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Underground Stormwater Management: Lessons
Learned Through the Development of Policy, Procedure,
Criteria and Standards for Non-Conventional Municipally
Assumed Stormwater Management Facilities (NCSWMFs)
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Key Terms

& Conventional SWMF: typical stormwater
management pond.

& Non-Conventional SWMF (‘NCSWMF):
underground stormwater management tanks
or superpipe facilities

Sl ! ¢ Greenfield Development: the development of
e way an undeveloped parcel of land in an urban or
S8 | rural area.

& Infill Development: development or re-
development of a parcel of land in an already
developed area.
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Before we get started, there are a few definitions that we should go over. 
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Project Background

More Homes Built Faster Act in 2022

Dual-purpose park blocks with
stormwater management blocks

In June 2022, the City of Vaughan
developed an Interim Policy

Key - municipally assumed, end-of-
pipe facilities
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In 2022, The Province of Ontario released the More Homes Built Faster Act putting pressures on municipalities to construct an influx of homes in response to population demands. As part of this Act, it allows developers to dual-purpose their park blocks with stormwater management blocks by allowing non-conventional SWMF to be implemented under municipal park space. This ultimately frees up additional land for development by alleviating the requirements for separate SWM blocks. 

In response to this Act, the City of Vaughan developed an Interim Policy in June of 2022 for the approval of municipal non-conventional, end-of-pipe SWMF. This interim policy was implemented as a temporary measure with the intention to developing a more fulsome City policy including procedures, criteria, and standards.

It is important to clarify that both the interim and updated policy focus on municipally owned facilities which are typically designed and approved through the subdivision approval process. The content prepared as part of this project is not intended for privately owned facilities approved through the site plan process.  






Project
Objectives

Develop a decision framework to determine
where new NCSWMFs may be accepted;

To provide a list of allowable SWM
technologies/facilities;

To examine financial implications and lifecycle
costs;

Develop a cost recovery mechanisms for
NCSWMFs; and,

Prepare design criteria and standard drawings.
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The project aimed to develop a City policy, procedure, design criteria and standards for the review and approval of non-conventional municipal stormwater management facilities within new developments, including both Infill and Greenfield developments. The idea was to develop a comprehensive framework to clearly outlines things like the submission requirements, unit rates, maintenance types and frequency to streamline the approval process, but also to avoid arguments with the applicant during the review process.  The main objectives for these deliverables were: 

To develop a decision framework to determine where new NCSWMF’s may be accepted, and under what conditions;
To develop a list of allowable SWM technologies/facilities for use at the end of pipe, and as part of the treatment train approach;
To examine the long-term financial implications of these facilities to the asset owner, including assessment for the lifecycle of the structure. 
To examine potential cost recovery mechanisms to offset any financial implications and ensure NCSWMFs are financially viable alternatives in the long term. 
And lastly, to prepare design criteria and standard drawings that are specific to non-conventional SWMF


Project Deliverables

Background

® Review Report ‘ Policy Q Criteria

. Technical Asset i i
Review Report @ Procedure ® Standards
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Quick review of each of the deliverables prepared as part of this project. The following slides allow for more detail on each deliverable. 
 


Background Report

& Review of existing policy, by-
law, criteria etc.

@ Industry scan

& Review of available
technologies
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In the Background Review Report, we started off by taking a look at all existing and relevant policies that were already in place at the City that would support the implementation of this policy, as well as the Citys existing review policy. We also did a review of existing NCSWMF technology and current industry practices to get a sense of what was currently being implemented and what was available for implementation. 



Technical Asset Review Report

& Review of the available documentation for
the City’s 16 Non-conventional approved
and or constructed facilities

® Emphasis on O&M Requirements and
costs

® Provide an overall summary of the
existing facilities
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In the Technical Asset Review Report, we looked at each of the City’s 17 existing NCSWMF from the standpoint of what criteria they were designed to address, what their O&M requirements and practices were like, if any financial contribution had been collected by the City, and how they were functioning in a dual use land block (if applicable). This also gave us the opportunity to learn about the City’s experience with these facilities thus far, and if there were any pros and cons to each design. 



