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BEST PRACTICES ASSESSMENT
STORMWATER MANAGEMENT

EXECUTIVE SUMMARY

BACKGROUND

The New Brunswick Environment Industry Association (NBEIA) was provided funding through New
Brunswick Environmental Trust Fund to conduct an assessment of the current and proposed future
best stormwater management practices in other jurisdictions of climatic and topographic setting
similar to those in New Brunswick. GEMTEC Limited was commissioned by NBEIA to undertake

this assessment.

OBJECTIVES, SCOPE AND METHODOLOGY

The objectives of the current study are to review the state of knowledge of stormwater
management techniques, collate state of practices adopted by agencies operating stormwater
drainage systems in eastern Canada and the northeastern United States, review Acts and
Regulations pertaining to stormwater management and provide base guidelines for stormwater

management in this region.

The study comprises four components: a) review types of stormwater drainage systems, b) review
techniques for stormwater management, c) conduct a survey to determine current state-of-practice
adopted by municipalities and other agencies, and d) assess the current state-of-practices and

identification of shortcomings and possible enhancements.

DRAINAGE SYSTEM CONFIGURATION

The report presents a summary for the types, characteristics and applications of different types of
stormwater drainage systems. Those include a) “Single System” where stormwater is collected and
drains through a subsurface network of pipes. Normally single drainage systems have no built-in
capability to regulate outflows to receiving waters. b) “Dual System” which comprises a “Minor
System” and a “Major System”. A dual system has the capability of incorporating stormwater
management techniques to control the rates of runoff and improve the water quality of the discharge

to receiving waters.
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In a dual system, the minor system is designed to discharge the runoff resulting from a minor rainfall
events, which is normally has a low return period. The minor system is comparable to a single
system but its discharge capacity is normally smaller. The major system collects and controls the
rate of discharge of stormwater runoff resulting from major rainfall events which are in excess of the

discharge capacity of the minor system.

STORMWATER MANAGEMENT TECHNIQUES

The management of urban stormwater runoff involves the control of the rate of flow and the quality
of water before it enters receiving waters. The control of the rate of flow is achieved through the
detention of runoff water in excess of the discharge capacity of the minor system. The detained or
stored water is released at the desirable rate when the runoff subsides, and/or it infiltrates into the
ground. Such control could be carried out for a small area, normally referred to as “Lot Level”

control or for larger areas, referred to as “End of Pipe” control.

The types of storage control at the lot level include rooftop storage, parking lot storage, and the
construction of small holding ponds in the lot. End-of-pipe storage techniques include wet ponds,

dry ponds, and constructed wetlands and flow splitters (by-pass).

Alternatively, the detained water could be stored or conveyed over permeable soil so some of the
runoff infiltrates into the ground. Infiltrated water will result in reducing the rate and volume of the
runoff entering surface receiving waters and increasing the recharge of groundwater aquifers.
Methods used for infiltration control at the lot and end-of-pipe levels include reduced surface slope,
infiltration trenches, grassed swales, perforated pipe systems, infiltration basins, wet ponds, dry

ponds and constructed wetlands.

Stormwater runoff normally has a relatively high concentration of suspended sediment and other
particulate and soluble pollutants that can degrade water quality of surface and subsurface waters.
Some of these pollutants are adsorbed to soil particles during infiltration and are effectively removed
through various biological and chemical processes. In other cases, the stormwater may be captured
and treated by various physical, chemical or biological processes in engineered facilities. Generally
stormwater detention storages are designed as settling ponds, so that a large percentage of the
suspended sediment is separated from the stormwater before it is released to the receiving waters.
Other engineering facilities commonly used to improve the water quality of the stormwater include

infiltration basins, filters and oil/grit separators.
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STATE-OF PRACTICES SURVEY

The current State-of-Practice was determined by conducting a regional survey of municipalities and
provincial/state Departments of Transportation in the four Atlantic provinces, the Province of Quebec
and the states of Maine and New Hampshire. The survey was in the form of questionnaire covering
drainage system configuration, design criteria, environmental impacts, mitigation measures, system
inspection and maintenance and governing by-laws and regulations. A total of forty-seven (47)
municipalities and seven (7) Departments of Transportation were requested to participate in survey.
Departments of Environment in the seven jurisdictions were requested to provide a summary of the
state of the regulations in their respective province/state. Only sixteen (16) municipalities and four
(4) Departments of Transportation completed the questionnaire for the survey, and three (3)

provinces provided some information about Acts and Regulation in their provinces.

ASSESSMENT FOR THE STATE-OF PRACTICES

Responses to the survey questionnaire suggest that there are no universal standards governing the
minimum requirements for stormwater drainage systems, such as the system configuration and
criteria for selecting the design storm to estimate the Inflow Design Flow (IDF). Also the responses
indicate that the frequency, intensity and duration of the rainfall event used to estimate the IDF vary
widely among participating municipalities and agencies. The rational formula is the method most
widely used to estimate the IDF. The method has severe limitations and should be used for the
design of the most simple stormwater management facilities only. Limited use of numerical models
was reported. However, analysis of the responses infers that the inter-relation between storm
duration and rainfall intensity and how it been handled by the models is not fully understood. There
is need to examine and verify the applicability of some of the built-in assumptions within the adopted

models.

It is expected that climate change and global warming will result in increase of both rainfall
frequency and intensity for this region. The effects of climate change have not been taken into
consideration by most respondent agencies. An adjustment should be made to estimate IDF to
account for such changes. Also, it is expected that climate change would result in an increase of
the overall sea water level and increased local sea level resulting from storm surge. The increase

in sea level will be a constraint on the design of stormwater outfalls in coastal areas.

Limited considerations were given to the environmental impacts of stormwater drainage systems.
Such impacts include flooding in receiving waters, erosion, public safety, aquatic habitat and human
health.
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Stormwater management is a Provincial / State responsibility. Generally Provincial and State Acts

and Regulations are not rigorous and have not enforced consistently.

A municipality may need to broaden its tax base and is under pressures to grant variances to
exempt major new developments from by-laws related to stormwater management. Such situations
emphasize the needs for stronger Provincial Acts and Regulations to regulate the collection and
disposal of stormwater in both urban and rural areas. This requires the regulating agencies to be
provided with the resources needed to enforce the regulations. A successful stormwater
management program has to be accepted by the stakeholders. This requires the development of a
public education program regarding the impacts of stormwater on the public safety, health and the

environment.



BEST PRACTICES ASSESSMENT
STORMWATER MANAGEMENT

1.0 INTRODUCTION

1.1 Background

Storm Water Management (SWM) is achieved through the development of a stormwater drainage
system designed for receiving, conveying, and controlling direct runoff in response to rainfall and
snowmelt for a developed watershed. For effective storm water management, such system shall be
designed to:

Prevent the adverse effects of stormwater on human health and safety

Protect properties and public infrastructures from damages due to inadequate drainage
and/or flooding

Reduce the adverse effects of developments on water quality and the rate of

conveyance of stormwater; and to

Preserve the ecosystem in watercourses and wetlands.

The management of storm water is being addressed to various degrees by all levels of government
(Federal, Provincial and Municipal). The approaches adopted vary from jurisdiction to jurisdiction
and include both reactive and proactive approaches. Currently, the province of New Brunswick
does not have an integrated approach to SWM.

To address this shortcoming, The New Brunswick Environment Industry Association (NBEIA) was
provided funding by New Brunswick’s Environmental Trust Fund to conduct an assessment of the
current and proposed future best Storm Water Management (SWM) practices in New Brunswick and
in other jurisdictions having climatic and topographic settings similar to those in New Brunswick.
The intended goal of this assessment is to provide a baseline of both the public and private sector

stormwater management practices for the New Brunswick.

