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Disclaimer 
The contents of this report do not necessarily represent the policies of the supporting agencies. Although 
every reasonable effort has been made to ensure the accuracy and integrity of this guide, Credit Valley 
Conservation does not make any warranty or representation, expressed or implied, with respect to the 
accuracy or completeness of the information contained herein. This guide does not provide complete design 
criteria or monitoring guidance. Good engineering practice is essential for all projects. Local site conditions 
must be evaluated in connection with any design. Mention of trade names or commercial products does not 
constitute endorsement or recommendation of those products. This project has received funding support 
from the Government of Ontario. Such support does not indicate endorsement by the Government of Ontario 
of the contents of this material. Unless otherwise sourced, all images are property of Credit Valley 
Conservation.    

mailto:czimmer@creditvalleyca.ca
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Refer to CVC’s LID Guidance Documents at bealeader.ca 
for more information:  

  

http://www.bealeader.ca/
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Glossary of Acronyms and Abbreviations 
BMP best management practice 
BMPDB International Stormwater Best Management Practices Database 
CCME Canadian Council of Ministers of the Environment 
Cu copper 
CVC Credit Valley Conservation  
EC Environment Canada 
EMC event mean concentration 
g gram 
GTA Greater Toronto Area 
IPRA infrastructure performance and risk assessment 
L litre 
L/s litres per second 
LID low impact development 
m metre 
m2 square metre 
m3 cubic metre 
MEDEI Ministry of Economic Development, Employment and 

Infrastructure 
mg milligram 
μg/L micrograms per litre 
mm millimetre 
N nitrogen 
NSQD National Stormwater Quality Database 
NO2 and NO3 nitrite and nitrate 
MOE or MOECC Ontario Ministry of the Environment and Climate Change 
OP orthophosphate 
P phosphorus 
PAH polycyclic aromatic hydrocarbon 
PWQO Provincial Water Quality Objective 
s second 
SWMM Stormwater Management Model (U.S. EPA SWMM) 
TKN total kjeldahl nitrogen 
TP total phosphorus 
TSS total suspended solids 
yr year 
Zn zinc 
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Preface 
Almost every year since 1995, Ontario has had a state 
of emergency linked to severe weather i . Climate 
change is predicted to exacerbate the risks and 
challenges municipalities face today with aging 
infrastructure and growth pressures ii . The serious 
impact of storm events, such as the one that took 
place on July 8, 2013 in the Greater Toronto Area 
(GTA), calls attention to the need to build additional 
stormwater capacity within our urban areas to handle 
these large, intense rainfall events. 

Green infrastructure, including low impact 
development (LID), is gaining traction as an approach 
to enhance stormwater protection within existing urban areas to reduce stress on aging 
infrastructure. LID has been found to build resiliency, optimize water and wastewater treatment 
costs, and improve watershed health and the local economy. 

Why should I read this guide? 
Monitoring LID practices is a powerful way to demonstrate stormwater facility performance, 
indicate when maintenance is needed, and inform asset management plans and infrastructure 
sizing decisions. 

Increasingly municipalities are facing class action lawsuits concerning stormwater management. 
These suits often focus on municipal failures to mitigate risk and prevent damages. Class action 
suits can pose significant threats to municipal finances through settlements or damages and tend 
to require time and resources. See Stormwater Management in Ontario: Legal Issues in a 
Changing Climate by Zizzo Allan on Credit Valley Conservation’s Be a Leader website 
(bealeader.ca) for further information.  

Monitoring plays a critical role in adaptive management and mitigating risk. Done properly, it can 
demonstrate due diligence, help track site performance and maintenance needs, and inform 
management decisions. Monitoring results can provide the scientific support for changing policies 
and processes. For example, Credit Valley Conservation’s (CVC’s) LID monitoring results from 
the July 8, 2013 event have supported the City of Mississauga Council in passing the first 
resolution in Canada where support staff will assess all right-of-way projects for LID opportunities.  

Who should read this guide? 
This guide is intended to assist practitioners and decision makers with developing stormwater 
monitoring plans to demonstrate due diligence, reduce risk and liability, and inform asset 
management decisions. 

How will this guide help me? 
This guide presents the general steps, experiences, and valuable lessons CVC has learned 
through designing and implementing monitoring plans and activities since 2008. This guide can 

What is it? 
LID: Low impact 
development, a green 
infrastructure approach to 
stormwater management, 
uses simple and cost-
effective landscape-based 
features and other techniques 
to collect and treat rainfall 
where it falls.  

 

http://www.bealeader.ca/
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be used as a key component to reduce risk and liabilities related to stormwater management and 
infrastructure, inform asset management plans, and demonstrate the need to build stormwater 
resiliency. This guide can show you: 
 
• How to set up a monitoring program, including the importance of goals and stakeholder 

involvement to design the program 
• How monitoring can build consensus for implementing LID on a broad scale 
• The importance of stormwater management monitoring in the design, construction, 

assumption, operation and maintenance of stormwater infrastructure to ensure long-term 
performance 

• Tips for budgeting and securing funding for monitoring projects and the potential permits and 
permissions required when establishing a monitoring program 

• An overview of the various types of equipment and installation practices available 
• The importance of quality control and assurance in data and sample collection 

 

Where should I go for more information? 
Visit CVC’s Be a Leader website for more information on the design, construction and life-cycle 
activities of LID practices.  

Several symbols are used throughout this guide. Here is a 
reference key to help you find what you are looking for: 

  

 Example, case study or further reading to provide better understanding or context 

 Tip, idea or lesson sharing experiences 

 Health and safety reminders for a safe workplace  

 Financial implications or expenses to consider 

http://www.bealeader.ca/


10 

 

Lessons Learned: CVC Stormwater Management and Low Impact Development Monitoring and 
Performance Assessment Guide – Credit Valley Conservation 

1 Why Monitor Stormwater? 
Extreme events, such as the southern Alberta and 
Toronto storms in 2013, shed light on the state of 
Canada’s aging infrastructure and how a lack of 
resiliency can result in serious consequences, such 
as class action suits against municipalities. Growing 
demand for government accountability has led the 
federal and provincial governments to require 
municipalities in Ontario to submit asset 
management plans for infrastructure funding 
requests. By demonstrating duty of care, monitoring 
plays a critical role in reducing municipal risk and 
liability. It demonstrates stormwater facility 
performance, indicates when maintenance is 
needed, and informs asset management plans and 
infrastructure sizing decisions. Monitoring can fall 
into three management categories: 

Compliance Monitoring: Monitoring designed to evaluate whether a management measure or 
facility is functioning as intended and meeting minimum acceptable requirements. 

Performance Monitoring: Monitoring designed to evaluate how a stormwater management 
facility or practice performs when compared to a range of performance indicators or targets. 
Performance monitoring also allows comparison with other facilities, technologies, and/or 
development contexts.  

Adaptive Monitoring: Monitoring designed to evaluate how stormwater management practices 
can be adjusted to improve performance. For example, practices could be adjusted to improve 
water quality, meet hydrologic goals, last longer, require less maintenance, or meet new 
challenges of climate change. 

Take a look at Appendix A for a detailed description of each type of 
monitoring and real-world examples. 

While many municipalities have spent significant funds designing and constructing stormwater 
management practices, they do not always budget sufficient funds for ongoing maintenance and 
monitoring. To remain effective, ponds require regular inspection and maintenance. However, a 
2008 study found that the vast majority of Ontario municipalities are not monitoring their 
stormwater management ponds iii . They also lack adequate and sustainable stormwater 
management funding commitment for costly pond refurbishment and the dredging of accumulated 
sediment. 

 Class action against the 
City of Stratford resulted in a 
settlement of $7.7 million due to 
damage from flooding. Do you 
know about the liabilities 
associated with stormwater 
management? Check out 
Stormwater Management in 
Ontario: Legal Issues in a 
Changing Climate by Zizzo 
Allan at bealeader.ca.  
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Municipalities are recognizing the need to reduce risk and demonstrate due diligence, and they 
are slowly beginning to allocate funds for monitoring and maintenance. They are beginning to see 
monitoring as a way to ensure performance and avoid costly design mistakes. 

 As stormwater management fees become the norm, monitoring will play a critical role in 
demonstrating accountability through transparency. Monitoring can help answer: 

• Are these systems working properly or as designed? 
• Does the contractor need to make corrections before the stormwater management feature is 

accepted by the owner? 
• What is the water quality and quantity performance of the feature? 
• What happens as the system ages? 
• What size is appropriate (for a treatment train approach versus stand-alone technologies)? 
• Are our design standards sufficient to protect the environment? 

 

2 Convention versus Innovation 
LID is a planning and design approach that aims to mimic the natural water cycle by reducing 
paved surfaces, protecting green spaces, and treating runoff at its source, conveyance and end 
of pipe.  

Conventional stormwater 
management approaches 
consist of systems with curb-
and-gutter, pipe conveyance, 
and end-of-pipe controls. End-
of-pipe controls include artificial 
wetlands, dry ponds, infiltration 
basins, filters, oil/grit 
separators, and wet detention 
ponds. Traditionally these 
systems have focused on 
moving stormwater away from 
urban areas to protect property 
from flood damage and to 
provide a level of water quality 
treatment. 

 Municipalities across Ontario including Waterloo, Kitchener and 
Mississauga are implementing a dedicated stormwater rate to fund 
maintenance, monitoring and stormwater management upgrades. 

Figure 1: Conventional stormwater management pond. 
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Despite conventional stormwater management practices, in-stream monitoring across North 
America consistently indicates that flooding, erosion and pollutants during wet weather conditions 
continue to be a concern. During dry weather periods, stream flows are lower than pre-

development, which has implications for the dilution of 
wastewater treatment effluent. These impacts are 
primarily due to the fact that conventional end-of-pipe 
practices do not mimic the natural pre-development 
hydrology. As the area of paved surfaces increases, there 
is less green space to absorb water or help it infiltrate into 
the ground. Stormwater ponds hold water back, but they 
do not encourage infiltration or evapotranspiration, so 

more runoff enters creeks and streams, filling them more often and for longer periods during and 
after rain events.  Because less rain infiltrates, there is less groundwater available to support 
streams during dry weather periods. This change in hydrology impacts erosion and water quality, 
allowing more pollutants to enter our waterways.  

Developers, municipalities, and residents are asking for change. To build resiliency in the face of 
climate change, aging infrastructure, growth pressures and to meet regulatory objectives and 
guidelines, we need new technologies and approaches. LID addresses these challenges. 
Designed to mimic a more natural hydrologic cycle, LID reduces runoff volumes by allowing sites 
to store stormwater in order to naturally filter, infiltrate and delay flows. Encouraging infiltration 
improves water quality, reduces peak flows and runoff volumes, and helps to recharge 
groundwater. Table 1 lists some of the main objectives of conventional stormwater management 
and LID practices. 

Table 1: Conventional and LID practice objectives 
Conventional Practices LID Practices 

Control peak flow rate 
Reduce the velocity of discharge 
Reduce the concentration of suspended solids 

Mimic natural or pre-development hydrology 
Reduce runoff at its source 
Reduce stormwater volume 
Reduce intensity of stormwater flow 
Remove excess nutrients, pathogens, metals 

 

LID places greater emphasis on managing stormwater at its source than during conveyance and 
at end-of-pipe.  

While LID facilities provide control for many measures, using only one practice is not enough to 
cover all aspects of stormwater management. A “treatment train” approach provides resiliency 
that one system can’t provide on its own. This approach involves using multiple stormwater 
management practices from the source to the end point. Similarly, utilities use multiple treatment 
methods to treat our drinking and wastewater before it enters waterways.  

Visit CVC’s Be a Leader 
website for more 
information on stormwater 
best management 
practices. 
www.bealeader.ca 
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Stormwater Management Criteria vs. Effectiveness 

 LID Traditional SWM

LID techniques are capable of satisfying most stormwater management design criteria, including 
control of water quality and quantity, erosion and infiltration. While not typically designed for flood 
control, some features can retain large volumes of water and release it at a slower rate. When 
conventional and LID practices are used in conjunction, these criteria are met to a greater 
degree, as seen in Figure 2.  

 
LID technologies are designed to mimic the natural water cycle and movement of water in the 
environment. By doing this, LID strategies help to reduce the amount of water runoff and remove 
nutrients, pathogens and metals. These practices can also help restore groundwater and stream 
flows for water support, and protection of our fisheries and well-being.  

Figure 3 shows the progression from a natural water cycle to an urban water cycle. Natural 
ground cover provides infiltration with a small amount of runoff. As more development occurs, we 
see less infiltration and experience more runoff. Urban hydrology that incorporates LID 
infrastructure can help reduce the amount of runoff and increase infiltration rates.  

Flood Control 

Erosion 

Water Quality 

Infiltration 

Figure 2: Stormwater management criteria and effectiveness. Source: Aquafor Beech, 2014 
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It is necessary to increase the level of 
service of our stormwater management 
infrastructure. Meeting future challenges 
requires a new approach that goes beyond 
end-of- pipe design philosophies.  

Incorporating LID features into the municipal 
infrastructure can provide many direct 
benefits including, but not limited to, 
reducing runoff volumes and peak flow, 
improving the quality of water being 
delivered to streams, recharging 
groundwater, reducing damage to 
infrastructure, and putting less strain on 
water treatment facilities. Furthermore, 
green infrastructure adds resilience to a 
changing climate. As intense storms become 
more frequent, the benefits of green 
infrastructure become more apparent. These 
intense storms can be very costly, for 
example the severe July 8, 2013 storm in the 
GTA cost approximately $ 1 billion in terms 
of property damage, and caused major 
disruption to transportation networksiv.  

LID also provides indirect benefits: 
increasing green space, creating local green 
jobs, contributing to wildlife habitats, 
reducing the heat released by urban areas, 
lowering road maintenance costs, helping to 
reduce beach closures and thereby 
preventing loss of recreational revenues, 
and enhancing property values amongst 
others. Some of these potential financial 
benefits may help balance the initial costs of 
retrofitting existing stormwater infrastructure 
to incorporate LID features. 

LID monitoring stations and their challenges 
will be unique. Designing and creating a 
monitoring plan involves a certain level of 
creativity, since equipment and expertise are 
often not available. The Low Impact 
Development Stormwater Management 
Planning and Design Guide (2010) can 
provide more information regarding LID 
design and practice strategies. Find this 

 

 

 
 
  
Figure 3: Natural water cycle to urban water 
cycle. Adapted from FISRWG, 1998 
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document and more information at www.bealeader.ca.  

2.1 Monitoring conventional practices 
Stormwater management is not a new concept; conventional practices such as wet detention 
ponds have been used for more than 30 years. While there is a great body of research on 
conventional stormwater practices, there are still many questions associated with these practices. 
As sediment builds over time, wet ponds become less effective. Without proper maintenance, 
they can fall into disrepair and cease to perform as intended.  

In a 2010 study, Lake Simcoe Region Conservation Authority (LSRCA) surveyed ponds ranging 
in age from two to 23 yearsv. Of the 98 ponds surveyed, 77 were designed to meet Level 1 criteria 
(the most stringent type of quality control with 80% phosphorus reduction).  Only 36 ponds (less 
than half) were still operating at Level 1 efficiency. LSRCA also found that the cost to bring ponds 
back to designed efficiency is approximately $18 million, with the most expensive pond 
maintenance identified as $1.6 million and the median cost as $267,000. There are still many 
unknowns with respect to pond maintenance and lifespan, including the challenges associated 
with rehabilitation at the end of a pond’s useful life. Monitoring plays an important role here. It can 
tell us when stormwater management practices are complying with new management criteria 
related to in-stream erosion, thermal pollution, and nutrient capture. Monitoring and inspection 
records can also help municipalities prove duty of care, justify asset management decisions, 
request provincial/federal funds, and reduce risk and liability. 

2.2 Monitoring LID technologies 
Perceived uncertainties in stormwater management are 
not specific to LID. They exist with stormwater 
management ponds as well. As discussed in Section 2.1, 
recent studies have shown that some stormwater 
management ponds in Ontario may not be constructed 
according to their design. These studies also suggest that 
some ponds may not be performing to compliance after 
several years of activity.  

Monitoring stormwater management features can support 
several objectives, as mentioned in Section 2.0. 
Depending on the objectives, monitoring can require simple visual inspections during wet and dry 
weather or more comprehensive monitoring. Monitoring strategies can also be designed to build 
consensus for wide-scale adoption of a stormwater management feature. It can help determine 
the effectiveness of LID features for flood control, erosion protection, nutrient removal, cold 
climate performance, and how well they are maintaining the pre-development water balance. 
Monitoring may also be used to establish a baseline to track changes within the feature or system 
as time progresses, ensuring that stormwater is managed efficiently and effectively to inform 
asset management. It can also involve comparing results to design standards to understand 
where improvements can be made.  

Modern and reliable 
infrastructure drives our 
economy. It contributes to 
our province's wealth and 
productivity, and it helps us 
attract investment and create 
jobs vi.  

http://www.bealeader.ca/
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Based on these results, we can develop and update standard design practices and reporting 
methods. This knowledge can guide implementation and maximize the effectiveness of future LID 
practices minimize and understand their life-cycle costs. 

Benefits of monitoring  
Monitoring LID systems and sharing results is beneficial for all parties involved in LID projects. 
Parties include, but are not limited to: 
 
• Municipalities 
• Provincial and federal environmental agencies 
• Engineering and planning professionals 
• Conservation authorities 
• Academia 
• Watershed advocate groups 

 
When LID systems are implemented, communities receive multiple benefits. Monitoring LID can 
ensure that you are getting the most out of your systems. Table 2 contains some examples of 
how LID can benefit your community:  

Table 2: Benefits of LID 
Benefit Result 

Human and environmental 
health 

LID removes pollutants from stormwater that would otherwise 
enter our watercourses. If left untreated, the water could be 
unsafe for drinking and recreation. Clean water is a benefit for 
everyone.  

Flood reduction  

Property protection 

Reduced insurance rates 

LID reduces impervious surfaces in order to increase 
infiltration. More infiltration means less water is available for 
runoff, which reduces the chances of flooding and property 
damage. Although many LIDs are not designed for flood 
mitigation, decreasing runoff can be an ancillary benefit. LID 
builds resiliency in a changing climate. 

Aesthetics 

LID projects often use vegetation, contributing to greener 
communities. Many designs also incorporate native plants, 
which attract wildlife such as birds and butterflies in an urban 
environment. Once these plants have established, they do not 
require fertilizers, herbicides or pesticides. 

Cost savings 

Credits and rebates 

Reduced economic loss 

Due to the emphasis on natural processes such as infiltration 
and evapotranspiration, LID can cost less than conventional 
stormwater management systems to install and maintain. 
Several municipalities across Canada have implemented 
stormwater credit and rebate programs encouraging the 
community to manage stormwater by installing rain gardens or 
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permeable pavement.  

Partnerships and collaboration 
Engaging businesses and partners can help share knowledge 
and increase awareness. Businesses can benefit by investing 
in hiring and training staff on green infrastructure practices and 
connecting with their community.  

Long-term monitoring  
Ontario is home to many successful LID projects, but few sites have long-term monitoring and 
maintenance data. For this reason, there are still questions about the benefits and life-cycle costs 
of LID. Long-term monitoring is necessary to understand the benefits of these technologies and 
use them to their full potential. Monitoring plays an important role in documenting management 
decisions and practices to reduce liability and risk. 

With the demand for transparency and accountability related to funding for infrastructure, Ontario 
municipalities are required to engage in asset management plans. There are many benefits of 
asset management, including reducing the overall costs for both operations and capital 
expenditures. Monitoring is a key component of asset management. It can help extend the lives 
of existing assets and support decisions about rehabilitation, repair and replacement through 
efficient and focused operations and maintenance activities.  

Taking steps to better manage stormwater can also reduce risks faced during day-to-day 
operations such as the costs of slips and falls in the workplace and remaining competitive in a 
marketplace where green business practices are a competitive advantage.  

In addition to reducing risk and supporting an asset management framework, monitoring a site for 
several years will provide seasonal data that can be compared year over year. Sites will function 
differently in different weather conditions; they will require varying levels of maintenance. Long-
term monitoring can strengthen results and be used to determine if the system is meeting project 
objectives and criteria over time.  

Knowledge transfer 
Public and industry acceptance, as well as selection, design, approval and construction 
challenges are creating a technology gap between the local design and construction industry and 
market capacity, preventing widespread acceptance of LID technologies. The lack of long-term 
maintenance and performance data makes it difficult for designers to size stormwater 
infrastructure, for approval agencies to permit these techniques in different land-use applications, 
and for managers to make asset management decisions. 

Monitoring, collecting, and analyzing data can contribute to the growing base of knowledge about 
LID technology. Sharing data is important; it helps provide context for local projects. The results 
of long-term monitoring can be used to build consensus and inform guidance documents and 
approvals involving the implementation of LID. Adding such data to databases, such as the 
International Stormwater BMP database (BMPDB), allows researchers to make comparisons 
between LID practices and technologies and their effectiveness in various locations and climates. 
Results can also be used to support the adoption of regulatory tools like the Ontario Water 
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Opportunities Act and the Canadian Council of Ministers of the Environment (CCME). In addition, 
maintenance requirements can be defined and shared among practitioners.  

See Chapter 11 for more information on communicating monitoring 
information to stakeholders. 

3 Monitoring Goals, Objectives and Priorities 
When establishing a monitoring plan for your LID site, it is important to determine your monitoring 
goals, objectives, and priorities. Each will vary depending on many parameters, including the 
stakeholders involved, the organizational needs and requirements, and funding. This essential 
step in creating your monitoring plan will help to determine specific needs, such as equipment or 
permits. It is important to know about these needs early in the design process.  

