
5. WATERSHED RECOMMENDATIONS 
 
This section summarizes the generalized and specific management measures developed in order to 
achieve the goals and associated objectives discussed in Chapter 2, with a primary focus on goals D 
and E.  Management measures for Goals B, C and F are included in Table 6-1 and Appendix C. 
Management measures were initially developed based on impairments in the Norwalk River, 
information provided in the 1998 Action Plan, the 2004 Supplement, and current literature.  
Management measures were then refined through discussions with stakeholders during the course of 
the project. Bacteria and nutrient load reduction needs identified by the pollutant load model, 2005 
TMDL and data analyses presented in Sections 3 and 4 were integrated into these recommendations.  
The potential load reduction associated with the major recommendations are estimated and 
presented in Section 6 on Management Measures.  
 
The management measures include watershed-wide strategies that can be implemented throughout 
the Norwalk River and its tributary watersheds.  Recommendations were developed for watershed-
wide application as well as those targeting specific sub-watersheds or reaches. Site-scale strategies 
have also been recommended to address impairments at selected sites or smaller geographic regions 
where the controls undertaken will make meaningful reductions in pollutant loads to improve water 
quality in the Norwalk River watershed and its tributaries. 
 
Successful implementation of the plan recommendations requires a strong foundation with 
committed organizational capabilities and the ability to secure funding for projects.  For the 
Norwalk River and its tributaries, a number of stakeholder groups have been active since mid 1990s, 
and have worked collaboratively to address watershed goals and objectives and to lead fundraising 
efforts to accomplish specific activities.  The WBP developed here can be used as a blueprint for 
setting implementation priorities, schedule, anticipated benefits, potential costs, funding sources, 
implementation responsibilities, and a framework to track progress from specific implementation 
projects. 

5.1 Watershed-wide Recommendations 

Watershed wide management measures were developed for implementation throughout the Norwalk 
River watershed and its tributaries.  These usually require overarching measures that would need 
extensive coordination among watershed municipalities and other stakeholders, and are applicable to 
most of the watershed drainage area.  Both structural and non-structural recommendations are 
presented here to address non-point source pollution through municipal land use regulations, code 
changes and planning, LID adaptation, smart growth, public education and outreach, and watershed 
monitoring to track progress. 

5.1.1 Illicit Discharge Detection and Elimination 
 
Illicit discharges are improper discharges to the stormwater drainage systems or directly into 
streams. Common types of illicit discharges include sanitary sewer connections to storm drains or 
illegal dumping of domestic or industrial wastewater.  The streamwalk report (NRCS, 1997; 1999) 
and annual field reconnaissance and monitoring work conducted by HW/RW have documented 
numerous illicit discharges along the Norwalk River and tributaries that contributed to elevated 
bacteria levels in the waterways.  Based on data analysis and high bacterial concentrations presented 

48



in Figure 3-5, there appears to be watershed-wide presence of illicit discharges that add bacterial load 
during dry weather. Specifically, the upper and lower reaches of the Norwalk River and the 
Silvermine River exhibit impaired water quality during dry weather. The DEEP General Permit for 
MS4 requires individual municipalities to inspect and eliminate the discharge sources. This includes 
developing an Illicit Discharge Detection and Elimination (IDDE) Plan to detect and eliminate 
existing and future non-stormwater discharges, including illegal dumping.  
 
Plan Recommendations: 
• Review and update municipal stormwater management plans to ensure that IDDE efforts of the 

watershed municipalities (required by the MS4 General Permit) are undertaken.   

• Continue the illicit discharge investigations and follow-up for all hotspots identified during annual 
HW/RW field reconnaissance/monitoring.  The hotspots exhibit continuous discharges during 
dry weather periods and also involve exceedances of indicator bacteria water quality criteria in the 
waterways during such periods. 

• Continue work to eliminate illicit discharges. 

5.1.2 Management of Septic Systems 
 
Infiltration of septic system effluent with high levels of nutrients can contaminate the groundwater, 
thereby, increase nutrient concentrations in the stream baseflows.  On the other hand, improperly 
functioning or inadequately maintained septic systems also contribute bacteria and nutrient loads 
during rain events to the surface waters.  A properly designed and maintained septic system may last 
20 to 30 years before needing replacement.  Septic systems are among the major sources of indicator 
bacteria and nutrient pollution (EPA, 2001; 2003). 
 
Septic systems near steep slopes or adjacent to waterways typically have higher potential to 
contribute pollutants if inadequately maintained.  Proper maintenance will keep the environment 
healthy and prolong the life of the systems, thereby reducing replacement costs and the need for 
sewer extensions. The USEPA has developed extensive literature over the past 10 years in 
association with other federal and research agencies for the design, operation and maintenance and 
performance requirements for septic systems (EPA, 2003; 2005) and also has developed guidelines 
on watershed-wide alternatives such as clustered wastewater collection/treatment/dispersal systems 
(also known as decentralized wastewater systems) and disinfection or nitrogen removal requirements 
for systems in the high contribution areas. 
 
Plan Recommendations: 
• Establish criteria to identify poorly functioning on-site septic systems in the watershed to 

facilitate implementation of inspection and operation and maintenance programs. 

• Conduct an inventory of areas in each watershed municipality where the greatest potential for a 
concentration of poorly-functioning on-site septic systems are located and include a brief 
description of the primary factors that contribute to these problems. 

• Develop a combination of GIS-based and advanced technologies such as infrared photography to 
identify hotspots that are affected by septic system failures. 
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• Adopt a targeted program to correct pollution from the hotspot areas identified in the previous 
step, including but not limited to field inspections, technical guidance, and monitoring and 
enforcement. 

• Explore the use of a unified tracking system that can assist with watershed-wide monitoring of 
septic systems within each municipality in terms of their periodic failures and maintenance 
records, similar to the Rhode Island Wastewater Information System (RIWIS.org). Several onsite 
wastewater tracking programs are available at little to no cost. 

• Work with watershed municipalities to develop a program to address potential environmental 
issues with poorly functioning septic systems. 

• Publicize and Promote adequate maintenance of on-site septic systems through various media 
sources. 

• Evaluate the cumulative effects of discharges permitted by CT and NY on in-stream habitat and 
water quality. 

5.1.3 Low Impact Development Adaptation 
 
Stormwater discharges, as discussed in Section 4, contribute nutrient and bacteria loads to the 
Norwalk River and its tributaries, and therefore, must be reduced or treated to realize water quality 
improvements in the waterways.  LID practices are increasingly being recommended by federal and 
state regulatory agencies for stormwater management in urban and suburban areas.  LID practices 
are among the major recommendations of recent National Research Council report on stormwater 
management (NRC, 2008).  LID elements use or mimic natural processes to infiltrate, evapo-
transpire, or store and reuse stormwater. On a regional scale (involving a larger footprint), these 
elements can include the preservation and restoration of natural landscape features such as forests, 

floodplains and wetlands.  At the site-scale, 
LID elements can include rain gardens, 
permeable pavements, green roofs, green 
streets, infiltration planters, trees and tree 
boxes, and rainwater harvesting for non-
potable uses such as toilet flushing, 
seasonal cooling tower makeup and 
landscape irrigation.  These elements 
reduce the amount of runoff discharging to 
surface waters thereby reduce the potential 
water quality impairments. 
 
The LID elements are designed to reduce 
the overall volume and peak rate of 

stormwater runoff, and pollutant loads.  
When implemented to capture volumes 

generated up to a design storm (e.g., 1-year return period), these elements can also reduce the 
frequency of runoff reaching the receiving waters, in comparison to the existing conditions with no 
stormwater controls.  They also offer a number of other environmental, economic, and human 
health benefits, which often lead to higher quality of living in urban and suburban areas. 
 

Source: CT NEMO LID Inventory - Site with reduce road widths, no curbing, 
vegetated infiltration island and pervious pavement 
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Plan Recommendations 
• On a watershed-scale, all the seven watershed municipalities in CT and NY, as part of their 

Municipal Separate Storm Sewer System (MS4) permits, should consider integrating LID 
elements into their capital improvement 
planning process to further reduce runoff 
volume, peak flow rates and stormwater 
pollution from their respective drainage areas. 
(see Section 5.3.2 for additional 
recommendations)  

• Since the LIS receives significant nitrogen 
input from groundwater, process-based LIDs 
that promote nutrient uptake should be 
considered (e.g., vegetated swales and 
bioretention). 

• A planning-level estimate of the potential 
benefits from incorporation of LID elements 
has been developed in Section 6 on Management Measures. A comprehensive study, expanding 
on the planning-level analysis and cost estimation provided in this WBP, should be conducted on 
a watershed-basis by the watershed municipalities. Elements of the study can include: 
o A detailed inventory and mapping of existing and potential conditions that will support LID 

adaptation including natural resources, social and economic resources. Example actions can 
include infiltrometer tests to characterize soil infiltration potential, surveys to understand the 
willingness of citizens to maintain LIDs in their properties, etc. 

o Demonstration of project types (specific technology or a combination of technologies) with 
clear water quality benefits can be implemented in high visibility areas (e.g., ball fields, public 
parking lots and community gardens or parks). Controlled (with LIDs) and uncontrolled 
drainage area monitoring (similar to the Jordan Cove project) can provide comparisons 
useful for stakeholder communications. 

o Detailed evaluation of LID build-out scenarios and their implementation cost/feasibility 
analysis, similar to the approaches undertaken by other cities such as Washington DC, 
Philadelphia (PA) and Portland (OR). 

• Evaluate long-term program costs and financing alternatives for LID implementation, including 
incentives for private property implementations (e.g., rain barrel giveaway program).  Watershed 
municipalities can explore the feasibility of a stormwater utility (a fee assessed for stormwater 
flows generated from a property and discharged to sewers), borrowing lessons learned from the 
recent DEEP stormwater utility pilot projects and the ongoing work by the DEEP to incorporate 
LID into state permits and policy. www.ct.gov/dep 

• Encourage upstream watershed municipalities to embrace aggressive LID implementation 
projects with the goal of not transferring the stormwater problems to downstream areas. 

 
 
 

Source: Center for Watershed Protection 
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5.1.4 Land Use Regulations and Smart Growth 
 
Both DEEP and NYSDEC have established land use regulations and requirements for stormwater 
volume and/or runoff control and included in their respective guidance documents.  
Implementation of such regulations still lies in the jurisdiction of individual municipalities, which is 
commonly referred to as “home rule.”  Consistency or unification of regulations can lead to 
accelerated pollutant reductions and enhance cooperation among various watershed municipalities. 
 
Smart growth is a broad term used to guide watershed municipalities in developing guidelines to 
focus growth with certain geographical areas, where the infrastructure currently exists to support 
increased population density.  In a water quality context, the growth may be focused or encouraged 
in areas with existing water and sewer infrastructure with upgrades as necessary (thereby reducing 
the need for building new infrastructure) and also be limited in areas that have existing water quality 
problems such as streambank/bed erosion, nutrient loads to impoundments with eutrophication 
issues, and bacteria pollution from failing septic systems. 
 
Plan Recommendations: 
• Promote watershed planning, smart growth, open space protection, and LID principles in the 

regulations and modify appropriate ordinances that reflect adoption of recommendations from 
this WBP. 

• Consider modifying the zoning regulations to promote smart growth in urbanized areas including 
compact and preferred development areas based on availability of existing sewer, water and 
stormwater infrastructure.  This will maximize the use of existing infrastructure with minor 
upgrades as necessary, while minimizing any new infrastructure investment needs. 

• Modify the Stormwater Runoff section of municipal zoning regulations to include a set of 
stormwater management standards.  Development of stormwater management standards would 
allow watershed municipalities to establish clearer, specific performance standards for projects. 
Such standards can include LID practices that recognize stormwater as a resource rather than a 
waste to be conveyed to the waterways instantaneously. 

• Adopt regulations or make specific recommendations concerning the use of pesticides or 
fertilizers on municipal property (e.g., Nassau County in New York prohibits application of 
fertilizers on County owned parks and open areas). 

• Consider multiple targets for stormwater control for new or redevelopment projects (e.g., runoff 
volume in addition to the traditional pre vs. post construction peak flow).  Also consider 
indicators in receiving waterways as surrogate for increasing the extent of stormwater controls in 
upland areas, such as bank or bed erosion (geomorphology). 

• Strengthen the landscape provisions of the Zoning Regulations by requiring maximum tree 
preservation, replacement and diversity of tree species. 

