater gradient in the vicinity of the lake, and whether there is groundwater discharge or recharge
to/from the Lake and canals.

Borehole drilling and monitoring well construction was conducted on August 7%, 8" and September 24,
2018. As mentioned in previous sections, the gap in drilling dates was a result of field adjustments made
as a result of park access restrictions identified following the original confirmation of the drilling locations
and the subsequent utility locate clearances required. On October 23™, 2018 it was discovered that
BH/MW-5 was impacted during a vehicular collision rendering it unusable (see Figure 5.27) and no
continuous data from the monitoring equipment was able to be recovered. A new borehole was drilled in
the same location on January 8", 2019 (BH/MW-5/5R). Borehole locations are demonstrated on Figure
5.10. The borehole and monitoring well construction were completed by a licensed well contractor, DBW
Drilling Ltd., under the full-time supervisions of a geotechnical technician from Soil Engineers Limited
(SEL). SEL also logged the soil sub-strata encountered during borehole advancement and collected
representative soil samples for textural classification. The boreholes were drilled using continuous flight
power augers. Detailed descriptions of the encountered subsurface soil and groundwater conditions are
presented on the borehole and monitoring well logs in Appendix A-1.

The wells were comprised of 50-mm diameter PVC riser pipe and screen sections and were installed in
accordance with 0. Reg. 903. The tops of each well were housed in a monument protective casing, with
the exception of BH/MW-5/5R, which was installed with a steel cap that sat flush with the ground level.
Three (3) locations had nested sets of groundwater monitoring wells with both a shallow groundwater
monitoring well and an adjacent deeper monitoring well. These nested wells were installed to assist in
the determination of the vertical groundwater gradient in the vicinity of the lake, to determine if there
was groundwater discharge towards the Mohawk Lake, from the shallow aquifer, or if the lake lost water
to recharge the shallow aquifer system.
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These wells were strategically placed to enable interpretation of a hydrogeostratigraphic profile across
the lake area, to determine background groundwater elevations, groundwater flow pattern, and to
characterize the background groundwater quality in the vicinity of the Lake.

The UTM coordinates at the borehole locations, together with the monitoring well construction details

are summarized in the table below, provided by SEL (Table 5.2).

Table 5.2: Borehole/Monitoring Well Installation Details

UTM Coordinates — Screen . .
Well ID Installation Date M;:':Erznmgb"\:;" Interval Casm(gmli:;mter
East (m) | North (m) P & (mbgs)
BH/MW-1S | August?7,2018 | 562310 | 4776028 4.6 1.52-4.6 50
BH/MW-1D | August7,2018 | 562311 | 4776029 6.1 3.1-6.1 50
September 4,

BH/MW-2 P 5018 562333 | 4776272 6.1 3.1-6.1 50

BH/MW-3 August 7, 2018 562576 | 4776215 6.1 3.1-6.1 50

BH/MW-4S | August?7,2018 | 563089 | 4776239 4.6 1.52-4.6 50

BH/MW-4D August 7, 2018 563091 4776240 6.1 3.1-6.1 50
August 8,2018*

BH/MW- 5/5R 562740 4775937 6.1 3.1-6.1 50
January 8,2019

BH/MW-6 |September 4,2018| 562498 4775883 6.1 3.1-6.1 50

BH/MW-7S August 8, 2018 562237 4775723 4.6 1.52-4.6 50

BH/MW-7D August 8, 2018 562239 4775723 6.1 3.1-6.1 50

Notes: meters below ground surface (mbgs)

*BH/MW-5 well destroyed and replaced on January 8, 2019
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Groundwater Level Monitoring

Aquafor Beech Ltd installed HOBO U20 water level loggers on August 20" and September 6%, 2018 in each
of the ten (10) monitoring wells to continually record the groundwater elevations over the study period
and determine the seasonal groundwater level fluctuations (See Appendix A-2). For the purposes of
QA/QC, staff from SEL conducted manual groundwater measurements in the monitoring wells on a
monthly basis from September 2018 to August 2019 to record the static and seasonal groundwater table
fluctuations.

After the vehicular incident at BH/MW-5/5R discussed above, the original level logger and data were
unable to be utilized and a new level logger was installed at BH/MW-5/5R on February 15, 2019.

Single Well Response Tests

All of the deeper monitoring wells (6.1 mbgs), with the exception of BH/MW-3, underwent development
in preparation for single well response testing (SWRT) to estimate the hydraulic conductivity (K) for
saturated subsoil strata at the depths of the monitoring well screens. Well development involved the
purging and removal of several casing volumes of groundwater from each monitoring well to remove
remnants of clay, silt and other debris introduced into the monitoring wells during construction, and to
induce the flow of formation groundwater through the well screens, thereby improving the transmissivity
of the subsoil strata formation at the well screen depths. Development and subsequent SWRT could not
be performed at BH/MW-3, due to the insufficient volume of groundwater within the well throughout the
monitoring period.

The SWRT involved the placement of a slug of known volume into the monitoring well, below the water
table, to displace the groundwater level upward. The rate at which the water level recovered to static
conditions (falling head) was tracked using the level logger, and manually using a water level tape. The
rate at which the water table recovered to static conditions was used to estimate the K value for the
groundwater-bearing strata formation at the well screen depth interval. The SWRT’s were completed on
October 25", 2019 and on June 19%, 2019.

The K values derived from the SWRT’s provided an indication of the yield capacity for the groundwater-
bearing soil strata at the well screen depths, and may be used to estimate the flow of groundwater
through the water-bearing subsoil strata.

Groundwater Quality Sampling Methodology

Water quality samples were collected once from each of the monitoring wells to characterize the water
quality, potential contaminants and sources of possible pollutants. Sampling parameters for the
groundwater samples included inorganics and nutrients, metals, pH, volatile organic compounds,
polycyclic aromatic hydrocarbons, petroleum hydrocarbons, and BTEX (benzene, toluene, ethyl benzenes,
and xylenes).

Following the completion of the monitoring well development on September 18", 2018 by SEL, Aquafor
Beech Ltd. completed water quality sampling on October 23™, 2018. Given that the groundwater quality
sampling was completed following the development of the wells, a low flow sampling procedure was
applied (see Figure 5.16). This method involved extracting groundwater at rates comparable to ambient
groundwater flow so that the drawdown of the water level was minimized and the mixing of stagnant
water with water from the screened intake area in a well was reduced. The timing of the groundwater
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sampling was completed shortly following the development
of the monitoring wells in order for the sampling results to
be made available in time for the delivery of the Draft
Characterization Report in October 2018.

A Heron dipper-T water level meter was used to determine
the water level in each well and a Geotech Peristaltic Pump
with quarter inch polyethylene tubing was used to collect
the groundwater. Prior to sampling at each monitoring well,
new polyethylene tubing was attached to the pump and
both the level meter and the tubing were rinsed thoroughly
with distilled water. The tubing was then lowered to an
elevation where it would sit roughly in the middle of the
screened groundwater column. The pump was then run for
approximately 5-10 minutes to purge some of the stagnant
groundwater as water level was continually monitored to
ensure the drawdown was minimal. Sampling bottles were
then filled with sufficient volume to eliminate air bubbles or
as directed by the sample. For certain metal samples, 45-
micron filters were used on the water before filling the
sample bottle.

5.5.3 Results, Discussions & Conclusions

Figure 5.16: Groundwater sampling at BH-6

The following section summarizes the results for the continuous groundwater level monitoring, SWRT's,

and the groundwater quality monitoring.

Groundwater Level Monitoring

HOBO U20 water level loggers were installed at each of the ten (10) monitoring wells to record
groundwater levels over an entire year. Data was collected from the installation dates noted above
(August 20" and September 6™, 2018) to August 30", 2019 and compared against rainfall data from the
Brantford Airport Climate Station (Station ID 6140942). For QA/QC purposes, staff from SEL also
completed manual groundwater measurements on a monthly basis from September 2018 to August 2019,
the results of which provided in Appendix A-1. The only station without a full year of groundwater data
was MW-5R (February 15 to August 30%™", 2019) due to the complications discussed above. Figure 5.17-
5.23 display the results from the continuous groundwater level monitoring.
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Chart B-1
Groundwater Levels BH/MW 1S
Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019
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Chart B-2
Groundwater Levels BH/MW 1D
Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019
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Groundwater Levels BH/MW 2

Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019
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Chart B-4
Groundwater Levels BH/MW 3
Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019
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Groundwater Elevation (masl)

Chart B-5
Groundwater Levels BH/MW 4S
Groundwater Logger Monitoring Data, August 30, 2018 to August 30,2019
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Chart B-6
Groundwater Levels BH/MW 4 D
Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019
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Chart B-7
Groundwater Levels BH/MW 5R
Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019

Precipitation and Groundwater Elevation

40

35

30

25

20

15

10

Rainfall (mm)

Temperature (0C)

m— Rainfall e Groundwater Elevation
215.0
210.0
BH/MW 5 was destroyed between September 24, and October
2018; Logger was reinstalled in the replacement well
2050 BH/MW 5R on February 2, 2019
200.0
195.0 ‘ | T - . . | '
1900 R O 1 |1 PR T |.||I||||._.|...|.. i _||._. |. |.||||| ) T 1 I | | | I || || |.|||||||.| | ||
A AP A AP A® AD AY A A% A A A2 A2 A2 A2 A2 A2 A0 A9 A A2 A2 A2 A2 A9 A9
N’ N C C A\Y AN \\¥ 0" X0 \} \§ \Y A3 \\l \\ N\ N
3 WP,\)% x,559,\3 7 <e® 0‘06& p 6‘°¢ ‘b‘“o ,L’\w 6")& 10‘0?. 2 ¥ N 3 ’53’\3 o < 1%32 «,D«’\\l\a 1%"1\3 &yp& ﬁ_h\: N N\a‘\ > N"‘N = l“,\\) o \},\\! ‘\,’P”\ﬂ’ &S‘P&%
Date
e Groundwater Temperature
Groundwater Temperature
15
BH/MW 5 was destroyed between September 24, and October
2018; Logger was reinstalled in the replacement well
BH/MW 5R on February 15, 2019 e S \
10
5
0
A AP AP AP A AP Ab A® A2 A A2 A2 ; A A A A2 A A2 A2 A2 A2 A2 A2 A2
o xﬂ)ﬁeQ ’ﬂf,e*? O o o~ ‘LV\& 0e¢ 10'960 A 0,\2\“ 3\»\3(\ \’m;(a“ 1%3?,‘ o @ R \y\ﬁ‘ P gVNﬂ 1”'»"‘\6* A 10,\&\ o @,\o\ A S

Date



Chart B-8
Groundwater Levels BH/MW 6
Groundwater Logger Monitoring Data, September 9, 2018 to August 30, 2019

Precipitation and Groundwater Elevation

Groundwater Elevation (masl)

Rainfall (mm)

Temperature (0C)

m—— Rainfall e Groundwater Elevation
215.0 40
35
210.0
30
205.0 25
20
200.0 1s
| 10
195.0 T
1900 I : ..|..|.|| || )T  F I | I I I o || I |.| | [
A A® A S A2 A2 A2 ) A9 A% A A A X A A A2 A A9
N Y Y o & &0 ¢ ¢ X X o\ o\ o e AWV o o O
Ao > s Re NS e W PEN W 5P oW 2N = 20 o G AP o
Date
Groundwater Tem perature e Groundwater Temperature
20
15
" . e .
al - >
10
54
0
¥ AP A® AP A AP 3 A , o] A A2 A2 A2 A2 A2 A2 A2 A2 A2 o~ A2 A A2 A
& Q Q & & NS N ' % N ' N )0 X0 X N S X N N RN N N\ N\ & &
Ao »F 25 RSy ° o AN &> oo Ao i AN NS 25 o e W R N 2 o o™ o @ AP o

Date



Chart B-9
Groundwater Levels BH/MW 7S

Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019
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Chart B-10
Groundwater Levels BH/MW 7D
Groundwater Logger Monitoring Data, August 30, 2018 to August 30, 2019
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Figure 5.27: Condition of BH/MW-5 after collision (Pictures taken October 23, 2018)

Single Well Response Tests (SWRT’s)

SWRT’s were conducted at BH/MW 1D, 4D, and 5/5R in October, 2018 and at BH/MW 2, 6, and 7D in June,
2019. Full results from each test are provided in Appendix A-1, with a summary of the findings shown
below in Table 5.3.

Table 5.3: Summary of SWRT Results

Ground | Monitoring | Borehole Screen Screened Sub- Hydraulic
Well ID Elevation | Well Depth Depth Interval Soil Strata Conductivity (K)
(masl) (mbgs) (mbgs) (mbgs) (m/s)
Silt, Silty
BH/MW-1D 210.7 A . .1-6.1 ! 4.4x108
/ 0.75 6 6.5 3-1-6 Sand/Silty Clay x10
BH/MW-2 216.49 6.1 6.5 3.1-6.1 Sand/Silty Clay 1.5x 10°
BH/MW-4D 201.32 6.1 6.5 3.1-6.1 Silty Clay 5.4x10°®
BH/MW- Silty Clay/Sandy 7
5/5R 198.58 6.1 6.5 3.1-6.1 Gravel 2.5x10
BH/MW-6 | 198.76 6.1 6.5 3161 | O SC;%/ Silty 41x10°
BH/MW-7D 199.36 6.1 6.5 3.1-6.1 Earth Fill 1.4x10°
Notes:

- meters below ground surface (mbgs)

- meters above sea level (masl)

The Hazen Equation Method was also adopted to estimate K for different subsoil layers which may contain
higher groundwater levels during the seasonal (spring) period, which are primarily above the well screen

depths.
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The Hazen Equation method relies on the interrelationship between hydraulic conductivity and effective
soil particle grain size, d10, (mm) for the sub-soil media. This empirical relation predicts a power-law
relation with K, as follow:
K= Adm2

where;

di0: Value of the soil grain size gradation curve (mm) as determined by sieve analysis, whereby

10% by weight of the soil particles are finer and 90% by weight of the soil particles are coarser.

A: Coefficient; it is equal to 1 when K is in m/s and dip is in mm

The Hazen Equation K estimation provides an indication for the yield capacity for groundwater-bearing
subsoil strata at the depths where the soil samples that underwent grain size analyses were collected.
Two (2) soil samples for grain size analysis were collected during the borehole drilling, one (1) from the
sandy gravel unit observed at BH/MW-5/5R, and one (1) from the silty sand unit observed at BH/MW-6.
The results of the Hazen method, determined K estimates are provided in Table 5.4 below.

Table 5.4: Summary of Hazen Equation Estimated K Results

Sample . L. . Hydraulic
Well ID De Stahm(:; 5) Elevation Descrn:tt:::aof 2l Dio (mm) | Conductivity
P g (masl) (K) (m/s)
yb's 457 194.01 Sandy Gravel, some 0.04 1.6x10°
5/5R silt, and a trace of clay
BH/MW-6 6.1 192.66 Silty Sa”‘cjl'a‘;trace of 0.01 1.0x10°

Notes: - meters below ground surface (mbgs)
- meters above sea level (masl)

Compared to the results from the SWRT'’s, the Hazen Equation method calculated a lower K value for the
silty sand layer at BH/MW-6 than the K value estimated from the SWRT. The K value calculated for the
sandy gravel layer at BH/MW-5/5R was greater than the K value estimated from the SWRT.

Groundwater Quality Monitoring

The following section summarizes the groundwater quality results. The exceedances found at each
monitoring station are summarized in Table 5.5. A full results table of the water quality results from each
monitoring well can be found in Appendix A-3. No samples were taken at BH/MW-3 due to insufficient
well volumes or at BH/MW-5/5R because it had been destroyed at the time of sampling.

Out of the 8 monitoring wells sampled, only 5 showed exceedances:

e BH/MW-1D had one slight exceedance of Zinc

e BH/MW-2 had three exceedances of PAHs (Methylnaphthalenes and Phenanthrene) and F2
hydrocarbons

e BH/MW-6 had exceedances in Chloride, Barium, F2 and F3 hydrocarbons, and Phenanthrene

e BH/MW-7S had exceedances in Barium, F3 hydrocarbons and in seven different PAHs
(Anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Chrysene, Fluoranthene, Phenanthrene,
Pyrene)

e BH/MW-7D had exceedances in Barium and Phenanthreneu.
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Table 5.5: Results from Groundwater Quality Sampling

Groundwater Sample Date: October 23, 2018
Standards of
Detection O.Reg. 153/04 Sample ID
Parameter Limits Units (Table 1) BH/MW-1S | BH/MW-1D BH/MW-2 BH/MW-4D BH/MW-4S BH/MW-6 BH/MW-7S BH/MW-7D
Anions and Nutrients (Water)
Chloride (Cl) 0.50 mg/L 790 64.4 76.4 854 145 165 956 772 <2.5
Dissolved Metals (Water)
Barium (Ba)-Dissolved 0.10 ug/L 610 27.9 29.1 188 198 220 811 1160 818
Beryllium (Be)-Dissolved 0.10 ug/L 0.5 <0.10 <0.10 <1.0 <0.10 <0.10 <1.0 <1.0 <1.0
Zinc (zn)-Dissolved 1.0 ug/L 160 85.9 179 107 54.2 29.9 91 69 26
Hydrocarbons (Water)
F2 (C10-C16) 100 ug/L 150 <100 <100 560 <100 <100 900 110 <100
F3 (C16-C34) 250 ug/L 500 <250 <250 <250 <250 <250 990 570 <250
Polycyclic Aromatic Hydrocarbons (Water)
Anthracene 0.020 ug/L 0.1 <0.020 <0.020 0.041 <0.020 <0.020 0.062 0.147 0.029
Benzo(a)pyrene 0.010 ug/L 0.01 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.048 <0.010
Benzo(b)fluoranthene 0.020 ug/L 0.1 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.172 <0.020
Chrysene 0.020 ug/L 0.1 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.241 <0.020
Fluoranthene 0.020 ug/L 0.4 <0.020 <0.020 <0.020 <0.020 <0.020 0.027 0.475 0.053
1+2-Methylnaphthalenes 0.028 ug/L <0.028 <0.028 9.1 0.03 <0.028 1.68 1.32 0.831
1-Methylnaphthalene 0.020 ug/L 2 <0.020 <0.020 6.55 0.030 0.020 0.730 0.748 0.476
2-Methylnaphthalene 0.020 ug/L 2 <0.020 <0.020 2.54 <0.020 <0.020 0.950 0.576 0.355
Phenanthrene 0.020 ug/L 0.1 <0.020 <0.020 0.655 <0.020 <0.020 0.536 1.05 0.304
Pyrene 0.020 ug/L 0.2 <0.020 <0.020 0.094 <0.020 <0.020 0.192 0.500 0.044
Exceedance

Possible Exceedance
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Discussions and Conclusions

The groundwater levels recorded at the monitoring wells showed variable levels of fluctuation over the
1-year monitoring period. Half of the wells (BH/MW-1S, BH/MW-1D, BH/MW-2, BH/MW-5, and BH/MW-
6) had water level fluctuations ranging from 1.2m to 2.9m over the course of the year, while the other
half (BH/MW-3, BH/MW-4D, BH/MW-4S, BH/MW-7D, BH/MW-7S) all had much smaller fluctuations in
groundwater level ranging from 0.2m to 0.7m. Unsurprisingly, the peaks for each well came in the early
spring months and water levels gradually decreased to a minimum in the summer. BH/MW-3 was dry for
most of the year except for a 2-month period from April-May, with water levels quickly decreasing back
to dry conditions by mid-June. Water levels at the nested BH/MW-7 sites were the most stable, only
showing approximately 20cm in water level fluctuation while BH/MW-2 had the largest difference
between the observed highest and lowest water level with a fluctuation of approximately 2.9m over the
year.

By using the groundwater level measurements recorded in the monitoring wells, SEL was able to interpret
the shallow groundwater flow patterns for the Mohawk Lake area (Figure 5.28). The groundwater levels
indicated that the shallow groundwater flows in southernly directions from an interpreted high
groundwater area located north of Mohawk Lake. On the south side of Mohawk Lake, the shallow
groundwater continued to flow in a southernly direction, likely toward the Grand River. This is consistent
with the groundwater flow trends that Terraqua observed during their study in 1990.

The Hazen Equation hydraulic conductivity (K) results indicate high to moderate permeability for the sand,
silty sand, and sand subsoil. The SWRT results indicate moderate to high permeability for the underlying
subsoils. The area north of Mohawk Lake, in the vicinity of BH/MW-1D and 1S are underlain by relatively
permeable sand and silt layers. The groundwater gradient in this area is interpreted to be downward, with
the groundwater from the shallow aquifer recharging the deeper aquifer system. Conversely, the south
side of the Lake is an area dominated by an upwards migration of groundwater and is said to be under
discharging conditions, which are a significant source of water replenishment to the adjacent Lake and
canal system. Given the relatively high permeabilities of the sub-soils surrounding Mohawk Lake, and the
relatively high groundwater elevations in the area, the aquifer is relatively vulnerable to potential
contaminants and other anthropogenic activities and groundwater recharge to Mohawk Lake from the

deeper aquifer system is likely.

Groundwater temperatures in the monitoring wells ranged from 6.82°C to 13.86°C. The warming and
cooling trend reflects the annual seasonal cycle, with a cooling trend observed from fall (October-
November) to late spring (April-May); after which a gradual warming trend was observed throughout the
summer months. Groundwater temperatures in the monitoring wells located north of Mohawk Lake were
noticeably lower than those located south of the Lake. This could be due to the fact that the area south
of the lake is a discharge area, where the warmer deeper groundwater recharges the shallow aquifer.

The groundwater quality results displayed exceedances at 5 of the 8 monitoring wells sampled. BH/MW-
1D only had one slight exceedance of zinc while nearby BH/MW-2 had exceedances of PAHs, and F2
hydrocarbons. As displayed in Figure 5.14, there were two (2) historic landfill site on the northern side of
Mohawk Lake (F, G). Since there are no similar exceedances seen at BH/MW-1S or BH/MW-1D, the
pollutants seen at BH/MW-2 may just be a small pocket of contaminants that could have originated from
those historical landfills or industrial areas. Exceedances of Chloride, Barium, F2 and F3 hydrocarbons, and
the PAH phenanthrene were observed at BH/MW-6. BH/MW-7S had exceedances of Barium, F3
hydrocarbons, and seven different PAHs (Anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Chrysene,
Fluoranthene, Phenanthrene, Pyrene). BH/MW-7D, which is approximately 1.5m deeper than BH/MW-7S,
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only had 2 exceedances in Barium and in the PAH phenanthrene. BH/MW-6, 7S, and 7D are all located
near a historical landfill (Figure 5.14, E) and there are both active and historical industrial sectors located
nearby as well. It is possible that the nearby industrial sector has contributed to the shallow groundwater
pollution in this area. It is noted that Table 1 of O. Reg 153/04 has the most stringent standards for full
depth background site conditions. Table 9 of O. Reg 153/04 provides standards for generic site conditions
for use within 30m of a water body in non-potable groundwater which applies to the majority of the
monitoring wells (with the exception of BH/MW-2, which is further than 30m from a waterbody). Using
Table 9 there were fewer exceedances with only the petroleum hydrocarbons still exceeding the standard
(Table 1 and 9 have the same petroleum hydrocarbon standards).

The results and discussion above are based on the draft Hydrogeological Report provided by SEL (See
Appendix A-1). The final report will be published under a separate cover and include a more broad
discussion of the groundwater characteristics surrounding Mohawk Lake and provide further comparative
assessments with previously completed studies.
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5.6 DRAINAGE SYSTEM AND STORMWATER MANAGEMENT

The following section summarizes and describes the drainage area and network characteristics and
stormwater management controls within the study area. The majority of the information summarized in
the following section was based on existing background information reviewed.

The scope of the Environmental Assessments completed as part of the Characterization Study provided
minimal supporting information of the drainage area and network characteristics and stormwater
management controls with the study area. Information obtained through the Environmental Assessments
which was deemed relevant was noted.

5.6.1 Background

Drainage Area Characteristics to Mohawk Lake

The Mohawk Lake drainage area is comprised of multiple land use types, including low and medium
residential, commercial, industrial, and recreational/park/open space usage which ranged in percent
impervious from 28% - 70% (Gore & Storrie Ltd., 1995).

The central and northern portions of the drainage area are largely built out with some industrial sites
suitable for long term redevelopment. The southeast portion is mainly composed of residential and
employment uses with major open space along the canal. Open spaces include Mohawk Park and other
parkland which account for approximately 73ha of drainage area providing the community with a large
recreational area. There is also a brownfield site along Greenwich Street south of Mohawk Canal that is in
the planning process for redevelopment. The eastern end of the study area abutting the Grand River is
heavily wooded.

The existing land use composition of the study area is displayed in Figure 5.4. Note: Section 5.12.2, Figure
5.129 refined the existing land use and addressed noted data gaps within the City’s GIS information noted
in Figure 5.4. Table 5.6 summarizes the total drainage area contributing to Mohawk Lake and Canals
whereas Figure 5.29 shows the respective drainage area mapping.

Table 5.6: Contributing Drainage Areas to Mohawk Lake and Canal System

Drainage Area Area(ha)
Area draining to West Canal 702.7
Area draining directly to the Lake 52.0
Area draining to East Canal 84.5
Total Area Draining to Mohawk Lake 754.7
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Figure 5.29: Mohawk Lake Drainage Area Mapping (Gore and Storrie, 1995)
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Storm Sewer (Minor) System

Per the Storm Flow Monitoring and System Model Calibration Study (Aquafor Beech, 2018), the study
area is serviced by a separated sewer system where storm and sanitary flows are conveyed in separate
storm and sanitary sewers. Sanitary flows are conveyed to the wastewater treatment facility. The storm
sewer system is designed to carry rainfall runoff and other drainage (excess rain and groundwater from
impervious surfaces such as paved streets, parking lots, sidewalks and roofs) to natural waterways and
waterbodies. A schematic illustrating a typical separated sewer system is provided below.

Figure 5.30: Technical Schematic of a Separated Sewer System

The City of Brantford’s storm sewer system consists of a gravity system that follows local topography,
together with one pumping station. There are approximately 428km of storm sewers throughout the City
through which the majority of the City’s stormwater system drains directly to the Grand River or the Grand
River tributaries of Mohawk Lake, Fairchild, and D’Aubigny Creek. Within the study area, there are 96km
of storm sewers (1,700 pipes) as well as three open drains / creeks that convey storm runoff directly into
the Mohawk Lake and canal system which ultimately outlets into the Grand River.

In the older areas of the City, including the majority of the Mohawk Lake subwatershed, the majority of
the natural streams have been enclosed and now form part of the storm sewer systems; these areas are
also strictly conveyance-based systems with little or no peak flow control.

For example, East Ward Creek was a small stream flowing through Brantford that originally discharged
into the Grand River. Historically, the Creek experienced flooding annually, and also had low flow
problems due to:
e Flooding due to increased runoff from urban development;
e Channel restrictions which produced shallow flooding without useful flood storage for peak flow
reduction; and,
e Low flow conditions with some industrial wastes were typical in dry weather.
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To address the water quantity and associated quality issues, East Ward Creek was enclosed in a concrete
pipe large enough to carry away storm runoff without flooding under 10-year storm conditions. The East
Ward Creek now discharges into the upstream end of the West Canal and outflows into Mohawk Lake.
The East Ward Creek drainage area is approximately 740 acres with a historical gradient of 0.55% gradient
through the City of Brantford (GRCA, 1965).

Figure 5.31 and Figure 5.32 demonstrate the storm sewer catchments and storm sewer network located
within the City of Brantford and those specific to the Mohawk Lake catchment area. Figure 5.33 and Figure
5.34 demonstrate the storm sewer outfalls which contribute to the Mohawk Lake/Canal drainage network
as shown in the 1995 Mohawk Lake Stormwater Management Study by Gore and Storrie. Many of these
major outfalls correspond to those identified within the Storm Flow Monitoring and System Model
Calibration Study completed by Aquafor Beech, 2018 and were consistent with the topographic surveys
and visual assessment completed as part of the 2018 Environmental Assessments.

Figure 5.35 shows the remaining storm sewer outfalls of smaller diameters likely associated with
stormwater conveyance systems for smaller catchments from individual properties.

Details of the outfall drainage are discussed in Section 5.7.
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Figure 5.33: Mohawk Lake and West Canal Outfall Locations
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Figure 5.34: Mohawk Lake and East Canal Outfall Locations
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Figure 5.35: Additional Mohawk Lake and Canal Outfall Locations
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Tributaries of the Mohawk Lake Subwatershed

Within the Mohawk Lake subwatershed there are two tributaries in addition to the short remaining
section of East Ward Creek which discharges from the storm sewer network to the West Canal. At this
time, the names of the tributaries are unknown, and therefore have been identified at Tributaries 1 and
2 (Figure 5.36).

Figure 5.36: Tributaries 1 and 2 within the Mohawk Lake catchment

Tributary 1 is a small drainage feature that flows from north of Glenwood Drive, through Mohawk Trail
Park, to the confluence with the canal immediately upstream of Locks Road. The tributary has two
branches; the main branch starts from a storm sewer outlet south of the plaza at 781 Colborne East, and
then flows south, under Glenwood Drive. The headwaters of the secondary branch are within the
residential community east of Forest Road, between Glenwood Drive and Proctor Avenue. The secondary
branch flows in a southeast direction through Mohawk Trail Park, and confluences with the main branch
just upstream of Marvin Avenue. The main branch of Tributary 1 is approximately 750m long and the
secondary branch is approximately 600m long. The majority of Tributary 1 is City owned, with some
localized exceptions.

Tributary 2 is another small drainage feature that drains from Glenwood Drive, through a small forest,
under Beach Road, to the Grand River. As with Tributary 1, Tributary 2 has two branches; the main branch
starts from a storm sewer outlet at Glenwood Drive (northeast of the intersection with Chester Street),
and then flows south through forest lands. The headwaters of the secondary branch are within the
forested lands southwest of St. Peter’s and Brantford Christian Schools on Calvin Street. The secondary
branch flows in a southwest direction through the forest, and confluences with the main branch just
upstream of Lloyd Street. The main branch of Tributary 2 is approximately 650m long and the secondary
branch is approximately 150m long. Tributary 2 is entirely contained within privately owned lands, with
the exception of the area at the confluence with the Grand River. Several land owners responded to the
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request for land access and granted permission to assess, however there were large sections of Tributary
2 where land owners did not respond.

The MNRF Ontario Flow Assessment Tool (OFAT) was used to gain a general understanding of the
watercourse and subcatchment characteristics. A brief summary of the information obtained is provided
below in Table 5.7. Please note that these values are cursory estimates, and do not consider the
sewershed characteristics.

Table 5.7: Summary of Catchment Characteristics for Tributaries 1 and 2 (MNRF OFAT)

Parameter Tributary 1 Tributary 2

Catchment Area (km?) 1.14 0.32
Average Elevation within Catchment Area (m) 221.35 218.64
Maximum Elevation within Catchment Area (m) 228.60 222.76
Average Land Slope (%) 1.76 3.12
Length of Watercourse (km) 2.45 1.37
Maximum Elevation within Channel (m) 226.88 222.63
Minimum Elevation within Channel (m) 197.29 198.66
Average Channel Slope (%) 1.21 1.75
Mean Annual Temperature (°C) 8.2 8.2
Average Annual Precipitation (mm) 929 929
Land Use (%)

Deciduous Treed 8 18

Community/Infrastructure 91 82

Other <1 NA

Major System

The major drainage system is the route stormwater would follow when the capacity of the minor system
has been exceeded. The major systems may be comprised of roadways, swales, ponds, man-made
channel, and natural stream and valleys. The function of this system is to minimize property damage and
loss of life. The major system for the Mohawk Lake subcatchment generally follows the road network and
general topography of the subwatershed. The higher topographic areas occur within the northern extents
of the subwatershed areas and decrease in elevation towards Mohawk Lake and canals and ultimately the
Grand River.

Existing Stormwater Management

According to the Storm Flow Monitoring and System Model Calibration Study (Aquafor Beech, 2018),
there are thirty-two (32) stormwater detention facilities located throughout the City; however, none of
these stormwater detention facilities are located within the Mohawk Lake subwatershed according to the
City’s Master Servicing Plan, 2014. Also, no Qil-Grit Separator (OGS) Units or sub-surface storage systems
have been identified within the subwatershed. As such, it is assumed based on available background
information that no upstream stormwater management controls exist within the Mohawk Lake
subwatershed.

Upon review of the 1995 Mohawk Lake Stormwater Management Study (Gore and Storrie) and other
previous reports, Mohawk Lake inadvertently serves as a stormwater management facility for the
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subwatershed; however, was never formally designed to provide water quality control to meet Provincial
Water Quality design standards per the MOE SWMPD (2003). The Lake and canals accept stormwater
discharge from a number of, generally untreated, storm sewer outfalls which release collected drainage
from the municipal storm sewer network and local storm sewer networks from bordering properties.
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5.7 HYDROLOGY

Hydrology is the science which deals with the flow of water from precipitation events to drainage systems,
receiving watercourses and to the groundwater system. The following section summarizes the general
hydrologic conditions of the Mohawk Lake subwatershed based on information collected as part of the
background review process, monitoring data collected during the completion of the Mohawk Lake
Characterization Study and subsequent analyses.

5.7.1 Background

Canal and Lake Hydrology

Per the Mohawk Lake Stormwater Management Study completed by Gore & Storrie in 1995, an OTTHYMO
model was developed to estimate flow rates within the lake and canal system for the purpose of
evaluating several remedial design alternatives developed as part of the study. The purpose of the
computer modelling was to estimate catchment outflows and flow rates through the lake and canal
system for storm events with return periods of 5 to 100 years, as well as the Regional storm event
(Hurricane Hazel). The model considered the existing development conditions within the catchment areas
at the time of the model development.

Results from the OTTHYMO model provided cumulative peak flows entering and exiting the system from
the individual stormsewer outfalls situated along the lake and canals. The results are provided in Table
5.8. The locations of the individual outfalls are shown in Figure 5.37.

Table 5.8: Estimated Inflow/Outflow Modelling of Mohawk Lake

Storm Event Peak Inflow to Mohawk Lake Peak Lake Outflow
from the West Canal (m?3/s) (m3/s)
2-year 19.7 4.8
5-year 28.5 7.4
25-year 48.1 13.5
100-year 62.8 17.6
Regulatory Flood (H. Hazel) 74.5 61.2

The peak lake outflow values were based on OTTHYMO reservoir routing using a stage-discharge rating
curve developed from HEC-2 modelling of the lake outlet control structure that was completed by Philips
Planning + Engineering Ltd in 1989. The stage-discharge rating curve was developed by Philips Planning +
Engineering Ltd for the purpose of the 1989 design of the east canal outlet structure. The stage-discharge
rating curve was related to the 9m wide weir at the outlet structure near Locks Road and the hydraulic
loss experienced at the Locks Road bridge. The original modelling, stage-discharge rating curve, and report
was requested for review but was not available within existing records.

In 2017, Aquafor Beech Ltd. and Thompson Flow Investigation Inc. developed a calibrated InfoSWMM
model for the City of Brantford storm sewer system which included the entire storm sewer network, end-
of-pipe controls, 1 pumping station, culverts, and open drains (ditches). Flow monitoring was carried out
at 15 locations across the storm sewer system for a period of 1 year (2016-2017) to provide data for the
model calibration. As part of the study, the City established a three-station rain gauge network to collect
rainfall data. The three (3) permanently installed heated tipping bucket rain gauges were located on
rooftops of City owned facilities. These rain gauges collect data using a 5-minute time step. The rain
gauges are located at the following facilities:
e Brantford Tourism Centre (TCT) at 399 Wayne Gretzky Pkwy
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e Water Treatment Plant (WTP) at 324 Grand River Av.
e Brantford Wastewater Treatment Plant (WWTP) at 385 Mohawk St.

The location of each rain gauge can be found in Figure 5.39. Currently, available datasets have been
received for all three stations from August 2016 to July 2019.

Rainfall events used for calibration purposes were selected based on total rainfall amounts 15 mm or
greater that were relatively consistent for each of the three gauges. Eleven (11) flow monitoring stations
were calibrated to four rainfall events while the remaining four (4) stations were calibrated to less than
four events due to data recording issues (uneven flow depths and velocities, battery issues, damage or
stolen unit). The storm events used for calibration purposes are shown in Table 5.9 below.

Table 5.9 Flow Monitoring Results

Rain Ground WTP WWTP TCT
Gauge Conditions
Event Prior to Amount Peak | Amount Peak | Amount Peak |
Event (mm) (mm/h) (mm) (mm/h) (mm) (mm/h)
02-Oct-16 Wet 23.6 43.2 11.8 9.6 - -
03'1'\:50"' Wet 15.6 16.8 12.6 12 12.4 14.4
20-Apr-17 Wet 43.4 60 47.8 60 47.2 28.8
01—1l\gay— Wet 19 19.2 19.6 31.2 20.4 16.8
21'1“"7"’“" Dry 17.8 31.2 17 43.2 14.4 38.4
13-Jul-17 Dry 46.2 81.6 31.2 50.4 34 69.6
17'1A7“g' Dry 24 57.6 22.2 31.2 22.2 40.8

*The events highlighted in bold are those selected events where the rainfall depth totals exceeded
15mm across all of the rain gauges with relatively high rainfall intensities
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Figure 5.37: City of Brantford Storm Sewer Network Model
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Water Budget for Mohawk Lake

As part of the Mohawk Lake Stormwater Management Study, (Gore and Storrie, 1995) an analysis was
completed which aimed at estimating the typical or average number of water exchanges or flushing that
the lake experienced in a given year and to estimate the volume of lake water displaced by surface runoff
from individual rainfall/runoff events. The analysis was generally completed with the goal of better
understanding the lake hydrology and potential impact of stormwater discharge on lake quality.

Table 5.10 shows the results of the analysis completed by Gore and Storrie, 1995. The results indicated
that about 82% of the annual lake inflow was surface runoff from the 755 ha that drain to the west canal
and lake via storm sewers and East Ward Creek. The remaining 18% was estimated as baseflow and
seepage from the surrounding groundwater table.

Based on water budget computations, the annual volume of flow through Mohawk Lake was estimates at
approximately 3,300,000 m?, although it was suggested by the report that lake bed seepage loss was not
considered. While the total lake and canal storage volume was estimated at 200,000 m3, at the time of
the reporting, a 16 to 17 rate of exchange per year was determined, assuming complete mixing. It was
expected that larger events, such as the 5-yr event, could potentially displace the entire lake volume.

Table 5.10: Overview of Lake Budget, Average Year

Parameter Volume
Surface Runoff draining to the Canal and Lake 2,748,000 m?
Groundv.vater Seepage into the lake, or into channels and sewers 589,000 m?
that drain to the canal and lake
Total inflow to the lake 3,337,000 m3
Approximate Lake volume at normal water level 200,000 m?
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5.7.2 Field Study Scope and Methodologies

Rainfall Monitoring

Per the Term of Reference, Aquafor Beech Ltd installed one (1)
additional rainfall monitoring station on the roof top of the
Pollution Control Centre located at 180 Greenwich St on June
13t™, 2018 (Figure 5.39). The site location was selected based
on its close proximity to Mohawk Lake, that the site was a
municipally owned location, and safe and suitable access to the
roof top was available. The rainfall monitoring station was
installed to support the WWTP weather station with more site-
specific rainfall data.

The rainfall monitoring station, installed as shown in Figure
5.38, consisted of a Model TB3 Rain gauge tipping bucket by
Hydrological Service Pty Ltd. It was configured to continuously
collect data on a 15-minute interval. The tipping-bucket rain
gauge was connected to a E348-S-UCD-MO001 Pulse Input
Adaptor with contact closure leading to a HOBO Micro Station
Logger E348-H21-USB.

To protect the station from potential damage during winter
weather conditions, the rainfall monitoring station was
decommissioned from December 2018 to April 2019, and
reinstated in the same location described above in May 2019.
Monitoring continued at this location until July 2019.
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Flow Monitoring
Per the Term of Reference, Aquafor Beech Ltd installed three (3) streamflow gauges on May 26, 2018
for the purpose of estimating flow through the Mohawk Lake and canal system and further calibrating the
hydrologic model.

The flow monitoring program included the completion of the following tasks at the three (3) specific
locations throughout the Mohawk Lake and canal system:

1. Rating Curve Development; and,

2. Continuous water level/flow monitoring

The following sections describe the site selection process, methodology and status of the discrete flow
measurements and continuous water level/flow monitoring.

Flow Monitoring Locations
The locations of the flow monitoring stations are shown on Figure 5.40. General descriptions of flow
monitoring station locations and justification for site selection are as follows:

1. FM-4: Located within the existing gabion-lined channel of East Ward Creek approximately 50m
downstream of the East Ward Creek outfalls. This location was established to monitor outflows
from East Ward Creek which contributes significant flows to the west canal and Mohawk Lake.

2. FM-3 (identified as FM-3/2 in subsequent sections): This site location was intended to estimate
west canal flows prior to entering Mohawk Lake. However, land access permissions and
confirmation of access requirements at the onset of the monitoring program were ongoing for
several properties around Mohawk Lake and canal system. As a result, FM-3 was installed as far
east within the west canal as possible as shown in Figure 5.40 which was downstream of the
1125mm Rawdon St. storm sewer outfall but upstream of the 1800mm Stanley St. storm sewer
outfall.

Following the clarification of land access permission and requirements by the City, a secondary
monitoring location (Former FM-2) was established downstream of FM-3 and the 1800mm outfall
from Stanley St. in order to supplement data collected at FM-3 (see Figure 5.41). This station was
established for two (2) reasons:
= The location had more defined canal cross-sections which would assist the collection
of single discrete flow measurements and rating curve development.
* The location was downstream of all major outfalls.

The continuous flow logger at FM-3 was maintained so the continuous data that had previously
been recorded prior to the establishment of FM-2 could potentially be utilized. Given its close
proximately and low canal gradient the use and interpretation of the FM-3 data may be valuable
in filling data gaps at FM-2.

FM-2 was carried forward as the primary flow monitoring location in the downstream limits of the
west canal.
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3. FM-2: Originally located under the Locks Road bridge crossing within the east canal, the location
was selected to determine outflows from the Mohawk Lake system. Following preliminary trials
to complete single discrete flow measurements at FM-2, the low gradient and width of the
channel section caused major discrepancies in the flow measurements. Because of this, station
FM-1 was established. The equipment at FM-2 was re-located to a position approximately 100m
downstream of FM-3 to better serve data collection within the west canal.

4. FM-1: Located downstream of the Mohawk Lake flow control structure within the gabion lined
section of the watercourse prior to the outlet at the Grand River. The location was established to
monitor flows discharged from the lake and canal system.

5. ATM-1: Attached to the abutment of the Locks Road bridge to collect changes in atmospheric
pressure and temperature in order to calibrate the flow loggers.

Rating Curve Development

In order to accurately develop rating curves for each of the flow monitoring locations, spot-flow
measurements were collected for low-flow (i.e., driest period of the summer), mean annual (i.e., early
summer or fall) and high-flow (i.e., spring) conditions. Five (5) single discrete flow measurements were
taken and staff gauges were installed to aid in development of rating curves for each flow monitoring
location.

A SonTek Acoustic Doppler Velocimeter (ADV) FlowTracker was used to undertake the spot-flow
measurements, following the same flow measurement procedure that the Water Survey of Canada
recommends (Water Survey of Canada, 2015). Spot-flow measurements were taken at the appropriate
intervals depending on the size of the channel/watercourse. For the watercourses with larger cross-
sections (i.e. canals), field measurements were taken at approximately 0.3m — 0.5m intervals. For
watercourse sections with smaller cross-sections (i.e. gabion lined sections), measurements were taken
at intervals as small as 0.1m-0.2m.
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Continuous Flow Monitoring

HOBO U20 water level loggers (pressure transducer) were utilized to
record the varying water levels at all established flow and water level
monitoring locations. Data was collected monthly and was recorded at
15-minute intervals.

As shown in Figure 5.42, stilling wells and submersible housings were
assembled using ABS conduit to house and protect the HOBO U20
loggers from the elements. Perforations were made in the wells and
housings to ensure that the water level loggers would be freely
exposed to varying water pressures. The reference logger recording
ambient air temperature and barometric pressure was secured to the
abutment of the Locks Road bridge.

Staff gauges (water level measuring device) were installed at each

continuous flow monitoring location. A staff gauge reading was

recorded during single discrete flow measurements. The depth of the

logger and time were also noted during single discrete flow

measurements. The collection of the readings and single discrete flow Figure 5.42: Flow Monitoring Well 2
measurements were used to develop relationships between flow rate assembled in a stilling well and an ABS
and stage (i.e. rating curve) and ultimately convert the continuous conduit housing unit

water level data into continuous flow data.

Continuous water level data collected by HOBO U20 water level loggers recorded water level as pressure
in pounds per square inch (psi). The actual water column above the submerged water level loggers [DG(t)
in meters at time t] was determined by the following expression:

[1] DG (t) = [PG (t) - PA (t)]/v

where PG(t) is the pressure (in kPa, or kN/m?) measured by the submerged logger along the channel
bottom at time t, PA(t) is the atmospheric pressure (in kPa) measured by the reference logger (which is
not submerged in water) at time t, and y is the specific weight of water (in kN/m?3), which is typically about
9.81 kN/m3.

The actual DG(t) values were then converted to stage [H(t) in m] as follows:

[2] H(t) = DG(t) + AHCOR
where AHCOR is the correction applied to the time-series of the water column (DG(t)) values using the
staff gauge readings recorded at the time of the single discrete flow measurements. The developed rating

curves shall be used to convert corrected water levels H(t) to a continuous flow timeseries for each
monitoring location.
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5.7.3 Field Studies Results

The following section summarizes the meteorological and flow monitoring results collected during the
monitoring period including the provisional 8-month monitoring period which was completed from
November 2018 to June 2019.

Rainfall Monitoring
Data from the tipping bucket located at 180 Greenwich St was collected monthly but due to theft of
equipment some data was lost from the monitoring program. The tipping bucket was also dismantled for
the winter from December 2018 to April 2019. Due to the reasons listed above rainfall data gaps for the
Greenwich tipping bucket consist of the following:

e Missing data from June 13, 2018 to August 13, 2018

e Missing data from December 5%, 2018 to April 30™, 2019

Daily and monthly precipitation amounts were summarized in Figure 5.43 and Figure 5.44 based on the
data available from the Greenwich street monitoring station. For the purposes of QA/QC, five (5) seasonal
rainfall events measured at the Greenwich station were compared to data collected from Environment
Canada and the three permanent rain gauges established by the City of Brantford as part of the
Stormwater Flow Monitoring and System Model Calibration Study (Aquafor Beech Ltd. and Thompson
Flow Investigations Inc., 2017) (Table 5.11). Comparisons were made between selected events
represented varying depths of precipitation exceeding 15mm throughout the seasons. The comparison
was completed to verify that the data collected at the Greenwich station was reasonable and determine
which station would be best suited to fill data gaps associated with the Greenwich station as identified
previously. Complete meteorological data sets were necessary to complete continuous model
simulations.
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Figure 5.43: Daily rainfall summary collected from Greenwich Street monitoring station
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Figure 5.44: Monthly rainfall summary collected from Greenwich Street monitoring station

Table 5.11 Comparison of Rainfall Events (over 48-hr period) between Brantford Monitoring Stations

Monitoring Station August 17- September | October 1-2, | May 25-26, June 5-6,
J 18, 2018 25-26, 2018 2018 2019 2019
Greenwich Monitoring 30.2 20.8 25.6 44.2 17.2
Station
Environment Canada
Brantford Airport 28.7 17.8 23.9 40.8 17.3
Water Treatment Plant 352 17 57 324 13.0
HEl I i 15.6 19.5 32 54.6 25.8
Centre
WaStewa;TarnTtreatme"t 30.6 18.2 21.6 47.2 226
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Flow Monitoring

Flow at FM-1, FM-3/2, and FM-4 was measured on five (5) separate occasions using the ADV Flowtracker.
Staff attempted to complete field measurements during different types of flow conditions (i.e. low flow,
mean flow, high flow, etc.) to collect a wider range of data to aid in the development of the rating curves.
However, multiple complications and limitations were encountered during the course of the flow
monitoring program including:

e Urban Flow Response: During the completion of single discrete flow measurements (‘spot-flows’)
at FM-4, water levels increased and decreased significantly and quickly while flow measurements
were recorded. As a result, single-discrete flow measurements collected at FM-4 have not
produced a reliable rating curve (R? = 0.0463).

e Flow Characteristics of Canals: Due to the low gradient of the canals and attenuating nature of
the lake, flow through the canals occurs at very low velocity. During rainfall events, outfall flows
entering the canals result in canal water levels increasing with minimal changes in velocity. A
rating curve for FM-3/2 has been developed (Figure 5.47); however, the correlation between
depth and flow is poor (R = 0.1863).

e Equipment Theft: Field equipment thefts occurred during the monitoring program including
individual loggers from their housings and a computer which resulted in data losses. The lost data
set which impacted the flow monitoring program included:

o Data from the continuous loggers from monitoring stations FM-1, FM-3/2, FM-4, and
ATM-1 from the installation date, May 26" to August 13", 2018

o Data from the continuous Hobo logger at FM-4 from August 22" 2018 to September 27,
2018

Due to the complications and data losses listed above, a well-correlated rating curve was only able to be
developed for FM-1 (R? = 0.966) (see Figure 5.45). Using this curve, continuous flows were able to be
calculated at FM-1 (see Figure 5.46) from August 15", 2018 to June 18™, 2019 (this includes the 8-month
provisional monitoring period). Although reliable rating curves were unable to be developed for FM-3/2
and FM-4, the water level at these locations was continuously recorded for the duration of the study
period including the 8-month provisional monitoring period (Figure 5.48, Figure 5.49, Figure 5.51).