Monitoring builds consensus, addresses perceived barriers, informs future management 
decisions to support adaptive management, and reduces risk/liability by demonstrating 
accountability through reporting/tracking progress. It is critical to build a business case for 
potential funders—your commissioner, councillors, government, sponsors, development 
community, or local conservation authority—to invest in monitoring. Building consensus on 
monitoring gaps and implementation barriers is critical to defining monitoring goals. Setting 
defined goals and objectives ensures that field plans are designed to address questions, provide 
funders with answers, and make the best use of time, money, and staff.  
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These stakeholders, agencies, and parties may be helpful in identifying 
your project’s monitoring needs: 

• Municipalities 
• Provincial and federal environmental agencies 
• Engineering and planning professionals 
• Conservation authorities 
• Academia 
• Watershed advocate groups 

3.1 Goals 
Your project goals should describe what you want to accomplish through monitoring. If it helps, 
you can break down your goals into three main categories: compliance, performance, and 
adaptive monitoring.  

Example: Stormwater Management Monitoring Strategy  

Developing a stormwater management monitoring strategy can determine and help 
document goals, objectives, and priorities. Creating a strategy document provides 
valuable information and insight for a monitoring program. It allows you to assess 
how your program will fit within your watershed and with stakeholder’s priorities and 
visions. You can identify key issues and opportunities relating to monitoring 
stormwater management facilities and systems and highlight the importance of 
monitoring these features in the design, construction, operation, and maintenance of 
stormwater infrastructure. Find an example of CVC’s Stormwater Management 
Monitoring Strategy report on the bealeader.ca website. 

 

 

 

http://www.bealeader.ca/
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Table 3 describes more specific examples of goal topics, as well as monitoring approaches 
showing how these goals can be met. 

Table 3: Example goals and monitoring approaches 
Goal Topics Monitoring Approaches 

Confirming regulatory compliance 

Compare data from stormwater management sites with 
water quality parameters from the Provincial Water Quality 
Objectives (PWQO). Although these objectives were not 
developed for stormwater discharges, this comparison adds 
valuable context to benefit assessment. 

Assessing LID performance 

Compare data to the BMPDB and throughout the 
monitoring program to determine trends in pollutant 
reduction. This data can be compared across numerous 
LID and stormwater management facilities to determine 
how LID sites are performing relative to similar sites. 
Seasonal monitoring data can be compared for trends 
throughout the year. 

Assessing and refining design 
characteristics 

Monitor and observe the site over time to see if there are 
construction components that may be causing the site to 
operate differently than intended. This data can be used to 
update or amend design criteria if needed.  

Evaluating life-cycle costs and 
maintenance requirements 

Create site-specific monitoring checklists to be used during 
site inspections to keep track of plant growth, debris 
accumulation and structural issues. This practice not only 
documents how the site is performing over time, but also 
the frequency of maintenance and who is completing the 
work.  

Understanding groundwater 
impacts 

Compare data to Ontario Drinking Water Quality Standards 
as groundwater contamination thresholds are related to 
potential use. For example, MOECC provides standards for 
contaminants in potable and non-potable water under 
various land use settings, like parkland or industrial 
property. Find these standards in Soil, Ground Water and 
Sediment Standards for Use Under Part XV.1 of the 
Environmental Protection Actvii. 

 

3.2 Objectives 
After creating your project goals, it is time to determine your site-specific objectives. This is an 
important step, since your monitoring objectives may influence the site design, set-up and 
function. Objectives are concrete statements and should be clear and realistic.  
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Lessons learned from developing the CVC stormwater management and 
LID monitoring objectives 
CVC held a meeting in December 2012 to collect input from stakeholders and interested parties 
about site performance, operation, implementation and maintenance. The advisory committee 
was asked to score a list of objectives identified by CVC, project partners and stakeholders in 
order of their importance. These objectives will help implement the monitoring program at a range 
of sites, as well as address information gaps.  

By seeking input from stakeholders and interested parties, CVC has developed a successful 
monitoring program. As a result of their continued support, CVC has obtained $3.5 million in 
partnership funding as of 2013. This funding has allowed CVC to monitor LID features at more 
than 11 sites. CVC’s literature and reporting is based on addressing the objectives listed as high 
priority for stakeholders. 

The objectives:  
1. Evaluate how a site with multiple LID practices treats stormwater runoff and manages 

stormwater quantity as a whole.  
2. Evaluate long-term maintenance needs and maintenance programs, and the impact of 

maintenance on performance.  
3. Determine the life-cycle costs for LID practices.  
4. Assess the water quality and quantity performance of LID designs in clay or low 

infiltration soils.  
5. Evaluate whether LID stormwater management systems are providing flood control, 

erosion control, water quality, recharge, and natural heritage protection per the design 
standard.  

Example: Consider site-specific monitoring goal and associated 
objective. 

Goal: 
To evaluate the effectiveness of bioretention cells as alternatives to roadside catch 
basins in dealing with stormwater runoff in urban areas, with respect to catchment 
hydrology, water quality, and hydrogeology. 

Objectives:  
• Determine the infiltration rate of stormwater within the bioretention cells 
• Confirm that the LID practices provide 80% total suspended solids (TSS) removal 

(as per MOECC enhanced treatment guidelines) 
• Use quantity data to determine typical runoff volumes for various design storms 

(“actual performance”) and compare result to initial design modelling predictions 
• Evaluate performance as sediments and other pollutants accumulate in treatment 

areas, to help determine when maintenance is required 
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6. Assess the potential for groundwater contamination in the short and long term. 
7. Assess the performance of LID designs in reducing pollutants that are dissolved or not 

associated with suspended solids (i.e. nutrients, oils/grease, and bacteria).  

8. Demonstrate the degree to which LID mitigates urban thermal impacts on receiving 
waters.  

9. Assess the water quality and quantity performance of LID technologies.  
10. Evaluate how stormwater management ponds perform with LID upstream. Can the wet 

pond component be reduced or eliminated by meeting the erosion and water quality 
objectives with LID?  

11. Assess the potential for soil contamination for practices that infiltrate.  
12. Evaluate effectiveness of soil amendments and increased topsoil depth for water balance 

and long-term reliability. 
13. Evaluate and refine construction methods and practices for LID projects.  
14. Develop and calibrate event mean concentrations (EMCs) for various land uses and 

pollutants.  
15. Assess performance of measures to determine potential rebates on development 

charges, credits on municipal stormwater rates and/or reductions in flood insurance 
premiums. (i.e. can LID reduce infrastructure demand?).  

16. Assess the ancillary benefits, or non-stormwater management benefits.  
17. Assess the potential for groundwater mounding in localized areas.  
18. Improve and refine the designs for individual LID practices.  
19. Assess the overall performance of LID technologies under winter conditions. 

 

Some of these monitoring objectives reflect assessing the validity of perceived barriers to the 
application and use of LID features in Ontario, such as concerns that LID technologies will not 
function during winter, or that the maintenance involved in implementing them will be too onerous. 
Intensive and long-term monitoring of LID technologies in this environment is therefore essential. 
Testing the performance of LID technologies under various conditions and keeping track of the 
cost and maintenance over the life-cycle of the LID will help address these concerns.  

To maintain stakeholder support, it is critical to provide performance updates. Monitoring is a key 
component of demonstrating success and transparency to stakeholders. For example, when CVC 
presented successful LID performance monitoring results after the extreme rainfall event on July 
8, 2013 to the City of Mississauga, councillors drafted a resolution directing staff to consider LID 
as an option for all road reconstruction projects. The MOECC has taken such results into account 
and has prepared an interpretation bulletin. The Ministry is also in the process of updating the 
provincial stormwater management guidelines.  

These results are helping to inform decisions about stormwater infrastructure across Ontario and 
have garnered attention from the insurance industry. Sharing results and knowledge provides 
stakeholders with the information and confidence they require to make informed decisions.  

To learn more about the objectives listed in this section, see the CVC 
Stormwater Management Monitoring Strategy at www.bealeader.ca  

http://www.bealeader.ca/
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3.3 Setting Priorities 
Conferences, workshops and demonstration sites can help determine objectives. But, in some 
cases, there can be too many objectives to consider at once. Establish your priorities based on 
time, funding and importance to associated partners. Recognize that priorities may change over 
time, depending on the same factors considered for establishment. With the help of an expert 
advisory committee, CVC has determined five objectives for our monitoring program:  

• Evaluate whether the LID stormwater management systems are providing flood control, 
erosion control, water quality, recharge, and natural heritage protection as per the design 
standard. 

• Evaluate long-term maintenance needs and maintenance programs and the impact of 
maintenance on performance. 

• Determine the life-cycle costs for LID practices. 
• Assess the water quality and quantity performance of LID designs in clay or low infiltration 

soils. 
• Evaluate how a site with multiple LID practices treats stormwater runoff and manages 

stormwater quantity as a whole. 
 

  
Figure 4: Stakeholders attending a meeting to determine monitoring strategies.  
 

Lessons Learned 
• Remember: your objectives may change throughout the course of your monitoring program; 

some may be added or refined based on your monitoring experiences.  
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• Communication is a key part of success: remember to communicate results to show 
stakeholders and funders where and how their money is being spent.  

 
4 Design a Monitoring Plan 
Designing your monitoring plan is the most important step in establishing a successful monitoring 
program that fulfills all of your identified objectives and goals. Developing a monitoring plan that 
produces useful results and demonstrates the performance of LID facilities requires a great deal 
of planning and effort. A well-designed monitoring strategy for stormwater management ponds 
and LID can help build consensus on sizing and maintaining infrastructure to meet climate 
change adaptation requirements and protect watershed health in accordance with the provincial 
government’s 2014 Provincial Policy Statementviii.  

Ideally, you should design monitoring plans in conjunction with the design of an LID feature. This 
ensures that monitoring plans are included from the start of the project. It is important to have a 
clear plan and, if possible, to re-evaluate objectives prior to the LID feature’s design. 

 

Example: Overview of a Monitoring Plan 

Your monitoring plan will vary depending on the scope of the project and required level of 
detail. Typical monitoring plans may include the flowing elements: 

• Background information, including: 
o Project deliverables: Is this a demonstration site? 
o Project schedule: Determine the timeline and include important dates, 

such as when construction and monitoring will start  
• Monitoring purpose and objectives: specific targets for water quantity or quality 
• Background site information and study area discussion: new site, retrofit 
• Monitoring location and infrastructure to be included 
• Work plan: hydrology, water quality and infiltration 
• Site visits and data extraction 
• Data management, communication strategies and reporting 
• Budgeting and costing 

 

Refer to Appendix B for a generalized phased checklist as a starting 
point for developing a monitoring plan. 

 



25 

 

Lessons Learned: CVC Stormwater Management and Low Impact Development Monitoring and 
Performance Assessment Guide – Credit Valley Conservation 

Don’t forget to involve your stakeholders and the key players, such as 
partners, engineers, designers, landscape architects and local experts, in the 
early stages of the monitoring plan design. Involving the key parties in the early 
stages provides all individuals with a higher level of understanding of the goals 
and objectives, and allows all stakeholders and partners to provide input and 
expertise.  

4.1 Identify available resources and timelines 
Consider identifying available resources very early in the planning stages. It is not unreasonable 
to identify your desired monitoring objectives and goals prior to this stage, as funding 
opportunities can arise at various stages in the planning process. Having clear objectives is a 
great way to appeal to various funders and institutions to increase your available resources.  

It is always important to consider your resources for a long-term monitoring plan. Long-term 
monitoring often provides the most important results. Environmental conditions vary from year to 
year, and sometimes LID maintenance results become apparent only after several years of data 
collection. Regardless, considering your available resources will ultimately shape your monitoring 
plan.  

Determine timelines 
It is important to give yourself enough time (a minimum of 6-12 months) for the initial stages of 
monitoring plan design. Often the initial stages will take much longer than originally anticipated as 
a result of changing conditions and requirements, the review process of monitoring plan design, 
and overall design and construction of the LID features. 

At a minimum, allocate 6-12 months for these stages, with variations 
dependent on the extent of the monitoring plan and requirements.  

When planning your timeline, remember to incorporate all stakeholders and reviewers throughout 
the process. They can provide invaluable expertise and advice, and this way they can voice their 
opinions at an early stage of the process. Remember: This process can take time and multiple 
revisions. 

It is also important to plan ahead when permits are required (such as from landowners, cities and 
regions that govern the area, school boards, park organizations etc.). Project teams often 
experience delays throughout this process. 

Determine potential funding  
Funding is often a major barrier to the implementation of LID. To secure funding for an LID 
project, you will need a detailed project design and budget. Use these tools to seek support from 
various stakeholder groups: residential developers, industry, all levels of government, etc. Grants 
and partnerships can also result in funding or in-kind contributions.  
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Innovative or pilot projects are often eligible for grants from the government or private sector that 
can help fund environmental projects. Equipment suppliers may be interested in providing 
equipment to promote their technology. Conducting a pilot project can help demonstrate and 
showcase these technologies to promote LID.  

Pay special attention to properly completing grant applications by specified 
deadlines to avoid delays or disqualification.  

Partner contributions can be another means of funding or in-kind support, but be aware that 
challenges with commitment and timing may delay your project. Before entering an agreement, it 
is important to clarify the level and duration of partner support. 

Funding and duration of support can determine the scope of the project, including design and 
monitoring. Depending on these factors, monitoring may only be feasible for certain parameters 
or features or for a certain length of time.  

Consider expenses 

Project design  
Listening to stakeholder priorities, including determining maintenance requirements and life-cycle 
costs, can help teams select and implement the right features and the right location. CVC’s Low 
Impact Development Stormwater Management Planning and Design Guide (2011)ix provides an 
overview of various types of LID and stormwater practices and where they may be applicable.  
 
 

  

Figure 5: LID bioswales with different aesthetic appeal. 
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Monitoring costs  
To ensure that you can account for all monitoring costs, it is important to create a detailed 
monitoring plan during the project budgeting process. The project budget should provide scope 
for the costs of the monitoring plan, including the required equipment and staff time.  

The cost of monitoring is directly proportional to the size and life of the project. Staff resources, 
including salaries and training, often make up the greatest proportion of monitoring costs. Since 
you cannot control the timing of precipitation events, sometimes it is necessary to do after-hours 
sampling. Take this time into consideration in your monitoring budget. The cost of monitoring 
equipment also influences the budget; there can be big differences between equipment types. For 
example, water quantity monitoring costs less than monitoring both quantity and quality. You can 
save costs if you choose to monitor only water quantity in the first year of a project and add 
quality monitoring at a later date. Monitoring both quantity and quality establishes a baseline for 
the site and can be completed as part of compliance monitoring to fulfill assumption protocols.  

During the planning phase, take time to research and consider the types of monitoring 
infrastructure that may be required, such as weirs, manholes, and pipes. These can be costly 
investments. This infrastructure will need to be installed and possibly adjusted during the 
monitoring phase. Associated costs may add up quickly, as these tasks are typically completed 
by a second party. 

Equipment costs 
Equipment costs are largely accrued through purchasing, installation, and maintenance. 
Purchasing is typically the greatest cost associated with equipment. LID monitoring equipment is 
often installed in manholes, which limits access to equipment. In this case, installation, 
measurement gathering, and general maintenance require entry to a confined space. If project 
members do not have the required certification and equipment to perform these tasks, you will 
need to include funds for third-party assistance in your budget. Equipment costs also include 
supplies such as field books, pens/pencils, or measuring tape. Extensive monitoring programs for 
projects with a long life span will have higher equipment costs, since they may require more 
equipment and repair. There may also be associated installation and maintenance costs.  

 See Chapter 6 for a discussion on equipment types and considerations. 
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Figure 6: Manhole with equipment (datum, weir, flow logger, confined entry equipment). 

Analytical costs 
You can conduct laboratory/data analysis in house or outsource it. Since internal laboratory 
analysis requires specialized equipment, space and staff time, it is common practice for third 
parties to conduct laboratory analysis. To ensure that you have a sufficient budget for laboratory 
analytical costs, try to estimate the frequency of sampling events and number of required 
samples in the monitoring program.  

Similarly, you can conduct data analysis at your own facilities or use a third party. Sometimes 
teams use both options. Typically, LID monitoring teams will conduct general data management 
and analysis at their own facilities. Sometimes, they contract the more rigorous data analysis to a 
third party, such as a consulting firm or university. The costs of contracting the data analysis to a 
third party are usually greater than doing the work in house. 

Reporting and communication costs 
Reporting and communication are an integral part of a monitoring program. Sharing results helps 
to secure funding that helps answer questions that require long-term monitoring. Communicating 
about the project and results through site tours and workshops is a method of sharing information 
with funders and stakeholders.  

Once data has been analyzed, you will need to determine the best method and avenue for 
presenting it to your stakeholders. Consider the amount of time and resources your team needs 
to compile technical reports, fact sheets, case studies, and bulletins. Alternatively, you can 
outsource these tasks to a communications firm.  

Unforeseen and miscellaneous costs 
It is important to plan budgets for the long term and ensure that some funds are set aside for 
unforeseen costs. Such costs can include, but are not limited to, administration, equipment 
replacement and repair, troubleshooting, additional training, and pre-development monitoring.  
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4.2 Determine a monitoring approach 
The monitoring approach refers to the method of quantifying your results so that you meet your 
monitoring objectives. Monitoring plans fail when time and effort are spent on preparation and 
sample collection, but they do not identify an approach or clearly defined process for 
quantification.  

It is essential to go back to your originally selected monitoring goals and 
objectives through each phase of the monitoring plan design. Don’t get too 
attached to your objectives as they will likely change as your monitoring plan 
takes shape. 

As part of the design phase, consider the design of the practices that you will be monitoring. 
Because many LID stormwater management facility designs include treatment trains and can 
have several distributed systems, think about designing areas where concentrated flows can be 
monitored to provide more reliable data. As a part of this process, it is important to have a general 
understanding of the types of LID practices that are most commonly used.  

Table 4 will help you identify which monitoring method will work best for the type and scale of 
your LID feature.  

Table 4: Approaches for the design of an LID monitoring plan. 
Evaluation 
approach Benefits Challenges Ideal scenario 

Spatial 
evaluation 

Provides a direct 
comparison to a 
“control site” that 
does not include 
an LID feature 
(e.g. if monitoring 
a road right-of-
way, this can be 
a station with 
curb-and-gutter) 
 
You can make 
direct 
comparisons for 
specific rain 
events 

Control sites can be difficult to 
select due to environmental 
and spatial differences 
 
The control site should be of 
comparable drainage area or 
larger; if the control site is too 
small, it might not capture 
smaller events that are 
important in  characterizing a 
variety of storm events 
 
*Please refer to the 
discussion following this table 
on additional challenges with 
spatial evaluation 

The representative 
control site exists in 
very close proximity 
to the LID feature 
being monitored 
 
 
 

Temporal 
evaluation 

Provides a 
comparison 
between pre-
existing 
conditions 

Environmental and climactic 
conditions change from year 
to year. Using this method 
you cannot make direct 
comparisons of the same 

Combined with other 
methods such as the 
spatial evaluation 
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(before LID) and 
conditions at the 
same location 
once LID has 
been installed 
 
Since the 
monitoring station 
is located in the 
same place 
before and after 
construction, you 
can make a direct 
comparison 

events, thus introducing 
uncertainty 
 
To collect data representative 
of long-term climactic 
conditions, more than a year 
of data should be collected for 
pre- and post-construction 
conditions 

 

Literature 
comparisons 

Compares 
collected data 
results with 
results presented 
in literature from 
previous studies  
 
Provides insights 
not only 
comparing the 
functioning of 
your LID feature 
to a “business as 
usual” case, but 
also with other 
similar LID 
features 

It can be difficult to locate 
comparable data with similar 
data collection methodology 
and environmental and 
climactic conditions 
 
The amount of comparable 
results from literature may not 
be sufficient for a quality 
comparison  

Combined with other 
methods, and best if 
not used as the sole 
analysis method 
 
 

Influent vs 
effluent 
 
 

Considered the 
most preferred 
option for 
monitoring LID 
sites as it 
provides results 
without 
introducing 
temporal or 
spatial bias 

Likely the most difficult 
method to conduct for an LID 
feature as the collecting of 
influent is challenging where 
inflows occur as sheet flow 
and surface infiltration 

Whenever possible, 
conduct the 
collection of influent 
in conjunction with 
effluent 
 
 

 

 Although the opportunity to directly monitor inflow is often not an option, 
take every opportunity! Consider your options during the design stage. The 
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added certainty greatly simplifies the study design. Inflow monitoring for water 
quality does not need to be as comprehensive as outflow and only needs to be 
representative to validate inflow event mean concentrations.  

Spatial evaluation: additional considerations 
When monitoring LID features, the spatial monitoring technique is often the most feasible option 
since temporal evaluations often have time constraints, and inlet monitoring of sheet flows 
present their own challenges.  

If spatial monitoring or a “control site” comparison is the monitoring approach of choice, several 
additional considerations need to be made. Options for control sites are often one of two types: 
existing or newly constructed as part of the monitoring design. CVC’s LID monitoring group 
experienced challenges with each option.  

Existing control sites 
Existing control sites are often located in close to the LID site that is being (or will be) monitored. 
These sites must include a confined drainage area representative of a “control” or “business as 
usual” scenario (e.g. a standard curb-and-gutter street or a typical parking lot devoid of enhanced 
stormwater features), where infrastructure drains to one central location. These existing areas 
often include older infrastructure (older paved roads with cracks and older pipe systems) and the 
included drainage areas may be less than ideal (e.g. private lots, driveways, and rooftops in 
different proportions than at the newly constructed LID site). The older infrastructure may present 
monitoring challenges. For instance, drainage areas are very difficult to characterize and, as 
such, monitoring results often result in uncertainties.  

