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Introduction

Site Planning 
and Design

Stormwater
Treatment

Drainage Design
and Flood Control

Source Controls
and Pollution 

Prevention

Erosion & 
Sedimentation 

Control

Stormwater
Quality

Stormwater
Quantity

Construction Post-
Construction

Do these first!
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Outline

Introduction to Practices (Chapter 6)
Stormwater Design Criteria
Treatment Practice Selection
Site Stormwater Management Plan
Retrofits
Stormwater Management Practices
Appendices
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Guiding Principles

Preserve pre-development hydrology
After construction, reduce annual solids by 80%
Preserve and protect wetlands, stream buffers, and 
natural drainage
Manage runoff velocity & volume to preserve/protect 
integrity of existing waterways
Prevent pollutants from entering receiving waters and 
wetlands beyond their ability to assimilate
Seek multiple benefits from stormwater practices
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Guiding Principles
Preserve pre-development hydrology

Source: NEMO

Larger peak flow and volume …

… and sooner.
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Guiding Principles

After construction, reduce annual solids loading by 80%

Source: NEMO
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Guiding Principles

Preserve and protect wetlands, stream buffers, and 
natural drainage

Source: USDA NRCS
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Guiding Principles

Manage runoff velocity & volume to preserve/protect 
integrity of existing waterways

Source: NEMO
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Guiding Principles

Prevent pollutants from entering receiving waters and 
wetlands beyond their ability to assimilate

Source: NEMO
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Guiding Principles

Seek multiple benefits from stormwater practices

Source: NEMO
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Stormwater Management 
Objectives

Remove pollutants from runoff
Sediment
Floatable debris
Oil & petroleum products

Groundwater recharge
Peak runoff attenuation
Stream channel protection
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Treatment Train Concept
REQUIRED:

Site Planning
Source Controls/Pollution Prevention

OPTIONS:
Primary Treatment Practices (one or more)
Combination of Secondary and Primary Treatment 
Practices
Multiple Secondary Practices (at the discretion of the 
regulatory authority)

Retrofits
Ultra-urban sites
Significant Source Controls/LID
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Primary versus Secondary 
Treatment Practices

Primary Practices

Capable of stand-
alone treatment
Provide high level of 
water quality 
treatment
Meet performance 
standards

Secondary Practices

Not Suitable as Stand-
alone systems

Not capable of meeting 
performance criteria
Have not been through 
evaluation needed to 
demonstrate capability

Appropriate in certain  
applications



14

2004 Connecticut Stormwater Quality Manual

Outline

Introduction to Practices
Stormwater Design Criteria (Chapter 7)
Treatment Practice Selection
Site Stormwater Management Plan
Retrofits
Stormwater Management Practices
Appendices
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Sizing and Design Criteria
Objective Criteria Post-Development 

Storm Magnitude

Pollutant 
Reduction

Water Quality Volume (WQV)

Water Quality Flow (WQF)

First 1” of rainfall

Groundwater 
Recharge and 
Runoff Capture

Groundwater Recharge Volume (GRV) 

Runoff Capture Volume (RCV)

Not Applicable

First 1” of rainfall

Peak Flow Control Stream Channel Protection
Conveyance Protection
Peak Runoff Attenuation
Emergency Outlet Sizing

2-yr, 24-hr
10-yr, 24-hr
10-, 25-, 100-yr, 24-hr
100-yr, 24-hr
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Pollutant Reduction
Water Quality Volume

Rationale
Majority of pollutant loading from small frequent storms
“First flush” concept (traditionally first ½ to 1 inch runoff)
90% Rule: Capture 90% of runoff events annually and 
majority of pollutant load
Northeastern US: Approximately 1 inch rainfall

wvlightning.com
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Pollutant Reduction
Water Quality Volume

Runoff generated by first 
inch of rainfall over site
Equation

WQV = acre-ft
R = runoff coefficient = 0.05 
+ 0.009(I)
I = % impervious cover
A = site area in acres

lusterleaf.com

( )( )( )
12

"1 ARWQV =
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Pollutant Reduction

Water Quality Volume
Estimating Site Impervious Coverage

Directly connected to drainage system
From site plan

Paved surfaces
Roofs
Patios, decks

Tabulated land use values

R = runoff coefficient = 0.05 + 0.009(I)
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Groundwater Recharge
Groundwater Recharge Volume (GRV)

Calculation concept
Estimate pre-developed recharge volume
Determine annual recharge volume lost due to new 
impervious coverage

Hydrologic soil group approach
Based on NRCS hydrologic soil groups
Average annual recharge

Accomplish recharge
Primary and secondary practices
Site design techniques
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Groundwater Recharge
Groundwater Recharge Volume 
(GRV)

Hydrologic soil group approach (cont.)