Due to the inability to develop accurate rating curves for FM-3/2 and FM-4 alternative approaches at
characterizing the flow regimes within the west canal were explored. The following approaches were
explored as means of estimating flow volume through the west canal and entering Mohawk Lake.

1. Astage-storage analysis of the lake and canals was completed using the results of the Bathymetric
and Topographic surveys. Comparisons between the water level fluctuations recorded at the
FM3/2 location and stage-storage relationship was considered in order to estimate the total
volume of inflow to the west canal and lake system over the 10-month monitoring period (August
15%, 2018 to June 18™, 2019). The volume of the system was incrementally interpolated from the
stage-storage relationship using the water level elevation recorded at FM-3/2. However, because
FM-3/2 was located near two large outfalls, the site experienced large increases (0.2-0.8m) in
water level during events, which were not representative of the corresponding water level
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changes in the lake and east canal. As such, the approach vastly overestimated the volume of
water entering the west canal and lake system. The approach was not carried forward.

2. To obtain more accurate flow and inflow volumes estimates entering the Mohawk Lake system,
the InfoWorks (converted from InfoSWMM) model developed as part of the Characterization
Study was utilized (See subsequent sections for model details). The flow regimes in the west canal
and lake were characterized using InfoWorks model outputs for the cumulative flow rates from
the existing stormwater outfalls which discharge to the canals and lake. Continuous modelling
results were based on the rainfall data collected from the Greenwich station and others. Rainfall
data from the Wastewater Treatment Plant station was used for the winter months (December
2018-April 2019) when the Greenwich station was decommissioned. Based on the model, the
maximum flow within the west canal at FM-3/2 was approximately 14.8m3/s, however, the
hydrograph developed for the location demonstrated flow rates which typically ranged below
5.0m3/s for the majority of the monitoring period. The maximum flow near FM-4 was
approximately 10.1m?3/s, but similar to FM-3/2, the hydrograph developed for the location
demonstrated flow rates which typically ranged below 5.0m3/s. Figure 5.50 and Figure 5.52
demonstrate the hydrograph developed for the FM-3/2 and FM-4 using the InfoWorks model.
Model results also estimated total runoff volumes to Mohawk Lake and canals from the storm
sewer system. The results are demonstrated in subsequent sections and compared with results
of previous studies.
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Figure 5.46: Continuous Flow Monitoring for FM-1
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Figure 5.48: Continuous Water Level at FM-2 in meters above sea level (masl)
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Figure 5.49: Continuous Water Level at FM-3 in meters above sea level (masl)

Figure 5.50: InfoWorks hydrograph for West Canal at FM-3/2
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Figure 5.51: Continuous Water Level at FM-4 in meters above sea level (masl)

Figure 5.52: InfoWorks Hydrograph for West Canal at FM-4
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5.7.4 Discussion & Conclusions: Field Studies

Rainfall Monitoring

As shown in Table 5.11, the rainfall measurements collected by the meteorological station established
above the Pollution Control Building (Greenwich Station) were similar to the values recorded by the
surrounding Brantford weather stations located at the Brantford Airport, the Water and Wastewater
Treatment Plants, and the Brantford Tourism Center. Data gaps listed in the previous section for the
Greenwich station were completed using the data from the Brantford Wastewater Treatment Plant.

Rainfall records were segmented into rainfall events using a twelve (12) hours inter-event period, as
defined below:
e Arainfall record preceded by twelve (12) hours with no rainfall records was considered the start
of a storm event.
e Arainfall record followed by a period of twelve (12) hours with no rainfall records was considered
the end of a storm event.
e The total rainfall depth is the sum of all rainfall records within the same storm event.
e The total rainfall depth is greater than 2mm.
Over the duration of the study (August 15%, 2018 to June 18th, 2019), sixty (60) rainfall events occurred
totaling 771.8 mm. Of these events, 47% were less than 10mm, 43% were between 10 and 25mm, and
only 10% exceeded the 25mm (90™ percentile) rainfall event. Environment Canada climate records
provide an average annual precipitation for Brantford of 867.3mm between the years of 1981-2010.
Adding the additional precipitation recorded by the WWTP weather station from June 19" to August 16",
2019 to the study period total above gives an annual total of 867mm.

Flow Monitoring

The outlet structure of Mohawk Lake — directly upstream of flow monitoring station FM-1 — flowed
constantly throughout the monitoring program. During rainfall events, ranging from 14 - 25mm, there was
no significant increase in water depth within the outfall channel where FM-1 is located. However, the
velocity and corresponding discrete flow measurements recorded in the channel were variable ranging
from 0.2498m3/s to 0.6458m?3/s during rainfall events. Based on the rating curve and continuous data
collected at FM-1, the estimated cumulative volume discharged from Mohawk Lake and into the Grand
River over the 10-month monitoring period from August 15, 2018 to June 18™", 2019, was estimated at
3,572,000m3. Extrapolating this volume to an annual total results in a volume of approximately
4,286,000m3. The results presented in the Gore & Storrie 1995 report estimated 3,337,000m? of annual
total flow.

To further characterize the hydrologic conditions of Mohawk Lake, a water balance approach was utilized
to estimate flow and flow volume inputs to the lake and canal system. The calibrated InfoWorks model
was used to estimate the total inflow volume entering the lake and canal system from numerous
stormwater outfall locations from August 15, 2018 to June 18™. Figure 5.53 shows the outfall locations
where the total outflow hydrographs were generated for the 2018-19 continuous event within the
InfoWorks model. These locations were all upstream of FM1 located downstream of storm sewer outfall
01MO0140F. The model calculated total flow and volume based on Manning’s equation at both the
upstream and downstream ends of each conduit leading to the outfall node. Flows and volumes that
were generated at each outfall are summarized in Table 5.12.
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Most of the inflow from the storm sewer outlets, 92%, enters the Mohawk Lake and Canal system in the
West Canal. Within the West Canal, the outfalls at the upper end of Shallow Creek Park (11M482 &
11M484), Rawdon Street Outfall (07M193), and Stanley Street Outfall (06M221) provide significant
outflow (locations on Figure 5.53) with peak flows ranging from 1.49 to 10.52 m3/s. Based on the
InfoWorks model results for each of these outfalls (Appendix B), the total estimated inflow volume to the
lake and canal system during the ten (10) month monitoring period was 2,549,000m3. Extrapolating this
volume to an annual total would resulted in a volume of approximately 3,060,000m3. The Gore & Storrie
1995 results indicated a total annual surface runoff input of 2,748,000m3.

Based on the outlet volume estimated at FM-1 and the input volume from the InfoWorks model, over the
10-month monitoring period, estimates demonstrated that more water leaves (29%) the system through
the Mohawk Lake outlet structure than enters the system through the existing stormsewer network.
Previous studies (Gore and Storrie 1995) estimated groundwater inputs account for 18% of the flows
which discharge from the system. Results of the 2018/2019 monitoring support previous findings which
suggest that the Mohawk Lake and canals are subject to significant groundwater inputs from the
surrounding areas and aquifers. These results align with findings of the hydrogeological study which noted
that several areas of groundwater are under discharge conditions which are a significant source of water
replenishment to the adjacent lake and watercourse.

Similar to previous studies, consideration of evapotranspiration and seepage from Mohawk Lake and

canals was not considered, and as such the groundwater contributions to the system could potentially be
greater than current estimates.
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Table 5.12: Summary of InfoWorks Results at Outfall Locations

Outfall (InfoWorks Model) Vc()::r;e Maximum Flow (m3/s)
East Canal

01M011.1 9,431 0.19
01MO013.1 5,809 0.12
02M055.1 90,855 1.21
02M064.1 45,324 0.55
02M070.1 7,129 0.12
02M094.1 14,624 0.29
02M106.1 3,378 0.08
03M005.1 17,414 0.29

Total 193,966 2.85

Lake

04M013.1 4,975 0.11
05M037.1 14,575 0.37

Total 19,550 0.48

West Canal

06M221.1 302,569 5.66
07M193.1 744,265 3.65
07M206.1 9,230 0.18
08M003.1 21,133 0.23
09M007.1 14,197 0.18
10M043.1 10,711 0.08
10M076.1 19,389 0.39
10M097.1 91,851 0.66
11M482.1 13,2062 1.49
11M484.1 990,461 10.52

Total 2,335,869 23.04

Cumulative Total 2,549,385 -
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5.7.5 Hydrologic Modelling Scope and Methodologies

The existing storm sewer model that was developed as part of the Master Servicing Plan (MSP) using the
InfoSWMM modelling platform was further calibrated by Aquafor Beech Ltd as part of the Stormwater
Flow Monitoring and System Model Calibration Study in 2016/17 using rainfall and continuous flow
monitoring data collected from within the storm sewer system at fifteen (15) locations. Only eight (8) of
the existing fifteen (15) flow monitoring locations were located within the Mohawk Lake sub-drainage
area and data from these flow monitoring locations were used to re-calibrate the model as well as
determine if further flow monitoring was required.

The InfoSWMM stormwater system model is an “all-pipe” model including both trunk and local storm
sewers totaling approximately 428 km (6,400 pipes). The storm sewer network was constructed using the
City’s GIS database, with synchronized model elements, and included all detention structures, control
structures, and outfalls within the City’s existing system. The scope of the hydraulic model was developed
using the following criteria:

“All-Pipes” model (Storm sewer >200mm in diameter and the downstream conveyance system)
Includes significant ditches and culverts (ditch and culvert survey)

Include City’s detention structure

Excludes catch basins, catch basin leads, private storm systems and services

Catchment areas defined on a storm sewer level

e System outlets to Grand River and other major creeks (Model boundary)

The model’s storm sub-catchment areas were delineated and assigned through an automated process
utilizing the City’s available contours data and catch basin and inlet locations. Sub-drainage area
hydrologic runoff characteristics were estimated using available land use, land cover, soil, vegetation, and
topographic data.

The InfoSWMM model version 14.5 (later upgraded to 14.6) was used by Aquafor Beech to conduct an
initial evaluation of the model as well as the calibration and validation runs. The following limitations
were noted in the master model:

e (Catch basin information (number and type) was not included;

e Percent connectivity for roof runoff to the sewer system was not included for each subcatchment
area;

e Storm subcatchment areas were delineated based on contours draining to a receiving node with
no major system defined;

e Foundation drain connections could not be confirmed and neither could the connection policy be
confirmed;

e Stormwater management facilities were characterized and included in the model;

e Open naturalized channels area included in the model network and defined by a cross section
constant for the entire length of the channel (e.g. Mohawk Channel and Mohawk Lake area
defined by the same transect) but not part of the model calibration;

e Investigation of land use within a flow monitor catchment area to adjust impervious values and
depression storage was based on Google Earth and land use data provided by the City.

Calibration of the InfoSWMM model was undertaken in the previous study using four (4) rainfall events,
however in a few cases, the collected rainfall and flow monitoring data could be utilized for only 2 to 3
events to calibrate due to either the flow monitor not recording flow data or flow data was recorded prior
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to the start of rainfall data collection from the City precipitation gauges that came online in October, 2016.
Calibration was achieved through the identification and adjustment of the following key parameters:

e drainage area;

e percent imperviousness; and,

e depression storage.

The 2017 Aquafor Beech calibrated hydrologic/hydraulic (H&H) storm sewer model was used to form the
base network for the Mohawk Lake sub-drainage area and model used as part of the Characterization
Study. The study area was isolated from the rest of storm sewer system by establishing boundary
conditions at the edge of each of the subcatchment areas within the sub-drainage area. All outfalls to the
Mohawk canal and lake system were assumed as free outfalls where backwater conditions were not
included.

2018 Model Scenarios

The calibrated H&H model was used for the Characterization Study and Mohawk Lake sub-drainage area
to simulate the flow within the storm system and its connectivity from source to end-of-pipe and through
the canal and Mohawk Lake to the Grand River. Event-based simulations included return periods for the
2-year through Regional design storm that were generated using PCSWMM (Appendix B).

Figure 5.37 showed the various outfall locations along the canal and lake system where flows into the
system were analyzed based on 2017 event data. Figure 5.54 shows the locations where the canal and
lake flows were assessed for peak flow and volume for the following design events:

e 2-Year, 24-hour Chicago Event

e 5-Year, 24-hour Chicago Event

e 10-Year, 24-hour Chicago Event

e 25-Year, 24-hour Chicago Event

e 50-Year, 24-hour Chicago Event

e 100-Year, 24-hour Chicago Event

e Regional Storm — Hurricane Hazel

Recorded rainfall event data was used to assess the continuous canal and lake flow volume for the
following period:

e August 15", 2018 through June 18%", 2019

Figure 5.54 shows the assessed locations for the design events as well as the assessment for the
aforementioned monitoring periods.
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Model Parameters

InfoSWMM model subcatchments are generated from the DEM and routes rainfall runoff to the
downstream node. Flow times are calculated using Manning’s equation with a Manning’s roughness
assigned to the impervious and pervious areas.

As noted previously, the calibrated model has several limitations that include a lack of a clearly defined
major system and no catch basin inlet rating curves where flow is routed into the minor system. The
calibrated minor system model included outfall nodes and open drain conduits with cross sections
assigned based on a combination of topology and contour information as constructed from the MSP
modelling component.

Adjustments to key parameters identified as critical to flow routing were input and adjusted to increase
the travel time for runoff entering the minor system and reduce the likelihood of over prediction of the
outflow into the canal and lake system. The parameters that were added/adjusted are summarized below:

Manning’s Roughness
The velocity of overland flow is dependent on the surface roughness of the catchment. A lower surface
roughness value will result in a high surface runoff velocity.

Typical Manning’s Roughness Coefficients for various surfaces are listed below:

Table 5.13: Manning’s Roughness Coefficient for Various Surfaces

Surface Type Manning’s Roughness Coefficients
Impervious surface: (e.g.: Asphalt) 0.014=1/70
Pervious small infiltration area: (e.g.: Clays) 0.033=1/30
Pervious medium infiltration area: (e.g.: Clayey Silt) 0.083=1/12
Pervious large infiltration area: (e.g.: Sandy soils) 0.410=1/2.5

In the model, Manning’s roughness coefficient for impervious and pervious areas were raised for each
subcatchment area in the Mohawk Lake subwatershed based on land use and accounting for a lack of a
formal major system; these values ranged from 0.1 to 0.45.
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Flow Length
The length of the flow path was used

as a means of approximating the lag
time observed between the
commencement of rainfall and the
occurrence of flows in the storm sewer
system. In cases where the sub-
catchment area drains directly to a
sewer which was modeled the travel
time from the sub-catchment area to
the sewer needed to be defined. In
cases where the sub-catchment area
drains to a sewer which is not modeled
then the travel time in the sewer also
had to be determined.

Three (3) examples which illustrate
how the flow path length was determined are provided below:

Example No. 1: A single storm sewer segment (included in model) located in the sub-catchment area

For impervious areas —roof and flat areas, Manning’s “n” values are approximately equal to the Manning’s
“n” for the storm sewer.

Flow path length = (2/3)l + L
Where:
L: storm sewer segment length
I: length of building lot

" n

For pervious areas — grass area Manning’s “n” (assuming to be 30) is 80/30 = 2.67 larger, and therefore
the equation will be

Flow path length = (2/3)l * 2.67 + L

Example No. 2: Storm sewer segments (not included in model) connected to other storm sewer segment
(included in model) located in the sub-catchment area

For impervious and pervious areas — the calculation formula is the same as Example No.1 and simply picks
the longest distance running along the sewer segments as “L”.

Example No. 3: Rural or agricultural area

For rural areas — overland (grass) area Manning’s “n” (assuming we use 4), therefore the length (l) has to
be multiplied by 80/4 = 20

Flow path length = (2/3)1 * 20 + L
Where:
L: storm sewer segment length

I: longest distance in area
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For

Outlined below is a simple way to determine the small “I” value
Residential | =40m
Institutional | =200m
Office | =100m
Commercial =60 m
Warehouse | =150m
Industrial | =150m

IIIII

Open Space, determining the “I” value may require measurements (200m is the default value).

Horton’s Infiltration

Infiltration is the water loss to the lower storage caused by the porosity of the catchment surface. Surface
infiltration was simulated using the Horton equation, which is a widely accepted method. Three (3) input
parameters are required:

Horton Initial Infiltration [mm/hr] — defines the maximum rate of infiltration (Horton) for the
specific surface type. The default value depends on the surface type.

Horton Limiting Infiltration [mm/hr] — defines the minimum rate of infiltration (Horton) for the
specific surface type. The default value depends on the surface type.

Horton’s Exponent — time factor “characteristic soil parameter” [s-1]. Determines the dynamics
of the infiltration capacity rate reduction over time during rainfall. The actual infiltration capacity
is made dependent of time since the rainfall start only. The default value depends on the surface

type.

Additionally, the following input parameter was also assigned based on the available literature through
XPsolutions (now Innovyze):

Horton Maximum Infiltration Volume [mm] - Max infiltration volume is accumulative. The
infiltration rate becomes zero once max volume is attained. Zero in the max volume cell means
that no max volume will be attained.

Initial Moisture Deficit (mm)This parameter represents the depth of rain required to “wet” the
surface of the land type. No storage or runoff can occur until the wetting losses have been
satisfied. The default value was used and will need to be adjusted in the next phase.

The following table summarizes the Horton’s infiltration parameters assigned to the subcatchment areas
in the study area.
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Table 5.14: Horton's Infiltration Parameters

Parameter Impervious | Pervious
Horton Initial Infiltration (mm/hr) - 270
Horton Limiting Infiltration (mm/hr) - 25
Horton Decay (1/hour) 2
Maximum Infiltration Volume (mm) 60
Initial Moisture Deficit (mm) 0.25

The infiltration parameters chosen used guidance based on existing soil conditions, the Ontario Soils
Survey and global infiltration parameters from Innovyze.

Several iterations of the design storm events were modeled until the results were reasonably in
agreement with the calibrated model’s outflows to the canal and lake system.

Conversion to InfoWorks
The InfoSWMM 14.6 model was converted to InfoWorks ICM 9.5 during the completion of the
Characterization Study. InfoWorks provides several attributes which are not available in InfoSWMM
including:
e The ability to incorporate HEC-RAS;
e The option to model a wider range of alternatives, including Low Impact Development (LID)
measures;

e The option to separate different types of impervious areas (i.e. directly connected impervious
vs. indirectly (disconnected downspouts) connected areas);

e The ability to make global changes to the model (i.e. upgrade all 300mm pipes to 450 pipes);

e The option of using different equations for calculating infiltration;

e Reduced run time; and,

e Enhanced opportunities to integrate with GIS.

Model calibration was confirmed using the 2018 MSP flow monitoring results (following the same process
as the InfoSWMM calibration); the calibration at select flow monitors (locations as shown in Figure 5.37)
within the Mohawk Lake subwatershed is summarized in Table 5.15. The comparison showed some
inconsistencies which are likely attributable to methods used to define percent impervious and
infiltration.

Table 5.15: InfoWorks Calibration Results

Flow Maintenance Storm Sewer Initial Parameter Final
Monitor Hole ID Segment ID Calibration Adjustment Calibration
1 06M207 06M207-06M219 Fair Increased Good
2 07M192 07M192-07M176SF Fair initial Good

11M484- abstraction by .
10 11M574 11MO01OF Poor +5 mm Fair

Observed and predicted calibration values within +/-20% are considered good while calibration results
showing greater than +/- 50% difference are considered poor.
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As the majority of the predicted flows where high, a global adjustment of + 5 mm for initial abstraction
was performed to increase the volume of rainfall stored to reduce the difference between the observed
and predicted flows to within 20%. Good calibration was achieved at FM1 and FM2 while calibration of
FM10 was fair as it was within +20% and +50% of the observed values.

The InfoWorks model was updated with a ten-month continuous rainfall event dataset recorded by
Aquafor Beech Ltd at the Greenwich Street weather station for the period from August 2018 through June
2019. The Greenwich Street rain gauge was decommissioned for a portion of the study period from
December 2018 through April 2019; rainfall data for this period was supplemented with data from the
City’s rain gauge station at the wastewater treatment plant to form a complete ten-month dataset.

5.7.6 Results and Discussion: Modelling

Design Events
The 2-year through 100 and Regional storm events were run to estimate the inflows into and through the

canal and lake system from the surrounding drainage area. These results were used as inputs to the
Hydraulic model (Geo-HEC-RAS) for the purpose of floodplain characterization and to verify areas within
the storm sewer system where surcharging occurred during the 2yr, 5yr and 10yr storm events. Large
events were not mapped as the level of service for typical minor systems would be exceeded under such
conditions.

Previous studies have developed models to quantify the net inflows into the Canal and Lake as well as
outflows to the Grand River. For consistency purposes, the outfalls and tributaries within the InfoSWMM
model were correlated to the corresponding locations in the Mohawk Lake Stormwater Management
Report (Gore & Storrie 1995).

A key difference to note between the 1995 study and the InfoSWMM model is that the InfoSWMM model
output shows total inflow into each node from upstream. Generally, the individual outfall inputs into the
west canal and lake system upstream are similar between InfoSWMM model and the modelling results
completed as part of the Stormwater Management Report (Gore & Storrie 1995).

For incorporation into the GeoHECRAS model and development of floodplain mapping, the InfoSWMM
model results were routed through specific outfall nodes through the Canals and Lake to determine the
accumulation of flows through the system. Locations for flow inputs into the GeoHECRAS model were
refined down to those that best represented the west canal, Mohawk Lake and the east canal. The
corresponding peak flow results are summarized in Table 5.16 and are referenced in Figure 5.54.
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Table 5.16: Design Storm Peak Flows

Design Events - Maximum Flow (m3/s)
Node
2yr | Syr | 10yr | 25yr | 50yr | 100yr | Regional
West Canal
10M0440F 4,96 6.27 8.03 10.27 12.27 13.99 17.43
06M2220F 9.01 11.58 14.58 18.40 22.04 25.37 33.52
Mohawk Lake
05MO0380F 9.35 12.17 15.30 19.26 22.98 26.27 34.36
04MO0140F 8.82 11.39 14.31 18.16 21.91 25.33 34.48
East Canal
JCT62 9.35 12.10 15.19 19.43 23.78 27.78 40.17
JCT194 9.66 12.53 15.72 20.19 24.86 29.21 44.63
OUTFALL
ICT74 | 966 | 1253 | 1572 | 2019 | 2486 | 2921 | 4463

The results show an increase in flow from the 2 year through 100-year storm events and a significant
increase with the Regional event based on the full range of Hurricane Hazel. These results represent total
flows in the canal and lake system routed through each node and into the outfall node at JCT74.
10MO0440F represents the input at the top end of the canal and lake system from the sewershed.

The above outputs were fed into the GeoHECRAS model that contained the surveyed canal and lake cross
sections to predict the flooding potential along the canal and lake system that is discussed in the Section
5.8.3.

Although significant portions of the minor system are deficient showing a state of surcharge under the
2-year, 5-year and 10-year design events, there is a general lack of any flooding issues reported and the
(informal) major system seems to be, in general, sufficient to convey overland flow drainage up to a 5-
year event. Figure 5.55, Figure 5.56 and Figure 5.57 depict the entirety of the stormwater collection
system as well as the locations of surcharged sewers during the 2 year through 10-year storm event as
per the calibrated H&H model.
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Recommendations
Several recommendations have been provided for the EA study:

1. A major system model should be incorporated to route flows according to the urban sewershed
rather than based on topology; this will require re-delineation of the storm sewer subcatchment
areas to reflect urban drainage patterns (i.e. curb and gutter). Catch basin type should be
confirmed for each street and incorporated into the model accounting for slope, grate type and
lead size;

2. LiDAR data is recommended to refine the ground model and to generate the overland flow paths.
This can be done in the 1D InfoWorks model with the surface elevations at each node inferred
directly from the LiDAR ground model.
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5.8 HYDRAULICS

As per the Terms of Reference, a geo-referenced HEC-RAS model was developed for Mohawk Lake and
Canals and floodlines were created for the 2-100 year design storm and the Regional storm distribution
(Hurricane Hazel). The following section summarizes and describes the hydraulic features of the study site
based on available background information, field surveys, and modelling exercises completed as part of
the Characterization Study.

5.8.1 Background

In 1989 Philips Planning + Engineering Ltd designed and modelled the control structure for the East Canal
utilizing a HEC-2 model. This report and model were not available for review, however the Mohawk Lake
Stormwater Management Study completed by Gore & Storrie in 1995 provided some information with
regards to the 1989 HEC-2 model.

The Stage-Discharge rating curve used by Philips Engineering as part of the 1989 design of the East Canal
outlet structure was used in the 1995 OTTHYMO model (as discussed in Section 5.7.1). This discharge
rating curve was related to the 9m wide weir at the outlet structure near Locks Road and the hydraulic
loss experienced at the Locks Road bridge. The storage rating curve was developed based on a lake surface
area of 12.5 hectares and lake depths corresponding to the stage-discharge rating curve, and is presented
in Figure 5.58.

Figure 5.58: Mohawk Canal Outlet Structure Rating Curve (Gore & Storrie, 1995)

While no floodlines of Mohawk Lake were found in any background documentation, the regulatory flood
level results of the 1989 HEC-2 model are summarized below:
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Source: Mohawk Lake Rehabilitation Project, Mohawk Lake Stormwater Management Study — DRAFT for
the City of Brantford (Gore & Storrie Ltd., 1995)

Mohawk Lake and the canals are within the regulatory jurisdiction of the Grand River Conservation
Authority (GRCA) as established in 2008, and as such, Under Ontario Regulation 150/06, the GRCA
regulates all development within their jurisdiction in and near rivers, streams, floodplains, wetlands, steep
slopes and the Lake Erie shoreline. The GRCA has developed regulatory engineered flood hazard mapping
for the Grand River, Mohawk Lake and canals, corresponding to the limits of the regulatory flood, plus a
5m allowance. The flood hazard limits were downloaded from the Grand River Information Network
(GRIN) and are shown in Figure 5.61.

GRCA does not have a hydraulic model for the Mohawk Lake and canal system, however they do have a
hydraulic model for the Grand River through Brantford. Furthermore, Figure 5.61 and Figure 5.62
demonstrate that it is possible that Mohawk Lake and parts of the canals are within the flood limits of the
Grand River, and therefore the flood limits will be impacted by both the Grand River and the Mohawk
Lake sytem.

Dykes have been constructed to protect development within the Grand River flood plain. The GRCA is
responsible for the maintenance and management of the dyke system. The City of Brantford Waterfront
Master Plan has identified the location of the dyke system, as seen in Figure 5.59. The dykes also support
the continuous trail and linear park around the waterfront corridor (Figure 5.60). The City of Brantford
plans to enhance the dyke by establishing a meadow and prairie community.

The regulated area around Mohawk Lake and the canals has been designated as a Special Policy Area,
meaning that some development would be permitted within this area which would not be permitted
outside of Special Policy Areas (see Figure 5.61). According to the City of Brantford Official Plan, the Special
Policy Area includes all areas of the floodplain land within the City that are largely developed and are
protected by dykes. The Official Plan establishes this Special Policy Area to permit the continuation of the
historical pattern of development in these areas in order to limit the social and economic hardship which
would result from the prohibition of development. There are limitations on development within this area,
further outlined in the Official Plan.
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Figure 5.59: Dyke System, Waterfront Master Plan

Figure 5.60: Waterfront Dyke Uses
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Figure 5.61: Study area showing limits of GRCA Flood Hazards Colours show the Flood Hazard Designation
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5.8.2 Field Study Scope and Methodologies

As per the Terms of Reference, a topographic survey was required to develop hydrologic and hydraulic
modelling for the study area. The original topographic survey plan included cross-sections every 20m
along the length of the lake and canals extending to the tops of banks. However, in support of the
development of floodplain mapping and a GeoHECRAS model, several cross-sections were reallocated to
crossing locations in order to obtain more detail of the local topography around the crossing structures.
It was important to the GeoHECRAS model to define the conditions directly upstream, downstream and
through each crossing structure. As a result, cross-sections were located at 5.0m, 15.0m and 40.0m
intervals on both the upstream and downstream sides, and at the centerline of each crossing. Cross-
section spacing was adjusted to 20-40m along the straight sections of the canals where the continuity of
the grading was generally consistent. Figure 5.63 displays the cross-sections completed as part of the
topographic surveys.

Table 5.17 provides a topographic survey shot list completed during the surveying. All outfalls and crossing
structures including structure type, opening dimensions, invert/obvert elevations, and spill elevations
were surveyed. Figure 5.64, Figure 5.65, Figure 5.66, and Figure 5.67 demonstrate the typical points taken
at each structure depending on its type and configuration.

The results of the topographic survey were also used to create a longitudinal profile of the canal and
tributaries. This was used to identify changes in the channel slope and the limits of morphologic features
(e.g., riffles and pool). This data was also used as part of the geomorphic assessment to complete the
reach delineation, channel classification and erosion assessment.

The topographic survey, along with the bathymetric data discussed in Section 5.11.2, was used to create

accurate cross-sections to define the configuration and dimensions of the lake and canals in the
GeoHECRAS model.
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Figure 5.64: Typical Structure Bounding Section and Channel Section
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Figure 5.65: Typical Circular and Arch Culverts
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Figure 5.66: Typical Structure Span Less than 3m
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Figure 5.67: Typical Span Greater than 3m
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Table 5.17 Topographic Survey Shot List

Manholes

Catch basins

Ditch Inlet Catch Basins

Outfalls (inverts and obverts)
Boreholes/Monitoring Wells

Headwalls

Sidewalk

Front & Back of Curb

ROADWAYS Edge of Pavement

Centreline of Road

Centre of Intersection

Parapet Wall Top

CROSSINGS Parapet Wall Bottom

Top of Overflow Section/Bridge

Cross section stake

Ground Elevations (minimum of 10m grid). Min. 5m
grid for areas of significant grade changes
CROSS SECTIONS Top of Slope

Top of Bank

Bottom of Bank

Water’s Edge

Driveways, access roads and pedestrian paths
Building corners

STRUCTURES

OTHER

5.8.3 Modelling Scope and Methodologies

A hydraulic model was developed to understand the potential flooding impact of Mohawk Lake and canals
within the Mohawk Lake subwatershed. The model was developed using GeoHECRAS™, which is an
integrated software that utilizes both GIS and HEC-RAS in model development. This was used to produce
a one-dimensional, georeferenced HEC-RAS model for the lake and canals. The contours provided by the
City of Brantford were used to generate the digital elevation model (DEM). This DEM was utilized to
develop the geometry for the model and each cross-section was then supplemented with topographic
survey data for the low flow channel dimensions. A summary of the HEC-RAS model geometry is included
in Appendix C.

Each of the culverts and road crossings along the lake and canals were included in the hydraulic model
with the exception of the Drummond Street Pedestrian Bridge which was closed indefinitely due to
deterioration and therefore inaccessible for data collection. Inverts and obverts were collected as part of
the topographic survey and other parameters such as material type, headwall structures and sediment
blockages were also noted.

The Manning’s roughness for the channel were obtained from literature for Manning’s values used in HEC-
RAS models (Chow, 1959). Table 5.18 presents the Manning’s values that were used within the model.
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Table 5.18 Manning’s Values Used in HEC-RAS Model

Conditions Value
Channel
Clear gravelly channel 0.035
Vegetated channel 0.05
Bedrock 0.025
Overland
Swamp lands 0.06
Forests or Dense Brush 0.08
Grass Lands 0.055
Manicured Grass Lands 0.045
Bedrock 0.025
Pipes
Concrete 0.013
CSP 0.024
Corrugated PVC 0.023

The design flows for the model were obtained from the calibrated hydrologic model for four (4) different
nodes along the canal, as described in Section 5.7.6. The design storms of the 2 to 100-year floods, as well
as the Regional Storm Hurricane Hazel were included in the hydraulic model. The flow values generated
by the hydrologic model within Mohawk Lake and canals were presented previously in Table 5.16.

A stage-discharge relationship for the Mohawk Lake outlet was used to model the structure downstream
of the Mohawk Lake. This rating curve was obtained from the 1995 Mohawk Lake Stormwater
Management Study by Gore & Storrie, and is presented in Figure 5.68.

Figure 5.68: Mohawk Canal Outlet Structure Rating Curve (Gore & Storrie, 1995)

Using the GeoHECRAS software, floodlines were generated for the 2 -100 design storm and the Regional
Storm Hurricane Hazel and then manually refined to define the estimated limits of the flood. The
floodlines and the buildings which are located within the flood limits are presented in Figure 5.70 and
Figure 5.71.
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5.8.4 Results, Discussion & Conclusions
In reviewing the floodlines and profiles for the various storm events evaluated, the following observations
were made for Mohawk Lake and canals:
e The flood limits remain in the canal corridor, with the majority of the flooding occurring to the
south of Mohawk Lake.
e Six (6) buildings and the entire Brantford Wastewater Treatment Plant are within the Regional
(Hurricane Hazel) flood limits.
e Under the Regional flood conditions two (2) roads (Mohawk Street and Greenwich Street) are
overtopped.
e |tis noted that no culvert or bridge overtopped under Regional flood conditions.
e It should be noted that the number of buildings within the flood limits were identified based on
the GIS building layer provided by the City. Only commercial buildings and primary residential
buildings (i.e., not sheds or garages) were included in the count for the GIS layer provided.

The 1989 HEC-2 Regional flood results produced by Philips Planning + Engineering Ltd were compared to
the 2018 GeoHEC RAS flood results. Table 5.19 identifies several discrepancies between the floodline
results.

Table 5.19 2018 GeoHEC RAS Flood Results vs. 1989 HEC-2 Flood Results

Regional Flood Level 2018 GeoHECRAS
Location (1989 HEC-2 modelling Hurricane Hazel Flood Level
results)
Lake Outlet Structure (XS 1240) 200.52m 199.22
Downstream of Locks Rd (XS 1332) 200.83m 199.27
Upstream of Locks Rd (XS 1485) 201.07m 199.36

The comparison was based on the 1995 Gore & Storrie summary of the 1989 Phillips Engineering HEC-2
model results. Since the 1989 model results and report were not available, the model set-up, parameters,
and the locations of these elevations cannot be confirmed thereby reducing the accuracy of this
comparison.

The Mohawk Lake floodplain extends within the Special Policy Area indicated on GRCA’s Grand River
floodplain; this area is protected from the Grand River by a dyke system but will still flood from Mohawk
Lake during a Regional storm. Flooding in these areas could be exacerbated by local runoff trapped behind
the dykes, by groundwater upwelling in the sandy soils when the river is high, or failure of the dyke system.
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5.9 GEOMORPHOLOGICAL ASSESSMENT

Mohawk Lake and the canal system are situated within the Grand River valley, the largest river drainage
system in southern Ontario. The drainage area of the Grand River at Brantford is 5200 km?, and the river
valley has incised about 30 — 40 m below the surrounding upland areas over about the last ten thousand
years. The surficial sediments of the upland areas are dominated by glacial lake and till deposits (Figure
5.9), and notably there are significant sources of sand and silt within the surface geology in and around
the Grand River valley at Brantford (downstream of the Galt Moraine and within Norfolk Sand Plain). This
geomorphological context is relevant for assessing the fluvial processes of tributaries draining to Mohawk
Lake, and specifically for providing insights into the historic and future sediment supplies to the canal
system.

Field and desktop methods have been undertaken to complete a geomorphological assessment of
Mohawk Lake, the adjoining canal system, and the tributaries that drain to the lake. This task has also
included an erosion assessment to identify erosion hazards surrounding the lake generally, along with the
identification of specific erosion problems that pose risks to municipal infrastructure, the public, and the
environment. A key question that the geomorphological assessment is helping to address is: what are the
effective strategies to manage and reduce future sediment loadings to the canals and lake? The potential
strategies to consider in this report and to be further assessed in later phases of the study are:

1. Stormwater Management — use of SWM flow criteria to control erosion and sediment transport
to the canals and lake system from tributary inputs and through the canal and lake system;

2. Stream Restoration — stabilization of tributary channel instability and erosion in open alluvial
channels, including risks due to the deterioration of channel engineering structures; and

3. Other Sediment Sources — identification and management of other sediment sources from local
surface drainage adjacent to the canals, from ephemeral gullies on the north slope, and from the
upstream urban storm water sewer network.

5.9.1 Background

Of the many background reports available and dating back over seven decades, a few select reports and
relevant findings are summarized in this section as a foundation for the geomorphological assessment.
Several of the reports describe the long term, on-going issues with sediment deposition within the lake
and canals. It was noted that sands that were used by the foundries were deposited along the banks of
the canals, which were eventually washed into the canals and lake. It is expected that this is also a primary
source of the lake pollutants. Other reports note that the expected supply of sediment is from the storm
sewer outlets, however there is no data to assess the source.

The Mohawk Lake Rehabilitations Options Letter for the City of Brantford emphasized a focus on
rehabilitating fisheries within the lake and canals. It makes technical recommendations for the bathymetry
of the lake and incorporating coarse bed material into the channel to improve habitat conditions. These
modifications to the watercourse could also have significant impacts on the systems hydraulics and
sediment transport capacity.

Ecological Services for Planning (1994) reported the sediment depths within Mohawk Lake varied up to a
maximum of 2.3 m, and depths of over 1 m were observed in the canals. The upper 0.3 m of the sediment
profile was noted to consist of poorly consolidated, organic material, and the underlying material was
observed to be compact, dark brown, silty sand. The total volume of sediment was estimated in 1994 to
be 60,000 tonnes (dry) or 300,000 m? in-place. The report provides several recommended plans for
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sediment removal from the lake and canals, generally involving dry excavation or dredging. Most plans
also include a recommendation for end-of-pipe sediment control, generally a sediment retention pond.
There is limited discussion regarding managing the source of the sediment.

The 1950 Canal Investigation by the City of Brantford provided a longitudinal profile of the canals, which
is shown below. This provided some insight into the slope of the channel bed, and some areas of
sedimentation at that time. While the bed elevation and slope vary over the length of the canals, the
water surface is nearly flat through the length of the canals, even in the most upstream sections over 3
km upstream of the canals outlet. This indicates that in 1950 the outlet of the canal system (east end) was
at nearly the same elevation as the inlet from the Grand River (west end), providing very little energy to
move sandy sediments downstream through the canal system except during large flooding events
(interpretation added for this current report).

Profile of the Mohawk Lake Canals (City of Brantford, 1950)

Within the reports reviewed, there are no reported concerns with erosion along the canals or lake,
however it is apparent that the GRCA has identified erosional hazards within the study area. The study
area is within the GRCA jurisdiction, and much of the Mohawk Lake, canals and tributaries has been
identified as Riverine Erosion Hazard lands, due to oversteepened banks (Source: Grand River Information
Network, GRIN). Based on current provincial regulatory practices, no development is allowed within the
Riverine Erosion Hazard Zones, but with some exceptions.

The background reports outline the concerns of historic sediment loading to the lake and canals, however
the problem has not been sufficiently studied to date. Geomorphological approaches are relevant to this
issue in the consideration of sediment sources, and the assessment of the fluvial processes of erosion and
transport that deliver sediment to the canals and lake. While much of the loading is expected to be coming
directly from stormwater outlets, the sources and rates of loading are critical information for assessing
the success of long-term sediment controls and management plans for the canals and lake. Sediment
loading was modeled as part of the 1995 Mohawk Lake Stormwater Management Study; however, the
analysis was based on empirical relationships as there was no sediment data available, and no calibration
or verification was undertaken. To date, no long-term sediment transport monitoring program has been
implemented, and continuous sampling of suspended sediments would be one approach to help evaluate
current and future sediment loadings to the lake. While the geomorphic assessment will help to address
potential sediment sources, a comprehensive understanding of sediment loading to the system will be
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imperative at later stages for designing long-term, stable solutions for rehabilitating the Mohawk Lake
system. In an attempt to further to understand the historical morphology and sediment transport
characteristics that have existed with Mohawk Lake and canal system, radiocarbon dating (Lead-210
testing) of the existing sediment was undertaken as part of the completion of the Characterization Study.
The Lead-210 and radiocarbon dating can potentially provide insights into the sediment loading and
sediment accumulation history within the lake.

5.9.2 Field Study Scope and Methodologies

This section outlines the scope and methodologies for the geomorphological assessment, and the
associated erosion assessment. The geomorphological and erosion assessments include both desktop and
field methods as listed below.

Desktop Methods

Background — background reports, data, and base mapping were reviewed to document study area
conditions and provide insights into the geomorphological context, and specifically the fluvial and hillslope
processes in the landscape.

Historical assessment — in addition to the background reports and data (especially 2017 orthophotos,
surface geology, and topography), historical aerial photographs were acquired and analyzed for the years
1945 and 1961. The historic images were studied using stereoscopic photogrammetry and the digital
images were georeferenced in GIS. The historical assessment of the aerial photographs provide evidence
to understand the geomorphological context of Mohawk Lake and to support interpretations of historic
inputs of sediment to the lake and canal system. The historic images could not be used to evaluate specific
areas of erosion, channel migration, or erosion rates, due to insufficient scale, resolution, and
channel/bank visibility in the images.

Reach Delineation and Classification — stream reach delineation was completed for the tributaries and
was verified during field walks. While reach delineation criteria differs when dealing with maintained
canals/ditches and lake shorelines, there are some systematic methods available in literature and
provincial guidelines to divide-up such systems for the purposes of restoration and hazard management.

Geomorphic stream reaches are relatively uniform lengths of channel in terms of hydrology, slope,
boundary materials, and vegetation that control dominant geomorphic processes and sediment transport
dynamics. In other words, the physical channel processes and resulting stream morphology are relatively
consistent over the length of the reach as compared the differences between adjacent reaches. While in
practice this requires that reaches be discretely divided by “reach breaks”, in reality reach changes may
be abrupt or may transition gradually depending on changes in the controlling variables. For example, a
sudden change in channel slope may cause an abrupt change in channel processes and thus represent a
distinct reach break. In contrast, a gradual change in the boundary materials (increasing or decreasing
sand supply for example) would result in a gradual change in channel processes and the mapped reach
break would only approximate the location of this transition.

The stream reach delineation methods applied for the tributaries of Mohawk Lake are consistent with
industry standards, with specific reference to Montgomery and Buffington (1997) and TRCA (2004). For
reach delineation around the lake and canals, the Technical Guidelines to the Natural Hazards Policy (3.1)
of the Provincial Policy Statement of the Planning Act (Watershed Science Centre and Ontario Ministry of
Natural Resources, 2001; herein referred to as the MNR 2001 guidelines) provide a point of reference for
assessing shoreline erosion and flooding hazards, but these guidelines should not be treated as strictly
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applicable for this study (i.e., they are not intended to apply to inland lakes < 100 km?). The MNR (2001)
guidelines define criteria for assessment of shoreline flooding and erosion hazards, including:

¢ Flooding Hazards: 100-year flood level, wave uprush, and other water related hazards (shipping,
ice, wood/debris)

e Erosion Hazards: erosion allowances, stable slope allowances, and dynamic beaches

To delineate shoreline reaches around Mohawk Lake, variations in shoreline geometry, height, steepness,
vegetation, and the presence of artificially engineered banks/structures were considered. Similar
considerations were used for the canal banks, but also with the additional fluvial criteria of water depth
and bed material characteristics, including the presence of sediment bars. To further help with the
assessment and interpretation of the canals as a modified fluvial system, Rhoads and Herricks (1996)
provide a standard framework for classifying canals and headwater ditches (Appendix D-1).

Field Methods

Field walks were completed for tributaries, including the canals and lake from the confluence with the
Grand River to the upstream storm sewer outlets. Visual observations and photographs were also
collected from within the canals and lake as part of other study tasks (boats and waders), and the photos
were reviewed for the geomorphological assessment. As part of the initial field inventory, stream reach
breaks and channel morphologies (dimensions and boundary characteristics) were documented. The
geomorphological field assessment specifically included the following sub-tasks:

e Rapid Geomorphic Assessments (RGA) of the tributary (and canal outflow) channels;
e Photographic inventories of the tributary (and canal outflow) channels;
e Mapping of existing erosion control and channel engineering structures; and

e FErosion site observations to inform the erosion risk assessment.

As a tool to help evaluate the existing geomorphic conditions within the fluvial systems, Rapid Geomorphic
Assessments (RGA, MOE, 1999) were completed for applicable stream reaches. The RGA protocol uses a
series of visual indicators to determine whether the stream is stable or in adjustment based on an index
score. The stability of the channel is assessed by adjustments in slope and elevation; either an increase
elevation due to sediment deposition (i.e., aggradation) or a decrease in elevation due to bed erosion (i.e.,
degradation). Evidence of increases in bank-to-bank channel width (i.e., widening) and changes in the
planform regime (planimetric form adjustment) are also part of the RGA method. Table 5.20 summaries
the stability classifications associated with the RGA stability index scores.
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Table 5.20: Rapid Geomorphic Assessment Descriptions Based on Stability Index Value (MOE, 1999).

Stability Stability ..
Index Value Class Description
0-0.25 Stable Channel morphology is within the expected range of variance for stable

channels of similar type. Channels are in good condition with minor
adjustments that do not impact the function of the watercourse.

0.25-0.40 Transitional | Channel morphology is within the expected range of variance but with
evidence of stress. Significant channel adjustments have occurred and
additional adjustment may occur.

0.40-1.0 In Adjustment | Metrics are outside of the expected range of variance for channels of
similar type. Significant channel adjustments have occurred and are
expected to continue.

Erosion Assessment Methods

Erosion sites were identified as reaches or locations with erosional issues that pose a risk to surrounding
infrastructure or public health and safety that might require intervention to mitigate the risk.
Furthermore, erosion sites can in some cases also be identified as having an impact on the larger reach-
scale health of the stream (or canal-lake) system. Erosion sites were visually identified in the field and
locations were recorded on study area maps. The approximate extents of the erosion sites were
measured, and photographs of the sites were taken and cross-referenced.

To standardize the erosion risk and environmental opportunities during the field assessments, a semi-
guantitative technical scoring methodology was used to give each reach and/or erosion site a score out
of 100, with larger scores representing sites with high levels of erosion risk and/or higher degrees of
environmental opportunity. A summary of the technical field scoring for erosion sites is as follows:

Erosion Risk Type and Proximity (50%) — highest for critical infrastructure close to the channel
Erosion Extent and Vulnerability (20%) — highest for larger sites more susceptible to further erosion

Environmental Opportunity (30%) — highest for low quality habitat, balanced with lower potential impacts
to aquatic and riparian habitat from disturbance if engineering
and construction is required to mitigate the erosion

The total score out of 100 provides a semi-quantitative measure of risk and opportunity to guide
subsequent decisions regarding stream restoration opportunities for the revitalization plans of Mohawk
Lake, the canal, and their tributaries.