Newly constructed control sites  
Newly constructed control sites can also present challenges. If infrastructure is being installed, be 
sure that catch basins, manholes and pipe structures are installed without the possibility for leaks 
or losses of water to other areas. Leaks or losses can significantly impact monitoring results and 
produce ineffective data and large uncertainties. Weirs, pipes and all other infrastructure should 
be as water tight as possible.  

Accurate estimation of these drainage areas is a very important part of the spatial monitoring 
approach. Since the method does not measure inflows, you must calculate them based on the 
size and breakdown of the drainage area and how it contributes to the monitoring location. See 
Chapter 10 for more detail on inflow estimation and analysis.  

Refer to the Control Site at IMAX case study for additional information on troubleshooting issues 
with a control site.  
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Case Study: Control Site at IMAX 

The IMAX corporate head office, located in Mississauga, is a demonstration site for LID 
on industrial-commercial properties. The renovated parking lot incorporates a variety of 
technologies that collect, absorb, and filter pollutants from stormwater runoff before it 
flows into Sheridan Creek and into Lake Ontario. With six test stations and one control 
site for comparison, the effectiveness of the control site at the IMAX monitoring station 
is imperative to the success of this project.  

Shortly after the team initiated flow monitoring at all of the IMAX stations, it became 
apparent that the control site was not providing accurate information of typical 
conditions at this location. Water levels behind the weir were dropping faster than they 
could produce flow over the weir (as apparent on the plotted graphs). In addition, the 
estimated water balance was indicating very high levels of water loss and retention, 
which should not be the case for a control site.  

Troubleshooting at this station included conducting water tests with a large water truck 
and spreading water over the catchment area to observe bypass, observing flows 
during actual rain events, observing leakage behind the weir within the manhole itself, 
and analyzing monitored data from the station. Throughout the process, several issues 
were identified including the bypass of flows through the rim of existing manholes (prior 
to reaching the inlet catch basins), leakages through the concrete benching behind the 
weir, incorrect drainage area sizing, and bypass of flows over the roll-curb. 

Solutions included resealing the cement behind the weir to prevent leaks, conducting 
detailed surveys to re-calculate the drainage area size, and building a curb barrier to 
prevent water from leaving the drainage area.  
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4.3 Gather background information 
Whether you are monitoring a bioretention cell, rain garden, green roof, permeable pavement or 
an LID feature with a treatment train, the design of your monitoring plan should involve gathering 
information on these basic requirements or phases: 

• Site and catchment area characteristics 
• LID design characteristics 
• Type of monitoring infrastructure and location  
• Opportunities to determine reference conditions (to what will you compare your results?) 
• Environmental conditions – rain and storm event size and frequency, geological conditions, 

groundwater conditions, climate, site-specific conditions (e.g. traffic patterns and health and 
safety considerations, general location, land uses). 

• Social impacts and area demographics – is the LID feature and monitoring going to be 
located in a residential area? Public park? Working area? Are there any associated 
implications? 

 
Figure 7: CVC staff conducting a site survey to determine catchment area characteristics.  

Catchment areas and flow 
It is important to use detailed plans and maps of the monitoring site during the planning portion of 
the project. The plans will allow you to calculate catchment areas, which will support water 
quantity estimation and determining monitoring infrastructure sizing and locations. Appropriately 
sized stormwater infrastructure is vital for handling excess runoff due to extreme events and it 
can help reduce the impact on the municipal stormwater system.  

If a control site is used in a monitoring plan, it should have the same or greater catchment area 
than the largest test site. An equal area between control sites and test sites will eliminate 
uncertainty about whether or not the results from the test site are biased due to differential 
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catchment areas. Refer to Section 4.2 for a detailed review of the challenges of monitoring a 
control site. 

 

 

Prior to the initiation of monitoring or even the design development, it can 
be beneficial to observe precipitation events over the pre-construction drainage 
area. This process can help identify any potential issues with drainage, grading, 
or inlet locations.  
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Case Study: Monitoring Flows at Mississauga Road 

Mississauga Road is an LID retrofit where the CVC team is monitoring the site 
prior to constructing the LID feature. The team is observing runoff patterns and 
catch basins by videotaping rainfall events to determine if runoff is flowing 
according to the expected drainage design. Recording runoff and precipitation also 
provides insight on the volume of water the LID feature should be designed to 
treat.  

This type of pre-construction monitoring provides the team with an understanding 
of the initial site characteristics. The team can use this information to make 
adjustments to LID construction design plans so they accommodate actual 
observed flow patterns. They can also suggest areas where maintenance or 
alterations could be made within the drainage area to receive the maximum benefit 
from LID features. Observations can also help determine where bypass may be 
occurring and if performance monitoring should be conducted on site after 
construction. See Chapter 9 for more details on photo and video documentation.  
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4.4 Site plan development 
Once consideration and preparation of the basic requirements is complete, you will be ready to 
develop your site plans. The site plans take your comprehensive objectives and rough LID feature 
design to the next level where monitoring and LID design are combined. Develop maps and 
visuals in this stage, and establish detailed drainage area sizing and overall topography. Most 
importantly, this stage combines the subsurface plans indicating locations of underdrain pipes, 
manholes for the installation of weirs and other devices, and planned locations of any other 
monitoring structures (wells and piezometers, rain gauges and meteorological stations, etc.).  

  

Figure 8: Monitoring infrastructure incorporated into an LID design plan.  
 

 Conduct detailed documentation of the monitoring location (including 
photos and inspections) prior to construction and/or installation of monitoring 
equipment.  
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Figure 9: Overview of site catchment areas. 

Monitoring infrastructure and placement 
The benefit of designing a monitoring plan in conjunction with the design of the stormwater 
management facility or LID feature is that you can incorporate monitoring infrastructure into the 
initial site plan development.  

Monitoring infrastructure can include, but is not limited to: 

• Manholes and manhole structures 
• Underdrain pipes 
• Monitoring wells 
• Meteorological stations 
• Weirs and other devices for the accurate measurement of water level and flow 
• Commercial water quality filtering devices 
• Drain pipes to direct flow to a monitoring location 
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Figure 10: A monitoring manhole downstream of a bioretention cell to be used for water quantity 
and quality equipment. 

 

In order to sample the water quantity and quality of effluent from an LID feature or control site, 
flows need to be directed and captured at a final downstream location. Underdrain pipes and 
manholes can be incorporated into the overall design of the monitoring location to allow for 
sample collection. 

 Even if certain features and parameters are not included in the original 
monitoring plan, it may be beneficial to plan for and create the infrastructure 
necessary if you think monitoring may take place in the future. Planning in 
advance can save time and money down the line. 

At this stage, you need to make additional considerations for the type, size and specifications of 
monitoring equipment. Ideally, monitoring equipment should be placed in areas where they will 
not attract unwanted attention.  

Landscape is an important aspect of any LID feature. Monitoring equipment should not change 
the overall appearance of the site and the landscaping plans. When installing monitoring 
equipment in an LID feature, consider these possibilities: 

• Installing equipment in underground features such as pipes or manholes 
• Installing equipment in secured boxes, sized specifically for the equipment and located in a 

low-traffic area 
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Figure 11: Sampling equipment installed in a secure box. 
 

When selecting locations of monitoring equipment and other monitoring infrastructure, consider 
these questions: 

• Is the equipment in a location that will attract unwanted attention? 
• Is the equipment in a secure location that will keep it from being damaged and be safe for 

people who have to gain regular access to the equipment? 
• Is it easy to gain access to the equipment for regular maintenance and related activities? 
• Is the planned or existing infrastructure appropriate for the equipment requirements? For 

example, does the equipment fit in the manhole, or does it need to be installed at the 
surface? 

At this stage, it is important to determine an appropriate location for a rain gauge or 
meteorological station. It is best to install and locate rain gauges as close to the site as possible 
to reduce uncertainty when estimating flows and evaluating objectives involving water quantity 
and water balances. Rain gauges should not be installed close to trees and buildings, since they 
may deflect precipitation. The rule-of-thumb for siting a rain gauge is approximated as at last 
twice the height of the obstacle away from the gauge (e.g. tree, building)x.  Be sure to install the 
gauge away from areas that will attract unwanted attention and vandalism.  

Once you have developed and reviewed your site plan, break down the stages of construction, 
monitoring feature installation, installation of monitoring equipment, measurements and post 
construction inspections and surveys, and any other required phases to get your monitoring plan 
into the ground.  

Plan for change 
Monitoring plans should be flexible. Remember that objectives, goals, resources, and site 
conditions can change throughout the development of the plans, even after you have initiated the 
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plan and the team is collecting samples. Being ready for change will keep you ahead of the game 
and allow for a more successful monitoring program.  

The Monitoring Infiltration Rates in Bioretention Features case study discusses a necessary 
change to the monitoring plan at the IMAX LID site.  

 

Case Study: Monitoring Infiltration Rates in Bioretention Features 

To achieve a project objective—examining the infiltration rates in bioretention features—CVC 
developed a monitoring plan to collect this information using piezometers and pressure transducers 
to monitor depth of water within the bioretention practice.  
 
These deeper wells are perforated throughout and were installed to the bottom of the bioretention 
cells. The data indicated that these wells were useful in quantifying the infiltration of water through 
the bioretention practice. However, this type of installation does not measure the quantification of 
surface water ponding under conditions where infiltration takes place at a slower rate than the rate 
of addition of water to the bioretention cell during a rain event.  
 
The CVC team designed and installed shallow wells that are perforated above the surface, but 
solid below the surface. These wells measure the quantification of surface water ponding as well as 
the duration of ponding. The image below shows a cross-section of a bioretention cell with a deep 
well on the left and a shallow well on the right.  

  
 

  

With this realization, the CVC team has modified the monitoring protocol for bioretention cells and 
infiltration. The changes are being applied to all monitoring plans that include the evaluation of 
bioretention infiltration rates and characteristics.  

 

shallow well deep well 
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4.5 Select your parameters 
Since the variety of water quality parameters that could be included in a stormwater or LID 
monitoring program can be overwhelming, it is important to consider the parameters that may be 
significant in your watershed or region. For instance, your local conservation authority may have 
several parameters that should be monitored to protect wildlife or natural heritage areas. 

 

Figure 12: CVC staff programming an autosampler based on meteorological data. 
 

Table 5 shows parameters of concern for the Credit River and their significance in the watershed. 
The listed parameters are associated with the major watershed-scale issues as defined in the 
CVC Water Quality Strategy - Phase 1 (2003). 

Table 5: Credit Valley Conservation’s Water Quality Strategy (2003) water quality parameters of 
concern in the Credit River watershed.  

Parameter Watershed Significance 
Flow regime • Water flow rates affect pollutant wash-off and 

transport  
• Flow variations affect channel stability and fish 

habitat 
• Maintaining pre- and post-development water 

balance 
Temperature • Fishery targets are temperature-based 

• Temperature affects many physical and 
biological water quality parameters 

• Affected by climate change 
Nitrates (NO3) • Groundwater, point, and non-point sources  

• Nutrient affecting algae growth, potentially 
toxic to fish, and a drinking water issue in 
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groundwater  
Total 
phosphorus 
(TP) 

• Nutrient affecting algae growth 
• Point and non-point sources  

Dissolved 
oxygen (DO) 

• Related to aquatic plant growth (from 
increased nutrients such as phosphorus) and 
increased loadings of oxygen demanding 
material  

Chloride (Cl) • Related to urban population and road density  
• Potentially toxic to fish and a drinking water 

issue in groundwater  
• Environment Canada recommends road salt 

to be regulated as a toxic substance 
Metals (Ni, Cu, 
Al, Zn, Fe) 

• Relates to specific source depending on metal 
– background mineral, urban runoff or point 
source. 

Organic 
(representative 
pesticide or 
industrial 
organic) 

• Linked to fish advisories on consumption 
• Relates to specific source depending on 

substance background from historical use, 
urban runoff, point source, or current 
application  

Total 
suspended 
solids (TSS) 

• Many pollutants associated with sediment 
• Sediment can affect fish directly and fish 

habitat 
• Sediment load affects channel erosion 

Bacteria • Associated with suspended solids  
• Loadings from urban point and non-point 

sources 
 

The three main types of parameters that can be monitored are chemical, meteorological and 
hydrologic, and physical. Monitoring parameters from each of these categories can provide 
valuable insight.  

Chemical parameters 
The following parameters are the most widely applied parameters in stormwater management 
monitoring programs: 

• Total Kjeldahl Nitrogen (TKN) 
• Nitrate + Nitrite Nitrogen (NO2- + NO3-) 
• Copper (Cu) 
• Total Phosphorus (TP) 
• Lead (Pb) 
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• Soluble (or ortho-) Phosphorus (SP) 
• Zinc (Zn) 

Measurement of total metals may not provide a representative indication of toxicity because some 
metals are toxic only in their soluble or unbound states. Other monitoring constituents may 
include total organic carbon (TOC), total hardness, ammonia-nitrogen (NH3-N), and cadmium 
(Cd). Both the total and soluble forms of each metal (Cd, Cu, Pb, and Zn) may be recommended 
in certain situations, especially when roadway runoff or industrial sites are in the catchment. 
Chloride is often a concern in source water protection areas. Note that no bioretention media can 
filter chloride. If your site is not located in a protected area or winter sampling is not an objective, 
you might not need to sample for chloride.  

In some cases it may be appropriate to analyze samples for oil and grease by taking a manual 
grab sample. If collecting an oil and grease sample using an automated sampler, pay special 
attention to the equipment. Sampler tubing should be lined and you should collect the sample in 
glass or disposable bottles, since the materials can adsorb to sampling surfaces and spoil 
equipment. You can also use manual grab samples for bacteria, as long as you have quick 
transport to the lab for analysis. If you are relying on automated sampling equipment for bacteria, 
you must use refrigerated autosamplers. Additional chemical parameters that are measured less 
often but can be relevant in certain situations include polycyclic aromatic hydrocarbons (PAHs), 
potentially toxic pesticides and herbicides, and other organic chemicals.  

When selecting your parameters, remember to refer to your objectives to ensure that all the 
appropriate chemical parameters are included. Once water quality monitoring began at CVC’s 
Elm Drive Project, samples were analyzed for more than 30 chemical parameters. While this 
provides a useful and large dataset, it is costly. The team selected priority pollutants and refined 
priorities based on local water quality goals. See the Elm Drive Low Impact Development 
Infrastructure Performance and Risk Assessment report on Credit Valley Conservation’s Be a 
Leader website (bealeader.ca) for further information. 

In baseline monitoring, analyzing a wide variety of chemical parameters, 
from nutrients to organics to metals, will help identify target parameters for the 
LID feature.  

Meterologic, hydrologic, hydraulic, and hydrogeologic parameters 
The foundation of a good monitoring program is an accurate and representative measurement of 
precipitation and stormwater flow data. The hydraulic alteration of stormwater associated with 
human activity, such as increases in peak runoff rates and total runoff volumes, is a challenge. It 
can cause downstream flooding, lower base flows, increased erosion, and habitat destruction. 
This is the reason it is critical to consider site and watershed water balance when looking at 
aspects of hydrologic and hydraulic monitoring.  

In addition, in order to collect accurate event mean concentrations (EMCs) or flow-weighted 
samples, flow data must be collected at the location of water quality sampling.  

http://www.bealeader.ca/
http://www.bealeader.ca/
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Figure 13: One of CVC’s meteorological stations recording precipitation and air temperature. 

 

Defining storm and runoff hydrology is not a trivial matter. Many meterologic, hydrologic and 
hydraulic parameters, such as antecedent conditions, pattern of precipitation intensities, 
precipitation durations, total precipitation volumes, runoff rates, durations, and total volumes into 
and out of the stormwater management facility, contribute to making each storm a unique event. 
Additional parameters, such as possible bypass or overflow volumes and influences of soil 
infiltration, groundwater, dry weather flows, and evaporation, add another layer of complexity.  

To meet water balance and hydrogeologic objectives, groundwater monitoring can be an 
important component of a monitoring plan, especially in locations where the water table is high 
and/or greatly linked to surface water conditions and rain events.  

Groundwater monitoring may also be of interest for areas with sensitive groundwater or where 
groundwater is a source for drinking or potable water.  

 

Example: Changes to the Parameter Selection at the IMAX Project 

When there is interest in a specific parameter or objective, you might have to make 
modifications to the parameter selection. In the IMAX Project monitoring plan, for instance, 
the team installed an impermeable liner under permeable pavement to examine the feasibility 
of the installation of LID features in areas with sensitive groundwater. To monitor the 
impermeable liner performance, the monitoring plan was adjusted to reflect an increase in 
chloride sample collection and installation of conductivity probes. The monitoring team now 
conducts continuous chloride sampling in winter and spring.  
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Physical parameters 
The physical characteristics of runoff are important to stormwater management monitoring 
programs. Not only are the physical parameters often the main specified management goal of 
stormwater management facilities, they also act as an indicator and carrier of many chemical 
pollutants. As such, TSS is often the only parameter measured in stormwater management 
monitoring programs because it is an indicator of overall water quality. However, use caution 
when making this assumption. The correlation between TSS and other parameters is most often 
not strong enough to eliminate the need to specifically address other significant parameters.  

Other physical parameters that may be important to monitor include turbidity, particle size 
distribution, settling velocity distribution, and accumulated sediments.  

 

Figure 14: Water samples depicting varying levels of turbidity. The cloudier sample on the left is 
indicative of the “first flush.”  
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Other parameters to consider 
In addition to chemical, physical, biological, and hydrologic/hydraulic parameters, many other 
contributing factors or parameters determine the overall performance of a stormwater 
management facility. A comprehensive monitoring program will collect watershed characteristics 
such as size, geographical location, land use, percent imperviousness, topography, and soil 
characteristics. LID feature design characteristics are also important contributing factors. It is 
important to document variables such as storage volume, inlet and outlet design, vegetation, and 
bottom lining or soil infiltration characteristics.  

In addition, consider the maintenance record for the LID feature. This factor is important when 
evaluating the monitoring data. If the performance of a facility is found to be poor, it could be the 
result of insufficient maintenance. See Chapter 9 for more on LID operation and maintenance 

Case Study: Thermal Monitoring at the Elm Drive Project 

Water temperature often presents an issue for the health of many aquatic species. 
Stormwater becomes warmer as it flows over hot roads, sidewalks and rooftops and 
absorbs the heat stored within these impervious surfaces. When the runoff flows into local 
waterbodies, the change in temperature can have significant impacts on freshwater 
habitat, including the growth and rates of aquatic species and concentrations of oxygen, 
nutrients and pollutants dissolved in the water. Several studies have shown that LID is 
capable of reducing thermal pollution from stormwater runoff.  

The Elm Drive Project consists of a treatment train system with permeable laybys adjacent 
to the road and bioretention cells. Temperature loggers have been installed in an inflow 
catch basin and outflow manhole onsite. This feature reduces the thermal load of the 
runoff as it moves through the LID facility. 
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monitoring. Ultimately, your parameter selection will be directly tied to your originally selected 
objectives. Are peak flow reduction and TSS removal objectives of interest? 

4.6 Other considerations 
Other considerations include ensuring your equipment is placed in a secure location and staff can 
gain access to equipment year round if needed. Make sure to include health and safety protocols 
in your plans and that all staff is aware of the accepted procedures.  

Vandalism and equipment security issues 
Locating expensive monitoring equipment in a secure place is extremely important. Depending on 
site construction and equipment type, there are different methods of securing the equipment, 
such as inside a manhole or above ground in a metal box.  

 

Figure15: Monitoring equipment installed in a manhole, out of public view. 
 

Both methods have positive and negative aspects. A metal box above ground could draw some 
unwanted attention to the area. To reduce the risk of tampering, apply warning and company 
stickers to the outside. You should also consider the location or neighbourhood where the 
equipment will be installed. If using a box to house equipment, consider concealing the box with 
plants or lattice. If the equipment will be located on or near private property, try discussing the 
options with the landowners. While completely hiding a box may not be realistic or possible, they 
will appreciate having options and having their questions and concerns heard.    
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Figure 16: This metal box contains monitoring equipment and an electrical hazard sticker was 
applied as a deterrent. 
 

Depending on the box and its location, you can use different types of locks. Common locks 
include metal padlocks as well as combination locks with a wire hinge for areas that are more 
difficult to lock. Some boxes cannot be secured with a lock due to the design. Instead, they can 
be bolted.  

It is preferable to install the equipment in a more sheltered area to keep it from being noticed, but 
this option can also make it difficult for field staff to gain access to the equipment.  

Planning for seasonal monitoring 
Monitoring LID features year-round is important for populating the database, especially with 
information from colder months. Many people wonder if LID features can perform in the colder 
months as the ground may freeze and precipitation usually comes in the form of snow. If you are 
planning to monitor the site in colder months, remember to account for special considerations for 
suitable equipment during the design stage of the project.  

Ensure field staff have proper personal protective equipment for winter field 
work so they are able to stay warm and safe. Proper gloves, insulated safety 
boots, and boot grip attachments are important items.  
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The design of the LID feature should include a monitoring station. If you want to collect water 
quality samples in the winter, consider constructing a monitoring manhole large enough to 
accommodate your automatic sampler. Autosamplers located at ground level usually get too cold 
and will freeze when the water is sitting in them, damaging tubing and other small parts. When 
the sampler is located in a monitoring manhole underground, there is usually enough warmth to 
keep the sampler fully functional throughout the winter months.  