D = depth to be recharged
A = site area
I = site imperviousness

Subtract GRV from WQV
Other approaches

( )( )( )
12

IADGRV =
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Groundwater Recharge
Groundwater Recharge 
Volume (GRV)

Reasons to waive criterion
Stormwater “hotspots”

Salvage yards
High intensity commercial 
parking
Public works storage
Industrial facilities

Subsurface contamination
Groundwater supply

Aquifer recharge areas
Wellhead protection 
areas
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Outline

Introduction to Practices
Stormwater Design Criteria
Treatment Practice Selection (Chapter 8)
Site Stormwater Management Plan
Retrofits
Stormwater Management Practices
Appendices
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Treatment Practice Selection
Stormwater Management 
Effectiveness
Land Use
Physical/site Feasibility
Downstream Resources
Maintenance
Winter Operation
Nuisance Insects and Vectors
Natural Wetlands and Vernal 
Pools
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Treatment Practice Selection
Land Use

Land 
Requirements
Pollutant Loads
Land Use 
Compatibility
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Residential
Potentially Suitable 
Practices

Alternative site design
Permeable pavement
LID
Bioretention
Water quality swales
Ponds/wetlands

Issues/Concerns
Public safety
Nuisance insects

Jordan Cove, Waterford, Source: UConn
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Commercial/Industrial
Potentially Suitable 
Practices

Alternative site design
Parking Lot 
Bioretention
Swales, ponds, 
wetlands
Below-ground 
detention or infiltration

Issues/Concerns
Litter
Hydrocarbons
Metals
Spills

UTC Fuel Cells, South Windsor, Source: UTC Fuel Cells
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Ultra-Urban
Potentially Suitable 
Practices

Below-ground 
detention/treatment
Treatment train
Green roofs
Permeable pavement
Bioretention
Retrofits

Issues/Concerns
Little available land area
Wide range of pollutants
Infrastructure constraints
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Outline

Introduction to Practices
Stormwater Design Criteria
Treatment Practice Selection
Site Stormwater Management Plan (Ch. 9)
Retrofits
Stormwater Management Practices
Appendices
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Plan Content

Applicant/site information
Project narrative
Calculations
Design drawings and specifications
Construction erosion and sedimentation controls
Supporting documents and studies
Other required permits
Operation and maintenance
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PLAN DEVELOPMENT

Criteria to require plan
Disturbance ≥ 1 acre
Residential development 

≥ 5 units
< 5 units, new road (re)construction
< 5 units, > 30 % impervious

Discharge to wetlands/watercourse
Discharge < 500 ft. from tidal wetlands
Land uses with potential for higher pollutant loadings

uoguelph.ca
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PLAN DEVELOPMENT
Criteria to require plan (cont.)

Industrial & commercial
≥ 10,000 sq. ft. impervious surface
May have specific DEP requirements

New highway, road, street construction
Storm drainage modifications

altanet.orgeastmill.com
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Outline

Introduction to Practices
Stormwater Design Criteria
Treatment Practice Selection
Site Stormwater Management Plan
Retrofits (Chapter 10)
Stormwater Management Practices
Appendices
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INTRODUCTION

Retrofit?
Modify existing development by…

Implementing source controls 
Installing treatment practices

Results: Improved water quality

LID Center
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OBJECTIVES AND BENEFITS
Objectives

Old stormwater management systems
Remedy problems
Improve water quality

Re-development
Incorporate treatment practices
Encourage Low Impact Development

Benefits
Combine quality and quantity controls
Remedy local nuisances & maintenance problems
Landscape to improve appearance
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WHEN IS RETROFITTING 
APPROPRIATE?

Table 10-1 site considerations
Retrofit purpose
Construction/maintenance access
Subsurface conditions
Utilities
Conflicting land use
Wetlands, sensitive water bodies
Complementary restoration projects
Permits and approvals
Public safety
Cost
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Stormwater Retrofit Options

Stormwater drainage systems
Stormwater management facilities
Storm drain outfalls
Highway rights-of-way
Parking lots
In-stream practices
Wetland creation and restoration
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Outline

Introduction to Practices
Stormwater Design Criteria
Treatment Practice Selection
Site Stormwater Management Plan
Retrofits
Stormwater Management Practices 
(Chapter 11)
Appendices
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Primary Treatment Practices

Capable of stand-alone treatment
Provide high level of water quality treatment
Performance standards:

Capture & treat WQV or WQF
Remove 80% annual total suspended solids
Remove floatable debris, including oil/petroleum
Acceptable performance and operational longevity
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Primary Treatment 
Practices

Chapter 11

Summary

Description
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Primary Treatment 
Practices

Chapter 11

Design Variations

Advantages/Limitations
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Primary Treatment 
Practices

Chapter 11

Siting Considerations

Design Criteria
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Primary Treatment 
Practices

