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1. Introduction

a)

Who was involved in doing the Feasibility Study, and what are their affiliations? Please include
name, title and contact information. Those involved could include municipal staff, engineers and
other consultants, a representative from a non-governmental organization, and others.

City of Waterloo: Jessica Kellerman, Manager — Stormwater Operations and Construction -
Integrated Planning and Public Works, Jessica.kellerman@waterloo.ca

Greenland Consulting Engineers: Trevor Boston, Project Manager, tboston@grnland.com

2. The Feasibility Study

a)

Describe the process that you undertook to make this feasibility study a reality, from concept, to
council approval, to RFP, to final deliverable.
This feasibility study consisted of 6 phases:

Phase 1 — Acquisition and Processing of Existing Relevant Data

This phase included start up meetings, data requests, acquisitions, and analysis, study scoping
where 4 priority SWMFs were chosen from 10 relevant Stormwater Management Facilities
(SWMFs), literature reviews to find Provincial Water Quality Monitoring Network stations, etc., and
SWMF drainage area delineation from the City’s Stormwater Management Model.

Phase 2 - Field Investigation Program

The monitoring program set up, implementation, and analysis was the focus of this phase. Grab
samples and continuous monitoring stations were strategically placed in locations within the 4
short-listed SWMFs. Grab sample analysis comprised of two (2) phases, including samples
submitted to a laboratory for analysis, as well as a field and in-house analysis component. A total
of 18 of grab sample rounds were completed at each of the four (4) selected SWMFs and analyzed.
Significant precipitation and snow melt runoff events were targeted. Continuous flow and
conductivity monitoring stations were also installed in the permanent pools and primary outlet points
of each SWMF (excluding SWMF 5). These stations included both pressure transducers
(Levelogger® Edge Water Level Dataloggers) to record changes in water level and temperature,
as well as conductivity transducers (HOBO® Fresh Water Conductivity Data Logger) to record both
conductivity and temperature. All data was continuously captured at 15-minute timestep intervals.
Continuous Monitoring Stations were initially installed on September 61, 2020, and periodic check-
ups occurred to ensure continual functionality.
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Phase 3 — Interpretation and Use of Integrated Surface / Groundwater Model Results
University of Guelph focused Phase 3 on model building and adapting software code for simulation
of salt. The model aligned with locations and drainage areas from the City’'s stormwater model
catchment and conduit data. GIS and other data sets were used. Ongoing communication with the
University Research Team with monitoring results analysis and surface model validation continued
throughout the study. The Region provided grided outputs from the Regional Groundwater Model
that identified contributing areas for well head protection areas within the model boundaries and
associated travel times between contributing areas and receptors.

Phase 4 — Feasibility Analysis

Phase 4 included extensive literature review on alternative solutions for winter road maintenance.
Greenland interpreted data from pressure transducers, sensors, and grab samples data. Loading
of chloride to SWMF was determined as the product of concentration and flow of storm water into
each facility. Assessing the difference in chloride load entering and leaving the SWMFs determined
the load stored in the facility that is available for infiltration through the bottom of the pond. Level
measurements during periods of time with limited inflow / outflow were used to evaluate rate of
infiltration. The Regional Groundwater Model identified that SWMF 17 is the facility with the highest
likelihood of surface / groundwater connectivity. This, coupled with its high chloride loading from
adjacent parking lots, identifies it as the priority SWMF for mitigation efforts.

Cost and benefit analysis investigated mitigation cost or use of alternative means of managing
winter road ice conditions. It also considered the benefit associated with avoiding the future cost of
using expensive reverse osmosis technology if chloride concentrations continue to rise in source
water.