 

Figure 17: CVC staff preparing to collect a sample during winter.  
 

As long as the probes can handle cold temperatures, level probes can remain in place all winter. 
If you are using a probe with a pressure transducer, water should continue to flow over the probe 
for it to function properly. Water level loggers can also be left installed all winter if they are deep 
enough underground and the water they are in doesn’t freeze. Most loggers should not be 
exposed to temperatures below -20 degrees Celsius (or the temperature recommended by the 
manufacturer). 

Make special considerations for the appropriate equipment and design to help monitoring teams 
to gain access to the equipment during the winter. Location is an important factor to consider for 
winter monitoring. For example, if your equipment is located within a manhole, snow cover can 
make it difficult to find and gain access to the equipment. Sloped edges that are slippery and icy 
can make it hazardous to open the manhole.  Be aware that it can be expensive and time-
consuming to retrofit the site for winter monitoring. The process can also delay your data 
collection, so it is best to consider everything in the initial planning phase.  
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Figure 18: The monitoring manhole is located under the snow dump that was left from plowing the 
adjacent parking lot.  
 

Develop proper health and safety precautions during the design stage to 
ensure staff and community members are safe and don’t put themselves at risk 
due to seasonal changes.  

Health and safety planning  
When selecting locations for monitoring equipment, consider the area’s safety. Does it pose a risk 
for people who require access to the equipment? If so, be sure to incorporate the proper health 
and safety measures into your monitoring plan.  

The following sections discuss some potential health and safety concerns a project team may 
need to plan for when developing a stormwater monitoring program.  

Traffic hazards 
Give special consideration to monitoring locations within or nearby roadways designated for 
vehicle traffic. Are there other locations that you could use? If the location cannot be moved, 
develop and implement a traffic protection plan using a traffic control manual. In Ontario, this 
refers to Book 7 of the Ontario Traffic Manualxi. Keep copy of the traffic protection plan onsite 
while any work is being done to guide the set-up, operation, and removal of all traffic protection 
devices. In addition to the traffic protection plan, most municipalities will require the monitoring 
team to complete a road occupancy permit to keep a record of all work that happens within their 
roadway jurisdiction. This document will outline the time and day in which work can be done. 
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Proof of company insurance will also be required for this permit. See Chapter 5 for more details 
on obtaining occupancy permits and insurance.  

Working at heights  
Heights are another potential health and safety component of any monitoring program where 
climate information is monitored. In many cases, rooftops are the best location for climate 
stations. Rooftops limit obstructions such as buildings and trees from influencing ambient 
measurements. Given the risks workers are exposed to while working at heights, all provinces 
have specific regulations and training requirements. Depending on the height of the rooftop and 
location of the monitoring station, fall arrest or travel restraint training and equipment may be 
required. Local provincial working at heights standards must be reviewed before any climate 
stations is installed or maintained by the monitoring team. 

Confined space entry 
A confined space is defined as a fully or partially enclosed space that is not designed or 
constructed for continuous human occupancy. Additionally, atmospheric hazards may occur due 
to the construction, location, contents or because of work that is being done within it. Manholes, 
catch basins and several other components of stormwater infrastructure will fall within the 
designation of a confined space. To complete a confined space entry, a trained entrant (worker 
entering the space) and attendant (observing the entrant from outside the entry point) are 
required.  

Access permits 
To install and maintain any monitoring equipment, the monitoring team will need to investigate 
whether an access permit is required. These permits are often used by both public and private 
organizations for tracking the nature of work being done on their property and in what location. 
These permits may also provide health and safety information. Depending on the organization, 
the permit may have a list of all emergency exits, directions to nearest medical centre, and the 
point of contact for site-related questions. Once you have identified potential monitoring locations, 
contact the property owner for access approval and health and safety training requirements.  

 Refer to Chapter 6 for a list of personal protective equipment required for 
protecting workers from health and safety concerns.  

For all monitoring projects and locations, the monitoring team and health and safety 
representative should develop standard operating procedures (SOPs) for all tasks that are 
considered a risk to staff safety. These procedures will help to identify hazards, prevent injury, 
and verify worker roles and responsibilities. The SOPs should list all hazards that have been 
identified during site visits and provide instruction on how to limit and eliminate worker exposure 
to hazards. Review and regularly update SOPs to provide current site information to monitoring 
staff.      

Prior to leaving the office to visit your monitoring sites, hold a brief meeting 
to discuss the day’s work, the required safety equipment, and any changes to 
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your sites. This is also a great opportunity to inspect the vehicle for wear and to 
make sure you have packed everything you need before you leave. 

Lessons Learned 
• Make sure grant and funding applications are completed by the specified deadlines. If not, the 

process may be delayed or you may be disqualified. 
• It is important to have a detailed budget prior to seeking funding; you need to know how much 

money and time will be needed for your project. 
• Reporting and communicating findings is important for continued support, funding, and wide 

scale adoption of LID.  
• Include monitoring plans in the design stage of the project. Use these tools in conjunction so 

you can adapt the monitoring plan as needed. 
• Involve stakeholders and key partners including engineers, designers, landscapers, and local 

experts in the early stages of the monitoring plan design. Involving these parties in the early 
planning stages provides all individuals with a higher level of understanding of the goals and 
objectives, and allows all stakeholders and partners to provide input and expertise.  

• Revisit your monitoring goals and objectives throughout each phase of the monitoring plan 
design. Things can and will change during this process. Don’t be surprised if you change, 
add, or remove objectives.  

• It may not always be realistic to monitor inflow; however, it is important to represent inflow to 
validate influent event mean concentrations. This is an important consideration during the 
design stage which can simplify the study design. Inflow monitoring should be as 
comprehensive as possible to allow for good flow balance calculations. 

• During the design development or before monitoring begins, consider visiting your site during 
different sized precipitation events. These visits will allow you to observe flow over the pre-
construction drainage area to identify potential issues with drainage, grading, or inlet 
locations.  

• Conduct detailed documentation of the monitoring location (including photos and inspections) 
prior to construction and/or installation of monitoring equipment. 

• Save time and money by planning for monitoring during construction. Even if certain features 
and parameters are not included in the original monitoring plan, it may be beneficial to plan 
for and create the necessary infrastructure for monitoring to take place in the future.  

• In baseline monitoring, analyzing for a wide variety of chemical parameters from nutrients to 
organics to metals will help identify target parameters for the LID feature. 

• When there is interest in a specific parameter or objective, you might be required to modify 
the parameter selection.  

• Ensure that all staff is aware of health and safety protocols and procedures prior to going 
onsite. A variety of certifications and courses are available to make sure tasks are completed 
in a safe manner. 
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5 Permits and Permissions 
Various approvals may be required for LID implementation and monitoring. During the planning 
stages, you should identify legislation, policies, and by-laws at the municipal, watershed, 
provincial and federal levels that might become barriers to your project’s progress. Monitoring 
may require some permits or permissions, but it is usually the construction phase of LID that 
requires the most attention. Speaking to staff from various departments and other agencies will 
help to identify challenges that you might encounter. If policies and laws create conflicts for LID 
implementation and monitoring, it may be possible to make amendments or create special 
policies.  

 Since project design is an essential step in seeking 
permits/permissions, the planning phase of the 
project should be near completion prior to this stage. 
Project design should include the specifications and 
timelines for construction, installation, monitoring, and 
maintenance. Demonstration materials and 
informative packages outlining the project design are 
useful tools to share with landowners when seeking 
land usage and construction rights. Once you have 
permission to gain access to the land, site visits can 
help you finalize the project design, providing 
information such as existing conditions, photographic 
inventory, drainage scheme, and catch basin 
locations.  

Do not underestimate the timing required to obtain permits and 
permissions. Expect delays! 

Communication is another important part of obtaining permits/permissions for LID implementation 
and monitoring. When seeking permits/permissions, consider that agency approvals staff may not 
be familiar with LID. This lack of knowledge can sometimes lead to resistance or delays in the 
processing of approvals. Clear communication can help emphasize detailed project design. 

The right to access land is a major permission that is required for most LID projects. The process 
of gaining land use permits can vary depending on who currently owns property rights (crown, 
industrial, commercial, or residential land), and there are different permitting procedures for each 
type of landowner. Permits are commonly given though a legal agreement with the property 
owner. The rights and responsibilities of all parties should be drawn into the agreement to avoid 
any future discrepancies.  

Sometimes permission is not required to access property, but if an LID monitoring site is close to 
private property, it is common courtesy to contact the landowner. It is important that the 
landowner understands who you are and what you are doing. Consider hosting informative 
events to explain the project and listen to questions and concerns, and be sure to include them 

 Generic permits and 
permissions that may be 
required for your project 
include 

• Access permits 
• Landowner permission 
• Road occupancy 
• Insurance 
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throughout the process. It is also important to discuss the project with local municipal councillors. 
Having their support can help you communicate with home and business owners.  

It is crucial for employers to have liability insurance.  

There are different types of liability insurance: General Liability (to cover property damage and 
personal injury), Motor Vehicle Liability (for owned, leased and operated vehicles), and Umbrella 
or Excess Liability (to cover the financial burden of exhausted policies). A road occupancy permit 
might also be required since LID monitoring equipment is commonly located in manholes and 
road occupancy may be necessary to perform monitoring duties. If your project requires a road 
occupancy permit, you might also need a traffic control plan.  

Town and City contacts can help you determine which permits may be required, while your 
corporate health and safety representative or department can assist you in completing the 
necessary health and safety documentation and courses.  

Refer to the Health and Safety Planning section of Chapter 4 for more 
details.  

  
Figure 19: Road occupancy for LID monitoring.  

Lessons Learned 
• Always make sure to research and obtain the correct permits and permissions prior to 

conducting any construction or monitoring.  
• Give yourself sufficient time to complete the required documents. Delays in the approval 

process which could delay your project.  
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• It is critical for employers to have sufficient liability insurance covering property, staff, and 
vehicles. 
 

6 Equipment 
You can use several different types of equipment to monitor stormwater at the site level. Many 
types of equipment may be used for both site and in-stream applications. Choosing your 
monitoring equipment will depend on your site’s features and the monitoring design plan. The 
equipment, placement, and calibration procedures should be consistent between monitoring 
locations.  

Your budget is the ultimate factor in making your equipment choice. 
Remember to include sufficient funds for equipment replacement and repair. 

When selecting your monitoring equipment, you should consider: 

• Stormwater management features  
• Parameters to be monitored (level, flow, etc.) 
• Site design and conditions 
• Initial cost of equipment 
• Equipment installation and maintenance cost 
• Reliability 
• Power source 
• Measurement units and resolution (metres, millimetres) 

Researching and testing different types of equipment will help you 
determine what equipment works best for your project. It will also help you 
become familiar with equipment quirks and develop troubleshooting techniques. 

The monitoring market is full of many companies with great products, which can make the 
selection process challenging. To support your decision-making process, try completing a life-
cycle analysis and background check to determine how long you can use the equipment before it 
requires major repairs or replacements. Speaking with colleagues and other monitoring firms may 
help you avoid being disappointed with your equipment choices.  

6.1 Types of equipment and considerations 

Water quantity 
For measuring water quantity flowing through both closed and open channel pipes, a flow logger 
and level probe similar to the one in Table 6 will measure level depth and velocity. Most flow 
loggers will calculate flow rate if the dimensions of the pipe, weir, or flow area are entered into the 
logger. All level loggers need to be calibrated and maintained. Always collect manual 
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measurements at each site when you are in the field to calibrate the level sensor and to make 
adjustments to the data as required. It is important to remember the location where the level 
probe will be installed. Pressure transducers are susceptible to freezing in colder months. During 
winter, either remove the probe or place it at a depth that will keep it from freezing.  
 

 Flow monitoring equipment is typically designed to function in stream 
settings and may not perform as expected in underground infrastructure. 
 

Weirs or flumes 
In combination with a level logger, a weir can be installed on the downstream side of the level 
probe. Flow can be calculated based on an equation, the dimensions of the weir, and the 
measurement of the water level upstream of the weir. Your selection and sizing of weirs will be 
specific to the site you want to monitor. 
 

 
Figure 20: A weir installed in a manhole with the level probe mounted on the upstream side of the 
weir.  
 

Since it could potentially cause local flooding, the weir you choose cannot back up water during 
large storm events. Weirs should be sized so that they are overtopped during large events. If 
large events are relevant to the study objective, consider creating a rating curve that will 
accommodate a greater water height. Additionally, strong flows can cause leaks in the weir, 
particularly along the edges where the weir is sealed with cement or adhesive. Be sure to check 
these areas after large flow events. Evaporation or a leak in the weir seal can cause a decrease 
in depth of standing water behind the weir in-between precipitation events. 

Water level 
If only water level is required, you can use a level logger where you are monitoring groundwater 
wells, stilling wells, or using a weir; a self-contained level and logger probe can record these 
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levels. You must also collect barometric pressure to compensate for the weight of the air on the 
water level.  
 
Another option for measuring level is the use of an ultrasonic non-contact level transmitter. The 
transmitter measures level by emitting a pulse which bounces off objects or water level returning 
an echo to the sensor. The distance from the transmitter to the bottom or zero point in the pipe is 
known and based on the speed in which the echo returns from the water level depth. Ultrasonic 
level transmitters are great when using weirs and flumes in your monitoring plan. Unfortunately, 
some ultrasonic equipment cannot read level in turbulent and noisy hydraulic conditions. Be sure 
to consult the supplier regarding the conditions you want to monitor before making a purchase.  

Water quality 
For measuring water quality, an automatic sampler or autosampler with the ability to collect 
several samples with variable program lengths is preferable. A sampler with this capability would 
allow you to adjust the sampling program based on forecasted precipitation. These samplers can 
collect both grab (first flush) and composite samples during the same precipitation event. 
 
Once you have selected the water quantity and quality monitoring equipment for your site, you 
can add other monitoring equipment to better understand the flow of water entering and exiting 
your stormwater management facilities. The temperature of the water and atmosphere throughout 
your monitoring site can be collected using a logger similar to the one in Table 6. 

You can use the temperature information you collect to complete time lapse analyses of flow 
entering and exiting the monitoring area. Refer to the thermal mitigation section of the Elm Drive 
Low Impact Development Infrastructure Performance and Risk Assessment report on Credit 
Valley Conservation’s Be a Leader website for more details. 

Table 6: Examples of available equipment 
Equipment Type Example 

Water Quantity: flow logger and 
level probe 

 
Source: Teledyne Technologies Incorporated, 2013. Isco.com. 

http://www.bealeader.ca/
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Water Level: self-contained water 
level and logger probe 

 
Source: Onset Computer Corporation, 2013. onsetcomp.com 

Water Level: ultrasonic non-contact 
level transmitter 

 
Source: Endress and Hauser, 2013. endress.com.  

Water Quality: automatic water 
sampler 

 
Source: Teledyne Technologies Incorporated, 2013. Isco.com. 

Water Quality: water temperature 
probe 

 
Source: Onset Computer Corporation, 2013. onsetcomp.com. 

 

Meteorological Monitoring  
Precipitation data should be collected as close as possible to your stormwater monitoring 
location. However, when selecting a location, you should also consider: 

• Site access 
• Power source 
• Availability/duration of sunlight (if solar power is required) 
• Obstructions (trees, buildings) 
• Debris (leaves, birds, garbage) 



59 

 

Lessons Learned: CVC Stormwater Management and Low Impact Development Monitoring and 
Performance Assessment Guide – Credit Valley Conservation 

• Visibility  

Once you have determined your monitoring location, you can purchase and assemble the 
equipment. The equipment you choose for your station is dependent on the available power 
supply and your monitoring plan. Here is some of the equipment that may be used to monitor 
meteorological conditions:  

• Rain gauge 
• Waterproof casing 
• Data logger 
• Appropriate gauge wire and connectors for your application  
• Temperature probe 
• Solar panels 
• Rechargeable battery 
• Charge controller (for solar power) 
• Charge converter (changing AC to DC power when using a 110/120v receptacle) 

Whether you are monitoring precipitation from a rooftop, near a building or 
structure, or in a field, it is important to consider how easily it can be seen by the 
community. Meteorological stations are made of many different parts that can be 
damaged by someone without training or experience.  

 
Figure 21: One of CVC’s meteorological stations recording precipitation and air temperature. 
 

If your intentions are to collect data remotely from any of your monitoring sites, you will require 
additional wireless data collection equipment, such as: 

• Wireless modem  
• Compatible data logger and computer program 
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• Antenna  
• Internet access and IP address  

Whatever monitoring equipment you choose, be sure to verify that each 
piece functions and performs in accordance with your monitoring design. The 
supplier should confirm that the equipment is suitable to use in your application 
and that it can retrieve the desired data. You may be inclined to ask the supplier 
for a field demonstration. 

Consumables and accessories 
The equipment you purchase will require consumable materials which include, but are not limited 
to: 

• Batteries 
• Pump and sample tubing 
• Spare autosampler bottles and caps 
• Wire and electrical components 
• Fasteners 
• Screws, bolts, zip-ties, and other hardware 
• Tools for small field repairs 

These costs can be unpredictable. When creating your budget, be sure to plan for additional 
costs for maintenance and repairs.  

Health and safety equipment 
Table 7 lists some personal protective equipment (PPE) items that your project team might 
require for monitoring activities. This is not a complete list, and required equipment will be 
different for each monitoring location. Keep in mind that many of these items cannot be shared! 

Table 7: Health and safety equipment and supplies 
Goal Topics Equipment 

General PPE 

(applies to each topic below) 

• Safety/reflective vest 
• Hard hat (if working in and around construction areas) 
• Steel toe boots 
• Safety glasses 
• Work gloves 
• Phone (with emergency contacts) 

Traffic protection equipment 

• Traffic cones 
• Traffic signs 
• Traffic vest 
• Hard hats 
• 360° vehicle beacon 
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• Access permit/traffic control plan 

Confined space entry 

• Body harness 
• Tripod and winch 
• Gas detector 
• Rubber boots 
• Hard hat 
• Confined space entry form 

Working at heights 

• Body harness 
• Lifeline 
• Rope grab 
• Lanyard 
• Adequate anchors point  
• Access permit 

 

6.2 Equipment preparation  
Testing your equipment is an important step in ensuring you will collect quality, representative 
data. It also reduces the need for unnecessary equipment swaps and maintenance. For best 
results, simulate the environment and flow conditions the equipment will be monitoring in the field. 
If you can install the equipment before the construction phase is complete,  you can field test the 
equipment and collect baseline data to analyze before you begin collecting real monitoring data.  

Each piece of equipment you purchase will come with its own user manual. Manuals are useful 
for programming the equipment for your monitoring program and troubleshooting. All staff should 
become familiar with the manual to ensure every piece is used and stored properly.  
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Figure 22: Equipment set-up in the office lab to ensure proper function before being placed in the 
field. 
 

Writing your own in-house manual or procedure for your specific project’s 
site set-up, downloading, troubleshooting and onsite data checks can be helpful 
for training staff. 

6.3 Equipment maintenance 
In addition to testing equipment prior to field use, be sure to regularly maintain and test 
equipment while it is in use. Regularly verifying all equipment measurements with manual 
measurements will be helpful in making adjustments during analysis and determining whether 
equipment needs maintenance or be replaced.  

Equipment maintenance tasks would include: 

Table 8: Examples of monitoring equipment and maintenance activities 
Equipment Potential Maintenance 

General equipment 

• Synchronize the date and time on computers, automatic 
samplers, level loggers, meteorological equipment, and all 
other monitoring equipment to improve accuracy and ease 
of analysis. 

• Maintain ideal operating power on all equipment by 
changing batteries regularly. 

• Replace or recharge desiccant packs if applicable.  
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Level logging probes 

• Remove and test level probes if significant level 
fluctuations are observed. This may be a sign of a dirty 
probe from sediment or debris accumulation on the 
sensor. 

Automatic samplers 

• Clean the autosampler by wiping it down and calibrate 
sample collection volumes to ensure the correct volume is 
being allocated to each sampling bottle  

• Clean autosampler bottles regularly by rinsing and gently 
removing particulate with a soft bottle brush. You may find 
using a phosphate free, non-interfering lab grade soap one 
or twice a year helpful in removing built-up substances.  

• Change autosampler suction, pump, and distributor tubing 
regularly to prevent build-up and sources of error. This can 
be done in conjunction with equipment blanks; see 
Chapter 8 for more details on performing equipment 
blanks.  

Meteorological 
stations 

• Regularly check rain gauge funnels for debris and confirm 
that precipitation volume is recorded accurately with a field 
calibration device. 

• For winter monitoring, check the rain gauge heater 
frequently to ensure it is functioning properly. 

• Make sure the station is level. If it is not level, several 
sensors may not read correctly including the rain gauge, 
solar radiation sensor, and wind gauge, if applicable.  

• If using solar panels to power the station, ensure they are 
clear of snow and debris. 

Weirs • If using weirs, check for leaks by monitoring rapid water 
depth decreases, especially during dry periods.  

 

Proper maintenance will prolong the life of your equipment and help you collect more accurate 
data. However, monitoring equipment is never perfect. You will always run into issues depending 
on the seasons and frequency of maintenance. If monitoring continues during the winter months, 
the equipment may need to be removed to avoid freezing. To ensure equipment is functioning 
properly it is important to visit the sites frequently, keep track of any maintenance performed, and 
keep an up-to-date record of current equipment condition and age. Having an inventory of 
replacement equipment will help to ensure that no data is lost and equipment can be swapped 
out efficiently.  