GEMTEC Limited Best Practices Assessment
4526.01 — RO3 (FINAL) Stormwater Management



A request for proposals was issued by NBEIA to conduct an assessment of the current and
proposed future best Storm Water Management practices in New Brunswick and in other
jurisdictions having similar climatic and topographic settings to New Brunswick. GEMTEC Limited

was commissioned to undertake this assessment.

1.2 Objectives

The objectives of this study are to assess the current State-of-Practices for storm water
management in a number of jurisdictions having topographic and climate conditions similar to those
in New Brunswick and to develop a set of guidelines for the “Best-Practices” for storm water

management for new developments and/or upgrade of existing systems.

1.3 Approach and Methodology

A successful storm water management program is dependent on its acceptance by the
stakeholders, cost effectiveness, and prevailing local issues. This study comprises two phases; the
one phase involves collection of data on current practices and procedures, as well as acts and
regulations governing storm water management. Collected information has been analysed to

determine areas of common practices and to identify areas with shortcomings.

The other phase involves a review of the commonly used computer models for estimating the runoff
resulting from rainfall event(s); storm water drainage systems, and techniques for storm water
management. Based on these reviews and the results of the survey, a general storm water
management strategies and criteria have been developed and presented in the following sections of
the report.

The current State-of-Practices was determined by conducting a regional survey of municipalities,
federal and provincial departments and private organizations. The survey included the four Atlantic
Provinces (Nova Scotia, New Brunswick, Prince Edward Island, and Newfoundland and Labrador),
the southeastern region of the province of Quebec, and the states of Maine and New Hampshire.
The survey solicited input from some fifty organizations. Attempts were made to select organizations
representing the majority of stakeholders; that include regulators, developers, private owners, and

public infrastructure operators / maintainers in both rural and urban settings.

GEMTEC Limited Best Practices Assessment
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2.0 DRAINAGE SYSTEMS

2.1 General

The outflow of stormwater from an urbanized area will normally result in increased peak flows and
higher downstream velocities because of the decreased infiltration and increased runoff rates.
These conditions could increase the risk of floods and erosion to the channel receiving the storm
runoff. Further surface runoff would collect pollutants that eventually find their way to the receiving

waters causing the water quality to deteriorate.

Several stormwater management techniques have been adopted to control the rate of discharge of
stormwater surface runoff and to minimize its impacts on flood and erosion, as well as to improve
the quality of stormwater entering the receiving waters. As a general role, stormwater management
starts with the adopting conservation measures, where stormwater is collected and used for
domestic purposes, such as watering lawns and irrigation. The next step is to minimize the amount
of surface runoff entering the receiving water by introducing measures to reduce the imperviousness
of the soil surface in urban areas, such as parking lots and driveways. One of the measures is the
use of blocks with space between them to allow stormwater to escape into the ground. Should
these measures not be feasible, then storage control and/or discharge control techniques should be
used. A brief review of the most common used techniques adopted for flow control and quality

control are presented in the following sections.

2.2 Single Drainage System

A single drainage system is used to convey all the runoff resulting from the design storm in a single
underground pipe network, where storm water is collected in catch basins before it is discharged by
the pipe network. Normally the storm sewer is designed to be free flowing, but in some cases the

system is allowed to be surcharged if no foundation flooding occurs from the design storm.

In the past, this approach to the design of stormwater systems was common for a design storm
having a return period of 5 to 10 years. However, it was expected that the storm drainage system
would not function as designed for storms of higher return period. For these cases, the stormwater

would be conveyed along the street system, but this was not explicitly considered in the design.

GEMTEC Limited Best Practices Assessment
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2.3 Dual Drainage System

A dual drainage system is essentially two separate drainage systems, one is designed to collect and
drain the runoff resulting from minor storms characterized by low rainfall intensity and a relatively low
return period. Such a system is referred to as the “Minor Drainage System”. The other system is
designed to collect and drain the storm water runoff resulting from a major rainfall event that
exceeds conveyance capacity of the minor system. Such a system is referred to as the “Major

Drainage System”. Local authorities define the division between the minor and major systems.

The dual system provides for increased public safety and improved water quality because of the
incorporation of various stormwater management techniques to store and control the release of
flows and to increase infiltration within the development. Various stormwater management

techniques are summarized in Section 3.

2.3.1 Minor Drainage System

The minor storm drainage system is comparable to the single drainage system. The main
component of a minor system is typically a subsurface pipe network that is designed to convey more

frequent runoff events associated with rainfall normally having a return period of 2 to 10 years.
In addition to the underground pipe network, a minor system may include other components such as
ditches, backyard swales, roof leaders and foundation drains. The minor system is explicitly

considered in the overall design of the stormwater drainage system.

2.3.2 Major Drainage System

The major storm drainage system is designed so that the combined conveyance capacity of the
minor system and the major system is adequate to drain the runoff resulting from a major rainfall
event, normally having a return period of 50 or 100 years. It must be recognized that such an event
has a probability of occurrence of 1 percent in any one year. The major drainage system uses
ditches, open drainage channels, swales, and roadways to convey the storm runoff to the receiving

stream.

GEMTEC Limited Best Practices Assessment
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Unlike the minor system, which is mainly designed for the transporting of storm runoff water, the
major system may incorporate retention ponds, wetlands and infiltration basins and flood plains, for
the purpose of a) controlling the timing and rate of discharge into the receiving waters, and b)
reducing the volume of the runoff to the receiving water by increasing water infiltration, which may
impact on the recharging of groundwater aquifers and by increasing the evaporation from the

surface of storages.

2.4 Runoff Calculations

2.4.1 Design Storm

Normally a design storm is adopted for a given municipality based on records from a nearby
meteorological station. Although the intensity and duration of a rainfall event is dependent upon the
nature of the storm: local convective cell, frontal system, hurricane, such detail is seldom considered
in the design process. Also, the intensity and duration of rainfall events during periods of snow
cover, or frozen ground are generally not assessed separately from the single design event for
snow-free and frost-free periods. This is because generally storms with the highest runoff occur in

summer or fall season.

The return period and the duration of the design rainfall event has to be accepted by the local
authorities. If a hydrograph is to be generated, then the duration and distribution of the rainfall event

has to be adopted for the runoff calculations.

Snowmelt is normally considered as an addition to the rainfall. Typically snowmeltis assigned a rate

of 1.5 mm/h during the rainfall event.

The typical return period for a minor system ranges from 5 to 10 years, and the typical return period

for a major system ranges from 50 to 100 years.

The duration of the rainfall event used to generate the design hydrograph ranges from 2 hours to 24
hours and some may include both. The temporal distribution of the rainfall is normally based on

regional rainfall distribution developed from meteorological records of the region.

GEMTEC Limited Best Practices Assessment
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2.4.2 Empirical Methods

Rational Method

The rational method is the simplest and most widely used method for estimating the peak runoff flow
resulting from a rainfall event in an urban watershed. The method is based on the hypothesis that if
the rainfall is of uniform intensity for duration equal to or exceeds the time of concentration, then the
surface runoff would reach a rate equal to the rate of rainfall. In SI (System International) units, the
rational method formula is given by the relationship;

Q,=0.00278 ki A

where Q, is the peak rate of the runoff in m*/sec, i is the rainfall intensity in millimetre per hour, A is
the area of the watershed in hectares and k is the runoff coefficient. The above rational method

formula has several underlying limitations that include:

All losses are accounted by the runoff coefficient, k.