• Modify parking regulations to reduce the effective impervious cover and encourage 
implementation of porous or permeable pavers in parking lots. 
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5.1.5 Downspout Disconnection 
 
It is a common practice for rooftops to be directly connected to storm sewers in older residential 
and commercial areas.  This practice essentially reduces the time of travel through the drainage area 
and impacts the receiving waterways in terms of erosion and channel stability.  Redirection of runoff 
from rooftops to pervious areas such as lawns can reduce the volume and peak flow rate reaching 
the storm sewers.  In addition, LID opportunities such as rain barrels/cisterns or rain gardens can 
reduce discharges and enhance sustainability through beneficial reuse of stored water.  An indirect 
benefit is the reduced demand on potable water supply for non-potable uses.  Downspout 
disconnection is ideal in neighborhoods where roof leaders are directly connected to the storm 
drainage system and in medium to high density residential areas with lot sizes in the 0.25 to 1.0 acre 
range (CWP, 2007). 
 
Plan Recommendations: 
• Conduct a GIS-based inventory of medium to high density areas (e.g., 0.25 to 1.0 acre lots) that 

can provide significant benefits from roof leader disconnection programs.  The medium to high 
density neighborhoods will offer opportunities for disconnecting a large number of roof leaders 
into pervious areas, thereby, reduce the volume and peak runoff rate from roof areas significantly. 
Supplement this with targeted visual inspection program to quantify the percentage of 
households with roof leaders directly connected to sewers.  The goal will be to determine the 
extent of directly connected impervious areas and reduce direct connections through a phased 
disconnection program. 

• Establish a program to track the implementation of rooftop disconnection programs on a 
watershed-wide scale will help to monitor success of disconnection and quantify the benefits. 

 
Encourage disconnection of rooftop runoff and reuse stormwater using rainbarrels or rain gardens.  
Watershed municipalities should demonstrate the use of rain barrels and other forms of downspout 
disconnection at public facilities and parks, and offer incentives for downspout disconnection on 
private property through rain barrel rebates and similar programs.  This can be accomplished 
through a municipal rain barrel giveaway/incentive program such as the one recently conducted 
through Bridgeport’s Conservation Corps or the Aquarion Water Company. 
 

 
  Source: Trumble Patch - Rainbarrel Installation 
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5.1.6 Riparian Buffers 
 
Riparian buffer areas provide treatment for nutrients and, to some extent, bacteria. Buffers help to 
filter polluted overland runoff before it reaches the waterways. The Action Plan (1998) refers to 
extensive loss of riparian vegetation along the Norwalk River and its tributaries, thereby increasing 
water quality degradation.  The EPA-LISO has developed a Riparian Buffer toolbox to assist with 
the identification of potential buffer zones, model ordinances, and expected effectiveness of these 
buffers in improving water quality. Figure 5-1 shows forested areas with 100 feet of a watercourse in 
watershed. 
 
Plan Recommendations: 
• Expand existing public education program about the value of riparian buffers and improvement 

of regulations to protect them. 

• Conduct a detailed inventory of the riparian corridors to assess conditions and identify areas for 
restoration and where BMPs would be most effective. Promote maps developed as part of the 
assessment. 

• Implement riparian restoration projects based on sites identified in the previous step. 

• Promote the use of grass-lined swales and other bioretention practices along roadways. 

• Review the quantified benefits of increased buffer zones from states such as New Jersey to 
accelerate the buy-in and establishment of appropriate regulations. Also, review the Riparian 
Toolbox that LISO had put together. 

 

 

Source: Left - Alexis Cherichetti - Schenks Island; Right - Trout Unlimited - Cannodale restoration inital planting (top) & a year 
later (bottom) 
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Figure 5-1. Forested Riparian Areas in the Norwalk River Watershed 

5.1.7 Management of Pollution from Waterfowl and Domestic/Hobby Farm 
Animals 

 
Discharges from impoundments such as Great Swamp are documented to elevate bacteria levels in 
the Norwalk and its tributary watersheds.  Non-migratory goose populations have been observed 
near these ponds and the DEEP’s indicator bacteria TMDL explicitly calls for active goose 
management. DEEP estimates the total statewide populations of Canadian geese and ducks to be 
24,000 and 57,000, respectively in the 2011 breeding season (CTDEP, 2011). Specific estimates for 
the Norwalk River are unavailable. These statewide estimates include both migratory and non-
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migratory goose population. It must be noted that this recommendation addresses concerns 
pertinent to non-migratory goose population within the Norwalk River watershed. 

All seven watershed municipalities had pursued a potential control strategy of oiling the eggs, which 
had yielded mixed results in terms of reduction in goose population.  In addition to controlling the 
population, another major issue is related to feeding of goose population by residents and visitors. 

Plan Recommendations: 
• Adopt a local ordinance to prevent feeding of waterfowl, using New Canaan as an example. 

• Post signs and conduct education programs to stop feeding using the program developed by New 
Canaan as a guide. 

• Employ effective methods to significantly reduce the non-migratory goose population beyond 
egg oiling, including lethal measures as appropriate. 

 

 
Source: Left - Gretchen Yengst - Loving Focus Photography; Right - Alexis Cherichetti 
 

5.1.8 Water Quality Monitoring 
 
The Norwalk River mainstem, the Silvermine River and Comstock Brook have long-term water 
quality (chemical and biological) data collected by various agencies.  The USGS compiled water 
quality data and archived in their STORET system until the 1990s. Since 1999, the HW/RW has 
been monitoring the waterways and tracking hotspots such as illicit discharges in the main stem of 
Norwalk River as well as the Silvermine River. In addition, the DEEP had conducted short-term 
monitoring to support the development of indicator bacteria TMDLs for Norwalk River and 
tributaries. Continual monitoring of water quality is important to understand the relative 
contributions of various pollution sources, develop a database for the watershed to guide 
environmental decision-making, and to measure the progress towards achieving watershed 
management goals. 
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Plan Recommendations: 
• Continue the annual water quality monitoring program and modify procedures as necessary.  The 

results can be used to track improvements from watershed-wide and site-specific pollution 
control measures and understand watershed responses under different hydrologic regimes. 

• Coordinate monitoring for wet and dry weather conditions to characterize potential sources of 
water quality impacts in specific areas of concern. 

• Conduct targeted water quality monitoring to confirm the sources of conductivity and quantify 
the extent of this concern in the Norwalk River and its tributaries. 

• Design and implement monitoring of LID practices on a demonstration basis and develop 
performance data to specifically support LID planning and implementation in the entire 
watershed.  Monitoring of the LID retrofit site(s) is recommended before and after the 
installation of the retrofit, and also for several years in order to track their performance over time 
and identify specific operation and maintenance requirements. 

• Perform additional field investigations to support efforts near hotspots such as Great Swamp, 
where HW/RW has documented highly varying DO levels and elevated indicator bacteria 
concentrations. 

• Seek funding to evaluate Total Nitrogen (TN) and Total Phosphorus (TP) loadings in the 
watershed. 

• Identify and pursue appropriate measures to evaluate the impact of medical waste on water 
quality. 

• Evaluate the impact of introduced chlorides on water quality. 
• Reactivate the streamwalk program to support public outreach and also use volunteers for 

physical, chemical and biological assessment of stream health in the watershed. 

5.1.9 Urban Greening 
 
Urban trees, shrubs and plants improve air and water quality, reduce stormwater runoff, conserve 
energy, and protect public health. An increasing number of U.S. cities are undertaking an urban 
forestry or tree canopy-based program to enhance LID opportunities.  Stream temperature increases 
resulting from shallow water depths or an urban heat island effect can affect aquatic life, particularly 
the coldwater fishery. Innovative approaches have been undertaken around the country to reduce 
the stream temperatures, for example, Clean Water Services in Portland (OR) has developed the 
extent of tree canopy required to meet their temperature TMDL regulations.  Urban and community 
forestry provides environmental, community, and economic benefits, while improving the overall 
quality of life within a watershed (CNT, 2011). 
 
The tree canopies in the northeastern region are season dependent and also can contribute to 
additional pollutant loads during the fall season.  Therefore, the direct environmental and 
community benefits of urban greening can be realized with additional operation and maintenance 
(e.g., more frequent street cleaning in the fall season) requirements.  
 
Plan Recommendations: 
• Conduct a more detailed watershed-wide tree canopy analysis, expanding on currently available 

data (Figure 5-2) to determine the extent of tree cover and establish baseline conditions.  Aerial 
photographs from summer and winter seasons can be used to interpret the perennial versus 
seasonal cover. 
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• Quantify the value of urban forestry and tree programs for improving the aesthetics, energy 
efficiency and air quality, wildlife habitat, recreational opportunities, real estate values, and 
potential job opportunities.  For example, the New York City has created a Million Trees 
program that has created significant community awareness and job opportunities to adults and 
youth.  A simple tool such as the spreadsheet model developed by the Center for Neighborhood 
Technology (www.cnt.org) can be used to quantify benefits and communicate with stakeholders. 

• Develop a comprehensive urban forest master plan that integrates the LID benefits and sets a 
watershed-wide urban tree canopy goal. 

• Track progress in the implementation of tree canopy cover on a watershed-wide level. 

 
Figure 5-2. CTECO Forest Fragmentation 
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5.1.10 Public Education and Outreach 
 
Public education is critical to the long-term success of watershed management, especially in 
managing water quality.  This raises awareness about personal, community and corporate 
(businesses) responsibilities to environmental protection in the watershed. Stakeholders have been 
successful in coordinating restoration projects and hosting education programs to increase 
awareness throughout the watershed (e.g., NRWA sponsored River clean ups, Trout Unlimited 
Stream restoration projects, streamwalk program [NRCS, 1997; 1999]).  The following 
recommendations can support or enhance the ongoing programs. 
 
Plan Recommendations: 
• Develop a framework for youth organizations (e.g., Boys and Girls Scout educational programs, 

involvement of students in World Water Monitoring Day – www.wwmd.org, etc.) that highlights 
the comprehensive relationships between local, regional and global water issues and builds 
programs for local environmental stewardship. 

• Emphasize the importance of LID approaches such as the use of pervious pavement, rain 
gardens, and green roofs.  Host hands-on workshops or field visits to demonstrate the benefits of 
and design considerations for LID practices. 

• Develop a program to guide citizens, land use boards and businesses regarding the positive 
impacts of using native plants and species of concern in landscaping, and the detrimental effects 
of non-native invasive species. 

• Increase watershed stewardship efforts (watershed, stream, stormwater pollution prevention, and 
catch basin markings) and create educational displays in highly visible, strategic locations 
throughout the watershed. 

• Continue to expand coordination and communication with watershed municipalities 
  

Source: 1998 Action Plan 
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5.2 Site-Specific Recommendations 
 
Site-specific recommendations were developed based on a review of 1998 Norwalk River Action 
Plan, the 2004 Supplement, pollutant load estimation reviewed in Section 4, HW/RW water quality 
and hotspots data, and stakeholder input to address specific water quality issues within some reaches 
of the waterbody or sub-watersheds.  Eutrophication issues documented during the last streamwalk 
program (NRCS, 1997; 1999) were also included here as hotspots that would benefit from localized 
pollution control efforts.  These recommendations are presented as concepts for further refinement 
and application to provide guidance for the type of projects that could be undertaken to address 
water quality issues. 

5.2.1 Identification of Public Lands for BMP/LID Implementation 
 
Public properties, owned by the state and local governments, can offer tremendous opportunities 
for BMP/LID implementation. While LID elements can be implemented anywhere in a watershed, 
public properties can be amenable to large structural BMPs such as retention basins, wetlands and 
wet ponds that can provide significant reductions in nutrient and bacteria loads (EPA 2006; 2008).  
The public ownership offers advantages in terms of a simplified state/local permitting process as 
well as the elimination of land costs. In many cases public properties also offer an opportunity to 
engage the community and increase awareness of LID techniques. Public lands and buildings are 
often frequented by the community making them ideal candidates for demonstration projects, public 
education and community involvement. 
 
Publicly owned properties within the watershed that may be suitable for LID retrofits and large-scale 
BMPs to control pollution from urban stormwater are identified in Figure 5-3 and a full list of 
candidate properties for further evaluation to identify appropriate BMPs are included in Appendix 
D. 
 
Ridgefield 
The municipally-owned buildings and parking lots located in Ridgefield Town Center offer a 
number of LID retrofit opportunities. Ridgefield Center is prone to increased stormwater runoff 
due to low topography and large areas of impervious surfaces. Ridgefield Center is located within 
the drainage area of Steep Brook, near the head waters of the Norwalk River. Steep Brook has seen 
consistently high counts of indicator bacteria over the years. Town parcels where opportunities for 
possible management measures exist include East Ridge Middle School, the public library and the 
Old High School. All of these areas, as well as large parking lots off Main Street, would benefit from 
retrofitting the existing parking areas and incorporating LID elements. In addition to the proposed 
projects, the area would benefit from IDDE investigation.  

It should be noted that the United States Post Office in Ridgefield was also identified as a candidate 
property for further investigation. Although the post office is technically outside the watershed 
boundary, based on the modified topography of the parking lot, stormwater from the post office is 
directly connected to the watershed through a series of parking lots draining to Steep Brook. 

