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Wastewater (WW) collection systems are designed to convey wastewater plus a small
amount of extraneous inflow and infiltration (I/I) without impacting their level of service.
However, the actual amount of I/I that gets into sanitary sewers is often much higher than
it was originally designed for and poses several capacity issues. The impact of I/I on WW
systems can lead to negative consequences such as basement flooding, environmental
spills, and sewer overload that limits municipal growth mandates without significant
investments in WW collection and treatment facilities. Also, municipalities in Ontario
must allocate millions of dollars to collect and treat I/I before discharging it to the
environment. A significant portion of I/I could be re-directed away from WW systems and
drain naturally to the environment without the need for treatment.
There are various ways for I/I to enter sanitary sewers and consequently create capacity
problems. Common I/I sources in older neighbourhoods include cracked and broken
sewer pipes, defects in maintenance holes, improperly connected roof and foundation
drains and storm catch basin cross connections. In addition to evident I/I sources in older
infrastructure, quite recently, it was identified that even some relatively new subdivisions
generate I/I that far exceeds design criteria allowances during wet-weather conditions. An
example of new subdivision I/I, that being a sanitary maintenance hole submerged during
a rain event, is illustrated in Figure 1.
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INTRODUCTION

FIGURE 1: SUBMERGED SANITARY MAINTENANCE
HOLE IN A NEW SUBDIVISION
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YORK REGION NEW SUBDIVISION
I/I PREVENTION PROGRAM

The program is relatively new, with the first version of the guidelines published in 2015
under the program name Servicing Incentive Program (SIP) by York Region. The Town of
Aurora was an early adopter of the program. The Town of East Gwillimbury also adopted
the SIP program with additional criteria under the program name Sustainable Development
Incentive Program (SDIP).
The objective of the new subdivision I/I prevention program was to create guidelines and
standards around new subdivision WW system construction, testing, and inspection and to
monitor WW flows to ensure new developments were not contributing high levels of I/I
prior to municipal assumption. WW flow was monitored to support the creation of the
guidelines and standards in ensuring that there were low levels of I/I (much below the
design standard) prior to assumption and to ensure these standards created the conditions
necessary to keep I/I low throughout the life cycle of the WW infrastructure in new
subdivisions. A high-level SIP/SDIP program flow chart is shown in Figure 2.
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York Region is two-tier system where the Region is responsible for the collection and
treatment of wastewater within trunk sewers, Regional pumping stations, and forcemains,
while local municipalities are responsible for local WW collection systems. Realizing I/I
issues is a collective effort, and both tiers work collaboratively to investigate the problem,
quantify it, and develop mitigation plans based on what the discovered I/I sources are.
Among several other collaborative initiatives between the Region and local municipalities,
an incentive program for new subdivision I/I prevention managed by the Region puts York
Region on the forefront of environmental stewardship and innovation in relation to
managing WW system capacity.

www.civi.ca

YORK REGION NEW SUBDIVISION
I/I PREVENTION PROGRAM

Formalize Workplan/Conformity Requirements

Sanitary Sewer Construction Inspection

Flow Monitoring (8-12 months) – After First Connection

Flow Monitoring (8-12 months) – After 85% Occupancy

Produce Conformity Report

Approval of New Subdivision I/I Prevention Measures
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Sewer Testing and CCTV Inspections

Figure 2: York Region SIP/SDIP Program Flowchart
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YORK REGION NEW SUBDIVISION
I/I PREVENTION PROGRAM

While long-term monitoring data will not be available until the new subdivision
infrastructure matures to a later stage in its life cycle under this program, the commercial
viability and economic impacts are likely to be large considering the positive impacts so
far in preventing I/I from entering the WW system. These impacts will likely far outweigh
the additional resources and effort required up front to make sure infrastructure is
constructed effectively and monitored prior to assumption. Best engineering practices for
this program combined a multitude of engineering applications, principles, and elements
that tie together to deliver measurable results.