Chapter 11

Cold Climate Design 
Considerations

Construction Considerations
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Primary Treatment 
Practices

Chapter 11

Inspection and 
Maintenance
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Primary Treatment Practices

Stormwater Ponds
Stormwater Wetlands
Infiltration Practices
Filtering Practices

Water Quality Swales
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Primary Practice: Stormwater Ponds

dnr.state.md.us

Permanent pool
May have extended detention
Pollutant removal

Sedimentation
Biological uptake
Microbial breakdown
Gas exchange
Volatilization
Decomposition

Various wet pond designs
Wet ponds
Micropool extended detention 
ponds
Wet extended detention ponds
Multiple pond systems
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Primary Practice: Stormwater 
Wetlands

Constructed wetlands systems
May not have the full range of functions of 
either natural or mitigation wetlands
Typical components

Sediment forebay
Shallow & deep pool areas
Meandering flow paths
Vegetation

Design Types
Shallow Wetland
Extended Detention
Pond/wetland system

dnr.cornell.edu
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Primary Practice: Infiltration

dnr.state.wi.us

Function
Capture
Temporarily store
Infiltrate into permeable soils

Pollutant removal
Adsorption onto soil particles
Biological & chemical conversion

Must be carefully designed, 
constructed, and maintained to 
prevent premature clogging
Pretreatment is critical!
Design Types

Trench
Basin
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Primary Practice: Filtration
Capture, store and filter through:

Sand
Soil
Organic Material
Other Porous Media

Pollutant removal
Physical straining
Adsorption

Pretreatment is critical!
Design Types

Surface filters
Bioretention 
Underground filters

Jordan Cove, Waterford (UConn) UConn, Storrs
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Primary Practice: Water Quality 
Swales

Reduce Velocity
Temporarily Store Runoff
Promote Infiltration
Differ from conveyance swales
Design Types

Dry swale
Wet swale

wsdot.wa.gov

UTC Fuel Cells, South Windsor
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Secondary Practices
Not Suitable as Stand-alone

Are not capable of meeting performance criteria
Have not been through evaluation needed to 
demonstrate capability

Appropriate Applications
Pretreatment
Use in treatment train to meet specific objectives

Conventional Practices
Innovative/Emerging
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Secondary Treatment 
Practices

Chapter 11

Summary

Description

Reasons for Limited Use

Suitable Applications
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Secondary Treatment 
Practices

Chapter 11

Design Considerations
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Secondary Practices
Conventional Practices

Dry detention basins
Underground detention 
facilities
Deep sump catch basins
Oil/particle separators
Dry wells
Permeable pavement
Vegetated filter strips/ level 
spreaders
Grass drainage channels

Innovative/Emerging 
Technologies

Catch basin inserts
Hydrodynamic separators
Media filters
Underground infiltration 
systems
Alum injection
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Secondary Practice: Dry 
Detention Basins

Reasons for limited use
Limited or no water quality treatment
Subject to re-suspension of materials

Suitable applications
Peak flow control
Channel protection

Source: NEMO
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Secondary Practice: Underground 
Detention and Infiltration

Reasons for limited use
Not intended for pollutant removal
Particulates can be re-suspended
Risk of groundwater contamination

Suitable applications
Peak flow control/groundwater recharge
Stormwater retrofits
Space-limited sites
Must have pretreatment

machinedesign.comhamilton-co.org
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Secondary Practice: Grass 
Drainage Channels

Reasons for limited use
Can’t achieve 80% TSS removal
Require moderate maintenance
Impractical in areas with steep 
grades or very flat sites
Large area requirements

Suitable applications
Part of conveyance system
Replace curb & gutter drainage
Highway road runoff

clean-water.uwex.edu

pasture.ecn.purdue.edu

These are not the same as 
Water Quality Swales!
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Secondary Practice: Catch Basin 
Inserts

Reasons for limited use
High maintenance
Susceptible to clogging

Suitable applications
Stormwater retrofits and pretreatment
Temporary construction sediment control
Oil control for small areas
Target specific pollutant hydrocompliance.com

mayportnelp.com
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Secondary Practice: 
Hydrodynamic Separators

Reasons for limited use
Limited peer-reviewed data
Soluble and fine particles not removed
Source of pollutants if not maintained

Suitable applications
Sediment removal over range of flow 
conditions
Pretreatment
Stormwater retrofits
Ultra-urban sites pipe.rocla.com
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Secondary Practices: Other 
Innovative Strategies
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Outline

Introduction to Practices
Stormwater Design Criteria
Treatment Practice Selection
Site Stormwater Management Plan
Retrofits
Stormwater Management Practices
Appendices
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Appendices

A: Plant List

B: Calculation Guidance

C: Model Ordinances

D: Site Plan Checklist

E: Maintenance Checklist

F: Glossary
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