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Presentation Outline

• What is DCIA and why does it matter?

• DCIA reduction – how much is enough?

• How can I achieve DCIA reduction goals?

• What is a retrofit plan and why do I need one?

• How do I develop a retrofit plan?

• Examples

• Questions



MS4 Permit Requirements

• MCM 6 – Pollution
Prevention/Good Housekeeping
“Retrofit Program”

• Goal: ”disconnect” existing
Directly Connected Impervious
Areas (DCIA)

• Develop Retrofit Plan by end of
Year 3

• Implement retrofit projects by
end of Years 4 and 5



Why Impervious Cover?

• Reliable indicator of water quality in a watershed

Source: CT Watershed Response Plan for Impervious Cover, CTDEEP

>12% IC Threshold



What is DCIA?

Directly Connected Impervious Area (DCIA)
• Impervious area from which stormwater runoff

discharges DIRECTLY to the MS4 or directly to waters
of the state

• NOT impervious areas discharging through a
system designed to retain the appropriate Water
Quality Volume

All impervious cover is not created equal!

IC ≠ DCIA



Examples of DCIA

• Runoff from a parking lots,
roads, driveways, roofs,
etc. entering the drainage
system directly

Parking Lots

Driveways

Roads & Sidewalks



Examples of DCIA

• Runoff discharging directly to waters of the state –
rivers, ponds, wetlands, coastal waters



Examples – Not DCIA

• Driveways, roofs, etc. that
discharge to pervious areas
and infiltrate into the ground

Pavement Disconnection

Disconnected
Downspouts

Disconnected
Driveway



Examples – Not DCIA

• Impervious areas discharging through stormwater
controls (structural BMPs)



When is DCIA Considered “Disconnected”?

• Retain appropriate portion of
the Water Quality Volume on-
site (infiltration BMPs)
– ½ WQV ≥ 40% DCIA

– Full WQV < 40% DCIA

• Where not feasible, retain
runoff volume to maximum
extent achievable and treat
rest of the volume up to the
WQV (treatment BMPs)

Water Quality Volume
(WQV)

Volume of runoff generated
by first 1” of rainfall



Municipal Retrofit Types

• Municipal Sites
– Municipal parking lots

– Schools, libraries, police, fire
stations

– Parking at parks and recreation
areas

– Public works facilities

• Municipal Right-of-Way
– Roads and sidewalks

– Local roads can account for 20% or
more of town-wide IC

Retrofit existing municipal sites
and right-of-way using LID and

GI stormwater controls



Infiltration BMPs – Sites

Surface and Subsurface
Infiltration Systems



Infiltration BMPs – Sites

Permeable/Porous Pavement



Infiltration BMPs – ROW
Roadside Bioswales

Bioretention Curb
Extensions



Infiltration BMPs – ROW

Leaching Catch
Basins

Underground Infiltration
Systems



Treatment BMPs – Sites

Bioretention/Rain Gardens



Treatment BMPs – ROW

Bioretention Swale

Bioretention Curb Inlet
Planter



Treatment BMPs – ROW

Tree Filter with
Storage

Wet Vegetated
Treatment System



DCIA Reduction Goals in MS4 Permit

• 2% reduction by end of 5-year
permit
– 1% in Year 4 (2021)

– 1% in Year 5 (2022)

• Can count disconnections
implemented since 2012

• 1% reduction per year after
Year 5

• Maximum Extent Practicable
(MEP)

• Track disconnections/DCIA
annually



Estimating Baseline DCIA

• Reductions measured against 2012 baseline

• Estimate DCIA town-wide (excluding state roads and
other MS4s)

• 1-foot resolution statewide IC data (2012 imagery)

Source: UConn CLEAR



DCIA Estimation Method

• Range of Approaches (UConn CLEAR/NEMO)



Sutherland Equations

Connectivity
Level

Description of
Contributing Area Land use type Equation Example for a Watershed with

20% Impervious Cover (IC)
1. Fully
Connected
(default)

100% storm sewered with
all IC

High density mixed
use, commercial

None. DCIA% = IC% 20% DCIA

2. Wicked
Connected

Mostly storm sewered with
curb and gutter, residential
rooftops connected to MS4

High density
residential,
commercial,
industrial,
institutional

DCIA%=0.4(%IC)^1.2 14.6% DCIA

3. Moderately
Connection

Mostly storm sewered with
curb and gutter, residential
rooftops NOT connected to
MS4

Medium density
residential,
commercial,
industrial,
institutional, open
land

DCIA%=0.1(%IC)^1.5 8.9% DCIA

4. Sorta
Connected

50% storm sewered with
some infiltration and
residential rooftops not
connected to MS4