 Lessons Learned 
• Don’t always look for the cheapest monitoring equipment. It is likely to cost you more in the 

long run by requiring repairs or replacement, or by not producing reliable data. 



64 

 

Lessons Learned: CVC Stormwater Management and Low Impact Development Monitoring and 
Performance Assessment Guide – Credit Valley Conservation 

• Always test equipment before purchasing it, especially if you are purchasing items in bulk. 
Ask the equipment company or supplier if they can lend you the items you are thinking of 
purchasing to make sure they meet your needs or ask for a field demonstration.  

• The supplier should confirm the equipment is suitable to use in your specific application and 
that it can retrieve the desired data. 

• Test equipment before placing it in the field so you can become familiar with how it works and 
develop troubleshooting techniques.  

• Keep your equipment safe and secure to avoid vandalism. 
• Write your own in-house manual or procedure for site set-up, downloading, troubleshooting, 

and onsite data checks. It can be helpful for training staff and can be tailored specifically to 
your project. 

• Use manual download loggers in addition to remote data collection loggers to make sure that 
your equipment is functioning properly.  

• Conduct regular equipment maintenance activities, such as cleaning, calibrating and the use 
of desiccants, to ensure it functions and lasts. 
 

7 Infrastructure and Equipment Installation 
This section discusses the importance of ensuring that you and your project team understand 
monitoring equipment and infrastructure requirements prior to installation. Communication 
throughout the construction process is critical for ensuring equipment is installed and maintained 
properly. 

7.1 Communication and construction inspection 
Before construction begins, hold a meeting to describe the entire monitoring design and purpose 
of the LID site to all project personnel. A pre-construction meeting can set the stage for project 
coordination, but LID methods and protection measures should be revisited at all construction 
meetings. 

At the meeting: 

• Communicate intent and key points of design. 
• Establish monitoring and maintenance of perimeter controls for sediment pollution. 
• Ensure construction is implemented according to design plan. 
• Mark all protected areas and enforce appropriate buffer zones.  

Once construction has begun, hold a weekly construction meeting that includes all subcontractors 
to monitor progress and to remind the team about key points of the design plans. Additionally, 
you should complete an onsite inspection week and after major precipitation events. It can also 
be beneficial to have a member of the monitoring team onsite during construction. The site may 
be constructed in ways that may not impede performance but may hinder monitoring based on 
the monitoring plan.  
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Protected areas, such as infiltration areas, should be marked during construction. If not protected, 
native soils could be tracked onto infiltration areas and can cause unwanted settling in bioswales 
or clog permeable pavement, as seen in Figure 23. This poses a problem since runoff may not 
be able to enter the LID feature, meaning the facility may not function as intended. Exposed soils 
adjacent to permeable pavement should be stabilized with proper erosion and sediment controls. 
Refer to the Low Impact Development Construction Guide at www.bealeader.ca for more detail.  

  

Example: Monitoring Staff at the Central Parkway Project during 
Construction  

The Central Parkway Project is a retrofit that incorporates the DeepRoot Silva Cell system, 
a modular suspended-pavement soil cell system to filter stormwater. The trees, shrubs and 
bioretention soils within this system will filter out nutrients and pollutants as water moves 
through the soil profile.  

Design and construction staff reviewed the monitoring plan for Central Parkway. During 
construction, a staff member thought that there may be an issue with the site’s grading 
which could impact monitoring. Monitoring staff were onsite to confirm details of the plan 
and monitoring requirements. Both parties were able to work together to come up with a 
solution. Although a change was made during construction, the monitoring program could 
adapt to the changes.  

http://www.bealeader.ca/
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Figure 23: Soil tracked onto permeable pavement.  
 

 Over the course of the construction period many contractors and sub-
contractors will be entering the site. Not everyone will be aware of stormwater 
management practices and sediment and erosion controls. Ensure all areas of 
the LID site are clearly marked on the design plan and onsite. 

 7.2 Post-construction modification and inspection 
Once construction is complete, you may wish to make small modifications to improve your 
monitoring program or to collect data for a parameter that was not part of the initial monitoring 
plan. To eliminate the possibility of damaging other constructed features of the site, it is important 
to study the original plans before making retrofits. Some projects have warranties for one or 
several different features and making changes could void the warranty. Being aware of these 
conditions and having your building personnel either install your modification or provide 
consultation is recommended.  

As-built surveys should be completed as soon as possible after construction to give the most 
accurate map and identify any construction issues that will need to be addressed prior to 
monitoring. Some common issues that can be documented with an as-built survey include inlets 
placement, overflows, and grading to avoid bypass.  
 

Document the initial performance of your site by taking pictures and videos 
during precipitation events. This information can be useful in working out any 
issues you may have with the construction and can be used to get the builders to 
make changes to the site under warranty.  

7.3 Installation procedure 
The most important step of your installation procedure is to complete a thorough inspection for 
each monitoring location. Collecting pipe and chamber dimensions for level probe and weir 
installation as well as taking pictures of all areas of interest are helpful in planning for the 
installation and can reduce the amount of time needed for each site installation. Either your 
project team or a contractor should install your monitoring equipment. Ideally, this person has 
experience in flow monitoring and sampling and will ensure your equipment is installed in the best 
location for data collection and equipment and personnel safety. 

Monitoring equipment is often installed in manholes requiring confined 
space entry certification. This limits access to equipment. You may need to gain 
access to confirm installation set-up and maintain equipment. 
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Confirming proper equipment installation may require confined space entry. As weirs/level 
loggers are used to measure flow it is important to accurately measure the needed dimensions for 
proper data analysis. CVC have confirmed these dimensions by using engineering consultants 
with confined space training. However, this approach requires significant administrative effort and 
introduces opportunity for error. It is beneficial if project team members have confined space 
entry training.  

When possible, install monitoring equipment as soon as construction is 
completed or when the monitoring location is available. Establishing a baseline 
for each site can be helpful in observing and correcting unexpected changes in 
the future. Even installing a portion of the equipment may be useful in shedding 
light on: possible issues with weirs or equipment such as leaking and placement, 
expected flows, and plant or media stabilization. 

Whether you are installing your equipment yourself or hiring a contractor you should follow some 
basic principles to make sure everything is installed properly: 

• Investigate the site characteristics - These characteristics include pipe size and shape, 
silt level, flow depth and direction, hydraulic conditions and space available for 
equipment. 

• Prepare the equipment for installation – Completely test the function of monitoring 
equipment either in-house or in the field simulating the environment and flow condition of 
your site. 

• Install equipment securely – Choose a location where little or no debris will interfere with 
readings or damage the sensor.  

• Secure and connect cables and tubing - Secure all excess cables and or tubing using 
wire clamps or zip-ties to fixed parts of the monitoring chamber or location. Make sure 
cables do not interfere with flow but still allow maintenance and data retrieval.  

 
Figure 24: A manhole with all equipment installed securely.  
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 If you are using weirs, be sure they are sized to accommodate the 
drainage area and all seams are sealed with cement or adhesive. If flows are 
low, v-notch weirs can achieve the needed low flow accuracy. V-notch weirs 
should be calibrated in a hydraulics lab for low flow measurements as textbook 
weir equations are only valid with adequate head.  

7.4 Calibration infrastructure 
The installation of monitoring infrastructure, equipment and calibration infrastructure often needs 
to happen in conjunction. In addition, you will require detailed measurements to have accurate 
information on equipment placement and locations and calibration values. 

 If you are using weirs, measure everything possible: heights to weir 
notches, heights to tops of weirs, volumes behind the weir and expected flows. 
How fast is water expected to fill and start flowing over the weir? 

Calibration infrastructure can include, but is not limited to: 

• Measurement brackets or fixed points to act as datum reference points 
• Measurement pipes and piezometers for calibrating in manholes 

 
Low flows from LID sites make up the greater proportion of all volume leaving the BMP. Low flow 
measurement confidence is essential to the success of subsequent data analysis and 
interpretation. At the start of a study, establish a good measurement reference point that is 
accessible from the surface. Use this point of reference as a base for all equipment installation 
measurements, along with all probe calibration settings. 

To accurately measure water levels for purposes of calibrating pressure 
transducers, CVC monitoring staff use a piezometer pipe and water level meter. 
This combination allows staff to obtain accurate measurements of the level of 
water in relation to the weir notch for calibration without confined space entry 
qualifications. The team can conduct all measurements in this way from the 
surface. 



69 

 

Lessons Learned: CVC Stormwater Management and Low Impact Development Monitoring and 
Performance Assessment Guide – Credit Valley Conservation 

  
Figure 25: A manhole with pipes installed allows water level to be measured accurately.  
 

The installation of measurement datums, brackets, and pipes should happen in a logical fashion. 
That is, the infrastructure should be easy to reach and use, and flow should not be blocked or 
impeded. All elements should be installed with care so that they cannot be moved or damaged.  

In addition, conducting as-built surveys as soon as possible after construction is complete allows 
for additional calibration of data. An accurate catchment size measurement post-construction 
drainage plan will be the key to relating flows, chemistry, and observations at this site to other 
areas and producing relevant results.  

Figure 26: Survey results along First Street in the Lakeview neighbourhood. 
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Lessons Learned 
• Many people will be entering the construction site over the course of the project with varying 

levels of knowledge regarding stormwater management practices and sediment and erosion 
controls. It is important to make sure that all areas of the LID site are clearly marked on the 
design plan and onsite.  

• Document initial site performance by taking photos and videos during precipitation events to 
make sure water is being directed to the proper locations. This information can be useful in 
working out any issues you may have with the construction and can be used for getting the 
builders to make changes to the site under warranty. 

• Install monitoring equipment as soon as construction is complete or when the monitoring 
location is available. This allows you to establish a baseline for each site so you can observe 
and correct unexpected issues in the future such as plant or media stabilization or issues with 
equipment. 

• Confined space entry certification may be necessary to access monitoring equipment. If team 
members do not have this training, you may need to hire a qualified person to confirm 
installation setup and maintain equipment.  

• If you choose to use weirs, make sure they are sized properly to accommodate the drainage 
area and that all seams are sealed with cement or adhesive. Make sure a variety of 
measurements are conducted including weir height, weir notch height, and volume behind the 
weir.  

• It’s a good idea to establish a measurement datum to accurately measure water level at each 
visit. This allows staff to measure the water level in relation to the weir notch based on a 
standard measurement point. This reduces the chance of human error in measurement and 
does not require confined space entry certification.  

 

8 Data Collection and Sampling 
After the monitoring infrastructure is installed, you can begin to collect the data. To ensure that 
the data is accurate, the monitoring infrastructure and equipment must be installed correctly. Data 
collection and sampling is necessary to determine the performance of LID facilities. The data that 
you collect will depend on the objectives of the monitoring plan and the stakeholders.  

8.1 Methodologies and protocols 
When you are monitoring a stormwater or LID feature, you must establish data collection and 
sampling protocols that will conform to your monitoring plan. LID features are designed to 
minimize the quantity of water leaving the site through stormwater management infrastructure. 
LID performance is typically evaluated by monitoring water quantity and quality. 

When monitoring multiple sites, it is essential to establish your data 
collection and sampling protocols in advance and to keep these protocols 
consistent between sites. 
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Water quantity 
The methodology that you use to monitor water quantity will be dependent on the site 
characteristics and the infrastructure that you are able to install. The data that can be collected 
include: 

• Inflow (how much water is entering your feature) 
• Outflow (how much water is exiting your feature) 
• Surface ponding (how much water and how long the water ponds on the surface of your 

feature) 
• Water retention (how much water is stored within your feature) 

It is important to gather water quantity data prior to attempting to collect 
water quality samples. In some cases the feature will retain nearly all stormwater 
from the contributing drainage area. In this case, it may not be feasible to collect 
water quality samples. 

The data you collect will depend on the feature that you are monitoring. For example, if you are 
monitoring a rain garden, you may not be able to collect outflow data because an underdrain or 
constructed outlet for monitoring equipment to be installed is not typically included in the design. 
When collecting data all data loggers for a site should have the same logging interval to make 
data analysis easier. 

Inflow 
Inflow must be measured or estimated regardless of what feature you are monitoring. Inflow can 
be directly monitored where there are isolated points, such as a curb cut. However, it may not be 
feasible and in some cases it can be impossible to directly monitor inflow. Where inflow cannot be 
directly monitored, use the closest rain gauge, or install a rain gauge onsite to calculate an 
estimated total inflow volume. Refer to Chapter 10 for more discussion on inflow estimation. 

In many cases LID features such as permeable pavement do not have 
isolated inflow points and inflow cannot be measured directly. When this occurs, 
you must measure the drainage area and use precipitation data to calculate an 
estimated inflow. 

Outflow  
When measuring outflow, you are measuring how much water is exiting the feature. Underdrains 
or collection pipes serve as access points to measure outflow from an LID feature. When 
measuring outflow there are two options: volume-based flow measurement and stage-based flow 
measurement. 

• Volume-based flow measurement uses tipping buckets to directly measure the volume of 
flow (good for low flows) 
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• Stage-based flow measurement uses flumes, weirs, or a known cross-section equipped 
with water level loggers to calculate outflow (an accurate rating curve is required) 

 Equipment used for the volume-based flow measurement requires more 
space at the outlet. Where space is limited, utilizing stage-based flow 
measurement may be the only feasible option. Weirs and flumes can be more 
easily installed at an outlet but have larger errors during low and unsteady flows. 

Surface ponding  
Most LID features are designed to allow some surface ponding. However, this ponding should 
infiltrate below ground surface quickly. To measure the depth of ponding and the rate in which the 
ponding water infiltrates, install a shallow well with a water level logger. If you are installing a 
shallow well, it is helpful to follow these guidelines: 

• Use a perforated pipe (a piezometer) that will allow surface water to enter the well but will 
help prevent sediment from accumulating within it. 

• Locate the well where ponding occurs first - near the inlet or the lowest point in the 
feature. 

• Measure where the ground surface is relative to where you will be taking your water level 
measurements. 

• Ensure there is a small reservoir in the well to keep your level probe submerged in dry 
conditions. This practice will also help with calibration. 

 Compare ponding depth to overflow elevation to determine when 
measured outflow has bypassed the LID feature. 

Water retention 
LID features are designed to retain water during precipitation events. This water is temporarily 
stored within the media that makes up the LID feature (e.g. permeable pavement will be on top of 
a gravel bed where water can be stored). To measure the amount of water retention in a 
monitoring well, install a water level logger. Here are some helpful hints for installing a monitoring 
well within an LID feature: 

• Install the well while the feature is being constructed or undergoing major maintenance. 
• If there is an underdrain in the feature, make sure the bottom of the well reaches below it. 
• Install the well so that surface water will not impact the water level within the well. A 

standard monitoring well casing over the well pipe should be sufficient. 
• If possible, measure the depth of the underdrain. Having this measurement helps 

determine when water is percolating into the underdrain. 
• Ensure there is a small reservoir in the well to keep your level probe submerged in dry 

conditions.  
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Water level in wells is measured in meters below ground surface (MBGS) 
or meters below top riser (MBTR). Mark a point on the well pipe where you will 
measure water level so that measurements are always taken from a consistent 
location. 

Water quality 
You should not attempt to collect water quality data until you have collected sufficient water 
quantity data to give you good understanding of the hydrology and water balance. By collecting 
sufficient water quantity data, you can determine if your LID feature produces enough outflows to 
install water quality sampling equipment. Installing sampling equipment where it will not collect a 
sample is an unnecessary expense and should be avoided. Water quality parameters that are 
typically monitored at stormwater management or LID facilities are listed in Section 4.5.  

 You can monitor parameters such as temperature without sampling by 
installing a logger. Samples are necessary to monitor other parameters like 
phosphorus. 

When sampling for water quality at your LID sites and control sites (‘business as usual’ 
stormwater management) it is important to collect representative samples. Autosamplers are 
recommended in order to collect a truly representative sample. Autosamplers should be 
programmed to begin sampling at the beginning of flow (first flush) and should last for the entire 
flow event, capturing the peak flow intensity. In cases where sampling with an autosampler is not 
feasible, grab samples of the outflow can be collected manually. When sampling this way it is 
important to time the sampling appropriately to get a representative sample of the outflow.  
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Figure 27: Water sample of an entire flow event using an autosampler. The bottle with the arrow 
indicates the first bottle of the sample. The sample order runs counter-clockwise. 
 

 

Figure 28: Hydrograph of a flow event sampled using an autosampler. 
 

 Water quality samples from a newly constructed or maintained site may be 
impacted by site stabilization. While the site is stabilizing, parameters like TSS 
and phosphorus may be elevated. 

At control sites, it is recommended to collect a grab sample for the first flush and a composite 
sample for the rest of the flow event. LID sites may only need a composite sample over the entire 
flow event. To reduce costs, you can review the water quality results from the first flush sample to 
determine if there is a significant difference compared to the composite sample. If there is no 
significant difference, first flush samples could be eliminated from your monitoring program.  

Regardless of sampling a control site or an LID site, composite samples should be flow weighted. 
Flow weighted sampling is a sampling methodology that will return an event mean concentration 
(EMC) as the water quality results. When there is higher flow, more water will be allocated to the 
composite sample. Collecting samples from a variety of precipitation event sizes is a necessity.  
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Water quality results will greatly vary depending on the intensity, duration, and total depth of a 
precipitation event. Collecting EMC samples from a variety of event sizes will give a more 
accurate depiction of the quality of the water flowing from the site. Collect samples as soon as 
possible after the sampling program has ended to avoid sample degradation or potentially 
missing another precipitation event. 

 You can use water quantity data to determine how long autosampler 
programs should last based on the forecasted weather. With sufficient data, you 
can accurately estimate how long outflow will last based on precipitation intensity 
and duration. 

Sediment quality 
Regularly sample soil or bioretention filter media to ensure the soil meets design specifications. 
Samples can be analyzed for texture, organic content, cationic exchange capacity, soil acidity, 
metals and nutrients such as nitrite, nitrate and orthophosphate. Sampling methodology practiced 
in agriculture and recommended by the Ontario Ministry of Agriculture and Rural Affairs 
(OMAFRA) may be used as a guideline for sample collectionxii. Depending on the size of the site 
and your budget, sampling may be taken at random throughout the site such as near the inlet or 
outlet. Composite samples may be collected at various depths, such as shallow (or surface) and 
deep. The exact depth will vary depending on the total depth of the filter media or soil installed at 
your practice.  

Comparing samples at varying depths may provide information regarding how efficient pollutant 
removal is for different parameters throughout the soil column. This comparison also helps 
determine whether or not pollutants are migrating through the soil column over time. Collecting 
samples from multiple locations in the practice will provide insight on pollutant removal for 
different plant combinations and how parameter concentrations vary depending on location (i.e. 
different water volume inputs and sources). Ideally, soil sampling for contaminant tracking will 
occur semi-annually, in the spring and fall. The frequency and/or method of sampling may change 
based on project scale and budget. 

8.2 Sampling quality control 
To ensure the quality of your sampling results, you have the option of using many field quality 
control procedures. These include, but are not limited to, field duplicates, equipment blanks, trip 
blanks, trip spikes, field blanks, and inter-laboratory duplicates. Table 9 summarizes these quality 
control procedures. 

Table 9: Examples of field quality control procedures for water quality sampling 
Procedure Description Purpose Recommendations 

Field duplicates 

A second aliquot of 
sample put in a 
separate container and 
submitted blind to the 

Checks on precision of 
the sampling and the 
analyzed lab results 

Collect one duplicate for 
each sampling trip. Choose a 
different site for each 
sampling trip. 
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lab 

Equipment 
blanks 

Contaminant-free water 
is sampled using all 
sampling equipment 

Checks for possible 
sample contamination 
from sampling 
equipment 

Collect equipment blanks at 
all sites with sampling 
equipment upon installation 
of the sampling equipment 
and multiple times 
throughout their operational 
life. 

Trip blanks 

Test samples of lab 
supplied contaminant-
free water taken to the 
sampling site and 
returned unopened 

Detects contamination 
during sample transport 

Include one trip blank per 
monitoring project. 

Trip spikes 

Lab supplied 
contaminant-spiked 
water taken to the 
sampling site and 
returned unopened 

Detects contamination 
and sample 
deterioration during 
sample transport 

Include one trip spike per 
monitoring project. 

Field blanks 

Contaminant-free water 
transferred to another 
container at the 
sampling site, thereby 
exposing it to the air 

Checks for possible 
sample contamination 
as a result of the 
environment in which 
sampling has occurred 

Include one field blank per 
monitoring project. 

Inter-laboratory 
duplicates 

A second aliquot of 
sample put in a 
separate container and 
submitted to a third-
party laboratory 

Checks on precision 
and accuracy between 
the two laboratories 

Include at least one inter-
laboratory duplicate per 
monitoring project 

 

All quality control procedures will increase the cost of your monitoring program; however, they are 
necessary to ensure the quality of your water quality data. Quality control procedures should be 
used as often as possible throughout your monitoring program. It is recommended to use at least 
one quality control procedure every time sampling occurs. It is important to consider what 
procedures to include based on the project objectives.  

The different procedures will help ensure the quality in different ways. Submitting field duplicates 
to the lab will help determine the precision of the analyzed lab results of your sample. Having field 
duplicate results will strengthen the confidence in the reported water quality results. Without field 
duplicates, the precision of the water quality results cannot be determined. 
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Equipment blanks should be completed at all sites with water sampling equipment. When using 
autosamplers everything that the water comes in contact with prior to entering the sample bottles 
is a potential source for sample contamination. This includes the tubing in the autosampler, the 
autosampler bottles, and the equipment used to mix the composite sample (stainless steel pot, 
graduated cylinder). Equipment blanks can help determine what proportion of the target 
parameters’ concentrations are a result of the equipment used. 