General assessments of erosion hazards and recommended mapping procedures are to be provided on a
reach basis for the tributary channels, and considered for the canals as applicable. Review of historical
aerial photography did not allow for detailed evaluations for lateral channel or canal adjustments, thus
historical erosion rates are not available and are likely of limited value given the overall stability of the
fluvial systems over the period of record. Provincial references for river and stream erosion hazards
include the MNR (2001, 2002) and TRCA (2004) guidelines for erosion, stable slope, and meander belt
allowances, however other methods are also available in the scientific literature (e.g., Brion et al., 2014).
Should stormwater management flow criteria be considered of value for evaluating sediment loading to
the canal and lake system, a fluvial erosion threshold analysis may be completed in later phases of the
study.
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Lead 210 Testing and Radiocarbon Dating

Pollutech Enviroquatic Limited was retained to complete the 2018 Mohawk Lake and Canals sediment
sampling program. As part of the sediment characterization, two (2) cores were collected from the bottom
sediment of Mohawk Lake by staff from Pollutech at locations 8 and 14 (Figure 5.72) on October 12th,
2018. These samples represented about 2.0m of unconsolidated sediment, with a final recovery length of
approximately 1.2m. The two recovered cores were each sectioned into fifty (50) sub-samples, each 2 cm
thick, made continuously from 0 to 80 cm (40 samples), and then skipping 2 cm sections every second
sample from 80 to 120 cm (10 additional samples). The core from location 14, including all its sub-samples,
was analyzed using geochronology tools, including: Lead-210, Radium-226, Cesium-137, and Radiocarbon
C'. The dating process is outlined in Appendix F-3.
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5.9.3 Results

Historical aerial photographs were acquired and analyzed for the years 1945 and 1961. In addition, the
2017 orthophotography, surface geology mapping (Figure 5.9), and topography (digital elevation model,
DEM) were also reviewed to interpret the historical and geomorphological context of Mohawk Lake and
the canal system. The historic images were studied using stereoscopic photogrammetry and the digital
images were georeferenced in GIS. The historical assessment of the aerial photographs provides evidence
to understand the geomorphological context of Mohawk Lake and to support interpretations of historic
inputs of sediment to the lake and canal system. The historicimages could not be used to evaluate specific
areas of erosion, channel migration, or erosion rates (as noted above).

Geomorphological Context

Mohawk Lake and the canal system are situated within the Grand River valley, the largest river drainage
system in southern Ontario. The drainage area of the Grand River at Brantford is 5200 km?, and the river
valley has incised about 30 — 40 m below the surrounding upland areas over about the last ten thousand
years. The surficial sediments of the upland areas are dominated by glacial lake and till deposits (Figure
5.9), and notably there are significant sources of sand and silt within the surface geology in and around
the Grand River valley at Brantford (downstream of the Galt Moraine and within Norfolk Sand Plain). This
geomorphological context is relevant for assessing the fluvial processes of tributaries draining to Mohawk
Lake, and specifically for providing insights into the historic and future sediment supplies to the canal
system.

A remnant scar of ancient river meandering, Mohawk Lake covers about half of an older oxbow lake cut-
off from the Grand River. With reference to the digital elevation model (Figure 5.73) and the historic aerial
photographs (Figure 5.74), the oxbow scars within Grand River floodplain are evident. Prior to European
settlement and canal construction (in the 1800s), this abandoned channel of the Grand River was situated
within a few metres thick of sandy alluvial floodplain material and the isolated oxbow lake would have
been naturally filling with organic matter. This would also include encroachment of marsh and wetland
species as the lake filled up with sediment. It is possible that there was still standing water (at least
seasonally) within the oxbow lake prior to European settlement, but this cannot be confirmed.

Given the extent of glacial lake sediment in the upland areas and the alluvial floodplain materials of the
Grand River valley, there is an abundance of silty and sandy materials surrounding Mohawk Lake. The
historic conditions presented in Figure 5.74 are annotated with the various source inputs of sediment to
the lake and canal systems including the canal inlet from the Grand River; a number of tributary channels
and ephemeral gullies; and local inputs from industry and transportation activities. As Branford continued
to change and develop from 1945 to 2017, and more stormwater drainage was piped to outfalls, sources
of sandy materials have continued to find their way to the lake. Specific sources of sediment from the
urban drainage network are uncertain, but the general surface geology of the landscape may provide
distributed background-level inputs within the City. It is also undetermined what the relative contributions
have been from the various sources over the last several decades.
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Figure 5.74: Historical aerial imagery from 1945 showing Mohawk Lake and the Canal in Brantford
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Reach Characterization

The Mohawk Lake drainage system has been delineated into six (6) stream reaches and eight (8) canal-
lake reaches (Figure 5.75). The tributary and outflow channel reach conditions are summarized in Table
5.21 and the canal-lake reaches are summarized in Table 5.22. The photographic inventory for all of the
reaches is provided in Appendix D-2. The results of the Rapid Geomorphic Assessments are provided
below with the erosion assessment.

None of the tributary or outflow channels are fully alluvial, and all have undergone considerable channel
modifications and engineering. Shallow Creek upstream and the outflow channel downstream of the
canal both contain a mixture of alluvial and engineered sections of various generations and treatment
types, including gabion baskets, armourstone walls, rip-rap, and roundstone cobbles/boulders. The
drainage channels of Tributary 1 have also been highly engineered with roundstone beds (clean, poorly
graded) with locally installed armourstone banks and weirs. In contrast, the most upstream reach of
Tributary 1 (T1d, north of Glenwood Drive) exhibited more exposed alluvial (and glacial) materials with
considerable evidence of instability, erosion, and failure of engineered structures.

The channel materials and dimensions for the tributary and outflow reaches are quite variable and do not
represent natural channel conditions. Coarse bed materials are generally over-sized and non-native, while
finer sandy and silty materials may be locally sourced from the channel bed and banks, but are more
generally supplied from the upstream urban drainage network.

Table 5.21: Reach Inventory for Tributaries and Outflow Channel.

Reach e Channel Dimensions .
Name Description : Boundary Materials
ID Width (m) | Depth (m)
Shallow SC-1 Mixed: alluvial channel Bed: gravel, sand, rip-rap,
Creek with engim.eere.d 5.0-5.3 0.5-0.9 cobble roundstone
structures in fair to poor Banks: stone structures,
condition rooted soil, local clay
Tributary 1 | Tla Engineered channel: Bed: cobble roundstone
with roundstone bed, 5.3-5.4 0.7-0.8 Banks: armourstone,
armourstone banks/weirs native soil
Tlb Engineered channel: Bed: cobble roundstone
with roundstone bed, 3.0-3.5 0.4-0.5 Banks: armourstone,
armourstone banks/weirs native soil
Tlc Engineered channel: Bed: cobble roundstone
with roundstone bed, 3.0-3.5 0.4-0.5 Banks: armourstone,
armourstone banks/weirs native soil
T1d Mixed: alluvial channel Bed: exposed silt-clay,
with gabion/rip-rap stone gravel and sand, rip-rap
and debris, clay (till) 1.5-2.0 0.3-0.5 | and gabion stone debris
exposed on bed Banks: bare soil, stone
debris, exposed silt-clay
Outflow OF-1 Mixed: alluvial channel Bed: gravel and sand, rip-
Channel with rip-rap grade control rap debris
rapids and historic weir 5.0-6.0 0.8-0.9 Banks: stone/concrete
structures, rooted soil,
local gravel
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As an engineered system with a long history of impacts, the reaches of Mohawk Lake and the canal are
predominantly artificial and variations are not expressly due to natural variations in fluvial
geomorphology. The identified canal and lake reaches are mapped in Figure 5.75 and summarized in Table
5.22, including the variability in average wetted dimensions for the canal reaches. In addition to the canal
width criteria, a general assessment of the shoreline bank type was used to delineate reach variation
throughout the canal and lake system (with some consideration of the MNR, 2001 guidelines). While the
south embankment was classified as an “Artificial Bank Slope”, portions of the north bank were instead
classified as:

e Artificial Bench, Shoreline Access
e Mixed Artificial Banks and Natural Slope
e Natural Slope and Shoreline

e Natural Riparian Bench, Shoreline Marsh

Based on the Rhoads and Herricks (1996) canal and ditch classification system (Appendix D-1), most of
the canal reaches were classified as a Type 1 channels which are straight trapezoidal channels with
uniform beds (reaches MLC-1 to 6), typically due to recent maintenance (i.e., dredging within recent
decades). However, the low-energy backwater conditions throughout much of the canal may not allow
for sediment bar formation as the sediment deposits and bedforms are continuously submerged even if
some sediment is being transported. As water depth decreases upstream, most of the bed material
continues to be a roughly uniform surface (i.e., lacks bedforms and emergent bars). Reaches MLC-7 and 8
have been classified as Type 2 channels which have developed emergent sediment bars. Overall, much of
the “fluvial” variability in the canal comes from the increasing distance upstream of the outflow control
structure (i.e., backwater), and conversely from the increasing distance downstream of the sediment
supply delivered by the urban stormwater outfall and open-channel in Shallow Creek Park.

Table 5.22: Reach Inventory for Mohawk Lake and Canal.

Location Reach | Length \.Netted Dimensions Shore!ine Bank Type Canal Class!
ID (m) Width (m) | Depth (m) (Figure 5.75)

e | mo | s | oas | Mo
West Canal | MLC-4 | 470 | 36.6-37.6 | 0.8-1.0 2:1::: thtlzz’; lbkf:rf: ;Zg:v:ater
West Canal | MLC-5 | 350 | 30.0-31.5 | 0.7-1.0 2:::: A'\\/'r't’;;‘c"i;a;:nk L‘:\"I’; :m e
West Canal | MLC-6 | 530 | 33.2-34.1 | 03-1.2 2:;:: 2;322::: Eg:ﬁh m‘l':) :m e
West Canal MLC-7 450 32.7-38.4 0.3-04 g::l::: xflt)i(;(cjiglag:nk ;-Zgiemzent bars
West Canal MLC-8 110 23.3-30.9 0.2-0.3 g::l::: 2:3:2::: E::\]Eh ;-Zgiemzent bars

1. Rhoads and Herricks (1996) ditch classification types (Appendix D-1)

149




MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

Erosion Assessment

As part of the Mohawk Lake characterization study and geomorphological assessment, the erosion
assessment includes mapping of channel engineering works (i.e., existing erosion controls) and erosion
sites. Erosion sites were identified as reaches or locations with erosional issues that pose a risk to
surrounding infrastructure or public health and safety that might require intervention to mitigate the risk.
Long term erosion hazards for stream and canal reaches are generally referenced to provincial guidelines
to direct relevant detailed assessments in future studies as required.

Results of the Rapid Geomorphic Assessments (RGAs), along with erosion and sediment source
assessments, are summarized in Table 5.23 for the tributary and outflow reaches. The location of three
identified erosion sites are generally mapped in Figure 5.76, with detailed mapping of erosion and channel
engineering structures provided in Figure 5.77, Figure 5.78, and Figure 5.79. Locations of local erosion
and undercut banks within the canal and lake have also been mapped on Figure 5.76.

The RGA stability of Shallow Creek (SC-1) and the outflow channel (OF-1) were assessed as “Transitional”
reaches with moderate levels instability and erosion due to engineering and urban impacts. Each of these
reaches were documented as erosion sites (#1 and #3, respectively) due to local bank erosion and
deterioration of engineered channel structures. Most of stream reaches for Tributary 1 have been
engineered using cobble roundstone in the channels, with armourstone weirs for grade control and
armourstone walls for local bank protection. The RGA stability scores for Tributary 1 reaches were
assessed as “Stable” (T1la and T1b), “Transitional” (T1c), and “Unstable” (T1d). Documented evidence of
instability in T1a, T1b, and T1lc was primarily due to local scour around armourstones and failure of some
armourstone weirs in Reach Tlc. The documented instability in the Tributary 1 reach upstream of
Glenwood Drive (T1d)—Erosion Site #2—is due to failure of a stormwater outfall structure and channel
scour downstream of the outfall, which has also resulted in hillslope instability.

Key issues for each erosion site are summarized below and the associated photographic inventory is
provided in Appendix D-3. Field scoring for the erosion site risks and opportunities are provided in Table
5.24. Erosion Site #2 was identified as having the highest level of risk.

Erosion Site #1 — Shallow Creek Park (Reach SC-1), Figure 5.77
e Engineered bank structures in fair to poor condition, gabion baskets undercut and locally leaning
into the channel, with local areas of bank erosion
e Evidence of sand supply from sources upstream in storm sewer network
e Environmental opportunity to restore aquatic habitat, but would require significant disturbance
of riparian vegetation

Erosion Site #2 — Tributary 1 at Glenwood Drive (Reach T1d), Figure 5.78
e Channel entrenched, excessive bank erosion, and channel incised into glacial materials
e Over-steepened slope, geotechnical hazards adjacent to apartment building and parking lot
e Failure of gabion basket outfall structure, rip-rap and debris causing bank erosion

Erosion Site #3 — Outflow Channel (Reach OF-1), Figure 5.79
e Deteriorated condition of masonry stone weir structure
e Locally undermined stone and concrete structures
e Debris on channel banks and bed, with local bank erosion
e Environmental opportunity to restore aquatic habitat, but would require significant disturbance
of riparian vegetation
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Table 5.23: Reach Stability (RGA) for Tributaries and Outflow Channel.

Name Reach Reach Stability (RGA)* Erosion Assessment Sediment Source
ID Assessment
Shallow SC-1 Transitional Erosion Site #1: Moderate sediment
Creek Stability Index = 0.38 Local bank erosion and source of fine material
Dominant Process: deterioration of channel | with local erosion and
Widening structures; moderate sand bed transporting
risk to park and canal; sediment to canal; long-
low risk to infrastructure | term sediment source
from upstream urban
drainage network
Tributary 1 | Tla Stable Minor erosion locally Minor sediment source
Stability Index = 0.18 around roundstone bed | based on conveyance of
Dominant Process: and armourstone banks | upstream sediment
Degradation locally sources
around structures
Tlb Stable Minor erosion locally Minor sediment source
Stability Index = 0.18 around roundstone bed | based on conveyance of
Dominant Process: and armourstone banks; | upstream sediment
Degradation locally local scour around sources
around structures storm outfalls and at
armourstone weirs
Tlc Transitional Moderate erosion Moderate source of fine
Stability Index = 0.29 locally around sediment to
Dominant Process: roundstone bed and downstream reaches
Degradation locally armourstone banks; and the canal
around structures failure of multiple
armourstone weirs;
locally steep hillslopes
along private properties
T1d Unstable Erosion Site #2: Moderate sediment
Stability Index = 0.62 Extensive bed and bank | source of fine sediment
Dominant Process: erosion, failed to downstream reaches
Degradation structures; high risk to and the canal
property and
infrastructure
Outflow OF-1 Transitional Erosion Site #3: Moderate sediment
Channel Stability Index = 0.32 Local bank erosion and source of gravel and

Dominant Process:
Degradation

deterioration of channel
structures; moderate
risk to infrastructure
and environment

sand sediment to the
Grand River

1. Rapid Geomorphic Assessment (RGA) — see Section 5.9.2, Table 5.20.
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Table 5.24: Erosion Site Field Scoring for Risk and Opportunity by Reach
Reach Risk Type, Erosion Environmental
D Proximity Vulnerability Opportunity Total Score Erosion Site
(50%) (20%) (30%)

SC-1 35 12 20 67 Erosion Site #1
Tla 25 5 15 45 -

Tib 25 5 15 45 -

Tlc 25 10 15 50 -

T1d 40 16 25 81 Erosion Site #2
OF-1 30 12 25 67 Erosion Site #3

Erosion Hazard Assessment

The Technical Guidelines to the Natural Hazards Policy (3.1) of the Provincial Policy Statement of the
Planning Act (MNR 2001, 2002) provide direction for assessment of erosion, hillslope, and shoreline
hazards. Assessment of river and stream “meander belt” erosion hazards can also be supported by
scientific literature (e.g., Piégay et al., 2005; Brion et al., 2014), guidelines from other jurisdictions (e.g.,
Rapp and Abbe, 2003 [Washington State]; Kline and Dolan, 2008 [Vermont]), and Ontario conservation
authority reports (e.g., TRCA, 2004). For each reach identified with the study area, the primary and
secondary long-term erosion hazards are listed in Table 5.25. This inventory will help direct mapping of
the geomorphic hazard constraints to support establishment of development limit criteria in future
reports, but additional detail geotechnical studies may also be recommended in some cases.

Due to steep channel gradients, reaches OF-1 and T1d are associated with scour and degradation erosion
hazards (i.e., vertical erosion). Evidence of hillslope instability and geotechnical hazards were identified
in reaches T1ld and Tlc, with the highest risk noted in Reach T1d upstream of Glenwood Drive. The long-
term erosion hazards due to lateral channel migration (i.e., meander belt) are most prominent in Reach
SC-1 within Shallow Creek Park. Slope stability has been classified as a secondary hazard in most other
reaches (OF, T1, and MLC reaches) due to only minor evidence of slope instability documented in the field,
but detailed geotechnical studies would be required to confirm risks. General shoreline hazard
assessments (MNR, 2001) could also provide some value for management of embankments within the
canal and lake reaches (MLC-1 to MLC-8), but these provincial guidelines do not strictly apply in this case.

Table 5.25: Long-Term Erosion Hazards by Reach — Primary and Secondary.

Reach IDs Primary hazard Secondary Hazards
Slope stability (geotechnical)
Erosion hazard (meander belt)
Slope stability (geotechnical)
Shoreline erosion, flood effects

OF-1 Erosion hazard (scour/degradation)

MLC-1 to MLC-8

SC-1 Erosion hazard (meander belt)

T1a Slope stability (geotechnical)
Erosion hazard (meander belt)

T1b Slope stability (geotechnical)
Erosion hazard (meander belt)

Tic Slope stability (geotechnical) Erosion hazard (meander belt)

Tid Slope stability (geotechnical) Erosion hazard (scour/degradation)
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Lead 210 and Radiocarbon Dating
As part of the sediment quality investigations completed for Mohawk Lake, one (1) core was submitted
for lead-210 and radiocarbon dating. The results of this testing are summarized below:

e Top 30 centimetres of sediment (~20 cm core depth) deposited in the last 55 years;

e Top 40— 50 centimetres of sediments (~30 cm core depth) deposited in the last 90 years;
e Pb-210 sedimentation rate is in the range of 0.3 to 0.5 cm/yr (0.1 - 0.2 g cm-2 yr-1);

e Radiocarbon (14C) sedimentation rate is about 0.65 cm/yr for the last ~300 years; and

e Recommended average sedimentation rate is about 0.5 £ 0.1 cm/yr (~0.2 g cm-2 yr-1).

The results of the Lead 210 testing indicate that the top 50 cm of sediment currently in Mohawk Lake has
been deposited in the last 90 years, and of that 50 cm 60% of the deposits have occurred in the last 55
years. Based on the age model completed as part of the Lead 210 testing analysis, the sediment
accumulation rate follows a linear regression.

5.9.4 Discussion and Conclusions

The geomorphological context of Mohawk Lake is relevant for assessing the fluvial processes of tributaries
draining to Mohawk Lake, and specifically for providing insights into the historic and future sediment
supplies to the canal system. While erosion hazards within the study area are not generally severe or
extensive, a number of erosion sites, long-term erosion hazards, and environmental stream restoration
opportunities have been identified and characterized. The field characterization results from the
geomorphological and erosion assessments have identified the following priorities for mitigating the short
and long-term risk of erosion within the study area:

5. Erosion Site #2 on Tributary 1 (Reach T1d) upstream of Glenwood Drive is high priority from a
risk management perspective. Immediate steps should be taken to mitigate this risk.

6. Erosion Sites #1 and #3 (reaches SC-1 and OF-1) were assigned lower field scores for erosion
risks, but they have some environmental restoration and sediment mitigation opportunities.
These sites should be considered for future restoration and erosion mitigation as part of the
overall revitalization plan for Mohawk Lake.

7. Tributary 1 generally has local erosion issues with the deterioration of previous roundstone and
armourstone engineering works. This watercourse should be monitored for further
deterioration of the existing erosion control measures, and a geotechnical risk assessment is
recommended for one location in Reach Tic (see Figure 5.78).

8. Mohawk Lake and Canals were visually assessed for evidence of existing bank instability,
including locally undercut banks along the shorelines. The canal and lake embankments were
generally considered geomorphologically stable, but detailed geotechnical assessments should
be considered to confirm risks where local evidence of bank instability (and shoreline undercuts)
has been identified.

As the top 30 cm of sediment have been deposited in the last 55 years, the results of the Lead 210 indicate
that the sediment within Mohawk Lake has remained in place after entering the Mohawk Lake and Canal
sytem. While the inlet connection to the Grand River was closed in 1983, the sediment accumulation
continued on a linear trend indicating that the main source of sediment to the system consists of that
produced by erosion and stormwater runoff. Using the recommended average sedimentation rate of 0.5
+ 0.1 cm/year, in the next 40 years an additional 20cm of sediment is estimated to accumulate in Mohawk
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Lake and the Canals. These sedimentation accumulation results can be applied in later phases to
determine the efficiency of dredging the system. Future studies should incorporate these results into
remediation and revitalization workplans for Mohawk Lake and Canals.

The key study question introduced in Section 5.9 for the geomorphological assessment was: what are the
effective strategies to manage and reduce future sediment loadings to the canal and lake? Based on the
results of the geomorphological assessment described above, the potential strategies to address this
question have been evaluated and prioritized to help guide future phases of the Mohawk Lake
revitalization project.

113

3.

Importance of identifying and managing “other sediment sources” in the Mohawk Lake
watershed.

O

The results of the Lead 210 testing indicate that in the next 40 years an additional 20cm
of sediment will accumulate in Mohawk Lake and the Canals.

Evidence for sediment sources from erosion in tributary channels is not sufficient to
account for the largest portion of the sediment loading to the lake. The following
observations were made for the Shallow Creek tributary in particular:
= Evidence for sources of sand supply coming from storm sewer network upstream
of outfall in Shallow Creek Park (sand within culvert pipes)
=  Mobile sand bed in channel, but minimal bank sources of sand within reach

Existing sediment sources should be investigated within the existing urban storm sewer
drainage network.

= Pollution monitoring results, discussed in Section 5.12, found high TSS
concentrations during some dry events.

Existing sources should also be investigated for local internal drainage surrounding the
lake, adjacent roads, and ephemeral gullies along the north slope of the lake and canal.

Stream restoration to mitigate erosion within tributary reaches (Erosion Sites #1 and #2) would
provide some marginal benefits to reduce sediment supply and delivery to the lake.

O

With local bank erosion and deterioration of engineered structures, Reach SC-1 (Erosion
Site #1) is a marginal source of sediment to the canal and lake.

Channel instability in Tributary 1, Reach T1d (Erosion Site #2) is a source of sediment to
downstream reaches, but the sediment loading potential to the lake is considered low
due to the relatively short length of the reach and the buffering effects of downstream
reaches. This tributary also enters the canal downstream of the lake.

Assessment of flow criteria to manage erosion using stormwater management controls alone will
not address sediment sources or sufficiently attenuate storage and sediment transport within the
canal and lake system.

@)

Transportation of sand and finer sediments by open-channel flow and fluvial processes is
not effectively mitigated by modifying SWM discharges over short tributary reach lengths
(specifically Reach SC-1).

Sediment attenuation, storage, and flushing within the canal-lake system would require
substantive physical modifications to the canal.
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o The effectiveness of changes in SWM to reduce sediment loading will be limited without
1) addressing the “other sediment sources” and 2) implementing “stream restoration”
strategies as discussed above.

The above geomorphological assessment provides a basis to help direct future phases of the Mohawk
Lake revitalization project and to recommend additional studies for consideration to evaluate and
mitigation the primary erosion and sediment loading issues identified.

5.9.5 Recommendations
The following recommendations are submitted based on the results of the geomorphological assessment
of Mohawk Lake in the City of Brantford:

e Identification and mitigation sediment sources from the urban drainage network that may
currently be the primary source of sediment loading the lake, and thus is a critical issue to reduce
future sediment supply.

e Asuspended sediment monitoring program is an essential undertaking to understand the sources
and timing of current sediment loading to the lake.

e Erosion Site #2 is recommended for immediate attention by City staff to mitigate the documented
erosion risks. Erosion Sites #1 and #3 may be considered for future works associated the overall
Mohawk Lake revitalization project.

e To augment and support the recommended erosion mitigation works and erosion hazard
assessments a number of detailed geotechnical investigations should be considered.

o For detailed engineering design to mitigate risk at Erosion Site #2, Reach T1d.

o Forrisk assessment of local geotechnical hillslope hazards in Reach T1c (see Figure 5.78).

o For stability of embankments along the canal, especially where local slope erosion and
undercut banks have been identified (see Figure 5.76).
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5.10 NATURAL HERITAGE

The City of Brantford’s goal for the natural environment is to “sustain and enhance significant natural
environments in the community” (City of Brantford, 2016, p. Section 6.2.4). Identifying the features and
functions of the natural environment within the study area and applying applicable natural heritage
planning policies are essential steps in ensuring the protection, conservation, and enhancement of the
Natural Heritage System (NHS). The NHS is defined as:

“a system made up of natural heritage features and areas, and linkages intended to
provide connectivity (at the regional or site level) and support natural processes which
are necessary to maintain biological and geological diversity, natural functions, viable
populations of indigenous species, and ecosystems. These systems can include natural
heritage features and areas, federal and provincial parks and conservation reserves, other
natural heritage features, lands that have been restored or have the potential to be
restored to a natural state, areas that support hydrologic functions, and working
landscapes that enable ecological functions to continue. The Province has a
recommended approach for identifying natural heritage systems, but municipal
approaches that achieve or exceed the same objective may also be used.” (MMAH, 2014)

Figure 5.80: Mohawk Canal (photo credit: Plan B Natural Heritage)

An initial review of available background information was completed prior to field studies; the results of
this review are summarized in the following sections. The completed field studies built upon the existing
body of knowledge contained within these reports and provide a more detailed and holistic
characterization of the ecological form and function of the NHS within and adjacent to the study area.
Known information on the aquatic and terrestrial natural environment within the study area is described
in Subsections 5.10.2 and 5.10.2, while applicable natural heritage planning policies and mapping are
provided in Section 5.10.1.
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5.10.1 Natural Heritage Planning Policies

The following subsections present an overview of the natural heritage planning policy framework relevant
to the project. This overview discusses natural heritage and natural hazards polices that are enforced by
the City and by GRCA; polices and requirements pertaining to federal and provincial legislation (such as
those related to Species at Risk) may also apply, but these are discussed elsewhere in this report.

City of Brantford’s Official Plan (2016)
The City of Brantford identifies five (5) components of its NHS, as follows:
e Environmental Protection Policy Areas;
e Environmental Control Policy Areas;
e Adjacent Lands;
e Wetlands; and,
e Mineral Resource Areas.

The City has identified Environmental Protection Policy Areas, Environmental Control Policy Areas, and
wetlands in the study area (Figure 5.81 and Figure 5.82). These policy areas are mapped in Schedules 3-1
and 3-3 in the City’s Official Plan (OP). Environmental Protection Policy Areas include the following (City
of Brantford, 2016):

e significant areas of natural and scientific interest;

e habitat of endangered and threatened species;

e Provincially Significant Savannahs;

e Provincially Significant Wetlands;

e ravines with watercourses;

e significant forested areas;

e the Regulatory Flood Plain of the Grand River, D’Aubigny Creek and the tributaries of Fairchild

Creek, a vegetative buffer zone along its course; and,
e areas of significant groundwater discharge.

Environmental Control Policy Areas “contain sensitive natural features such as steep slopes, streams,
wetlands, areas of groundwater discharge and representative tree cover, and are designated on the basis
of being comprised of fish habitat, significant woodlands, significant wildlife habitat, significant Areas of
Natural and Scientific Interest, natural linkages, and locally significant prairies and savannahs” (City of
Brantford, 2016, p. Section 8.3.1). Wetlands in the study area are part of the Mohawk Lake and Oxbow
Wetland Complex (Evaluated - Other) and other non-evaluated wetlands (Figure 5.82).

Adjacent lands are defined as lands contiguous to a NHS feature or area where it is likely that development
or site alteration would have negative impact(s) on the NHS feature or area (MMAH, 2014). The City of
Brantford defines the extent of adjacent lands from an NHS feature or area as follows (Table 5.26):

Table 5.26: Adjacent Lands widths for each NHS feature or area in the City of Brantford

NHS Feature or Area Extent of Adjacent Lands (m)
Environmental Protection Policy Area 50
Environmental Control Policy Areas 50
Fish Habitat 30
Provincially Significant Wetlands (PSWs) 120
Other wetlands >2 ha 120
Wetlands 0.5 to <2 ha 30
. . 50 unless otherwise specified by habitat regulations
Habitat of Endangered and Threatened Species under the ESA (2007)
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Figure 5.81: Natural Heritage Areas (Schedule 3-1 of the OP)
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Figure 5.82: Natural Heritage Wetland Areas (Schedule 3-3 of the OP)
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Grand River Conservation Authority Policies
All wetlands and their associated areas of interference are regulated by the Grand River Conservation
Authority (GRCA) under the Development, Interference with Wetlands and Alteration to Shorelines and
Watercourses Regulation (Ontario Regulation 150/06). The GRCA’s Wetland Policy (GRCA, 2003) is based
on four guiding principles:
l. Wetlands are critical to sustaining surface and groundwater quality and quantity and therefore,
essential to the well-being of humans and all other forms of life in the Grand River watershed.

1. Wetlands are core components of the natural heritage system of the Grand River watershed.

[I. Wetlands will be managed on a watershed and subwatershed basis.

V. Wetland loss will be avoided.

There are prohibitions to development within regulated flood zones. Prohibited developments within O.
Reg. 150/06 are described as follows:
2. (1) Subject to section 3, no person shall undertake development or permit another person to
undertake development in or on the areas within the jurisdiction of the Authority that are,

(a) adjacent or close to the shoreline of the Great Lakes-St. Lawrence River System or to
inland lakes that may be affected by flooding, erosion or dynamic beaches, including the
area from the furthest offshore extent of the Authority’s boundary to the furthest
landward extent of the aggregate of the following distances:

(i) the 100 year flood level, plus the appropriate allowance for wave uprush as
specified in the most recent document entitled “Shoreline Management Plan for
Lake Erie” available at the head office of the Authority,

(ii) the predicted long term stable slope projected from the existing stable toe of
the slope or from the predicted location of the toe of the slope as that location
may have shifted as a result of shoreline erosion over a 100-year period,

(iii) where a dynamic beach is associated with the waterfront lands, the
appropriate allowance inland to accommodate dynamic beach movement as
specified in the most recent document entitled “Shoreline Management Plan for
Lake Erie” available at the head office of the Authority, and

(iv) an allowance of 15 metres inland;

(b) river or stream valleys that have depressional features associated with a river or
stream, whether or not they contain a watercourse, the limits of which are determined in
accordance with the following rules:
(i) where the river or stream valley is apparent and has stable slopes, the valley
extends from the stable top of bank, plus 15 metres, to a similar point on the
opposite side,
(ii) where the river or stream valley is apparent and has unstable slopes, the
valley extends from the predicted long term stable slope projected from the
existing stable slope or, if the toe of the slope is unstable, from the predicted
location of the toe of the slope as a result of stream erosion over a projected 100-
year period, plus 15 metres, to a similar point on the opposite side,
(iii) where the river or stream valley is not apparent, the valley extends the
greater of,
(A) the distance from a point outside the edge of the maximum extent of
the flood plain under the applicable flood event standard, plus an

164



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

allowance not to exceed 15 metres, to a similar point on the opposite
side, and
(B) the distance from a watercourse or the predicted meander belt of a
watercourse, expanded as required to convey the flood flows under the
applicable flood event standard, plus 15 metres, to a similar point on the
opposite side;
(c) hazardous lands;
(d) wetlands; or
(e) other areas where development could interfere with the hydrologic function of a
wetland, including areas within 120 metres of all provincially significant wetlands and
wetlands greater than or equal to 2.0 hectares in size, and areas within 30 metres of
wetlands less than 2.0 hectares in size. O. Reg. 150/06, s. 2 (1); O. Reg. 57/13, 5. 1 (1-3).

Portions of the study area are located within lands regulated by the GRCA (Figure 5.83), and as such
development is prohibited unless it is determined by the GRCA that the control of flooding, erosion,
dynamic beaches, pollution or the conservation of land will not be affected by the development. O. Reg.
150/06, s. 3 (1).

According to O. Reg. 150/06, s 5, no person shall straighten, change, divert or interfere in any way with
the existing channel of a river, creek, stream or watercourse or change or interfere in any way with a
wetland, unless permission is given by the GRCA.

The GRCA administers the Fill, Construction and Alteration to Waterways Regulation set out under the
terms of the Conservation Authorities Act. The Regulation states that permission must be obtained from
the GRCA to construct any building or structure or permit any building or structure to be constructed in
or on a pond, swamp or in any area susceptible to flooding during a regional storm.

As wetlands, valleylands, upland, and Mohawk Lake and associated floodplain are within the regulated
limit of the GRCA, permits from the GRCA are required for works within regulated lands.
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Figure 5.83: GRCA Regulated Areas
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5.10.2 Background: Aquatic Ecology

The subsections below present the findings of the background review relevant to aquatic ecology
completed to date. In general, historical fish and benthic macroinvertebrate survey data existed, but the
data was not current. In addition, aquatic habitat has been historically described but was not surveyed
using a protocol that can be replicated for accurate comparison with future results.

Fish Community

Existing data outlining the fish community within Mohawk Lake was collected in 1972 and 1993 and is
therefore somewhat outdated. There are no existing fish records for the canals. As part of GRCA sampling
conducted in Sandilands (1972), fish were collected within the lake using a seine net. All fish captured
were warm water species that are tolerant of disturbance and contamination. Most of these species were
of the family Cyprinidae (carps and minnows) and are capable of foraging for food within detritus. The
only fish species present during 1972 field surveys that feeds on aquatic invertebrates and insects was
Pumpkinseed (Lepomis gibbosus). No predator or game fish were present in the lake, which indicates
water quality, at the time of survey, was not suitable for their propagation.

According to the Gore and Storrie Limited (1995) report, Mohawk Lake contains a remarkable diversity of
desirable warm water game fish and forage fish species. The species captured by the GRCA in 1993 by
electrofishing included only larger specimens and no minnow species. The species captured showed a
healthy balance of top-level predators, mid-level predators, and bottom-dwelling omnivores and
planktivores. Young Pumpkinseed were captured during benthic macroinvertebrate surveys along the
coarse littoral substrate. However, despite the richness of fish species, results from electrofishing as well
as earlier studies show a thriving population of the invasive Common Carp (Cyprinus carpio). Common
Carp often create very turbid conditions, due to their foraging activities, which can elevate nutrient
concentrations and uproot macrophytes. It was estimated that carp comprise at least half of the total fish
population in Mohawk Lake. Fish species captured as part of Sandilands (1972) and Gore and Storrie
(1995) are listed in Table 5.27. Many of these species have been confirmed by the MNRF as occurring in
Mohawk Lake (2018).

Table 5.27: Fish Species Historically Captured in Mohawk Lake

Species Name Species Status
Scientific Common SARA ESA | G-Rank | S-Rank

Ambloplites rupestris Rock Bass G5 S5
Catostomus commersoni White Sucker G5 S5
Cyprinus carpio Common Carp G5 SNA
Lepomis gibbosus Pumpkinseed G5 S5
Luxilus cornutus Common Shiner G5 S5
Micropterus dolomieu Smallmouth Bass G5 S5
Micropterus salmoides Largemouth Bass G5 S5
Moxostoma spp. Redhorse Sucker

Notemigonus chrysoleucas | Golden Shiner G5 S5
Perca flavescens Yellow Perch G5 S5
Pimephales notatus Bluntnose Minnow NAR NAR G5 S5
Pimephales promelas Fathead Minnow G5 S5
Pomoxis nigromaculatus Black Crappie G5 S4
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Previous studies indicate that spawning substrates for fish are limited within the study area. Silt is not
desirable for spawning fish since it can smother eggs. Additionally, nursery habitat for juvenile fish is
lacking. Emergent macrophytes are also scarce. The high turbidity within the lake causes a disadvantage
to native game fish present since many of them feed by sight. Under turbid conditions, fish must rely on
movement and sound to detect prey. Unfortunately, these conditions are advantageous for the invasive
Common Carp.

Results collected in 1993 showed that no toxic bioaccumulation is present in game fish that were tested,
and no eating restrictions were placed on the fishery at that time. No fish kills have been reported in the
lake based on the background information provided to date.

Current Department of Fisheries and Oceans (DFO)
Species at Risk mapping indicates critical habitat for
Eastern Sand Darter (Ammocrypta pellucida — federally
Threatened and provincially Endangered) and Round
Pigtoe (Pleurobema sintoxia - Endangered) is present in
the Grand River downstream of Mohawk Lake. Other
aquatic SAR that were noted to be present or potentially
present in the Grand River at this location included:
Silver Shiner (Notropis photogenis - Threatened), Black
Redhorse (Moxostoma duquesnei - Threatened), and
Wavy-rayed Lampmussel (Lampsilis fasciola — federally
Special Concern and provincially Threatened). Although
these species are likely not present within Mohawk Lake
or the canals, the quality of the water entering the
Grand River from the lake is an important consideration
to these sensitive species.
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Benthic Macroinvertebrate Community

As part of GRCA sampling conducted in 1972, benthic macroinvertebrate collections were conducted
within the lake and below the outlet in the canals. No invertebrates were caught in the lake. Typically,
high organic muds are densely populated with aquatic worms and midge larvae, and the absence of these
organisms suggests the presence of heavy metals. In the creek below the outlet structure at the Eastern
end of the canal, invertebrates were present (midge larvae, worms, leeches, snails, clams, caddisflies). All
invertebrates were pollution tolerant. The water quality flowing into the Grand River via the canal was
described as poor to fair.

According to Gore and Storrie Limited (1995), benthic macroinvertebrates were collected along the littoral
zone (part of a lake or river that is close to the shore) and the profundal zone (deep zone, located below
the range of effective light penetration). A higher degree of diversity was noted in the littoral zone (scuds,
aquatic sowbugs, damselfly nymphs). All species collected are considered tolerant to organic pollution,
with the exception of certain mayflies and caddisflies which are relatively intolerant. The presence of such
species suggests that the water quality within the littoral zone is within the acceptable range for most
warm water fauna. In the profundal zone, only midge larvae and aquatic worms were captured. Red
colouring of these individuals indicated low dissolved oxygen conditions. This suggests that the nature of
the lake bottom sediment provides habitat only to organisms that are adapted to reduced dissolved
oxygen conditions.

Aquatic Habitat

Habitat descriptions are included in the GRCA surveys conducted in 1972 and 1993. However, survey
protocols consistent with present day standards were not followed making comparisons somewhat more
challenging. In general, the littoral zone of the lake contained coarse substrates that extended to
approximately 1 m offshore, and changed to silt beyond this zone. Water within the lake was highly turbid
throughout. Macrophyte growth was limited due to the excessive turbidity and lack of sunlight availability.
The aquatic habitat within the canal was not described.

5.10.3 Field Study Scope and Methodologies: Aquatics
Fish community, benthic macroinvertebrate, and aquatic habitat surveys were completed as part of the
Characterization Study. The following provides details of the Aquatic Resources work plan:

Fish Surveys
Fisheries surveys within Mohawk Lake were conducted using four minnow traps and a fyke net. Backpack

electrofish and seine net surveys were not conducted due to the conditions of both the canals and the
lake. Sediment depth, turbidity and cover made for unsampleable conditions using standard backpack
electrofishing and/or seine net protocols. Over a period of five days total, the fyke net was set at various
locations within the lake and canal, as illustrated in Figure 5.84. Minnow traps were set around the edges
of the lake at various locations. The net and traps were checked the following morning and fish were
identified, counted, measured and released. Traps were not left unattended for longer than 24 hours, as
per the License to Collect Fish for Scientific Purposes. Typical locations of trap settings are displayed in
Figure 5.85 and Figure 5.86.
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Figure 5.85: Typical location of minnow trap (red Figure 5.86: Typical location of fyke net (red buoys)
buoy)

Benthic Macroinvertebrate Surveys

Benthic macroinvertebrate sampling was conducted by the travelling kick and sweep method (following
the Ontario Benthos Biomonitoring Network (OBBN): Lake Protocol) around the edges of the lake and
within the canals, as illustrated on Figure 5.84. Three replicates were conducted as outlined by the OBBN
Lake Protocol. Pictures of the three sites are shown in Figure 5.87, Figure 5.88, and Figure 5.89. All
samples were identified to Family Level, and indices calculated to describe the habitat of benthic
invertebrates and water quality. Indices include species richness, % chironomidae, % EPT, Shannon-
Weiner Diversity Index, Hilsenhoff Biotic Index (FBI) and the Percent Model Affinity Index (PMA).
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Figure 5.87: OBBN Replicate 1 Figure 5.88: OBBN Replicate 2

Figure 5.89: OBBN Replicate 3

Aquatic Habitat Surveys

Within wadable areas of the canal(s), aquatic habitat was assessed using Section 4: Module 2 of Ontario
Stream Assessment Protocol (OSAP) for Point-Transect Sampling for Channel Structure, Substrate and
Bank Conditions. Information collected included parameters such as channel morphology measurements,
bank undercuts and instream cover, point source impacts, flow regime characteristics, substrate, critical
habitats, and riparian cover and shading. Sampleable areas were limited to the northern-most canal, as
water and sediment depth made the southern-most canal unsampleable and OSAP cannot be conducted
within lakes. For areas that were unsampleable, a visual habitat assessment was conducted to describe
the same parameters assessed using OSAP protocol. Approximate site locations are shown on Figure 5.84.

Additionally, dissolved oxygen and temperature was measured within the lake. These parameters were
measured using a YSI Professional Plus multi-parameter probe across three transects. Transects were
chosen using points that were easily identifiable from ortho-imagery. Transect 1 was the most upstream
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within the lake and Transect 3 was the most downstream, as shown in Figure 5.90. At five evenly spaced
points along each transect, the probe was lowered at half-meter depths to create a profile across the lake.

Transect 3

Transect 2

Transect 1

Figure 5.90: Dissolved Oxygen Transects

5.10.4 Results: Aquatics
The subsections below present the findings of the aquatic field surveys completed to date.

Fish Surveys
Over five days total between September 9" and September 215, 2018, the nets were set and processed

for a total of four times at various locations throughout the lake and canals. In general, fish community
results were similar to those observed in background data. Two new species were observed however,
including Bluegill (Lepomis macrochirus) and Creek Chub (Semotilus atromaculatus). Results can be seen
in Table 5.28. Overall, 353 total fish and eight different species were captured and released. Common
Carp (Cyprinus carpio) were also observed in abundance however none were captured during the surveys.

No at-risk fish species, as listed under federal or provincial SAR legislation, were identified during the
surveys.

All fish species handled, as shown in Table 5.28, are listed with their rarity for Ontario (S-Rank, as assigned
by the Natural Heritage Information Centre). Of the eight species, seven have a rank of S5, indicating that
they are Secure (common, widespread or abundant). One species (Black Crappie) has a ranking of S4,
indicating that they are common and apparently secure.
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Table 5.28: Fish Survey Results

Scientific Name Common Name A Count
COSEWIC COSSARO G-Rank S-Rank Fyke MTO1 MTO02 MTO3 MTO04 Total
Pomoxis nigromaculatus Black Crappie G5 S4 127 0 0 0 0 127
Ambloplites rupestris Rock Bass G5 S5 3 0 0 0 0 3
Micropterus salmoides Largemouth Bass G5 S5 1 0 0 0 0 1
Lepomis gibbosus Pumpkinseed G5 S5 24 0 0 0 0 24
Lepomis macrochirus Bluegill G5 S5 183 2 3 2 3 193
Semotilus atromaculatus Creek Chub G5 S5 1 0 0 0 0 1
Pimephales notatus Bluntnose Minnow NAR NAR G5 S5 3 0 0 0 0 3
Catostomus commersoni | White Sucker G5 S5 1 0 0 0 0 1
Total 343 2 3 2 3 353
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Species observed in these studies demonstrate a community which has intermediate tolerance to water
quality. These species also indicate a cool-warmwater thermal regime. Of the species observed, Bluegill
(Lepomis macrochirus) was the most abundant (55%), Black Crappie (Pomoxis nigromaculatus) was the
second-most abundant (36%) and Pumpkinseed (Lepomis gibbosus) was the third-most abundant (7%).
These species are displayed in Figure 5.91, Figure 5.92, and Figure 5.93.

Figure 5.91: Bluegill (Lepomis macrochirus) Figure 5.92: Black Crappie (Pomoxis nigromaculatus)

Figure 5.93: Pumpkinseed (Lepomis gibbosus)

Benthic Macroinvertebrate Surveys

On September 13%™", 2018, benthic macroinvertebrates sampling was conducted. Table 5.29 below
summarizes the metrics calculated for the organisms collected at each site. For Taxa Richness, % EPT, %
Scraper, % Shredder, % Clinger, % Omnivore and the Shannon-Weiner Index, a larger value implies a
healthy biological community and low values imply reduced health (Jones, 2007; Barbour et al, 2009). For
% Oligochaeta, % Chironomidae, % Isopoda and FBI, a lower value implies a healthier community (Jones,
2007; Barbour et al, 2009). In the case of % Collector-Filterer, % Collector-Gatherer, % Predator and %
Diptera, critical values lie at both extremes (Jones, 2007; Barbour et al, 2009). Therefore, these metrics
were not used as an indication of better water quality between sites. However, they are useful to note
habitat differences and changes in habitat quality over time, which suggests a change in water quality.
Since the PMA method has a specific threshold, it is the one measurement that can provide a definitive
definition of an unimpaired stream/waterbody. A waterbody is considered impaired if a PMA value less
than 39.1 is observed.

175



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

Sampling was not conducted within the profundal zone as bathymetric surveys confirmed the presence
of high quantities of organic mud/silt and %DO profiling confirmed very low dissolved oxygen levels. This
supports background findings and suggests that only midge larvae and worms are present in the profundal
zone. Overall, 341 total organisms and 18 different organisms were sampled within the study site. Results
are comparable with background results as discussed above. The PMA values suggest that the waterbody
is not impaired, as all values are well above the 39.1 threshold. Furthermore, the results from Replicate 2
— the site which was furthest from either canal — showed the highest taxa richness and highest FBI.
Replicate 2 also showed results with zero indices indicating the worst water quality, whereas both
Replicate 1 (closest to West Canal) and 2 had multiple indices indicating the worst water quality. This
suggests that water quality is poorest within the canals.

Table 5.29: Benthic Macroinvertebrate Survey Results

Repl Rep2 Rep3 Total
Total Number of Organisms 105 105 131 341
Taxa Richness 12 10 18
% Oligochaeta 4.76 2.29 5.57
% Diptera 85.71 48.57 35.11 54.84
% Chironomidae 48.57 35.11 46.92
% Isopoda 0.00 0.95 4.99
% EPT 0.95 1.53 0.88
% F-C 0.00 0.00 0.00 0.00
% G-C 60.95 50.48 47.33 52.49
% Pred 85.71 51.43 35.88 56.01
% Scr 0.95 286 |00 117 |
% Shr 0.95 0.00 0.00 0.29
% Omni 0.00 1.00 2.00 3.00
% Clinger 5.71 2.29 2.93
Shannon-Weiner Diversity 0.56 0.57 0.51
FBI 6.39 6.31 6.46
PMA 54.49 79.45 76.31 80.32

Indicates best water quality
Indicates second best water quality

Exceeds PMA threshold

Aquatic Habitat Surveys

On September 13%™, 2018, aquatic habitats within the Lake and canals were assessed. Results from the
assessment are displayed in Table 5.30 and Field Observations are displayed in Appendix E-1. Photographs

of the site(s) are displayed in Figure 5.94 through Figure 5.105.
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Table 5.30: Aquatic Habitat Survey Results

Site Location

Site Characteristics

Habitat Description

Substrate Composition

Bank Stability

Instream and Riparian
Vegetation

Fish Barriers and Other
Disturbances

MHO1 is the furthest,
most  upstream  site
located  approximately
490 m downstream of the

Murray St bridge and.

Site length is 40.0 m.
Average wetted width at the
time of sampling was 13.09
m. The average depth was
318 mm and the maximum
depth sampled was 690 mm.

This site is extremely uniform and
mainly consists of a long run with a very
deep pool at the upstream extent. This
deep pool is a result scouring from the
stormwater outfall on the right bank.
Instream cover was low (20%),
consisting of macrophytes,
unembedded rocks, and embedded
rocks, and wood. Vegetation was
sparse, consisting moss (70%),
macrophytes (20%) and overhanging
terrestrial vegetation (10%).

This site mainly consisted of sand,
gravel and cobble with some larger
boulders scattered throughout. For
that reason, the mean point
particle size was 3.3 mm and the
mean maximum particle size was
27.4 mm. The substrate was poorly
sorted.

The right bank is more stable
than the left. Four undercuts fell
on sampled transects, ranging
from 80 mm - 720 mm, the
largest being on the left bank.
Bank stability is lowest on the left
bank near the upstream end, as
the stormwater outfall is resulting
in large scale scouring and banks
higher than 2 m. Bank treatments
were observed on the left bank
throughout the reach in the form
of a vegetated buttress.

Very little instream vegetation
was present throughout this site,
consisting of 70% moss. Riparian
vegetation was also poorly
distributed. The right bank had
much more vegetation than the
left despite the vegetated bank
treatments observed on the left.

A number of road crossings fall
upstream of this site which could
be sources of contaminants.
Adjacent land use consists of a
well used walking trail and road
right-of-way, with a residential and
industrial area beyond. A number
of outfalls exist along the banks
which could also be sources of
contaminants. A log jam is present
downstream of the site although
should not be considered a fish
barrier.