• East Ridge Middle School presents the opportunity to serve as a highly visible demonstration 
project within the community (Figure 5-4). Retrofitting parking lots to allow for more 
bioretention and infiltration and the use of permeable pavement to increase the visibility of 
pedestrian walk ways and “no parking” areas will serve multiple purposes. The incorporation of 
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pervious pavers, rain gardens and native plantings will highlight the school’s assets while 
allowing for infiltration in the existing courtyards. Opportunities for stormwater disconnection 
also exist. 

• The public library parking lot slopes directly towards Steep Brook with no vegetated buffer. 
Some trees are present along the brook with little to no understory or streambank vegetation. 
This lot has more parking space than necessary and could accommodate a vegetative buffer and 
bioretention basin along the brook (Figure 5-5). 

• Sloping lawns in front of the Old High School could be designed to accommodate bioretention 
practices. The Old High School currently houses the Ridgefield Public School Offices, 
Ridgefield Play House, Yanity Gym and other town facilities used by the community, making 
this an ideal location for a variety of demonstration projects. The topography of the site makes 
surface bioretention difficult, but terraced gardens along the north and west lawns could be used 
to capture and filter runoff from parking lots, while existing vegetated parking islands could be 
converted to capture stormwater runoff. Different types of pervious pavement could also be 
integrated as walkways, driveways and parking lots are resurfaced Figure 5-6). 

• Large municipal and privately owned parking lots off of Main Street on Governor and Prospect 
Streets would benefit from bioretention practices and a reduction of impervious area. Removing 
curbing from existing parking islands and the conversion of theses areas into depressed, 
vegetated areas for stormwater collection and infiltration would help to reduce runoff.  The 2009 
Ridgefield Center Study conducted by Milone & MacBroom contains a number of 
recommendations to improve vehicle and pedestrian access in Ridgefield’s central business 
district.  Recommendations from this study present a number of retrofit opportunities along 
with opportunities to integrate LID practices and other BMPs to reduce stormwater runoff. 
Figure 5-7 outlines potential retrofit opportunities. Additionally, as recommendations from 
Ridgefield Center Study move into design and engineering LID practices and other BMPs 
should be integrated wherever possible.  

•  Elevated levels of indicator bacteria have been documented in Great Pond and regular use of 
the area by non-migratory Canadian Geese has been observed. Great Pond would benefit from 
enhanced land care and debris management along with effective goose management practices 
(Figure 5-8).  The use of low growing native vegetation and “no mow” areas adjacent to the 
beach will aid in deterring use of the park by geese. Interpretive signs may also be installed along 
with signs to discourage feeding waterfowl. The addition of these planted areas and increased 
bank side vegetation in the park areas will also help to filter stormwater draining to Great Pond. 
LID practices and other BMPs to reduce runoff from parking areas should also be explored 
along with goose management for adjacent private properties. 

 
Wilton 
The Norwalk River through much of Wilton flows directly adjacent to the Metro North Rail Road’s 
Danbury Branchline and U.S. Route 7. A number of municipal and state owned properties are also 
directly adjacent to the Norwalk River. 

• Lover’s Lane has been the site of a significant streambank restoration project completed by 
Trout Unlimited. Unfortunately, portions of the restoration have been washed away or eroded 
due to two consecutive years with multiple large scale storm events. Efforts to re-stabilize and 
plant the streambank along these sections of river are necessary (Figure5-9).  

• Several retrofit opportunities exist at the Wilton Train Station (Figure 5-10). The 2011 Route 7 
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Transportation and Land Use Study, Recommended Transportation and Land Use Plan prepared by 
Fitzgerald & Halliday proposes a parking structure at the train station in the existing parking lot, 
which would allow for the conversion of approximately 0.5 acres of parking directly adjacent to 
the Norwalk River to green space.  As design begins for the proposed parking structure LID 
techniques should be used to capture all runoff from the new structure, which would reduce the 
total amount of stormwater currently generated at this location.  Terraced Gardens installed on 
the hillside west of Danbury Road would filter and slow stormwater. 

 
Norwalk 
The lower reaches of the Norwalk and Sivermile Rivers flow through the City of Norwalk before 
reaching to Norwalk Harbor. Municipal properties along the River have retained buffered areas 
helping to stabilize the bank and filter stormwater runoff. In addition to maintaining the existing 
vegetative riparian buffers, retrofit opportunities have been identified at City Hall and the adjacent 
athletic field, Irwin Freese Park, Wolfpit Elementary School, and the Allen Road facility, all of which 
could also serve as demonstration projects.  

•  Malmquist Field and City Hall provide opportunities to capture and pre-treat stormwater runoff 
in a highly visible area within the City of Norwalk (Figure 5-11). Retrofitting the current parking 
islands with infiltration trenches and installing a stormwater basin at the south-east corner of the 
parking lot would help to treat and reduce runoff. The use of pervious pavement and the 
installation of a rain garden basin are also recommended for this site.  

• Irwin Freese Park is a small pocket park directly adjacent to the Norwalk River. The installation 
of a new pervious foot path, diversion of runoff to a bioretention area prior to discharge to the 
river though an existing stormwater outfall and establishing a riparian buffer area would help to 
improve the quality of stormwater runoff from the park and local roads (Figure 5-12). In 
addition to establishing a riparian buffer planted with native grasses and forbs, native shade tress 
throughout the park would help to stabilize the soil and river bank, while providing needed 
shade.  

• At Wolfpit Elementary School several opportunities exist to reduce runoff volume and use 
native vegetation to stabilize slopes while slowing and filtering runoff from the property (Figure 
5-13). The use of a vegetated filter strip would encourage infiltration of stormwater from school 
parking lots, while a separate naturalized surface storage basin would collect runoff from the 
school’s playing fields. The relocation of shade trees and areas planted with native grasses and 
wild flowers would provide slope stability and a buffer to wetland areas. 

• Reduction of paved areas and expansion of the existing riparian buffer are recommended at the 
Allen Road facility, which houses the Senior Center (Figure 5-14). An underused parking area at 
the rear of the building could be converted to a stormwater basin. The retention basin would 
allow for treatment of stormwater before reaching the adjacent stream and provide water quality 
remediation for piped drainage from the parking areas, buildings, tennis courts and playing 
fields. The area would also benefit from widening and enhancing the existing vegetated riparian 
buffer.  

Plan Recommendation(s): 
• Specific properties among those identified in Appendix D should be explored for large-scale 

BMP implementation. Additional small-scale LIDs can be pursued around buildings and parking 
lots owned by state and municipal governments. 

• Identify additional project sites that would serve as appropriate demonstration projects. 
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Figure 5-3a. Potential Public Lands Available for BMP/LID Implementation - Upper 
Watershed 
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Figure 5-3b. Potential Public Lands Available for BMP/LID Implementation - Lower 
Watershed
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Figure 5-4.  Concept Plan for East Ridge Middle School Figure 5-5.  Concept Plan for Ridgefield Public Library 
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Figure 5-6.  Concept Plan for the Old High School  Figure 5-7.  Concept Plan for Governor and Prospect Street 

Parking Areas 

66



 
Figure 5-8.  Concept Plan for Great Pond Park
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Figure 5-9.  Concept Plan for Lovers Lane Figure 5-10.  Concept Plan for Wilton Train Station 
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Figure 5-11.  Concept Plan for Norwalk City Hall and Figure 5-12.  Concept Plan for Irwin Freese Park 
 Malmquist Field 
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 Figure 5-13.  Concept Plan for Wolf Pit Elementary School Figure 5-14.  Concept Plan for Allen Road
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5.2.2 Illicit Discharges 
 
As discussed in section 5.1.1, illegal hookups to storm or sanitary sewers have been a major problem 
in the Norwalk River and its tributaries. The streamwalk report (NRCS, 1997; 1999) identified 
approximately 200 discharges into the waterways; however the actual number of illicit discharges 
was estimated to be much higher. Since 1997 work had been done to identify sources and eliminate 
discharges from illegal hook ups, with mixed success. Sources of illicit discharges could be difficult 
to identify. 
 
HW/RW has been instrumental in identifying illicit discharges and working with municipalities to 
correct the problems.  A 319 grant application was submitted by HW/RW in 2010 to conduct 
additional monitoring in Comstock Brook and Ridgefield Brook.  Recently, HW/RW has identified 
the following hotspots where dry weather discharges with potential presence of sanitary flows had 
been observed:  
 

• Ridgefield Brook, Ridgefield 
• Washington Street, Ridgefield 
• School Street, Ridgefield 
• Middlebrook Farm Road/Comstock Brook, Wilton 
• James Street/Silvermine River, Norwalk 
• Wall Street/Norwalk River, Norwalk 
• Moody’s Lane/Silvermine River, Norwalk 
• Cook’s Nook, Norwalk 
• Washington Street, Norwalk 
• Marina / Norwalk Harbor, Norwalk 
• Calf Pasture/ LIS, Norwalk 

 
Further investigation is needed to identify sources for many of these hotspots and understand their 
impacts on the river water quality.  For example, sump pumps that drain water from residential 
foundations are relatively clean since the source is primarily the groundwater infiltration.  These are 
not likely to cause any significant water quality impairments, whereas the other discharges from 
sanitary and storm sewers can cause elevated pollutant concentrations. Sanitary sewers illegally 
connected to storm drains or directly into waterways can contribute excessive bacteria and nutrient 
loads. Similarly, the illicit storm sewer discharges to sanitary sewers can overwhelm their capacity 
and can result in sanitary sewer overflows (SSOs).  Although diluted to some extent, the SSOs can 
result in excessive bacteria and nutrient loads being discharged into receiving waterways. 
 
The six CT municipalities with boundaries within Norwalk River and its tributaries should continue 
to implement IDDE programs as required by the DEEP MS4 General Permit and a similar 
requirement for Lewisboro in accordance with the NYSDEC regulations.  A range of methods or 
techniques are available to detect illicit discharges with varying manpower and financial resource 
requirements (NEIWPCC, 2003 and CWP, 2004). The following methods are commonly used by 
municipalities around the country for this purpose: 
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• Testing of Discharges during Dry Weather – Flows from stormwater outfalls during dry 

weather may indicate illicit sanitary sewer discharges.  Tree root intrusions and leaky joints or 
pipe fractures can also bring groundwater during dry weather.  A combination of visual 
inspections and monitoring on a seasonal basis and chemical analysis of dry weather 
discharges can help in detecting the discharge type (sanitary flow or groundwater) and 
quantity. 

• TV Inspections – If the illicit discharges are confirmed through testing, closed-circuit 
television cameras can be utilized to track the pathways of these discharges.  Advanced 
technologies can help in viewing lateral connections that may contribute flows to the storm 
sewers. 

• Smoke Testing – Upon identifying the specific lateral sewers with illicit discharges, a non-
toxic smoke can be injected from those sewers to track the pathways into individual homes 
or businesses. 

• Dye Testing – Similar to smoke testing, this method can be used to detect sources. 
Appropriate colored dyes are added into the drain water of suspect piping.  Appearance of 
the dyed water in the storm drainage system indicates an illicit discharge. Testing for 
anthropogenic indicators such as caffeine and optical brighteners can also confirm the 
presence of domestic wastewater flows. 

• Infrared, Aerial, and Thermal Photography – Use of aerial, infrared, and thermal 
photography to locate patterns of stream temperature, land surface moisture, and vegetative 
growth that are emerging techniques to identify potential illicit discharges to stormwater 
systems. 

 
 
Plan Recommendations: 
• Perform detailed investigation for each of the identified illegal discharges to characterize the 

sources, and work with the watershed municipalities to correct the illicit discharges. 

• Continue to perform illicit discharge monitoring and surveys. 

5.2.3 DO Fluctuations 
 
In general, the shallow sections of the rivers and creeks can exhibit low DO conditions during 
summer months due to high temperatures.  This does not appear to be valid for the Norwalk River 
and tributaries where the DO levels have been in excess of 5 mg/L.  However, reduced DO levels 
are observed at Sites NR21 and NR20 in the upper reaches of Norwalk River based on the HW/RW 
annual water quality monitoring data presented in Table 3-7 (Figure 5-15).  It is suspected that the 
standing water in the Great Swamp when released into the river near Site NR21 causes this DO 
variation. 
 
The approach to elimination of DO concerns for the Great Swamp location is discussed here. 
However, the approach will be very similar if other impoundments discussed in Section 5.3.3 on 
Algal Growth also exhibit DO concerns.  Pollutant loads generated from individual land use types 
(high/low density urban, forestry, agriculture, etc.) need to be controlled, to the extent that they 
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contribute to excessive algal growth in the impoundments or the DO fluctuations downstream of 
the Great Swamp. For example, the stressor identification study performed by DEEP in 2006 
concluded from samples collected at location 1214 (Ridgefield Brook at Route 35 Fox Hill Condos) 
that urban land uses were contributing high TP loads and that there was anthropogenic enrichment 
from visual observations (CTDEP, 2006). Most samples exceeded 0.06 mg/L of TP, which is the 
75th percentile of observations in the southwest coastal basin. Data at a location downstream of 
Great Swamp on the Norwalk River (Site ID 235 at Branchville) also showed similar trends. Both 
the Main and Route 7 wastewater treatment facilities in Ridgefield were documented in the DEEP 
(CTDEP, 2006) to contribute TP to the receiving waters. 
 