Uniform runoff coefficient across the watershed.

Uniform and constant rainfall intensity over the entire watershed.

Time-invariant response of the basin irrespective of antecedent moisture conditions.

Linear basin response

It was reported that the drainage area should be less than 480 ha (4.8 km?) and preferably less than
40 ha (0.4 km?) (Linsley et. al).

Other limitation is the rational method is not suitable for estimating the volume of the runoff and the
use of the rational method is not recommended for the design of retention ponds and/or infiltration

basins as it yields an overestimate of the volume of the retention ponds.

Regional Flow Analyses

In some areas there is adequate information from hydrometric (stream gauging) stations to carry out
a flow frequency analysis based on recorded peak discharges at each location within a region. The
analysis normally takes into account the drainage area, mean annual precipitation, and the area of
swamps and lakes of the watershed. The result from these analyses are used to develop sets of
curves / relationships to determine the daily and instantaneous peak flows, associated with flow

returning periods ranging from 1:2 yr to 1:100 yr, for any watershed within the region. Since the data

GEMTEC Limited Best Practices Assessment
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used to establish these relationships are not typical of small urban watersheds, such relationships

are not recommended for developments of urban stormwater drainage systems.

2.4.3 Numerical Models

As indicated, empirical methods have severe limitations when used to determine design flows and
associated components of storm water management systems. Numerical modeling provides a
significant improved tool for the design of large and/or complex storm water drainage systems.
Numerical models can be used to calculate the direct runoff hydrograph resulting from an isolated
rainfall event, such as design storm, or that resulting from multiple events temporally close to each
other, i.e. continuous modeling. Numerical modeling can be adopted to assist in the development
and design of stormwater management components, such as retention ponds and infiltration basins.
For an isolated one event modelling, a rainfall duration and rainfall distribution has to be adopted for
the specific return period of the event. For continuous modelling, a sequence of rainfall inputs have

to be applied that characterize the design storm.

There are many numerical models available for the design and management of storm water

drainage systems, and they have varied degrees of sophistication and capabilities, which include:

Runoff from a drainage system only versus a drainage system with flow controls or end-of-
pipe controls.

Flow only versus flow and water quality.

Flow in single drainage system versus allocation of flows to minor and major drainage

systems

Many of the numerical models were developed by government agencies and are available in the
public domain and can be downloaded from the Internet free of charge. Others with enhanced
interactive and result presentation capabilities are available commercially. Most of the commercial

software is based on those developed by the government agencies.

A description of the main features, capability and limitations for the most commonly used numerical
models for storm water drainage applications is included in Appendix X. A brief summary is

presented in the following sections.

GEMTEC Limited Best Practices Assessment
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2.4.3.1 SWMM

The Storm Water Management Model (SWMM), developed by the US Environmental Protection
Agency is a comprehensive, dynamic rainfall-runoff simulation model. The model output is the
runoff hydrograph at the outlet of a watershed. In the process of calculating the runoff hydrograph,
the model simulates various hydrologic processes including time-varying rainfall (single event or
multiple-continuous event), evapotranspiration from plantations, evaporation from surface water,
snow accumulation and snowmelt, surface water infiltration and nonlinear reservoir routing. Spatial
variability of these processes is accounted by dividing the study area in to smaller, homogenous
sub-areas. The program is also capable of modeling hydraulic systems and modeling pollutant

loads associated with runoff.

2.4.3.2 HEC - HMS

The Hydrologic Engineering Center, of the US Corps of Engineers, developed a Hydrologic
Modeling System known as the HEC-HMS mode, to simulate the rainfall-runoff processes in a
watershed with numerous sub-areas of variable characteristics. This model has the same
capabilities of SWMM, but it includes enhanced features. The HEC-HMS divides the simulation into
three components; the basin module, the meteorologic module, and the control module. The basin
module simulates of the physical representation of the watershed including sub-basins, reaches,
junctions, reservoirs, diversions, sources, and sinks. The meteorological module is used to simulate
a rainfall-runoff event(s), where there is a number of different rainfall modeling options available.
The control module controls the time span of the simulations. Simulation results can be presented
in the form of tables, reports and as graphs. Multiple simulation results can be combined, overlaid,

and compared.

2.4.3.3 HYMO

The original HYMO (HYdrologic MOdel) was developed to simulate a single rainfall-runoff event.
The later versions expanded the computational features to include simulation of urban runoff,
routing routines, continuous rainfall event modeling, an interactive Windows interface, pond /
reservoir volume sizing commands, more hydrograph generation methods, and capacity to split the
flow between major and minor drainage systems. HYMO is a relatively simple program based on

the unit hydrograph concept. The HYMO principles have been adapted for use in commercially
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available software. These are SWMHYMO by JFSA and Visual OTTHYMO by Clarifica.
SWMHYMO is capable of modelling single and continuous rainfall events; while Visual OTTHYMO

is a single rainfall event hydrologic model.

2.4.3.4 STORM

The Storage, Treatment, Overflow, Runoff Model (STORM) was developed by the US Army Corps of
Engineers’ (USACE) Hydrologic Engineering Center (HEC) in the 1970’s to model continuous
rainfall-runoff events. The model uses the rational method at an hourly time step to calculate the
runoff to a storage facility. A fixed detention time is used to calculate the required storage volume,
to compute the outflow rate, and to check for overflow. The STORM software has no capability to
route flows, compute overland or channel travel times, compute detailed hydraulics, and its runoff
calculations are limited to SCS curve numbers or the rational method. The USACE-HEC stopped
supporting the program in the 1980’s, when the NetSTORM program became available. The
NetSTORM incorporates the STORM methodology into a Microsoft Excel based modelling program.
This can be used to solve for capture fraction, annual overflow volume, overflows / year, and first
flush failures / year. This program is best used for sizing storm water detention basins and
Combined Sewer Overflow (CSO) studies.

2.4.3.5 TR-55

The Technical Release 55 (TR-55) model was developed by the US Soil Conservation Services
(SCS), as one of several hydrologic models for urban and rural hydrology. The TR-55 model is
normally used to simulate the hydrologic process for small urban watersheds. It is a simplified
method for calculating storm runoff volume, peak rate of discharge, hydrographs and storage
volumes required for storm water management structures. The program generates runoff
hydrographs based on the US Soil Conservation Services’ Curve Number method. The resulting
hydrographs are used to model routing structures (pipe or channel) and reservoirs in the storm

sewer network.
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2.4.3.6 HYDROCAD

The HYDROCAD model is essentially a commercial version of the TR-55 model. It generates runoff
hydrographs using the US Soil Conservation Services (SCS) unit hydrograph procedure. The
HYDROCAD software has enhanced features such as compound pond outlets, interconnected

ponds with variable tailwater, and several options for presentation of the results.

2.4.3.7 ILLUDAS

This model is based on the Time-Area method of calculating runoff developed by Road Research
Laboratory (RRL). The lllinois State Water Survey developed the RRL method into the ILLUDAS
method. The main difference is that the ILLUDAS method does not account for storage at the
system outlet. Like the RRL method, the ILLUDAS method generates a hydrograph that is
translated through the routing network to model the system. ILLUDAS is capable of estimating
storage-detention volume, but the method is approximate and should not be used for final design.
ILLUDAS is not available as a stand-alone modelling program. ILLUDAS has been used in
commercial drainage modeling software CivilSystems® HYDSYS and Civil Designer STORM.

These two programs are quite similar.