MHO02 is located in the
middle of the study site
and within Mohawk Lake
itself. Due to the OSAP
protocol, the site was
unsampleable and will be
described in full as it
extends from the opening
of the northern canal to
the opening of the
southern canal.

Site length is approximately
790 m. Wetted width is
approximately 223  m.
According to bathymetric
surveys, the deepest point of
the lake is 3.5 m from top of
water to top of sediment and
5.87 m from top of water to
bottom of sediment.

This site is in a lacustrine setting.
Instream cover is limited to the littoral
zone where fallen trees and
overhanging vegetation dominate. The
littoral zone contains coarse substrate
consisting of gravels and cobbles,
extending approximately 1 m offshore.
Beyond the 1 m littoral zone, substrate
consists of silt up to depths of nearly 2.5
m. Water is highly turbid due to high
sedimentation. This also limits aquatic
vegetation to the littoral zone where
rooted macrophytes are present.

This site mainly consisted of silt
extending upwards of 2.5 m in
depth, with larger, coarser
substrate limited to the littoral
zone. This is likely resulting from
the adjacent rip-rap  bank
treatments. The substrate was
very poorly sorted.

Bank stability is quite high
throughout the site with little to no
erosion force due to slow moving
water. Banks are well vegetated,
specifically on the right bank with
well-established deciduous
trees. Coarse substrate on the
left bank suggests bank
treatment in the form of rip-rap.

Instream vegetation was present
although limited to the littoral
zone due to sediment depths
within profundal zone. Rooted
macrophytes  were  present
where  sediment  allowed.
Riparian vegetation was well
established on the right bank
while the left bank had a much
narrower and disturbed riparian
zone due to its proximity to
Greenwich Street.

A number of road crossings fall
upstream of this site which could
be sources of contaminants.
Adjacent landuse consists of a well
used walking trail and park, with a
residential and industrial area
beyond. A landfill is located on the
left bank approximately 300 m
away from the lake. No fish
barriers were observed.
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MHO3 is the furthest,
most downstream site.
Due to the OSAP
protocol, the site was
unsampleable and will be
described in full as it
spans from the lake to
the concrete  outfall
approximately 100 m
downstream  of the
Mohawk St bridge.

Site length is approximately
618 m. Wetted width is
approximately 245 m.
According to bathymetric
surveys, the deepest point of
the site is 1 m from top of
water to top of sediment and
3.37 m from top of water to
bottom of sediment.

This site is similar to that of the
lacustrine setting demonstrated at
MHO02, however much narrower and
shallower. Instream cover is mainly
limited to the littoral zone where fallen
trees and overhanging vegetation
dominate. Some rooted macrophytes
extend towards the middle of the canal,
however sedimentation and siltation
limit the extent. A small percentage of
unembedded wood, overhanging bank
and riparian vegetation also provide
cover.

This site mainly consisted of silt
extending upwards of 2.5 m in
depth, with larger, coarser
substrate limited to the littoral
zone. This is likely resulting from
the adjacent rip-rap  bank
treatments. The substrate was
very poorly sorted.

Both banks demonstrate very
poor stability with very steep
banks and leaning terrestrial
vegetation. This extends for the
entirety of the reach.

Instream vegetation was present
although limited to the littoral
zone due to sediment depths
within the middle of the lake.

Rooted  macrophytes  were
present where sediment allowed.
Riparian ~ vegetation = was

established on both banks,
though limited in depth due to the
proximity to Forest Road on the
right bank and Greenwich Street
on the left.

A major road crossing (Mohawk St)
is located within the site which
could be a source of contaminants.
A number of outfalls exist along the
banks which could also be sources
of contaminants. Adjacent landuse
consists of residential on the right
and industrial with a landfill located
approximately 100 m away from
the left bank. A substantial fish
barrier is located at the
downstream extent, consisting of a
top-draw dam.
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Figure 5.94: MHO1 - D/S looking U/S

Figure 5.96: MHO1 - U/S looking U/S

Figure 5.98: MHO2 - Left Bank
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Figure 5.95: MHO1 - D/S looking D/S

Figure 5.97: MHO1 - U/S looking D/S

Figure 5.99: MHO2 - Left Bank
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Figure 5.100: MHO2 - Right Bank Figure 5.101: MHO2 - Right Bank
Figure 5.102: MHO3 - Left Bank Figure 5.103: MHO3 - Left Bank
Figure 5.104: MHO3 - Right Bank Figure 5.105: MHO3 - Right Bank

Dissolved Oxygen and Temperature Profiling
On September 19, 2018, surveys were conducted to profile the Dissolved Oxygen (%DO) and
temperature throughout the lake. Results from the profiling survey are displayed in Figure 5.106.

%D0O was observed to decrease as the depth increased, which is typical in lacustrine environments.
Transects 1 and 2 had similar readings although Transect 2 was 0.5 m deeper, allowing for one more
reading and continued to demonstrate the downward trend in %DO. Transect 3 had a similar first reading
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as 1 and 2, however a sharper decline in %DO was observed with much lower %DO values. This could
indicate an influx of groundwater, or it could indicate that as the lake widens, water becomes less
oxygenated from diminishing channel flow.

Temperature also observed a downward trend as depth increased. This is also typical in lacustrine
environments. Transect 1 had slightly higher temperature values than 2. Transect 3 observed lower
temperature values than Transects 1 and 2. As Transect 3 is the deepest of the three transects, it is
inconclusive as to whether the lower temperatures are due to water depth or due to an influx of
groundwater, as the %DO profiling results may suggest.

Figure 5.106: Average %DO and Temperature Profiles

5.10.5 Discussions and Conclusions: Aquatic Ecology

Overall, results from the aquatic ecology surveys support background documentation. Fish surveys
observed species that demonstrate a cool-warmwater community which has intermediate tolerance to
water quality. Benthic macroinvertebrate surveys indicate that Mohawk Lake and the canals are not
impaired, although the canals demonstrate poorer water quality than within the lake itself. Aquatic
habitat surveys confirmed that the highest quality habitat is limited to the littoral zones extending
approximately 3 m beyond the edge of water. Beyond the littoral zone and into the profundal zone,
aquatic habitat is impaired and influenced by the high quantity of organic mud and silt reaching depths of
nearly 2.5 m. This deep sediment and findings from benthic macroinvertebrate sampling suggest very low
dissolved oxygen levels within the profundal zone. This is supported by dissolved oxygen profiling as %DO
was low near the top of sediment and assumed to be zero within the sediment. %DO and temperature
was however lowest at the Eastern end of the lake which could indicate an influx of groundwater.

5.10.6 Background: Terrestrial Ecology

The subsections below present brief summaries of the findings of the background review. In general, site-
specific and detailed data was lacking, therefore the presence of NHS features and areas could not
accurately be identified and assessed following the background review stage. Many of the data gaps
identified were addressed following the completion of additional surveys undertaken in 2018 as part of
the Characterization Study. Completed biophysical studies included the following:

* Breeding bird surveys;
e Amphibian calling surveys;
¢ Incidental observations of wildlife including reptiles, lepidopterans, odonates, mammals, etc.; and,

* Botanical and vegetation community surveys.
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Flora
The background review process revealed that there was insufficient data to determine the botanical
species inhabiting the study area. Information was to be fulfilled as part of 2018 surveys.

A review the available background information indicated that prairie remnants were present within the
study area (Plan B Natural Heritage). In Ontario, prairie and savannah habitats are considered rare
vegetation community types and are often home to rare species of plants and animals. This information
was to be verified as part of the 2018 surveys.

Vegetation Communities

Past vegetation communities identified within the study area were not completed to a level of detail that
allowed for the identification of significant vegetation communities and/or habitat for SAR and other
Species of Conservation Concern (SOCC) and their habitats. Vegetation communities assessed as part of
the Characterization Study was completed in accordance with the Ecological Land Classification Protocol
for Southern Ontario (Lee et al., 1998) on lands within the study area where permission to enter was
granted (Figure 5.95).

Species at Risk and other Species of Conservation Concern

The location(s) of SAR and other SOCC and their habitats within the study area following the completion
of the background review were generally unknown. This information was collected as part of the 2018
biophysical surveys.

Significant Wildlife Habitat (SWH)

The existing SWH could not be completely assessed following the background review process as there was
insufficient data to determine the presence of SWH for the majority of criteria. Specific surveys for flora,
vegetation communities, amphibians, reptiles, fish, and birds (e.g. songbird and waterfowl); completed in
2018, guided the identification of SWH within the study area.

5.10.7 Field Study Scope, Methodologies and Results: Terrestrial Ecology

The subsections below present the methodologies and protocols followed as part of the biophysical
surveys that were undertaken on August 22" and September 5%, 6™, 7" and 12, 2018, findings of the
detailed field surveys, and general discussions.

Vegetation Communities

Vegetation communities were assessed in accordance with the Ecological Land Classification Protocol for
Southern Ontario (Lee, et al., 1998) on lands within the study area to which permission to enter was
granted (Figure 5.107). Additional information was gathered through background information review,
aerial image interpretation, and roadside assessments, as needed to fill data gaps. Contrary to Figure
5.107, it should be noted that the majority of the ravines associated with the triburaries which discharge
to the East Canal are City-owned lands and were assessed.
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The field work completed within the study area in 2018 identified 26 ELC polygons comprised of 23
vegetation community types. Five (5) of the ELC polygons represent complex communities (i.e., patterns
of two or more ecosites or vegetation types forming a mosaic that cannot be mapped at the level of
resolution being employed).

The study area contained a wide variety of community types ranging from highly disturbed industrial lands
to agricultural fields, areas used recreationally (trails, etc.), and natural forests and wetlands.

One of the vegetation community type is considered to be provincially significant: Fresh — Moist Lowland
Black Walnut Deciduous Forest (S253). This community type was found in three (3) locations:

e Community 6: this narrow linear community was confined to the steep slope along the north edge
of Mohawk Lake between Mohawk Lake and Forest Road.

e Community 18: This small forested block was located south of Mohawk Lake, between the hydro
corridor and Mohawk Street (note that this area was only assessed from the edge, as permission
to enter was not granted)

e Community 20: Complexed with willow (Salix sp.) dominated lowland forest associated with the
valley lands north of Beach Road and the Grand River shoreline south of Beach Road.

Prairie habitats, which are rare in Ontario and have potential to occur in the broader landscape, were
specifically searched for during the field surveys undertaken in 2018; no prairie habitats were identified
within the study area.

Figure 5.109 shows the delineation of all 26 vegetation polygons. The Vegetation Communities Table
provided in Appendix E-2 lists each polygon, its ELC type, dominant vegetation composition, relevant soils
information, and representative photos. The ELC field data forms are included in Appendix E-3.

Mohawk Lake and Oxbow Wetland Complex
The Mohawk Lake and Oxbow Wetland Complex wetland evaluation, which was last updated in 2000,
resulted in an overall score of 525. The score breakdown is as follows:

= Biological: 113 points

= Social: 116 points

= Hydrological: 203 points

= Special Features: 93 points

According to the Ontario Wetland Evaluation, Southern Manual (MNRF, 2014), a wetland is considered
provincially significant if it has a cumulative score of 600 or if it scores 200 or more points in the Biological
or Special Features categories.
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A review of the species list within the wetland evaluation (Ross, 2000) revealed records of species that
were not listed as SAR at the time of the evaluation but have since been uplisted, specifically, the Eastern

Figure 5.108: Blanding's turtle (photo credit:
Ash Baron)

Wood-pewee (Special Concern). In addition, recent records
of two additional SAR (Snapping Turtle — Special Concern,
and Blanding’s Turtle — Threatened) using habitat within
Mohawk Lake and/or Mohawk Canal have been provided by
the MNRF (Figure 5.108). If taken into consideration in an
update to the existing wetland evaluation, these
observations would increase the score of the Special
Features category by 230-330 points (i.e. 150-250 points
attributed to Blanding’s Turtle, depending on the species’
use of Mohawk Lake; and 80 points for Snapping Turtle and
Eastern Wood-pewee, collectively), thus raising the overall
wetland score to over 600 points. As such, should the
Mohawk Lake and Oxbow Wetlands evaluation be
updated to include recent SAR records, the results of the
evaluation would change the status of the wetland
complex making it a Provincially Significant Wetland
(PSW).

An update to the wetland evaluation would also present an opportunity to consider the addition of a small
wetland located between the Grand River and the south side of the Mohawk Canal, in which Snapping
Turtle and Midland Painted Turtle (Chrysemys picta) were observed by Aquafor Beech Ltd. staff. Any
update to the wetland evaluation or boundaries may require field verification in cooperation with MNRF
and/or GRCA; this may be identified as a requirement of future development and/or rehabilitation work

within this area.

This change in wetland status has implications from a planning policy perspective. Namely, the wetland,
including smaller wetlands within the wetland complex, would be considered Environmental Protection
Policy Areas, and adjacent lands would be defined as those within 120 m of the wetland; as opposed to
its current status as an Environmental Control Policy Area, through which adjacent lands are considered
to be those within 30-120 m of the wetland, depending on the size of the wetland polygon. Figure 5.110
shows the current extent of the wetland complex, as mapped in the existing evaluation (Ross, 2000). For
the purpose of fulfilling future project phases, it is recommended that existing wetland evaluations be
updated according to the Ontario Wetland Evaluation, Southern Manual (MNRF, 2014).
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A botanical inventory was conducted in concert with vegetation community surveys to create an inventory
of vascular plant species within the study area and to assess whether significant flora was present. The
area search method was used to identify vascular plants in the study area. As the inventory was conducted
in summer / early fall conditions, most species were identified through ample distinguishing features.
Those species that could not be identified to species were identified to genus. In total, 260 species were
identified to species level with an additional 15 identified to genus. Of the 260 species, 179 (69%) are
native; the other 81 (31%) are introduced. No SAR were found during the botanical inventory. Three
provincially significant species (S1-S3) were identified:

e Ohio Buckeye (Aesculus glabra) (S1);
e Tall Boneset (Eupatorium altissimum) (S1); and
e Pignut Hickory (Carya glabra) (S3).

These species are discussed further in Section 5.10.8.

Three species considered to be locally rare in Brant County (Oldham, 2017) were also recorded during the
field surveys in 2018:

e Carpenter’s Square (Scrophularia marilandica) (locally rare) was identified in Community 3, along
the north edge of Mohawk Lake where a steep forested slope abuts the shoreline.

e Columbia Watermeal (Wolffia columbiana) (locally rare) was identified in Community 21, a small
ponded area within Community 20.

e Pale-leaved Wood Sunflower (Helianthus strumosus) was identified in Community 10, where a
small patch (~20 stems) was found along the edge of Commmunity 2.

The majority of species recorded are considered to be common and secure (S4-S5, no other designations).

A number of the introduced species recorded are also considered to be invasive. Particularly prevalent
throughout the study area is Common Buckthorn (Rhamnus cathartica), an aggressively growing shrub
that has spread into the understory in many communities throughout the study area. Other invasive
species present include Garlic Mustard (Alliaria petiolata), Common Reed (Phragmites australis), and
Periwinkle (Vinca minor). Previous studies have also made note of invasive species in the area and have
recommended invasive species management plans and habitat restoration opportunities within terrestrial
ecosystems in the study area (City of Brantford Waterfront Master Plan, 2010).

An annotated list of the vascular plants recorded within the study area is contained in Appendix E-4.

Breeding Bird Surveys

Breeding bird surveys were completed by Terrastory Environmental Consulting Inc. (“Terrastory”) in
accordance with the Ontario Breeding Bird Atlas (OBBA) protocol (Bird Studies Canada et al., 2001).
Twenty-eight point count survey stations were established to cover the full variety of bird habitats
occurring in the study area (where permission to enter had been granted), with emphasis on habitats with
a higher potential to support significant species and/or in portions of the study area that may occur within
or adjacent to future areas of disturbance.

A total of 62 bird species were recorded during the breeding bird surveys, as listed in Table 5.31 below.
The highest observed breeding evidence for each species is provided, with the lowest evidence being
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“observed” (i.e., observation or flyover with no evidence of breeding activities or behaviours) and the
highest being “confirmed”. Survey results and breeding status broken down by location are provided in
Terrastory’s Breeding Bird Survey Results document provided in Appendix E-5. Of the species listed in the
table below, four (4) are Species at Risk and one (1) is considered provincially rare. A map of station

locations and significant findings is provided in Figure 5.111.

Table 5.31 Breeding Bird Survey Results

Species Name

Species Status

< < x x Hi'ghest
Scientific Common < P G e Breeding Status
v U &

Agelaius phoeniceus Red-winged Blackbird G5 S4 Confirmed
Ardea herodias Great Blue Heron G5 sS4 Observed
Baeolophus bicolor Tufted Titmouse G5 S4 Possible
Bombycilla cedrorum Cedar Waxwing G5 S5B Possible
Branta canadensis Canada Goose G5 S5 Possible
Buteo jamaicensis Red-tailed Hawk NAR NAR G5 S5 Observed
Buteo platypterus Broad-winged Hawk G5 S5B Observed
Butorides virescens Green Heron G5 S4B Observed
Cardinalis Northern Cardinal G5 S5 Probable
Cathartes aura Turkey Vulture G5 S5B Observed
Chaetura pelagica Chimney Swift THR THR | G4G5 | S4B S4N | Observed
Coccyzus americanus Yellow-billed Cuckoo G5 S4B Possible
Colaptes auratus Northern Flicker G5 S4B Possible
Columba livia Rock Pigeon G5 SNA Observed
Contopus virens Eastern Wood-pewee SC SC G5 S4B Probable
Corvus brachyrhynchos American Crow G5 S5B Observed
Cyanocitta cristata Blue Jay G5 S5 Probable
Dryocopus pileatus Pileated Woodpecker G5 S5 Possible
Dumetella carolinensis Gray Catbird G5 S4B Probable
Empidonax minimus Least Flycatcher G5 S4B Confirmed
Empidonax traillii Willow Flycatcher G5 S5B Probable
Geothlypis trichas Common Yellowthroat G5 S5B Possible
Hirundo rustica Barn Swallow THR THR G5 S4B Confirmed
Hydroprogne caspia Caspian Tern G5 S3B Observed
Hylocichla mustelina Wood Thrush THR SC G4 S4B Probable
Icterus galbula Baltimore Oriole G5 S4B Confirmed
Icterus spurius Orchard Oriole G5 S4B Probable
Larus argentatus Herring Gull G5 S5B S5N | Observed
Larus delawarensis Ring-billed Gull G5 S5B S4N | Observed
Leuconotopicus villosus Hairy Woodpecker G5 S5 Possible
Lophodytes cucullatus Hooded Merganser G5 S5B S5N | Observed

188




MOHAWK LAKE CHARACTERIZATION STUDY

OCTOBER 2019

Species Name

Species Status

< < x x Hi.ghest
Scientific Common < P & & Breeding Status
n ) &

Melanerpes carolinus Red-bellied Woodpecker G5 S4 Probable
Melospiza melodia Song Sparrow G5 S5B Confirmed
Molothrus ater Brown-headed Cowbird G5 S4B Probable
Myrarchus crinitus Great Crested Flycatcher G5 S4B Possible
Pandion haliaetus Osprey G5 S5B Confirmed
Passer domesticus House Sparrow G5 SNA Probable
Passerina cyanea Indigo Bunting G5 S4B Probable
Petrochelidon pyrrhonota | Cliff Swallow G5 S4B Possible
Phalacrocorax auritus Double-crested Cormorant | NAR NAR G5 S5B Observed
Pheucticus ludovicianus Rose-breasted Grosbeak G5 S4B Confirmed
Picoides pubescens Downy Woodpecker G5 S5 Probable
Poecile atricapillus Black-capped Chickadee G5 S5 Probable
Polioptila caerulea Blue-gray Gnatcatcher G5 S4B Possible
Quiscalus quiscula Common Grackle G5 S5B Confirmed
Sayornis phoebe Eastern Phoebe G5 S5B Confirmed
Setophaga petechia Yellow Warbler G5 S5B Probable
Setophaga ruticilla American Redstart G5 S5B Probable
Sitta carolinensis White-breasted Nuthatch G5 S5 Probable
Spinus tristis American Goldfinch G5 S5B Probable
Spizella passerina Chipping Sparrow G5 S5B Confirmed
Stelgidopteryx serripennis SNV(\)/:IIhoev:/n Rough-winged G5 S4B Probable
Sturnus vulgaris European Starling G5 SNA Confirmed
Tachycineta bicolor Tree Swallow G5 S4B Possible
Thryothorus ludovicianus Carolina Wren G5 sS4 Probable
Troglodytes aedon House Wren G5 S5B Probable
Turdus migratorius American Robin G5 S5B Confirmed
Tyrannus Eastern Kingbird G5 S4B Probable
Vireo gilvus Warbling Vireo G5 S5B Probable
Vireo olivaceus Red-eyed Vireo G5 S5B Probable
Zenaida macroura Mourning Dove G5 S5 Probable
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eBird

Records obtained from eBird.org (2017), an online database of public observations, lists 62 species
previously observed at the Mohawk Lake birding “hotspot”, 31 of which were not captured during the
breeding bird surveys described above. Of these 31, three are considered to be of Special Concern in
Ontario, and one (1) is considered provincially rare.

An annotated list of the 31 bird species obtained from eBird which are additional to those observed by
Terrastory during field studies is contained in Table 5.32. Observation dates range from 1992 to 2017. As
observations made at any time of the year may be submitted to ebird, this list is not necessarily a
representation of breeding birds in the study area but includes many species that would be present as
migrants or winter residents. However, any species that was observed during the core breeding season
(June-July) could potentially be breeding in the area.

Table 5.32: Additional Bird Observations Obtained From eBird.org

Species Name Ranking Present in
Breeding
Scientific Common SARA ESA G-Rank | S-Rank | Season (June-
July)
Aix sponsa Wood Duck G5 S5
Anas crecca Green-winged Teal G5 S4
Anas platyrhynchos Mallard G5 S5
Anas strepera Gadwall G5 S4
Aythya marila Greater Scaup G5 S4
Bubo virginianus Great Horned Owl G5 S4
Bucephala albeola Bufflehead G5 S4
Certhia americana Brown Creeper G5 S5B
Charadrius vociferus Killdeer G5 ::z Y
Fulica americana American Coot NAR NAR G5 S4B
Haemorhous mexicanus | House Finch G5 SNA
Haliaeetus S2N
e cBlecttiflus Bald Eagle NAR SC G5 SaB
Junco hyemalis Dark-eyed Junco G5 S5B
Lanius excubitor Northern Shrike G5 SNA
Larus californicus California Gull G5 SNA
Larus fuscus I(_Eeuslfer Black-backed G5 SNA
Larus glaucoides Iceland Gull G5 S4N
Larus hyperboreus Glaucous Gull G5 S4N
Larus marinus glrjlat Black-backed G5 S2B
Megaceryle alcyon Belted Kingfisher G5 S4B Y
Melanerpes Red-headed
THR SC G5 S4B

erythrocephalus Woodpecker
Melospiza georgiana Swamp Sparrow G5 S5B Y
Mergus merganser Common Merganser G5 :gl?l
Oreothlypis ruficapilla Nashville Warbler G5 S5B

. . . S4B
Oxyura jamaicensis Ruddy Duck G5 SAN
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Species Name Ranking Present in
Breeding
Scientific Common SARA ESA G-Rank | S-Rank | Season (June-
July)
Plectrophenax nivalis Snow Bunting G5 SNA
Podiceps auritus Horned Grebe SC SC G5 ;1‘2

Ruby-crowned

Regulus calendula . G5 S4B
Kinglet

Troglodytes hiemalis Winter Wren G5 S5B

Vireo solitarius Blue-headed Vireo G5 S5B

Zonotrichia albicollis White-throated G5 S5B
Sparrow

Mammals

Several common mammal species were observed incidentally during field surveys in 2018, including:
Eastern Grey Squirrel (Sciurus carolinensis), Eastern Chipmunk (Tamias striatus), and White-tailed Deer
(Odocoileus virginianus). While surveys targeting mammals were not undertaken as part of this study, and
background information regarding mammals in the area is lacking, given the habitat types present within
the study area, additional species such as Groundhog (Marmota monax) Red Fox (Vulpes vulpes), Coyote
(Canis latrans), Red Squirrel (Sciurus vulgaris), Virginia Opossum (Didelphis virginiana), Raccoon (Procyon
lotor), Skunk (Mephitis mephitis), Meadow Vole (Microtus pennsylvanicus), Eastern Cottontail (Sylvilagus
floridanus), bats, and the domestic housecat (Felis catus) are likely present.

Throughout 2017, a local resident conducted surveys throughout the study area and reported their
observations to the GRCA which included: Beavers (Castor canadensis), Eastern Cottontail, feral and
domestic cats, Red Fox, Muskrats (Ondatra zibethicus), Virginia Opossum, Raccoons, squirrels, and White-
tailed Deer.

Herpetofauna
Amphibian call surveys were conducted near wetlands within the study area to determine the presence

and significance of breeding amphibian habitat within the study area. Surveys followed the standard
protocol set out by the Marsh Monitoring Program (Bird Studies Canada, 2009). Surveys were conducted
on still nights, typically during or immediately after rain. Parameters recorded during each survey include
date, time, air temperature, wind speed, degree of cloud cover and level of precipitation and are
summarized in Table 5.33. Amphibian call survey field data forms are located in Appendix E-6.

Asillustrated in Figure 5.112, a total of six (6) stations were surveyed. Stations 1 and 4 were located along
Mohawk Canal, at opposite ends of Mohawk Lake. Station 2 was located facing the swamp adjacent to
Mohawk Park. Station 3 was located facing the upstream valley at the east end of Mohawk Lake, just west
of Locks Road. Station 4 faced a cattail shallow marsh and an open aquatic pond. Station 5 faced a low-
lying section of Manitoba Maple forest, which recieves temporary flooding.

At each call survey station, the intensity and number of calling amphibians were measured using call level
and abundance codes, as outlined in the MMP. Codes are as follows:

Level 1: Calls are not simultaneous and calling individuals can be counted;
Level 2: Some calls are simultaneous but individual calls are distinguishable;
Level 3: Calls are continuous and overlapping.
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Figure 5.112: Amphibian Monitoring Station Locations Map
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Table 5.33: Weather Conditions during Amphibian Call Surveys

Station Date/Time Air Temp Beaufort Cloud Cover Precipitation
# (°C) Wind Scale (10ths)
26-04-2018 21:55 7°C 0 0 None/Dry
1 23-05-2018 22:04 21°C 0 0 None/Dry
20-06-2018 22:16 20°C 0 3 None/Dry
26-04-2018 21:00 9°C 0 0 None/Dry
2 23-05-2018 21:23 21°C 0 0 None/Dry
20-06-2018 21:35 20°C 0 1 None/Dry
26-04-2018 21:15 8°C 0 0 None/Dry
3 23-05-2018 21:32 21°C 0 0 None/Dry
20-06-2018 21:43 20°C 0 1 None/Dry
26-04-2018 21:20 8°C 0 0 None/Dry
4 23-05-2018 21:38 20°C 0 0 None/Dry
20-06-2018 21:50 20°C 0 1 None/Dry
26-04-2018 21:31 7°C 0 0 None/Dry
5 23-05-2018 21:55 21°C 0 0 None/Dry
20-06-2018 21:58 20°C 0 3 None/Dry
26-04-2018 21:40 7°C 0 0 None/Dry
6 23-05-2018 21:46 21°C 0 0 None/Dry
20-06-2018 22:07 20°C 0 3 None/Dry

Aquafor Beech Limited staff completed three (3) surveys at each of the six (6) survey stations. In total, five
(5) species were detected during surveys. Amphibian species recorded during surveys are summarized in
Table 5.34.

Table 5.34: Summary of Anuran Species Recorded within the Study Area

ot Ranking
FRrTY COSEWIC COSSARO G-Rank S-Rank
Scientific Name Common Name
Anaxyrus americanus American Toad G5 S5
Dryophytes versicolor Gray Treefrog G5 S5
Lithobates catesbeianus | American Bullfrog G5 S4
Lithobates clamitans Green Frog G5 S5
Pseudacris crucifer Spring Peeper G5 S5

All species recorded are considered secure in Ontario. The highest call level recorded was 2; no full chorus
was recorded. Detailed results of the surveys are contained in Table 5.35.

Table 5.35: Amphibian Call Survey Results

Survey Station Species Detected Call Level Code Count
1 No calls
2 No calls
1 3 No calls
4 Spring Peeper 1 2
5 American Toad 2
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Survey Station Species Detected ‘ Call Level Code ‘ Count

6 No calls

American Toad ‘ 1 ‘ 3

No calls

No calls

No calls

Vi WIN |-

American Toad*

Gray Treefrog*

Spring Peeper

Green Frog

[ RN SN SRR TSN
RrlwN|IN| P

American Bullfrog

No calls

No calls

No calls

i iwiN

No calls

6 Green Frog 1 1
*Species recorded within wetlands outside of the 100 m survey station.

Outside of the breeding surveys, Aquafor Beech Limited biologists incidentally encountered anurans at
several locations during other surveys in 2018. Large numbers of anurans were identified using habitat in
Communities 21 and 24 (northeastern pond of the two in this community). These included large numbers
of both American Toad and Green Frogs at each location.

5.10.8 Species at Risk and other Species of Conservation Concern

For the purpose of this study, Species at Risk (SAR) are defined as those designated Endangered,
Threatened, or of Special Concern under either the SARA or ESA. Species of Conservation Concern (SOCC)
are defined as species with Global Ranks of G1-G3; and species with Sub-national/Provincial ranks of S1-
S3.

Species listed provincially as Endangered and Threatened receive “general habitat” protection under the
ESA (2007). Important habitats of Special Concern and provincially significant species (i.e. $S1-S3) are
considered Significant Wildlife Habitat (SWH) and are thus protected under the City of Brantford’s OP.

Aguafor Beech Limited consulted a number of primary and secondary information sources to assess the
presence of SAR and SOCC within the study area, including:
e species observed during field surveys;
e correspondence with MNRF staff regarding recent SAR records in the project area;
e  MNREF list of SAR known to occur within Brantford (2018);
e occurrence records available from the Natural Heritage Information Centre (NHIC) Make-a-Map
query database (1 km squares covering the study area and immediately adjacent lands);
e occurrence records available from public databases including the Ontario Nature Reptile and
Amphibian Atlas (ONRAA) and eBird; and
e other background information sources including reports and policy planning documents.
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Using all available sources, an aggregated list of SAR and SOCC was compiled. Using this list, Aquafor Beech
Ltd. cross-referenced the habitat needs of each species with the habitat conditions present within the
study area and adjacent lands. In total, 57 SAR and SOCC are included in the aggregated list. These include:

e 19 birds;

e 3insects;

e 5 mammals;

e 12 plants;

e 6 reptiles;

e 8 mussels; and

o 4fish

A detailed assessment of each species’ potential to occur within the study area is contained in the SAR
and SOCC Screening Table provided in Appendix E-7.

Confirmed within the Study Area

A total of seven (7) SAR and three (3) SOCC have been confirmed to be present within the study area. Each
of these species is described below.

e Barn Swallow (THR) — Two (2) active Barn Swallow nests were documented beneath Mohawk
Street bridge where it spans the Mohawk Lake outlet channel (BI-26). Several apparently inactive
nests were also documented beneath the bridge. This species was also recorded foraging over
Mohawk Lake (BI-4) and downstream of the bridge (BI-27), which may represent individuals from
the colony breeding beneath the bridge (Terrastory 2018).

e Chimney Swift (THR) — Documented as “observed” during breeding bird surveys (Terrastory 2018)
at four (4) stations (BI-1, BI-9, BI-18, BI-19). No artificial structures suitable for nesting and
roosting were documented within the portions of the study area surveyed; it is possible that
nesting could occur in chimneys of industrial buildings located within portions of the study area
south of Mohawk Lake for which site access was not granted.

e Eastern Wood-pewee (SC) — Eastern Wood-pewee occurs at a relatively high level of abundance
in the study area and was documented at seventeen (17) stations during breeding bird surveys
(Terrastory 2018) in Communities 1, 2, 8, 9, 11, 15, 16, 18, and 20. At five (5) stations this species
was recorded as a “possible” breeder based on one (1) record (visual or auditory) and no further
evidence of breeding. At twelve (12) stations this species was recorded as a “probable” breeder
largely based on records (visual or auditory) on two (2) separate occasions (i.e., the first and
second round of breeding bird surveys) in approximately the same location. At station BI-9 a
presumed pair was observed which strengthens the likelihood of breeding at this location.

e Wood Thrush (SC) — Wood Thrush was documented as a “probable” breeder at one (1) station
(BI-1) (Communities 1 and 2) based on auditory records during the first and second round of
breeding bird surveys (Terrastory 2018). Suitable habitat was present in forested areas
throughout the study area.
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e Monarch (Danaus plexippus) (SC) — Adult Monarchs were observed in Communities 17, 25, and
26 during field surveys in 2018. Common Milkweed (Asclepias syriaca), the obligate larval host
plant of this species, was recorded in Communities 10, 11, 14, 17, 22, 25, and 26.

e Pignut hickory (S3) — While rare provincially, this species could be considered locally common; it
was confirmed in Communities 1, 2, 4, 5, and 8 during the vegetation surveys undertaken in 2018.
All of these communities are located north of Mohawk Lake, within Mohawk Park and in the valley
system to the east.

e Ohio buckeye (S1) — This species was identified in Community 20 during the vegetation surveys
undertaken in 2018. Two trees were found in a wooded area, south of the canal. One was a
mature tree with a diameter at breast height (DBH) of 40 cm and the other was a young tree
growing up in the understory with a DBH of 9.5 cm.

e Tall boneset (S1) — This species was identified in an open canopy area within the highly disturbed
Community 11.

o Blanding’s Turtle (Emydoidea blandingii) (THR) — Not identified during the surveys undertaken in
2018, but confirmed by MNRF to have a recent record (no date provided) within Mohawk Lake
and/or the canal.

e Snapping turtle (Chelydra serpentina) (SC) — Snapping Turtle was identified using habitat in the
Mohawk Canal upstream and downstream of Mohawk Lake during the surveys undertaken in
2018. Snapping Turtle was also confirmed as occurring in the Lake and canals by the MNRF. This
species was also confirmed by MNRF to have a recent record (no date provided) within Mohawk
Lake and/or the canal. In addition, numerous sightings have been recorded in the ONRAA public
database (10 km square).

Potential to Occur within the Study Area

An additional fifteen (15) SAR, listed below, are considered to have the potential to occur within the study
area based on habitat suitability and/or past occurrence records in the vicinity. None of the listed species
were observed in the study area during the 2018 field investigations although this is not considered proof
that the species does not or will not ever occur; lack of detection could also have occurred due to factors
such as: the timing of field surveys; elusive behavior; or general difficulty in detection.

e Bald Eagle (Haliaeetus leucocephalus) (SC) — This species has been documented at Mohawk Lake
and on surrounding lands via the eBird database on multiple occasions. Suitable perching and
foraging habitat was present along Mohawk Lake and the canal; potential nesting habitat was
present along the nearby Grand River.

e Golden-winged Warbler (Vermivora chrysoptera) (SC) — Potentially suitable early successional
habitat for this species was associated with Community 11 west of Mohawk Lake and in the utility

corridor and adjacent disturbed woodlands south of Mohawk Lake.

e Northern Bobwhite (Colinus virginianus) (END) - Potentially suitable habitat was present in
Communities 10 and 11 west of Mohawk Lake.
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o Red-headed Woodpecker (Melanerpes erythrocephalus) (SC) — This species was documented at
Mohawk Lake via the eBird database as recently as 2017 (breeding status was not provided,
although it was not observed during the June-July core breeding season). Potentially suitable
habitat was present in natural areas throughout the study area.

e Yellow-breasted Chat (/cteria virens) (END) — There are no observation records of this species in
the vicinity of the study area in the eBird database. However, potentially suitable habitat was
located in Communities 10 and 11 west of Mohawk Lake, and this species could feasibly be
encountered in the study area in the future.

e Rapids Clubtail (Gomphus quadricolor) (END) - Marginally suitable habitat was located along
watercourses and the edges of Mohawk Lake within the study area, though this species is more
likely to be associated with the nearby Grand River.

e American Badger (Taxidea taxis) (END) - No sightings or evidence (e.g., burrows) of this species
were documented in the study area during the 2018 field investigations. The only potential habitat
was located in Communities 10 and 11 west of Mohawk Lake. The high level of human activity in
these units decreases the likelihood that American Badger will occupy the habitat; however, it is
possible that this species could be present.

e SAR bats (END) — Summer (i.e., maternity/roosting) habitat for the four SAR bat species found in
Ontario could potentially be present in the study area. Woodlands are present throughout the
site, and may potentially provide the necessary habitat features (i.e., tree snags with cracks,
crevices, cavities, loose bark, etc.) for bats.

e Butternut (Juglans cinerea) (END) - Not identified during the vegetation surveys undertaken in
2018; however, several young walnuts (Juglans sp.) were found in Communities 10 and 11 that
exhibited some signs of butternut hybridity but had not yet developed enough features to be fully
assessed as hybrid. No parent butternut tree was found.

e Eastern Ribbonsnake (Thamnophis sauritus) (SC) - Potentially suitable habitat for this species in
the study area includes all riparian areas adjacent to wetlands.

e Rainbow Mussel (Villosa iris) (SC) - Potentially suitable habitat was present within the study area
and host fish for glochida were observed during fish community surveys (largemouth bass and
rock bass) though in extremely low numbers compared to other species. However, Mohawk Lake
displays characteristics of a lacustrine setting with extremely low dissolved oxygen which the
species requires. Suitable habitat for this species was found in the Grand River downstream of
Mohawk Lake.

e Round Pigtoe (Pleurobema sintoxia) (END) - Potentially suitable habitat was present within the
study area and host fish for glochida were observed during fish community surveys (bluntnose
minnow and bluegill). However, Mohawk Lake displayed characteristics of a lacustrine setting
with decreased water quality from siltation and pollution which threatens this species. Suitable
habitat for this species was found in the Grand River downstream of Mohawk Lake.
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e Wavy-rayed Lampmussel (Lampsilis fasciola) (THR) - Potentially suitable habitat was present
within the study area and host fish for glochida were observed during fish community surveys
(largemouth bass) though in extremely low numbers compared to other species. However,
Mohawk Lake displayed characteristics of a lacustrine setting with low flow and unstable
substrate.

5.10.9 Significant Wildlife Habitat within the Study Area

The province has provided guidance for the identification and assessment of Significant Wildlife Habitat
(SWH). In Brantford, the primary document used to identify SWH is the Technical Guide for Ecoregion 7E
(MNRF, 2015). SWH is protected under the Provincial Policy Statement (2014) and the City’s Official Plan
(2016).

The corresponding detailed SWH screening assessment is located in Appendix E-8. A summary of SWH
within the study area, as displayed in Figure 5.113, is as follows:

Confirmed SWH

Rare Vegetation Communities

Black Walnut Lowland Deciduous Forest (FOD7-4), which is ranked S2S3 in Ontario, was documented
within the study area in Vegetation Communities 6 (narrow strip along north shore of Mohawk Lake), 18
(assessed from edge — permission to enter not granted), and 20 (where it is one of two community types
existing within a complex mosaic). Each of these communities was highly disturbed. It is expected that
this community type may have historically been more common along the lower valley slopes and lowlands
surrounding Mohawk Lake.

Bald Eagle and Osprey Nesting, Foraging and Perching Habitat

Osprey is a confirmed breeding bird in the study area, and Bald Eagle has also been documented in the
area at large on multiple occasions. The Osprey nest was located on a telecommunications tower south of
Mohawk Lake, and therefore does not qualify as SWH per the criteria excluding man-made structures.
However, even excluding the nest itself, Mohawk Lake and associated drainage features provide suitable
foraging and perching habitat for both species.

Amphibian Breeding Habitat (Wetlands)

American Bullfrog breeding habitat was documented during amphibian call surveys at station #1, located
in Mohawk Canal west of Mohawk Lake. The presence of breeding American Bullfrog confirms SWH in
shoreline wetlands in this area. In addition, large numbers of Green Frog and American Toad were
observed incidentally by Aquafor Beech Staff during field surveys in 2018 at Communities 21 and 24 (the
northwest pond of two). Therefore, both of these areas also constitute SWH.
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Specialized Habitat for Wildlife: Special Concern and Rare Wildlife Species
Special Concern and provincially rare species observed or documented in the study area include:
e Eastern Wood-pewee (SC) (Communities 1, 2, 8,9, 11, 15, 16, 18, and 20)
e  Wood Thrush (SC) (Communities 1 and 2)
e Ohio Buckeye (S1) (Community 20; south of Mohawk Canal only)
e Pignut Hickory (S3) (Communities 1, 2, 4, 5, and 8)
e Tall Boneset (S1) (Community 11)
e Monarch (SC) (Communities 10, 11, 14, 17, 22, 25, and 26)
e Snapping Turtle (SC) (Community 3)

Potential SWH within the Study Area

Raptor Wintering Area

ELC Community 10 in combination with the adjacent forest Communities 1, 2, and 4 could potentially
provide suitable raptor wintering habitat. Together, this area north of Mohawk Lake includes idle field
with adjacent woodlands comprising an area greater than 20 ha.

Bat Maternity Colonies

There is potential for bat species to be using treed habitats within the study area as maternity roosting
habitat. This includes Communities 1, 2, 3,4, 5,6, 7, 8,9, 11, 12, 14, 15, 16, 18, 20, 22, and 23. While use
by bats is not known, and further studies would be required to confirm which if any of these habitats is
used for bat maternity roosting.

Turtle Wintering Areas & Turtle Nesting Areas

Suitable overwintering habitat for turtles may be present in Mohawk Lake and other ponds/wetlands
containing permanent standing water, and suitable nesting habitat may be present in adjacent habitats
(e.g., slopes, shorelines, roadsides, and upland areas with exposed sandy soil). While neither turtle
hibernation nor nesting has been confirmed within the study area, snapping turtle has been confirmed
using habitat in Mohawk Canal and Mohawk Lake by Aquafor Beech Limited and MNRF staff. Northern
Map Turtle has not been confirmed within Mohawk Lake / Canal; however, the Ontario Nature Reptile
and Amphibian Atlas contains numerous records of this species in the 10 km square containing the study
area.

Reptile Hibernaculum

No potential hibernacula were documented during field investigations. However, due to the size of the
study area additional surveys would be required to confirm the absence of candidate habitat. No Talus,
Rock Barren, Crevice, Cave, or Alvar community types are present within the study area; however, there
is potential for hibernaculum that may occur in burrows, rock piles, old stone fences, abandoned crumbling
foundations, and wetlands.

Shrub/Early Successional Bird Breeding Habitat

Target species were not observed in suitable numbers during breeding bird surveys. However, Vegetation
Community 11 consists of a cultural thicket-woodland complex which meets the 10 ha size requirement
for candidacy and could support suitable breeding populations of target species in future.
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5.10.10 Discussion and Conclusions
The 2018 terrestrial field surveys included vegetation community classification, botanical inventory,
breeding bird surveys, anuran call surveys, SAR and SOCC identification, and significant wildlife habitat
identification. The following summarizes the key observations of the terrestrial field surveys:
e The field work completed within the study area in 2018 identified 26 ELC polygons comprised of
23 vegetation community types; five (5) of which represent complex communities.

o The study area contains a wide variety of community types ranging from highly disturbed
industrial lands to agricultural fields, areas used recreationally (trails, etc.), and natural
forests and wetlands. One of the vegetation community type is considered to be
provincially significant: Fresh — Moist Lowland Black Walnut Deciduous Forest (S2S3).

o No prairies habitats were identified within the study area.

e A botanical inventory conducted as part of the 2018 field program indentified 260 species to
species level with an additional 15 identified to genus

o Ofthe 260 species, 179 (69%) are native; the other 81 (31%) are introduced. No SAR were
found during the botanical inventory. Four provincially significant species (S1-S3) were
identified.

e Atotal of sixty-two (62) bird species were recorded during the breeding bird surveys, four (4) are
Species at Risk and one (1) is considered provincially rare.

e Three (3) amphibian call surveys were completed at each of the six (6) survey stations. In total,
five (5) species were detected during surveys.

e A total of seven (7) SAR and three (3) SOCC have been confirmed to be present within the study
area.

o An additional fifteen (15) SAR are considered to have the potential to occur within the
study area based on habitat suitability and/or past occurrence records in the vicinity.

e Significant wildlife habitat confirmed within the study area includes: Rare Vegetation
Communities; Bald Eagle and Osprey Nesting, Foraging and Perching Habitat; Amphibian Breeding
Habitat (Wetlands); and, Specialized Habitat for Wildlife: Special Concern and Rare Wildlife
Species.

5.10.11 Recommendations

The Mohawk Lake and Oxbow Wetlands evaluation should be updated to include recent SAR records; the
results of this evaluation would change the status of the wetland complex making it a Provincially
Significant Wetland (PSW) pending review/confirmation by MNRF and/or GRCA.
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5.11 SEDIMENT ASSESMENTS

As part of the Characterization Study, a detailed evaluation of the sediment within Mohawk Lake and
canal system was undertaken which included detailed bathymetric surveys, sediment depth profiling and
sediment sampling in order to determine the quantity and quality of unconsolidated sediment within the
lake and canals in addition to the potential rate of accumulation over time.

5.11.1 Background
The subsections below present the findings of the background review related sediment quantity and
quality completed as part of the Characterization Study.

Sediment Quantity

In 1972, Dillon and Associates completed bathymetry mapping of Mohawk Lake; the surveyed cross-
sections can be seen in Figure 5.114. The results of the surveying determined that the sediment deposits
varied in thickness with an average thickness of approximately 2.5m at the lake inlet, with an average
depth of 0.9-1.2m in the lake. Sediment analysis performed indicated that material in the canal section at
the mouth of the lake was classified as a dark brown organic sandy silt with obviously organic content,
while the predominant sediment deposits in the Lake were organic clayey silts. The volume of lake
sediments was determined to be approximately 168,000m?.

Figure 5.114: Historical Bathymetric Survey

Ecological Planning Services (1994) completed a water and sediment quality study of Mohawk Lake during
the winter of 1994. Water and sediment depths were measured at 132 stations, with sediment depths
varying up to 2.3m. The sediment profile revealed an upper (<20-30cm) horizon of poorly consolidated
organic-rich odoriferous material underlain by a more compact horizon of dark brown, silty sand. The total
volume of sediment was estimated to be 60,000 dry tonnes or 300,000m? in-place. The in-place sediment
in the East Canal was estimated at approximately 4,300m?.

The Gore and Storrie (1995) Report reviewed sediment sources to Mohawk Lake. It found that historically
sediment accumulation in Mohawk Lake predominately resulted from the Grand River having formerly
been connected to the Grand River directly upstream of the former Lorne Dam. Since the connection from
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the Grand River to the West Canal was closed in 1983, stormwater discharges, surface runoff and erosion
within the subwatershed were considered to continue as the primary sediment sources.

In 1981, 0.9-1.2m of sediment was dredged from the canals, and by 1995 significant volumes of sediment
had re-accumulated to approximately 1.0m in thickness due to the canal’s low hydraulic gradient. In 1995
the sediment in the lake was reported to have increased in depth towards the central portion of the lake,
where the greatest accumulation occurred along with the western edge. Sediment depths ranged from
less than 1m to over 2m in the centre of the lake. The sediment in the East Canal was approximately 0.5m
deep.

According to the Ecological Planning Services (1994) and comparisons made with the 1972 Report by
Dillon and Associates, the volume of sediment in the lake has continued to increase over time from an
estimated volume of 168,000m3in 1972 to 300,000m3 by 1994.

In 1983 another study by Roff, Emerson, Dorey and Bisset was completed for Mohawk Lake. The sediment
characteristics revealed during this study indicated a small overall size of sediment particles and saltation
was determined to be an insignificant portion of the total sediment loading reaching Mohawk Lake. After
examining the TSS entering the Mohawk Canal from East Ward Creek and the storm sewers when
compared to the outflow, it was determined that 3.07x10° kg/yr entered Mohawk Lake every year, which
is equivalent to 116 to 192m3/year (depending on sediment density).