Continued monitoring of DO levels at the location in the Norwalk River and the discharges from 
the Great Swamp are recommended.  A finer scale land use analysis and pollutant load assessment 
model should be developed, incorporating the specific sources of nitrogen and phosphorus from 
contributing areas and the physical features of Great Swamp. Upon determining the numerical 
targets for pollution reductions necessary to improve DO levels in the Great Swamp discharges, 
BMP/LIDs can be accordingly planned and implemented in those drainage areas to reduce the 
loadings.  Additional treatment technologies such as in-stream aeration or alum applications should 
also be evaluated for Great Swamp to determine the most effective means to increase the DO levels 
in the swamp. 
 
Plan Recommendations: 
• Perform detailed investigation for the Great Swamp discharges to determine the causes of 

eutrophication and associated DO variations.  Conduct a comparative   analysis of effluent data 
from the Ridgefield treatment plants and urban runoff contributions of TN and TP that get 
discharged into the Norwalk River. 

• Conduct site-specific assessment of the Great Swamp, including the physical features and develop 
numerical targets for localized pollution reductions. 

• Extend this methodology to other impoundments identified to have excessive algal growth in the 
Norwalk River watershed. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-15. Pollutant Monitoring Site Locations: NR20 and NR21 
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5.2.4 Concerns on Algal Growth 
 
Pollution control targets for nutrients, as discussed in Section 4 on the Estimation of Pollutant 
Loads, include: (a) 10% reduction in Total Nitrogen load from contributing non-point sources; (b) 
reduction in phosphorus loads from impoundments documented to have significant eutrophication 
and associated aesthetic concerns (see the Table below); and (c) reduction in septic system loads and 
nutrient loads from land practices such as fertilizer application. 
 
Adoption of BMPs and LIDs will benefit the watershed municipalities in achieving these controls 
(EPA, 2008B).  Since groundwater nitrogen concentrations are among the pollutant types, as 
recommended in the targeted strategies, process-based BMPs and LIDs that promote nutrient 
uptake (e.g., natural/engineered wetlands, bioretention units, and raingardens) need to be explored. 
 
Other non-structural practices such as ordinance changes and education can be pursued to achieve 
reductions in nutrient loads.  Based on nutrients loads reported in Farley and Rangarajan (2006) and 
Mullaney et al. (2001) for various Connecticut watersheds draining to the Sound, septic system 
failures and groundwater are the dominant sources for TN.  Therefore, a combination of process-
based BMP/LIDs (specifically bioretention and constructed wetlands), septic system repairs and 
proper operation and maintenance and public education will help in mitigating nutrient loads to 
eliminate this concern.  
 
Excessive algae growth was documented during the Norwalk River streamwalk findings study 
(NRCS, 1997; 1999) at several sites, besides Great Swamp, distributed throughout the 26 sub-
watersheds considered in that study.  These are summarized in Table 5-1 grouped in terms of the 
watershed municipality that the sites are located in. Most of these sites involve small ponds 
(impoundments) and some involve stagnant sections that can promote algal growth.  Based on a 
cursory review of these locations and adjacent land uses, septic systems and low/high density 
residential areas are the major sources of nutrients (specifically, phosphorus).  While the percent 
reductions needed to eliminate eutrophication will vary from one impoundment to the other, 
recommendations such as restrictions on lawn fertilizers and working with homeowners to maintain 
septic systems will benefit all of these impoundments. 
 
Similarly, the recent HW/RW monitoring program in the Norwalk River and Silvermine River had 
documented an additional hotspot (impoundment) with DO concerns, namely the outlet of a pond 
located on the Department of Development Services (146 Silvermine Road, Norwalk) property 
based on data at monitoring site SM 3.4. 
 
Plan Recommendations: 
• Additional site-specific monitoring and investigations are recommended to characterize the 

incoming nutrient and sediment loads, physical configurations of these impoundments (such as 
storage, depth, and shape), and environmental factors (temperature, leaves from trees, etc.). The 
overall process is identical to the procedure outlined in Section 5.2.1 for further investigation and 
study in the Great Swamp area, so that cost-effective controls can be undertaken. 

• The local water quality monitoring data must be used to characterize the cause and effect 
relationships and guide the determination of numeric targets for nutrient pollution control. 

• Where appropriate, explore in-stream treatment technologies (aeration or alum treatment) that 
can be most cost-effective for mitigating or eliminating localized eutrophication concerns. 
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Table 5-1: Impoundments with Excessive Algal Growth 

Municipality Impaired Site Description 
Ridgefield Stream 300 feet north of Topstone Road, adjacent to Route 7 

Small pond just southeast from the junction of Route 7 and Great Pond Road 
Small pond formed by 10 feet dam, just east of Limestone Road 
Outpost Inn pond, East side of Route 35 North of Farmingville Road 
John’s Pond 
Three Road crossings. Small pond on North Cooper Pond Brook 

Redding Factory Pond 
Wilton Two ponds northwest of the Nod Road and Whipstick Road junction 

Small pond just north from Wilton Jr. High School, surrounded by athletic fields 
Small pond south of the impaired site, about 300 meters south of Cheese Spring 
Road to Rock Lake 
Kent Pond, off Linden Tree Road and Ridgefield Road 
Henderson Pond, south of Carriage Road and west of Ridgefield Road 
Small pond located just north from Old Highway Road 
Domenicks Pond and Trails End Pond, north from Huckleberry Hill Road 
Pond south from Gruman Hill Road 
Pond west from Grumman Road, on the west side of Route 7 
Site near water filtration plant at the outlet of the South Norwalk Reservoir 

Norwalk On the east bank of the stream, behind the courtyard of Buildings #101 and 201 
on Route 7, near a stormwater outfall 
Site just north from New Canaan Avenue 
River section from the Wall Street Bridge and extending north to the railroad 
tracks bridge 
River section from the railroad bridge to the Route 123 overpass 
River section south of Wall Street Bridge, on the west side of river 
Small pond at 8 Shadow Lane on Woods Pond Brook 
From the north end of the harbor, extending south along the west shore to the 
Marina, including Sea View Park 
5 acre pond, in the Woods Pond Park 

5.2.5 Bacteria Concerns 
 
As documented in the indicator bacteria TMDL study (CTDEP, 2005), reductions from existing 
conditions in the range of 3 to 76% will be needed from the contributing non-point sources of 
pollution, in order to achieve the desired water quality improvements in the Norwalk River and 
tributaries.  Urban stormwater was identified in the 2005 TMDL study as a major contributor to 
water quality impairment during wet weather. Wastes from household pets, hobby farms and wildlife 
are the common sources of bacteria in urban stormwater discharges. 
 
A variety of BMPs and LIDs (e.g., vegetated swales, retention basins, and commercial filter media) 
have been implemented and monitored in a number of case studies from across the country to 
meaningfully reduce bacteria concentrations.  In extreme circumstances such as Newport Bay (CA), 
full-scale disinfection systems, such as UV, have been built to reduce bacteria concentrations from 
urban stormwater prior to discharging to public beaches.  None of the impairments in the Norwalk 
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River watershed will require such an extreme level of treatment of urban stormwater.  In Norwalk 
River and its tributaries, leaky septic systems, illicit discharges and waterfowl are the major 
contributors; based on the water quality monitoring data and visual observations of stakeholders 
(e.g., NRCS, 1997; 1999; HW/RW monitoring data). 
 
HW/RW has reported higher E. coli concentrations towards the City of Norwalk area due to storm 
drain runoff.  Of the locations monitored only the sewage treatment plant (NR22) and Mill Road 
(NR9.5) exhibited acceptable levels of E. coli, and the remaining locations exhibited levels in excess 
of the state standards. Downstream of the monitoring location NR9.5, six major storm drains in 
Norwalk have dry weather discharges. The main river Site NR0.5 was documented to be moderately 
to heavily polluted, based on HW/RW data.  Illicit discharge detection and elimination must be 
undertaken to identify the sources for these dry weather discharges and repair the sewers to 
eliminate the discharges. 
 
High levels of bacteria observed near NR20 and NR21 are attributed to failing septic systems from 
households in this upper portion of Norwalk River.  Recommendations provided earlier to address 
failing septic systems in terms of detection, enforcement to proper operation and maintenance, and 
education must be undertaken to improve water quality in this section. 
 
High counts of E. coli were noted at a site in the Silvermine River (SM3.1) with counts as high as 
40,000 coliform units per 100mL due to poor on-site septic system placement recently discovered by 
HW/RW near the James Street Bridge.  Land use behavior of owners in waterfront properties 
including mowing land adjacent to the river, discarding of leaves and yard waste, overuse of 
fertilizers, feeding geese and lack of septic system maintenance have been observed in this general 
region shown in Figure 5-16.  Specific recommendations are to fix the raw sewage hookup (using 
IDDE program recommendations provided earlier) to eliminate bacteria loads from this source; to 
work with the local community to promote proper yard maintenance adjacent to waterways; to 
manage waterfowl population.  

 
Figure 5-16. Pollutant Monitoring Site Location: SM3.1 
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High levels of bacteria observed at the following sites monitored by HW/RW, including SM6 
(Silvermine Tavern shown on Figure 5-17) and SM3.1 (Figure 5-16) require further investigation to 
characterize the specific sources, so that appropriate remedial actions can be pursued. 
 
High levels of bacteria have been observed near the confluence of Silvermine River and Belden Hill 
Brook and the source has been identified to be the large hobby farm located near this confluence 
(Figure 5-17). Water quality in the Belden Hill Brook upstream of the farm also shows exceedances.  
Additional monitoring and bacterial source tracking using techniques such as ribotyping and 
antibiotic resistance analysis can be used to demonstrate the cause-and-effects and educate/enforce 
to pursue remedial actions.  It is recommended that the wastes from this farm are eliminated from 
reaching the waterways by undertaking measures such as animal waste pickup and proper disposal; 
and enhancement or preservation of riparian buffers. 
 

 
Figure 5-17. Water Quality Monitoring Sites Located at Confluence of Belden Hill 
Brook and the Silvermine River and Side Stream next to Silvermine Tavern 

 
A pond alongside the Department of Mental Retardation is suspected to be a significant source of 
bacterial pollution (Figure 5-18).  In addition, a number of impoundments including Cooper Pond 
Brook (Ridgefield), Factory Pond (Redding), a small pond south from Old Highway Road (Wilton) 
and five acre pond (Norwalk) were documented to have geese and other waterfowl population that 
would contribute bacteria loads.  The recommendations provided earlier Section 5.1.7 for effective 
waterfowl management should be undertaken for each of these ponds and applied to other 
impoundments in watershed as appropriate. Continued water quality monitoring will aid in 
understanding the effectiveness of control strategies. 
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Figure 5-18. Pond alongside the Department of Mental Retardation 

 
The storm drain system at Moody’s Lane has been identified by HW/RW to have illegal hookups 
that need to be further inspected and verified using the DEEP IDDE procedures. Several potential 
illegal hookups have been identified and are shown in Figure 5-19. Based on recommendations 
made by HW/RW, the City of Norwalk has incorporated an investigation to verify the sources of 
illicit discharge sources into the pipe replacement project about to begin in the Lockwood 
neighborhood.  Upon verification, immediate efforts to eliminate these illicit discharges should be 
undertaken. 

    

Figure 5-19. Potential illicit discharges to the Moodys’ Lane site (HW/RW Monitoring) 
 

 

Source: Harbor Watch River Watch (2011) 
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Several sites along Comstock Brook showed high levels of bacteria including off of Middlebrook 
Farm Road in Wilton and in Ridgefield at Steep Brook near Governor Street showed high bacteria 
levels. Waterfowl is attributed to be the main source along with some hobby farm animals. Pet waste 
management and waterfowl control will help to address these impairments, which can be confirmed 
with subsequent water quality monitoring after implementation of these controls. 
 
Plan Recommendations: 
• Illicit discharges to storm sewers are among the primary contributors of bacteria loads to the 

Norwalk River and Silvermine River. Continue to monitor locations such as SM3.1, SM6 
(Silvermine Tavern) and Moody’s Lane and use the recommendations provided in Section 5.2.1 
to track and eliminate the dry weather bacteria sources. 

• Failing septic systems appear to contribute to bacteria contamination in the upper portions of 
Norwalk and the Silvermine River reaches. The recommendations provided for septic system 
operation and maintenance must be followed to eliminate this source of bacteria. 