2.4.4 Flow Adjustment

Most of the empirical and numerical methods used to calculate stormwater runoff were developed
for ground conditions free of ice and snow. Adjustments have to be made to the calculated runoff to
account for these conditions. Also adjustment has to be made to account for predicted global
climate changes. The following is a brief review of the impacts of these parameter and adopted

adjustment factors.

Snowmelt Contributions

Snowmelt is a factor to be considered in Eastern Canada, however the snowmelt rates are relatively
small compared to those associated with rainfall events. A nominal snowmelt rate of 1.5 mm/h has
been adopted by some jurisdictions to account for snowmelt processes. Snowmelt is a more
significant factor when working with drainage areas much larger than those associated with urban

stormwater drainage issues.
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Frozen Ground

During some years, the ground surface may be frozen with little or no snow on the ground. In such
cases the surface may be essentially impermeable for all or part of the rainfall event. In some cases
an allowance is made for such frozen ground conditions by severely limiting infiltration to the

subsurface in the modeling process.

Climate Change
Recently there has been evidence that climate change is occurring and that rainfall intensities will
likely increase. Watt (2003) has suggested that designers of stormwater systems should increase

the presently accepted rainfall amounts associated with high return period events by 15 percent.

3.0 STORMWATER MANAGEMENT TECHNIQUES

3.1 General

The outflow of storm water from an urbanized area will normally result in increased peak flows and
higher downstream velocities because of the decreased infiltration and increased runoff rates.
These conditions could increase the risk of floods and erosion to the channel receiving the storm
runoff. Further surface runoff would collect pollutants that eventually find heir way to the receiving

waters causing the water quality to deteriorate.

Several storm water management techniques have been adopted to control the rate of discharge of
storm water surface runoff and to minimize its impacts on flood and erosion, as well as to improve
the quality of storm water entering the receiving waters. A brief review of the most common used

techniques adopted for flow control and quality control are presented in the following sections.
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3.2 Flow Control

In recent years, the principal of “no netincrease” in peak flow rate has been adapted to limit the post
development peak outflows to these pre-development flow for the same design storm. One of the
primary reasons for maintaining peak flows at the pre-development magnitude is to reduce erosion
of the channel downstream of the proposed development as well as reduce flooding. Studies
indicate that stream channels become unstable if the impervious area is greater than about 10

percent of the area of the watershed and if no controls are in place (Booth and Reinelt, 1993).

The surface runoff hydrographs for pre-development and post-development conditions can be
estimated using one or more of the available modeling software. Typical hydrographs results for a
pre-development and post-development using T55 software are presented in Figure 3.1. In order to
limit the outflow to the pre-development level, runoff in excess of redevelopment has to be detained
until it recedes to the pre-development level, then it is discharged at a rate not exceeding the pre-
development level. Various control methods have been adopted at the lot level and at the “end-of-
pipe” to control peak inflows to the receiving water. The following is a brief review of the most widely

adopted methods.
Both the lot level and end-of-pipe controls have the capability to reduce the peak flow rate but the
reduced peak flow rate can be sustained for a longer duration especially if the control method does

not increase losses to surface runoff by means of increased infiltration to the subsurface.

3.2.1 Lot Level Controls

Typically a lot is considered to be a watershed of an area less than 2 ha or 20,000 m?. In its
simplest form a lot level can be considered to be an individual house lot. The impact of lot level
controls becomes cumulative over the entire development. Lot level controls can increase surface
storage and/or increase infiltration rate in the lot. These controls can also contribute to improved
water quality of the stormwater as it moves toward the receiving waters. By increasing surface
storage, the outflow rate from the lot will be decreased, and by increasing the infiltration, the volume
of the outflow from the lot will be decreased. In addition to the specific lot level controls, some water
can be stored and infiltrated along the various conveyance pathways on its way to the receiving

waters.
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The control of runoff at the lot level can be achieved by storage control, infiltration control or a
combination of both. The details related to such measures are presented in the document
“Stormwater Management Planning and Design Manual 2003” by Ontario Ministry of the
Environment (2007). A summary of the primary methods for lot level controls and conveyance
controls are presented below.

Storage Control

The principle of storage control is to temporarily detain runoff in excess of a predetermined value,
normally pre-development peak flow, then it is released when the natural runoff subsides. Such
measures would ensure that the flow in the subsurface drainage pipe network is at or below the
inflow design flow of the pipe drainage system, as well as reducing the rate of discharge to the
receiving waters. Such measures can reduce the risk of flooding and channel erosion. Methods for

lot level storage control include:

Roof top storage: Stormwater is detained on flat rooftops and the peak discharge rate from

roof drains is reduced.

Parking lot storage: Stormwater is detained in a parking lot by placing restrictions in catch
basins or orifices in storm sewers. Stormwater can also be temporarily stored in low areas not

frequently used by pedestrians or traffic.

Oversized pipes: Stormwater is detained as pipe storage by over-sizing storm sewers and
placing orifices in storm sewers. Large pipes or super-pipes may be installed locally to

provide for additional subsurface storage.

Rear yard storage: Stormwater is detained in rear yards by placing catch basin restrictions in

rear yard catch basins.
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Infiltration Control

The principle of infiltration control is to detain some of the surface runoff in permeable ponds or
wetlands, or prolong the travel time of storm water over permeable medium so some of the runoff
water can infiltrate into ground. Some of the techniques used for lot level infiltration control are

listed below.

Reduced surface slopes: The lot is shaped or graded in such a way that the land slopes are
reduced to allow greater ponding of stormwater; hence lower surface velocities and higher

infiltration of stormwater occur and reduced peak flows result.

Re-direction of roof drains: Roof drains are led to areas where stormwater can be stored
and/or infiltrated and later released at a lower flow rate or used for on lot purposes such as
gardening. Such facilities include rear yard ponding areas, soak away pits, cisterns or rain

barrels.

Diversion of foundations drains: Foundation drains are led to a sump area from which the

accumulated water can be pumped to rear yard ponding areas.

Infiltration trenches: Overland stormwater flows are intercepted and led to a subsurface
storage area where they are infiltrated or led to a storm sewer. Normally these devices are

used to control stormwater from several single lots.

Grassed swales: Stormwater is conveyed in shallow ditch-like features having a relatively low
slope. A grassed swale is designed to filter and detain stormwater runoff. They may be “dry”

or “‘wet” depending on the local soils and water table conditions.

Perforated pipe system: Local drainage is diverted from catch basins to a low level pervious
conduit that allows stormwater to exfiltrate into the surrounding material. Such applications
have not been widely implemented and if implemented should be in areas of relatively high

permeability and a low water table.
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Vegetated filter strips: Engineered stormwater conveyance systems is built to treat small
drainage areas within a development. The system consists of an upgradient level spreader
and a downgradient sloping plane area with planted vegetation. The level spreader is a
shallow weir-like structure to ensure that there are no concentrated flows leading to the
vegetated area and that the majority of the suspended solids are removed up-gradient of the
vegetated area.

Pervious pavements and walkways: Engineered systems are constructed to promote

infiltration of stormwater in areas with vehicular or pedestrian traffic.

3.2.2 End-of-Pipe Controls

The end-of-pipe controls are generally larger storage / infiltration structures than those associated
with lot level controls. Such controls when properly designed can improve the water quality of the
stormwater before being released to the receiving waters. Many of the details related to end-of-pipe

controls are presented in the document by Ontario Ministry of the Environment (2007).