Sediment Quality

In general, the sediment from the Lake and Canal has been classified as marginal (i.e. polluted for the
majority of parameters). The principle source of pollutants to the lake was previously determined to be
from historic sediments introduced during a century of industrial dumping of waste material in and
adjacent to the canals (Conestoga Rovers, 2006). Stormwater runoff feeding Mohawk Lake was also
determined to be a continual source of sediment and pollutants including heavy metals which end up in
the storm sewer system through runoff from urban areas. From the review of the background
information, the following key findings in regards to sediment quality were identified:

e The 1994 Ecological Services for Planning study included sediment quantity and quality analysis.
The average 1.5-2.0m thick sediment profile revealed an upper (<20-30cm) horizon of poorly
consolidated organic-rich odoriferous material underlain by a more compact horizon of dark
brown, silty sand. Lake sediment samples showed elevated levels of metals in the uppermost layer
(<65cm). The concentrations of cadmium, copper, mercury, and nickel exceeded the Provincial
Sediment Quality Guidelines (PSQG) ‘Lowest Effect Level’ concentrations. Lead and zinc exceeded
the PSQG ‘Severe Effect Level’ guideline; this guideline was used by the MOECC as an indicator of
the need to conduct additional biological assessment to determine if the elevated concentrations
were having or were likely to have a harmful effect on the aquatic environment. PCB’s, PAH’s and
organochlorine insecticides were detected in trace amounts while phenol concentrations were all
below analytical detection limits. The sediment typically contained 0.5-1% petroleum
hydrocarbons. Ultimately the lake sediment was deemed ‘non-hazardous’ based on Ontario Reg.
347 Leachate Extraction Tests. The sediment in the upstream canal was recommended for
removal as it continued to transport pollutants into the lake.

e The Mohawk Lake Sediment Dredging Pilot Test (1995) described the sediment in the lake bed as
organic silt. The sediment contained heavy metals, petroleum hydrocarbons, and polyaromatic
hydrocarbons in concentrations above background levels typical of lake sediments. It was
determined that the contaminant concentrations were generally below the “severe effect”
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classifications provided by MOEE aquatic sediment quality guidelines. Tissue analysis conducted
by the MOEE in 1994 found no significant bioaccumulation of lead or other contaminants in the
fish in Mohawk Lake.

e Conestoga Rovers (2006) lab testing of the sediment in the canal upstream of the lake revealed
high levels of petroleum hydrocarbons, heavy metals (lead, copper, mercury, nickel, and zinc),
polyaromatic hydrocarbons (PAH), and polychlorinated biphenyl (PCB’s). There were exceedances
of some of these parameters in the levels allowed in the Guidelines for Use at Contaminated Sites
and in the Provincial Sediment Quality Guidelines. Due to the nature and concentration of
contaminants in the sediment in the canal upstream of the lake, disposal in a licensed landfill were
suggested. Contaminants found in canal sediment are also found in the lake sediment but at lower
concentrations and could allow for disposal on land to be used for residential and park purposes
per Conestoga Rovers (2006). It was determined that the contaminant concentrations, as well as
the quantity of sediments accumulated in the West Canal were typical of an urban stormwater
retention pond receiving run-off from areas of residential and industrial land uses.

Multiple studies have determined that the lake sediment contaminant concentrations will continue to be
a source of contaminants to the overlying water column if not removed.

5.11.2 Field Study Scope and Methodology
The following sections overview the work plans and methodologies followed as part of the sediment
assessment completed for the Characterization Report.

Sediment Quantity
Static water depths and the thicknesses of unconsolidated sediments throughout Mohawk have
previously been measured by Ecological Service for Planning Ltd (1994), M.M. Dillon (1972) and Sandilands
(1972) in earlier ecological and remedial engineering studies of the lake (Ecological Service for Planning
Ltd, 1994). Methodologies for completing the works varied as did the estimations of accumulated
sediment. Previous sediment accumulation estimations include:

1. Ecological Services for Planning, 1994: Estimated 300,000m?

2. Dillon, 1972: 168,200m?3

A bathymetric survey and sediment profiling was completed as part of the Characterization Study to
update the surveys completed previously and confirm existing sediment quantities and sediment
distribution.

The bathymetric surveys and sediment profiling followed the “rod and measure” approach where the top
of sediment and the depth of water column above it was measured as was the thickness of sediment. The
thickness of the sediment was determined by pushing the rod to its termination and measuring the
difference from the top of sediment measurements. The bathymetric survey efforts were limited to the
permanent water areas of the lake and canals with the primary objective of characterizing the top and
bottom surfaces of the sediment layers within the canals and lake. The surveys and sediment profiling
was complete using GPS survey equipment. The original work plan for the bathymetric surveys included
the completion of cross-sections every 20m along the canals and Lake with points collected along each
cross-section every 3.0 to 5.0 m, as seen in Figure 5.115. However, further detail was ultimately collected.
The actual survey points taken within the lake and canal system are shown on Figure 5.116
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Figure 5.116: 2018 Mohawk Lake Survey Points

207



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2019

Sediment Quality

The sediment investigation completed as part of the Characterization Study included the goal of
determining/confirming the environmental quality of the sediment within the lake and canal system.
Pollutech Enviroquatic Limited was retained to complete the sediment sampling program. The following
section overviews the methodology and work plan completed as part of the sediment quality sampling
program. For full details of the work plan refer to Appendix F-1.

In general, the 2018 sediment quality investigation included the collection of surficial sediment and
sediment core samples at twenty (20) locations within Mohawk Lake and canals. Site selection was based
on the results of the bathymetric survey completed for the lake and canals. For the purposes of the
sediment quality investigation, Mohawk Lake and canal was sub-divided into three areas as follows:

e Zone 1= Mohawk Lake

e Zone 2 = Mohawk Canal West

e Zone 3 = Mohawk Canal East

Sampling locations were distributed throughout the various zones based on the relative size of each zone
and approximate position of each of the sampling locations was based on the 2018 bathymetric survey
results. In summary, twelve (12) sampling locations were established within Mohawk Lake; four (4) were
established within the west canal, and two (2) locations were established within the east canal. An
additional two sampling locations were included for quality assurance/quality control (QA/QC) purposes
from within Mohawk Lake. A total of twenty (20) sampling locations in which both surficial and sediment
core sampling was completed. Figure 5.117 demonstrates the approximate sample locations.

Two (2) different sample collection methods were used to collect the required sediment samples at each
location. Surficial samples (0-10cm) were collected via Petite Ponar; whereas the deeper sediments 10 cm
to a maximum depth of 1.5 m were collected via core sampling via Pollutech’s hammer core technique.
At each location, three (3) distinct samples were collected/formed (i.e., one (1) surficial sample and two
(2) samples representing two (2) distinct depth intervals) for a grand total of 60 individual samples.
Sediment cores were segregated to characterize two (2) depth intervals. For core samples collected to a
depth of 1.0 m, the core samples were segregated into increments of 10-55 cm and 55-100 cm. Core
samples collected to a depth of 1.5m were segregated into increments of 10-75 cm and 75- 150 cm. In
both cases, the top 10 cm of the core samples were excluded as this increment was collected during the
surficial sampling. During sampling an individual field log sheet was completed for the surficial and
sediment core samples, respectively. Log sheets are provided in Appendix F-1.

Upon the completion of the surficial and core sample collection and processing, all samples were
submitted for chemical analyses. Once daily, the core samples were shipped (in chilled coolers) under
chain-of- custody to ALS Laboratories (ALS), in Waterloo for the required chemical analysis. Standard
laboratory testing protocols were followed to analyze the samples for key parameters contained in the
July 2011 “Soil, Ground Water and Sediment Standards for Use Under Part XV.1 of the Environmental
Protection Act”, Ontario Regulation 153/04, including, but not limited to:

e E. Coli, Total Coliform, Polycyclic Aromatic Hydrocarbons (16 priority PAHs); Petroleum
Hydrocarbons (PHCs) F1 to F4; Metals and Inorganics; Benzene, Toluene, Ethyl Benzene, and
Xylenes (BTEX); Volatile Organic Compounds (EPA 624); Conductivity, pH, Hardness (as CACO3),
Sodium Adsorption Ratio (SAR); Chlorides, grain size analysis w/ %sand, %silt, %clay, % solids,
Organochlorine Pesticides and PCBs, Total Phosphorus, Dissolved Phosphorus, Total Nitrogen,
Nitrates, TOC and TSS.
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Three (3) samples were tested using Ontario Regulation 347 Schedule 4 Leachate Quality (TCLP) to
determine the waste classification (hazardous or non-hazardous) for appropriate off-site disposal. Lead
210 and radiocarbon dating was also completed as part of the coring process, as discussed in Section
5.9.2.
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5.11.3 Results, Discussion & Conclusions

Sediment Quantity
The bathymetric survey results were digitized to develop a digital terrain model of the top of sediment
and unconsolidated lake bottom. A cut/fill analysis was completed which evaluated the two surfaces
developed in order to estimate the amount of accumulated unconsolidated sediment within Mohawk
Lake and canals. The results of the analysis are as follows:
e Approximately 185,000m3 of unconsolidated sediment has accumulated within Mohawk Lake and
canals:
o Unconsolidated sediment accumulation within the canals was estimated at 30,000m?3.
o Unconsolidated sediment accumulation within Mohawk Lake was estimated at
155,000m3.
e Sediment thickness within the canals ranged from 0 - 1.5m whereas sediment thickness within
Mohawk Lake ranged from 0 - 2.4m.
e Water depth within the canals ranged from 0 — 1.0m whereas water depths within Mohawk Lake
ranged from 0 —2.5m.

In 1972, Dillon and Associates, reported that the sediment deposits varied in thickness with an average
thickness of approximately 2.5m at the lake inlet and average thickness of 0.9-1.2m in the lake. Per the
Ecological Planning Services (1994) report, the greatest accumulations of sediments were previously
situated in the center of the lake (2.3- 2.5 m) and in its western one-third. At the eastern end of the lake
where the deepest water has been previously measured, the unconsolidated sediments average 1.6-1.8
m in thickness. Similar sediment thickness ranges were found in 2018, where the lake sediment ranged
up to 2.4m with the majority of sediment accumulation occurs at the inlet/western one-third of the lake.
Contrary to the 1994 observations, the 2018 sediment thickness seem to have redistributed slightly from
the center of the lake toward the north half of the Lake. Figure 5.118, Figure 5.119, and Figure 5.120
display the thickness and distribution of unconsolidated sediment within Mohawk Lake and canals.

Figure 5.121 demonstrates the 2018 bathymetry of Mohawk Lake. The bathymetric shows that Mohawk
Lake progressively gets deeper from west to east with the deepest portion of the Lake located at the
eastern limits near the east canal. Figure 5.122 shows the water depths mapped during the completion
of the Ecological Planning Services (1994) report. The 1994 water depths and general bathymetry of
Mohawk Lake show similar results as compared to the 2018 bathymetric results where the deepest
portion of the Lake (>2.5m) is located at the eastern limits near the east canal and gradually decrease in
depth towards the west canal.

The Ecological Planning Services (1994) report evaluated the cumulative water and sediment depth data
to determine the approximate profile of the original (dredged) lake bottom. It was reported that the
deepest zone of the lake (>4.0 m) formed a band approximately 60-70 metres wide which extended from
the middle of the lake, east - towards the east canal. Figure 5.123 show the results of the 1994 analysis.
A similar analysis was completed in 2018 for determining the bathymetry of the original (dredged) lake
bottom. The 2018 results (as shown in Figure 5.124, Figure 5.125, and Figure 5.126) demonstrate similar
results with the same general band being shown along the middle portion of the lake which reached
depths of approximately 4.4m. In general, the 1994 and 2018 data show similar results for the bottom of
unconsolidated sediment/original (dredged) lake bottom.

The 2018 estimate of volume of unconsolidated sediment aligns closer with the 1972 reported volume;
however, the 2018 results for general Lake bathymetry, water depth, distribution of sediment, sediment
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thickness and mapping of the unconsolidated sediment/original (dredged) lake bottom are comparable
to the 1994 assessment. The reasons for the wide range in estimated sediment volume compared to the
various sediment quantity assessment completed previously remains unclear. Without knowing the
details and assumptions of the volumetric analyses completed in 1972 and 1994, a detailed evaluation to
determine where discrepancies between the analyses may exist was not possible. Overall, the level of
survey detail has significantly increased when compared to the historical surveys; the 2018 survey
included thousands of points versus the approximately 60 and 130 points used in the 1972 and 1994
bathymetric survey, respectively.
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Figure 5.122: Mohawk Lake Water Depths/Bathymetry (Ecological Planning Services (1994)
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Figure 5.123: Mohawk Lake Post Dredge Bathymetry (Ecological Planning Services (1994)
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Sediment Quality
Fully summarized sediment sampling results are provided in Appendix F-2. Two provincial regulatory
guidelines apply for the assessment of lake sediment quality:

1. Guidelines for Identifying, Assessing and Managing Contaminated Sediments in Ontario (MOECC,
2008) are used to assess sediment quality. It outlines an approach to characterize and manage
contaminated sediments that may pose a risk to aquatic organisms and to fish-eating birds and
mammals. They specify three levels of effect for metals, nutrients, PCB’s and organochlorine
pesticides, and Polycyclic Aromatic Hydrocarbons (PAH’s) for sediments in-situ. The levels of
effect, ‘No Effect’, ‘Lowest Effect’, and ‘Severe Effect’ define the concentrations that classify a
sediment to be considered clean, clean to marginally polluted or heavily contaminated. The
guidelines only apply to the assessment of the sediment’s potential to impair the aquatic
environment and does not specifically apply to the disposal of sediments dredged from Mohawk
Lake onto land. Table 5.36 shows the three effects levels and the long-term effects which the
contaminants may have on the sediment-dwelling organisms.

Table 5.36 PSQG Effect Levels

Ao Effect
Level
Indicates a concentration of a chemical in the sediment that does not affect fish or
sediment-dwelling organisms. At this level, negligible transfer of chemicals through the
No Effect . Y ) .
food chain and no effect on water quality is expected. Sediment meeting the NEL are
considered clean.
Indicates a level of contamination that can be tolerated by the majority of sediment-
Lowest dwelling organisms. Sediments meeting the LEL are considered clean to marginally
polluted.
Indicates a level of contamination that is expected to be detrimental to the majority of
Severe sediment-dwelling organisms. Sediments exceeding the SEL are considered heavily
contaminated.

2. Soil, Ground Water and Sediment Standards for Use Under Part XV.1 of the ‘Environmental
Protection Act’ are used to assess the "acceptability" of the soils according to its intended final
destination where these sediments can be accepted for land disposal.

Provincial Sediment Quality Guidelines

A comparison of the sediment analyses to the Provincial Sediment Quality Guidelines (PSQG) data was
performed for the first interval of the sediment coring sample (0-10cm) to determine the effect level that
the contaminants are having on the lake benthos and make comparisons to the 1994 study. The analytical
data for the sediment samples collected is summarized and compared for the four categories of analysis
(nutrients, metals, PAH’s, organochlorine pesticides and PCB’s) below:

Nutrients
Total Organic Carbon was found across all samples in the ‘Lowest Effect’ range about halfway (3.93-
7.24%).

Metals
Within the lake, all metals exceeded the ‘Lowest Effect’ level at the majority of the sampling locations
with the exception of arsenic which exceeded at only one sampling location (Location 6). Copper and Lead
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exceeded the ‘Severe’ level at four (4) (Locations: 5, 6, 7 and 11) and eight (8) locations (5 to 7 and 11 to
15), respectively. Copper concentrations in this category that exceeded the severe effect level of 110 pg/g,
ranged from 114 to 139 pg/g. For lead, they exceeded the severe level of 250 pg/g, ranging from 267-352

ug/g.

In the east and west canals, all metals exceeded the ‘Lowest Effect’ level at the majority of the sampling
locations with the exception of nickel which was exceeded at sampling location 2, and arsenic and mercury
which were never exceeded. Copper exceeded the ‘Severe’ level at location 2 by 4 pug/g. Sampling location
2 was located downstream of historical industrial and commercial zones, and most of the current outfalls
into the west canal.

PAHs

The PSQGs include guidelines for ten (10) of the sixteen (16) individual PAHs analyzed in addition to a
guideline value for the ‘Total PAH’. For sediment samples collected, results show that all sampling
locations exceeded the ‘Lowest Effect’ guideline for one (1) or more PAHs, with the majority of site
exceeding for eight (8) or more. All individual samples for PAHs show concentrations several orders of
magnitude less that the ‘Severe Effect’ guideline levels.

Organochlorine Pesticides

No organochlorine pesticides were detected above the method detection limit. However, all method
detection limits were higher than the ‘Lowest Effect’ level. This is a general limitation of the analytical
capability of the majority of laboratories.

PCBs

PCBs exceeded the ‘Lowest Effect’ level at all sampling locations within the lake with the exception of site
14. No PCBs were detected above the limit for locations within the east and west canals (i.e. Locations 1-
4,17, and 18).

Management of Mohawk Lake Sediment

For guidance on possible disposal of sediments dredged from Mohawk Lake, sediment analysis results at
all three sampling intervals were compared to soil standards found in the April 2011 ‘Soil, Ground Water
and Sediment Standards for Use Under Part XV.1 of the Environmental Protection Act’, Ontario Regulation
153/04.

The standards as listed in O. Reg. 153/04 (all Tables) apply only to sites which have or will be subject to a
Record of Site Condition and are regulated by the Ministry of the Environment. However, the guidelines
have been used for comparison purposes in order to guide potential re-use alternatives for the sediment
sampling results received for Mohawk Lake and canals. In general, the following tables reported within
0. Reg. 153/04 have been used for comparison purpose.

0. Reg. 153/04 Table 1 -Full Depth Non-Potable Ground Water Condition for fine textured soils for all land
uses (Residential/Parkland/Institutional/Industrial/Commercial/Community Property). Values are
considered "Background" values for uncontaminated soils (i.e. these standards are the most stringent,
representing expected concentrations in pristine soils). The Table 1 standards are applicable to any land
use. Because the potential disposal options would likely include other land uses and circumstances, the
analytical data has to also be compared to three (3) additional standards under O. Reg. 153/04 including
the following Tables:
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e 0. Reg. 153/04 Table 3 - Full Depth Generic Site Condition Standards in a Non-Potable Ground
Water Condition) for Residential/Parkland/Institutional for fine-textured soils;

e 0. Reg. 153/04 Table 3 - Full Depth Generic Site Condition Standards in a Non-Potable Ground
Water Condition) for Industrial/Commercial/Community for fine-textured soils;

e 0. Reg. 153/04 Table 5 - Stratified Site Condition Standards in a Non-Potable Ground Water
Condition Standards for Industrial/Commercial/Community for fine-textured soils. Note the
stratified Soils conditions stipulate the that the soils in question would have to be overlain by at
least 1.5 meters of acceptable soils (e.g. Table 3) following the placement of Table 5 soils. There
are some restrictions regarding the land uses where the standards for stratified soils may be
applied.

The analytical data was evaluated and compared to the relevant guidelines following six (6) general
categories of analysis (metals, volatile organic compounds (VOC’s), polycyclic aromatic hydrocarbons
(PAHSs), petroleum hydrocarbons (PHCs), organochlorine pesticides and PCBs):

Metals

For the majority of sampling locations, specifically within the top and middle sampling intervals,
exceedance for cadmium, lead and zinc were reported. Concentrations generally exceeded the Table 3
standard for Industrial/Commercial land uses. The east canal had a single Table 1 exceedance of Antimony
in the top sampling interval.

For all sampling locations and intervals within the Lake and west canal, with the exception of the bottom
sampling internal, concentrations of various metals were found to exceed background Table 1 standards.
Only Mercury was found to exceed background Table 1 standards in the bottom sampling interval for
various site locations throughout the Lake.

VOC's

Only trace amounts of BTEX (benzene, toluene, ethylbenzene, xylene) and trichloroethylene were
detected throughout the upper and middle sampling intervals with concentrations marginally exceeding
background Table 1 standards. No detections of VOCs were found in the bottom sampling interval for all
sampling locations with the exception of the east canal.

PAHs

In general, seven (7) PAHs (benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, Dibenz(a,h)anthracene, fluoranthene and indeno(1,2,3-cd)pyrene) were found to
exceed the Table 3 standards for Industrial/Commercial land use at a majority of the sampling locations
and intervals.

For Sampling Locations 1, 6, 11, 12, and 13 which were generally located along the south shore and west
end of Mohawk Lake, concentrations of Acenaphthylene found in the bottom and middle sampling
intervals exceeded Table 5 standards. Sampling locations 1 and 4 also had Table 5 exceedances of
Acenaphthene and Benzo(a)pyrene.

PHCs

Fifteen (15) of the thirty-eight (38) samples analyzed showed concentrations of F3 exceeding Table 3
standards for Industrial/Commercial (nine (9) samples) and Residential/Parkland/Institutional (six (6)
samples). F3 exceedances were limited to the upper and middle sampling intervals. General sampling
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locations which demonstrated exceedance for F3 were situated along the south shore and west end of
Mohawk Lake.

Organochlorine Pesticides
No Organochlorine Pesticides were found above the method detection limits.

PCBs

Total PCBs exceeded Table 3 standards for Residential/Parkland/Institutional land uses for twelve (12) of
the sampling locations found along the south shore and west end of Mohawk Lake. All exceedances for
PCBs were found within the middle sampling interval, with sites 1 and 4 having additional exceedances in
the bottom sampling interval.

Ontario Reg. 347 Schedule 4 Leachate Quality

TCLP analysis was completed for three (3) samples at locations 4, 6, and 11 (as per Figure 5.104) to
determine if the Mohawk Lake sediment was classified as hazardous or non-hazardous. Based on the
results of the Ontario Reg. 347 Leachate Extraction Tests, none of the samples exceeded the leachate
quality criteria therefore the sediment was determined to be non-hazardous. These results coincide with
previous sediment quality investigations which demonstrated that lake sediments are deemed ‘non-
hazardous’. The results of this testing are included in Appendix F-2.

In comparison with historical monitoring results the summarized bulk analysis results show that current
sediment quality for Mohawk Lake is generally consistent with previously completed sediment quality
investigations.
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5.12 POLLUTION MONITORING

As part of the Characterization Study an inventory of the potential point and non-point contaminant
sources was requested which was to be quantified through a series of dry and wet weather water quality
sampling events at strategic locations. In addition to the development of the water quality work plan for
the point and non-point contaminant monitoring, Aquafor Beech Ltd completed a background review of
historic information related to the potential point and non-point sources of pollution which may
contribute to the lake and canal system.

5.12.1 Background

Due to the industrial history of Mohawk Lake, as well as establishment of historical landfills, there are
many properties surrounding Mohawk Lake that have the potential to act as contamination sources.
Historically, wastes from many of the industrial facilities established adjacent to Mohawk Lake and canals,
as well as from the local residential population, were disposed of in uncontrolled landfills. Previous
factories in the immediate vicinity of Mohawk Lake have used the surrounding areas as disposal areas for
waste products — many of which have been abandoned. While some of these areas have been restored,
there are still impacted areas. Stormwater and surface runoff, as well as associated erosion, may also
contribute contaminants from industrial properties, former landfills and residential and commercial
development within the drainage areas upstream of Mohawk Lake and its canals. The locations of
potential contamination sources were shown previously in Figure 5.14 with letters correspond to
historical landfill locations and the numbers correspond to past industrial properties.

Gore & Storrie assessed seven (7) abandoned landfills and the active landfill on Mohawk Street for
potential impacts. Their assessment considered the location of the site in relation to Mohawk Lake and
canals; the direction of groundwater flow; the historical use of the site including manufacturing processes
and associated manufacturing inputs, outputs, and generated wastes; and the current use of the site. The
assessment of the abandoned and existing landfills and industrial properties is summarized below:

Landfills:

Landfill A covers an area of approximately 13ha and was used by the City as a landfill from 1956 to 1965.
A 1991 investigation indicated groundwater below this site has been degraded. The source of
contaminants was the abandoned landfill and/or the active Mohawk Street Landfill. While the
groundwater was affected, the direction of groundwater flow and the distance of the site from Mohawk
Lake concluded that the site was not expected to impact Mohawk Lake.

Landfill B is approximately 1ha in size and was used for disposal of construction debris until 1976. This
landfill was assumed to have a limited impact on Mohawk Lake because construction debris was not
expected to represent a significant source of contamination, the small site would have a limited impact,
and the direction of groundwater flow was likely to flow southeast away from the Lake.

Landfill C is approximately 21ha that was historically used by Massey Ferguson and is now owned by the
City. Oils, grease, coal tars and other industrial wastes may have been disposed of at this location. Five
boreholes were drilled in 1993 and groundwater monitoring wells were installed in each borehole. The
impact on Mohawk Lake from this site was expected to be minimal; groundwater from this site was
expected to flow towards the Grand River and only a small portion of the groundwater infiltrating the fill
may migrate towards East Ward Creek and the west canal.

Landfill D is approximately 4 ha and is the site of the former canal turning basin and western reach of the
canal. The canal basin and creek channel have been subject to extensive modification and landfilling after
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the canal was decommissioned in 1950. A 36"’ storm sewer pipe was installed in the bottom of the canal
prior to filling. Multiple buildings have been constructed at this site, and as part of the process boreholes
were drilled in numerous locations. A former coal gasification plant (Site 18), now Union Gas, was at this
site that produced coal, coke and ash, and a liquid residue consisting of a mixture of medium and heavy
oils. A subsurface soil and fill investigation determined the site was significantly contaminated with
polycyclic aromatic hydrocarbons (PAH). Groundwater samples from the site were also contaminated. The
groundwater flow across the site was determined to be in a southerly direction towards Shallow Creek
Park. It was determined that the groundwater in the immediate vicinity of the former gasification plant
was not contributing to the base flow of East Ward Creek since the elevation of the groundwater in the
wells installed at the Union Gas site was below the elevation of the water within the creek. Remedial
action was not considered necessary because no direct contact with the waste existed, there was an
absence of any significant impact to surface water quality, and groundwater was not used as a drinking
water source in the vicinity of the site. The PAH contamination of the canal/lake sediments may be
contributed to by the physical transport of the contaminated soils through erosion and transportation of
upstream areas. To reduce any potential for further contamination, Gore & Storrie recommended that:

e All construction work within the Mohawk Lake Watershed and in the abandoned landfill or
industrial sites in particular be carefully monitored and care should be taken to avoid hydraulic
transportation of the soils from the construction site;

e The existing erosion sites on East Ward Creek be corrected to minimize erosion and transportation
of, or interaction with, the underlying waste;

e Continue to monitor groundwater levels in the study area to obtain information on long-term
fluctuations in the groundwater system; and,

e Obtain and analyze sediment samples from upstream tributary storm sewers to East Ward Creek
and the canal to try to trace the origin of the PAH contaminated sediments, and to determine the
degree to which there is contribution from these upstream sources.

Landfill E is approximately 4ha in size. Part of the site now forms the base of a portion of Greenwich Street,
the remainder is open space; a portion of this site was used by the City for snow disposal. This site was
expected to have a limited impact as the groundwater elevation in the monitoring well installed at the
site was lower than the lake surface indicating recharge conditions, the direction of groundwater flow was
southerly (away from Mohawk Lake), and sodium and chloride were the only parameters of concern.

Landfill F is 0.3 ha in size and groundwater flow from this site was expected to be south into the lake. This
abandoned landfill was used for tree and leaf removal with some street sweeping remnants. The type of
materials disposed of at this site do not pose a significant source of contaminants into the lake and the
size of the site would yield a limited impact. The results of an investigation of this site recommended
preventing continued dumping and stabilizing the surface of the material to prevent additional erosion.

Landfill G is approximately 10.8ha, the former gravel pit was used by Massey Ferguson as a disposal area
for foundry sand, cinders and slag until 1985. Investigations into the quality of the groundwater in the
vicinity of foundry sands at other sites, such as Landfill C, indicates that the groundwater should not be
significantly impacted. Groundwater discharged from the north slope of the Glebe property and Mohawk
Park via surface seeps are expected to contribute a small but continuous flow to the Lake. There is no
concern with the quality of these seeps. The majority of organic contaminants and all inorganic
contaminants in the soil are well below residential/recreational criteria and PAH concentrations are below
the commercial/industrial area. The recommendations of the previous report including site monitoring to
ensure sediment contributions via erosion are minimal and encourage the First Nations to control erosion
from areas containing fill materials
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Mohawk Street Landfill

The current City of Brantford landfill is located in the vicinity of Mohawk Lake (Site 10). Established in
1965, the 172ha parcel of land is approved for landfilling on 72.8ha. Groundwater from the site moves in
a semi-radial direction away from the landfill and Mohawk Lake in an east to southerly direction. Leachate
collection systems are installed to the northeast, southeast, and southwest of the landfill. A bentonite
barrier wall has also been constructed along the southwest, east, and north boundaries of the Landfill to
mitigate leachate migration. 2016 groundwater elevation results indicated that the barrier wall effectively
separated the licensed fill area from the buffer lands, while the perforated leachate header pipe reduced
the groundwater elevations in the adjacent monitors.

Leachate produced at the Landfill mixes with the natural groundwater when it percolates down to the
upper aquifer groundwater. There is potential for the contaminant plume within this aquifer to move
towards the Grand River and Morrison Road, but monitoring indicates the landfill plume within the
northeast, east, and south of the fill area is being controlled by the leachate controls systems. Southwest
of the landfill area along Morrison Road, groundwater quality within the upper aquifer is somewhat
affected by landfill leachate. The lower aquifer groundwater downgradient of the site shows no leachate
impacts. The Grand River was not measurably affected by landfill leachate. Given the relative direction of
the groundwater flow gradient within the areas, the Mohawk Street Landfill is not thought to have
significant impacts on Mohawk Lake.

Industrial Properties:
The City of Brantford Water Pollution Control Plant (Site 1) is constructed on Landfill A. No concerns have
been identified for this site.

Sonoco Products of Canada (Site 2) is an active site that has been in operation since 1915. Stormwater
from this property discharges into the east canal. At the time of reporting it was noted that the water
from the canal was used as non-contact cooling water and was discharged back into the lake/canal. As an
active site, it was recommended that the City of Brantford conduct ongoing monitoring activities at this
site to ensure stormwater and cooling water discharges are of an acceptable quality.

Robertson Restoration (Site 3) is on a site formerly used as a dry cleaning and dye operation. Stormwater
from this site likely discharges to the storm sewer and/or infiltrates through the ground surface. The site
is not expected to have a significant impact on Mohawk Lake or canal.

Koering Watrous (Site 6) was an engine manufacturer that operated from 1850 to 1992. The site
underwent full decommissioning when a grocery store was built at this location. This site is not expected
to impact Mohawk Lake.

The former P.U.C building (Site 7) had potential to impact the west canal. The historic nature of the site
and the site usage has likely impacted the quality of the surface soils, however any impacts are expected

to be minimal.

Current and historic uses of the Lumber Yard (Site 11) are not expected to pose an impact to Mohawk
Lake.

Bixell Brewery (Site 12) was a brewery from 1850 until 1947. This site is not expected to have a signification
impact on Mohawk Lake or canal system.
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The Canada Glue Company (Site 13) operated at this site from the early 1900s to the mid-1970s, and the
site is now owned by the Grand River Conservation Authority. The surface soils are likely impacted,
however due to the southerly flow of the groundwater and the downstream location of the property in
relation to Mohawk Lake and its canal, no significant impacts are expected.

Brantford Packers (Site 16) has been operating since approximately 1942. Stormwater from this site likely
drains into the Mohawk Canal but it is not expected to have a significant impact on Mohawk Lake and
canal.

Norton/Canadian Durex Abrasives plant (Site 17) was constructed in 1946 and operations ceased in 1985.
It is not expected to have a significant impact on Mohawk Land and canal because of the historical use of
the site, its location south of the canal, and the results of the groundwater quality assessment near the
site.

Greenwich Mohawk Brownfield: The 21.1ha Greenwich Mohawk site consists of three properties: 22
Mohawk Street (Site 4), 66 Mohawk Street (Site 5, 8, & 15), and 347 Greenwich Street (Site 9 & 14). These
sites underwent a soil remediation program to address the soil contaminants on site, including petroleum
hydrocarbons, xylenes, lead, and underground storage tanks. Remediation techniques included biopiles,
coarse-grain screening and washing, and offsite disposal. Three permanent underground structures were
also constructed at the site to contain and prevent future re-contamination of the site from adjacent
properties. In March 2017, the Greenwich Mohawk site remediation was completed. Ongoing
groundwater quality monitoring were anticipated to begin in late 2018. The results from this remediation
project are summarized in Table 5.37 below:
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Table 5.37 Summary of Soil Remediation Program for the Greenwich Mohawk Site
Remediation Approach

Part Contaminant

Soil impacted
with fuel-
related
petroleum
hydrocarbons
(PHCs) and
xylenes

On-site treatment

Soil was excavated and screened to
divide fine-grained soils from coarse-
grained matenals

A total of approximately 105,000 m®
requires treatment

Once treated, both fine-grained and
coarse-grained materials were used
to backfill all excavations on the site.
Crushed concrete and other
construction rubble meeting the
remediation targets for the site will
also be used to backfill the
excavations.

Status

Completed.

For all 3 properties, a total of 148,900 cubic metres
of contaminated soil was remediated,

24% of the contaminated soil that was remediated
was beyond original contract estimates.

Of the 148,900 cubic metres of contaminated soil,
73% of the soil was addressed through onsite
treatment techniques and reused at the site, and the
remaining 27% of soil was addressed through offsite
disposal.

Soil impacted
with lead and
heavy organic

Localized impacted areas were
excavated and disposed of off-site at
the municipal landfill.

Completed.

Higher than expected volumes of lead-impacted soil
require offsite disposal. 2,090 tonnes of soil
impacted with hazardous lead was disposed offsite,
which was 373% above original contract estimates.

(F4) PHCs Higher than expected volumes of heavy organic
PHCs required remediation (35,740 cubic metres
extra)

- c leted.

Underground All USTs were pumped out and omplete

Storage Tanks
(USTs)

removed for off-site disposal.

14 USTs on the site have been uncovered at the
site, including 6 unanticipated USTs. All uncovered
USTs have been removed.

- On-site treatment Completed.
Dissalved- - Prior to backfilling the excavation Ovwer 120,000 litres of oil has been skimmed off the
phase PHCs areas, the free-phase PHCs and excavation water and recycled offsite.
and xylenes in xylenes were removed by skimming An additional volume of oil was addressed through
excavation the oil sheen from the surface and an absorptive product called ,Oilstic™, which was
water pumping out for subsequent on-site applied to oil on the excavation water, skimmed and

water treatment and management. removed and disposed offsite.

Residual = On-site treatment Completed.

dissolved fuel-
related PHCs
and xylenes in

Tentative remediation program,
pending soil treatment

Based on discussions with MOECC and the
Consultant, a groundwater remediation program is
confirmed to be unnecessary to achieve the

groundwater requirements for a Record of Site Condition.
- Property specific remedial targets In progress.
Risk have been established, and | According to regulatory requirements, the final RA
A submitted to MOECC for review and submission will occur in early 2018 when post-
ssessment approval remediation confirmatory sampling is completed
(RA) '

On-going dialogue continues with MOECC
throughout the project to provide necessary updates.

5.12.2 Field Study Scope and Methodology: Inventory of Point and Non-Point Contamination
and Nutrients

The Characterization Study included the completion of several wet and dry weather sampling event at ten
(10) locations throughout the Mohawk Lake subwatershed in order to identify potential point and non-
point pollution sources. Following the background review, the potential point and non-point
contamination contributors which exist around Mohawk Lake and canals was well documented; however,
potential contributors throughout the upstream subwatershed were generally unknown. To develop an
understanding of the potential point and non-point pollution sources within the upstream subwatershed,
an adaptive monitoring program was developed.

To select the initial water quality monitoring locations, a five (5) step approach was developed. The
objective of the five-step approach was to assign an ‘estimate’ of the potential non-point source
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contaminant loading to the lake and canal system in order to select initial water quality monitoring
locations. The five (5) step approach consisted of the following:
1. Desktop assessment of contributing drainage areas and land-uses
Risk assessment of land-uses using a water quality database
Preliminary ranking of various sewershed’s risks to canal and lake water quality
Preliminary water quality sampling to confirm risk-based sewershed ranking
Refined water quality sampling

vk wnN

Step 1 - Desktop Assessment of Contributing Drainage Areas and Land-uses
A series of ten (10) primary drainage areas and associated land-uses were identified as contributing to the
Mohawk Lake and canal system. The ten (10) sewersheds were selected based on:

e The outlet location within the lake and canal system;

e Dominate land-uses within larger sewershed areas;

e Historical drainage pathways; and,

e Identification of logical drainage system junctions within the trunk sewer network which would

permit future isolation of contaminant pathways.

The desktop analysis was completed to identify the potential spatial distribution of contaminant sources
within the broader watershed and the smaller individual sewersheds (as defined by the sewer network).
Land-uses were defined using existing land-use information as provided by the City and supplemented by
Official Plan (OP) land-use designations where data gaps existed. Subsequently, land-uses were verified
using aerial photography which resulted in the reclassification of ten (10) sites as Industrial. Figure 5.127
and Figure 5.128 illustrate the contributing sewersheds of the ten (10) initially identified drainage areas
and associated outfall monitoring locations as well as the reclassification of these contributing sewersheds
post desktop review.

The primary drainage areas (sewersheds) as well as existing (Figure 5.4) and reclassified (Figure 5.129)
land-uses, which contribute to the canal and Mohawk Lake are summarized in Table 5.38.
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Table 5.38 Primary Contributing Sewersheds to the Canal and Mohawk Lake (Post Desktop Review and Adjustment)

234

Industrial Commercial Institutional General/ Residential Recreatlo'n ek lanspoitaticnlifal
DA & Open Field) + Roads) Total
Sewershed
% Existin Re- Existin Re- Existin Re- Existin Re- Existin Re- Existin Re- (ha)
g classified g classified g classified J classified J classified i classified
Area
0 0 0.07 0.07 0 0 9.24 9.24 0.54 0.54 2.63 2.63
1 (ha) 22.3
% 0.0% - 0.6% 0.6% 0.0% - 74.0% 74.0% 4.3% 4.3% 21.1% 21.1%
Area
4, 4, . . 42.1 42.1 . . 15.32 15.32
5 (ha) 0 0 55 55 0.66 0.66 9 9 5.96 5.96 53 5.3 122.0
% 0.0% - 6.6% 6.6% 1.0% 1.0% 61.4% 61.4% 8.7% 8.7% 22.3% 22.3%
Area 0.92 0 0.05 0.05 0.92 0.92 14.21 14.21 14.29 10.69 7.02 7.02
3 (ha) 63.3
% 2.5% - 0.1% 0.2% 2.5% 2.8% 38.0% 43.2% 38.2% 32.5% 18.8% 21.3%
Area |5 47 20.60 22.01 20.37 11.12 11.12 48.71 48.64 16.02 9.60 38.78 38.78
4 (ha) 259.4
% 8.4% 13.8% 14.8% 13.7% 7.5% 7.5% 32.7% 32.6% 10.7% 6.4% 26.0% 26.0%
Area
5 (ha) 12.04 29.87 3.73 3.48 4.64 3.97 83.71 80.89 15.55 2.22 42.66 41.88 282 8
% 7.4% 18.4% 2.3% 2.1% 2.9% 2.4% 51.6% 49.8% 9.6% 1.4% 26.3% 25.8%
Area
0.00 0.92 1.02 0.28 0 0 0 0 0.12 0.12 1.45 1.45
6 (ha) 4.1
% 0.0% 33.3% 36.8% 10.3% 6.7% 0.0% 0.0% 0.0% 4.2% 4.2% 52.3% 52.3%
Area
7 (ha) 0 0 7.03 7.03 0.72 0.72 0.06 0.06 2.04 2.04 4.00 4.00 237
% 0.0% 0.0% 50.8% 50.8% 5.2% 5.2% 0.4% 0.4% 14.7% 14.7% 28.9% 28.9%
Area | 4126 59.28 3431 32.69 12.68 12.68 12293 | 122.32 26.64 11.05 72.70 72.50
8 (ha) 548.5
% 13.3% 19.1% 11.0% 10.5% 4.1% 4.1% 39.6% 39.4% 8.6% 3.6% 23.4% 23.3%
Area 43.67 61.69 18.35 16.74 491 491 94.07 93.46 24.49 8.89 50.11 49.91
9 (ha) 4213
% 18.5% 26.2% 7.8% 7.1% 2.1% 2.1% 39.9% 39.7% 10.4% 3.8% 21.3% 21.2%
Area
10.98 28.81 0.73 0.49 1.97 1.30 22.36 19.54 13.39 0.06 10.23 9.45
10 (ha) 109.9
% 18.4% 48.3% 1.2% 0.8% 3.3% 2.2% 37.5% 32.8% 22.4% 0.1% 17.1% 15.8%
Increase Decrease
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Step 2 - Risk Assessment of Land-uses

To gauge the risk of non-point source contamination potential for each of the preliminary sewersheds
identified, a proprietary Aquafor Beech Ltd. water quality database which represents Event Mean
Concentrations (EMCs) derived from more than 28 individual comprehensive monitoring studies, reports,
publications and models from the 1980’s to 2009 was applied to the reclassified land-uses for the ten (10)
primary sewersheds. Typical event mean contaminant concentrations for TSS, TP, Copper, Zinc, E.coli,
BOD and Nitrate for each land-use were included in the proprietary database. The relative contaminant
risk factors for each primary land-use and the overall non-point source water quality risk and score are
summarized in Table 5.39. The overall non-point source water quality risk and score represents the non-
point source contamination potential for that specific land-use (six (6) is a high-risk factor, one (1) is a low
risk factor). The land-use ranks (risk factor) were developed through relative comparisons made between
the EMC data associated with the various land-uses for a particular parameter (i.e. greater the EMC, the
greater the risk). Note: risk factors were only developed for parameters which were above PWQO or
CCME guidelines.
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Table 5.39 Typical EMC Values, Guidelines and Risk Factors per Land-use

General/ Recreation Transportation
Industrial | Commercial | Institutional . . (incl. Open . Guideline
Residential . (Rail + Roads)
Field)
Total Suspended
Solids (TSS) 87 77 79 131 72 89
(mg/L)
TSS Land-use CCME (25)
Rank (Risk 4 2 3 6 1 5
Factor)
Total
Phosphorous 0.3 0.25 0.33 0.36 0.25 0.298
(mg/L) PWQO
TP Land-use (0.05-0.15)
Rank (Risk 2 1 3 4 1 2
Factor)
Copper (mg/L) 0.014 0.025 0.014 0.024 0.0175 0.0189
Copper Land- PWQO (0.005)
use Rank 1 5 1 4 2 3
(Risk Factor)
Zinc (mg/L) 0.29 0.194 0.100 0.111 0.123 0.1636
Zinc Land-use PWQO (0.036-
Rank (Risk 6 5 1 2 3 4 0.067)
Factor)
E. coli (#/100ml) 3000 5950 8680 20000 6775 8881
E. coli Land- PWQO
use Rank 1 3 4 6 2 5 (148.9-1421.5)
(Risk Factor)
BOD 11.5 27.1 - 17.2 - 18.6
BOD Land- n/a
use Rank 1 4 2 3
(Risk Factor)
Nitrate 1.5 1.9 2.4 2.10 - 1.99
Nitrate Land- CCME
use Rank 1 2 5 4 3 (0.34 - 2.30)
(Risk Factor)
VRl Non- Mod-Low | Mod-High Moderate Very High Low High
Point Source Risk
Overall Non-
Point Source Risk 2.29 3.14 1.80 3.57
Score

Step 3 - Preliminary Ranking of Sewershed Risk to Canal and Lake Water Quality

In order to identify which of the ten (10) preliminarily selected sewersheds posed the greatest overall risk
to the water quality of the lake and canal system, the re-assessed sewersheds and respective land-use
composition (Table 5.38) was combined with the overall risk factor per land-use (Table 5.39) to develop
a preliminary sewershed water quality risk score. The preliminary sewershed water quality risk score was
a weighted metric which relates the percentage of each land-use type within a sewershed to the overall
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non-point source risk score associated with that land-use. Table 5.40 provides a preliminary rank of the
sewersheds from greatest to lowest overall risk to water quality within the lake and canal. Each ranked
sewershed had a corresponding monitoring location identified as Non-Point Source Monitoring (PSM) one
(1) to ten (10) (PSM-1 to PSM-10).

Table 5.40 Preliminary Ranking of Sewershed Risk to Water Quality within the Canal and Lake

Overall Risk to Water Proposed Monitoring
Quality Sewershed Locations
(Rank Highest to Lowest) (See Figure 5.128)
1 1 PSM-1
2 2 PSM-2
3 5 PSM-5
4 8 PSM-8
5 4 PSM-4
6 9 PSM-9
7 3 PSM-3
8 10 PSM-10
9 7 PSM-7
10 6 PSM-6

Using this methodology, non-point source monitoring efforts could be allocated to the areas of the
greatest risk. However, as the preliminary sewershed water quality risks were not field verified or
substantially supported by background information from past monitoring efforts, field verification was
completed in order to confirm the predicted results established during Steps 1 to 3.

Step 4 - Preliminary Water Quality Sampling to Confirm Risk-Based Sewershed Ranking
In order to field verify the preliminary risk-based sewershed ranking, all ten (10) monitoring locations
(PSM-1 to PSM-10) were sampled as part of the first round of 2018 non-point pollution monitoring.

The sampling program covered a minimum of 3 dry weather base flow events (no precipitation within 48
hours of the sampling event) and 3 wet-weather high flow events (rainfall events greater than 15mm)
distributed throughout the approximate six (6) month project period to characterize the non-point
pollution sources. Each round of the non-point source pollution monitoring program consistent of one (1)
wet and one (1) dry sampling event in order to observe any differences in the sampling results during
varying weather and flow conditions.

Sampling methodology, parameters and field measurements were consistent with those followed as part
of the Water Quality Monitoring program (Section 5.13.2) in order to facilitate data analysis comparisons
and recommendations and are further described in the following sections.

Step 5 - Refined Water Quality Sampling

Following the completion of sampling as detailed in Step 4, an analysis of the sampling results from the
first round of sampling of the initial ten (10) sites was undertaken to confirm the preliminary risk-based
sewershed ranking and ultimately refine the sampling locations to further key in on potential non-point

pollution sources. Sampling locations and frequency were refined, eliminated or enhanced based on the
sampling results which guide sequential rounds of water quality sampling.
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A key deliverable of the sampling program included mapping of pollution ‘hot-spot’ sewersheds which
drain to the lake and canal system. It is intended that this mapping, trends and pollutant information will
provide insight into ‘target areas’ of the watershed where further study or remedial measures may be
focused in the future.

5.12.3 Field Study Scope and Methodologies

A key objective of the field study was to identify pollution ‘hot-spots’ within upstream sewersheds
contributing effluent to the Mohawk Lake and canal system. To perform this analysis, sampling was
divided into 3 rounds. Each round consisted of sampling one (1) dry event (no rain for 48hours) and (1)
wet event (rainfall >15mm) at each of the ten (10) strategically chosen sampling locations within the
Mohawk Lake’s stormwater sewershed.

At the end of each round, the samples were collected and sent to ALS Laboratories for physical, chemical
and biological analysis. Once the lab results were returned, sampling sites showing little or no sign of
contamination were relocated to upstream sites within sewersheds exhibiting high contamination. This
approach allowed the project team to further hone in on pollution sources following each round of
sampling. The objective of this analysis was to provide the City with target zones to focus future studies
and remediation measures in order to mitigate potential sources of contamination within the Mohawk
Lake stormsewer catchment.

Sampling Procedure:
Each water quality sample collected from the selected monitoring locations were analyzed for the
following parameters:

e Metals & Inorganics

e E. coli & Total Coliform

e Nutrients (Total Phosphorus, Dissolved Phosphorus, Nitrogen, Nitrate)
e Total Suspended Solids

e Hardness (As CaCO3)

e  Polycyclic Aromatic Hydrocarbons (16 Priority PAHs)

e Petroleum Hydrocarbons (PHCs), F1 to F4

e Benzene, Toluene, Ethyl Benzene, and Xylenes (BTEX)

e Volatile Organic Compounds (EPA 624)

Field measurements including pH and temperature were recorded during each sampling event. All
sampling locations consisted of maintenance holes or stormwater outfalls to ensure accessibility. At each
sampling location a collection device was lowered into the stormwater system and rinsed three (3) times
with the stormwater to be collected. Once rinsed, the collection device was filled and its content was
distributed into the respective sampling jars and vials. Sampling jars were then placed in a cooler packed
with ice or ice packs and transported to the laboratory for analysis within a 48-hour period but typically
within 12 hours.

Stormwater samples were analyzed by ALS Laboratories located in Waterloo, Ontario. Processing time at
the lab was typically 5 business days, upon which results were provided within 10 to 15 business days.
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Sewershed Ranking Criteria:

As mentioned, following each round of monitoring the water quality results for the ten (10) individual
pollution monitoring locations were summarized and compared to provincial or federal guidelines for
water quality found within natural watercourses. The application of such guidelines also allowed the
results to be compared to the results of the Water Quality sampling program completed for the lake and
canal system. After each round of sampling the results were analyzed and compared the guidelines and
all exceedances of the specified guideline limits for a particular parameter were flagged.