 

5.3 Targeted Recommendations 
 
In addition to watershed-wide and site-specific strategies, some targeted recommendations are 
provided with the goal of reducing bacterial and nutrient pollutant loads to the Norwalk River or its 
tributaries. 

5.3.1 Identification of Large Private Lands for BMP/LID from Implementation 
 
Large private properties such as institutional, industrial, commercial and institutional buildings and 
lots may also offer tremendous opportunities for BMP/LID implementation based on the amount 
of stormwater generated within or upstream of these properties.  While LIDs can be implemented 
anywhere in a watershed, these large properties can be amenable to large structural BMPs such as 
retention basins, constructed wetlands and wet ponds that can provide significant reductions in 
nutrient and bacteria loads.  The MS4 permitting process by individual watershed municipalities can 
offer the permitting framework to require these large private property owners to pursue BMP/LIDs. 
Additional incentives such as tax breaks or cost-sharing grants can be provided to accelerate the 
implementation process. 
 
The property ownership information was reviewed to identify private non-residential properties 
targeted for BMP and LID installations (Figure 5-20) The NRWI will identify candidate sites for 
suitable BMP and LID installation and work with property owners of the target properties to 
identify and implement projects to control pollution from urban stormwater. 
 
Plan Recommendation(s): 
• Begin to work with owners of target privately owned lands identified in Figure 5-20 to 

incorporate LID practices and explore opportunities for large-scale BMP implementation into 
their existing landscapes, rehabilitation and the future development projects.  
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• Work with all Stormwater General Permit Holders to begin a constructive dialog and identify and 
support additional to include innovative approaches, such as incorporating vegetative buffers 
and rain gardens, instead of or to supplement subsurface structures.  

• Initiate and offer incentives and offer technical assistance through low-cost methods including, 
but not limited to webinars, online documents and the following websites: 
www.ct.gov/dep/stormwater. 

 
Figure 5-20a.  Potential Private Lands Available for BMP/LID Implementation – Upper 
Watershed 
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Figure 5-20b.  Potential Private Lands Available for BMP/LID Implementation – Lower 
Watershed 
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5.3.2 Nutrient Loads from Groundwater 
 
Significant amount of nitrogen reaches the Long Island Sound through groundwater sources. 
Nutrients infiltrating into the groundwater reappears in streams as base loads and the residence 
times are in the range of two to more than 50 years (Mullaney et al., 2006).  This source is the most 
challenging from a control standpoint, as the benefits will be seen only after a long-term and after 
investing significant financial resources. 
 
Plan Recommendation(s): 
• Encourage adoption of process-based BMP/LIDs (e.g., raingarden, constructed wetlands, and 

bioretention) to uptake nutrients instead of infiltrating into groundwater. 

• Evaluate the need and potential costs associated with treatment technologies for removing 
nitrogen from groundwater (e.g., Permeable Reactive Barrier, alternative septic systems, and STP 
expansions, in-stream wetland in upper reaches with high septic system density). 

5.3.3 Dam Removal 
 
In addition to potential eutrophication behind the dams that exist in the Norwalk River watershed 
and tributaries, impoundments also impact on fish migration. The dams along the Norwalk and 
Silvermine Rivers provide few benefits in terms of water storage for flood attenuation due to their 
“run-of-the-river” configuration. An inventory of impoundments in the watershed identified 51 
dams in Wilton, 10 in New Canaan, 23 in Ridgefield, 10 in Redding, 16 in Norwalk, and three in 
Lewisboro, New York (Figure 3-7). 

NRWIC (1998) specifically discussed three significant impoundments: the Flock Process Dam, the 
dam at a Wilton recreational site (Merwin Meadows) and the dam at Cannondale that had posed 
biggest obstacles to anadromous and coldwater fisheries.  There are other dams in the watershed 
that are privately owned by homeowners and businesses, but for recreational or aesthetic purposes. 

The presence of these dams in the watershed causes many problems. As mentioned above, a 
number of these dams on the Norwalk and Silvermine Rivers pose a barrier to fish migration. Dams 
tend to disrupt the natural flow of a river preventing the movement of sediments and nutrients, 
leading to a build up of sediments behind the dam, which can reduce channel depth and change the 
species present in a waterway. In addition, the numerous dams located throughout the watershed 
also provide detention time for the uptake of nutrients.  This, in turn, promotes the growth of plants 
and algae, resulting in eutrophication. 

Plan Recommendation(s): 
• Develop a list of in-stream impoundments on first and second order streams and prioritize 

impoundments for removal based on the impacts to water quality 

• Develop targeted strategies to reduce nitrogen and phosphorus inputs to the impoundments of 
concern, which may be more restrictive than the strategies adopted elsewhere in the watershed. 
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• Support connectivity through dam removal across the watershed moving forward on the removal 
of the Merwin Meadows (a.k.a. Dana) and Flock Process dams. Support projects for installation 
of fish ladders in locations where dam removal is not feasible. 
 

5.3.4 Transportation Corridors 
 
As discussed in Section 3, the Norwalk River and its tributaries are intersected by several major 
transportation corridors including I-95, U.S. 1, U.S. 7 and CT 15, also known as the Merritt 
Parkway, that provide east-west and north-south transportation routes. Approximately 7 square 
miles of the overall watershed area is covered by transportation corridors. On a national level, the 
impact of these corridors on water quality had not been studied well until the last decade. Several 
states such as California, Maryland, Texas, Florida and Delaware and the Federal Highway 
Administration (FHWA) have done recent and extensive research and monitoring programs to 
quantify the pollutant loads for constituents such as metals, suspended solids and nutrients from 
atmospheric deposition (Young et al., 1996; Currier et al., 2001; NCHRP, 2006; and FHWA, 2010). 
From water quality modeling studies performed in the Long Island Sound, about 13% of the 
nitrogen enrichment gets washed into the tributaries through in-basin atmospheric deposition and 
direct deposition on the Sound (NYSDEC and CTDEP, 2000).  Some specific challenges associated 
with treating highway stormwater discharges for nitrogen attributed to atmospheric deposition 
include: 

• Stormwater management vs. Highway Safety 
• Limited right-of-way 
• Highly impervious drainage areas 
• Extensive cuts and fills 
• Spill potential for hazardous material and associated cleaning/liability issues 
• Use of deicing and anti-skid materials 
• Higher concentrations of pollutants (e.g., metals and solids) 
• Thermal impacts in summer and winter 

 
Numerous BMPs and LIDs can be applied specifically for transportation corridors as summarized in 
the following documents. Process-based BMPs such as bioretention and constructed/ natural 
wetlands that can treat stormwater generated from road surfaces will significantly reduce nutrient 
and bacterial pollutant loads from this source. In major highway corridors, the existing catch-basins 
can be retrofitted to receive stormwater after receiving treatment from these BMPs. Availability of 
land may not be an issue in major corridors. For smaller road networks in dense urban areas, 
retrofitting of traffic triangles and areas between curbs and sidewalks may have to be retrofitted to 
design small-scale process-based BMPs. 
 
In order to facilitate the prioritization of BMP implementation, Figure 5-21 provides the ratio of 
transportation corridor to the area of each subwatershed in the Norwalk River watershed. Similarly, 
Table 5-2 provides a list of subwatersheds with high density of transportation corridor areas that can 
be pursued in the near future to control nutrient and indicator bacteria pollutant loads. A threshold 
of 8% has been set as high density to support this prioritization process. 
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Table 5-2: Priority Subwatersheds with High Density of Transportation Corridors 

Subwatershed Municipality Total 
Area (ac) 

Transportation 
Area (ac) 

Transportation 
Area Density (%) 

7300-00-09 Norwalk 2,653 326 12.3 

7300-18 Norwalk 1,370 138 10.1 

7300-01 Ridgefield 421 36 8.5 

7300-17 Norwalk 429 36 8.4 

 
 A number of examples and design guidance are included in the documents below.  
 

Low Impact Development Design Manual for Highway Runoff Control (LID Design Manual) 
http://www.coralreef.gov/transportation/evalbmp.pdf (accessed in January 2011) 

User’s Guide for BMP/LID Selection (Guidelines Manual) 
http://www.coralreef.gov/transportation/manual.pdf (accessed in January 2011) 

Evaluation of Best Management Practices for Highway Runoff Control, Transportation 
Research Board,  http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_565.pdf (accessed 
in January 2011) 

Fact sheets, design considerations, guidance manuals, for BMPs for roads and highways, 
USEPA Office of Watersheds, Oceans and Wetlands, 
http://www.epa.gov/owow/NPS/roadshwys.html (accessed January 2011) 

 
Plan Recommendation(s): 
• Promote the use of grass-lined swales and other bioretention practices along both major 

highways and local roadways, using a prioritization process recommended in Table 5-2 with 
priority subwatersheds for immediate implementation of BMPs. 

• A recent study of Route 7 completed by SWRPA recommends that LID techniques be applied to 
all new development in the corridor and specifically within the recommended development nodes 
to manage the quality and minimize the volume of added stormwater runoff to the Norwalk 
River, and supports the development of the Norwalk River Valley Trail. 

5.3.5 Water Quantity 
 
Flows in the waterways are generally reduced in summer months due to lower groundwater levels 
discharging minimal baseflows into the streams. Total flow consists of baseflow, runoff from 
summer rain events, interflow (runoff that leaches into the stream through soil), and in portions of 
the watershed, discharge from the sewage treatment plants.  DEEP performed a baseflow evaluation 
for the Norwalk River by comparing summer flows to other similar CT watersheds such as 
Saugatuck and concluded that there were no baseflow concerns. There are inter-basin transfers from 
Comstock Brook, with flow transfer records maintained by the 2nd water district. 
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Plan Recommendation(s): 
• In anticipation of DEEP’s regulations on water quantity, the tributaries with significant water 

withdrawal for source water supply such as Comstock Brook and Silvermine River need to be 
monitored during summer months to evaluate if there were any impact on fish and other benthic 
communities. 

Figure 5-21. Transportation Corridor Density in Subwatersheds of the Norwalk River 
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5.3.6 Conductivity Concerns 
 
HW/RW has reported high levels of conductivity at the water quality monitoring sites in Ridgefield 
shown in Figure 5-22, possibly due to the presence of marble and calc-silicate bedrock.  Dramatic 
spread in conductivity at the Ridgefield sites compared to the Norwalk sites has been a concern. 
Conductivity is a measure of electric current which reflects the concentration of salts in the water 
and that conductivity testing is often used to measure salinity.  Certain species of aquatic insects can 
be extremely sensitive to small changes in salinity which could impact the food chain. 

Conductivity in a stream can vary as a function of flow. As flow decreases, the concentration of total 
dissolved solids (TDS) can increase, thereby increasing the conductivity.  Similarly, as flows decline, 
water temperatures have a tendency to increase, thus affecting conductivity values.   
 
Plan Recommendation(s): 
• Specific additional water quality monitoring should be performed to confirm the sources as well 

as the extent of this concern. Literature values exist to correlate conductivity and TDS so that the 
load reductions can be estimated as pounds per day for to support the implementation of 
corrective measures. 

 

 
Figure 5-22. Water Quality Monitoring Sites with High Levels of Conductivity 
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5.3.7 Road Sand 
 
Historically sand has been applied on roads and highways in winter to provide traction for vehicles.  
Road sand is transported by stormwater to the waterways and impacts water quality (e.g., 
sedimentation and degradation of fish habitat).  NRWI completed the survey of current practices 
used by various municipalities and held an alternatives workshop for the watershed towns. 
Ridgefield, Norwalk, New Canaan and Redding have switched to pretreatment option with brine, 
and Wilton is in the process of switching.  Sand is currently only being used in combination with salt 
in locations that pose a safety concern (e.g. steep hills and sharp curves). 
 
Frequent cleaning of catch basins, capture using treatment technologies such as swirl separators or 
other BMPs prior to reaching the waterways, would help to reduce the impacts of road sand and 
other pollutants transported from roadways.  
 
Plan Recommendation(s): 
• Develop an implementable action plan through discussions with watershed municipalities' 

Department of Public Works (DPWs) to reduce the impacts of sediments from roadways on the 
river through, frequent cleaning of catch basins, capture using treatment technologies such as 
swirl separators or other BMPs prior to reaching the waterways and LID practices. 

• Work with DPWs to develop a regular monitoring and maintenance scheduled for catch basins 
and drainage structures and prioritize street sweeping to maximize efforts within the watershed. 

• Develop a comprehensive map of stormwater infrastructure within the watershed. 