Phase 5 — Consideration of Potential Alternatives to Mitigate Road Salt impacts

Phase 5 consists of Literature Review including a focus on SWMF retrofit opportunities, Best
Management Practices, Variable Salt Rate Application Technologies, Road Salt Substitutes, and
Structural Alternatives. This phase developed a conceptual solution for capture and reclamation of
runoff water exhibiting high concentrations of chloride. The design features use of sensors,
conduits, pumps and a containment tank to divert highly concentrated runoff from infiltrating through
the bottom of the SWMF or being discharged to surface water. Further, the diverted, high salt
concentration water would be reused by a road pre-treatment program where brine is sprayed on
roads and parking lots in advance of storm events to reduce the amount of rock salt that needs to
be applied. The approach is proposed as a pilot for further study and possible scale-up in the future
if successful. It would create a partial closed loop for salt application.

Phase 6 — Approval
The final step of the feasibility study saw the development of a report detailing the data analysis
and conceptual design and costing analysis for the mitigation concept. The approach was
presented to the City.

What were the objectives of the Feasibility Study (what was it seeking to determine)?

Produce a mass balance analysis identifying chloride loading and transport for four SWMFs in the
study area. Quantify impacts of road salt use to groundwater through modelling and monitoring.
Provide recommendations to reducing chloride concentrations and loading to groundwater with
cost/benefits and technical feasibility that show both environmental and economic advantages.

What approach (or methodology) was used in the Feasibility Study to meet these objectives?
This study used both primary and secondary research including in-field grab samples and
continuous monitoring to collect water quality data and dataset analysis and literature review,
respectively.

The feasibility of the mitigation concept was presented as a comparative analysis against the cost
of “doing nothing” until the City is forced to treat or replace the water supply.



It looked at the potential cost savings and environmental benefits of adopting brine pre-treatment
of roads and parking lots and recovering a portion of applied salt in melt runoff.

Please describe any public consultations conducted as part of the Feasibility Study and their impact
on the Study.

Public consultation was not a part of the study; however, the Region of Waterloo and researchers
at the University of Guelph were engaged by the project team to provide insight.

3. Feasibility Study Findings and Recommendations

a)

What were the environmental findings related to the options explored in the Feasibility Study?
Please provide quantitative results and summary tables of these results (or the page numbers from
the Feasibility Study report).

The findings from this study indicated that there are increasing chloride concentrations in
groundwater resulting from high loading rates of road salt for winter maintenance. Road salting can
produce salinity levels that are toxic to aquatic species at both short term and long-term exposure
levels. They also threaten the integrity of critical aquifers and drinking water supplies. The Drinking
Water Quality threshold limit for chloride of 250 mg/L has been exceeded at the William Street
Pumping Station (the focus receptor in the study) and the trend appears to be toward increasing
concentrations without further intervention.

What were the financial findings related to the options explored in the Feasibility Study
(for example, results of a cost-benefit analysis, financial savings identified, and so on)? Please
provide quantitative results and summary tables of these results (or the page numbers from the
Feasibility Study report).

The financial findings suggest that prevention of increasing levels of chloride is the better alternative
compared to advanced water treatment requirements in the future. Reducing the quantity of
chloride entering the groundwater by improving management of winter road maintenance and road
salt spreading and improving collection ability of SWMF, specifically SWMF in wellhead protection
areas, is less expensive than constructing and operating a more advanced water treatment facility
using R.O. technology. Based on the results of this analysis, the proposed 2-part mitigation
strategies could save an average of $15,235 per tonne of chloride removed/year in capital and
operational costs and would reduce chloride loading to groundwater by 70.5 tonnes per year.

Based on the environmental and financial findings above, what does the Feasibility Study
recommend?

This feasibility study recommends the City of Waterloo attempt to achieve the target water quality
objective of 250 mg/L through the following means:

e Strategically using alternatives to road salt such as sand or sand / salt mixes where
feasible;

¢ Significantly reducing overall annual salt applications;

¢ More efficient applications via:

o optimized timing of application,

o pre-treatment using brine,

o increased level of adherence to asphalt,
o optimized application rate for conditions;

e Improved training for municipal operators;

e Bringing private property owners, insurance companies, contractors and the public on-side
with better understanding of the implications of excessive release of salt to environmental
receptors;

o Enabling further investigation, research and development into a partially closed loop
system that would divert and reclaim brine from catch basins and permanent pool stratified
layer and allow it to be used in pre-treatment of roads.