To complete equipment blanks, run distilled water through your equipment as if it was the water 
being sampled during a flow event. Take this water to the lab, along with a control sample of 
distilled water that was not run through the equipment, for analysis. Submitting a control sample 
of distilled water will determine if there are any concentrations of target parameters already 
present potentially causing confusion when analyzing the equipment blank results. Each site 
should have multiple equipment blanks performed on them during their operational life. With 
enough equipment blank water quality data, you can report on the accuracy of your water quality 
results taking into account the influences that the equipment. 

Trip blanks are effective for determining if samples are becoming contaminated while being 
transported. Test samples of lab supplied contaminant free water taken to the sampling site and 
returned unopened and then analyzed by the lab. This procedure will help determine how much 
contamination is a result of the transportation process and then can be accounted for in the data 
analysis process. 

Trip spikes are effective for determining if samples are kept in proper storage conditions 
throughout the sampling process. If the spiked contaminant deteriorates throughout the sampling 
process then the storage of samples is insufficient and will need to be improved. The most 
common issue sampling storage is an inappropriate temperature range. Samples should be 
cooled and kept below 10 degrees Celsius and above 0 degrees Celsius. To keep samples within 
the appropriate temperature range, store them in a cooler with ice or ice packs immediately and 
do not over pack the cooler with samples. 

Field blanks will help determine if the atmosphere itself is adding contaminants to your samples. 
By exposing the field blank to the atmosphere, it will absorb any atmospheric contaminants that 
will affect your water sample results. When the field blank is analyzed it will help determine how 
much of the contaminants in your water quality results are a result of environment in which it was 
sampled. 

8.3 Calibrating equipment 
In order to accurately measure water quantity and quality, you will need to establish a rating curve 
and calibrate all probes and loggers. 

Generating rating curves 
When measuring outflow from your site, you will need a rating curve to convert level data to flow 
data. When using a weir or flume, the manufacturer may provide the rating curve equation. 
However, if the rating curve equation is not provided, you will need to generate your own either 
through field measurements or lab measurements. To generate a rating curve, you will need to 
manually measure discharge at different stages of flow (low flow, medium flow, high flow). In the 
field you can manually measure flow at different stages using a flow meter. This discharge data 
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can be used to calibrate your rating curve equation. It is much more accurate to generate your 
rating curve for your weir or flume in the lab. The procedure for generating a rating curve in the 
lab is outlined in Appendix C.  

 Ultrasonic probes measure flow velocity as well as level. A rating curve is 
not crucial but it is still suggested. You will need an accurate cross-section to 
calculate flow. 

To generate a rating curve where a flume or a weir is not being used, you will need to establish 
an accurate cross-section where flow is being measured. Surveying a cross-section may be 
necessary in this case. Discharge should be measured multiple times at different flow stages to 
produce reference levels for a rating curve, similar to the process used for weirs and flumes. 
Unlike weirs and flumes, these measurements can be done only in the field using a flow meter. 
When a rating curve is established, level data can then be converted into flow data. 

Calibrating water level probes 
When a level probe is installed, you will also need to install and calibrate a barometric pressure 
logger. The methodology for calibrating the level probe will vary depending on the make and 
model of the level probe, so following the manufacturer’s instructions for calibration is a must. To 
calibrate a level probe, the water level must be measured; measure water level at a consistent 
location each time water level is measured. Level probe calibration protocols will differ between 
wells and weirs/flumes. 

 The point that you use to measure water level must be consistent. The 
submerged ground will never be perfectly flat, so if measurements are taken at 
different points, you will observe different water levels. If the level probe is fixed, 
make sure that the point you use to measure water level is as close to the level 
probe as possible. 

Wells 
To calibrate level probes in wells, the water level is measured in either meters below top riser 
(MBTR) or meters below ground surface (MBGS). Here are a few things to keep in mind when 
calibrating:  

• Do not remove the probe when measuring the water level. 
• Measure the water level from the same point every measurement. 
• Take note of the date and time when the water level was measured and calibrated in 

case of any disturbance when measuring. 

Weirs or flumes 
To calibrate level probes at weirs and flumes, the water level is measured as a depth. Flumes 
differ from weirs as they do not have a reservoir of water that will keep the probe submerged 
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while there is no flow. In a flume, the water level should be measured at a consistent point as 
close to the probe as possible. With a weir, the height of the weir notch will be needed relative to 
the reference point used to measure water level. Figure 29 shows how a reference point can be 
used to measure water level behind a weir. “D” represents the datum number (the reference point 
to the bottom), “W” is the reference point to the weir notch, “H” is the reference point to the water 
level (measured during your site visit), “Hc” is the calibration value (calculated by subtracting “H” 
from “D”).  

 

 Figure 29: Reference point and measurements. 
 

 When measuring water level in a manhole, it is best to measure the water 
level from a reference point near the surface. This measurement will give you a 
“depth to water” measurement which can be compared to an established “depth 
to bottom” measurement. This has proven to be an accurate way of measuring 
water level without the need to enter the manhole. 

Calibrating water quality probes 
Water samples are required to gather data concerning most water quality parameters. However, 
there are parameters, like pH, temperature and conductivity, which can be monitored 
continuously using probes. Some probes are factory calibrated while others will need to be 
calibrated prior to deployment. Follow the manufacturer’s instructions when calibrating. To 
calibrate these probes you will need solutions with defined concentrations of your target 
parameters to give your probe a reference point.  
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8.4 Downloading data 

 
Figure 30: CVC staff downloading level logging and automatic sampling equipment. 
 
Data should be downloaded from the loggers in the field a minimum of once every two weeks. 
This frequency allows for the equipment to be checked for proper function. To keep an accurate 
record of events, record all tasks and observations made onsite in a field notebook. When 
downloading data at a site, here are a few things to check: 

• Download loggers between logging intervals, especially if downloading requires the 
removal of the probe or device. 

• Check the amount of memory available on the logger. 
• Check the battery status on the logger. 
• Check that data has been saved to the computer or other device used to download the 

logger prior to leaving the site or clearing the logger’s memory. 
• Review data (if possible) by viewing graphs of downloaded data in the applicable 

equipment program.  
 

Other tasks to complete during a download: 

• Measure water level to check calibration of level probes and calibrate probe if necessary. 
• If equipment requires desiccant, check if the desiccant needs to be recharged. 
• Change batteries in logger if necessary (below 80% charge). If the battery cannot be 

changed in the field, install a new logger and bring the old one back to be maintained. 
• If an autosampler is installed, check battery level (if applicable) and change battery if 

necessary. 
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• Take photos of the site to document any changes since the last visit. 

Completing all maintenance and data collection in groups can help reduce 
obvious hazards. For example, lifting and opening heavy manhole covers or full 
autosamplers in pairs helps avoid injuries. 

 

Field notes 
Field notes are an important part of monitoring for collecting data and recording significant events 
or site issues. This record is important for future data analysis and keeping track of maintenance 
issues related to the monitoring equipment or site. By having a record of actions in the field, you 
can look back to see exactly what was done each visit. Items that should be included in your field 
notebook: 

• Site and station name or code 
• Date, time, and purpose of visit  
• Staff members present and laptop or equipment used to download data 
• Real-time measurements and readings from monitoring equipment (e.g. water level, 

remaining battery power, download status, desiccant condition, date and time on 
monitoring instruments) 

• The manual water level measurement that staff take to confirm that the water level probe 
is reading correctly 

• Any special actions or observations, such as the re-launch of a logger, replacement of a 
level probe, calibration, or water sample collection 

• Any required site maintenance or damage  
 

It is important to have the detailed notes to refer to during data analysis. Sometimes you may not 
understand the reasons certain actions were performed during data analysis, but if you refer to 
the notes and see how it was justified at the time then you can better understand why actions 
were taken. Having a record of the real-time measurements from instruments as well as manual 
measurements taken by field staff is very helpful when analyzing data. Sometimes unforeseen 
incidents can occur, such as a leaking weir or the drifting of a water level probe, which will result 
in incorrect data. Using your field notes will help you analyze this data and make any necessary 
corrections or adjustments to compensate for periods of error.  

Example: Data Adjustments 

Some loggers will allow you to adjust the data that has been logged with a manual 
measurement. For example, if a conductivity probe is installed, take a manual conductivity 
reading with a separate piece of properly calibrated equipment or take a grab sample 
specifically for conductivity and have the samples analyzed in the lab. This conductivity 
measurement will allow the data to be adjusted. Typically, loggers that allow this process can 
only be calibrated by the manufacturer. Manual measurements will also allow you to ensure 
that the downloaded data is accurate. 
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Troubleshooting 
Despite the best-laid plans, you cannot avoid issues such as equipment failures. When you have 
an issue with data collection, it is important to troubleshoot to solve it. Here are some 
troubleshooting tips: 

• If there is an issue downloading, disconnect and reconnect. 
• Check batteries/power source for logger. 
• Always bring spare equipment to replace faulty equipment if issues cannot be resolved in 

the field. 
• Always bring new or charged batteries for when power is running low. 
• Do not do anything that may delete data if the logger has not been downloaded. 
• Contact supplier/manufacturer to see if they can help fix equipment and salvage data. 

Lessons Learned 
• Establish protocols for data collection and water quality sampling so all staff are following the 

same process. Protocols become more important as additional sites are added to your 
monitoring program, since new sites may require extra team members and increase potential 
sources of error. 

• Keep in mind that you may not be able to collect the same data at all monitoring stations. For 
example, outflow data is typically not monitored from rain gardens since they usually do not 
have underdrains.  

• Any bypass can be determined by comparing ponding depth to the overflow elevation. This 
can shed light on how your LID feature functions. 

• Some parameters may be elevated when initially monitoring a site, such as TSS and 
phosphorus, due to site stabilization. Observe these values to see if they decrease over time; 
if not, there may be an error in the design or construction.  

• You may not need to collect first flush (grab samples) in addition to composite samples at 
every site or for the length of the program. Once the site is established you can evaluate 
whether or not you require a first flush sample. Is there a significant difference between 
parameter concentrations in the first flush and composite samples? 

• Generating a rating curve is helpful for calculating flow and calibrating level and velocity 
equipment.  

• Always measure water level or depth to water from a standard reference point to reduce 
error. 

• Keep thorough field notes to document any tasks completed on site. Notes may help explain 
values in the dataset, such as level fluctuations from calibrations.  
 

9 Qualitative Monitoring and Maintenance  
This chapter presents an overview of LID maintenance activities and inspections performed by 
field staff to monitor the functionality of different LID features and to determine maintenance 
schedules and life-cycle costs. Maintenance is very important for the performance of LID features 
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and is often overlooked. This information will provide guidance so that it becomes an important 
action from the beginning of the project.  

9.1 LID inspection checklists 
CVC monitoring staff developed an inspection checklist to document site conditions and 
maintenance needs during routine site visits. A standard checklist format is used to ensure 
accuracy and make inspections easy and straightforward to complete. The checklist format 
ensures proper documentation and makes it easier to track changes over time, giving consistency 
to the monitoring program. Find an example inspection checklist in Appendix D. 

By analyzing the checklist data, you can determine the expected frequency of maintenance, 
provide insight into future designs and planning of LID features, and project future maintenance 
and life-cycle costs. Although this information is continually collected, meaningful interpretation 
can be made only with additional years of monitoring, especially if you are evaluating life-cycle 
costs.  

 

Figure 31: CVC staff performing basic maintenance and an LID inspection checklist at a rain 
garden. 
 

Table 10 describes the types of activities an inspection requires, what to look for during an 
inspection, and when to complete these activities. Throughout the monitoring program, staff 
should record any observations or deficiencies so that the appropriate parties may be notified and 
issues may be rectified as soon as possible. 
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Table 10: Data collection and frequency 
Activity When to be Completed 

Take photos from reference locations at the 
site. 

When an inspection checklist is completed 
(biweekly in the spring, summer, and fall, 
monthly in winter) and before and after 
maintenance. 

Keep logs of site visits, inspections and 
maintenance dates, activities performed, 
observations, and associated costs. 

Each visit and when maintenance is 
performed. 

Look for common issues and maintenance 
tasks associated with LID, such as: 

• Outlets and underdrains 
blocked/plugged or structurally 
damaged 

• Broken/cracked curbs and structural 
damage as a result of snow plow 
activities 

• Dead/unhealthy plants or large 
amounts of weeds 

• Clogged permeable pavement 
surfaces and joints 

• Large amounts of debris, sediment, 
erosion or issues with the receiving 
drainage area 

Each visit. 

Inspect different areas of the LID feature, 
such as the drainage area, inlets, outlets, and 
vegetation, to ensure nothing is overlooked 
and that the site can perform optimally. 

When an inspection list is completed. 

Outline any maintenance issues that need to 
be addressed and whether they are urgent or 
routine so that the appropriate actions can 
take place. 

When an inspection list is completed. 

Ensure that field staff have the appropriate personal protective equipment 
(PPE) such as work gloves and disposable latex gloves, as dangerous and 
hazardous materials and waste are sometimes found.  
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Figure 32: Commonly observed maintenance issues: (clockwise from top left) clogged inlets, 
clogged permeable pavement, broken curb, and overgrown plants blocking an inlet. 

Since different LID site designs have different maintenance issues it is 
important to inspect each feature of the site and record changes. Thorough 
documentation will help to better design LID sites in the future depending on the 
success of different construction styles. 
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9.2 Photo and video documentation 
It is important to document site conditions throughout the project using qualitative observations. 
Qualitative observations can include photographing and videotaping. Prior to construction, 
consider photographing and videotaping flow patterns during rain events, which can provide an 
overview of the initial site conditions. Recording runoff and rainfall can also provide insight on the 
volume of water that the LID features should be designed to treat. 

During construction photographs and videos may provide information that can be used to make 
alterations to the design or monitoring plan. This information can also be useful in determining if 
erosion and sediment controls are being used properly to avoid clogging or damaging infiltration 
areas that can affect performance. 

Drainage or catchment areas should be evaluated once a site has been constructed and 
periodically throughout the monitoring program. You can complete evaluations by conducting a 
detailed survey, videotaping flow patterns during rain events, and installing cameras to capture 
continuous images. Often these qualitative observations will provide insight into the functionality 
of the site that may not become apparent even with detailed monitoring.  

Videos and photos of precipitation can support some observations, including: 

• Issues with bypass where water does not enter inlets as expected during various event 
intensities 

• Ponding of water in/on LID features during rain events 
• Observations of plant growth and health over various seasons 

Case Study: Preliminary Maintenance Findings 

Since CVC began collecting site condition data in September 2012, project teams noticed 
some recurring trends: 

• Large amounts of organic debris such as leaves and pine cones can block inlets, 
especially in the fall. This can negatively affect the performance of the bioswales. If left 
unaddressed, water will be unable to enter the system and result in bypass. 

• Lack of landscaping and plant maintenance is another issue. Plant establishment is 
critical for the success of the LID feature. If time and money are not initially invested 
into plant establishment the plantings may fail. Refer to CVC’s Landscape Design 
Guide for Low Impact Development at www.bealeader.ca for more information.  

• During winter monitoring, snow from the street is ploughed and dumped into some of 
the bioretention cells or bioswales. This has caused damage to the overflow caps as 
the weight of the snow and/or snow plows have cracked or removed them. Winter 
monitoring is important to ensure damage to the facility does not occur. 
 

These findings support the fact that LID design should be planned carefully with 
consideration for the changing seasons and conditions.  

 

http://www.bealeader.ca/


87 

 

Lessons Learned: CVC Stormwater Management and Low Impact Development Monitoring and 
Performance Assessment Guide – Credit Valley Conservation 

 

Figure 33: Still image from a video of water flowing into an inlet catchbasin during a rain event.  
 

A photo log from all site visits is an important and useful tool to monitor the progression of the site 
over time for maintenance as well as plant growth and health. Monitoring a site can help 
determine which plants should or should not be used and which combinations work best for 
various LID features. Having images of the site are important to document any changes that may 
be experienced with large or intense rainfall events including sediment deposition or 
displacement, debris, or mulch removal.  

. 

  

 

 

Example: Plant Selection through Monitoring 

Figures 34 and 35 show the progression of vegetation growth in bioretention cells over 
several months from site visits and the use of a trail camera. The design in Figure 34 is 
simple and easy to maintain; however, little to no groundcover is present in April resulting in 
soil erosion. Often the way a site looks forms the basis of its acceptance in the community. In 
this case, if another type of plant is added to cover the exposed soil the feature would look 
more complete for a greater period of time throughout the year. Refer to the Landscape 
Design Guide for Low Impact Development at www.bealeader.ca for more information on 
selecting the proper plants for your site and maintenance commitment. 

http://www.bealeader.ca/
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Figure 34: The progression of the same LID site in the 2013 growing season. 
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Figure 35: Photos from a trail camera installed in a bioretention showing seasonal variations. 
 

It can also be beneficial to test flows at monitoring sites using a large reservoir of water, such as 
a water truck. By spreading water on the catchment area of the monitoring site, the project team 
can observe where the water flows to ensure that it is flowing to the correct location, such as an 
outlet where monitoring equipment is installed. Staff should be equipped with cameras to take 
photos and videos of the test. 

9.3 Maintenance and life-cycle costs 
While traditional stormwater practices have been in place for decades, there is little monitoring 
data pertaining to maintenance and life-cycle costs. By monitoring LID features, you can 
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document and calculate actual maintenance costs. Tracking maintenance and life-cycle costs of 
stormwater management systems is a priority for monitoring programs as well as municipalities. 
This information will help define costing and provide information on infrastructure life 
expectancies for municipalities. Property owners and municipalities can use these details to 
assess if LID technologies are feasible for their application.  

Documentation of maintenance is a critical component of the stormwater monitoring at CVC’s LID 
sites. CVC notes maintenance needs during site inspections and documents the maintenance 
activities and their associated costs. This data collection effort will support the characterization of 
maintenance requirements and costs.  

Maintenance is very important to the performance of LID features and is often overlooked. Long-
term infrastructure assessment is needed (both quality and quantity performance) to capture 
when a decline in performance occurs and how performance is restored once maintenance work 
has been completed. Maintenance documentation, in addition to long-term performance 
assessment, is required in order to link maintenance activities to changes in performance. Some 
maintenance requirements may only be detected through long-term performance, such as filter 
media reaching saturation. This information, in addition to cost tracking, will benefit asset 
management information.  

Routine maintenance is critical for a highly functional LID feature that will have a long life span. 
LID features trap and accumulate debris, sediments, and other stormwater pollutants, and 
periodically those things need to be removed.. Landscaping and healthy vegetation are also 
important features of LID, since the plants absorb many stormwater pollutants and add to the 
aesthetic appeal of the feature. Plant establishment is critical for the success of the LID feature. If 
you do not invest time and money from the start of the project, the plants may not establish.  
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Permeable pavers also require maintenance in order to perform effectively. The joints must be 
swept or vacuumed periodically to remove any fines from entering the system. The frequency of 

Case Study: Lakeview Road Right-of-Way Retrofit 

It’s a common misconception that residential landowners will not maintain LID features if they 
are installed on their property. It is true that often there is a lack of ownership related to LID 
features such as bioswales or rain gardens, but this is not limited to LID; boulevard gardens 
also face the same neglect. The key to maintaining LID features is to bring residents into the 
project to help them make it their own. The Lakeview Project, which included a road right-of-
way retrofit where permeable pavement would be installed at the ends of driveways and 
grassed swales would be retrofitted to bioswales, incorporated the residents from the start of 
the project.  

Residents were given the opportunity to choose how the bioswale on their property would be 
landscaped, with either grass or perennial plants. If residents chose the plant option, they 
were able to select the plant material, which furthered their participation. Residents were 
willing to participate in maintenance activities for the most part, encouraging the project to 
continue. Since plant establishment, many residents have taken ownership of their bioswale 
by adding plants that they like and taking care of them.  

CVC provides the residents guidance on maintenance activities and frequency for all 
seasons, and planting advice if requested. Community events have been held to inform 
residences on the best way to maintain their bioswales for both optimal performance and 
esthetics. See Chapter 11 for more details on communication and public outreach. 
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maintenance will depend on site location; if this feature receives a “first flush” from runoff, it may 
get clogged with sediment at a faster rate than downstream LID features. If the joints become 
clogged with debris, they will not allow water to enter and it will bypass the system. The chip 
stone that fills the joints may also need to be topped up after maintenance is performed if 
required to keep the pavers in place and prevent debris from getting stuck between them. Refer 
to Table 11 for example maintenance tasks that should be tracked in a monitoring program. 

Table 11: Example maintenance tasks  
LID Practice Maintenance Task 

Bioretention cells 
Bioswales 

Rain gardens 
 

Watering 
Removing litter 
Removing sediment 
Keeping inlets clear 
Planting vegetation 
Mulching 
Mowing 
Repairing and replacing structures 
Weeding 
Pruning 
Cleaning out underdrain 
Removing dead plants 
Sweeping/vacuuming drainage area 

Permeable pavement 

Sweeping/vacuuming 
Topping up chip stone 
Replacing pavers 
Cleaning out pipes 
Restripping 

 

For a detailed summary of maintenance and life-cycle costs, refer to the Toronto and Region 
Conservation and the University of Toronto report titled Assessment of Life Cycle Costs for Low 
Impact Development Stormwater Management Practices (2013)xiii. 