In order to rank the monitoring locations included in a particular round of sampling, the exceedances were
given a numerical ranking between 1-5 based on how many magnitudes greater the exceedance was than
the guidelines (i.e. 0-10 times the limit = 1 point, 10-100 times the limit = 2 points, 100-1000 times the
limit =3 points, etc.). The rankings for each monitoring location were then summed to give each location
a total score. Locations that had more exceedances and exceedances of larger magnitudes held higher
scores. The approach identified sewersheds with higher potential for contributing pollutants to the
Mohawk Lake and canal system. Locations that scored relatively low were not carried forward to
subsequent rounds of monitoring. The locations were reallocated to strategic nodes within the network
of the more polluted sewersheds to order to further isolate pollution “hot spots”. Each sampling round
was independent from the next as exceedance scores for each location were limited to comparisons made
directly against sites from within the same round.

Adaptive Site Selection

Following the analysis of the sampling results, sewersheds were ranked as good, fair or poor, based on
their pollution scores. Sewersheds that were ranked as fair or poor were then examined using desktop
analysis to determine ideal monitoring locations to further delineate the pollution source in that
sewershed. This involved breaking up larger sewersheds into smaller subsewersheds to isolate potential
pollution “hot spots”.

5.12.4 Results, Discussion & Conclusions
The following section summarizes the results of three (3) rounds of Pollution Monitoring. The laboratory
analysis of all water samples can be found in Appendix G.

Round 1

Sampling locations for Round 1 (Figure 5.130) were selected based on the above desktop analysis of the
study area’s contributing drainage areas and a risk assessment of land uses. Sampling for Round 1 took
place on July 18™, 2018 and August 8", 2018 and the results from both the dry and wet weather events
were analyzed and an exceedance summary table was compiled (Table 5.41). After the exceedances were
ranked and sampling locations were scored, the sewersheds for PSM-9 and PSM-10 scored significantly
higher than the other sampling locations. Sewersheds represented by PSM-1, PSM-2, and PSM-3 scored
lowest while PSM-4, PSM-5, PSM-6, PSM-7, and PSM-8 all received moderate scores. Based on these
scores each sewershed was then classified as poor, fair or good (Figure 5.131). PSM-9 and PSM-10 were
identified as sewersheds that required further focus during subsequent rounds of sampling. PSM-1, PSM-
2, and PSM-3 all had fairly good results and were reallocated to strategic locations within the polluted
sewersheds during Round 2. Furthermore, PSM-7 and PSM-8 which had moderate scores were reallocated
upstream closer to PSM-9 in Round 2 in an attempt to further isolate potential pollution sources within
the sewershed systems. It should be noted that although some sewersheds were ranked as “good”, the
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results were only “good” relative to the other monitoring location results in Round 1, and all sites in this
round did exhibit exceedances of PWQO guidelines.
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Table 5.41: Pollutant Exceedance Summary Table for Round 1

. Detection Sta'nda'rd/ Sample Date: July 18, 2018 Sample Date: August 8, 2018
Parameter Units L Guideline
Limits (Type) PC-1 ‘ PC-2 ‘ PC-3 ‘ PC-4 ‘ PC-5 ‘ PC-6 ‘ PC-7 ‘ PC-8 ‘ PC-9 ‘ PC-10 PC-1 ‘ PC-2 ‘ PC-3 ‘ PC-4 ‘ PC-5 ‘ PC-6 ‘ PC-7 ‘ PC-8 | PC-9 ‘ PC-10
Physical Tests (Water)
Total Suspended Solids mg/L | 2 | 25 (CCME) | <2.0 ‘ 3.5 ’ 17 ‘ 4.1 ‘ <2.0 ‘ 48 ’ 4.5 ‘ 3.9 ‘ <2.0 [ 313 | 22 ’ 3.8 ‘ <2.0 ‘ 18.1 ‘ 11.2 ’ 9.5 ‘ 10.9 ‘ 2.1 | 139 ‘ 1220
Anions and Nutrients (Water)
Nitrate (as N) mg/L 0.02 2.9 (CCME) 4.97 2.19 4.38 2.89 5.27 0.43 3.7 5.99 4.84 <0.020 0.555 0.479 1.09 0.69 2.25 0.531 1.19 3.6 0.422 0.147
Phosphorus, Total mg/L 0.003 0.01 (PWQO) 0.0198 0.121 0.0946 0.0659 0.012 0.154 0.0432 0.161 0.012 8.2 0.0765 0.0782 0.0521 0.0929 0.057 0.0631 0.0501 0.125 0.233 4.6
Bacteriological Tests (Water)
E. Coli CFU/100mL 10 100 (PWQO) 51 137 148 219 182 137 224 229 870 197000 1190 1280 1180 1270 860 660 1260 4800 3900 5500
Total Coliforms CFU/100mL 10 1000 (PWQO) 12800 8700 6100 12100 970 5400 12200 11100 2800 >200000 55000 63000 9800 96000 52000 8400 9600 132000 71000 147000
Total Metals (Water)
Aluminum (Al)-Total 0.015%(1)
mg/L 0.01 (PWQO) <0.050 0.025 0.06 0.037 <0.010 0.458 0.046 <0.050 <0.010 0.272 0.114 0.153 0.101 0.604 0.167 0.265 0.331 <0.050 1.88 7.52
Boron (B)-Total mg/L 0.01 0.2 (PWQO) <0.10 0.041 0.033 0.056 0.05 0.025 0.044 <0.10 0.045 0.21 0.012 0.015 0.014 0.02 0.027 0.013 0.023 <0.10 0.012 0.03
0.0009
G g mg/L 0.0001 (PWQO) <0.0010 <0.00010 0.00013 0.0002 <0.00010 0.00047 0.00015 <0.0010 <0.00010 <0.0010 <0.00010 <0.00010 <0.00010 0.00043 0.00015 0.00019 0.00019 <0.0010 0.00131 0.00516
Copper (Cu)-Total 0.005%(4)

PP mg/L 0.001 (PWQO) <0.010 0.0028 0.0021 0.0026 0.0016 0.0133 0.0045 <0.010 0.0014 0.152 0.004 0.0039 0.0031 0.0083 0.0048 0.0063 0.0082 <0.010 0.0224 0.0519
Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) <0.10 0.073 1.01 0.359 <0.050 1.06 0.293 0.15 0.196 0.9 0.184 0.23 0.477 0.923 0.423 0.385 0.379 0.12 5.33 9.77
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.0114 0.0145 0.0341 0.129 0.0218 0.138 0.0597 0.0214 0.0529 0.0327 0.00841 0.0134 0.0195 0.0678 0.0433 0.046 0.0352 0.0243 0.293 0.251

. 0.0001
Siter gre)-Tgral mg/L 0.00005 (PWQO) <0.00050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.00050 | <0.000050 | <0.00050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.00050 0.000209 0.000152
Vanadium (V)-Total mg/L 0.0005 0.006 (PWQO) | <0.0050 0.00108 0.00091 0.00066 <0.00050 0.00346 0.00095 <0.0050 <0.00050 <0.0050 0.00161 0.00136 0.00121 0.00251 0.00137 0.00216 0.00222 <0.0050 0.00596 0.018
Zinc (Zn)-Total mg/L 0.003 0.03* (PWQO) <0.030 0.0082 0.0119 0.0096 0.005 0.0697 0.0195 <0.030 0.0039 0.105 0.0187 0.0099 0.0155 0.0294 0.0148 0.0224 0.0355 <0.030 0.102 0.163
Polycyclic Aromatic Hydrocarbons (Water)
Anthracene ug/L 0.01 0.012 (CWQG) | <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.013 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.066 <0.010 0.02 <0.010
Benzo(a)anthracene ug/L 0.02 0.018 (CWQG) | <0.020 <0.020 <0.020 <0.020 <0.020 0.042 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.026 <0.020 0.077 <0.020 0.122 <0.020
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) <0.010 <0.010 <0.010 <0.010 <0.010 0.043 <0.010 <0.010 <0.010 0.024 0.015 0.01 <0.010 0.022 0.032 0.011 0.048 <0.010 0.168 <0.010
Benzo(g,h,i)perylene 0.00002
sl ug/L 0.02 (PWQO) (6) <0.020 <0.020 <0.020 <0.020 <0.020 0.045 <0.020 <0.020 <0.020 0.068 0.025 <0.020 <0.020 0.031 0.038 <0.020 0.045 <0.020 0.206 0.062
Benzo(k)fluoranthene 0.0002
ug/L 0.01 (PWQO) (6) <0.010 <0.010 <0.010 <0.010 <0.010 0.03 <0.010 <0.010 <0.010 <0.010 0.016 0.01 <0.010 0.018 0.024 0.01 0.041 <0.010 0.108 <0.010
Chrysene 0.0001
U ug/L 0.01 (PWQQO) (a) <0.010 <0.010 <0.010 0.017 <0.010 0.106 <0.010 <0.010 <0.010 0.011 0.053 0.022 0.01 0.048 0.068 0.028 0.174 0.012 0.256 0.026
Dibenzo(ah)anthracene 0.002 (PWQQ)
ug/L 0.02 (6) <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.048 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.036 0.032
Fluoranthene ug/L 0.01 0.04 (CWQG) 0.015 0.018 <0.010 0.063 <0.010 0.24 0.043 0.092 <0.010 0.068 0.152 0.057 0.022 0.109 0.184 0.069 0.765 0.103 0.584 0.056
Phenanthrene ug/L 0.02 0.4 (CWQG) <0.020 <0.020 <0.020 0.034 <0.020 0.093 0.073 <0.020 <0.020 0.189 0.056 0.024 <0.020 0.052 0.084 0.04 0.959 0.024 0.282 0.064
Pyrene ug/L 0.02 0.025 (CWQG) <0.020 <0.020 <0.020 0.034 <0.020 0.176 0.026 0.107 <0.020 0.049 0.082 0.036 <0.020 0.076 0.124 0.045 0.461 0.108 0.442 0.039
Notes:
Exceedance (1) pH 4.5-5.5 = 0.015, pH 5.5-6.5 = n/a, pH 6.5-9.0 = 0.075 (4) Hardness 0-20 = 0.001, Hardness>20 = 0.005 PWQO: Provincial Water Quality Objectives
Possible Exceedance (2) Hardness<75 = 0.011, Hardness>75 = 1.1 (5) Hardness<30 = 0.001, Hardness 30-80 = 0.003, Hardness>80 = 0.005 CCME: Canadian Council of Ministers of the Environment
Dry Weather Event (3) Hardness 0-100 = 0.0001, Hardness>100 = 0.0005 (6) Hexavalent Cr = 1ug/L, trivalent Cr = 8.9 ug/L CWQG: Canadian Water Quality Guidelines
Wet Weather Event N/V: Parameter has no guideline
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Round 2

Based on the results from Round 1, sewersheds were further divided and PSM locations were placed to
attempt to isolate potential pollution “hot spots”. PSM-1, PSM-2, and PSM-3 were relocated to within
the sewersheds of PSM-9 and PSM-10 (Poor performers from Round 1) in order to subdivided the
sewersheds into smaller areas.

Also, it was identified that PSM-4 sewershed (from Round 1) was quite large making the potential to locate
potential pollution sources difficult. The sewershed was divided into three (3) sections by establishing
monitoring sites at key locations within the sewer network. Revised sewershed boundaries and pollution
monitoring locations were developed (Figure 5.132).

Sampling for Round 2 took place on September 20%", 2019 and September 25", 2018. Results from both
the dry and wet weather event were analyzed and an exceedance summary table was compiled (Table
5.42). After the exceedances were ranked and monitoring stations were scored, the sewersheds for PSM-
1, PSM-2, and PSM-3 had the highest scores, PSM-7 and PSM-8 had the lowest scores, and the remaining
stations had moderate scores. Based on these scores, each sewershed was then classified as poor, fair or
good (Figure 5.133). As the poorest performers, PSM-1, PSM2, and PSM-3 were identified as sewersheds
to be focused on for Round 3. PSM-5, PSM-7, PSM-8, PSM-10 all had moderate results and were selected
to be reallocated to the more polluted sewersheds for Round 3 in order to maximize efforts to identify
potential pollution hotspots during the final round of monitoring. It should be noted that although some
sewersheds were ranked as “good”, the results were only “good” relative to the other monitoring station
results in Round 2, and all sites in this round did exhibit exceedances of PWQO guidelines.
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Detection Standard/ Sample Date: September 20, 2018 Sample Date: September 25, 2018
Parameter Units Limits Guideline

(Type) PC-1 ‘ PC-2 ‘ PC-3 PC-4 ‘ PC-5 ‘ PC-6 ‘ PC-7 ‘ PC-8 ‘ PC-9 ‘ PC-10 PC-1 PC-2 PC-3 PC-4 PC-5 ‘ PC-6 ‘ PC-7 PC-8 PC-9 ‘ PC-10
Physical Tests (Water)
Total Suspended Solids mg/L 2 25 (CCME) 328 ‘ 213 l 26 7.4 ‘ 3.4 ‘ 53 2.1 ‘ 2.1 ‘ 7.7 ‘ 21.7 22 242 10.4 16.6 7.3 | 8.4 l 3.5 2.9 3 ‘ 8.1
Anions and Nutrients (Water)
Nitrate (as N) mg/L 0.02 2.9 (CCME) <0.10 <0.10 0.92 2.79 5.5 0.829 5.28 5.11 0.49 4.79 0.769 <0.10 0.65 1.02 2.16 1.08 4.47 4.42 0.336 1.65
Phosphorus, Total mg/L 0.003 0.03 (PWQO) 5.65 5.52 0.288 0.0601 0.0129 0.0599 0.0117 0.0139 0.0224 0.0204 0.109 6.23 0.237 0.104 0.105 0.119 0.0187 0.018 0.0404 0.0688
Bacteriological Tests (Water)
E. Coli CFU/100mL 100 (PWQO) 460000 440000 3200 4100 1720 660 12 840 670 5600 90000 4400000 7300 23000 10300 20900 5400 3600 3900 11900
Total Coliforms CFU/100mL 10 1000 (PWQO) 760000 840000 47000 146000 61000 46000 2400 76000 48000 61000 470000 >20000000 91000 >200000 132000 >200000 28000 19000 27000 117000
Total Metals (Water)
Aluminum (Al)-Total mg/L 0.01 O(F?V7\/5CZ(()1)) 0.437 0.227 0.378 0.183 <0.010 0.048 <0.010 <0.010 0.044 0.062 0.376 0.221 0.597 0.434 0.253 0.22 0.029 0.056 0.187 0.268
Cobalt (Co)-Total mg/L 0.0001 (gv?li?g) <0.0010 <0.0010 <0.0010 0.0003 <0.00010 | <0.00010 | <0.00010 | <0.00010 0.00043 <0.0010 0.00029 0.00037 0.00044 0.00036 0.00017 0.00016 <0.00010 <0.00010 0.00022 0.00022
Copper (Cu)-Total mg/L 0.001 O(S\(I)VS(;g;) 0.16 0.137 <0.010 0.0023 0.0013 0.0031 <0.0010 0.0014 0.0027 <0.010 0.0115 0.128 0.0087 0.0094 0.0066 0.0107 0.002 0.0025 0.0086 0.0195
Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) 0.82 0.26 1.41 0.476 <0.050 0.219 <0.050 0.192 0.611 0.37 0.844 0.319 0.932 0.737 0.299 0.55 0.085 0.235 0.391 0.371
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.0463 0.0333 0.248 0.106 0.0187 0.0346 0.00279 0.0504 0.226 0.0103 0.0499 0.0337 0.0542 0.0513 0.0373 0.0481 0.00588 0.0468 0.0567 0.0261
Silver (Ag)-Total mg/L 0.00005 (gv?/(z(;é) <0.00050 | <0.00050 | <0.00050 | <0.00005 <0.00005 | <0.00005 | <0.00005 | <0.00005 | <0.00005 | <0.00050 | <0.000050 0.000296 <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050
Zinc (Zn)-Total mg/L 0.003 0.03* (PWQO) 0.138 0.125 <0.030 0.0057 0.0045 0.0201 <0.0030 0.0034 0.0184 <0.030 0.0469 0.153 0.0325 0.0362 0.0234 0.0343 0.0062 0.0084 0.0196 0.0344
Speciated Metals (Water)
Chromium, Hexavalent ug/L 0.5 1.0 (PWQO) <0.50 ‘ <0.50 ‘ 1.32 <0.50 ‘ 0.75 ‘ 0.58 ‘ 1.55 ‘ <0.50 ‘ <0.50 ‘ 0.9 0.97 <0.50 1.95 1.62 0.91 ‘ 0.89 ‘ 1.55 0.53 <0.50 131
Volatile Organic Compounds (Water)
cis-1,2-Dichloroethylene ug/L 0.5 200 (PWQO) <0.50 <0.50 <0.50 0.75 3.83 <0.50 <0.50 <0.50 407 <0.50 <0.50 <0.50 <0.50 <0.50 2.4 1.22 <0.50 <0.50 180 <0.50
Toluene ug/L 0.5 0.8 (PWQO) <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 4.88 <0.50 <0.50 <0.50 0.93 <0.50 <0.50 <0.50 <0.50
Trichloroethylene ug/L 0.5 20 (PWQO) <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 56.9 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 20.8 <0.50
Polycyclic Aromatic Hydrocarbons (Water)
Anthracene ug/L 0.01 0.012 (CWQG) 0.02 <0.020 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.02 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) <0.040 <0.040 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.018 <0.040 0.014 0.01 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Benzo(g,h,i)perylene ug/L 0.02 (P?I;/O((l)g())%s) <0.040 <0.040 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.031 <0.040 0.021 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Benzo(k)fluoranthene ug/L 0.01 (P\?Vg(é?)z(G) <0.020 <0.020 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.014 <0.020 0.014 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Chrysene ug/L 0.01 (P\(l)\)(()l(z)o)l(a) 0.052 0.036 0.025 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.037 0.048 0.038 0.026 0.014 0.027 <0.010 <0.010 0.029 0.015
Dibenzo(ah)anthracene ug/L 0.02 0'002((;WQ0) <0.040 <0.040 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.040 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Fluoranthene ug/L 0.01 0.04 (CWQG) 0.036 0.04 0.047 0.033 <0.010 0.016 <0.010 <0.010 0.01 <0.010 0.064 0.044 0.076 0.052 0.045 0.074 <0.010 0.027 0.184 0.028
Pyrene ug/L 0.02 0.025 (CWQG) 0.048 <0.040 0.039 0.025 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.062 0.044 0.063 0.048 0.036 0.05 <0.020 <0.020 0.057 0.04
Notes:
Exceedance (1) pH 4.5-5.5 = 0.015, pH 5.5-6.5 = n/a, pH 6.5-9.0 = 0.075 (4) Hardness 0-20 = 0.001, Hardness>20 = 0.005 PWQO: Provincial Water Quality Objectives

Possible Exceedance
Dry Weather Event
Wet Weather Event

(2) Hardness<75 = 0.011, Hardness>75 = 1.1

(3) Hardness 0-100 = 0.0001, Hardness>100 = 0.0005

(5) Hardness<30 = 0.001, Hardness 30-80 = 0.003, Hardness>80 = 0.005

(6) Hexavalent Cr = 1ug/L, trivalent Cr = 8.9 ug/L
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CCME: Canadian Council of Ministers of the Environment

CWQG: Canadian Water Quality Guidelines

N/V: Parameter has no guideline
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MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2018

Round 3

Based on Round 2 results, sewershed boundaries were developed and new pollution monitoring locations
were selected (Figure 5.134). Round 3 sampling took place on October 12", 2018 and October 27", 2018
(Table 5.43) and results were analyzed and scored based on the ranking criteria. Figure 5.135
demonstrates the pollution hotspots that were observed following Round 3. In this figure, the PSM-6
sewershed was broken up into sub-categories. This was done by directly comparing the pollutant
concentrations from PSM-6 from Round 3 to the concentrations seen at PSM-1 in Round 2. When
comparing PSM-6 (R3) to PSM-1 (R2) the only difference in inputs are stormsewer lines connecting to the
Stanley Street main from the eastern side. Therefore, by comparing the concentrations from PSM-1(R2)
to PSM-6(R3) it can be deduced whether those eastern stormsewer lines are adding any additional
pollutants to the system. The results from PSM-6(R3) and PSM-1(R2) were very similar and therefore the
conclusion was made that catchments to PSM-6A and PSM-6B (seen in Figure 5.135) were not significantly
polluted areas. The significant pollution hotspots mapped in Figure 5.135 are the sewershed areas for
PSM-10, 6C, and 7. PSM-10 is located in a known industrial sector which could potentially be the source
of pollution in these areas. The PSM-7 sewershed consists mostly of commercial, institutional, and
residential sectors. This section of the Brantford is a highly trafficked area which could be the main source
of the large PAHs exceedances seen at PSM-7 as PAHs are common biproducts of urban areas from
vehicles and paved surfaces. Also, although many of the PAHs observed in the stormwater system are in
exceedance of the PWQO, the concentrations recorded in the study are smaller than the stormwater PAH
recorded and presented in the 1995 Gore and Storrie report.

It should be noted that although some watersheds were ranked as “good”, the results were only “good”

relative to the other monitoring station results in Round 3, and all sites in this round did exhibit
exceedances of PWQO guidelines.
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MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2018

Table 5.43 Pollutant Exceedances Summary Table for Dry Event of Round 3

. Detection Standard/ Sample Date: October 12, 2018 Sample Date: October 27, 2018

i tnits Limits Guideline (Type) PC-1 ‘ PC-2 ‘ PC-3 ‘ PC-4 ‘ PC-5 ‘ PC-6 ‘ PC-7 ‘ PC-8 ‘ PC-9 ‘ PC-10 PC-1 ‘ PC-2 ‘ PC-3 ‘ PC-4 ‘ PC-5 ‘ PC-6 ‘ PC-7 ‘ PC-8 | PC-9 ‘ PC-10
Physical Tests (Water)
Total Suspended Solids mg/L ‘ 2 ‘ 25 (CCME) | 59.8 ‘ 120 ‘ 13 ‘ 28.5 | 36.1 | 345 ‘ 18.6 | 212 | 553 ‘ 100 ‘ 8.8 ‘ <2.0 ‘ 17.2 | 9.7 ‘ 27.9 ‘ 258 ‘ 18.5 ‘ 41 | 16.2 ‘ 14.9
Anions and Nutrients (Water)
Nitrate (as N) mg/L 0.02 2.9 (CCME) 2.06 0.75 2.75 441 2.99 <0.10 4.25 0.26 0.73 0.22 0.231 0.226 0.293 0.496 1.08 0.033 0.487 0.223 0.138 0.335
Phosphorus, Total mg/L 0.003 0.03 (PWQO) 0.189 0.219 0.0545 0.0396 0.0456 7.44 0.0367 4.6 0.476 0.0758 0.074 0.0224 0.0324 0.0761 0.108 5.73 0.064 0.0262 0.0144 0.0576
Bacteriological Tests (Water)
E. Coli CFU/100mL 100 (PWQO) 5500 1400 510 3500 6300 8200000 1400 2210000 23000 300 530 470 400 4400 720 6200000 5100 7900 180 540
Total Coliforms CFU/100mL 10 1000 (PWQO) 380000 8300 5200 30000 41000 NR 6600 NR 29000 4900 9800 1600 4200 46000 5600 13200000 38000 91000 560 3600
Total Metals (Water)
Aluminum (Al)-Total mg/L 0.01 0.1 (CWQG) 0.566 0.29 <0.050 0.09 0.141 0.631 1.82 1.02 5.41 0.252 0.729 0.062 0.566 0.22 0.134 0.573 0.551 0.088 0.045 0.5
Arsenic (As)-Total mg/L 0.0001 0.005 (PWQO) <0.0010 <0.0010 <0.0010 <0.0010 0.0023 0.0017 <0.0010 <0.0010 0.0067 0.001 0.00078 0.00023 0.00091 0.0005 0.00088 0.00081 0.00045 0.00044 0.00021 0.00065
Boron (B)-Total mg/L 0.01 0.2 (PWQO) <0.10 <0.10 <0.10 <0.10 <0.10 0.2 <0.10 <0.10 0.25 0.16 0.014 <0.010 <0.010 0.011 0.022 0.3 0.011 <0.010 <0.010 <0.010
Cadmium (Cd)-Total mg/L 0.00001 0.0005*(3) (PWQO) | 0.000076 | 0.000067 | <0.00005 | <0.00005 <0.00005 | 0.000189 | 0.000329 | 0.000101 0.000616 0.000067 | 0.000033 0.000096 0.000053 0.000063 0.000029 | 0.000185 | 0.000044 0.000029 0.000019 0.000092
Cobalt (Co)-Total mg/L 0.0001 0.0009 (PWQO) <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0015 0.004 <0.0010 0.0063 <0.0010 0.00048 0.00015 0.00066 0.00022 0.00012 0.00085 0.00038 <0.00010 <0.00010 0.0003
Copper (Cu)-Total mg/L 0.001 0.005*(4) (PWQO) <0.010 <0.010 <0.010 <0.010 0.011 0.206 0.069 0.114 0.088 0.012 0.0068 0.0024 0.0233 0.0138 0.0061 0.165 0.0113 0.0022 0.0031 0.0265
Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) 1.75 2.71 0.85 0.53 1.19 8.83 2.5 3.74 20.6 3.94 1.06 0.07 4.25 0.881 0.336 1.8 111 0.128 0.084 0.831
Lead (Pb)-Total mg/L 0.0001 0.05*(5) (PWQO) 0.00422 0.00692 <0.00050 0.00305 0.00229 0.00976 0.0409 0.0103 0.139 0.00757 0.0029 0.00027 0.00547 0.00621 0.00108 0.0062 0.00582 0.00166 0.00076 0.00905
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.276 0.1 0.26 0.0327 0.149 0.12 0.38 0.133 13 0.927 0.0564 0.193 0.161 0.0347 0.0324 0.0682 0.041 0.0073 0.00902 0.0427
Nickel (Ni)-Total mg/L 0.0005 0.025 (PWQO) <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 0.0228 0.0087 0.0098 0.0251 <0.0050 0.00182 0.0012 0.00438 0.00163 0.00092 0.00571 0.00175 <0.00050 0.0006 0.00171
Silver (Ag)-Total mg/L 0.00005 0.0001 (PWQO) <0.00050 <0.00050 <0.0005 <0.0005 <0.0005 <0.00050 | <0.00050 | <0.00050 <0.00050 <0.00050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | 0.000232 | <0.000050 | <0.000050 | <0.000050 | <0.000050
Uranium (U)-Total mg/L 0.00001 0.005 (PWQO) 0.00149 0.00089 0.00124 0.00111 0.00123 0.0008 0.00084 0.00082 0.00545 0.00231 0.000202 0.000073 0.000128 0.000126 0.000653 | 0.000699 | 0.000484 0.000049 0.000105 0.000153
Vanadium (V)-Total mg/L 0.0005 0.006 (PWQO) <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 0.0172 <0.0050 0.00392 0.00067 0.00294 0.00128 0.00099 0.00146 0.00224 0.0006 <0.00050 0.00213
Zinc (Zn)-Total mg/L 0.003 0.03* (PWQO) 0.045 0.269 <0.030 0.086 <0.030 0.176 0.369 0.235 0.346 0.082 0.0194 0.0414 0.0935 0.0859 0.0236 0.477 0.0776 0.0171 0.0157 0.0514
Speciated Metals (Water)
Chromium, Hexavalent | ug/L | 0.5 ‘ 1.0 (PWQQ) | 0.99 l 0.63 l <0.50 l 0.75 l <0.50 l <0.50 l <0.50 l <0.50 l <0.50 l <0.50 l 1.05 l <0.50 l 2.04 l 1.04 l 0.72 l <0.50 l 1.39 l 0.59 l <0.50 l 0.81
Volatile Organic Compounds (Water)
cis-1,2-Dichloroethylene | ug/L ‘ 0.5 ‘ 200 (PWQO) | <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ 1.56 | 328 ‘ 20.3 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 ‘ <0.50 | 5.57 ‘ <0.50
Polycyclic Aromatic Hydrocarbons (Water)
Anthracene ug/L 0.01 0.012 (CWQG) <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.049 0.011 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.013
Benzo(a)anthracene ug/L 0.02 0.018 (CWQG) <0.020 0.084 <0.020 <0.020 <0.020 <0.020 0.024 <0.020 0.113 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.037 <0.020 <0.020 0.058
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) <0.010 0.090 <0.010 0.014 <0.010 <0.010 0.020 <0.010 0.090 0.015 0.019 <0.010 <0.010 0.015 <0.010 <0.010 0.047 <0.010 <0.010 0.07
Benzo(g,h,i)perylene ug/L 0.02 0.00002 (PWQO) <0.020 0.118 <0.020 <0.020 <0.020 0.047 0.022 <0.020 0.076 <0.020 0.03 <0.020 <0.020 0.025 <0.020 <0.020 0.073 <0.020 <0.020 0.083
Benzo(k)fluoranthene ug/L 0.01 0.0002 (PWQO) <0.010 0.054 <0.010 0.011 <0.010 0.013 0.013 <0.010 0.046 <0.010 0.015 <0.010 <0.010 0.012 <0.010 <0.020 0.028 <0.010 <0.010 0.05
Chrysene ug/L 0.01 0.0001 (PWQO) 0.016 0.127 <0.010 0.022 <0.010 0.040 0.036 <0.010 0.122 0.027 0.03 <0.010 0.013 0.032 0.012 0.042 0.076 <0.010 <0.010 0.152
Dibenzo(ah)anthracene ug/L 0.02 0.002 (PWQO) <0.020 0.022 <0.020 <0.020 <0.020 0.032 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.052 <0.020 <0.020 <0.020 <0.020
Fluoranthene ug/L 0.01 0.04 (CWQG) 0.041 0.128 0.022 0.032 <0.010 0.029 0.084 0.014 0.366 0.106 0.059 <0.010 0.027 0.063 0.024 0.056 0.158 0.015 0.019 0.549
Phenanthrene ug/L 0.02 0.4 (CWQG) 0.020 0.025 <0.020 <0.020 <0.020 0.038 0.034 <0.020 0.212 0.085 0.037 <0.020 <0.020 0.042 <0.020 0.07 0.066 <0.020 0.022 0.672
Pyrene ug/L 0.02 0.025 (CWQG) 0.035 0.107 <0.020 0.027 <0.020 <0.035 0.065 <0.020 0.288 0.100 0.054 <0.020 0.028 0.074 0.023 0.05 0.149 <0.020 <0.020 0.28
Notes:
Exceedance (1) pH 4.5-5.5 = 0.015, pH 5.5-6.5 = n/a, pH 6.5-9.0 = 0.075 (4) Hardness 0-20 = 0.001, Hardness>20 = 0.005 PWQQO: Provincial Water Quality Objectives
Possible Exceedance (2) Hardness<75 = 0.011, Hardness>75 = 1.1 (5) Hardness<30 = 0.001, Hardness 30-80 = 0.003, Hardness>80 = 0.005 CCME: Canadian Council of Ministers of the Environment
Dry Weather Event (3) Hardness 0-100 = 0.0001, Hardness>100 = 0.0005 (6) Hexavalent Cr = 1ug/L, trivalent Cr = 8.9 ug/L CWQG: Canadian Water Quality Guidelines
Wet Weather Event N/V: Parameter has no guideline
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MOHAWK LAKE CHARACTERIZATION STUDY
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Complications and Missing Data

5.12.5

In some cases, particularly for PAHs and Metals, the guidelines established by the governing
agencies are below the detectable limits and analytical capabilities of typical accredited
laboratories. Measurements in the tables that are highlighted in yellow fall within this range of
uncertainty. To analyze theses samples at the precision established in the guidelines requires
significantly higher cost, transportation distance and time. All of which were considered beyond
the scope of this project. It should also be noted that PAHs very common in urban systems due to
the wide range of sources such as hydrocarbon combustion by vehicles and runoff from paved
surfaces.

During the first round of sampling, speciated metals (i.e Hexavalent Chromium), VOCs and
hydrocarbons were unintentionally omitted from the laboratory analysis. The implications of this
omission were relatively insignificant as these compounds were analyzed during the second and
third round on monitoring and the majority of the parameter concentrations fell below the
guideline thresholds.

During Round 1 and 2 sampling, the laboratory report indicated that there were small air gaps in
the top sections of the VOC sampling vails. As VOCs exist in a gaseous phase at ambient
temperature, it is probable that the reported concentrations of VOCs for these rounds are lower
than in reality. The sampling technique was improved for the third round and reported findings in
this round were more representative.

Recommendations

During Round 1, field observations of fecal matter and sanitary paper in the stormwater stream
indicated a potential cross-contamination within the network near the intersection of Rawdon
and Bruce Street. Further investigation into possible stormsewer and sanitary sewer cross
connections in this area is recommended.

Continued pollution monitoring is recommended to further isolate the pollution hotspots in the
study area and poor performing sewersheds.

As part of the completed Geomorphological investigation (see Section 5.11) an erosion site in
Shallow Creek Park (Reach SC-1) was identified. This area has been previously identified in the
Shallow Creek Park Groundwater Investigation by Gore & Storrie in 1995 as a potential source of
contaminants from the underlying waste at this location (historical landfill) as well as sediment
loading. This area of erosion and restoration should be prioritized in future studies to minimize
further impacts.
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5.13 WATER QUALITY

The following sections describe the historical water quality conditions of Mohawk Lake and canals
according to background information reviewed and the methodology and results of the water quality
monitoring completed as part of the Characterization Study.

5.13.1 Background
From the review of the background information outlined above, the following key findings in regards to
water quality were identified:

e As part of the 1983 study by Roff, Emerson, Dorey and Bisset, water quality sampling was
conducted to expose any changes in the water quality of the Canal system incurred since 1972
when industrial discharge to the canal was stopped. In this study, multiple water quality
parameters were examined, including: temperature, dissolved oxygen, nutrients, metal, phenols,
bacteriological, and biological oxygen demand (BOD). The water was determined to be fairly hard
(hardness of 250mg/L) and slightly alkaline. Temperature distribution was found to be fairly
uniform, decreasing approximately 3°C every meter below the surface. Values of phosphorus,
nitrogen, and suspended solids were deemed fairly high. Testing also revealed extremely high
levels of aluminum in East Ward Creek, as well as high copper, cadmium, and nickel levels in
Mohawk Lake. Magnesium levels in the Mohawk Canal were extremely high.

e The Ecological Services for Planning (1994) study determined the lake water contained elevated

concentrations of phenols, copper, and zinc. High nutrient concentrations (nitrogen, phosphorus)
and high BOD loadings were also noted. No
bacteriological analysis was performed.
Figure 5.136 contains the water quality
results from this study. Concentrations of
nutrients (phosphorus and ammonia),
phenols, and heavy metals (copper and zinc)
exceeded the Provincial Water Quality
Objectives (PWQO).

e The City of Brantford’s annual testing of
storm outfalls shows that current bacteria
levels are high for Mohawk Lake and canal
but not unusually high (City of Brantford,
2014).

e The presence of some chemicals that exceed
the Provincial Sediment Quality Guidelines
(PSQG’s) for the protection of freshwater
biota likely affect aquatic biota and continue
to negatively impact the water quality of
Mohawk Lake (Ecological Services for
Planning, 1994).

Figure 5.136: Ecological Services for Planning (1994)
Mohawk Lake Water Quality Analyses
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5.13.2 Field Scope and Methodology

Water Quality Monitoring Stations

Four (4) water quality monitoring stations were established along the canal and lake and downstream of
major stormwater inputs to the canal and lake. The water quality monitoring stations are shown on Figure
5.137 and the general descriptions of the monitoring locations are as follows:

WQ-1- Located within the east canal approximately 100m upstream of the Locks Road Bridge. This
location intended to provide an indication of the outflow water quality of Mohawk Lake and
contributing outfalls. This location represents the final water quality measurement before flows
reach the outlet weir and overflow into a naturalized channel to eventually join the Grand River;
WQ-2 — Located at the south side of Mohawk Lake near its mid-point. This location intended to
provide an indication of the water quality of Mohawk Lake itself;

WQ-3 — Located at the mouth of the west canal with Mohawk Lake. This location intended to
provide an indication of the inflow water quality to Mohawk Lake and contributing storm sewer
outfalls located upstream of the lake;

WQ-4 — Located directly downstream of the Murray Bridge Crossing. This location intended to
provide an indication of the water quality for the portion of the west canal which is fed primarily
by East Ward Creek. This station acted as a benchmark for water quality variations contributed by
the outfalls located in the west canal located between Murray St. and the mouth of Lake Mohawk.
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Methodology

The following items were used during grab sampling and field measurements:

1. Equipment/Materials: ALS sampling bottles, ice, coolers, sampling device, and sample bottles,
thermometer, pH sample kit

2. Reagents and Chemicals: Preservatives (several collection bottles require an additive such as

nitric acid (HNOs) to preserve the samples until they are analyzed)

Sampling Methodology

The initial sampling program covered 2 dry weather base flow events (no precipitation within 48 hours of
the sampling event) and 4 wet-weather high flow events (rainfall events greater than 15mm) distributed
throughout the approximate six (6) month project period between May and October 2018. This program
was repeated throughout the spring and summer of 2019 as part of the provisional water quality
monitoring program.

As per standard protocols, field staff attempted to collect samples on the rising limb of the hydrograph
when pollutant concentrations were greatest following the commencement of a significant storm event
(typically cumulative precipitation depths greater than 15 mm). During each sample event one (1)
individual grab sample was collected at each monitoring location.

Wet weather samples can be highly variable based on the magnitude and distribution of the rainfall event,
number of dry days preceding the events, and the timing of the sample collection in comparison to the
rising limb of the hydrograph. Due to the number of sites located at various locations around the lake and
the required sampling procedure it is impossible for all sites to be sampled at the same location on the
hydrograph and therefore, discretion is required in comparing results.

Grab Sample Collection

Individual grab samples were collected by filling a typical sampling device and distributing sample to each
of the sampling bottles to be submitted for analysis. The sampling device was filled facing an upstream
directly with canal/lake water. Prior to sample collection, the use of the “triple rinse” technique, a
standard procedure, was used to neutralize the sampling device from one monitoring station to the next.

Sampling bottles were filled with sufficient volume to eliminate air bubbles or as directed by the
laboratory.

Field Measurements
pH and temperature field measurements were collected at each sampling date. The “triple rinse”
technique (using distilled water) was used on the measurement apparatuses between sampling at each
monitoring station to ensure that water from previously sampled sites did not cross-contaminate samples
from subsequent sites.
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Water Quality Monitoring Parameters
Table 5.44 lists the parameters that were analyzed and sampling procedures utilized at the time of
sampling.

Table 5.44 Water Quality Parameters & Sampling Procedure

Parameters Sampling Procedure/Type Details
. Conductivity, Hardness, pH, Total
Physical Tests Grab Suspended Solids
Bacterial Grab Incl. Total Coliforms and E. coli
Chloride, Nitrate, Nitrite, Total
Nutrients Grab Kjeldahl Nitrogen, Total Nitrogen,
Phosphorus
Incl. Salts and Metals (Al, As, B, Ba, Be,
Bi, Ca, Cd, Co, Cr, Fe, Cu, Hg, K, Mg,
Metals Grab Mn, Mo, Na, Ni, P, Pb, SAR, Sb, Se, Sn,
Sr, Ti, U, V and Zn)
Polycyclic Aromatic Hydrocarbons Grab 16 priority PAHs

Petroleum Hydrocarbons Grab Flto F4
BTEX Grab Benzene, Toluene, Ethyl Benzene, and

Xylenes
Organochlorines (DDT & metabolites),
Organochlorine Pesticides and Grab Carbamates (Aldicarb &Carbaryl), and

PCBs organophosphates (Dichlorvos &
Malathion)
Volatile Organic Carbons (VOC's) Grab -
Temperature, pH Field Measurement Thermometer, pH Test Kit

5.13.3 Results, Discussion & Conclusions

The following section summarizes the water quality monitoring results. The exceedances found at each
monitoring station are summarized in Table 5.45 to Table 5.48. Full results for each monitoring station
including parameters not in exceedance can be found in Appendix G.

Water quality results were compared to the following agency where applicable:

e PWQO: Provincial Water Quality Objectives

e CCME: Canadian Council of Ministers of the Environment

e CWAQG: Canadian Water Quality Guidelines

e PWQMN: The Provincial (Stream) Water Quality Monitoring Network

The Provincial Water Quality Objectives are numerical and narrative criteria which serve as chemical and
physical indications representing a satisfactory level for surface waters of the Province. The PWQO are set
at a level of water quality which is protective to all forms of aquatic life and all aspects of aquatic life cycles
during indefinite exposure to the water. These objectives cover a large range of parameters including
physical parameters, nutrients, metals, PAHs, and other chemicals.
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Both the CCME and CWQG provide science-based goals for the quality of aquatic and terrestrial
ecosystems. Standards and guidelines from these sources were used on a select few parameters where
there no PWQO was available.

The Provincial (Stream) Water Quality Monitoring Network measures water quality in rivers and streams
across Ontario monitoring a number of parameters including nutrients and metals. Datasets are available
online for monitoring stations all over Ontario. The closest Provincial Water Quality Monitoring Network
(PWQMN) station to Mohawk Lake lies approximately 6km upstream of the Mohawk Canal outlet (see
Figure 5.138). Some of the exceedances observed at monitoring stations WQ-1 to WQ-4 were of
parameters that are also monitored by the PWQMN. In these instances, the parameter concentrations
were compared to those recorded at the upstream PWQMN station.
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Table 5.45 Exceedances at WQ-1

Sampling Date
Detection Standard/
Parameter Units Limits Guideline (Type) 25-Jun-18 ‘ 18-Jul-18 l 8-Aug-18 ‘ 18-Aug-18 ‘ 25-Sep-18 | 1-Oct-18 | 16-Apr-19 l 1-May-19 l 22-May-19 ‘ 5-Jun-19 ‘ 10-Jun-19 | 18-Jun-19
Physical Tests
Total Suspended Solids mg/L 2 25 (CCME) | 13.8 27.2 23.4 19.7 41.9 16.6 98.4 12.6 38.8 21.7 24.5 14.7
Anions and Nutrients
Nitrate (as N) mg/L 0.02 2.9 (CCME) 0.472 <0.10 0.139 0.204 0.291 0.505 1.36 4.77 1.21 1.42 0.43 0.810
Phosphorus, Total mg/L 0.003 0.02 (PWQO) 0.0477 0.0835 0.0658 0.0607 0.109 0.0965 0.171 0.0532 0.0325 0.0903 0.223 0.0591
Bacteriological Tests
E. Coli CFU/100mL 100 100 (PWQO) 250 117 410 1300 4600 1600 710 150 52 9800 4600 100
Total Coliforms CFU/100mL 100 1000 (PWQO) 960 1500 3100 53000 4800 20000 12000 500 600 73000 410000 90000
Total Metals
Aluminum (Al)-Total mg/L 0.01 0.100 (CWQG) 0.159 0.142 0.154 0.111 0.367 0.148 0.853 0.122 0.208 0.227 0.429 0.105
Cobalt (Co)-Total mg/L 0.0001 0.0009 (PWQO) 0.00016 0.00013 0.00013 0.00012 0.0003 0.00012 <0.0010 0.00011 0.00016 0.00017 0.00028 0.00011
Copper (Cu)-Total mg/L 0.001 0.005 (PWQO) (4) 0.0019 0.0019 0.0019 0.0015 0.0043 0.0021 <0.010 0.0019 0.0016 0.0037 0.0047 0.0013
Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) 0.36 0.463 0.422 0.363 0.746 0.417 1.50 0.252 0.453 0.417 0.683 0.280
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.066 0.0916 0.0761 0.0806 0.0912 0.0478 0.132 0.0515 0.0722 0.0416 0.0556 0.0439
Silver (Ag)-Total mg/L 0.00005 0.0001 (PWQO) <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.00050 | <0.000050 | <0.000050 | <0.000050 | <0.000050 | <0.000050
Zinc (Zn)-Total mg/L 0.003 0.03 (PWQO) 0.0048 0.0044 0.0055 0.0047 0.0117 0.0125 0.039 0.0166 0.0048 0.0150 0.0225 <0.0030
Polycyclic Aromatic Hydrocarbons
Benzo(a)anthracene ug/L 0.02 0.018 (CWQG) <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) <0.010 <0.010 <0.010 0.015 <0.010 0.013 0.018 <0.010 <0.010 <0.010 0.011 <0.010
Benzo(g,h,i)perylene ug/L 0.02 0.00002 (PWQO) (6) <0.020 <0.020 <0.020 0.023 <0.020 <0.020 0.022 <0.020 <0.020 <0.020 <0.020 <0.020
Benzo(k)fluoranthene ug/L 0.01 0.0002 (PWQO) (6) <0.010 <0.010 <0.010 0.014 <0.010 0.01 0.016 <0.010 <0.010 <0.010 0.013 <0.010
Chrysene ug/L 0.01 0.0001 (PWQO) (a) <0.010 <0.010 0.014 0.022 0.012 0.02 0.042 <0.010 <0.010 <0.010 0.029 <0.010
Dibenzo(ah)anthracene ug/L 0.02 0.002 (PWQO) (6) <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Fluoranthene ug/L 0.01 0.04 (CWQG) 0.028 0.029 0.033 0.049 0.028 0.044 0.175 0.023 0.043 0.035 0.075 0.027
Pyrene ug/L 0.02 0.025 (CWQG) <0.020 <0.020 0.023 0.033 0.024 0.036 0.112 <0.020 0.029 0.020 0.046 <0.020
Notes: 1) Interim PWQO at pH>6.5 t0 9.0

Exceedance 2) Interim PWQO at Hardness (as CaCOs) > 75mg/L
3) Interim PWQO at Hardness (as CaCOs) > 100mg/L

(
( PWQQO: Provincial Water Quality Guidelines
(
Dry Weather Event (4) Interim PWQO at Hardness (as CaCOs) > 20mg/L
(
(

CCME: Canadian Council of Ministers of the Environment
CWQG: Canadian Water Quality Guidelines

N/V: Parameter not included in PWQOs

N/R: Data not received due to laboratory error

Possible Exceedance

Wet Weather Event 5) Interim PWQUO at Alkalinity (as CaCOs) > 80mg/L
6) Interim PWQO set for emergency purposes
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WAQ-1 Results and Exceedances
The following sampling parameters were found to be in exceedance of their respective PWQO guidelines
during sampling at WQ-1:

e Total Suspended Solids

e Nitrate

e Total Phosphorus
e E.coli

e Total Coliforms

e Aluminum

e |ron

e Manganese

e Zinc

e Benzo(a)pyrene

e Benzo(g,h,i)perylene
e Benzo(k)fluoranthene
e Chrysene

e Fluoranthene

e Pyrene
Figure 5.138: PWQMN Station upstream of Mohawk Lake

All other parameters tested at this location were either below the PWQO guidelines or had no guideline
or standard to compare the results to.

Total Suspended Solids
TSS exceedances only occurred in 3 of the 12 samples (two during dry events, one during a rain event). In
each case the exceedance was minimal - less than 2 times the CCME guideline.

Nitrate

Nitrate was only found in exceedance during one rain event which occurred during the provisional
monitoring period in April 2019. The exceedance at this event was relatively minimal, approximately 1.5
times the CCME limit.

Total Phosphorus
Exceedances of the PWQO guideline for Total Phosphorus occurred for all 12 sampling events. The lowest
exceedance was observed during one of the dry events sampled while the highest exceedance was
observed during a rain event. All the exceedances were approximately two to five times greater than the
PWQO guideline.

E. coli

Exceedances of the PWQO guideline occurred for 10 of the 12 sampling events. The lowest exceedances
were observed during the dry events while much higher exceedances, some over 10 times the PWQO
guideline, were observed during the rain events.

Total Coliforms

Exceedances of the PWQO guideline occurred for 9 of the 12 sampling events. The lowest exceedance was
only 1.5 times greater than the PWQO guideline and was observed during one of the dry events. The
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highest exceedances were observed during the rain events with the largest exceedance being over 400
times greater than PWQO guideline.

Aluminum

Exceedances of the CWQG guideline occurred for all 12 sampling events. Aluminum exceedances were
relatively low and were fairly consistent for most of the events with the highest concentration occurring
during a rain event (more than 8 times greater than the CWQG guideline).

Iron
Exceedances of the PWQO guideline occurred for 10 of 12 sampling events. Iron exceedances were
relatively low and levels were fairly consistent for most of the events.

Manganese
Exceedances of the CWQG guideline occurred for 8 of 12 sampling events (one rain event was below

CWAQG). Manganese exceedances were relatively low and levels were fairly consistent across most of the
events.