A brief review of the primary end-of-pipe controls techniques/methods is presented as follows:

Wet ponds: An engineered storage facility with some permanent storage during dry periods.
The facility serves a relatively large area, where the minimum contributory area is about 5 ha
but the preferred drainage area is 10 ha or more. The pond has an outlet structure to release
flows from storage and control the peak outflows. Normally there are various plantings in and
around the periphery of the storage area. These plantings assist in the partial removal of
some stormwater contaminants. Wetlands and wet ponds can be designed to remove most of
the suspended sediments from the detained storm water before it is released to the receiving

waters.

Dry ponds: An engineered storage facility that operates in a manner similar to a wet pond, but
the duration of water detention in the pond is significantly shorter. Dry ponds normally are not

as effective for the removal of stormwater contaminants as wet ponds.
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Constructed wetlands: A constructed wetland is one of the preferred end-of-pipe stormwater
control management facilities for water quality enhancement. Biological treatment occurs in
constructed wetlands but most stormwater contaminants are removed by sedimentation and
filtering in the wetland. Wetlands are normally more land intensive than wet ponds because
they are shallower and may result in increased temperatures of the water released from

storage. Higher water temperatures may impact on water quality of the receiving waters.

Infiltration basins: An engineered above ground system that is constructed in highly pervious
soils. Water infiltrates into the basin and either recharges the groundwater or is collected by
an underground perforated pipe network and discharged to a downstream outlet. A
sedimentation zone and a level spreader is normally constructed up-gradient of the infiltration

basin. These facilities are normally constructed for drainage areas less than 5 ha.

Filters: Engineered filters can be placed above ground or below ground as part of the storm
sewer system infrastructure. These filters are implemented for water quality control and are
normally applied as end-of-pipe controls of areas draining less than 5 hectares. A hybrid filter
is the bio-retention filter that permits the integration of open space and landscaping. A pre-
treatment settling chamber and an overflow or by-pass conveyance system is normally placed
upstream of the filter. The outlet from these filter installations normally goes to the storm

sewer after the peak flows have occurred.

Oil / Grit separators (OGS): These engineered separators are designed to trap and retain oll
and/or sediment in detention chambers. These facilities are normally used for drainage areas
less than 2 ha (2000 m?) and are beneficial for industrial and commercial sites, large parking
sites and transit facilities. Normally the sediment in the storm water is collected and removed
and the contaminated stormwater has to be treated. A bypass may be incorporated in these
devices so that the highly contaminated “first flush” flows are contained and treated before it is

discharged, while the less contaminated flows are allowed to be discharged without treatment.
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Flow splitters / By-passes: The flow splitter is a constructed device to permit the first part of a
storm runoff event to be directed to a water quality stormwater management facility. As the
flows increase above the capacity of the conduit leading from the flow splitter to the
stormwater management facility, the flows are bypassed and are led to an overflow pipe that

may go to another end-of-pipe control facility or be led directly to the receiving water.

3.3 Quality Control

Water quality needs to be considered when assessing the management of stormwater drainage
systems, especially in terms of flows in the receiving waters. Water Quality Guidelines are provided
by the Canadian Counsel of Ministers of Environment (CCME) in terms of contact and ingestion of
water by humans. Other guidelines are available concerning water quality for fish in the aquatic
habitat. Pollutants from stormwater runoff may affect surface water released from storages

infiltrated to the groundwater by certain stormwater management facilities.

3.3.1 Control of Pollutants from Stormwater Runoff

Stormwater runoff normally includes both particulate and soluble pollutants that can degrade water
quality of surface and subsurface waters. Common pollutants include phosphorus, nitrogen,

chloride, trace metals, coliforms and organic matter.

Some of these pollutants are adsorbed to soil particles during infiltration and are effectively removed
through various biological and chemical processes. In some cases, specific pollutants can be taken

up by certain plant types such as cattails in wet ponds or bioretention facilities.

In other cases, the stormwater may be captured and treated by various physical, chemical or
biological processes in engineered facilities. Such facilities normally require on-going operation and

maintenance.

In many cases, it is not feasible to treat all stormwater to improve water quality. However, devices
can be incorporated into a system to remove the “first flush” of pollutants at the early stages of
stormwater runoff. As the flows increase after the “first flush”, the concentrations of the pollutants in

the stormwater entering the receiving water will be relatively low. Examples of such facilities are oll
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and grit separators associated with local stormwater runoff from a transit transfer site or from

isolated industrial areas.

In some municipalities with combined sanitary and storm sewers, combined sewer overflows are
permitted. In such cases, the “first flush” from the street system is normally treated before some of

the higher flows are allowed to overflow and bypass the treatment facility.

When using infiltration as a means of removing pollutants, one has to be aware of the extent and
adsorption capacity of the porous media through which the infiltration take place. For example,
chlorides are not readily adsorbed to soil and effectively move through the media with the infiltrating

water.

Specific controls on total suspended solids and hydrocarbons in stormwater runoff may be required

by some municipalities.

3.3.2 Snow Collection and Removal

In Eastern Canada, snow accumulates during three or four months of the year. During the period of
snow accumulation pollutants build up and remain in the snow- pack until snowmelt occurs. These
pollutants are derived from deposition of airborne materials on falling snowflakes, vehicular

deposition of petroleum products and the direct application of salt and anti-skid grits.

Oberts (1994) reported that major end-of-season melts introduce a relatively large input of pollutants
to the receiving waters as a result of subsurface infiltration and surface runoff. Soluble pollutants
are preferentially removed from the snow pack in the early stages of melt as the melt water moves
through the snow. Later in the melt process both soluble and particulate pollutants are removed
from the urban surface. Data presented by Oberts (1994) indicate that concentrations of pollutants
such as lead and chloride tend to be higher near snow storage sites than in the runoff in storm

sewers sewers.
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Figure 3.1: Typical Pre and Post Development Hydrographs
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4.0 STATE-OF-PRACTICE

4.1 General

The current State-of-Practice was determined by conducting a regional survey of municipalities and
federal and provincial departments regarding drainage system configuration, design criteria,
environmental impacts, mitigation measures, system inspection and maintenance and governing by-
laws and regulations. Municipalities in the four Atlantic Provinces (Nova Scotia, New Brunswick,
Prince Edward Island, and Newfoundland and Labrador), the southeastern region of the province of
Quebec and the states of Maine and New Hampshire were invited to participate in the survey. A total

of forty-seven (47) municipalities were requested to participate in survey.

Since the Department of Transportation (DoT) in each of the seven jurisdictions is involved in the
design, construction and management of numerous storm drainage systems for the highway
networks; each Department of Transportation was requested to respond to a similar but slightly

modified survey questionnaire.

Environment Canada, Infrastructure Canada, and US Environment Protection Agency were
contacted by telephone to enquire about the appropriate division dealing with storm water
management. We have been advised that storm water management is a provincial / state

responsibility. As such we were unable to include any input from the federal agencies.

The development of the survey questionnaires and the resulting responses to thereof are presented

and discussed in the following sections.

4.2 Development of Survey Questionnaire

The survey of municipalities consisted of a series of questions related to the configuration of the
drainage system, design criteria, methods adopted for storm water management, related
environmental issues, and inspection and maintenance programs. A copy of the questionnaire
prepared for the municipalities is included in Appendix A. Efforts were made to include broad
representation of stakeholders by selecting municipalities designated as cities, towns and villages.
State-of-practice for unincorporated communities are to a large extent represented by the DoT

survey, where a provincial or state highway passes through these communities and
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storm water drainage is managed by the respective DoT. A list of the municipalities and other

agencies requested to participate in the survey is presented in Table 4.1.