Low density
residential, open
land

DCIA%=0.04(%IC)^1.7 6.5% DCIA

5. Slightly
Connected

Small % of urban area
storm sewered or mostly
infiltration

Agricultural,
forested, natural
areas

DCIA%=0.01(%IC)^2 4% DCIA



Baseline DCIA and DCIA Reduction Goals

Municipality DCIA (%) DCIA (acres)
2% DCIA

Reduction
Goal (acres)

Danbury 9.2 2,599 52.0

Stonington 3.5 871 17.4

New Fairfield 1.2 185 3.7

Somers 1.5 268 5.4

Woodbury 0.8 192 3.8



Development of a Municipal Retrofit Plan

• Identify prioritized list of
sites and ROW projects to
meet 2% DCIA reduction goal
and provide water quality
and quantity benefits

• Retrofits are more cost-
effective when implemented
in conjunction with planned
projects

• Integration with municipal
capital planning process



Retrofit Planning Process

1. Objectives and criteria

2. Background data/information gathering

3. Desktop screening

4. Site assessment

5. Prioritization

6. Conceptual designs



Retrofit Objectives and Criteria

• Permit compliance and other local objectives
– Planned municipal stormwater/drainage infrastructure upgrades,

road projects, site projects (CIP)

– Water Quality

– Flooding

– Preferred BMPs

– O&M issues



Background Data and Information Needs

• Priority Area

• Drainage system
mapping

• Impaired
Waters/TMDL

• Hydrologic Soil Group

• Depth to
Groundwater

• Parcel Data
(Ownership)



Desktop Screening

• Parcel-based opportunities

• Right-of-way opportunities



Screening Factors

Municipal Facilities & Sites
• Priority Area
• Water Quality

Impairments/TMDLs
• Impervious area
• Slope
• Soils
• Depth to groundwater

Municipal Right-of-Way
• Priority Area
• Water Quality

Impairments/TMDLs
• Impervious area
• Slope
• Soils
• Depth to groundwater
• Road classification
• Road Width



Site Assessment – Pawcatuck River

• Field reconnaissance/site
visits

• Site constraints
– Site drainage patterns

– Storm drainage system
configuration

– Available space

– Utility conflicts

– Site operations





Site Assessment – New Haven Bioswales

• Visually inspected all streets in
project area (West River)

• Sufficient space

• Streets with sidewalk & tree belt

• Minimum separation distances

• Avoid infrastructure conflicts
– Trees

– Parking meters

– Sign posts

– Telephone/light poles

– Fire hydrants

– Edge of driveway/curb cut



Potential Bioswale Locations

• 154 potential bioswale locations identified

• 70 bioswales constructed (2019)



Site Assessment – New Haven Bioswales



Retrofit Project Prioritization

• Built-in to site screening
– Priority Area (required by MS4 Permit)

– Other site and BMP factors

• Other Considerations
– O&M issues

– Public acceptance

– Public visibility

– Educational/demonstration value



Retrofit Project Prioritization

• Quantitative Approach (scoring and ranking)
– Watershed and BMP characteristics

– Community considerations

– Cost effectiveness



Retrofit Costs

• Costs
– Upfront and ongoing

maintenance costs

• Cost-Effectiveness
– $ per acre DCIA

removed

– $ per pound of
pollutant removed

BMP Design and Installation Unit
Cost ($/ft3) (2018)

Infiltration Trench $12.60 – $37.80

Infiltration Basin $6.30 – $18.90

Bioretention $15.60 – $46.80

Gravel Wetlands/WVTS $8.86 – $26.58

Porous Pavement $18.24 – $54.72

Sand Filter $18.10 – $54.30

Wet Pond $6.86 – $20.58

Source: Stormwater Control Measure Nomographs with pollutant removal
and design cost estimates, UNH Stormwater Center, May 2019

Source: Water Environment Federation, 2015



DCIA Reduction Costs

• WQV x Design and Installation Unit Cost

Municipality
2% DCIA

Reduction Goal
(acres)

Potential Design and
Installation Cost ($)

Danbury 52.0 $5.3M

Stonington 17.4 $1.8M

New Fairfield 3.7 $200K

Somers 5.4 $300K

Woodbury 3.8 $200K



DCIA Reduction Tracking

• Document DCIA reduction
for each retrofit and
redevelopment project



DCIA Reduction Tracking

• Document town-wide DCIA reduction annually



MS4 Permit Schedule

• Determine Baseline DCIA – June 2020

• Develop Retrofit Plan – June 2020

• Implement Projects from Retrofit Plan
– June 2021 (1% DCIA Reduction)

– June 2022 (1% DCIA Reduction)

– Annually thereafter (1% DCIA Reduction)



Questions?

William Guenther, MS
Project Manager

Fuss & O’Neill

wguenther@fando.com
(800) 286-2469  x4579

Erik Mas, P.E.
Vice President

Fuss & O’Neill

emas@fando.com
(800) 286-2469  x4433