Zinc

Zinc was only found in exceedance during one rain event which occurred during the provisional monitoring
period in April 2019. The exceedance was relatively minimal being less than 1.5 times greater than the
PWQO guideline.

PAHSs

The PWQO for PAHSs are interim values set for emergency purposes. However, the laboratory detection
limit for these chemicals is not low enough to be able to detect concentrations as low as the PWQO
guidelines. Therefore, some of the results received for Benzo(a)anthracene, Benzo(g,h,i)perylene,
Benzo(k)fluoranthene, Chrysene, and Dibenzo(a,h)anthracene are listed as possible exceedances because
the results could potentially be greater than the PWQO guideline.

In several instances across the sample program detectable exceedances in these parameters were
observed at WQ-1:
e One (1) Benzo(a)pyrene exceedance was observed during a rain event which occurred during the
provisional monitoring period which was relatively minimal;
e Two (2) Benzo(g,h,i)perylene exceedances occurred during rain events which were over 1000
times greater than the PWQO guideline;
e Four (4) Benzo(k)fluoranthene exceedances occurred during rain events which were over 50 times
greater than the PWQO guideline;
e Five (5) Chrysene exceedances occurred during rain events which were over 100 times greater
than the PWQO guideline;
e Five (5) Fluoranthene exceedances occurred during both dry and rain events that were relatively
minimal, the greatest exceedance being over 4 times greater than the CWQG guideline; and,
e Five (5) Pyrene exceedances occurred during both dry and rain events that were relatively
minimal, the greatest exceedance being over 4 times greater than the CWQG guideline
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Table 5.46 Exceedances at WQ-2

Sampling Date
Detection Standard/
Parameter Units Limits Guideline (Type) | 25Jun-18 | 18Jul-18 | 8-Aug-18 | 18-Aug18 | 25Sep-18 | 1-Oct-18 | 16-Apr-19 | 1-May-19 | 22-May-19 | 5-un-19 | 10Jun-19 | 18-Jun-19
Anions and Nutrients
Phosphorus, Total | mer | o003 | oo2(pwao) | 00419 | 00701 | 00ss6 | o066 | 00723 | o0oso1 | 00513 | 00317 | o051 | 00208 | 00713 | o0.0320
Bacteriological Tests
E. Coli CFU/100mL 100 100 (PWQO) 560 7 87 970 100 520 100 350 38 330 140 40
Total Coliforms CFU/100mL 100 1000 (PWQO) 3200 130 3600 48000 5500 19000 2200 3800 3000 18000 12000 110000
Total Metals
Aluminum (Al)-Total mg/L 0.01 0.100 (CWQG) 0.112 0.098 0.052 0.09 0.102 0.134 0.175 0.067 0.103 0.084 0.079 0.073
Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) 0.368 0.42 0.243 0.363 0.353 0.444 0.34 0.220 0.325 0.214 0.192 0.232
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.0703 0.122 0.0593 0.0784 0.0486 0.0466 0.0726 0.0585 0.0592 0.0448 0.0329 0.0457
Polycyclic Aromatic Hydrocarbons
Benzo(a)anthracene ug/L 0.02 0.018 (CWQG) <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) 0.01 <0.010 <0.010 <0.010 0.011 0.018 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Benzo(g,h,i)perylene ug/L 0.02 0.00002 (PWQO) (6) | <0.020 <0.020 <0.020 <0.020 <0.020 0.024 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Benzo(k)fluoranthene ug/L 0.01 0.0002 (PWQO) (6) <0.010 <0.010 <0.010 <0.010 0.01 0.014 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Chrysene ug/L 0.01 0.0001 (PWQO) (a) 0.014 0.013 <0.010 0.013 0.018 0.024 <0.025 0.013 0.011 <0.010 0.010 <0.010
Dibenzo(ah)anthracene ug/L 0.02 0.002 (PWQO) (6) <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Fluoranthene ug/L 0.01 0.04 (CWQG) 0.051 0.031 0.022 0.041 0.055 0.059 0.076 0.047 0.055 0.036 0.042 0.032
Pyrene ug/L 0.02 0.025 (CWQG) 0.028 0.02 <0.020 0.024 0.044 0.049 0.047 0.030 0.034 0.021 <0.020 <0.020
Notes:
Exceedance (1) Interim PWQO at pH>6.5 t0 9.0 PWQO: Provincial Water Quality Guidelines
Possible Exceedance (2) Interim PWQO at Hardness (as CaCOs) > 75mg/L CCME: Canadian Council of Ministers of the Environment
Dry Weather Event (3) Interim PWQO at Hardness (as CaCOs) > 100mg/L CWQG: Canadian Water Quality Guidelines
Wet Weather Event (4) Interim PWQO at Hardness (as CaCO3) > 20mg/L N/V: Parameter not included in PWQOs
(5) Interim PWQO at Alkalinity (as CaCO3) > 80mg/L N/R: Data not received due to laboratory error

(6) Interim PWQO set for emergency purposes
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WQ-2 Results and Exceedances
The following sampling parameters were found to be in exceedance of their respective PWQO guidelines
during sampling at WQ-2:
e Total Phosphorus
e E. coli
e Total Coliforms
e Aluminum
Iron
Manganese
Benzo(a)pyrene
e Benzo(g,h,i)perylene
e Benzo(k)fluoranthene
e Chrysene
e Fluoranthene
e Pyrene

All other parameters that were tested at this location were either below the PWQO guidelines or had no
guideline or standard to compare the results to.

Total Phosphorus

Exceedances of the PWQO guideline in this parameter occurred for all 12 sampling events. The lowest
exceedance was observed during a dry event while the highest exceedance was observed during a rain
event. The exceedances seen across all events were approximately 1.5 to 4 times greater than the PWQO
guideline.

E. coli
Exceedances of the PWQO guideline occurred for 6 of the 12 sampling events (one dry event and two rain
events). The exceedances were approximately 1.5 to 10 times greater than the PWQO guideline.

Total Coliforms

Exceedances of the PWQO guideline occurred for 11 of the 12 sampling events (one dry event result was
below PWQO). The lowest exceedance was approximately 2 times greater than the PWQO guideline and
was observed during one of the rain events. The highest exceedances were seen during the rain events
with the largest exceedance being more than 100 times greater than PWQO guideline.

Aluminum

Exceedances of the CWQG guideline occurred for 5 of 12 sampling events. Aluminum exceedances were
relatively low and were fairly consistent across most of the events (less than 2 times greater than the
CWAQG guideline).

Iron

Exceedances of the PWQO guideline occurred for 7 of the 12 sampling events. Iron exceedances were
relatively low (less than 1.5 times greater than the PWQO guideline) and levels were fairly consistent
across the events.
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Manganese
Exceedances of the CWQG guideline occurred for 7 of 12 sampling events. Manganese exceedances were

relatively low and levels were fairly consistent across most of the events.

PAHs

The PWQO for PAHSs are interim values set for emergency purposes. However, the laboratory detection
limit for these chemicals is not low enough to be able to detect concentrations as low as the PWQO
guidelines. Therefore, some of the results received for Benzo(a)anthracene, Benzo(g,h,i)perylene,
Benzo(k)fluoranthene, Chrysene, and Dibenzo(a,h)anthracene are listed as possible exceedances because
the results could potentially be greater than the PWQO guideline.

In several instances across the sample program detectable exceedances in these parameters were
observed at WQ-2:

Benzo(a)pyrene exceedance occurred during one of the rain events which was very minimal;
Benzo(g,h,i)perylene exceedance occurred during one of the rain events which was over 1000
times greater than the PWQO guideline;

Two (2) Benzo(k)fluoranthene exceedances occurred during rain events which were over 50 times
greater than the PWQO guideline;

Eight (8) Chrysene exceedances occurred during dry and rain events which were over 100 times
greater than the PWQO guideline;

Eight (8) Fluoranthene exceedances occurred during both dry and rain events, most of which were
relatively minimal (less than 1.5 times the guideline); and,

Six (6) Pyrene exceedances occurred during both dry and rain events, most of which were
relativity minimal (less than 1.5 times the guideline).
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Table 5.47 Exceedances at WQ-3

Sampling Date

Detection Standard/ Guideline

Parameter Units Limits (Type) 25-Jun-18 \ 18-Jul-18 \ 8-Aug-18 \ 18-Aug-18 \ 25-Sep-18 | 1-Oct-18 | 16-Apr-19 | 1-May-19 \ 22-May-19 \ 5-Jun-19 \ 10-Jun-19 \ 18-Jun-19
Physical Tests (Water)
Total Suspended Solids | meL 2 | 25 (CCME) | 147 243 | 162 | 155 | 266 | 139 16.0 508 | 133 | 193 | 181 | 850
Anions and Nutrients (Water)
Nitrate (as N) mg/L 0.02 2.9 (CCME) 0.707 0.98 1.09 0.448 1.79 1.2 1.06 0.471 3.34 3.26 3.01 3.19
Phosphorus, Total mg/L 0.003 0.02 (PWQO) 0.0814 0.0859 0.0765 0.0772 0.135 0.0704 0.0718 0.0695 0.0449 0.0641 0.0589 0.164
Bacteriological Tests (Water)
E. Coli CFU/100mL 100 100 (PWQO) 970 96 1090 44000 43000 13000 570 750 1600 11100 6900 700
Total Coliforms CFU/100mL 100 1000 (PWQO) 10300 1030 96000 119000 >200000 160000 5400 18000 21000 102000 90000 40000
Total Metals (Water)
Aluminum (Al)-Total mg/L 0.01 0.100 (CWQG) 0.192 0.162 0.301 0.239 0.676 0.499 0.275 0.709 0.145 0.160 0.219 0.310
Copper (Cu)-Total mg/L 0.001 0.005 (PWQO) (4) 0.0051 0.0033 0.0045 0.0046 0.0067 0.0054 0.0041 0.0060 0.0025 0.0036 0.0044 0.0051
Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) 0.717 0.799 0.654 0.533 1.4 0.816 0.535 1.05 0.734 0.632 0.754 1.38
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.0879 0.0975 0.102 0.0605 0.0889 0.0476 0.0577 0.0603 0.0956 0.0968 0.116 0.181
Zinc (Zn)-Total mg/L 0.003 0.03 (PWQO) 0.0097 0.0119 0.0165 0.0144 0.025 0.0224 0.0199 0.0317 0.0087 0.0127 0.0119 0.0237
Hydrocarbons
F3 (C16-C34) ug/L 250 N/V <250 <250 N/R N/R <250 <250 <250 <250 <250 <250 <250 310
F3-PAH ug/L 250 N/V N/R N/R N/R N/R <250 <250 <250 <250 <250 <250 <250 310
Total Hydrocarbons (C6-C50) ug/L 370 N/V <370 <370 N/R N/R <370 <370 <370 <370 <370 <250 <250 310
Polycyclic Aromatic Hydrocarbons
Benzo(a)anthracene ug/L 0.02 0.018 (CWQG) <0.020 0.021 <0.020 0.025 <0.020 0.023 0.024 <0.030 <0.020 <0.020 <0.020 0.024
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) 0.01 0.02 0.016 0.031 <0.010 0.022 0.024 0.028 0.013 <0.010 0.011 0.015
Benzo(g,h,i)perylene ug/L 0.02 0.00002 (PWQO) (6) <0.020 0.024 0.023 0.042 <0.020 0.028 0.029 0.035 <0.020 <0.020 <0.020 <0.020
Benzo(k)fluoranthene ug/L 0.01 0.0002 (PWQO) (6) <0.010 0.015 0.015 0.025 <0.010 0.018 0.019 0.026 0.011 <0.010 0.010 0.016
Chrysene ug/L 0.01 0.0001 (PWQO) (a) 0.024 0.047 0.05 0.057 0.034 0.053 0.047 0.056 0.026 0.026 0.030 0.068
Dibenzo(ah)anthracene ug/L 0.02 0.002 (PWQO) (6) <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Fluoranthene ug/L 0.01 0.04 (CWQG) 0.088 0.14 0.142 0.17 0.1 0.108 0.158 0.183 0.113 0.119 0.115 0.213
Pyrene ug/L 0.02 0.025 (CWQG) 0.045 0.088 0.091 0.11 0.07 0.084 0.104 0.131 0.081 0.076 0.069 0.148
Notes:
Exceedance (1) Interim PWQO at pH>6.5 t0 9.0 PWQO: Provincial Water Quality Guidelines

Possible Exceedance
Dry Weather Event
Wet Weather Event

(2) Interim PWQQO at Hardness (as CaCOs) > 75mg/L

(3) Interim PWQO at Hardness (as CaCO3) > 100mg/L

(4) Interim PWQQO at Hardness (as CaCOs) > 20mg/L
(5) Interim PWQO at Alkalinity (as CaCO3) > 80mg/L
(6) Interim PWQO set for emergency purposes

CCME: Canadian Council of Ministers of the Environment
CWQG: Canadian Water Quality Guidelines

N/V: Parameter not included in PWQOs

N/R: Data not received due to laboratory error
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WAQ-3 Results and Exceedances
The following sampling parameters were found to be in exceedance of their respective PWQO guidelines
during sampling at WQ-3:

e Total Suspended Solids

e Nitrate

e Total Phosphorus
e E.coli

e Total Coliforms

e Aluminum

e Copper

e Iron

e Manganese

e Zinc

e Benzo(a)anthracene
e Benzo(a)pyrene

e Benzo(g,h,i)perylene
e Benzo(k)fluoranthene
e Chrysene

e Fluoranthene

e Pyrene

All other parameters that were tested at this location were either below the PWQO guidelines or had no
guideline or standard to compare the results to.

Total Suspended Solids

Exceedances in this parameter occurred during 3 of 12 sampling events (all during rain events). The lowest
exceedance was relatively minimal, being only slightly higher than the guideline, while the highest
exceedance was more than 3 times greater than the guideline.

Nitrate

Exceedances of the CCME guideline occurred during 4 of the 12 samplings events (2 rain, 2 dry), all of
which occurred during the provisional monitoring period. The Nitrate exceedances were all relatively low
and consistent across the 4 events.

Total Phosphorus

Exceedances of the CWQG guideline in this parameter occurred for all 12 sampling events. The
exceedances were fairly consistent across the events (approximately 4 to 8 times greater than the CWQG
guideline).

E. coli

Exceedances of the PWQO guideline occurred for 11 of the 12 sampling events (one dry event was below
PWQO). The lowest exceedances were observed during the dry events while much higher exceedances,
some over 400 times the PWQO guideline, were observed during the rain events.
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Total Coliforms

Exceedances of the PWQO guideline occurred for all 12 sampling events. The lowest exceedance was very
minimal and was observed during one of the dry events. The highest exceedances were seen during the
rain events with the largest exceedance being over 200 times greater than PWQO guideline.

Aluminum
Exceedances of the PWQO guideline occurred for all 12 sampling events. Aluminum exceedances were
more variable ranging from 1.5 to 7 times greater than the PWQO guideline.

Copper
Exceedances of the PWQO guideline occurred for 5 of the 12 sampling events (one dry event, two rain

events). All the exceedances were relatively minimal, less than 1.5 times greater than the PWQO
guideline.

Iron
Exceedances of the PWQO guideline occurred for all 12 sampling events. Iron exceedances were fairly
consistent across most of the events (approximately 2 to 4 times greater than PWQO guidelines).

Manganese
Exceedances of the CWQG guideline occurred for 11 of 12 sampling events (1 rain event was below

CWQG). Manganese exceedances were relatively consistent across most of the events, approximately 2-
5 times greater than the guideline.

Zinc
One zinc exceedance occurred during a rain event carried out during the provisional monitoring period.
The exceedance was relatively minor, being only 0.0017 mg/L greater than the PWQO guideline.

Hydrocarbons
WQ-3 was the only sampling site to have observable values of select hydrocarbons. Although there is no

guideline for this parameter, it should be noted that all other observations for hydrocarbons across all
sampling sites were below the detection limits.

PAHs

The PWQO for PAHSs are interim values set for emergency purposes. However, the laboratory detection
limit for these chemicals is not low enough to be able to detect concentrations as low as the PWQO
guidelines. Therefore, some of the results received for Benzo(a)anthracene, Benzo(g,h,i)perylene,
Benzo(k)fluoranthene, and Dibenzo(a,h)anthracene are listed as possible exceedances because the results
could potentially be greater than the PWQO guideline.

In several instances across the sample program detectable exceedances in these parameters were
observed at WQ-3:
e Five (5) Benzo(a)anthracene exceedances occurred during both dry and rain events which were
all relatively minimal;
e Six (6) Benzo(a)pyrene exceedances occurred during both dry and rain events which were all
relatively minimal;
e Six (6) Benzo(g,h,i)perylene exceedances occurred during both dry and rain events which were
over 1000 times greater than the PWQO guideline;

268



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2018

e Nine (9) Benzo(k)fluoranthene exceedances occurred during both dry and rain events which were
over 75 times greater than the PWQO guideline;

e Chrysene exceedances occurred across all twelve (12) events and ranged from 200-680 times
greater than the PWQO guideline;

e Fluoranthene exceedances occurred across all twelve (12) events which were all over 100 times
greater than the PWQO guidelines; and,

e Pyrene exceedances occurred across all twelve (12) events and ranged from 2 to 6 times greater
than the CWQG guideline
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Table 5.48 Exceedances at WQ-4

Sampling Date
Detection Standard/ Guideline

Parameter Units Limits (Type) 25-Jun-18 | 18Jul-18 | 8-Aug-18 | 18-Aug18 | 25-Sep-18 | 1-Oct-18 | 16-Apr-19 | 1-May-19 | 22-May-19 | 5Jun-19 | 10-Jun-19 | 18-Jun-19

Physical Tests (Water)

Total Suspended Solids | mg/L ‘ 2 ‘ 25 (CCME) | 23.4 ‘ 23.8 ‘ 14.6 ‘ 22.1 ‘ 24.8 ‘ 48.1 | 24.8 ‘ 28.3 ‘ 349 | 54.0 ‘ 56.4 | 420
Anions and Nutrients (Water)
Nitrate (as N) mg/L 0.02 2.9 (CCME) 3.23 3.29 0.829 1.07 0.591 0.585 1.75 0.665 3.28 0.81 2.24 2.60
Phosphorus, Total mg/L 0.003 0.02 (PWQO) 0.0659 0.0295 0.079 0.0882 0.133 0.101 0.0592 0.0785 0.0527 0.168 0.171 0.376
Cyanides (Water)
Cyanide, Free ‘ mg/L ‘ 0.002 0.005 (PWQO) | <0.0020 <0.0020 0.0037 <0.0020 <0.0020 <0.0020 0.0059 0.0029 0.0042 <0.0020 <0.0020 <0.0020
Bacteriological Tests (Water)
E. Coli CFU/100mL 100 100 (PWQO) 1060 141 1170 12700 19000 16000 60 300 70 17300 44000 130
Total Coliforms CFU/100mL 100 1000 (PWQO) 12100 5400 56000 86000 >200000 150000 2100 17000 6000 >200000 3900000 40000
Total Metals (Water)
Aluminum (Al)-Total mg/L 0.01 0.100 (CWQG) 0.11 0.046 0.245 0.249 0.367 0.588 0.275 0.414 1.90 0.696 0.732 0.517
Cobalt (Co)-Total mg/L 0.0001 0.0009 (PWQO) 0.00022 0.00013 0.0002 0.00023 0.00029 0.0004 0.00024 0.00026 0.00124 0.00050 0.00056 0.00049
Copper (Cu)-Total mg/L 0.001 0.005 (PWQO) (4) 0.0038 0.0024 0.0065 0.0067 0.0104 0.0108 0.0055 0.0068 0.0356 0.0128 0.0123 0.0109
Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) 0.764 0.275 0.712 0.782 1.23 1.2 0.688 0.870 5.27 1.51 1.70 1.90
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.116 0.0369 0.067 0.095 0.0803 0.0567 0.0486 0.0505 0.174 0.0933 0.132 0.122
Zinc (Zn)-Total mg/L 0.003 0.03 (PWQO) 0.011 0.0062 0.0201 0.0227 0.0362 0.047 0.0269 0.0344 0.181 0.0588 0.0574 0.0551
Polycyclic Aromatic Hydrocarbons
Anthracene ug/L 0.01 0.012 (CWQQG) <0.010 <0.010 0.015 0.011 0.014 0.017 <0.010 0.013 <0.010 0.019 0.029 0.013
Benzo(a)anthracene ug/L 0.02 0.018 (CWQG) <0.020 <0.020 0.032 0.053 0.042 0.124 <0.020 <0.070 <0.020 0.063 0.063 0.029
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) 0.023 <0.010 0.038 0.06 0.039 0.134 0.016 0.066 0.015 0.069 0.060 0.018
Benzo(b)fluoranthene ug/L 0.02 N/V 0.058 0.022 0.097 0.136 0.12 0.243 0.038 0.175 0.035 0.175 0.177 0.051
Benzo(g,h,i)perylene ug/L 0.02 0.00002 (PWQO) (6) 0.028 <0.020 0.049 0.071 0.05 0.145 <0.020 0.099 <0.020 0.104 0.070 <0.020
Benzo(k)fluoranthene ug/L 0.01 0.0002 (PWQO) (6) 0.019 <0.010 0.032 0.039 0.036 0.104 0.013 0.054 0.013 0.059 0.050 0.017
Chrysene ug/L 0.01 0.0001 (PWQQO) (a) 0.043 0.019 0.084 0.106 0.094 0.273 0.041 0.154 0.035 0.148 0.150 0.071
Dibenzo(ah)anthracene ug/L 0.02 0.002 (PWQO) (6) <0.020 <0.020 <0.020 <0.020 <0.020 0.023 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Fluoranthene ug/L 0.01 0.04 (CWQG) 0.182 0.074 0.251 0.301 0.264 0.496 0.200 0.399 0.138 0.473 0.503 0.352
Phenanthrene ug/L 0.02 0.4 (CWQG) 0.112 0.04 0.156 0.174 0.133 0.197 0.098 0.159 0.050 0.251 0.221 0.188
Pyrene ug/L 0.02 0.025 (CWQG) 0.101 0.042 0.164 0.206 0.176 0.383 0.122 0.267 0.092 0.312 0.341 0.223
Notes:
Exceedance (1) Interim PWQO at pH>6.5t0 9.0 PWQO: Provincial Water Quality Guidelines
Possible Exceedance (2) Interim PWQQO at Hardness (as CaCOs) > 75mg/L CCME: Canadian Council of Ministers of the Environment
Dry Weather Event (3) Interim PWQO at Hardness (as CaCOs) > 100mg/L CWQG: Canadian Water Quality Guidelines
Wet Weather Event (4) Interim PWQQO at Hardness (as CaCOs) > 20mg/L N/V: Parameter not included in PWQOs

(5) Interim PWQO at Alkalinity (as CaCOs) > 80mg/L N/R: Data not received due to laboratory error

(6) Interim PWQO set for emergency purposes
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WQ-4 Results and Exceedances
The following sampling parameters were found to be in exceedance of their respective PWQO guidelines
during sampling at WQ-4:

e Total Suspended Solids

e Nitrate

e Total Phosphorus
e E.coli

e Total Coliforms
e Cyanide

e Aluminum

e (Cobalt

e Copper

e Iron

e Manganese

e Zinc

e Anthracene

e Benzo(a)anthracene
e Benzo(g,h,i)perylene
e Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Phenanthrene

All other parameters that were tested at this location were either below the PWQO guidelines or had no
guideline or standard to compare the results to.

Total Suspended Solids

Exceedances in this parameter occurred during 6 of the 12 sampling events (during both dry and rain
events). The lowest exceedance was very minimal while the highest exceedance was more than 16 times
greater than the CCME guideline.

Nitrate
Exceedances in this parameter only occurred during 3 of the 12 sampling events (during both dry events).
The exceedances were relatively minimal, less than 0.5 mg/L greater than the CCME guideline.

Total Phosphorus

Exceedances of the PWQO guideline in this parameter occurred for all 12 sampling events. The
exceedances were fairly consistent across the events (approximately 4 to 8 times greater than the PWQO
guideline).

Cyanide

Only one exceedance occurred for this parameter during one of the rain events which occurred during the
provisional monitoring period. The exceedance was very minimal being on 0.009 mg/L greater than the
PWQO guideline.

271



MOHAWK LAKE CHARACTERIZATION STUDY
OCTOBER 2018

E. coli

Exceedances of the PWQO guideline occurred for all 10 of 12 sampling events. The lowest exceedances
were observed during the dry events while much higher exceedances, some over 150 times the PWQO
guideline, were observed during the rain events.

Total Coliforms

Exceedances of the PWQO guideline occurred for all 12 sampling events. The lowest exceedance was
observed during one of the dry events. The highest exceedances were seen during the rain events with
the largest exceedance being over 3000 times greater than PWQO guideline.

Aluminum

Exceedances of the PWQO guideline occurred for 11 of 12 sampling events. Aluminum exceedances were
more variable ranging which the smallest being very minimal (less the 1.5 times greater) and the largest
being 19 times greater than the PWQO guideline.

Cobalt

Only one exceedance occurred for this parameter during one of the dry events of the provisional
monitoring period. The exceedance was very minimal being less than 1.5 times greater than the PWQO
guideline.

Copper
Exceedances of the PWQO guideline occurred for 10 of the 12 sampling events (four rain events) and were

fairly consistent across all of the rain events.

Iron

Exceedances of the PWQO guideline occurred for all 11 of the 12 sampling events (one dry event was
below PWQO). Iron exceedances were fairly consistent across most of the events (approximately 2 to 6
times greater than PWQO guidelines), but the highest exceedance was more than 17 times greater than
the guideline.

Manganese
Exceedances of the CWQG guideline occurred for 10 of 12 sampling events (1 rain event and 1 dry event

were below CWQG). Manganese exceedances were relatively consistent across most of the events,
approximately 2-4 times greater than the guideline.

Zinc

Exceedances of the PWQO guideline occurred for 7 of 12 sampling events (during 2 rain events). Zinc
exceedances were relatively low and concentrations were fairly consistent, with the exception of the
greatest exceedance which was 6 times greater than the guideline.

PAHs

The PWQO for PAHSs are interim values set for emergency purposes. However, the laboratory detection
limit for these chemicals is not low enough to be able to detect concentrations as low as the PWQO
guidelines. Therefore, some of the results received for Benzo(a)anthracene, Benzo(g,h,i)perylene,
Benzo(k)fluoranthene, and Dibenzo(a,h)anthracene are listed as possible exceedances because the results
could potentially be greater than the PWQO guideline.

In several instances across the sample program detectable exceedances in these parameters was
observed at WQ-4:
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Seven (7) Anthracene exceedances occurred during rain events, mostly of which were relatively
minimal;

Seven (7) Benzo(a)anthracene exceedances occurred during both dry and rain events which were
2-6 times greater than the CWQG guideline;

Eleven (11) Benzo(a)pyrene exceedances occurred during both dry and rain events which were
1.5-9 times greater than the CWQG guideline;

Eight (8) Benzo(g,h,i)perylene exceedances occurred during both dry and rain events which were
over 1000 times greater than the PWQO guideline;

Nine (9) Benzo(k)fluoranthene exceedances occurred during both dry and rain events which were
over 100 times greater than the PWQO guideline;

Chrysene exceedances occurred across all twelve (12) events and ranged from 190 to over 2000
times greater than the PWQO guideline;

One (1) Dibenzo(a,h)anthracene exceedance occurred during a rain event that was over 10 times
greater than the PWQO guideline;

Fluoranthene exceedances occurred across all twelve (12) events which were 2-12 times greater
than the CWQG guideline; and,

Pyrene exceedances occurred across all twelve (12) events which were 4-15 times greater than
the CWQG guideline

Pesticide and PCB Results

Water quality samples for WQ-1 to WQ-4 were tested for pesticides on September 25, 2018. The
following sampling parameters were found to be in possible exceedance of their respective PWQO
guidelines for WQ-1 to WQ-4:

Total PCBs

Aldrin
Gamme-hexachlorocyclohexane
Chlordane

Total DDD

Total DDT

Dieldrin

Endosulfan

Endrin

Heptachlor
Heptachlor Epoxide
Hexachlorobenzene
Hexachlorobutadiene
Methoxychlor

For the parameters above, the detection limit is not low enough to be able to detect concentrations as
low as the PWQO guidelines for each respective chemical. Therefore, some of the results were flagged as
possible exceedances if the concentration could have potentially exceeded the guidelines. However, for
all pesticides and PCB sampled none exceeded the laboratory detection limits.
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Table 5.49 Pesticide and PCB Results

Sample Date: September 25, 2018

Parameter Units Detection Limits Standard/ Guideline (Type) waQ-1 waQ-2 waQ-3 waQ-4
Polychlorinated Biphenyls (Water)
Aroclor 1242 ug/L 0.02 N/V <0.020 <0.020 <0.020 <0.020
Aroclor 1248 ug/L 0.02 N/V <0.020 <0.020 <0.020 <0.020
Aroclor 1254 ug/L 0.02 N/V <0.020 <0.020 <0.020 <0.020
Aroclor 1260 ug/L 0.02 N/V <0.020 <0.020 <0.020 <0.020
Total PCBs ug/L 0.04 0.001 (PWQO) <0.040 <0.040 <0.040 <0.040
2-fluorobiphenyl % - N/V 83.4 77.6 76.4 90.1
Organochlorine Pesticides (Water)
Aldrin ug/L 0.01 0.001 (PWQO) <0.010 <0.010 <0.010 <0.010
gamma-hexachlorocyclohexane ug/L 0.01 0.01 (PWQO) <0.010 <0.010 <0.010 <0.010
a-chlordane ug/L 0.04 N/V <0.040 <0.040 <0.040 <0.040
Chlordane (Total) ug/L 0.057 0.006 (PWQO) <0.057 <0.057 <0.057 <0.057
g-chlordane ug/L 0.04 N/V <0.040 <0.040 <0.040 <0.040
o,p-DDD ug/L 0.03 N/V <0.030 <0.030 <0.060 <0.075
pp-DDD ug/L 0.03 N/V <0.030 <0.030 <0.060 <0.075
Total DDD ug/L 0.042 0.003 (PWQO) <0.042 <0.042 <0.085 <0.11
o,p-DDE ug/L 0.008 N/V <0.016 <0.016 <0.0080 <0.0080
pp-DDE ug/L 0.008 N/V <0.016 <0.016 <0.0080 <0.0080
Total DDE ug/L 0.011 0.003 (PWQO) <0.023 <0.023 <0.011 <0.011
op-DDT ug/L 0.03 N/V <0.030 <0.030 <0.060 <0.075
pp-DDT ug/L 0.03 N/V <0.030 <0.030 <0.060 <0.075
Total DDT ug/L 0.042 0.003 (PWQO) <0.042 <0.042 <0.085 <0.11
Dieldrin ug/L 0.05 0.001 (PWQO) <0.050 <0.050 <0.10 <0.13
Endosulfan | ug/L 0.03 N/V <0.030 <0.030 <0.030 <0.030
Endosulfan Il ug/L 0.03 N/V <0.030 <0.030 <0.060 <0.075
Endosulfan (Total) ug/L 0.042 0.003 (PWQO) <0.042 <0.042 <0.067 <0.081
Endrin ug/L 0.04 0.002 (PWQO) <0.040 <0.040 <0.080 <0.10
Heptachlor ug/L 0.01 0.001 (PWQO) <0.010 <0.010 <0.010 <0.010
Heptachlor Epoxide ug/L 0.01 0.001 (PWQO) <0.010 <0.010 <0.010 <0.010
Hexachlorobenzene ug/L 0.01 0.0065 (PWQO) <0.010 <0.010 <0.010 <0.010
Hexachlorobutadiene ug/L 0.01 0.009 (PWQO) <0.010 <0.010 <0.010 <0.010
Hexachloroethane ug/L 0.01 1.0 (PWQO <0.010 <0.010 <0.010 <0.010
Methoxychlor ug/L 0.05 0.04 (PWQO) <0.050 <0.050 <0.10 <0.13
2-Fluorobiphenyl % - N/V 65.2 64.8 57.5 56.1
d14-Terphenyl % - N/V 73.9 61.1 44 42.7

Notes:

Exceedance

Possible Exceedance

PWQO: Provincial Water Quality Guidelines
N/V: Parameter not included in PWQOs
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Discussion

While the concentrations varied, parameter exceedances were common at all four (4) monitoring stations.
WQ-1, which was located in the East Canal, and WQ-2, which was located in the lake, generally had lower
concentrations of the exceeded parameters which may likely be attributed to the dilution effect of
Mohawk Lake. In contrast, WQ-3 and WQ-4, located in the West Canal, had higher concentrations of the
exceedance parameters compared to WQ-1 and WQ-2. This is not surprising as 92% of the inflow from
the storm sewer outlets located throughout the Mohawk Lake watershed enters the Mohawk Lake and
Canal system via the West Canal. During the pollution monitoring program, select outfalls that emptied
directly into the Lake and Canals were sampled during rounds 1 and 2 (see Figure 5.130, Figure 5.132).
Table 5.50 provides the average concentrations from specific outfalls (Round 1: PSM1-7, Round 2: PSM4-
6) sampled during pollution monitoring program for select parameters that were commonly exceeded
during at the water quality stations. The samples from the outfalls in the West Canal typically displayed
higher concentrations that those in the Lake and East Canal, which is likely why WQ-3 and WQ-4 also
experience higher concentrations.

Table 5.50: Average Concentrations from Pollution Monitoring Outfalls

Parameters Units DT_tif:ittI:n Guifjt;?::::\{pe) (‘gi;tl Lake East Canal
Physical Tests (Water)
Total Suspended Solids | mg/L | 2 | 25 (CCME) | 11.90 95 3.167
Anions and Nutrients (Water)
Nitrate (as N) mg/L 0.02 2.9 (CCME) 2.17 2.735 2.0485
Phosphorus, Total mg/L 0.003 0.03 (PWQO) 0.07 0.07335 0.0739
Bacteriological Tests (Water)
E. Coli CFU/100mL 10 100 (PWQO) 4678 664 664.5
Total Coliforms CFU/100mL 10 1000 (PWQO) 48473 7950 34875
Total Metals (Water)

Aluminum (Al)-Total mg/L 0.01 0.100 (CWQG) 0.25 0.0805 0.0973
Cobalt (Co)-Total mg/L 0.0001 0.0009 (PWQO) 0.00025 0.00013 <0.00010
Copper (Cu)-Total mg/L 0.001 0.005 (PWQO) 0.01 0.0026 0.0036

Iron (Fe)-Total mg/L 0.05 0.3 (PWQO) 0.51 0.7435 0.1623
Manganese (Mn)-Total mg/L 0.0005 0.05 (CWQG) 0.06 0.0268 0.0119
Zinc (Zn)-Total mg/L 0.003 0.03 (PWQO) 0.02 0.0137 0.0123
Polycyclic Aromatic Hydrocarbons (Water)
Anthracene ug/L 0.01 0.012 (CWQQG) 0.07 <0.01 <0.01
Benzo(a)anthracene ug/L 0.02 0.018 (CWQQG) 0.05 <0.02 <0.020
Benzo(a)pyrene ug/L 0.01 0.015 (CWQG) 0.03 <0.01 0.0125
Benzo(g,h,i)perylene ug/L 0.02 0.00002 (PWQO) 0.04 <0.02 0.025
Benzo(k)fluoranthene ug/L 0.01 0.0002 (PWQO) 0.02 <0.01 0.013
Chrysene ug/L 0.01 0.0001 (PWQO) 0.06 <0.01 0.0375
Dibenzo(ah)anthracene ug/L 0.02 0.002 (PWQO) <0.020 <0.02 <0.020
Fluoranthene ug/L 0.01 0.04 (CWQQG) 0.14 0.022 0.0605

Phenanthrene ug/L 0.02 0.4 (CWQG) 0.13 <0.02 0.04
Pyrene ug/L 0.02 0.025 (CWQG) 0.10 <0.02 0.059
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During the completion of the water quality monitoring program, observable indications of poor water
quality, especially from an aesthetic perspective, was the great deal of trash and debris observed in the
West Canal. Items such as grocery carts, metal garbage bins and barrels, computer monitors (See Figure
5.139) were seen through the Canal and the deterioration of these materials could also be a contributing
factor to the poorer water quality observed in the West Canal.

Figure 5.139: Garbage observed within the West Canal

The water quality of Mohawk Lake was also compared to that of the Grand River. Select parameters that
are monitored in the Grand River by the PWQMN station upstream of Mohawk Lake (see Figure 5.138)
were evaluated against the concentrations observed in Mohawk Lake during the water quality monitoring
program (Table 5.51).

Table 5.51: Comparison of Select Parameters in Mohawk Lake and the Grand River

parametey | Guideline P:’;’&"é')'“ wa-1 wQ-2 wa-3 WQ-4
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
(mg/L)
0.3 0.0477 - 0.0251 - 0.0589 - 0.0295 -
Phosphorus | o\vd0) 0.022 0.171 0.0723 0.164 0.376
. 2.9
. <0. -4, . -1. . -23. . -J.
Nitrate come) 2.961 0.10-4.77 | 0.196-1.63 | 0.471-3.34 | 0.585-3.29
. 0.100 0.111- 0.052 - 0.145 -
Aluminum CWQG) 0.059 o oioe it 0.046-1.9
Conoer 0.005 0.00 0.00011- | 0.0014- 0.0025 - 0.0024 -
PP (PWQO) ' 0.0003 0.0026 0.0067 0.0356
0.3 0.192 -
Iron (PWQO) 0.103 0.252 - 1.50 " 0.533-1.4 | 0.275-5.27
Maneanese 0.05 0015 0.0439 - 0.0329 - 0.0476 - 0.0369 -
g (CWQG) ' 0.132 0.122 0.181 0.174
. 0.03 0017 <0.003 - 0.0035 - 0.0087 - 0.0062 -
(PWQO) ' 0.039 0.0067 0.0317 0.181
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The concentration of parameters observed at the PWQMN station upstream of Mohawk Lake either met
or slightly exceeded the respective guidelines whereas Mohawk Lake results for similar parameters mostly
exceeded the guideline. These results are expected as the water quality at Mohawk Lake closer resembles
that of a Stormwater Pond, rather than a large, quickly moving natural system such as the Grand River,
due to the fact that the majority of inputs come from urban runoff. While the water quality at Mohawk
Lake exceeded numerous PWQO/CCME/CWQG guidelines, the results that were observed throughout the
monitoring period are similar to those seen in other urban systems. It should also be noted that although
PAHs exceed PWQO guidelines, the PWQO guidelines for PAHs were developed and set in 1994 for
emergency purposes so discretion is advised when applying them. PAHs are almost always detectable in
urban watercourses due to the wide range of sources, such as hydrocarbon combustion by vehicles and
runoff from paved surfaces. Other environmental agencies, such as the United States Environmental
Protection Agency (USEPA), no longer have recommended freshwater guidelines for PAHs (other than for
drinking water) since the primary pathway for aquatic effects attributable to PAHs is via sediment, and
the principal human health related exposure pathway in urban environments tends to be through the air.

As outlined in Section 5.11.3, based on the sediment samples collected, the sediment in the Mohawk Lake
and Canal system exceeded the ‘Lowest Effect’ guideline for multiple PAHs, but all individual samples for
PAHs show concentrations several orders of magnitude less that the ‘Severe Effect’ guideline levels.
Although water is not considered a key pathway for aquatic impacts attributable to PAHs, PAHs contained
in the water column can become incorporated into the bottom sediments and impact organisms in
contact with the bed sediments.

The large exceedances in E. Coli and Total Coliforms should be monitored closely, especially since there
have been observations of people swimming in Mohawk Lake throughout the summer. In the past, there
have been public warnings issued due to increased concentrations of blue-green algae in the lake and
increased bacterial and nutrient levels (i.e. Phosphorus and Nitrogen) levels could lead to increased
occurrences of blue-green algae spikes. During the pollution monitoring program, there were field
observations of fecal matter and sanitary paper in the stormwater stream near the intersection of Rawdon
and Bruce Street, indicating a potential cross-contamination with the sanitary network. It is likely that
undocumented cross-connections between the sanitary and stormsewer network may be contributing
the high bacterial levels and further investigation into repairing possible stormsewer and sanitary sewer
cross connections may help lower concentrations of E. Coli and Total Coliforms.

When examining the water quality of Mohawk Lake and its Canals over the past 25 years, there does not
appear to be a significant change. The 1994 study by the Ecological Services for Planning Ltd only tested
for a select number of parameters in their water quality program, but there was an overlap of 18
parameters (metals, nutrients, physical parameters), that were tested in both the 1994 study and this
study. When comparing the results from the 1994 study (Figure 5.136) to the 2018/2019 results, most of
the parameters observed had similar concentrations with the exception of Phosphorus, Iron, Manganese
and Zinc. Current concentrations for these parameters were observed to be slightly greater within the
lake and canals compared to those recorded in the 1994 report.

Overall, the water quality observations at the Mohawk Lake and Canal system are typical of an urban
environment. Although Mohawk Lake may be categorized as a natural system, it may not be practical to
expect this system to meet the PWQQOs (or other respective guidelines for natural waters) while the main
input to the system is untreated urban runoff. As mentioned above, repairing any sanitary and
stormsewer cross connections may help improve bacterial levels but if the inputs to the system stay the
same, the water quality is likely to stay the same as well. Utilizing different stormwater management
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controls including source control (e.g. rain gardens, oil grit separators, etc.), end-of-pipe treatment (e.g.
stormwater ponds), and conveyance measures (e.g. swales, perforated pipe, etc.) could improve
stormwater runoff quality, and ultimately improve the water quality of the Mohawk Lake and Canal
system.
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5.14 GIS DATA

Table 5.52 summarizes the City of Brantford’s GIS layers, associated metadata, and any related

information received for the completion of this study.

Table 5.52: List of Available and Required GIS Data for the Mohawk Lake Canal Characterization Study.

Mapping and GIS Data (Georeferenced)

Received to Date

Aerial Photography of Study Area (multiple dates if available)

Received Feb 15/18

Topography of Study Area (including digital terrain model extending beyond study

limits):

a) Digital Elevation Model (DEM)/ Digital Terrain Model (DTM)

b) Breaklines

c) Contours

Received June 14/18
Received June 14/18
Received Feb 20/18

Official Plan Land Use

Received Feb 15/18

(Data Gaps - augmented by

Official Plan)

Existing Landuse with land-owner identified

Received (Data Gaps)

Capital Improvement Planning (points, lines, polygons)

Received Feb 15/18

Parcel Layer (including street numbers)

Received Feb 15/18

Zoning District

Received Feb 15/18

Significant Groundwater Features
e Intake Protection Zone (IPZ)
e Wellhead Protection Areas (WPHA)
e Source Protection Plan (SPP)

Received Feb 15/18
Received Feb 20/18

Received

Sanitary Sewer Networks
e Sanitary Pipes — plans, elevations, size, slope
e Sanitary Manholes — plans, elevations, size, City ID#’s
e Sanitary Subwatersheds

Received Feb 12/18
Received Feb 12/18
Received Feb 15/18

Stormwater Sewer Networks
e  Storm Pipes — plans elevations, size, City ID#'s
e Storm Manholes — plans elevations, size, City ID#’s
e Storm Outfalls-plans, elevations, size, City ID#'s
e SWM Ponds and SWM pond catchments
e  Stormwater Sewer subcatchments

Received Feb 15/18
Received Feb 12/18
Received Feb 12/18
Received Feb 12/18
Received Feb 12/18

Watermain Network
e  Water Pipes — Diameter, Length

e Water Valves

Received Feb 15/18
Received Feb 15/18

Road Networks

e Singleline

Received Feb 15/18

New Development Areas, Infill and Redevelopment Areas

Received

Subwatershed boundaries

Received Feb 20/18

Existing Hydrologic and Hydraulic Models

Received 2016

Existing Condition Catchment Areas

Sewershed Catchment
Areas Received Jan 2018

Mapping and metadata for identified recharge/discharge areas, geology, bedrock

geology, soils, hydrologic soil groups, surficial geology.

Received
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Watercourse and Waterbody Layers:

Received Feb 20/18

e  Previously identified erosion sites Not Available

e Floodlines Received
Impervious/Pervious Layer Received Feb 20/18
Mapping of lands regulated under Ontario Regulation 150/06 Received

Regulatory Floodplain Mapping, including model sections, labels, elevations, etc.,
in digital format.

Received Feb 20/18

Buildings/Structures

Received

Other infrastructure mapping, (i.e., gas pipelines, hydro-lines, etc.)

Watermains Received
Gas, hydro etc. Not
Required at Phase

Natural Heritage System mapping, including and not limited to wetlands and
woodlands, Cores, linkages, etc. for study area and adjacent lands up to 120 m from
the study area:

a. ELC mapping

Received July 12/18

b. SOLRIS (MNR woodlands) GIS data for the study area Received
MNR evaluated wetland mapping and metadata Received
d. Other wetland (non-PSWs, unevaluated wetlands) mapping Received Feb 20/18
e. Most current MNR/ CA Fish Habitat Classifications Not Available
Areas of Natural and Scientific Interest (ANSI) mapping and metadata Received
Significant Woodland mapping and metadata Not Available

Significant Valleylands mapping and metadata

Received Feb 20/18

Any other available base mapping information (e.g. vegetation communities,
significant wildlife habitat, rare species, land use, geology, soils, etc.)

Significant Wildlife Habitat
& Rare Species Not
Available

Study Area (incl. detailed & general study areas)

Received Feb 15/18
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6 Additional Monitoring Technical Memo

This task consisted of a simple technical memo summarizing the results of the additional monitoring data
collected and discussed in the context of the previously identified trends and conclusions of the Interim
and Characterization Reports. This memo included the results of 8 months of continued rainfall,
groundwater, and flow monitoring, and additional water quality sampling. These results have been
detailed within this report, and the memo is included in Appendix H.

7 Challenges

For context purposes, the challenges encountered during the course of the study are discussed below.
During the development of the work plans and completion of the Environmental Assessments several
challenges were encountered which impacted the Study results in terms of the overall schedule and data
quality/availability. The challenges encountered during the completion of the Characterization Study are
described in detail below as are recommendations for mitigation:

e Property Access — Due to site access issues, the monitoring program was postponed as a result of
necessary consultation and coordination efforts required with various stakeholders. The
monitoring program started in June 2018 which shortened many of the data collection intervals.

e Weather — Flow monitoring and water quality and pollution monitoring required wet and dry
events to obtain the information necessary for analysis. Due to the delay of the monitoring
program and dry weather conditions, the collected water quality samples, flow measurements,
groundwater levels and meteorological data are not representative/consider seasonal
fluctuations. The provisional 8-month water quality and flow monitoring which is schedule to be
completed should fulfill such data gaps.

e Catchment Hydrologic Response and Canal/Lake Flow Regime — The low gradient and attenuating
nature of the Canal and Lake system created challenges when attempting to measure flow rates
at various flow monitoring locations through the Canal and Lake system. Within more defined
channel sections, the “flashiness” of the upstream catchment area, especially downstream of East
Ward Creek made the development of spot-flow measurement equally as difficult. This result in
poor correlations being made between logger depth and discharge which impacted the accuracy
of the rating curves. The provisional 8-month flow monitoring which is schedule to be completed
should fulfill such data gaps and refine rating curves. Also, alternative methods of determine
inflow volumes and peak flows to the Canal and Lake system shall be evaluated and any results
shall be incorporated into future updates to the Characterization Report.

e Vandalism/Theft — Significant data was losses were experienced during the course of the
monitoring program due to theft and vandalism. Overall, two (2) data loggers and one (1)
computer were stolen during the monitoring program and one (1) borehole location was
destroyed in a car accident. To prevent future data losses due to vandalism and theft, locks were
installed on all flow monitoring stations.

e Utility Locates — Clearance from public and private utilities delayed several work programs
including the those related to hydrogeological and sediment sampling. Such delays shortened
many of the data collection intervals. The provisional 8-month groundwater level monitoring
which is schedule to be completed should fulfill such data gaps pertaining to the hydrogeological
assessments. Sediment sampling was ultimately completed on-time.
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8 Conclusions

The primary purpose of the Phase 1 Characterization Study was to develop an understanding of the form,
function, and current conditions within the Mohawk Lake subwatershed based on available background
information collected and supporting environmental assessments completed. The following section
discusses the characterization of the Mohawk Lake subwatershed following the background review and
environmental assessment completed under this phase.