Guiding Principles

Where NC SWMFs will be accepted

PO”CY Land Use Coordination Above Facilities

Technical Requirements

O&M Requirements and Cost Impact
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Outline key components outlined in the policy, ie. where NC SWMFs will be accepted


Procedure

& Detailed process for development
® Justification Report

® Draft Plan / Functional Servicing
# Detailed Design

& Assumption
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Procedure – go through steps, justification report, detail increase through development process


Criteria and
Standards

& List of approved technologies

& Technical requirements —
Maximum depth

& Land use considerations — Parks
vs. ROW

& O&M Requirements — Access and
frequency

% Standard details — Footings
& Financial Assessment Details
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Criteria – type of facilities/list

Some other key components that have been outlined in the criteria include flow by-pass requirements to facilitate maintenance, traffic management requirements, park programming rehabilitations, and vegetation restoration above the facility. 

Segway into financial assessment



Financial Impact Assessment

& Costs are the difference from conventional SWMF

+@+@-@
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A Financial Impact Assessment was completed to determine the cost implications associated with the implementation of a non-conventional SWMF. It is of no surprise that non-conventional SWMF are not only more expensive on the construction front, but also on the operation and maintenance when compared to conventional SWMF. Since conventional SWMF are the current norm, the financial implications are assessed as the difference in cost when compared to a non-conventional to a conventional SWMF. 

A Financial Impact Formula was developed as the method of cost recovery for the City and includes the summation of three key components: 
- inspection: includes the routine visual inspections of the facility. Typically completed annually and after large events.
- sediment removal: includes the removal of sediment in the facility and upstream treatment train approach 
- and lifecycle: includes the replacement/rehabilitation over the lifecycle of the facility

The total cost of each of these components is to cover the life expectancy of the structure. For City of Vaughan criteria, the life expectancy of the structure is set at 100-years with costs assessed in present value.   


Financial Assessment — Inspection

9

Can have larger area to inspect
(i.e. upstream OGS)

Centralized area to inspect

\ 4

Components require more : : :
frequent inspection Less frequent inspection required

9

: Requires more involved
Surface Inspections less costly equ i?’nspections

($500/inspection/component) ($2000/inspection/SWMF)
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There are some differences when it comes to inspection of NC and conventional SWMF.

For starters, the design of the NC SWMFs could span a larger area when you consider the entire stormwater strategy such as the upstream treatment train approach. Conventional SWMF inspections are centralized in one location as the SWM pond satisfies various SWM criteria in one facility. 

Second, NC SWMFs are underground and are not visible from the surface like your typical SWM Pond. Since they are buried, more frequent inspections are required to ensure the facility is operating as designed. Conventional SWMFs on the other hand, are visible and highly noticeable when the facility is not functioning as designed. Conventional SWMF are essentially a designed hole in the ground and have less complex parts requiring less frequent inspection.

Lastly, there is a cost difference between the inspections for these facilities. With NC SWMF, visual inspection primarily consist of sediment measurements to assess maintenance requirements. Conventional SWMF inspections are more involved as more components of the facility are visible including plantings, access roads, fencing etc. The City of Vaughan criteria prescribes a unit rate of $2000/inspection for a conventional SWMF and $500/inspection/component of a NC SWMF and. This means $500 applies for each OGS unit or other treatment train measures and $500 for the visual inspection of the facility from the surface.  Therefore, the inspection unit rate for the NC SWMF could be greater than conventional if there are more than 4 components that need inspection. 



Financial Assessment — Sediment Removal

¢ Sediment loading per MECP & 100-year lifecycle

$ 200 / m3 $ 500 / m3 $ 300 / m3

% $300/m3

Sediment
Loading
over 100
years

(m?)

Sediment
E ]

Cost
Component
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The second component of the Financial Formula is for Sediment Removal. To determine the anticipated sediment volume, the MECP sediment loading rate based on contributing area and land use is to be applied. Sediment loading will occur for the lifecycle of the facility and therefore annual loading is multiplied by 100-years. 

This component covers the cost associated with removing sediment from the entire treatment train and stormwater management facility, if applicable. The applied sediment removal unit rate is the differential between costs for non-conventional and conventional SWMF. For example, if it costs $500/m3 to remove sediment from an underground facility, and $200/m3 to remove sediment from a SWM pond, the unit rate for sediment removal in the Financial formula is $300/m3. 