• Review deicing practices regularly and adopt practices less harmful to water quality and wildlife as 
appropriate. 
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6. PLAN IMPLEMENTATION 
 

6.1 Management Measures 
 
 
The specific set of management actions reflecting the recommendations described in Section 5 are 
outlined below, in order to provide a footprint for initiating and implementing projects in the 
Norwalk River and its tributary watersheds.  The recommendations, as shown in Table 6-1, are 
grouped under each of the objectives identified in Section 2. It must be recognized that some 
specific management measures could help in achieving more than one objective, but the 
summarization simply reflects the closest (primary) objective that an individual action would help 
achieve.  This summary is a living document as individual actions can be taken out once they are 
completed and additional actions can be added based on hotspots or priorities chosen for action 
based on field inspections or the focus of specific funding mechanisms sought. 
 
Some of the implementation efforts can possibly be explored and acted on with relative ease and a 
shorter timeframe (months to a year or two).  Typical examples are review of ordinances to develop 
watershed-wide consistent stormwater regulations, field inspections to verify the causes of high DO 
swings, etc. Some other efforts or actions will require longer timeframes for implementation due to 
the funding needs, coordination among watershed stakeholders, design and permitting, and 
construction tasks.  Watershed stakeholders can use these recommended actions or measures to 
pursue specific funding mechanisms and undertake projects.  
 

6.2 Interim Milestones and Schedules 
 
Interim milestones, final outcomes and performance metrics for assessing the success of individual 
action items are summarized in Table 6-1, along with the stakeholders who can potentially lead the 
specific action items.  These will also help the stakeholders in tracking the progress in watershed 
management efforts and achievement of watershed goals and objectives over time. Again, these can 
be used as guidelines and be further refined by stakeholders during the WBP implementation 
process. 
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B 0 0 Goal B:  Habitat Restoration     
(Preserve and enhance wildlife habitat)

B 2 0 Objective B-2: Minimize loss of habitat values coincident with land use practices

B 2 4
Work with local open space policies to identify intact 
habitats and high functioning ecosystems for 
protections and preservation

x x 2-4 years - Habitats identified in each 
watershed town - W

B 2 5
Encourage articulation of habitat restoration & 
protection as a goal in municipal, regional & state 
Plans (POCDs).

x x x 2-4 years - Habitat goal included in all 
POCDs - W

B 3 0 Objective B-3: Restore diadromous and resident fish passage

B 3 2
Press forward on the removal of the Merwin 
Meadows (a.k.a. Dana) and Flock Process dams x x x 1-2 years - Restoration of fish passage and 

natural hydrologic regime - S

B 4 0 Objective B-4: Preserve and restore in-stream habitat

B 4 2
Support in-stream restoration efforts lead by local 
organizations x x 1-2 years - Member participation and/or letter 

of support for grant funding - W

B 4 3
Identify additional habitat restoration opportunities 
from stream walks and determine technical and 
financial assistance required

x x 1-2 years - Prioritized list of detailed 
restoration opportunities - T

B 4 5
Install and maintain BMPs (i.e. sediment traps) at all 
discharge points to the river x 2-4 years Identify suitable locations for 

BMPs Sediment traps installed % of discharge points with BMPs, 
implemented maintenance schedule S

B 5 0 Objective B-5: Maintain, enhance and increase riparian buffer areas

B 5 1 a

Adopt a targeted program to correct pollution from 
the hotspot areas identified in D-2-3a, including but 
not limited to field inspections, technical guidance, 
monitoring and enforcement

x 2-5 years Completion of riparian corridor 
analysis

Maps identifying riparian areas and 
conditions, with prioritization 
shown in color-coded format

% of watershed area completed in 
each WM W

B 5 1 b Implement  riparian restoration projects based on 
sites identified in B-5-1a

x x x 2-5 years Grant award Riparian corridors restored or 
rehabilitated

# of identified areas restored (Target 
is one project per year) T

B 5 2

Promote the use of grass-lined swales and other 
bioretention practices along both major highways and 
local roadways, using a prioritization process 
recommended in Table 5-2 with priority 
subwatersheds for immediate implementation of 
BMPs.

x x x 1-2 years Training (Classroom and Field)

Implementation of swales and 
bioretention practices with high 
level of effectiveness for indicator 
bacteria load reduction

% of transportation corridor treated 
by BMP/LIDs, with a target of 50% 
in 10 years

T

B 5 3 a

Conduct a more detailed watershed-wide tree canopy 
analysis, based on currently available data to 
determine the extent of tree cover and establish 
baseline conditions

x 1 year Grant award and contractor 
selection

Existing tree canopy maps for 
various municipalities

% of watershed area completed, in 
each WM W
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B 5 3 b

Quantify the value of urban forestry and tree 
programs for improving the aesthetics, energy 
efficiency and air quality, wildlife habitat, recreational 
opportunities, real estate values, and potential job 
opportunities using tools such as the one developed 
by Center for Neighborhood Technology

x 2 years Adoption of a valuation tool for 
the entire watershed

Quantified values on a watershed 
basis for communication with 
public

Completion of analysis and review in 
a stakeholder meeting W

B 5 3 c Track progress in the implementation of tree canopy 
cover on a watershed-wide level

x x Every 3 years Grant award Comparison of tree canopy cover 
to quantify benefits

% increase in canopy cover, with a 
target of 5% every 3 years  W

B 5 4
Develop a comprehensive urban forest master plan 
that integrates the LID benefits and sets a watershed-
wide urban tree canopy goal

x 1-2 years Partnership among WMs to 
perform this work Urban forest master plan Completion of the plan report W

B 5 5

Review the quantified benefits of increased buffer 
zones from states such as New Jersey to accelerate 
the buy-in and establishment of appropriate 
regulations. Also review the Riparian Toolbox that 
EPA-LISO had put together

x 1 year Grant award to perform this 
review

Compiled documentation for all 
stakeholders' reference Document completion W

B 5 6
Expand existing public education program to 
emphasize the value of riparian buffers and 
improvement of regulations to protect them

x x x 1 year Curriculum expansion Education and outreach 
documents

% representation from each WM, in 
terms of geographical coverage of the 
watershed

W

B 5 8
Support legislation that protects and repairs riparian 
zones x x x 1-5 years Letters of Support Statewide riparian protection Legislation Passed W

B 5 9
Continue support of projects and programs to 
remove trash and debris x x 2-4 years - Member participation in clean-up 

projects
Member participation in clean-up 
projects W

C 0 0

C 1 0 Objective C-1:  Identify appropriate areas for public access to the rivers and streams and increase public access where appropriate.

C 1 4
Support the Norwalk River Valley Trail (NRVT) 
Committee for greenway designation and trail 
development

x 1-2 years - Issuance of letter of support - S

C 2 0 Objective C-2:  Promote inclusive land use planning for natural resource conservation.

C 2 1 Encourage watershed-based land use planning x x x x 1-2 years - Round table discussion with all 
noted implementing organizations - W

C 2 2
Develop a framework and complete a comparative 
review of land use, open space and zoning regulations 
for all watershed municipalities 

x 1-2 years - Information collection and 
exchange between municipalities - W

C 3 0 Objective C-3:  Recognize the importance of maintaining and increasing open space to ensure proper functioning of the watershed.

C 3 1
Promote balanced growth which preserves property 
values and protects & enhances watershed resources 
for the future

x x 1-2 years - Local land use decisions inclusive 
of watershed resource protection - W

C 3 3
Develop an open space map for the watershed and 
identify key parcels beneficial for preservation x 1-2 years - Watershed-wide open space 

planning map - W

Goal C:  Land Use/Flood Protection/ Open Space  
(Promote Balanced Growth Which Preserves Property Values and Protects and Enhances the Watershed’s Resources for Future Generations)
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C 3 4
Identify, preserve and enhance areas important for 
flood storage and conveyance x x 1-2 years - Development protective of flood 

storage - W

C 4 0 Objective C-4:  Reduce the frequency and severity of flooding

C 4 1

Educate residents living within flood plains and flood 
prone areas of the vulnerability to flood damage and 
practices to protect and mitigate their property and 
families

x x 2-4 years - Educational information for 
distribution - W

C 4 3

Implement strategies identified in the current 
Predisaster Mitigation Strategy Documents, 
http://www.swrpa.org/Uploads/SWR-PDM_2011-
Final_reduced.pdf; and local and Regional Plans of 
conservation and development.

x Ongoing - Reduced vulnerability and damage 
as a result of flooding - W

D 0 0

D 1 0 Objective D-1: Eliminate illicit discharges to storm sewers

D 1 2

Continue the illicit discharge investigations and 
follow up for all hotspots identified during field 
reconnaissance/monitoring. The hotspots exhibit 
continuous discharges during dry weather periods and 
also involve exceedances of indicator bacteria criteria 
in the waterways during such periods

x x 1-2 years Completion of IDDE programs Videos, maps to confirm sources
# of sites investigated and scheduled 
for immediate remedial action by all 
WMs. Target is 100% in 10 years

S

D 1 3 Continue work to eliminate illicit discharges x x Ongoing Improved water quality Elimination of hotspots

# of hotspots removed from the list, 
comparison of pre and post-removal 
monitoring data to show progress - 
Target of 100% in 5-10 years

W

D 2 0 Objective D-2: Improve solid waste and liquid waste management throughout the watershed

D 2 1
Establish criteria to identify poorly-functioning on-
site septic systems in the watershed to facilitate 
implementation of inspection and O&M programs

x x x 1-2 years Acceleration of controls for septic 
systems

Consistent criteria for all WMs to 
pursue inspection and O&M

Completion of a technical 
memorandum on criteria based on 
EPA guidance and other case studies

W

D 2 2

Conduct an inventory of areas in each municipality 
where the greatest potential for a concentration of 
poorly-functioning on-site septic systems are located 
and include a brief description of the primary factors 
that contribute to these problems

x x x 1-2 years Watershed wide documentation
Documentation from all WMs with 
previous complaints or records on 
poorly functioning systems

A map of potential areas with greatest 
number of such systems to prioritize 
the subsequent inspections and 
actions

W

D 2 3 a
Develop a combination of GIS-based and advanced 
technologies such as infrared photography to identify 
hotspots that are affected by septic system failures

x x 2-4 years Grant to pursue this work Mapping of hotspots to facilitate 
the control and O&M programs

# of maps created in the watershed 
for action by individual WMs;  a 
report with findings

W

Goal D:  Water Quality 
(To restore and protect surface and ground water to meet State water quality standards throughout the watershed such that the Norwalk River supports its designated and existing uses)
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D 2 3 b

Adopt a targeted program to correct pollution from 
the hotspot areas identified in D-2-3a, including but 
not limited to field inspections, technical guidance, 
monitoring and enforcement

x 1-5 years Completion of inspections and 
monitoring

Elimination of failed septic 
systems through proper O&M

# of systems brought to normal 
operations - Target is 100% over 5 
years

S

D 2 4
Publicize and promote adequate maintenance of on-
site septic systems, using a variety of media and 
outreach techniques

x x 1-2 years Outreach material
Effective communication with 
public on the importance of 
inspection and O&M aspects

% of watershed covered for public 
outreach - Target is 100% in 1 year; % 
of population that maintain their 
systems without failures - Target is 
100% in 10 years

T  

D 2 9
Work with municipalities to develop a program to 
address potential environmental issues with poorly-
functioning septic systems

x x x 1-2 years Establishment of program Training/workshop Completion of the program for 
consistent use by all WMs W

D 8 0 Objective D-8: Continue water quality monitoring, data collection and assessment

D 8 1 a

Continue the annual water quality monitoring 
program and modify procedures as necessary. Results 
can be used to track improvements from watershed-
wide and site-specific pollution control measures and 
understand watershed responses under different 
hydrologic regimes

x x Annually Successful grant applications Data collection and water quality 
reports Continued Monitoring W

D 8 1 b Evaluate and communicate water quality trends x x x Annually Data analysis Historical trend and comparisons
analysis completed every 5 yrs, 
funding permitting and results shared 
with stakeholders

W

D 8 1 c Publish a yearly water quality summary report x x Annually - Annual monitoring reports Completion of annual report W

D 8 2 a

Coordinate monitoring for wet and dry weather 
conditions to characterize potential sources of water 
quality impacts in hotspots for indicator bacteria and 
nutrients

x x Ongoing Detection of sources
Isolation of hotspots and sources 
contributing pollution during dry 
weather determined

# of hotspots recommended for 
immediate remedial actions S

D 8 2 c
Continue to support ‘hotspot’ pollution response 
practices and appropriate solutions to eliminate 
pollution source 

x x x Ongoing Detection of sources
Isolation of hotspots and sources 
contributing pollution during dry 
weather determined

remedial actions and improved water 
quality after remediation S

D 8 4

Design and implement monitoring of LID practices 
on a demonstration basis and develop performance 
data to specifically support LID planning in the 
Norwalk River and tributary watersheds

x x x x x 1-4 years Performance evaluation data 
compilation

Field monitoring and 
characterization results and the 
associated scientific report