The questionnaires were mailed to potential participants on September 21, 2007 along with a
covering letter outlining the objective of the study and they were requested to respond by October
12,2007. This was followed by e-mail reminders during the week of October 5, 2007. The return of
the survey was very poor with only two municipalities and one DoT response by the target date of
October 12, 2007. That prompted the initiation of personal telephone calls to the municipalities and
government departments with an offer to complete the questionnaire by means of a telephone
interview. Five municipalities opted to complete the surveys by telephone interviews. One of our

French-speaking Engineers was assigned to contact agencies in the Province of Quebec.

4.3 Results of Stakeholder Survey

In spite of these efforts, the response remained poor, where only sixteen municipalities and four
provincial / state Departments of Transportation completed the survey, with no survey returns from
the Province of Quebec. A number of the survey responses were partially completed. Responses

received from the municipalities are as follow:

Province of New Brunswick ............ccccceeene..... 6
Province of Nova Scotia............cccoovvvvvvneennn.n. 2
Province of Prince Edward Island.................. 2
Province of Newfoundland and Labrador...... 3
Province of Quebec .......cccccoeeeviiiiiiiiiiieee 0
State of Maine@.........ooovvvveeiiiiiice e, 1
State of New Hampshire..............ccoecvvieeenn. 2

Responses received from DoT were from the provinces of New Brunswick, the province of
Newfoundland and Labrador, the states of Maine and the state of New Hampshire. The results of
the survey are tabulated in Table 4-2. The following is a summary of the responses to the
questionnaire used for the survey. It should be noted that the results reported in the following
summary include the responses received from both municipalities and Departments of

Transportation, unless otherwise indicated.
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4.3.1 General
Responses provided by municipalities for the survey questionnaire indicated that eighty percent of
the municipalities are designated as cities. The levels of development within the municipalities that

responded ranged from 30 to 95 percent of the total area of their jurisdiction.

4.3.2 Requlations and Approval

Virtually all the municipalities and DoT who responded indicated that storm water management is
subject to Provincial / State Regulations. However, those interviewed indicated that these

regulations are weak and to a large extent are not enforced.

With respect to Federal regulations, only seventy (70) percent of those surveyed indicate that storm
water management is subject to Federal Regulations. It appears however that different

interpretations exist as to what constitute Federal Regulations. This is addressed in Section 5.

Most municipalities have by-laws governing new developments and provide manuals for the

approval process and documentation requirements.

Only 62 percent of the municipalities have an Emergency Response Plan for storm water related
emergencies. The municipalities in all jurisdictions, except Nova Scotia, administer their Emergency
Response Plan. In Nova Scotia, the Emergency Response Plan is coordinated with the Provincial

Emergency Measures Organization.

4.3.3 Drainage Systems Configuration

Seventy-five percent of the municipalities surveyed have their storm water drainage systems partially
integrated with the sanitary drainage system. The balance, 25 percent, have their storm water

drainage systems fully separated from the sanitary drainage system.

For those municipalities with separated storm water drainage systems, 50 percent have a single
storm water drainage system and 19 percent have a solely dual storm water drainage system, and
the remaining 31 percent have combined systems, where both single and dual systems were

adopted by those municipalities.
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Three of the four DoTs who responded indicate that they adopt single storm water drainage

systems. One DoT uses a combination of single and dual systems.

4.3.4 Runoff Calculation

All municipalities rely mainly on the “Rational Method” for calculating the direct runoff from storm
water. Occasionally hydrologic modeling is used to develop runoff hydrographs, which are
predominantly carried out by engineering consultants. The US Environment Protection Agency
Storm Water Management Model, SWMM, and the US Soil Conservation Services Curve Number
Model, USSCS_CN, are the most widely used models. Four municipalities and one DoT reported
the use of the “HYDROCAD” model, which is the commercial version of USSCS_CN model. A
review of the most widely used computer models is presented in

Section 2.4.1.2.

One DoT reported that they use the results of “Regional Flow Frequency Analysis” to determine the

peak discharge for storm water runoff.

4.3.5 Inflow Design Flow Criteria

Inflow Design Flow criteria vary widely among municipalities in terms of return periods and storm
duration. For a dual storm water drainage system, rainfall events having a return period of 1:5 yr or
1:10 yr were used to determine the Inflow Design Flow. However, the duration associated with the
design storm varied widely between 10 minutes and 24 hours. The major component of a dual
system is predominantly designed for 1:100 yr return period with a storm duration of

24 hours.

The majority of single storm water drainage systems are designed for 1:10 yr return period and
relatively short storm duration, between 10 and 20 minutes. Several municipalities did not respond

to questions related to the duration of the design storm.
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4.3.6 Adjustment to Runoff Estimates

A snowmelt contribution to the runoff was only considered by 25 percent of the municipalities and
DoTs surveyed. The survey results also indicate that 69 percent of the municipalities and all DoT

did not take into account the effects of frozen ground surface on the runoff coefficient.

The impacts of climate change on the rainfall intensity and duration, and resulting runoff, were taken
into account by only two (12 percent) municipalities and one (25 percent) DoT. Such adjustment
varied from an increase of 20 percent for the 1:100 year inflow design flow (IDF) by one municipality,

and an increase of 10 percent of the 1:10 year inflow design flow by the other municipality.

4.3.7 Storm Water Management

4.3.7.1 Discharge Control

Lot Level Control: Sixty percent of municipalities reported that they require the developer of new

development to control the discharge out of their designated watershed. Storage control is the
predominantly used method for discharge control at the lot level. Provisions for augmenting water

infiltration at the lot level was adopted by 20 percent of survey respondents.

End-of-Pipe Control: Only fifty-six percent of municipalities have provisions to control storm water

discharge to the receiving streams by regulating flows upstream of the inlet location. The dominant
methods used are the construction of retention ponds and the use of wetlands. A small number of
municipalities (12 percent) reported the use of infiltration basins as a means for discharge control
and reduction. For storm water systems combined with the sanitary system, flow splitters are

commonly used.

Only two DoTs (50 percent) adopt storm water discharge control, mainly by constructing retention
ponds and/or the use of natural wetlands. One DoT reported the use of infiltration basins to reduce

the discharge from storm water runoff.
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4.3.7.2 Environmental Impacts

Eighty percent of the municipalities and all DoTs responded to questions related to the impact of
storm water runoff on the environment. Combined impacts reported, by both municipalities and
DoT, are summarized as follow:

Stream erosion.............cccccee 60%
Suspended sediment .................oooeee 50%
Oil an grits contamination ...................... 45%
FloodS. ..., 40%
Sedimentation............................... 35%
Ice and debris accumulation.................. 20%
Nutrients and minerals contamination ... 15%
Temperature change.............cccceeineeen. 10%

4.3.7.3 Mitigation Measures

Frequently reported mitigation measures include stream riprap, vegetation, sediment removal
(dredging), flood buffer zone, and velocity control. Fifty percent of those who responded to this
question indicate that only commercial owners are required to separate oils from storm water before
it is discharged into the storm water drainage system. Only one municipality in the northeast USA
reported that the filters were used as a mitigation measure to reduce pollutants in storm water
before it was discharged into the receiving stream.

4.3.7.4 Inspection and Preventative Maintenance

Virtually none of the municipalities have a regular inspection program or a preventive maintenance
program for the existing storm water drainage system. Catch basins are the only components that
are regularly inspected and maintained. However, two municipalities in the northeast USA require
new developments to establish a regular inspection and maintenance program for the storm water
drainage system.
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State of Related Regqulations

4.4.1 Federal Requlations

Canadian Federal regulations are mainly limited to the protection of fish habitat as required by the

Fisheries Act (R.S.C 1984, F-14) and to a much lesser extent the Canadian Environmental
Assessment Act (R.S.C., C-37), the Clean Water Act (1989, C-6.1) and Clean Environment Act (C-

6). In US federal regulation is covered by the fisheries act.