If you conduct proper routine maintenance, you can avoid or delay more costly maintenance such 
as rehabilitation, saving money and extending the performance of the LID feature. Rehabilitation 
maintenance is very site-specific and therefore can be difficult to quantify. Tracking rehabilitation 
maintenance is important because there is limited information related to maintenance schedules 
and what is required at different points in the life of the LID feature.  

A common rehabilitation activity in infiltration practices is removal of sediment accumulation. Over 
time, fine sediment washes into the LID feature and clogs the pore spaces in the filter media, 
which results in a slower rate of infiltration. To avoid sediment from forming a crust on the surface 
of the filter media, it is recommended to rake the soil seasonally and scrape off any excess 
sediment for disposal. Over many years the fines will have made their way through the filter 
media and it will have to be replaced. Depending on the rate of infiltration, sometimes only half 
will need to be replenished, but in some cases you will need to replace all of the filter media. You 
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can address sediment issues can be addressed by routinely cleaning out inlets to prevent 
sediment from entering the facility and raking the surface of the soil seasonally. In doing so, the 
amount of sediment entering the feature is reduced and is less likely to cause future issues.  

It is important to distinguish between routine and establishment costs. Establishment 
maintenance costs may be high due to an investment in tools and extra staff time for proper 
training and early site establishment. Although it may not seem necessary at the time, proper site 
establishment is important for the success and functionality of the LID feature and will reduce 
future costs.  

Lessons Learned 
• LID sites have a variety of features that will require different types and frequency of 

maintenance. Inspecting and documenting changes at your sites can help you keep track of 
maintenance needs by site and feature type. 

• Take the extra time and effort to initially establish plants and make sure they get proper care. 
Early maintenance will enhance overall aesthetics and help avoid the need to replant.  

• Discuss planting design options with the people will be looking after the LID feature to ensure 
a commitment to maintenance, or the site may be neglected over time. 

• Choose a design that is low-maintenance so that not much upkeep is required. 
• Routine maintenance is the key to saving time and money on what could be costly repairs 

down the road. 
• Ensure inlet design will allow water to enter the LID feature, even if some debris may be 

blocking it. 
• Keep a photographic inventory of the site, including the pre-construction and construction 

phases. Not only does this inventory provide insight into baseline conditions, it can help 
troubleshoot any issues encountered during monitoring that may be related to the design.  

10 Data Management, Validation, and Reporting 
Quality assurance/quality control (QA/QC) should always be completed to ensure that equipment 
is functioning as intended and that the data are accurate. Monitoring equipment undergoes 
QA/QC before it is deployed into the field to identify any problems. QA/QC is also performed in 
the field through visual inspection and by connecting a laptop to monitoring equipment to ensure 
that equipment is functioning properly. Once the data is retrieved from the field equipment the 
data need to be managed and processed. 

10.1 Organization 
All raw and working files should be labelled, dated and sorted accordingly. Raw data includes all 
data downloaded directly from field equipment or obtained directly from an analytical laboratory 
without manipulation. After downloading data directly from monitoring equipment, save the data in 
an appropriate location. The use of folders and a communal server supports the organization of 
raw and working data. A file directory on computers (both field and office) is helpful for keeping 
organized. It is useful to create a document outlining the data management process to ensure 
consistency among staff, accuracy of data input, and organization of files.  
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Tracking spreadsheets are great tools that can provide useful information 
such as when equipment was last downloaded, when maintenance activities 
were performed, or when spreadsheets were updated/reviewed.  

10.2 Data update and review process 
Producing a general template means worksheets will be similarly formatted, saving time and 
money spent on updating/reviewing spreadsheets. To ensure there are no data issues, update 
working data spreadsheets a minimum once a month. Doing so will also ensure that you conduct 
quality control of data in a timely manner. Updating the file includes entering data from various 
instruments, field notes, graphing, and general QA/QC. At this stage, you can also identify 
missing and incorrect data with an explanation. The data should then be plotted so the project 
team can more easily observe issues that otherwise might not be apparent until it is too late. The 
largest source of error tends to be data that is not correctly entered (i.e. copy/paste errors).  

It is useful to conduct a regular systematic review of working file spreadsheets on a monthly 
basis. The review process can be divided into multiple levels of review (e.g. primary and 
secondary phases of review) to ensure optimal QA/QC. An example of a data review checklist is 
included in Appendix E.  

Complete the review process to: 

• Verify and spot check data from raw spreadsheets for copy/paste errors  
• Verify presence and accuracy of all manual entries, including field notes and lab results 
• Review all graphs for outliers and erroneous data 

Compare lab results for specific parameters that are related, such as orthophosphate and 
total phosphorus 

 
In addition, a long-term review should include the review of detection limits over time. Lab 
reporting values may change and, if they are not addressed, they can cause errors in your 
worksheet or database.  

10.3 Analysis 
Data analysis can be completed by your project team, by a third party, or both. More rigorous and 
detailed data analysis tends to be completed by third parties. The project team should complete 
at least part of the analysis. By being involved in this process, project members become more 
comfortable working with the data they are collecting, making it easier for them to identify data 
issues and troubleshoot when required. To find more information or further reading on data 
analysis including the following topics, see Appendix E. 

Inflow estimation 
Begin your data analysis by determining the influent volume of water entering the LID practice. If 
influent monitoring is not feasible, it will be necessary to know the site’s catchment or drainage 
area. You will need a more detailed map to determine the drainage area based on previous and 
impervious land use, such as driveway, road, and grass or by BMP or LID, such as bioswale or 
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permeable pavement. You can determine this information from as-built surveys, GIS elevation 
models, and staff visits during construction. 

 

Using the catchment area and precipitation data provided by local rain gauges will help to 
determine an estimated influent volume or runoff value. There are many methodologies that 
estimate influent volume on an event-by-event basis or annually, including the Rational Method 
and the Simple Method, or the use of stormwater management model (SWMM). Not all 
methodologies will be suitable for all sites. Strong engineering judgment should be used when 
selecting and implementing a runoff coefficient and model components.  

With the Simple Method, influent volume is estimated as a product of a calculated runoff 
coefficient, the drainage area and the event precipitation. This method could be improved with the 
development of a calibrated stormwater management model. This method requires long-term 
monitoring with a variety of flow and rainfall event sizes.  

Water balance 
As introduced in Chapter 4, calculating a water balance for your stations can be very beneficial 
for ensuring that you are collecting and analyzing quality data.  

Case Study: Determining Catchment Areas and Downspout Connectivity 

Downspout connectivity is an important aspect of determining the size of impervious and 
pervious areas. Connected downspouts refer to downspouts that are directed into the storm 
sewer system directly, or onto impervious areas that lead to the storm sewer system. 
Disconnected downspouts are drained onto pervious surfaces and are considered not to reach 
the municipal stormwater system. Roof area contributing to disconnected downspouts may be 
fully or partially included in estimates of pervious area, while roof areas being drained by 
connected downspouts are considered part of impervious areas. However, deciding whether to 
consider downspouts connected or disconnected is a complex challenge that depends on 
factors such as the size of the pervious area receiving the rainfall and the types of soil in the 
pervious area.  

There are a variety of different criteria with differing levels of detail required that have been 
used for deciding whether downspouts are connected or are fully or partially disconnected. In 
general these criteria are related to the size of the pervious area receiving the runoff from the 
roof or the length of the flow path that the water flows over the pervious surface while more 
sophisticated approaches also consider the permeability of the soils in the pervious area. 
Downspout disconnection may be incorporated into calculations as a percent reduction in 
runoff from the roof area drained (ranging from 30-100%). A more precise approach uses the 
infiltration rate of the soils as well as the area of the roof being drained to the pervious area to 
determine the length of flow path required to meet a certain degree of infiltration (Mueller and 
Thompson, 2009).  
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For a control site, where estimated inflows and measured outflows are expected to balance, 
calculating a water balance using a method such as the Simple Method is key to quality assuring 
your data and identifying if any issues exist with the site, drainage area, or monitoring results.  

To evaluate the drainage area of a control site, water balance calculations should be used once 
monitoring of flow has begun. If calculations indicate that the site is producing flow or retaining a 
great percentage of flows, consider re-evaluating the drainage area for possible bypass issues.  

From a data analysis perspective, the detailed characterization of drainage areas of the 
monitored LID sites is even more important, since calculated inflows for the LID stations are 
required to estimate inflow loads to these stations using the EMCs collected at a control site. 
Since a water balance is not expected to be achieved at these stations due to the nature of the 
flow reductions expected, it is difficult to ascertain whether or not the drainage area and inflow 
estimates have been accurately calculated. As a result, observations of flow using controlled 
water tests or during rain events is required to effectively qualify flows for these areas. Section 
8.1 outlines the procedure for collecting qualitative flow information.  

Table 12: Sample water balance calculations for an LID site 

Day/Time Event Type 

Event 
Precipitation 
Total (mm) 

Percent 
Reduction (%) 

2014-06-11 05:20 RAIN 2.8 100% 
2014-06-11 21:10 RAIN 13.6 94% 
2014-06-17 18:00 RAIN 14.4 76% 
2014-06-23 16:50 RAIN 2.8 100% 
2014-06-24 17:30 RAIN 4.4 100% 
2014-06-25 14:20 RAIN 3.6 100% 
2014-07-08 11:30 RAIN 8.6 97% 
2014-07-13 05:40 RAIN 2.4 100% 
2014-07-15 01:30 RAIN 9.8 100% 
2014-07-16 14:00 RAIN 3.6 100% 
2014-07-19 14:00 RAIN 13 98% 
2014-07-20 14:00 RAIN 3.6 100% 
2014-07-23 01:00 RAIN 5.6 100% 
2014-07-27 19:00 RAIN 66 60% 
2014-08-04 07:40 RAIN 16 100% 
2014-08-05 19:30 RAIN 8.8 86% 
2014-08-11 22:20 RAIN 26.6 79% 
2014-08-19 23:10 RAIN 3.6 100% 
2014-08-20 19:10 RAIN 6.8 100% 
2014-09-02 11:40 RAIN 9.4 100% 
2014-09-05 19:10 RAIN 36.8 73% 
2014-09-10 15:50 RAIN 21.2 93% 
2014-09-13 07:10 RAIN 4.2 100% 
2014-09-15 15:30 RAIN 4.2 100% 
2014-09-21 05:50 RAIN 17.2 94% 
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Despite this, calculations of water balances for LID sites can provide information on performance 
over a range of precipitation events as well as provide information on potential issues (e.g. if 
water balances are in the negative range, or if performance results for certain events are not in 
line with earlier observations for similar events).  

Equipment blanks 
You can use data collected from running field quality control tests such as equipment blanks to 
determine potential sources of contamination, such as contamination within the sampling 
equipment. The blanks allow you to evaluate the quality of the sample collection, and possibly the 
lab analyses. If results from field quality control samples are unusual, such as exceeding 
detection limits, the sample needs to be evaluated to determine if there is any potential influence 
on the dataset, or if the results are from this specific sample. Refer to Chapter 8 for more 
information on collecting field and equipment blanks.  

 The best time to collect equipment blanks is when you are installing the 
sampling equipment or are replacing the sampler tubing. When replacing the 
sampler tubing, equipment blanks should be taken with the old tubing and the 
new tubing. 

Analysis tools and presentation 
The level and detail of analysis will depend on your monitoring needs. It is important to revisit 
your objectives and determine what and how you will present the information, and who will be on 
the receiving end of your presentation. For some applications, using spreadsheet software such 
as Excel will be sufficient. For some statistics, it can be easy to collect and analyze data. Many 
algorithms and programs can help you organize and conduct statistical analysis on your dataset, 
including Python, NumPy and SciPy. These programs can query the data and divide it into 
individual events for analysis. Parametric and non-parametric statistics can be summarized and 
presented in tables organized by site or LID practice. You can also generate graphics, such as 
box and whisker plots or detailed images, to provide a schematic representation of the dataset. 

10.4 Data issues and troubleshooting 
This section describes data issues and troubleshooting tips that are related to parameters 
commonly monitored at LID sites. Keep in mind that this discussion is by no means complete; 
there are many issues that can occur with the equipment or data. While there are some common 
problems and solutions, be sure to fully evaluate your problems based on your equipment set-up 
and database.  

When possible, calibrate logged data with manual measurements to verify 
accuracy. 
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Water chemistry 
If water chemistry results seem unusual (e.g. results that are too high/low compared to 
guidelines), there are several methods to verify them: double check units, submit duplicate 
samples, compare to literature values, and assess the potential of sample contamination. Contact 
the lab for information regarding how samples are analyzed. The lab may have changed their 
equipment or process for sample analysis which may provide results in a different manner, such 
as a change in unit or detection limit. 

Water level/flow 
Level logging equipment must be calibrated often. If the water level was incorrectly calibrated, 
loggers may show flow when there actually is not (or vice versa), in which case you can use 
precipitation data to help determine if there was a level increase/flow or not. This can be further 
complicated with seasonal monitoring. Snowmelt may cause an increase in level, possibly 
causing flow and making the water balance unequal. At sites where the water level stabilizes at 
the weir notch, flow events often have long tail on the hydrograph if the probe is off by as little as 
1 mm, suggesting ongoing flow. Water level data is easier to handle if levels can stabilize at a 
known point after a precipitation or flow event. Ensuring accurate calibration of level logging 
equipment will help keep these issues from occurring. 

Air/water temperature 
Air temperature is relatively straightforward and it is generally easy to identify incorrect readings. 
Water temperature is slightly more convoluted, since there is more variability across a study area 
(e.g. water temperature differs more on a manhole-to-manhole basis than air temperature). 
Because downloading the water temperature recording equipment involves removing the probe 
from the water, these measurements are prone to error and may require a stabilization period 
once placed back in water.  

Precipitation 
As with temperature probes, rain gauges should be installed as close to the study site as 
possible. If no precipitation is recorded but a water level increase is observed the rain gauge 
likely isn’t functioning properly. You can supplement missing data by using the next rain gauge 
closest to the project site. Rain gauges can be calibrated to ensure they are logging accurately. 
Your municipality, region, or local conservation authority may have a precipitation network to 
supplement your precipitation data.   

Lessons Learned 
• Use tracking sheets to record when the dataset was last analyzed or updated and which staff 

member completed the task. 
• Reviewing your data is important to make sure equipment is functioning properly, but also for 

correct analysis of data without errors. 
• There are multiple methods and programs that can be used to analyze data. The method and 

program you use will depend on your monitoring program goals and objectives, but also on 
the type of feature being monitored and the data you are collecting. 
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• Do not underestimate the importance of having a water balance. Knowing where water is 
coming from and how it gets to your site is significant to determine if the site is performing as 
designed or if something has changed over time.  

• If something can go wrong, it probably will; always be prepared to troubleshoot equipment 
issues in the field.  

11 Reporting and Communication 
There are many ways to share information with your intended audience. The method you use and 
amount of detail you share will vary depending on your audience. For example, fact sheets with 
plant selection information may be appropriate for professional practitioners and residential 
landowners, but a guidance document focusing on stormwater planning may not be appropriate 
for the average homeowner.  

11.1 Reporting  
Many people will be involved in designing, constructing and monitoring LID features, from 
engineers and planners to construction staff and possibly residential landowners. Information for 
design and construction professionals requires a great level of detail to ensure design standards 
are met and the system will function properly. Information for residents or business owners in 
retrofit areas require less technical and more user-friendly documents. With such a range of 
audiences, CVC has authored a variety of stormwater and LID guidance documents, papers, and 
reports targeting specific audiences.  

In addition to technical site reports, there are many case studies available that showcase some of 
the LID sites in Ontario. Each case study discusses the process of implementing LID, including 
the design, economic considerations and long-term performance. Factsheets are useful tools to 
convey information quickly and effectively. Many of CVC’s fact sheets are summaries of broader 
documents, such as the Top 10 Principles: LID Landscape Design fact sheet which branches off 
of the Stormwater Management Criteria Document (2013). Other fact sheets like the Top Plant 
Picks for Your LID Garden provide examples of plant species and bloom times for native plants 
that could be used in rain gardens or bioswales. CVC has distributed this fact sheet to 
landowners at residential retrofit sites like those in the Lakeview neighbourhood in Mississauga 
where project teams have installed rain garden and permeable pavement to replace grass 
swales. If you are developing reports, papers, or fact sheets, be sure to share them on your 
website so interested parties can learn about site performance. These documents and more can 
be found on CVC’s bealeader.ca website.  

11.2 Marketing and public outreach 
LID projects and monitoring programs can benefit from communication and outreach programs 
within the community. Educating the community about stormwater and LID technologies helps 
spread awareness and acceptance of these practices. Sharing information with the community is 
a great opportunity to show the benefits of implementing LID and it provides a platform for 
discussing infrastructure asset management.  

http://www.bealeader.ca/
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Site tours with school groups, 
conference attendees, or 
stakeholders are useful for showing 
people how you are implementing 
newer technologies in real-world 
settings and how they are 
functioning. Stakeholders and 
municipal councillors can see how 
the projects are meeting their 
priorities and provide support to 
future LID projects. Councillors can 
also help you communicate project 
information to local home and 
business owners.  

Remember to reach out to the 
project site’s landowners throughout the life of a project. Early in the Lakeview Project, CVC 
began communicating with residents in the Lakeview neighbourhood through door-to-door 
conversations and newsletters. CVC held a series of public events in the community that used 
artistic renderings, colourful design drawings, street views, bioswale cross-sections, photos from 
other projects, and samples of permeable paving stones to illustrate and demonstrate aspects of 
the project. CVC also presented several alternative plans to the public and provided 
questionnaires to gain public feedback. Community input guided the detailed design, including 
identifying traffic safety issues with poor lines of sight one of the intersections.  

After construction, CVC held 
workshops providing landscape 
advice for the new rain gardens 
and permeable pavement 
driveways to help residents 
maintain the LID features. 
Municipal and design staff were 
also onsite to answer questions 
and offer advice for incorporating 
the rain garden into existing 
landscapes. Workshops provide a 
great opportunity to offer hands-on 
learning and education for the 
community.  

Participating in conferences and 
tradeshows allows you to convey 
experiences and results to other 
professionals and stakeholders in a more structured setting. Your participation can fuel further 
discussion and encourage further research and study, as well as help a variety of practitioners 
expand their skill set.  

Figure 36: Demonstration of the subsurface material. 

Figure 37: Landscape designer offering design 
suggestions to a resident.  
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You can also share knowledge through training programs and courses. CVC offers LID 
construction workshops for professionals such as designers, contractors, and inspectors, which is 
based on the Construction Guide for Low Impact Development, available on CVC’s bealeader.ca 
website. This course teaches new techniques for managing stormwater and how to prevent 
failures and avoid expensive repairs.  

Resources 
There are many resources that can be used in combination with this guide. Table 13 shares 
some of those resources and provides a summary of each document and where to find them. 

Table 13: Additional resources 

Resource Summary and where to find it 

Grey to Green 
Retrofit Guides 

This series of guides provides 
step-by-step guidance on how to 
retrofit existing properties to 
include LID practices. Each 
guide is tailored to specific land-
uses, including road right-of-
ways, residential lands, and an 
overarching guide to assist 
municipalities as they implement 
city-wide retrofit programs. 

 

www.bealeader.ca 

CVC Stormwater 
Management 

Criteria Document 

This document provides 
guidance in the planning and 
design of stormwater 
management infrastructure and 
outlines the processes and 
infrastructure needed to address 
flooding, erosion, water quality, 
and water balance 

 

www.bealeader.ca 

Construction Guide 
for Low Impact 
Development 

This guide offers information on 
the proper construction of LID 
designs, including a list of 
common oversights during LID 
construction. The guide also 
discusses proper planning, 
siting, contractor 
communication, protection, and 
material specification. 

 

www.bealeader.ca 

http://www.bealeader.ca/
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Low Impact 
Development 
Stormwater 

Management 
Planning and Design 

Guide 

This guide provides information 
and direction on landscape-
based stormwater management 
planning and LID practices 
ensuring healthy water bodies, 
fisheries, and terrestrial habitats. 
The guide is intended to help 
streamline and focus the design 
and review process and ensure 
goals, objectives, and targets 
are being met. 

 

www.bealeader.ca 

Landscape Design 
Guide for Low 

Impact Development 

This guide is used to 
complement the Low Impact 
Development Stormwater 
Management Planning and 
Design Guide. It provides land 
managers and professional 
practitioners with an 
understanding of the guiding 
principles of LID planting design, 
implementation, and 
management. 

 

www.bealeader.ca 

United States 
Environmental 

Protection Agency: 
Urban Stormwater 
BMP Performance 

Monitoring 

This manual recommends 
protocols and standards for 
collecting, storing, analyzing and 
reporting stormwater BMP 
monitoring data, as well as 
providing monitoring guidance 
for LID strategies. 

 

www.epa.gov 

University of 
Minnesota: 
Stormwater 
Treatment-

Assessment and 
Maintenance 

 

Minnesota 
Stormwater Manual 

This is an online manual that 
you can use to assess the 
performance of stormwater 
treatment practices and 
schedule their maintenance.  

 

This guide is intended to 
supplement the Minnesota 
Stormwater Manual, which 
discusses the design and 

stormwaterbook.safl.umn.edu 

and 

www.pca.state.mn.us  

http://water.epa.gov/scitech/wastetech/guide/stormwater/upload/2009-Stormwater-BMP-Monitoring-Manual.pdf
http://stormwaterbook.safl.umn.edu/
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/stormwater/stormwater-management/minnesotas-stormwater-manual.html
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installation of stormwater 
practices.  