# of pilot projects completed (goal of 
6 different LID types over 4 years)  S

D 8 5 Seek funding to further evaluate TN and TP nutrient 
loading

x x x 2-4 years Grants Funding Additional Nutrient Load Assessment W

D 8 8

Reactivate the streamwalk program to support public 
outreach and also use volunteers for physical, 
chemical and biological assessment of stream health 
in the watershed

x Ongoing Grant/ volunteer sign-up Annual Streamwalk Annual Streamwalk held W
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E 0 0 Goal E:  Non-Point Source Runoff Management  

E 1 0 Objective E-1: Reduce the cumulative impacts of development and expand efforts to promote and implement Low Impact Development (LID) practices 

E 1 1

Encourage upstream watershed municipalities to 
embrace aggressive BMP/LID implementation 
projects with the goal of not transferring the 
stormwater problems to downstream areas

x x 1-2 years Education Watershed-wide permitting and 
coordination to achieve results

# of projects implemented in upper 
portions of the watershed T

E 1 2 b

Begin to work with owners of large privately owned 
lands, to incorporate LID practices into their existing 
landscapes, rehabilitation and the future development 
projects. Targeting properties identified as suitable 
candidates for LID retrofits (Figure 5-11) 

x x x 2-10 years

Outreach and buy-in from 
property owners, site scale 
evaluation and design for identified 
properties; funding secured; 
implementation; construction 
complete

Property owner buy-in, completed 
site designs, LID elements and 
practice incorporated into the local 
landscape

Number property owners contacted 
and met with, percent of properties in 
each WM, taken to design and 
implementation stages with 
appropriate grant/other financial 
support. Target is 1-2 properties per 
WM per year

T

E 1 2 c Identity projects from E-1-2a and b that would serve 
as appropriate demonstration projects

x x x 2-10 years
Demonstration projects initiated 
and promotional and educational 
materials developed

Demonstration projects in place in 
each watershed municipality

# of demonstration projects 
completed

E 1 3

Conduct monitoring programs to track the 
effectiveness of implemented LIDs. Also develop a 
watershed-wide database to track implementation 
projects undertaken and completed in municipal/state 
owned properties in the watershed

x 2-5 years Performance Evaluation Data

Monitoring data, comparison to 
literature and statistical analyses to 
show effectiveness and a database 
to track implementation projects

Number of seasonal and continuous 
monitoring programs implemented. 
Target is 1 to 2/year

T

E 1 4

Work with municipalities to determine how best to 
promote smart growth in urbanized areas including 
compact and preferred development areas based on 
availability of existing sewer, water, stormwater and 
transportation infrastructure. Using GIS to identify 
preferred areas for development and incorporate into 
POCD recommendations 

x 1-5 years
Adoption of smart growth 
elements in development/ 
redevelopment initiatives

Maps of preferred areas and 
associated public outreach to 
promote smart growth

# of Municipalities adopting smart 
growth elements. Target is 100% at 
the end of 5-years

W

E 1 6 Develop a municipal rain barrel giveaway/incentive 
program

x 1-2 years Secure funding or grants Rain barrels implementation in all 
WMs

Effectiveness of rain barrels and 
compilation of O&M needs, 
frequency of training programs for 
homeowners. Target is 200 barrels 
per WM over 2 years

W

E 1 7

Conduct an evaluation study of the long-term 
program costs and financing alternatives  for 
developing incentives for private property owners to 
implement LID practices (e.g., stormwater fee 
discounts for the disconnected impervious area)

x x 1-2 years
Business model LID 
implementation in private 
properties

Guidance document on program 
costs, barriers to implementation

# of WMs adopting LIDs to achieve 
MS4 permit requirements. Target is 
100% in 2 years

W

E 1 9 a

Conduct a GIS-based inventory of medium to high 
density areas (0.25 to 1.0 acre lots) that can be 
targeted for roof leader disconnection programs and 
design visual inspections to quantify the potential 
benefits

x x 1-2 years Inventory of opportunities
Maps showing priority areas for 
roof leader disconnection for each 
WM

% watershed area completed for 
inventory and tracking, W

(Reduce the cumulative impacts of development and non-point source pollution in runoff)
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E 1 9 b
Promote the reduction of rooftop runoff and reuse of 
stormwater using rain barrels, rain gardens or other 
LID practices

x x x x 2 years Completion of brochure/ training 
material

Brochures and guidance manual to 
public, financial incentive program 
for implementation

# of households and businesses 
adopting the reuse concept (target 
25%  over 10 years for each WM)

T

E 2 0 Objective E -2:  Ensure municipal regulations support the implementation of LID practices

E 2 1 a

Review the municipal codes and ordinances of seven 
watershed municipalities and incorporate specific 
recommendations to embrace a watershed-wide 
implementation of LID elements, giving preference 
to process-based LID practices that promote nutrient 
uptake (e.g., rain garden, bioretention)

x x x 6 months to 1 
year

Consistency in control practices in 
all WMs

A report reviewing all municipal 
ordinances and making 
recommended changes to codes 
and ordinances

Completion of the report and 
submission to WMs W

E 2 1 c
Implement changes to codes and ordinances to 
promote process-based LID practices on a watershed-
wide scale as recommended by the results of E-2-1a

x 1-2 years Adoption of changes Consistent codes and ordinances 
on a watershed basis # of WMs formally adopting changes W

E 2 2

Modify the Stormwater Runoff section of municipal 
zoning regulations to include a set of stormwater 
management standards, including consideration of 
multiple targets for stormwater control; and establish 
clearer, specific performance standards for projects. 
Such standards can include LID practices that 
recognize stormwater as resource rather than a waste 
to be conveyed to the waterways instantaneously

x x x 1-2 years Modified zoning regulations Consistent codes and regulations 
for the watershed

Adoption and associated revision in 
regulations in all WMs. Target is 
100% at the end of 2-years

W

E 2 3

All the seven watershed municipalities in CT and NY, 
as part of their Municipal Separate Storm Sewer 
System (MS4) permits, should consider integrating 
LID elements into their capital improvement 
planning process to further reduce runoff volume, 
peak flow rates and stormwater pollution from their 
respective drainage areas

x 1-2 years Guidance to WMs Modification of protocols used 
within WMs to achieve this goal.

All municipalities adopting LIDs in 
capital improvement planning. Target 
is 100% over 1-2 years.

W

E 2 4
Provide education to local land use agencies regarding 
LID practices so that they can promote and 
implement these practices

x x 1-2 years Training Session for local board 
and commission members

Adoption of LID practices in 
regulations by all WMs

Timeframe for all WMs to adopt new 
regulations W

E 2 5

Encourage revision of local land use regulations to 
address the impacts of new development on the 
natural environment including provisions that require 
that new construction result in a net zero increase in 
stormwater runoff from the site, both during and 
after construction

x x x 2-4 years Revised land use regulations, Draft 
revised regulations

Consistent codes and regulations 
to achieve net zero increase in 
stormwater runoff for all 
watershed municipalities

CTDEP/NYSDEC stormwater 
regulations have this criteria. Any 
revisions to make sure that this is 
adopted by 100% of applicants in all 7 
WMs

W

E 3 0 Objective E -3:  Advocate for a state and local permitting framework that best protects water resources from the impacts of non-point source runoff

E 3 1
Support & recommend increased capacity for 
inspection and enforcement of current and future 
stormwater general permits in the watershed

x x x x 1-2 years
Request made to CTDEP and 
legislators, Letters of support 
provided

Enforcement program developed, 
Streamlined permit review for all 
WMs

Completion of the general permit 
review protocol and communication 
with WMs

W
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E 3 3

Work with state agencies and local municipalities to 
ensure flood plains are considered as part of the 
design and review of stormwater management 
methods, and the interactions between both systems 
are evaluated

x x 2-4 years Training held for municipal boards 
and commissions

Reduction of improperly 
functioning stormwater systems 
and protection of the flood plain

- W

E 5 0 Objective E-5: Manage bacterial contamination from waterfowl and domestic/farm animals

E 5 1 Adopt a local ordinance to prevent feeding of water 
fowl

x 2-5 years Adoption of ordinance Consistent ordinance among all 
WMs

Ordinance adopted by all 7 
municipalities W

E 5 3 Employ effective methods to significantly reduce the 
non-migratory goose population

x x 2 years Testing to confirm effectiveness of 
methods

Guidance document for different 
methods and their effectiveness

Reduction in waterfowl populations/ 
improvement in water quality in 
impoundments with current 
waterfowl problems. Target of 30% 
on a watershed-basis over a period of 
10 years.

W

F 0 0 Goal F: Stewardship and Education  

F 1 0 Objective F-1:  Develop a mechanism to monitor The Action Plan, implement such a mechanism, and foster watershed stewardship. 

F 1 1

Maintain representation and participation from 
watershed stakeholders including federal and state 
agencies, businesses, individuals, and community, 
environmental and educational organizations

x Ongoing
Attendance by a representative 
from each identified stakeholder at 
a meeting at least once per year. 

Increased participation for 
initiative group members attendance at monthly meetings W

F 1 2

Maintain Watershed Coordinator position to assist in 
monitoring plan implementation and coordination 
activities.  Secure funding for contracting on a two-
year basis

x x x Ongoing Secure funding for coordinator 
position position contracted position maintained W

F 1 3
Hold formal annual meetings to review progress and 
communicate results x Ongoing - Meeting held each year Target 100% representation from 

watershed stakeholders W

F 1 4
Conduct an evaluation of the Action Plan every five 
(5) years x 5 years Plan assessment in 2016 Analysis and implementation 

summary
Initiation of plan update (F-1-5) or if 
no changes needed reassess in 2018 W

F 1 7
Develop an outline to assign implementation actions 
to address identified impaired segments x 1-2 years - Matrix of BMPs by Segment - T 

F 2 0 Objective F-2:  Provide information and education about the Norwalk River Watershed.

F 2 1

Develop a comprehensive public relations 
plan/program to engage, public entities, private 
interest groups (i.e. local Chambers of Commerce) 
and professional organizations in stewardship of the 
watershed

x 1-2 years Planning Committee Assembled Formal public involvement plan 
developed

Increased watershed stewardship, 
measured through reductions in NPS 
targets and increased participation in 
meetings and activities

W

(Educate the community about the boundaries and functions of the Norwalk River Watershed, the specific need for protection or, and improvement to, the river system, the benefits of a healthy watershed 
to individuals and communities, and the opportunity to speak out on issues and to participate in the stewardship of the watershed.)
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Schedule Milestones Outcomes Evaluation and Performance 
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sk

F 2 2

Create and maintain a user-friendly website for the 
Norwalk River Watershed to include information on 
the Initiative’s Action Plan, updates on 
Implementation Activities, and information related to 
protecting and restoring the health of the river

x 1-2 years Website platform and design 
established Website up and running number of 'hits' the site receives W

F 2 3 a Identify a means to support and fund environmental 
education programs outside the classroom

x x 1 year Grant award Program development and location 
identification (e.g., NMA) Educational curriculum and materials W

F 2 3 b

Develop a framework for youth organizations (e.g. 
NRWA badge programs for scouts) and local schools 
(e.g. NRWA River Study Program, Roots and Shoots 
extracurricular program in NJ schools) that highlights 
the comprehensive relationships between local, 
regional and global water issues and builds programs 
for local environmental stewardship

x x x 1-2 years Grant award and volunteer 
identification Education materials development

Completion of the materials; # of 
training/outreach programs 
conducted (Target of 3-4 
programs/year)

W

F 2 5
Identify audience and topics of interest.  Coordinate 
workshops & public lectures and develop related 
resources as appropriate

x x 1-2 years
List of topics developed, Public 
events organized and target 
audience identified

Public events held Attendance at public events, targeting 
at least 1 event per year W

F 2 6

Increase watershed stewardship efforts (watershed, 
stream, stormwater pollution prevention, and catch 
basin markings) and create educational displays in 
highly visible, strategic locations throughout the 
watershed

x x x 2 years Grant award and partnerships 
among WMs

Publications and displays, kiosks, 
surveys to track awareness and 
stewardship among public

# of people trained # of surveys done 
and review of survey responses (goal 
of one every summer) ; # of kiosks 
setup and the frequency of their usage

W

F 2 7
Develop a public education campaign using the lower 
Silvermine watershed as a model for implementation 
of residential BMPs

x x x 1-2 years program developed, funding 
identified and outreach initiated

Program developed, funding 
secured and campaigned 
completed

increased community involvement 
and reduction in waste and NPS 
runoff from residents

T

F 2 9
Develop an education program regarding BMPs for 
appropriate management of yard and pet waste x 1-2 years - Educational materials developed 

and distributed - W

F 3 0 Objective F-3:  Expand coordination and communication with watershed municipalities.  

F 3 2
Encourage articulation of the Action Plan’s watershed 
protection goals as a goal in municipal & state Plans 
(POCDs).

x  4+ years - Goals and Recommendations 
incorporated in to POCD updates - W

F 3 4
Meet with watershed town officials on an annual basis 
to provide an update on implementation activities and 
discuss issues of concern

x 1-2 years - Annual meeting will all watershed 
CEO's - W

Abbreviations:   

Spatial scale: W – Watershed-wide, S – Site-specific, and T – Transportation.  