4.4.2 Provincial / State Requlations

4.4.2.1 New Brunswick

Storm water management in New Brunswick is regulated by the Water Quality Regulation under the

Clean Environment Act. The following is a summary of the act and regulations pertaining to storm

water management.

Authorizes the Minister of Environment to require approvals for the construction, modification
and operation of storm water systems. However, to date, it has not been the practice of the

Department of Environment to require such approvals.

Apart from the general prohibition against the release of contaminants that may cause water
pollution, there are no regulated requirements for water quality standards for storm water

drainage or management.

With respect to public safety, there are no regulated standards for the design of storm water

drainage or management systems.

With respect to protection of aquatic habitat, the Water Quality Regulation requires an
approval for any activity that will emit, discharge, deposit, leave or throw any contaminant into
or upon the environment in any location such that it may, directly or indirectly, cause water
pollution to any waters of the Province. Further, The Watercourse and Wetland Alteration
Regulation under the Clean Water Act requires permits for any project that may cause the

alteration of a watercourse or wetland.
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The disposal of snow may be regulated under the Water Quality Regulation if it contains
contaminants that will or may cause water pollution. The Department of Environment has
developed a set of guidelines for the collection and disposal of snow to minimize the impacts

of contaminants in the snow on water quality in nearby stream and groundwater.

4.4.2.2 Nova Scotia

Storm water management in Nova Scotia is regulated under the Environment Act, S.N.S. (1994-95,
c1). The purpose of the Act is to promote the protection, enhancement, and prudent use of
watercourses and wetlands, where “water course” means the bed and shore of river, stream, lake,
creek, pond, spring, lagoon or other natural body of water and all ground water. Under the Act any
activities that may impact on a watercourse require the approval of the Department of Environment

and Labor. The construction, operation, or reclamation of storm drainage works, including:

a) Storm collection systems and pumping stations,
b) Retention or storage facilities,

c) Treatment facilities,

d) Outfalls;

are designated as an activity which requires an approval. The Act empowers the Minister to issue or

refuse to issue such approval.

The administrative policy statement outlines the guidelines for the approval criteria. The policy
statement identifies the following adverse effects resulting from the placement or creation of a
proposed storm water detention, retention, storage or treatment facility in a water course which are

unacceptable and that approvals for this activity will not be issued:

a) Destruction of aquatic habitat
b) Impairment of fish passage
c) Public safety hazard

d) Degradation of water quality
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Application for Approval of storm drainage Work should accompanied by supporting

documentations, which may include:

f)

Professional engineering analyses, drawings and calculations

Report(s) prepared by a qualified limnologist where lakes are located at outfalls or
downstream from outfalls

Report(s) prepared by hydrogeologist

Report(s) prepared by a licensed Nova Scotia land surveyor

Written landowner agreement(s) respecting location of the applicant’s proposed
overland discharge if the storm water drainage discharge would be directed at land not
owned by the applicant

Identified responsibility for long term operation and maintenance of the storm drainage
works and storm drainage easements

Analysis of the pre and post development site runoff, with the objective of achieving zero
increase in peak discharge from the fully developed site

On-site soil erosion and sedimentation control and other water quality treatment facilities

necessary to mitigate any impacts due to construction of the storm drainage works.

Any proposed watercourse or wetland alteration must receive the approval of the Department of

Environment and Labor and the consent of all property owners whose property abuts the

watercourse or wetland where the alteration may occur.

It should be noted that the above policy and regulations does not apply to agricultural drainage

ditches, or forest road drainage. Further, an approval administrator may determine the extent to

which this policy applies to minor extensions to existing drainage works.
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4.4.2.3 State of Maine

Storm water management regulations are applicable to storm water work for watersheds of one acre
(0.4 hectare) or more. Storm water quality standards for projects with three acres

(1.2 hectares) or less of impervious surfaces may address only phosphorous, nitrates and
suspended solids but may not directly address other dissolved or hazardous materials unless
infiltration is proposed. The Department of Environment should approve private projects. However
the Department may allow a municipality or quasi-municipal organization to substitute a
management system for storm water approved by the Department of Environment for the permit

requirement applicable to projects in a designated area of the municipality.

The Department of Environment imposes restrictions on developments in watersheds of bodies of
water most at risk. The department establishes by rule a list of watersheds of bodies of water most
at risk. The list includes public water supply lakes and lakes identified by the Department as in
violation of GPA water quality standards or as eutrophication, potential for internal recycling of
phosphorous, potential as a cold water fishery, volume and flushing rate or projected growth rate in
a watershed. Also, the Departmentimposes restrictions on development in sensitive or threatened
regions or watersheds, which are susceptible to degradation of water quality or fisheries because of
the cumulative effect of reasonably foreseeable levels of activity within the watershed of the affected

surface waters.

Exempted from these regulations are: forest management activities, disturbing areas for the purpose
of normal farming activities, impervious and disturbing areas associated with construction or
expansion of a single-family or detached residence, and waste facility regulated by the Department
under other act(s). Projects involving roads, railroads and associated facilities conducted by or
under the supervision of the Department of Transportation or the Maine Turnpike Authority are
exempted from these regulations as long as the projects are constructed pursuant to storm water
quality and quantity standards set forth in a Memorandum of Agreement between the Department

and the conducting or supervising agency.
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TABLE 4.1 (Cont'd)

STORM WATER MANAGEMENT STUDY
AGENCIES REQUETED TO PARTICIPATE IN THE SURVEY

ORGANIZATION

Contact

Tel. #

Fax #

Email

Newfoundland & Labrador (Cont'd)

Labrador City
NL Dept of Environment & Labor
NL Dept. of Transportation

Quebec
Riviere-du-Loup
Quebec City
Sherbrooke
Drummondville
Saguenay
Rimouski
Cabano
QC Dept of Environment
QC Dept. of Transportation

Maine
Bangor
Augusta
Portland
Presque Isle
Ellsworth
ME Dept. of Environment
ME Dept. of Transportation

New Hampshire
Manchester
Nashua
Conchord
Portsmouth
Plymouth
NH Bureau Of Publc Work
NH Dept. of Transportation

Federal Agencies
GC Infrastructure
Enviro. Canada- Sustainable Water
Management

US EPA

Mr. Jeff Boland
Mr. Bruce McGrath
Mr. Garry Spencer

M. Pierre LeBel

Ms. Louise Babineau
M. Michel Cyr

M. Roger LeBlanc

M. Daniel Poitras

M. Denis Latouche

M. Stephane Ouellet
M. Normand Rousseau
Ms. Line Tremblay

Mr. John Murphy
Mr. Lionel Cayer
Mr. Brad Rowan
Mr. Gerry James
Mr. Mike Harris
Mr. Barry Mower
Mr. Peter Newkirk

Mr. Rick Cantu

Ms. Amy Gill

Mr. Edward Roberge
Mr. Steve Parkinson
Mr. Paul Freitas

Mr. Roger Dionne
Mr. William Hauser

National Information Line on
infrastructure

General Info
New England Region - Information
Hotline

709-944-2457
709-256-1055
709-729-7293

418-862-2121
418-641-6189
819-821-5798
819-477-5937
418-698-3130
418-724-3135
418-854-2116
418-521-3885
418-644-0529 e.2161

207-992-4247
207-626-2365
207-874-8840
207-764-2560
207-667-7315
207-287-7777
207-624-3100/592-1804