Sustainable 
Technologies 

Evaluation Program 
(STEP) 

STEP is a multi-agency initiative 
led by the Toronto and Region 
Conservation Authority to 
provide the data and analytical 
tools to support the 
implementation of sustainable 
technologies within Canada. 

www.sustainabletechnologies.ca/wp 

University of New 
Hampshire 

Stormwater Center 

The stormwater center is a 
research, testing, and 
educational facility for 
stormwater treatment systems. 
You can find many resources 
here related to effective design 
and implementation.  

www.unh.edu/unhsc  

International 
Stormwater Best 

Management 
Practices Database 

(BMPDB) 

This database features 
hundreds of BMP studies and 
performance results in addition 
monitoring guidance.  

www.bmpdatabase.org 

 

http://www.sustainabletechnologies.ca/wp/
http://www.unh.edu/unhsc/
http://www.bmpdatabase.org/
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APPENDIX A: Case Studies - Types of Monitoring 
 

Types of Monitoring 
Monitoring can be conducted for three main reasons: to ensure compliance, assess performance, and to 
make changes through adaptive measures. Each of these plays an important role in a monitoring 
program. Not only does this information help approval and regulatory agencies develop standard 
procedures but it also provides direction for future monitoring requirements and research needs, including 
reporting and data analysis. Monitoring allows further enhancement of the existing stormwater 
management policies and guidelines. It is an essential component needed to answer questions relating to 
LID performance, operation, implementation, and maintenance that make up potential monitoring 
objectives. The below objectives (Table A1) were developed with project partners and stakeholders to 
frame CVC’s monitoring projects and are an example of how the different types of monitoring can be 
employed to assist in answering selected project objectives.  
 
Table A1: CVC Stormwater Management and LID Monitoring Objectives 

Monitoring objectives  
Type of monitoring 

Compliance Performance Adaptive 

1. Evaluate how SWM ponds perform with LID upstream. 
Can the wet pond component be reduced or eliminated 
by meeting the erosion and water quality objectives 
with LID? 

X X  

2. Assess performance of measures to determine potential 
rebates on development charges, credits on municipal 
stormwater rates and/or reductions in flood insurance 
premiums. (i.e. can LID reduce infrastructure demand). 

 X  

3. Evaluate whether LID SWM systems are providing flood 
control, erosion control, water quality, recharge, and 
natural heritage protection as per the design standard. 

X   

4. Evaluate and refine construction methods and practices 
for LID projects.   X 

5. Evaluate long-term maintenance needs and 
maintenance programs, and the impact of maintenance 
on performance. 

 X X 

6. Evaluate effectiveness of soil amendments and 
increased topsoil depth for water balance and long-
term reliability. 

X X  

7. Assess the potential for groundwater contamination in 
the short and long term.   X  



8. Assess the performance of LID designs in reducing 
pollutants that are dissolved or not associated with 
suspended solids (i.e. nutrients, oils/grease, and 
bacteria) 

 X  

9. Determine the life cycle costs for LID practices   X 

10. Demonstrate the degree to which LID mitigates urban 
thermal impacts on receiving waters X X  

11. Assess the water quality and quantity performance of 
LID designs in clay or low infiltration soils and those 
that do not use infiltration. 

X X  

12. Assess the water quality and quantity performance of 
LID technologies.  X  

13. Evaluate how a site with multiple LID practices treats 
stormwater runoff and manages stormwater quantity as 
a whole. 

X X  

14. Assess the potential for groundwater mounding in 
localized areas.    X  

15. Assess the potential for soil contamination for 
practices that infiltrate.  X  

16. Assess the ancillary benefits, or non-SWM benefits.  X X 

17. Develop and calibrate event mean concentrations 
(EMCs) for various land uses and pollutants. 

X X  

18. Improve and refine the designs for individual LID 
practices.  X  

19. Assess the overall performance of LID technologies 
under winter conditions. 

 X  

 
  



Compliance Monitoring: Wychwood Subdivision 
Compliance monitoring is designed to evaluate whether a management measure or facility is functioning 
as designed to meet minimum acceptable requirements (i.e., Ministry of the Environment and Climate 
Change’s (MOECC) Environmental Compliance Approval (ECA) for stormwater management facilities or 
municipal requirements prior to assumption of stormwater management facilities). 
 
Wychwood subdivision is a 5.7 hectare 90 lot single family home residential development and the first 
fully LID residential neighborhood in Brampton, Ontario. Its design manages all onsite stormwater runoff 
through LID practices which include permeable pavers, grass swales, rain gardens and a bioswale. The 
LID system is designed to retain all rainfall events up to 15 mm over the entire site and convey all flows 
through an LID treatment system. The site is designed to convey stormwater runoff in two separate 
sections. All runoff from the east portion of the development is conveyed to a bioswale spanning the full 
length of the development. All runoff from the west portion of the development is conveyed to five 
enhanced grass swales and two rain gardens.   
 

 

Figure A1: Wychwood Subdivision, City of Brampton 
 

The MOECC Environmental Compliance Approval (ECA) has specific monitoring and reporting 
requirements for the LID stormwater management features. The owner must complete yearly visual 
inspection of all stormwater features and keep record of all inspections and maintenance completed.  
 
In addition to visual inspection, a detailed water quantity and quality monitoring program must be carried 
out to evaluate the performance of the stormwater management features. Water quality samples must be 
collected and analyzed in accordance with ministry standards, and results must be available to ministry 
staff every year. A performance assessment report will be produced every five years and made available 
to the ministry. 
 
Compliance and performance monitoring classifications are linked as they both examine the stormwater 
features in accordance with project design standards. Performance monitoring can be considered the 
most detailed type of monitoring as it includes components of compliance monitoring where they exist. 
 



Where compliance approvals are not required, performance criteria should be reviewed and implemented 
into a monitoring program to ensure adequate performance of the LIDs. See CVC’s Bioretention 
Certification Protocol document for more information. 

Performance Monitoring: Elm Drive 
Performance monitoring is intended to evaluate how well a stormwater management facility or practice 
performs in comparison with a range of performance indicators or targets, or design objectives. This type 
of monitoring allows a comparison with other facilities, technologies, and/or development contexts. These 
studies are typically undertaken when little information is available regarding the effectiveness of a certain 
type of facility in a certain environmental context. Conducting performance monitoring also aids in 
planning for maintenance needs and determining the associated costs and life-cycle requirements.  
 
Performance monitoring is currently being 
conducted at Elm Drive, an LID retrofit site in 
Mississauga, Ontario. The LID features at Elm 
Drive incorporate green infrastructure including 
permeable pavement and bioretention 

cells/planters which filter and store stormwater 
from impervious surfaces before entering 
Cooksville Creek and Lake Ontario. Prior to this 
LID construction, this site drained directly into 
Cooksville Creek with no opportunity for pre-
treatment. These features remove pollutants, 
recharge our groundwater and reduce runoff to 
our municipal storm sewers. Construction was 
completed in May 2011 and in August of 2011, 
Credit Valley Conservation began monitoring the 
site.  
 
This site was designed to provide an enhanced level of water quality treatment, 80% total suspended 
solids removal (TSS), as required in accordance with the 2003 MOECC Stormwater Management 
Planning and Design Manual. While there are no specific water quantity control requirements, the retrofit 
is expected to reduce peak flow and stormwater runoff to Cooksville Creek to the extent possible.  
Monitoring at Elm Drive is conducted in line with CVC’s Stormwater Management and LID Monitoring 
Objectives, as identified in Table A1. Results to date suggest the site is exceeding performance 
expectations with up to 93% TSS removal and 97% volume reduction for precipitation events less than 25 
mm, which constitute the greatest number of events in this region.   While the level of detail required for 
performance monitoring is quite high, it is an effective method for evaluating a variety of aspects of a 
stormwater management feature.  

Adaptive Monitoring: Lakeview and IMAX  
Adaptive monitoring is designed to evaluate how stormwater management practices can be improved, for 
example to improve water quality, meet hydrologic goals, last longer, require less maintenance, meet new 
challenges of climate change (i.e. plant selection for drought tolerance and high intensity short duration 
storms, and provide ancillary benefits). 
 
Lakeview 
 
The Lakeview residential road right-of-way retrofit is located in south-east Mississauga, Ontario. This 
demonstration site consists of a series of bioswales and permeable pavement driveways. These features 
will help reduce stormwater runoff by allowing for infiltration, slowing it down, providing storage and 
filtration for improved quality of water discharging into storm sewers and eventually into Lake Ontario.  
 

Figure A2: Elm Drive, Mississauga  
 



Following the initiation of performance monitoring including photo and video documentation of the site 
during rain events, observations indicated that some runoff could potentially be bypassing the system and 
the inlet designs could be improved. As a result, modifications are being made to the bioswale inlets.  
 

 
IMAX 
 
The IMAX Industrial Commercial LID 
site is located in south Mississauga in 
the Sheridan Creek subwatershed. 
The parking lot retrofit at the IMAX 
Headquarters in Mississauga 
presents the opportunity to 
demonstrate and study the 
performance of several LID systems 
in a commercial/industrial application. 
The LID features include permeable 
pavers, bioretention cells, and 
enhanced water quality filtration 
units.  
 
With the initiation of performance 
monitoring, observations were made 
of ponding water near the inlet side of 
the bioretention cells. In order to 
rectify this, modifications were made 
to the design to include a second overflow structure to avoid water ponding back onto the parking lot.  
 
The permeable pavement sections of the site were designed with built in adaptive monitoring features. 
These features were incorporated in order to directly evaluate various design components of stormwater 
practices and how they can be adapted and improved in different situations. The features include 
separate permeable pavement sections with different types of base layer materials in order to evaluate if 
a difference in performance exists with different sub-base materials. 
 
In addition, the outlets of two of the permeable pavement sections were fitted with a moveable 90° elbow 
(see figure below) which will allow researchers to simulate elevated underdrains in the future. Elbows will 
initially be turned 90° on their side so that stormwater drains freely from the permeable pavement system. 
 

Figure A3: Lakeview bioswale, Mississauga  
 

Figure A5: IMAX parking lot, Mississauga 
 

Figure A4: Re-grading the inlets to the 
 

 



Adaptive monitoring measures can therefore be incorporated directly into the design of a site that will 
undergo detailed performance monitoring, or can be incorporated as compliance or performance 
monitoring takes place. 

Figure A6: Ponding in the bioretention cells 
 

Figure A7: Modified plan with elbow 
 



 

NOTICE 
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APPENDIX B: Monitoring Plan Development 
 

Example Checklist for Monitoring Plan Development 
 
Follow this general checklist to develop a detailed monitoring plan 
 
 Identify your goals and objectives 

 Engage stakeholders and partners 

 Conduct a preliminary site visit- videos, photographs 

 Gather background information 

 Identify available resources  

 Determine a monitoring approach 

 Select your parameters 

 Revise your goals and objectives 

 Provide your draft plan to interested stakeholders for review 

 Evaluate equipment requirements and purchase/research/test as required 

 Re-evaluate funding options and continue search for new funding opportunities 

 Revise plan based on stakeholder feedback 

 Revise your goals and objectives 

 Develop detailed plans and maps 

 Conduct pre-construction surveys and inspections and create a photo log 

 Conduct pre-construction inspections with monitoring consultants and interested parties 

 Purchase additional equipment and supplies needed 

 Inspect and document construction activities and progress 

 Revise your monitoring plan if required during the construction phase 

 Provide updates to your stakeholders and partners 

 Prepare for data collection- create data collection protocols and plans 

 Conduct post-construction inspections for monitoring equipment installation 

 Install as much equipment and stations as possible (even if site has not stabilised) 

 Conduct an as-built survey and detailed inspection 

 Begin monitoring, making adjustments to the plans as required 



 Review data and results frequently in order to identify and deal with issues as they arise 

 Report to stakeholder and partners on the progress of monitoring 

 Adjust the monitoring plan as required with changes as they arise 
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APPENDIX C: Equipment Calibration 
Generating a Rating Curve 
A rating curve can be generated for flumes and weirs in a properly equipped lab. To generate a rating 
curve for flumes and weirs you will need: 

• An exact replica of your field flume/weir in the lab 
• Water reservoir with a location that allows for weirs and flumes to be installed and  can maintain a 

constant flow at various water levels 
• Stopwatch 
• Thermometer 
• Container with known volume/weight 
• Equipment to accurately measure water level relative to the base of the flume and/or notch of the 

weir (it may be necessary to use surveying equipment) 

In the lab, the following steps will help generate a rating curve for your flume/weir: 

• Install the flume/weir to the water reservoir so that when water reaches the notch it will only flow 
from the flume/weir. 

• Raise the water level in the reservoir until water begins flowing from the flume/weir (anything from 
a small trickle to heavy flow is acceptable). 

• Install the thermometer so that water temperature can be noted 
• Take multiple measurements of the water level until the water level has stabilized. When the 

water level stabilizes it will be flowing at a constant rate. Take note of this water level relative to 
the notch (mm above the notch). 

• Weigh the container prior to filling it with water from the outflow. 
• Fill the container with the outflow using the stopwatch to take note of how many seconds it takes 

to fill the container. 
• Weigh the container when it is filled with water. The weight difference will give the exact water 

volume in the container.  
o Volume (L) = Full weight(kg)– Start weight(kg)/density of water(kg/L) 

• Flow rate in liters per second is calculated by dividing the volume by the time that it took to get 
that volume.  

o Q (L/s) = Volume (L) / Time (s) 
• Once the flow rate has been calculated a reference level has been established. 
• Change the water level and repeat the steps to calculate flow rate and establish another 

reference level. 
• Reference levels should be established as close to the weir notch as possible, as close to the top 

of the weir as possible, and multiple points in between. 
• Multiple flow rate measurements should be taken at each reference level used. 
• Linear interpolation can be used to calculate flow for water levels between the reference levels. 

 

 Equation to calculate the density of water: 



d = a5 { 1 - (T + a1)^2(T + a2) / [ a3(T + a4) ] } 
   1000 
d = density of water at 1 atmosphere pressure in kg/L 
T = temperature in Celsius up to 100ºC 
a5 = 999.97495  
a1 = -3.983035 
a2 = 0.301797 
a3 = 0.5225289 
a4 = 6934881 
 
. 

  

Figure 1: Total discharge was compared to time to determine the flow rate at multiple water levels 
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APPENDIX D: Maintenance Tracking 
 

Example LID Inspection Checklist 
 

Site:       
Inspector:      
Date:       
 
Site Characteristics: 

Elm Drive Bioretention Cells 
Drainage Area Road, parking lay-by and sidewalk 

Soil Media Engineered bioretention mix 
Pre-treatment Permeable pavement and grass swale 

Hydraulic Configuration Online 
Inlet Type Inlet pipes from parking lay-by and permeable 

pavement sidewalk 
 
Contributing Drainage 
Area: 
 

 Category: Notes: 

% of Trash/Debris Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Inlets: 
 

   

% of Trash/Debris Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Erosion 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Structural damage? 
 

Yes or No   

Is inlet clear and able to 
accept incoming flow? 
 

Yes or No   

Facility: 
 

   

% of Trash/Debris Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Evidence of Ponding 
 

Yes or No   



% of Area Ponding 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Approximate Depth of 
Ponding 
 

___________________   

% of Bare/Exposed Soil 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Erosion 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Permeable Pavement: 
 

   

% of Trash/Debris Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Structural damage? 
 

Yes or No   

Area of broken/cracked/ 
heaving pavers or curbs? 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Evidence of Clogging 
 

Yes or No   

Outlet: 
 

   

% of Trash/Debris Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Erosion 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Structural damage? 
 

Yes or No   

Is outlet clear and able to 
accept overflow? 
 

Yes or No   

Non-LID Feature: 
 

   

Sign on Site 
 

Yes or No   

Damage to Sign 
 

Yes or No   

Vegetation (changes 
seasonally): 
 

   

% Vegetation Cover 
 

0% --- 5% --- 10% --- 15% --- 20% +   



% Dead Vegetation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Invasives/Weeds 
 

0% --- 5% --- 10% --- 15% --- 20% +   

 
Winter Conditions: 
 

   

% Snow Cover 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Approximate Depth of 
Snow 
 

___________________   

Maintenance: 
 

   

Is maintenance required? 
 

Yes or No   

What needs to be done? 
 

___________________   

How much time was spent 
on maintenance? 
 

 
____________________ 

  

Regular maintenance, long-
term maintenance or 
emergency maintenance? 

 
____________________ 

  

Who is responsible? 
 

____________________   

How often is regular 
maintenance done? 

 
____________________ 

  

 
Photos: 

Number of Photo Description/Notes 
  
  
  
  
  
  
  
  
  
 



Site Comments: 
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APPENDIX E: Data Management, Quality Assurance 
and Quality Control Procedures 
 

Example Data Review Checklist 
Site/Station: ___________________________ 
 
Name of Reviewer:  ___________________________ 
 
Data Entry/Update Completed By: ____________________________ 
 
Date of Review:  ____________________ 
  
Period of Data Reviewed:  _______________ to _________________ 
  

 
 Verify/ Spot check level data (raw, adjusted and final) against raw download files 

 Verify/ Spot check raw precipitation, air temperature and water temperature data against raw 

downloaded files 

 Verify presence/ accuracy of field notes in “All Data” and “Field Notes” tabs (check dates and 

times and calibration values in “all data”) 

o Accuracy and presence of all notes (no blanks), or N/A (not available/applicable) if notes 

were not recorded in the field book 

o Event sampling visits highlighted 

 Review all graphs: “Entire” (all available data from beginning of the year) and “QA/QC 

graphs” (last period of data including a portion of previously reviewed data); 

o Appropriate time periods graphed 

o Calibration points, weir notch, raw level and final levels graphed in all level graphs 

o Presence and accuracy of legend 

o Correct axis and chart types used 

 Review all level and flow data for any QA/QC issues or errors (i.e. QA/QC not done correctly 

OR QA/QC required) using values and graphs. 

 Review “Sample type” column in “All Data” tab for accuracy of information: (consistent 

wording; correct insertion of information; highlighting periods where autosampler was 

sampling) 

 Verify accuracy of lab data in “All water chem” tab (spot check and compare to raw lab data 

from lab provided files; spot check all/any data copied from lab files) 

 Verify presence of all water chemistry results available using field notes and “lab tracking” 

spreadsheet  



 Verify all columns containing formulas: no “error” values or apparent issues 

 Verify accuracy of all manual entries including times and dates of sampling, lengths of 

programs, collection dates, etc.  

 Verify lab results using Excel’s filter function for QA/QC 

 Verify all parameter units (no errors in “Units Check” column) 

 Review Sampling Notes in “All Water Chem” tab: 

o Accuracy of notes 

o Presence of all notes (no blanks) 

 Review “Sampling Event” Tab for accuracy of all sampling date/time stamps from sampling 

programs. 

 
Additional Comments: 

 

  



Inflow Estimation: Simple Method 
 
The standard method for evaluating stormwater BMPs is to compare untreated inflows to treated 
outflows. This method is used in comparing both water quality and quantity parameters such as volume 
reduction, peak flow or contaminate loading. Using water quality and quantity monitoring equipment can 
be useful for monitoring inflows however; it can be impractical due to possible disruption in the intended 
design of the practice in diverting runoff into the LID. Additionally, many BMPs have multiple inflow points 
into the practice making inflow monitoring expensive and complex and may still require some form of flow 
estimation. 
 
In these situations, it may be necessary to use a technique or model to estimate influent volume. Multiple 
methodologies exist to estimate influent volume on an event-by-event basis or annually, including the 
Rational Method and the Simple Method. Not all methodologies will be suitable for all monitoring 
locations. Strong engineering judgment should be used when selecting and implementing the runoff 
coefficient. 
 
The Simple Method is a spreadsheet based runoff estimation procedure that is used for determining 
stormwater runoff and pollutant loading for urban areas. The Simple Method determines estimated inflow 
based on drainage area, amount of precipitation, and a runoff coefficient. This information is used to 
determine a runoff coefficient1. While the Simple Method is typically used to calculate annual runoff, CVC 
has modified the formula to determine runoff on an event-by-event basis. CVC has also added a BMP 
component to account for LID areas. Note that the BMP area is not considered in the runoff coefficient 
calculation since complete infiltration into the practice is assumed for BMP areas. Table 1-2 presents the 
drainage area and use of the Simple Method at an example LID site.  
 
 
The Simple Method runoff coefficient is defined as:  
 

laRv *9.005.0 +=    

Where: 

Rv is the runoff coefficient 

0.9 is the fraction of rainfall events that produce runoff 

la is the impervious fraction (Impervious Area/Drainage Area to the BMP) 

 

The modified Simple Method formula used is: 

Event inflow volume (L): Drainage Area to the BMP (m2) * Rv + BMP area (m2) * Event 
Precipitation (mm) 

Note: the BMP area is added since precipitation on the BMP area is considered to fully infiltrate into the practice. 

 

Table 1-2: Drainage area and application of the Simple Method at Elm Drive 

Land Use Area (m2) 
Road 1913 
Roof (directed to impervious surfaces) 204 
Sidewalk 263 
Driveway 198 

Total impervious area 2,578 



  
Roof (directed to pervious surfaces) 363 
Grass 2,839 

Total pervious area 3,203 
  

Total drainage area to the BMP (impervious area + pervious 
area) 5,781 

  
BMP Area  
Bioretention cells 145 
Permeable pavement (sidewalk and laybys) 530 

Total BMP area 675 
  
Ia=  impervious fraction (total impervious area/total drainage area 
to the BMP) 

0.446 

Rv= 0.05 + 0.9 * Ia 0.451 
Total drainage area to the BMP * Rv + total BMP area: 

Multiply this number by event precipitation (mm) to get event 
inflow volume (L) 

3,284 
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