A semi-closed loop, brine collection and reuse system on SWMF 17, the facility found to contribute
the highest chloride load to groundwater, is a recommended pilot project. From the parking lot
located in the immediate upstream drainage area, an annual chloride load reduction between 0.9
and 3.8 tonnes, dependant on the finalized design (target loads), could be achieved.

The City / Region should consider a more rigid accounting system for road salt use that captures
usage by the City and its contractors, private institutional / commercial property owners and their
contractors and private residents including retail sale of de-icing products. Knowledge of application
rates by public and private practices is the first step to develop programs to educate operators and
the general public on salt usage, improve City / Region operator compliance and develop detailed
programs on further reducing road salt usage.

A strict quota system that rewards more efficient use and holds accountable road salt misuse needs
to be enacted as part of a City or Region-wide plan. In more rural parts of the Region of Waterloo,
strategic use of wind breaks to block wind-driven snow from accumulating on roads should be
implemented through incentivizing and working with land owners. Higher prices and public
warnings about the impacts of salt in the environment and to drinking water need to be used to
communicate potential impacts.

4. Lead Applicant’s Next Steps

a)

Taking the Feasibility Study’s recommendations into account, what next steps do you as the
municipality plan to take? What potential benefits or internal municipal improvements would result
from these next steps?

The City of Waterloo intends to evaluate our salting practices and go back to the broader source
water protection working group (made up of local municipalities/townships and the Region) to
provide guidance for future evaluation and breakdown our results. The City will also aim to
collaborate with the University of Waterloo and the Region to obtain further grant funding to
complete the recommended pilot study at Pond 17.

5. Lessons Learned

In answering the questions in this section, please consider all aspects of undertaking the Study — from
the initial planning through each essential task until the Final Study was prepared.

a)

What would you recommend to other municipalities interested in doing a similar Feasibility Study?
What would you do differently if you were to do this again?

Mass balance load analysis of chloride to SWMFs is important in helping to quantify costs, savings
and impacts. Unfortunately, winter monitoring of runoff flows and concentrations entering and
leaving SWMFs is very challenging without damage to equipment. Data can be easily fouled by ice
accumulation and other complications that make interpretation challenging.

Keep an open mind when considering alternatives to conventional use of road salt.

What barriers or challenges (if any) did you encounter in doing this Feasibility Study? How did you
overcome them?
Various challenges include:
e lack of direct access to the Regional Groundwater Model — model outputs received
provided sufficient results for chloride loading validation
o Interpretation of technical/operation as-builts of the SWMFs and the hydraulics and
hydrology of facilities and contributing areas.
o Data management must be carefully executed with extreme consistency and forward
planning.
e The nature of winter monitoring resulting in ice buildup that required complex data
correction.



e Lack of information regarding current road salt/winter maintenance operations and loading
rates in the study area was a significant issue — extensive literature review provided some
level of understanding and likely usage rates but are a poor substitute for actual data.

6. Knowledge Sharing

a)

Is there a website where more information about the Feasibility Study can be found? If so, please
provide the relevant URL.
There is no website for this study.

In addition to the Feasibility Study results, has your Feasibility Study led to other activities that
could be of interest to another municipality (for example, a new policy for sustainable community
development, a series of model by-laws, the design of a new operating practice, a manual on public
consultation or a measurement tool to assess progress in moving toward greater sustainability)? If
so, please list these outcomes, and include copies of the relevant documents
(or website links).

We will be developing documents and updating the draft guidance manual for evaluation of risk with the
source water protection working group. This will come in the future once we’'ve agreed to a uniform
approach to evaluating the risk of our facilities within the high risk source water protection areas. This
feasibility study will provide the framework for updating the guidance manual.
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