603-624-6513
603-589-3120
603-225-8520
603-427-1530
603-536-1731
603-271-3228
603-271-3226

613-948-1148

819-953-6161

617-918-1112

709-944-2443
709-256-1060
709-729-0283

418-862-6096

819-822-6070

418-698-1158

418-724-3284

418-854-0118

418-644-2003
418-643-1269

207-992-4194

207-287-7826
207-624-3001

603-628-6234
603-589-3169
603-230-3630
603-427-1539

603-271-3515

819-934-5101

jeff.boland@labcity.nf.ca
bmcgrath@gov.nl.ca
moirc@gov.ns.ca

ierre.lebel@uviller.rivire-du-loup.qc.ca
environnement@ville.quebec.qc.ca
michel.cyr@ville.sherbrooke.qc.ca
environnement@yville.drummondbille.qc.ca
urbanisme@yville.saguenay.qc.ca
genie-travaux.publics@uville.rimouski.qc.ca

normand.rousseau@mddep.gouv.gc.ca
line.tremblay@mtg.gouv.qgc.ca

john.murphy@bangormaine.gov

lionel@augustamaine.gov

caf@portlandmaine.gov

erryjames@mfx.net
mharris@cityofellsworthme.org

barry.f. mower@maine.gov

peter.newkirk@maine.gov

rcantu@manchesternh.gov
gilla@nashuanh.gov
engineering@onconcord.com
info@cityofportsmouth.com

townadmin@plymouth-nh.org
rdionne@dot.state.nh.us




Table 4.2 (Cont'd)
RESPONSES TO THE SURVEY QUESTIONNAIRE

ii) Which of the following methods / measures are used to mitigate the impacts of the above?

Municipality filters oil separator  pond aeriation  vel. Control ~ sedimremovall  buffer zone vegetation riprap Bioreten. Filter Other

1 X X X X
2 X DEBRIS REMOVAL
3
4 X X
5 X X X X
6 X
7 X X X X
8 X X
9 X X
10 X X
11 X X X X X
12
13
14 X X X X X X X
15 X X X X X X
16 X X X X X X

DoT #1 X X X X

DoT #2

DoT #3 X X X X X

DoT #4 X X X X X X X

Do you have on-going inspection/ Preventave maintenance program

Inspsction Program Preventave maintenace
Municipality Yes No Frequency Yes No Frequency
1 X X
2 X X
3 X X
4 X X
5 X Smi-annual X
6 X X
7 X X
8 X X
9 X X
10
11 X X
12 X X
13
14 X X NEW DEVELOPMENTS ONLY
15 X X NEW DEVELOPMENTS ONLY
16
DoT #1 X X
DoT #2 X X
DoT #3 X 12-36 mth X
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5.0 ASSESSMENT OF STATE-OF-PRACTICE AND DIRECTION FOR THE FUTURE
This section addresses issues that emerged from the responses to the questionnaire of the survey
completed by municipalities and Departments of Transportation. It also reports on concerns raised

by some of the survey participants.

5.1 Drainage System Design

5.1.1 Inflow Design Flow Criteria

Responses to the survey questionnaire suggest that there are no universal standards governing the
minimum requirements for stormwater drainage systems, such as the system configuration and
criteria for selecting the design storm to estimate the Inflow Design Flow (IDF). Also the responses
indicate that the frequency, intensity and duration of the rainfall event used to estimate the IDF vary

widely among participating municipalities and agencies.

The rational method is most widely used for calculating the peak inflow to a stormwater drainage
system. This method is simple and easy to apply, but it has many limitations, which are presented in
Section 2.4.2. Such a simplified approach is generally not adequate to produce reliable and
acceptable estimate for IDF; especially when the system integrates measures to control the outflow

from the watershed and to mitigate other safety and environmental concerns.

The design of an effective stormwater drainage system requires an estimate for the runoff
hydrograph as well the volume of the runoff, which can not be determined by simplified methods
such as the rational method and the use of the results of regional flood frequency analyses. Thus, it
is essential to use numerical modeling to determine the design parameters for a stormwater
drainage system. These parameters include the peak flow, rate of outflow over time and the volume
of storage required to meet stormwater management objectives. Typical meteorological inputs to a
numerical model are the total rainfall, duration of the rainfall event and the rainfall distribution. The
typical outputs are the direct runoff hydrograph, required storage volume and rates of release and/or

infiltrations over time.

Analysis of the survey responses infers that the inter-relation between storm duration and rainfall
intensity is not fully understood. Environment Canada data for one of the meteorological stations in

the region were used to develop the relationships between the duration of rainfall events and the
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Measures to mitigate these impacts includes,

Channel erosion protection in reaches having a high potential for bed and bank erosion;

Planting trees and/or shrubs in and around stormwater detention facilities in order to

minimize the increase in water temperature; and increase evapotranspiration.

Trap solids and pollutants washed out with stormwater before it enters the receiving

waters.

Legislation related to fish habitat (Fisheries Act) normally imposes strict limitations on the quality and

quantity of water entering the receiving waters from a stormwater drainage system.

5.2.5 Human Health Issues

Stormwater is highly susceptible to contamination by, but not limited to, pathogens, viruses and
dissolved contaminants. As humans come in contact with or ingest water containing these micro-

organisms or compounds, they may experience health related problems.

Wet ponds and bioretention facilities can contribute to a reduction of peak flows and removal of
some of the contaminants associated with stormwater runoff. However, such facilities that maintain
an open water surface can contribute to breeding areas for mosquitoes or other insects that may be
a public nuisance or transfer viruses to humans. Hence, some municipalities use dry ponds in
preference to wet ponds for stormwater flow control. Otherwise measures should be taken to

control the population growth of insects in and around stormwater management facilities.

Climate change is likely to result in an increase in air and water temperatures over time, which may
influence the type of insects that adapt to the new conditions. This aspect becomes most significant
when wet ponds and bioretention facilities are adopted for stormwater management. Some
concerns are related to the transfer of West Nile virus to humans and the influx of mosquitoes that

may carry malaria.

Also specialized facilities can be incorporated into the stormwater drainage system to collect and

treat some contaminants from local areas that generate relatively high concentrations, for example,
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at large parking lots, transit transfer stations and at commercial and industrial sites. These facilities
have to be operated and maintained in such a way that established water quality limits are met

before the water is allowed to enter the stormwater drainage system.

5.3 Storm Water Regulations

Excluding the Federal “Fisheries Act”, stormwater management is a Provincial / State responsibility.
Generally Provincial and State Acts and Regulations are not rigorous and have not enforced
consistently. However, it appears that the State of Maine has comprehensive regulations and that

are being enforced consistently.

Municipalities attempt to manage stormwater drainage system through by-laws and permit
requirements. Some time a by-law may be passed to meet some objectives but it may adversely
affect stormwater systems. Full consultation with the stakeholders should be a part of the process
of developing by-laws that may impact stormwater drainage systems. A municipality need to
broaden its tax base is under pressures to grant variances to exempt major new developments from
such by-laws. Such situations emphasize the needs for stronger Provincial Acts and Regulations to

regulate the collection and disposal of stormwater in both urban and rural areas.

In order for Acts and Regulations to be effective, they must be enforced consistently. This requires
the regulating agencies to be provided with the resources needed to enforce the regulations. A
successful stormwater management program it has to be accepted by the stakeholders. This
requires the development of a public education program regarding the impacts of stormwater on the

public safety, health and the environment.
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Figure 5.1: Rainfall Intensity- Duration Frequency Curves
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Figure 5.2: Normalized (24 hr) rainfall intensity-Duration Frequency Curves
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