Overall, the total cost to remove the sediment from the facility is equal to the total sediment volume accumulated over a 100-years * $300/m3. 




Financial Assessment — Life Cycle

& Rehabilitation/replacement costs over 100 years.

& Criteria systematized unitary prices (CAD 2023) and frequency:

10% area — 25-year interval

Replacements
Inlet/Outlet 50-years Product dependent
OGS Component 25-years Product dependent
Plastic SWMF 50-years $500 - $600 /m3
Inspections
Confined Space 20-years $5,000 / day
Concrote Rehab 30% area — first 25 years $2.600 / m?2



Presenter
Presentation Notes
Becky

The third and final component of the Financial Formula is the Lifecycle costs. These costs cover the rehabilitation and/or replacement of the structure within the 100-year life expectancy of the facility. A benchmarking exercise was completed during the development of the criteria document to establish realistic yet fair unit rates for the various replacements, rehabilitations, and inspections. This exercise included using existing City of Vaughan pricing information for conventional SWMFs in conjunction with recent tender bids and discussions with various suppliers. 

In City of Vaughan criteria, it has been assumed that concrete facilities will last the specified 100-years with routine structural rehabilitation. Plastic facilities on the other hand require full replacement of the facility at the end of its life as rehabilitation of the plastic chambers is not possible. Plastic facilities currently have a life expectancy of around 50-years, and therefore one full replacement of plastic NC SWMFs must be included in the lifecycle costs. 

The criteria document has been formulated to systemize the costs and maintenance frequencies of difference types of NC SWMFs to ensure consistency across the development review process. Some examples of the specified values are presented in this table shown here. For example, replacement of key components to the facility including the treatment train approach are to be replaced every 25 – 50-years depending on the component. For example, OGS units are slated to be replaced every 25-years with the cost dependent on the supplier for the device. Similarly, plastic facilities are to be replaced every 50-years, with a cost of $500/m3 when overburden material can be stockpiled on site, and $600/m3 when overburden material must be removed and returned to site. Availability to stockpile must be considered early in the design phase as impacts to park programming above the facility are to be minimized and therefore adequate staging area may not be available. 

With respect to inspections, confined space entry of NC SWMFs is to be completed every 20-years to assess the structural integrity of the structure and complete any necessary rehabilitations. For concrete structures, it has been specified that a total 60% of the structure surface area will have to be rehabilitated over the 100-year duration, with 30% rehabilitation expected in the first 25-years, and the remaining 30% split at 10% every 25-years. An extended warranty on the NC SWMF may be accepted in to reduce the required concrete rehabilitation in the first 25-years. Acceptance of these warranty plans is solely at the discretion of the City and requires a legal agreement between the City and the supplier, to the satisfaction of the City Solicitor. Warranty’s should only be considered for reputable suppliers that will be around for the full warranty period and honor the warranty. 





Open vs. closed bottom

Facility material

Key Design
Considerations

Quality control, extended detention

O&M requirements

Dual-use programming
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The design configurations of non-conventional SWMF can be highly customizable. Municipalities should consider what types and components of non-conventional SWMFs are allowed for municipally owned, end of pipe systems. Some of these key design considerations include:

- Open vs. closed bottom facilities. In other words, will this facility be allowed to infiltrate? This type of design consideration plays a large factor on the maintenance and costs as a different maintenance regime is required for open-bottom facilities. 
- Facility material – Will the municipality be accepting concrete and plastic facilities. This plays a factor on the Financial implications as the life expectancy of plastic facilities is different than concrete. Maintenance regimes for plastic and concrete facilities can also be different and therefore needs to be considered with the Operations departments capabilities. 
- What stormwater management criteria can be achieved with these NC facilities? Are they only credited with quantity control? Will the municipality allow for quality control (ie permanent pool) or extended detention within the facility. Again, this plays a factor on the maintenance regime and associated O&M costs and design of the upstream treatment train approach.
- What dual-use programming will be allowed above these facilities? Does the municipality have any restrictions on what they will allow above these facilities? Non-conventional SWMFs can be designed for a variety of conditions, however not all may be desired by the asset owner. For example – are buildings allowed above these facilities? What about infrastructure for washrooms or splash pads? This plays a factor in the facility configuration, depths, and O&M regime.