The water quality in the system was found to be poorest in the West Canal and improved towards the
outlet to the Grand River. As 92% of the storm sewer outlets contributing to the system outfall within the
west canal, poorer water quality was expected. While there are exceedances when compared to PWQOs
and other guidelines utilized in this study, the tested parameter concentrations all fall within typical EMCs
for the land uses present in the Mohawk Lake subwatershed. Although Mohawk Lake may be categorized
as a natural system, it may not be practical to expect this system to meet the PWQOs (or other respective
guidelines for natural waters) while the main input to the system is untreated urban stormwater runoff.
The water quality observations within the Mohawk Lake and Canal system are typical of a waterbody
within the urban environment. When examining the water quality of Mohawk Lake and its canals over the
past 25 years, there does not appear to be a significant change. A primary observation of the study was
fecal matter and sanitary paper in the stormwater network and west canal indicating potential cross-
contaminations between the stormwater and sanitary network, which may be impacting bacteriological
concentrations within the lake and canal system. Similarly, in comparison with historical monitoring
results the 2019 bulk analysis results showed that current sediment quality for Mohawk Lake was
generally consistent with previously completed sediment quality investigations. In general, the majority
of tested sediment contaminants were within the lowest effect level on aquatic life, with the exception of
lead and copper within the lake itself, which may effect benthic invertebrates within the deeper portions
of the lake. However, the low DO within the deep portion of the lake may also be a primary factor in
limiting sensitive aquatic fauna within this lake strata.

The most consistent contaminant found throughout the entire Mohawk Lake system was PAHs. PAHs are
almost always detectable in urban watercourses due to the wide range of sources, such as hydrocarbon
combustion by vehicles and runoff from paved surfaces. PAH exceedances were found in water quality,
groundwater quality, pollution monitoring, and sediment quality monitoring. While the primary pathway
for aquatic effects attributable to PAHs is via sediment, PAHs contained in the water column can become
incorporated into the bottom sediments and impact organisms in contact with the bed sediments.
Furthermore, based on the results of the hydrogeological investigation, the aquifer in the area is relatively
vulnerable to potential contaminants and other anthropogenic activities. Potential contaminants located
in the recharge areas of the system could lead to further contamination of the lake and the deeper aquifer
system in the study area. The PAH results presented for Mohawk Lake, while elevated above ideal
concentrations, do not present any reason for undue concern with respect to aquatic life. Previous studies
have also demonstrated that contaminates within Mohawk Lake do not seem to be bioaccumulated within
the aquatic foodweb.

The benthic invertebrate and fish community assessments indicated that the water body is doing quite
well. Based on a comparison between the 2018 field survey and historical surveys, bluegill (Lepomis
macrochirus) and creek chub (Semotilus atromaculatus) were newly identified species within Mohawk
Lake. The study provided evidence of a diverse cool to warmwater fishery, and although the benthic
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invertebrate community was dominated by pollution tolerant chironomids (midge larvae) and
oligochaetes (worms) which are typical of urbanized receiving water bodies that are organically enriched
with periodic episodes of low oxygen. A main consideration of previous studies was the quantity of
Common Carp within Mohawk Lake and canals. Carp often create very turbid conditions, due to their
foraging activities, which can elevate nutrient concentrations and uproot macrophytes. The high turbidity
within the lake causes a disadvantage to native game fish present since many of them feed by sight. Under
turbid conditions, fish must rely on movement and sound to detect prey. Unfortunately, these conditions
are advantageous for the invasive Common Carp.

Groundwater monitoring of Mohawk Lake and surrounding areas show evidence of significant recharge
to the lake and canal system. Such observations were supported by the results of the hydrological
monitoring which estimated groundwater inputs to the system may be upwards of approximately 30%
which is supported by previous study results. Evidence of cool to warmwater fisheries species and a trend
of dilution though Mohawk Lake during water quality result comparisons also support such conclusions.

The 2018 estimate of volume (185,000m3) of unconsolidated sediment aligns closer with the 1972
reported volume; however, the 2018 results for general Lake bathymetry, water depth, distribution of
sediment, sediment thickness and mapping of the unconsolidated sediment/original (dredged) lake
bottom are comparable to the 1994 assessment. In general, the results do not show significant sediment
accumulation within the lake and canals throughout this time period. This was supported by the results
of the Lead 210 analysis and radiocarbon dating which indicated that the top 30 centimetres of sediment
(~20 cm core depth) was deposited in the last 55 years. While the inlet connection to the Grand River was
closed in 1983, the sediment accumulation continued on a linear trend indicating that the main source of
sediment to the system consists of that produced by erosion and stormwater runoff.

The decision to dredge Mohawk Lake and Canals has been considered as part of previous studies. It is
anticipated that such efforts may improve the Mohawk Lake and Canal system by removing historical
contamination, improving sediment retention capacities, altering the thermal regime to a coolwater
dominant system, and improving connectivity with groundwater inputs which are likely to diversify the
aquatic ecosystem. However, the overall benefits of undertaking such a dramatic change are difficult to
quantify. The study, at this point, suggests that there is no evidence of the need for environmental
dredging to alleviate toxic conditions. Additionally, it is expected that the cost associated with undertaking
such a large scope of dredging works would be very significant. Dredging as a means of improving Mohawk
Lake may be completed in strategic locations in association with other measures (i.e. end-of-pipe controls,
OGS units, LIDs, etc.) implemented to control the suspected sediment inputs originating from erosion sites
and stormwater runoff.

While the results of the field investigations demonstrate that the waterbody contaminant concentrations
are typical for urban environments, measures should be implemented to ensure no further degradation
occurs within the system. The following recommendations are to be considered by the City and future
project phases to improve the overall condition of Mohawk Lake and its Canals.

e Implementing various stormwater management controls including source control (e.g. rain
gardens, oil grit separators, etc.), end-of-pipe treatment (e.g. stormwater ponds), and conveyance
measures (e.g. swales, perforated pipe, etc.) would improve stormwater runoff quality, and
ultimately improve the conditions of the Mohawk Lake and canal system.
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e Targeting areas identified in the pollution monitoring, including the industrial area that outlets
directly to the west canal, should be prioritized.

e Field observations of fecal matter and sanitary paper in the stormwater network indicates a
potential cross-contamination between the stormwater and sanitary network near the
intersection of Rawdon and Bruce Street. Further investigation into possible stormsewer and
sanitary sewer cross connections in this area is recommended.

e Overall observations of the lake and canals included garbage and debris, such as computer
monitors, shopping carts, garbage cans, etc. A general clean-up of the area, in particular the west
canal, is recommended.

e Identifying and mitigating other sediment sources from the urban drainage network is also a
critical issue to reduce future sediment supply. Existing erosion sites, including Erosion Sites #1
and #3, may be considered for future works associated the overall Mohawk Lake revitalization
project to reduce inputs/contaminates into the system.

e Erosion Site #2 is recommended for immediate attention by City staff to mitigate the documented
erosion risks.

e Further monitoring of existing landfill sites for potential non-source pollution, as well and
improvements to the City’s storm sewer network maintenance programs (i.e. flushing and catch
basins clean-outs) will assist with the overall conditions of Mohawk Lake.

e Future model scenarios which are developed for evaluating potential remedial alternatives should
consider that stormwater to Mohawk Lake is a significant component of the system’s water
balance. Measures which may be considered as part of future phases for improving water quality
to the lake and canals may need to considered the preservation of inflow to the system to avoid
potential degradation (i.e. source and conveyance controls which focus on filtration versus
infiltration as flow from the storm sewer network is the primary input to the system. A major
reduction in storm sewer flow as a result of source and conveyance controls may lead to stagnant
lake conditions).

e A Common Carp management plan may also be valuable to promoting a more diversified aquatic
ecosystem and reduce the resuspension of sediment bound contaminants.

e Any opportunities to further define the percentage of evapotranspiration and groundwater
recharge to and from the system is encouraged to further understand the systems overall water
balance.

Redevelopment plans around Mohawk Lake and throughout the subwatershed are ongoing and
constantly evolving as planning phases progress. Future phases of the Mohawk Lake and Mohawk Canal
Cleanup and Rehabilitation Project will have to consider the most recent Official Plan, Master Plans and
individual planning studies in order to guide potential remediation alternatives. Results from this
Characterization Report should be incorporated into subsequent stages to inform on the existing
conditions of Mohawk Lake and Canals and provide insight of the additional studies which should be
completed to further characterize Mohawk Lake and support future project phases.

Through the characterization of Mohawk Lake and canals, future required studies have been identified.
These include:

e Stage 1 Archaeological Assessment will be required as part of the future EA and subwatershed
process completed as part of the Mohawk Lake and Mohawk Canal Cleanup and Rehabilitation
Project. The Stage 1 Assessment shall include a full review of registered archaeological sites within
the Mohawk Lake Study Area.
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The Mohawk Lake and Oxbow Wetlands evaluation should be updated to include recent SAR
records; the results of this evaluation would change the status of the wetland complex making it
a Provincially Significant Wetland (PSW) pending review/confirmation by MNRF and/or GRCA.
Continued pollution monitoring is recommended to further isolate the pollution hotspots in the
study area and poor performing sewersheds in addition to potential cross-connections.
A suspended sediment monitoring program is an essential undertaking to understand the
sources and timing of current sediment loading to the lake.
To augment and support the recommended erosion mitigation works and erosion hazard
assessments a number of detailed geotechnical investigations should be considered:

o For detailed engineering design to mitigate risk at Erosion Site #2, Reach T1d.

o For risk assessment of local geotechnical hillslope hazards in Reach Tlc.

o For stability of embankments along the canal, especially where local slope erosion and

undercut banks have been identified.

Finalization of the Hydrogeological study completed as part of the Characterization Study which
shall be provided under a separate cover.

The modelling component of future studies should consider the following:

A major system model should be incorporated to route flows according to the urban sewershed
rather than based on topology; this will require re-delineation of the storm sewer subcatchment
areas to reflect urban drainage patterns (i.e. curb and gutter). Catch basin type should be
confirmed for each street and incorporated into the model accounting for slope, grate type and
lead size; and,

LiDAR data is recommended to refine the ground model and to generate the overland flow paths.
This can be done in the 1D InfoWorks model with the surface elevations at each node inferred
directly from the LiDAR ground model.
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LIMITATIONS OF LIABILITY

This hydrogeological assessment report was prepared by Soil Engineers Ltd. for the
account of Aquafor Beech Ltd., and for review by its designated agents, financial
institutions and government agencies, and can be used for development approval
purposes by the City of Brantford and their peer reviewer who may rely on the results
of the report. The material in it reflects the judgement of Carly Preston., Env. Tech.
Dip, Angella Graham, M.Sc., and Gavin O’Brien, M.S¢{; P.Geo. Any use which a
Third Party makes of this report and/or any reliancgfon‘decisions to be made based on
it is the responsibility of such Third Parties. Soil Engineers‘Ltd. accepts no
responsibility for damages, if any, suffereddy any A hird Party as a result of decisions

made or actions based on this report.

One must understand that the mandate 0fSoil Engineers Ltd. is to obtain readily
available current and pastdnformation pettinent to the subject site for a
Hydrogeological Study only.dNo other warranty or representation, expressed or
implied, as to thefaccuracy ef theinformation is included or intended by this
assessment. Site'€enditions are not static and this report documents site conditions

observed at the time of\th€ site reconnaissance.



1.0
2.0

3.0

4.0

5.0

Reference No. 1806-W012 i1
TABLE OF CONTENTS

EXECUTIVE SUMMARY ....cccinnininsensansaississsssssssssassssssssssssassasssssses 1
INTRODUCTION ..ucuiiiiicnisnisnssnssnssississsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 4
2.1 Project DESCIIPLION .....viieiiiieiiiieeiieeecieeeette et e eire e et eesteeeeebeeesebeeessneeennsaaenns 4
2.2 STEE HISTOTY enitiieiiiie ettt ettt ettt e sttt e e st e e etteeenbeeesnsaeeennseeenes 4
2.3 Previous INVESHIGATIONS .......ccccviieeiiieeiiieeriieeeiieeeieeeeieeestteeeeaeeesereeeesaeeenreeenes 5
2.3.1 Union Gas Property  ...ccoocieviiecienieeiieneeeieeneeeree ot 5
2.3.2 Former Police BUuilding..........ccccooeeieniinininienenesdion e 6
2.3.3 Shallow Creek Park Groundwater Investigation. .. ..o .ceeerveerieeriienieenieeere e 6
2.3.4 Mohawk Street Landfill Site........cccooevoee i e 7
2.4 Remediation and Redevelopment........dl ioooereiiiie it 7
2.5 Project ODJECHIVES. ...ccuueeiierieerieeeeee et st ettt eee e e 8
2.6 SCOPE OF WOTK...oouiiiiieiieee e e et e 9
METHODOLOGY ...uucoiiinnninninnssecssssaboneeseessstiisneesestossesssssssssssssssssssssssssssssssssssssssssssass 10
3.1 Borehole AdvancementafdiMonitofing Well Installation .............cccoeevveennnneee. 10
3.2 Groundwater MONITOEIAE ..... e ...eeeeeitheiieeeiieeeeiie e etee et eeeere e e eeeaaeeeenee s 12
3.3 Monitoring Well Dévelopméntiand,Single Well Response Tests....................... 13
REGIONAL ANDILOCAL SETTING ....ccoviniiinrinsnnsnnsaisssssssssssssssssssssssssssssssssssssass 15
4.1 Regional GEOOZY ......ler ..eeoeieeiieeiieeieeceeee ettt s e e stae et e esaeens 15
4.2 Physical TOPOZIAPIN -.......ccoveeeiieeiieeieeee ettt ettt see e seeeeseeeeneeeas 17
4.3 Watershed Setting.........ccoovuiiiiiiiiieiiieeiee et e e e e e aaeeeanee s 17
4.4 Local Surface Water and Natural Features............ccccoeeevvieviieeincieeniiieeieeeen 18
SOIL LITHOLOGY cecoieuisuisunsensessessissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 19
0 B 1 103 1 USSR 19
5.2 Earth Fill...oooooiioieeee ettt 19
5.3 SHlty Clay Till...cooueeiiiieeieeieeece ettt st 20
54 SHIE ottt sttt 20
5.5 SaNAY GIavel .......ooooiiiiiiiiieiie et et aaae e 20
5.6 Sty SANd.....ooiiiiiiiiiiicceeee e e e e e aaae e 21

5.7 OTZANICS..cuuiieiieiiieeieeeieeete et ette et e et esaeessteesseeeseeesseesnseennseensseenseeenseesseennsens 21



Reference No. 1806-W012 v
6.0 GROUNDWATER STUDY ..ucccevinrinisunsnssnsessssssssssssssssssssssssssssssssssses 22
6.1 Groundwater Monitoring (Manual Readings) ..........ccccoeeveveviiiinciieenniieen. 22
6.1.1 Vertical Gradient in theVicninity of Mohawk Lake (Manual Reading)........ 26
6.1.2  Shallow Groundwater Flow Pattern............ccccoooviieiiiiiniiiiiiiie e 26
6.2 Groundwater Monitoring Logger Data-August 2018 to August 2019........... 26
6.2.1 Groundwater Monitoring-Logger Data- BH/MW 1S ...........cccooiiiiniiinnnen. 27
6.2.2  Groundwater Temperature -Logger Data- BH/W1S...........ccocooviiininennnnn. 28
6.2.3  Groundwater Monitoring-Logger Data- BH/MW 1D.........ccccoeviieiiieennnnn. 29
6.2.4  Groundwater Temperature -Logger Data- BH/WI1D .........ccccevviiiiniieennnnn. 32
6.2.5 Groundwater Monitoring-Logger Data- BH/MW 2...........ccccevviiiiniieennnnn. 31
6.2.6  Groundwater Temperature -Logger Data- BH/MW?2 ............cccooviiiinnnnnnne 32
6.2.7 Groundwater Monitoring Logger Data BH/MW:3,............cccovvviiiiiniieeee. 33
6.2.8  Groundwater Temperature -Logger DatagBH/W3 . .....cocoiiiiiiinieee. 35
6.2.9 Groundwater Monitoring Logger DatalBH/MW 4S .5, ..o 36
6.2.10 Groundwater Temperature -LoggerdData- BH/WA4S.............ccooviiiiinnnne 37
6.2.11 Groundwater Monitoring Logger Data BH/MW 4D .........c.ccooveveiveeivennnennne. 38
6.2.12 Groundwater Temperature -Logger Data<BH/W4D ...........cccccoovienieennnnn. 39
6.2.13 Groundwater Monitoring-Logger Data- BH/MW SR ............ccccoooiiiinnnnnne 40
6.2.14 Groundwater Temperature -LoggerData=BH/W5SR .........cccceevviviiniiennnnn. 41
6.2.15 Groundwater Monitofing kogget Data BH/MW 6 ...........ccooeevveiiiicieennee, 42
6.2.16 Groundwater Temperature -Logger Data- BH/W 6............ccoeoeeiieniiennnnne 44
6.2.17 Groundwater Monitering LoggéData BH/MW 7S .......cccooviiiiiiiieeee. 45
6.2.18 GroundwatesFemperature -Logger Data- BH/W 7S.........ccooiviiiiiniineenn. 46
6.2.19 Groundwater MonitoringiLogger Data BH/MW 7D ........ccceoeviieiiieieeie, 47
6.2.20 Groundwater Temperature -Logger Data- BH/W 7D ........cccoeeviviiiveennnen. 48
6.3. Vertical Groeundwater Gradient in th Vicinity of Mohawk Lake.................. 48
6.3.1 Groundwater TEIAPCTALUIE........c..eeerrieeeiiieeriieeeiieeeieeeeiee e eireeereeeeaaeeeeneees 51
6.3.2 Single Well Response Test ANalysSiS......c.ccccvvveeeviieeeiiieeeiiieeciee e 53
6.3.3 Assessment of Hydraulic Conduc tivity Based on the Hazen Equation......... 53
7.0 GROUNDWATER QUALITY MONITORING .....ccccceotririiiiiieineneeeeceeeieeeee 55
8.0 CONCLUSIONS ...ttt sttt ettt ettt e e 58

9.0 REFERENCES .....oooiieeeeeeee ettt 61



Reference No. 1806-W012 \%

TABLES
Table 3-1 - Monitoring Well Installation Details...........ccccoouvieeciiieiiiieiiiieeeieeee. 12
Table 6-1 - Groundwater Level Measurements (Manual).............ccccceeeeiieeniieeennnnn.. 23
Table 6-2 - Summary of Manual Groundwater Elevations...........c.ccccoeevveeniveeennnenn. 23
Table 6-3 — BH/MW 1S Monthly Groundwater Elevations -
(Data Logger ReCOTdS) .......ccevviiieiiieeiiie ettt 28
Table 6-4 — BH/MW 1S Monthly Groundwater Temperature Data -
(Data Logger ReCOTdS) .......eeeriiieriiieeiiieeieatieieeeiieeesiee e esereeeevee e 29
Table 6-5 — BH/MW 1D Monthly Groundwater Elevations -
(Data Logger Records) ........ocueeueeeeeeeadr i 30
Table 6-6 — BH/MW 1D Monthly Groundwater Zemperature Data -
(Data Logger Records) ........ooeeo s 5B e 31
Table 6-7 — BH/MW 2 Monthly Groundwdter Eleyations -
(Data Logger Records) ........ooocoee Bl 32
Table 6-8 — BH/MW 2 Monthly Groundwater Temperature Data -
(Data Logger Records) ..o ..l v eeeiieer e eieenireeieenireeneeseneeseesnneeneenens 33
Table 6-9 — BH/MW 3 Monthly,Groundwater Elevations -
(Data Logger RECOTAS)....... 0 ceveeeiieciieeieeeee e 34
Table 6-10 — BH/MW 3 Monthly/Groundwater Temperature Data -
(Data Logger RECOIAS) ...t e ittt 35
Table 6-11 — BH/MW 4SS Monthly Groundwater Elevations -
(Data Logger RECOTdS) .......cocvieiiieiiieiieie et 36
Table 6-12 — BH/MW 4S Monthly Groundwater Temperature Data -
(Data CO@EETRECOTAS) ...cuvereiiiiiiiiiiiiieieetereee ettt 37
Table 6-13 — BH/MW 4D Monthly Groundwater Elevations -
(Data Logger RECOTdS) ......ueieiiiiiniiieeiiieeiie ettt 38
Table 6-14 — BH/MW 4D Monthly Groundwater Temperature Data -
(Data Logger RECOTAS) ....ocviiiiiiiieiieeie ettt ettt 39
Table 6-15 — BH/MW 5R Monthly Groundwater Elevations -
(Data Logger ReCOTdS) .....c.eevuieiiieiieieeiie ettt 40
Table 6-16 — BH/MW 5R Monthly Groundwater Temperature Data -
(Data Logger RECOTAS) ....ocviiiiiiiieiieeie ettt ettt 42
Table 6-17 — BH/MW 6 Monthly Groundwater Elevations -
(Data Logger ReCOTdS) .....c.cevvieriieiiieieeiie et 43

Table 6-18 — BH/MW 6 Monthly Groundwater Temperature Data ...........c...c......... 44



Reference No. 1806-W012 vi

LIST OF TABLES (Cont’d)

Table 6-19 — BH/MW 7S Monthly Groundwater Elevations -

(Data Logger RECOTdS) ......ueiiiiiiiiiiieeiiieeiee ettt et 45
Table 6-20 — BH/MW 7S Monthly Groundwater Temperature Data ........................ 46
Table 6-21 — BH/MW 7D Monthly Groundwater Elevations -

(Data Logger ReCOTdS) .......ueiiriiiiiiiieeiiieeiie ettt 47
Table 6-22 — BH/MW 7D Monthly Groundwater Temperature Data

(Data Logger ReCOTdS) .......coeuieiiieiiieiieeiie ettt 48
Table 6-23 - Summary of SWRT Results .......ccceveveeeee i 52
Table 6-24 - Summary of Hazen Equations Results ... . ......ocoviniiiiniiiiiieee. 54
Table 7-1 — Exceedances of Ontario Drinking Water Quality Standards................. 55
Table 7-2 — Exceedances of Provincial Water Quality Objeetives............cceenenne.. 56
ENCLOSURES
Borehole/Monitoring Welldlogs ..iui....cocefibiieeeiie e Figures 1 to 10
Grain Size Distribution Graphs 4 s ....cocoeeveeeeeeee eeenvennn...... Figures 11to 12
Location Plan...........ccmme.eeeeiiitenreieeiieeeciee et et e eeireeesreeeevreeeaaee e Drawing No. 1
Borehole and MonitoringWell'Lecation Plan .............ccccovveiieeneennnen. Drawing No. 2
Quaternary and@Surface Geology Map.........ccccoeeveevciecieeiiiicieeee, Drawing No. 3
TopoGraphic Map . .....oeeeelereeiiieeiiieeeiee ettt e Drawing No. 4
Watershed Map.......o oo Drawing No. 5
Natural Features and Protection Area Plan ...........cccoooeveveiiiiiiiiiininnns Drawing No. 6
Cross-Section Key Plan..........ccccoeviiieniiieniiiieceece e, Drawing No. 7-1
Geological Cross-Sections (A-A’ and B-B) ......ccccovvvieiiiiiiiieene. Drawing No. 7-2
Shallow Groundwater Flow Pattern Plan..............ccccoeeeiiiiiiiiinnnns Drawing No. 8
APPENDICES

Results for Single Well Response Test.........ccceeceereienieenieeneeenen. Appendix ‘A’
Ground Water Logger Monitoring Data ............cccceeeveeiiencieennnnnne Appendix ‘B’

Water Quality Test Results .........ccocviieiiiieiiiiieiieeeeecee e Appendix ‘C’



Q Reference No. 1806-W012 1

1.0 EXECUTIVE SUMMARY

Soil Engineers Ltd. conducted a hydrogeological assessment for the characterization

of Mohawk Lake and surrounding local vicinity, in the City of Brantford

The subject site lies within the physiographic region of Southern Ontario known as the
Norfolk Sand Plain. The surface geological map of Ontario shows that the area has a
complex mixture of glaciofluvial and glaciolacustrine mative soil deposits, reworked by

the present-day Grand River.

The subject site is located within Southern GrandRiver subwatershed of the Grand

River Watershed.

A review of the local topography shows'that the subject site has undulating relief,

exhibiting a gentle declin€ in elevation relief towards Mohawk Lake.

The study has diSclosed that beneath the existing layer of topsoil, or earth fill material
the native soils undetlying the subject site consists of silty clay, silt, sandy gravel, silty

sand and organic soil deposits.

The findings of this study indicate that the groundwater level elevations range from
193.67 masl at the southern limits of the study area to 214.13 masl within the areas
located north of Mohawk Lake. Review of the average groundwater elevations
suggest that it flows in southerly and south-easterly directions, towards the Mohawk

Lake and the adjacent canal.

The single well response tests (SWRT) provided estimated hydraulic conductivity (K)

values for the silty sand and silty clay units ranges from 4.1 x 107 to 4.4 x 10 m/s,
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the K estimate for the sand and silty clay unit is 1.5 x 10 m/s, the K estimate for the
silty clay unit is 5.4 x 10 m/s, the K estimate for the silty clay and sandy gravel unit is
2.5 x 107 m/s, and the K estimate for the earth fill is 1.4 x 10® m/s. The results of the
SWRT provide an indication of the yield capacity for the groundwater-bearing sub-soil
strata at the depths of the screens. The above results suggest that the hydraulic
conductivity for the groundwater-bearing soils at the depths of the well screens is low
to high, with corresponding low to high groundwater seepage rates into open

excavations, below the water table.

The Hazen Equation calculated permeability résults derived ftom the soil grain size
analysis indicates that the hydraulic conductivity (K) estimate for the sandy gravel,
having some silt, and a trace of clay, getrieved from a depth of 4.57 mbgs at BH/MW
51s 1.6 x 10 m/sec., and for the silty sand, having a trace of clay, retrieved from a
depth of 6.1 mbgs at BH/MW/'6, i8h1.0 x 10 m/sec. The K estimates determined
from the Hazen Method suggestsémederateto high hydraulic conductivity (K)

estimates for the groundwater bearing sub-soil layers beneath the subject site.

The Hazen Estimated hydraulic conductivity (K) results indicate high to moderate
permeability for the sand, silty sand, and sand subsoil. The SWRT results indicate
moderate to high permeability for the underlying subsoils. Given these, and the
relatively high groundwater elevations in the area, the aquifer is relatively vulnerable

to potential contaminants and other anthropogenic activities.

The pressure transducer data loggers, which were installed within the groundwater
monitoring wells in the vicinity of the Mohawk Lake indicates that groundwater
temperatures vary from 6.82° C to 13.86° C. The warming and cooling trend reflects

the annual seasonal cycle, with a cooling trend observed from August 2018, to late
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April 2019; after which a gradual warming trend was observed to August 2019 in the

summer months.

The logger data indicates that the groundwater level elevation trends shows a

consistent increase in groundwater elevation from late summer 2018 to spring 2019,
after which, there was a gradual decline in groundwater elevation. The manual data
collected, indicated a similar trend for the groundwater elevations across the project

arcas.

Groundwater temperatures in the BH/MWs, lo€ated north of Miohawk Lake were
noticeably lower than those located south of'the Lake. This could result from the fact
that the area south of the lake, is a dis¢harge area, where the warmer deeper

groundwater recharges the shallow aquifer.

The areas south of Mohawk Lake; insthe vicinity of BH/MW 1D and 18, are at a
higher topographic elevation than that of Mohawk Lake. These areas are also
underlain by reldtively permeablesub-soils. The groundwater gradient in these areas,
is downward and there is a possibility, that potential contaminants located in these
recharge areas, can contaminate the lake and the deeper aquifer system beneath the
area. Conversely, areas where the dominant vertical groundwater migration direction
is upwards, such as the areas east and west of Mohawk Lake, in the vicinity of
BH/MWs 7D, 7S, and 4D and 48, are said to be under discharging conditions, which

are a significant source of water replenishment to the adjacent lake and watercourses.

In general, the groundwater across the site appeared to be impacted by PAH’s (Poly
Aromatic Hydrocarbons compounds, which are associated with coal tar materials and

waste.
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2.0 INTRODUCTION

2.1 Project Description

In accordance with the authorization, dated May 24, 2018, from Mr. William Cowlin
of Aquafor Beech Ltd., Soil Engineers Ltd. (SEL) conducted a hydrogeological
assessment to characterize Mohawk Lake and local vicinity in support of the
proposed Mohawk Lake Rehabilitation Program. The l@€ation of the subject site,

the lake and study area are shown on Drawing No. J¢

2.2 Site History

The City of Brantford is located in southwestetn Ontario, approximately 35 km from
Hamilton, and 90 km from Torento, both.6f which are located to the east and it is

about 90 km from Londonfto the west.

Brantford’s econeimic development was spurned by the opening of the Grand River
Navigation Company’s canal that linked Brantford by water to the Welland Canal
and to important cities lik€ Buffalo, New York. In 1832 the Grand River Navigation
Company began work on a system of canals, dams and locks along the Grand River
in order to make the river navigable from Brantford down to Dunnville. The
“Brantford Cut” or “Brantford Canal” was the final part of the system to be built and
was opened to great fanfare in 1848. This canal brought freight and passengers right
into Brantford’s downtown and increased trade and attracted new businesses to the
area. Beginning in the 1850s, Brantford was also quickly incorporated into the maze
of rail-lines that soon linked it to places like Hamilton, Toronto, Port Dover, London,

Buffalo, and Detroit.


http://www.herontrips.com/GrandRiverCanal.html
http://www.herontrips.com/GrandRiverCanal.html
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Brantford’s industrial development began in earnest in the 1850s with a host of new
industries, including, foundries, stone ware factories, stove factories and various
mills. From the 1870s to the 1890s Brantford became home to several significant
agricultural equipment manufacturers. Starting in the early 1900s several of
Brantford’s industries built larger new factories on what became the Greenwich-

Mohawk site.

The Greenwich-Mohawk site was a bustling industrialiub in what was a booming
industrial city. But this all changed in the 1980s. Besidesithe social and economic
problems of de-industrialization in Brantford, there was also ‘an,environmental
legacy: brownfield sites. Brownfields are definedd@s “abandoned, idled, or under-
used industrial and commercial facilities, where eXpansion or redevelopment is

complicated by real or perceived environmentaligentamination.”

Over 36 hectares within the city were;now'abandoned and are considered

contaminated post-industrial sites, or brownfields.

The Study Area, approximately 324 hectares in size, is located in the southeast corner

of Brantford, adjacent t@‘the north shore of the Grand River.

2.3 Previous Investigations

2.3.1 Union Gas Property

In 1990, Terraqua Investigation Limited conducted detailed investigations on an
abandoned coal gasification plant (Union Gas property), adjoining the Shallow Creek
Park. This site was previously used as a waste disposal site for the former plant.

Relatively thin discontinuous zone of coal tar was observed in their monitoring wells,
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along with ashes, cinders coal, bricks and spent oxides. The underlying silty clay

deposits encountered were thought to restrict the mobility of coal tar materials.

2.3.2 Former Police Building

In 1992, Waterloo Geoscience Consultants Ltd. conducted an environmental audit of
the former police station lands, west of Shallow Creek Park. This included the
drilling, monitoring well and installation, and monitorifdg of the groundwater
monitoring wells. The investigations indicated that@ilty clay soil was encountered
and coal tar and related contaminants were pre§ent throughout'the site. It was
indicated the granular soil deposits underlyingithestlty soil deposit beneath the fill
are likely to be hydraulically connectedywith the Gsand River and contaminant

migration form the area may likely impact the'surface water quality.

2.3.3 Shallow Creek Patk Groundwater Investigation

In 1992, Gore and Storrie Litd., undertook an investigation which was aimed at
characterizing the‘¢ontaminants contained within the Shallow Creek Park, and to
evaluate their potentialiimipacts to the canal/lake system. The investigation included
drilling, monitoring well installation, monitoring, testing and sampling of
groundwater monitoring wells, along with geophysical investigations. The
investigation indicated that general groundwater flow direction is towards the
southwest and that surface water elevations in the Eastward Creek were higher than
the Lake water levels, indicating that the Eastward Creek is recharging of surface
water to the subsurface (as a losing watercourse). In general, the groundwater across
the site appeared to be impacted by PAH’s (Poly Aromatic Hydrocarbons)

compounds, which are characteristic of coal tar waste.
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2.3.4 Mohawk Street Landfill Site

The Town of Brantford initiated an annual groundwater and surface water monitoring
program for the site. In 2016, WSP undertook the monitoring program, which
included the installation of groundwater monitoring wells and establishment of
surface water monitoring stations. The program has been expanded to include
groundwater level monitoring, and sampling, and also sampling from pumping
stations and selected groundwater monitors in the springfand fall of every year. The
investigation indicated a groundwater interceptor tregiich has influenced the shallow
groundwater table in the vicinity of Morrison Réad where it'flows, northerly towards
the interceptor trench. It was indicated thatdeachaté from the Landfill Site percolated
down to the upper groundwater aquifer, where there is the potential for the
contaminant plume within the upper aquifertoymovelaterally below the landfill

toward the Grand River and Merrison Road.

2.4 Remediation and Redevelopment

The City of Brantford has been working on a plan to revitalize the Mohawk Lake and
Canal area for the lastithirty years. Multiple plans have been created to reflect the
communities’ ideas in regard to land use in this area. The enhancement of the natural
attributes and recreational usage of the Mohawk Lake area have consistently been a
primary focus of both the community and the proposed plans. The Mohawk Lake
Revitalization Plan developed in 1999 which aimed to restore the natural system and
improve the recreational usage while respecting the cultural heritage of this site; this

same goal is reflected in the Waterfront Master Plan.
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Mohawk Lake and the surrounding parkland has been used for recreation for a few
hundreds years. After the construction of the canal, the water levels in the original
wetland rose to form a pond, now Mohawk Lake. Recreational facilities include
Mohawk Lake, Mohawk Park, and extensive pedestrian trails and circulation routes.
The area has been used for both water-based and open space recreation. Past uses of
Mohawk Park, include; the Brantford Street Electric Railway Station, an amusement
park, as well as cycling competitions hosted on the first cinder bicycle track in
Ontario. In the 1950s the canal ditch, west of Greenwi€h Street was backfilled

creating Shallow Creek Park.
This report summarizes the initial findings of the field study and associated
groundwater monitoring, providing adescription‘and characterization of the

hydrogeostratigraphy for the site and [Qeal surréunding area.

2.5 Project Objectives

The major objeetives of this Hydrogeological Study Report are as follows:

1. Establish the local'hydrogeological setting for Mohawk Lake and the
surrounding areas;

2. Interpretation of shallow groundwater flow and runoff patterns;

3. Identify zones of higher groundwater yield as potential sources for ongoing
shallow groundwater seepage;

4. Characterizing the hydraulic conductivity (K) for groundwater-bearing sub-
soil strata;

5. Prepare an interpreted hydrostratigraphic cross-section across the subject site;

6. Evaluate the groundwater contribution to the Mohawk Lake and its environs.
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7.

Evaluate local groundwater quality for comparison evaluation against
applicable provincial standards
Assess the fluctuation of shallow groundwater levels in response to local

precipitation records.

2.6 Scope of Work

The scope of work for the Hydrogeological Study is suimarized below:

. Installation of ten (10) monitoring wells within the study, area footprint;

. Monitoring well development and groundwater level measurements at the ten

(10) installed monitoring wellss

Performance of Single Well Response Tésts (SWRTs) at the monitoring wells
to estimate the hydraulic conductivity (K) for the groundwater-bearing
subsoils at the depths of the-well screens;

Describing thesgeological and hydrogeological setting for the site and

surroundig local area;

. Estimating the hydraulic conductivity (K) for the groundwater bearing subsoil

strata, based on'the SWRT results and from the soil grain size analyses.
Instrumentation of all monitoring wells with data loggers to monitor the
shallow water table and any responses to precipitation received at the site
Characterizing the quality of shallow groundwater in the study area.
Evaluating the horizontal and vertical gradients for local groundwater to
assess any losing or gaining status for local shallow groundwater relative to

Mohawk Lake.
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3.0 METHODOLOGY

3.1 Borehole Advancement and Monitoring Well Installation

The hydrogeological characterization study for Mohawk Lake included the drilling
and installation of ten (10), 50- mm diameter PVC groundwater monitoring wells at
seven (7) selected locations within the vicinity of Mohawk Lake and the associated
study area. There are three (3) locations, where there is'a shallow groundwater
monitoring well installed adjacent to a deeper monitoring well, making them three
(3) nested sets of groundwater monitoring weldls. These propesed sets of nested wells
were installed to assist with the determinationief afiy vertical groundwater gradient in
the vicinity of the lake, to determine ifithere is groundwater discharge towards the
Mohawk Lake, from the shallow aquifer, ordf'the,lake loses water to recharge the

shallow aquifer system.

These proposed wellspwere strategically placed to enable interpretation of a
hydrogeostratigr@phic profile across the lake area, and to determine background
groundwater elevations, groundwater flow patterns, and to characterize the

background shallow greundwater quality in the vicinity of the lake.

Borehole drilling and monitoring well construction were conducted on August 7, 8
and on September 4, 2018. The program comprised of the drilling of ten (10)
boreholes (BH) and the installation of ten (10) monitoring wells, one in each of the
(10) boreholes advanced beneath the site. The locations of the boreholes/monitoring
wells are shown on Drawing No. 2. The groundwater monitoring well at BH/MW 5,
was inadvertently knocked over by a vehicle between September 24, and October 25,
2018. A replacement well was installed on January 8, 2019. This replacement well is

designated as BH/MW 5R.
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The borehole drilling and monitoring well construction were completed by a licensed
water well contractor, DBW Drilling Ltd., under the full-time supervision of a
geotechnical technician from SEL, who also logged the soil sub-strata encountered
during borehole advancement, and collected representative soil samples for textural
classification. The boreholes were drilled using continuous flight power augers.
Detailed descriptions of the encountered subsurface soil and groundwater conditions
are presented on the borehole and monitoring well logs, on the enclosed Figures 1 to

10 inclusive.

The monitoring wells were constructed using 50-mm diametet’PVC riser pipes and
screens, which were and installed in each of'the bereholes in accordance with Ontario
Regulation (O. Reg.) 903. All of the menitoring'wells were provided with monument-
type protective steel casings and above the ground,surface. The details of the
monitoring well constructiondare provided on the enclosed Borehole Logs (Figures 1 to

10).

The UTM coordinates at the borchole/monitoring well locations, together with the

monitoring well comstruction details, are provided on Table 3-1.
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Table 3-1 - Monitoring Well Installation Details

UTM Coordinates Monitoring Screen
Well Depth | Interval | Casing Dia.

Well ID  |Installation Date | East (m) | North (m) | (mbgs) (mbgs) (mm)
BH/MW 1S | August7,2018 | 562310 | 4776028 4.6 1.52-4.6 50
BH/MW 1D | August7,2018 | 562311 | 4776029 6.1 3.1-6.1 50
BH/MW 2 Septzegnlger 1562333 | 4776272 6.1 3.1-6.1 50

BHMW 3 | August7,2018 | 562576 | 4776215 6.1 3.1-6.1 50
BH/MW 4S | August7,2018 | 563089 | 4776239 4.6 152-4.6 50
BH/MW 4D | August7,2018 | 563091 | 4776240 6.1 3.1-6.1 50

BH/MW | August 8,2018*

562740 4775937 6.1 3.1-6.1 50

5/5R January 8,2019
BH/MW 6 |[September 4,2018] 562498 4775883 6.1 3.1-6.1 50
BH/MW 7S | August8,2018,, | 562237 4775723 4.6 1.52-4.6 50
BH/MW 7D | August8, 2018 |/362239 4775723 6.1 3.1-6.1 50

Notes:
mbgs -- metres below ground surface
* BH/MW 5 well destroyed and replaced on January §, 2019

3.2 Groundwater Monitoring

The groundwater levels in the monitoring wells were measured, manually on
September 24, October 25, November 22, December 21, 2018, and again on January
18, February 15, March 22, April 15, May 24, June 19, July 26, and August 22, 2019,

to record the static and the seasonal groundwater table fluctuations.
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A cluster of two mini-piezometers, consisting of a deep (D) and a shallow pipe
installations unit (S), were installed at the BH/MWs 1, 4, and 7 locations, to monitor
groundwater elevations and to determine the vertical hydraulic gradients relative to

Mohawk Lake, and to assess groundwater contribution, if any, to Mohawk Lake.

Aquafor Beech installed one (1) automated data logger within each of the BH/MWs.
These data loggers record the fluctuating groundwater le¥€ls and temperatures in the
groundwater. The data loggers were used to record groundwater elevations and

temperatures at fifteen (15) minutes intervals.

3.3 Monitoring Well Development.and Single. Well Response Tests

All of the deeper monitoring wells, except BH/MW 3, underwent development in
preparation for single welléresponse testing(SWRT) to estimate the hydraulic
conductivity (K) for saturatedsubsoil strata at the depths of the monitoring well
screens. Well deyelopmentiinvolved the purging and removal of several well casing
volumes of groundwater from each monitoring well to remove remnants of clay, silt
and other debris introduced into the monitoring wells during construction, and to
induce the flow of formation groundwater through the well screens, thereby
improving the transmissivity of the saturated subsoil strata formation at the well

screen depths.

The K values derived from the SWRT’s provide an indication of the yield capacity
for the groundwater-bearing soil strata, at the well screen depths, and can be used to

estimate the flow of groundwater through the water-bearing subsoil strata.
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The SWRT involves the placement of a slug of known volume into the monitoring
well, below the water table, to displace the groundwater level upward. The rate at
which the water level recovers to static conditions (falling head) is tracked using a
pressure transducer data logger/, and/or manually using a water level tape. The rate
at which the water table recovers to static conditions is used to estimate the K value

for the groundwater-bearing strata formation at the well screen depth interval.

The SWRT could not be performed at BH/MW 3, due 46 the insufficient volume of

groundwater within the well throughout the monitofing pesiod.

The SWRT’s were completed on October 25,2019, and on June 19, 2019, with the
results being provided in Table 6-2 andyAppendix *A’.
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4.0 REGIONAL AND LOCAL SETTING

4.1 Regional Geology

The subject site lies within the Physiographic Region of Southern Ontario known as
the Norfolk Sand Plain. The Norfolk sand plain is wedge shaped with a broad,
curved base along the north shore of Lake Erie where it tapers northward to a point at
Brantford on the Grand River. It includes the western half of the Regional
Municipality of Haldimand-Norfolk (previously Norfolk'County), the eastern end of
Elgin County, southern Brant, and a small cornetof Oxford;having a total an area of
3,136 square kilometres. The plain declines southwatd from about elevation

259 masl to the level of Lake Erie (174 masl) or from the west to the top of the shore

cliff about 30.48 m or more above the lake:

The sands and silts of thisdegion were depeosited as a delta in the former glacial
Lakes Whittlesey and Warrensd A great discharge of meltwater from the Grand River
area entered the lakes between theiice front and the moraines to the northwest,
building the deltawithin the former lake, from west to east as the glacier withdrew.
Thus, it covered mostof the area west of the Galt Moraine. This and other moraines
to the west are partly buried by sand; with some sections being entirely covered
whereas other moraines still stand up about 15.24 to 22.86 m above the general

ground level.

The drainage is through small rivers flowing directly into Lake Erie, except in a
small area in the north which is tributary to the Grand River. These streams, the
largest of which are; Otter Creek and Big Creek, have cut deep incised valleys across

the sand plain, often about 22.86 to 30.48 m deep.
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The surface geological map of Ontario shows that the area is a complex mixture of
glaciofluvial and glaciolacustrine soil deposits, reworked by the present-day Grand
River. Areas south of, and including Mohawk Lake and the canal are underlain by
modern day alluvial sediments of the Grand River comprised of un-subdivided sand,
silt, gravel clay and muck. Mohawk Lake and the canal almost form a boundary
between the glaciolacustrine and older alluvial deposits to the north. Older alluvial
terrace remnants, consisting of gravel and sand make up the southwest portion of the
drainage area within the Brantford City core, within a pocket on the north side of the
canal, in the Glebe lands where it empties into Mohawk Lake. The latter location has

had some aggregate extraction in the past, followed by landfilling activities.

The central and north areas of the drainage area loeated in the Brantford City core
and areas on the north side of Mohawk Lake andithe canal downstream of the lake
are underlain by glacial-age Jfake ' Warren and younger glaciolacustrine deep water
deposits comprised of stratified to vasved stlt and clay with minor sand which are
locally overlain by agveneer of sand, which is a pocked in the south central and
peripheral areasdin the northwest, north, northeast and east drainage areas are
underlain by Lake"Warren and younger glaciolacustrine sands with some silt of a
shallow water and deltai€ origin. Drawing No. 3, reproduced from Ontario
Geological Survey (OGS) mapping, illustrates the Quaternary surface soil geology

for the site and surrounding area.

The bedrock underlying the site is comprised, mainly of shale and dolomite
belonging to the Salina Formation which is of Upper Silurian Age, which is underlain
by dolostone of Guelph Formation. The bedrock surface elevation is at

approximately 183.00 masl. (Bedrock Geology of Ontario, 1993).
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4.2 Physical Topography

A review of the local topography shows that the subject site is undulating, exhibiting
a gentle decline in elevation relief towards the Mohawk Lake. The ground elevations
generally vary from about 199 to 212 masl. Drawing No. 4 shows the mapped

topographical contours for the site and surrounding area.

4.3 Watershed Setting

The study area is located within the Southern Gfand River subwatershed of the
Grande River Watershed. The Grand Riveras its ieadwaters near the town of
Dundalk (Grey County) within one of.the highesttopographic elevations in Southern
Ontario at 526 masl. It flows south forabout280 km'to its mouth on Lake Erie at
Port Maitland. The Grande Rav@mW atershed is the largest watershed in southern
Ontario, and occupies andrea of about 6,800 square kilometers. The Grand River
has a dendritic drainage system with some major rivers such as the Conestoga, Nith,
Speed and Erame$a. The Grand'River is the predominant feature within Brantford,

flowing from thenorthwest portion of the City in a southeasterly direction.

The central region of the watershed is the most populated, with large cities that
include; Kitchener, Waterloo, Guelph, Cambridge and Brantford. A major challenge
for the future is coping with significant population growth. Maintaining or even
improving the quality of our waterways while conserving the natural heritage of
wetlands, woodlands and wildlife habitat, will be a major challenge in light of these

growth pressures.

Drawing No. 5 shows the location of the subject site within the Grand River

Watershed and Southern Grande River Sub-watershed.
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4.4 Local Surface Water and Natural Features

Mohawk Lake was constructed in the 1840s as part of the Mohawk Canal, located in
the City of Brantford. The Mohawk Canal starts at Shallow Creek Park and
continues to the Alfred Watts Hydro Generating Station Ruins at the Grand River, a
federally recognized National Heritage River. The 4.8 km length canal is narrow and
shallow with reinforced banks. Mohawk Lake is surrounded by trees with several
small open areas that can be accessed for recreational piirposes. The Mohawk Lake
is shallow and has a surface area of approximately43 hectares, with depths ranging
from 1 to 3 m. Multiple stormwater managemént outlets are found along the canal,
making stormwater runoff the primary water‘@entribution source. Mohawk Lake’s
839 ha drainage area is comprised of gmainly of urbanized sub-catchments, including
the Brantford neighbourhoods/districts of LewetsiRowntown, Colborne, and Mohawk
Greenwich. The Six Nationgfowns\37 hectares of land directly on the north side of
the lake, known as GlebeFarm Nos40B. The land directly adjacent to the south side
of Mohawk Lake, andmerth of Six Nations Indian Reserve No. 40 are privately
owned. The Grand River Conservation Authority (GRCA) owns the land abutting
the Grand River. The City of Brantford owns the majority of the remaining adjacent

lands.

The locations of the site and the noted natural features are shown on Drawing No. 6.
The nearby wetlands shown on Drawing No.6, identified as other, have not been

evaluated asbeing Provincially Significant.
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5.0 SOIL LITHOLOGY

The study has disclosed that beneath the existing layer of topsoil, and earth fill
materials, the native soils underlying the subject site consists of silty clay, silt, sandy
gravel, silty sand and assorted organics. The lithology for the previous BH/MW 5 were
used to describe the lithology for the location of the replacement well BH/MW 5R. A
Key Plan, and the interpreted geological cross-sections are presented on Drawing Nos.

7-1, 7-2A and 7-2B.

5.1 Topsoil (BH/MWs 18, 1D, 2, 4S, 4D, 7Sfand 7D)

Topsoil, approximately 80 to 100 mmasthick, was‘@bserved at the ground surface at

the BH/MWs 1S, 1D, 2, 4S, 4D, 7S and\7D locatiens.

5.2 Earth Fill (All BH/MWs)

Earth fill, was encountered ‘beneath the topsoil layer, or at the ground surface at all of
the BH/MW locations. The/fill is generally brown in colour and consists of fine to
medium grained sand, ot'silty sand having traces of gravel. At the BH/MWs 6, 7S
and D locations, the earth fill encountered was brown to black in colour, consisting of
organics, sand and glass fragments which emitted a strong odour. The thickness of
this fill unit generally ranges from 0.6 to 3.0 m. At BH/MW 7D, the earth fill was
encountered at