CHALLENGES IN NEW SUBDIVISION FLOW MONITORING
WW flow monitoring has been used in existing neighborhood monitoring for decades
to assess capacity of the WW system in order to plan infrastructure needs in the shortand long-term. Within the new subdivision I/I prevention program, flow monitoring (a
traditional technique) was leveraged to assess I/I both during the infrastructure
construction stage and to measure water conservation and wastewater I/I prevention
measures after homes were connected to the WW pipes. However, traditional flow
monitoring techniques cannot be directly applied to new subdivisions, primarily due to
the small size of the subdivisions and the resolution required to separate I/I from the
measured wet-weather flow. It is integral to the project to accurately measure new
subdivision low flow during its monitoring period. Innovation comes with continuous
improvement to the flow monitoring and the creation of new subdivision construction
guidelines. New subdivision I/I prevention is a relatively new and emerging program.
Refinement to the program is made on an ongoing basis.
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To date, over forty (40) phases of new subdivisions have been registered in five (5)
communities in York Region that have taken part in the program. The timeline to
complete the construction, flow monitoring, and program completion on average ranges
from 4-5 years. The majority of those new developments have completed two monitoring
periods of 8-12 months. Among the new subdivisions that have completed the flow
monitoring portion, preliminary analysis has shown that more than 80% have shown a
conforming I/I response (less than 0.12 L/s/ha during a projected 25-year storm) and are
on their way to complete the program. The results of the flow monitoring are a testament
to the standards and guidelines for construction and monitoring that the Region has put
together to implement the program. Continued modifications to the program are
expected in the near future to maximize the benefits and provide additional guidance for
all parties involved.
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CHALLENGES IN NEW SUBDIVISION
FLOW MONITORING
Catchment Characteristics
The challenges that come with low flow monitoring are plenty. One is finding and
applying the right tools and techniques for data collection. Within existing neighborhoods,
most flow monitoring programs select an ideal drainage area of 25-75 hectares (ha) or
larger to monitor flows. New subdivisions have monitoring catchment areas between 2.5
ha to 25 ha, with the most common size of 10 ha to 15 ha (refer to Figure 3 as an
example).
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Development #1

Development #3

FIGURE 3: SDIP FLOW MONITORING CATCHMENT EXAMPLE
The drainage area for a new subdivision is limited to its boundary (i.e., number of new
homes), it may not drain to a single outlet, and may require many monitors to properly
isolate homes built by one developer versus another. Together, this creates very small
drainage areas producing very low sewage flow rates. As such, low flow monitoring is
susceptible to noise from day-to-day flow variances (refer to Figure 4).
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CHALLENGES IN NEW SUBDIVISION
FLOW MONITORING

FIGURE 4: FLOW COMPARISON (NEW SUBDIVISION VS
OLDER NEIGHBOURHOOD)
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CHALLENGES IN NEW SUBDIVISION
FLOW MONITORING
Low Flows in New Developments
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Due to the small catchment area and high construction standards plus additional water
conservation technologies employed in these new homes, flows encountered in
SIP/SDIP projects are usually very low. As such, area-velocity meters, which are the most
common used flow monitoring equipment, is often times not likely to work due to the
limitations of this technology. Area-velocity meters measure flow depth through
ultrasonic sensors or pressure transducers and velocity using doppler velocity sensors.
Both measurements are compromised when the flow is low. In the early phases of new
subdivisions, the flow observed in the sanitary sewer can be extremely low and the
depth of flow are quite often less than 2 cm (see Figure 5).

FIGURE 5: TYPICAL LOW FLOW IN A NEW SANITARY SEWER

If area-velocity meters are deployed, the sensor itself will not be entirely submerged,
resulting in poor depth measurements. In addition, it has been noticed that the doppler
velocity sensor provides inconsistent velocity readings when the flow velocity is less
than 0.15 m/s. To achieve the level of accuracy required in low flow situations,
customized primary devices such as weirs and flumes as shown in Figure 6 are preferred
due to their superior accuracy and resolution.
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CHALLENGES IN NEW SUBDIVISION
FLOW MONITORING

Weir
•
•
•
•

High Accuracy
Ultra-High Resolution
Ideal for Low Flow Conditions
Require Frequent Cleaning

•
•
•
•
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Flume
High Accuracy
High Resolution
Low Head Loss
Ideal for Low - Medium Flow
Conditions

FIGURE 6: WEIR AND FLUME APPLICATION IN SANITARY SEWER
MONITORING

If the flow subject to be monitored is very low, a V-notch weir is often required.
However, a traditional weir with a V-notch set up can present challenges, as constant
debris build-up due to the low flow-induced lack of self-cleansing velocity. This can
cause a significant issue as it leads to false elevated flow readings (see Figure 7).
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FIGURE 7: DEBRIS BUILD UP AFFECTING DATA
QUALITY

This challenge was overcome with innovation, and a new box weir configuration allows
high-resolution low flow data to be captured while allowing debris to pass through (see
Figure 8 below).
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CHALLENGES IN NEW SUBDIVISION
FLOW MONITORING

FIGURE 8: TRADITIONAL V-NOTCH WEIR VS COMPOUND BOX WEIR
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CHALLENGES IN NEW SUBDIVISION
FLOW MONITORING