Lessons Learned through Policy Development

2
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NC SWMF
lifecycle costs
>
conventional
SWMF
lifecycle costs

4

5
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e Wi N N\
BILD Early dual Park Design
involvement use land programming features
block disruption dependent on
identification minimized City
through Operations
criteria capacity

O&M mindset
needs to shift
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Throughout the development of this policy, a number of lessons were learned.

Costs associated with non-conventional SWMFs are greater than those experienced with conventional SWMFs. With a likely influx of non-conventional SWMF, these increased costs need to be considered prior to implementation to ensure the City protects themselves. Extended warranty is potential tool for cost recovery that was considered for City of Vaughan. It should be considered if the supplier is reputable and going to be around by the end of the warranty. 
BILD needs to be involved early on in the process. Valuable input from these stakeholders was received and considered in the development of the policy procedure and criteria. To ensure a smooth implementation of any policy, thorough stakeholder engagement should be conducted to ensure no roadblocks later in the process. 
As prescribed through the Provincial Act, dual-use park blocks are allowed. This requires early identification in the development process to ensure all appropriate departments are included in the review process. As park space can become encumbered, planning and coordination with Parks/Urban Development departments need to occur early in the design phase to ensure the facility is designed around any land use constraints. 
Park programming disruption can be minimized through development of criteria. The criteria document dictates a number of criteria to minimize park programming disruption including: SWMF placement, o&m access routes, trails, vegetation cover, minimum cover, allowable landuses above etc. This is an effective tool to help bridge the gap between the requirements of various departments.
Certain Design features should be specific to the City’s operation and maintenance capacity and regime. For example, features such as isoloator rows or open-bottom facilities can increase O&M needs and costs. Therefore, it is up to the municipalities to decide which operations and maintenance techniques can be accommodated leading to design considerations for the engineer. 
To maintain these facilities, the existing mindset around operation and maintenance needs to shift from a “larger capital” project to something that is consistent and ongoing. Any developed criteria needs to be very thorough on requirements for O&M manuals including which activities, frequency, unitary costs etc. are required for the facility. Specific O&M manuals should be provided for each facility to clearly outline the requirements to the operator. 



Key Recommendations

5 = I

Collection of an Offset Fee Parks / Urban Design PEO Record Drawings

for the lifecycle of the Early Involvement
facility
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For municipalities looking to implement a City policy/procedure for NCSWMFs, we have three key recommendations:

- Costs for maintenance of NCSWMFs are generally higher than conventional facilities, though can depend on the size and function of facility. Municipalities must have a plan for how costs will be covered to ensure functionality of these systems throughout their design life. 

Park’s and Urban Design Departments must be involved earlier in the development process than what is typically occuring. Park amenities and NCSWMF's should be designed cooperatively with emphasis on Park needs. This leads into the maintenance requirements of these facilities and the impacts to the park space above the facility. Restrictions with maintenance should be identified by Parks departments early on to ensure the design of the facility can accommodate the limitations. 

- The municipalities should prescribe the requirement for Record Drawings as per PEO Guidelines. This requires a full-time construction inspector on behalf of the City to confirm the facility was constructed as designed, as opposed to your typical as-built drawing.
 





What's the Future?

& Policy is currently undergoing review and
approval process by City Council

® NC SWMFs are coming — Municipalities
need to prepare themselves.
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So what is the future when it comes to non-conventional SWMF?

Specifically to Vaughan, the policy is currently under review and approval by City Council. At this time, it is anticipated that the policy will be implemented later this year. 

However, overall, the future of stormwater management includes non-conventional solutions as end-of-pipe stormwater management facilities. Municipalities need to prepare themselves for an increase in not only applications of these types of facilities, but also ownership and maintenance. NC SWMF present an increased cost to the asset owner which needs to be considered as these facilities become costly and present an increased risk if ignored. 





Thank You

LinkedIn

https://www.linkedin.com/company
/resilient-consulting-corporation

Instagram

Resilient

Email
info@resilientconsulting.ca
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Any Questions?
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