Adding to the noise in the data, the next set of challenges is refining the methodology to
minimize overestimation of the I/I responses and the cumulative error in the analysis.
The two I/I key performing indicators are rainfall derived I/I (RDII) and groundwater
infiltration (GWI). Best engineering judgment that comes with years of monitoring
experience is needed when interpreting such analysis. New construction as part of the
program follows stringent building practices, and sewage infrastructure deterioration is
expected to be very minimal. Direct measurement of GWI can be difficult to assess and
empirical estimates such as assuming GWI equivalent to 85% of the minimal dry-weather
can be applied to quantify GWI contribution. However, it was found that this approach
may not be the best representation for GWI present in new subdivisions. A series of
midnight dry weather investigations was performed to attempt to trace extraneous flow
within a new development with bucket test flow monitoring results and compare to
water consumption data. Ultimately, it was found that a very large percentage of the flow
measured in the middle of the night appeared to originate from homeowner usage.
Modifications to the way GWI is calculated is currently ongoing in an attempt to
characterize infiltration in a more accurate manner.

Real-Time Data Access and Management
The amount of flow monitoring data collected can be overwhelming without a proper
data management platform. Web-based software in a cloud environment has
demonstrated a real advantage when compared to conventional desktop computer
programs. Cloud computing uses a series of external computing resources such as
servers, database, and networks to run application and programs. Cloud computing
enables users to access, manage and deliver services on multiple networks without any
human involvement. Such systems increase efficiency and utilization by load balancing
through multiple applications, providing a large range of data storage and processing.
All data collected as part of the new subdivision flow monitoring program was
transmitted to a cloud-based data hub called DataCurrent. This all-in-one data collection
gives the user one view of the monitoring progress. Furthermore, other data is usually
required to analyze the collected flow data, such as precipitation data from rain gauges. A
sample new subdivision flow monitoring dashboard is illustrated in Figure 9.
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Data Analysis
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FIGURE 9: DATACURRENT FLOW MONITORING DASHBOARD

Flow meters deployed in sanitary sewers require a flow monitoring software to
manage all the sensors as well as to have access to the collected data in a real-time
manner. Such systems are usually integrated with Geographic Information Systems
(GIS) that capture, store and display information on the monitoring network. GIS
integrated systems allow users to view monitoring activities while linking geographic
information and displaying detailed descriptions and as a result, it can improve data
management workflow while processing big data with high quality results in an easy to
digest display.
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CHALLENGES IN NEW SUBDIVISION
FLOW MONITORING

Health and Safety and Covid Challenges
There are other more general challenges that are being faced in these trying times of
the COVID-19 pandemic. The work dynamic has shifted to a remote type of work,
while additional safety measures and precautions were taken while conducting regular
maintenance of flow monitoring equipment to keep field staff safe when performing
site visits.
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CONCLUSIONS

With environmental sustainability and social economics benefit from the program, York
Region can be seen as an environmental steward and leaders in system capacity
management innovation. Other regions and municipalities in Ontario have shown serious
interest in new subdivision I/I prevention based on the success of the program in York
Region. Municipalities can leverage a program like this to drive sustainable growth in their
communities. With Ontario’s Places to Grow Act (2005) encouraging sustainable growth
into the future, programs like new subdivision I/I prevention are vital tools to help achieve
municipal and provincial growth objectives.
The program is focused on long-term sustainability by minimizing environmental issues
while maximizing the use of existing sewer infrastructure systems. WW system capacity is
becoming more and more scarce with urban areas expanding and tapping into existing
infrastructure. Large storm events further exacerbate the negative impacts of I/I in WW
systems. The prevention of current and future I/I from new developments is a very
important part of future development which will allow municipalities in Ontario to grow
sustainably and maximize the use of existing infrastructure. The projects within this
program are developer-funded, saving capital investment from the municipality while also
accelerating residential land development. This allows the local economy to grow through
the home building industry and the many industries it supports and allows municipalities
to realize development charges that can be used to enhance the community.
Furthermore, I/I prevention projects can lower development costs compared to the
potential cost of upgrading pipes, pumping stations, and treatment plants that may be
required for developments to proceed.
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The new subdivision I/I prevention program aims for long term sustainability of WW
infrastructure and lowering the potential future cost of I/I derived issues. This program
was first introduced by York Region in 2015. Over 35 new subdivisions in York Region have
taken part in the program with promising results. The program has allowed accelerated
residential land development, community creation, and the creation of jobs in addition to
saving capacity in the WW system.

For the municipalities, long term I/I reduction in the sewer infrastructure and creation of
sustainable development can be expected as a result of the program. Issues that
originated from I/I cost a significant amount of money. Preventing future I/I would save
tax dollars, accelerate residential land development, promote population growth and job
creation.
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