Implementing Organizations: NRWI – Norwalk River Watershed Initiative; NRWA –  Norwalk River Watershed Association;  WM – Watershed Municipalities;  RPAs – Regional Planning Agencies;  DEEP –Connecticut Department of Energy & Environmental Protection; NYSDEC – New York State Department of 
Environmental Conservation; CTDOT – Connecticut Department of Transportation; NRCS – Natural Resources Conservation Services; TU – Trout Unlimited; HW/RW – Harbor Watch/River Watch; SWCD – Southwestern Conservation District; Publicly Owned Treatment Works; UConn – University of 
Connecticut; NMA – Norwalk Maritime Aquarium; USDA/USGS – U.S. Department of Agriculture/U.S. Geological Survey. 
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6.3 Urban Stormwater Controls 
 
Urban stormwater runoff from the six CT municipalities and Lewisboro in NY are among the major 
sources of bacteria, as reviewed in Section 4 on Estimation of pollutant Loads. Control of pollution 
from this source is quite challenging due to the highly varying volume and peak runoff rates and the 
pollutant load generation and transport from source areas (CTDEP, 2004; NYSDEC, 2010). This 
sub-section provides guidance on the selection of control measures to address pollution from urban 
stormwater. 
 
A number of stormwater controls can be effective in reducing indicator bacteria and nutrient loads 
targeted in the Norwalk River and its tributary watersheds.  Table 6-2 lists control practices effective 
for water quality protection as suggested in the NYSDEC stormwater manual (NYSDEC, 2010), for 
example.  Almost all of these are structural practices (e.g., filtration, infiltration, runoff peak or 
volume control, ponds, wetlands, and manufactured technical devices) requiring feasibility 
evaluation, engineering design and construction, operation and maintenance, and permitting. Capital 
and operations and maintenance costs of individual controls can be significant, however, they are 
usually designed to treat runoff volumes or pollutant loads generated from drainage areas much 
larger than the controls’ actual footprints to make them more cost-effective.  The land areas for 
implementation of such controls in urban areas of this watershed are very expensive and also the site 
selection needs to ensure that enough water can be brought to the BMP locations in order to 
provide treatment. Public lands can be explored first and then the large private lands for 
implementation of potential control measures. 
 
Capital and operations and maintenance costs of management measures will help with project 
development, planning and implementation.  Cost information was reviewed from multiple sources 
such as the EPA’s Stormwater Menu of BMPs, EPA Preliminary Data Summary of Urban 
Stormwater BMPs, cost information from existing BMPs in the area, and the cost calculations 
carried out on the basis of guidelines provided by the EPA (Muthukrishnan et al., 2004).  A literature 
search was performed to obtain region-specific cost information pertaining to the coastal 
Connecticut and similar areas. 
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Table 6-2.  Stormwater Management Measures Effective for Water Quality Improvement 

Group  Practice Description 

Pond  

Micropool Extended 
Detention Pond (P-1) 

Pond that treats the majority of the water quality volume 
through extended detention, and incorporates a micropool at 
the outlet of the pond to prevent sediment resuspension.  

Wet Pond (P-2)  Pond that provides storage for the entire water quality volume 
in the permanent pool.  

Wet Extended Detention 
Pond (P-3)  

Pond that treats a portion of the water quality volume by 
detaining storm flows above a permanent pool for a specified 
minimum detention time.   

Multiple Pond System (P-4)  A group of ponds that collectively treat the water quality 
volume.  

Pocket Pond (P-5)  

A stormwater wetland design adapted for the treatment of 
runoff from small drainage areas that has little or no baseflow 
available to maintain water elevations and relies on ground 
water to maintain a permanent pool.  

Wetland  

Shallow Wetland (W-1)  A wetland that provides water quality treatment entirely in a 
wet shallow marsh.  

Extended Detention Wetland 
(W-2)  

A wetland system that provides some fraction of the water 
quality volume by detaining storm flows above the marsh 
surface.  

Pond/ Wetland System (W-3)  
A wetland system that provides a portion of the water quality 
volume in the permanent pool of a wet pond that precedes the 
marsh for a specified minimum detention time.  

Pocket Wetland (W-4)  
A shallow wetland design adapted for the treatment of runoff 
from small drainage areas that has variable water levels and 
relies on groundwater for its permanent pool.  

Infiltration  

Infiltration Trench (I-1)  
An infiltration practice that stores the water quality volume in 
the void spaces of a gravel trench before it is infiltrated into 
the ground.  

Infiltration Basin (I-2)  An infiltration practice that stores the water quality volume in 
a shallow depression, before it is infiltrated it into the ground.  

Dry Well (I-3)  An infiltration practice similar in design to the infiltration 
trench, and best suited for treatment of rooftop runoff.  

Filtering 
Practices  

Surface Sand Filter (F-1)  
A filtering practice that treats stormwater by settling out larger 
particles in a sediment chamber, and then filtering stormwater 
through a sand matrix.  

Underground Sand Filter (F-
2)  

A filtering practice that treats stormwater as it flows through 
underground settling and filtering chambers.  

Perimeter Sand Filter (F-3)  A filter that incorporates a sediment chamber and filer bed as 
parallel vaults adjacent to a parking lot.  

Organic Filter (F-4)  A filtering practice that uses an organic medium such as 
compost in the filter, in the place of sand.  

Bioretention (F-5)  
A shallow depression that treats stormwater as it flows 
through a soil matrix, and is returned to the storm drain 
system.  

Open 
Channels  

Dry Swale (O-1) 
An open drainage channel or depression explicitly designed to 
detain and promote the filtration of stormwater runoff into the 
soil media.  

Wet Swale (O-2)  An open drainage channel or depression designed to retain 
water or intercept groundwater for water quality treatment.  

Source: NYSDEC Stormwater Manual (2010) 
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In addition, some case studies from PlaNYC (2008) were reviewed for the BMP/LIDs such as green 
roofs, porous pavements, and rain barrels. The suggested initial and operations and maintenance 
costs of BMP/LIDs that could be considered for urban stormwater treatment are summarized in 
Table 6-3. 

Table 6-3.  BMP/LID Capital and O&M Costs 

BMP Capital Cost per unit ($) O&M Cost per unit ($) Unit 
Wet Pond 5.1 - 8.5 0.9 – 1.5 Cubic Feet 
Dry Pond 2.6 – 6.8 0.4 – 1.2 Cubic Feet 

Bioretention 8 - 20 2 – 5 Cubic Feet 
Rain Barrel  7 - 8 - Gallon 
Porous 
Pavement 6.20 0.8 Square Feet 

Grassed Swale 0.56 0.20 Square Feet 

Green Roof 20 - 28 5 – 7 Square Feet 
 
Another key parameter in the selection of management measures is their effectiveness to achieve the 
desired pollutant reduction targets. The removal efficiencies are suggested for TN, TP, TSS, and 
indicator bacteria in Table 6-4, compiled by reviewing various literatures and using best professional 
judgment based on literature values. Removal efficiencies for some practices were not suggested in 
cases where the performance information reported in the literature was very limited. 

Table 6-4. Pollutant Removal Efficiencies of BMP/LIDs 

BMP Source* 
Water quality performance - Percent 

removals 
TSS TN TP Bacteria 

Bioretention 

Literature Median Value 52 43 22 - 
NPRPD 59 46 5 n/a 

NYS chapter. 6 80 G (>30) 40 F (35-70) 
NYS table A.4 85 40 60 35 

MD guide 90 40 40 - 
RR memo - 78 73 - 

Suggested Value 52 43 22 70 

Constructed Wetland 

Literature Median Value 58 22 45 - 
NPRPD 72 24 48 78 

NYS chapter. 6 80 G (>30) 40 G (>70) 
NYS table A.4 80 30 50 80 

MD guide 80 30 50 - 
RR memo - 40 63 - 

Suggested Value 58 22 45 50 

Dry Pond 

Literature Median Value 61 25 17  
NPRPD 49 24 20 88 

NYS chapter. 6 - - - - 
NYS table A.4 - - - - 

MD guide 60 30 20 - 
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Table 6-4 (continued).  Pollutant Removal Efficiencies of BMP/LIDs 

BMP 
Source* Water quality performance - Percent 

removals 
 TSS TN TP TSS 

Dry Pond 
(continued) 

RR memo - - - - 
Suggested Value 61 25 17 30 

Grassed Swale 

Literature Median Value - - - - 
NPRPD - - - - 

NYS chapter. 6 80 - 40 - 
NYS table A.4 85 50 40 0 

MD guide - - - - 
RR memo - 32 28 - 

Suggested Value 85 32 28 0 

Green Roof 

Literature Median Value - - - - 
NPRPD - - - - 

NYS chapter. 6 - - - - 
NYS table A.4 - - - - 

MD guide - - - - 
RR memo - 53 53 - 

Suggested Value - 53 53 - 

Porous Pavement 

Literature Median Value 93 88 48 - 
NPRPD 89 42 65 n/a 

NYS ch. 6 - - - - 
NYS table A.4 90 50 70 90 

MD guide 90 50 70 - 
RR memo - 70 70 - 

Suggested Value 90 70 48 70 

Rain Barrel 

Literature Median Value - - - - 
NPRPD - - - - 

NYS chapter. 6 - - - - 
NYS table A.4 - - - - 

MD guide - - - - 
RR memo - 40 40 - 

Suggested Value - 40 40 - 

Wet Pond 

Literature Median Value 76 30 48 90 
NPRPD 80 31 52 70 

NYS chapter. 6 80 G (>30) 40 G (>70) 
NYS table A.4 80 35 50 70 

MD guide 80 30 50 - 
RR memo - 35 63 - 

Suggested Value 76 30 48 70 
*Source CWP (2007) National Pollutant Removal Performance Database (NRPRD): Version 3, 2007; median values.  For permeable pavement, used 
infiltration practice data.  Values are generally mass or load-based measurements of efficiency; NYSDEC Manual (2010): Just "Phosphorus" and 
"Nitrogen" are listed.  Indicator bacteria is lumped; NYSDEC (2001) Table A.4 is from Appendix A of the 2001 manual.  This appendix and table 
were removed in subsequent versions (2003 onward); CWP (2005) MD guide: A User’s Guide to Watershed Planning in Maryland, CWP.  Dry pond 
value assumes extended detention.  For permeable pavement, used infiltration practice data; CWP (2008), Runoff Reduction Method (referred to as 
RR memo), CWP Runoff Reduction Method, 2008.  Values are mean for Total Removal (considers change in concentration and volume). 
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6.4 Estimated Load Reductions 
 

Pollutant load reductions were estimated for various watershed management measures and the 
suggested effectiveness values in PRedICT (Evans et al., 2007) and those reviewed in Table 6-4 were 
used to estimate the load reductions for these recommendations.  The approaches and assumptions 
used for evaluating the benefits of major recommendations are discussed in the following sub-
sections. 

Annual average pollutant load reductions for TN, TP, TSS, and bacteria (E. coli) were estimated for 
the entire Norwalk River watershed.  Table 6-5 summarizes the anticipated pollutant load reductions 
for each watershed management measure, based on specific impaired segments.  Table 6-6 
summarizes the extent of management practices needed to achieve the bacteria load reductions to 
enable the delisting of individual impaired segments. Abbreviations for each management measure 
are shown in the following list to be able to recognize them easily in the cost and pollution reduction 
summaries. 

Illicit Discharge Detection and Elimination (IDDE) 
Illicit discharges during dry weather are among the major sources of bacteria loads to the 
Norwalk River watershed and tributaries. With a stringent TMDL goal to reduce bacteria 
loading by 76% at the lower end of Norwalk River, the recommendation is to achieve 100% 
elimination of these dry weather sources over 10 years. An interim target of 50% can be used 
for tracking the progress over the next five years. 

Management of Septic Systems (SEP) 
Septic system failures are identified as another major contributor of bacteria loads, at both 
watershed and site-scales, during rainy periods.  The recommendation is to achieve 100% in 
proper inspection, repairs and operation and maintenance of septic systems, so as to completely 
eliminate such failures over a period of 10 years. An interim target of 50% can be used for 
tracking the progress over the next five years. 

LID Adaptation (LID) 
The LID retrofits are practices to manage stormwater runoff while maintaining or restoring the 
natural hydrology.  Examples include raingardens, vegetated swales, bioretention units, green 
roofs, and porous pavement. The goal is to implement LID retrofits as source control 
mechanisms to reduce stormwater discharge volumes and associated pollutant loads to the 
Norwalk River and its tributaries. 

Based on a review of LID planning reports, the benefits of LIDs can be represented in terms of 
effective reductions in total impervious cover within urban areas. Similar to Fuss & O’Neill 
(2009; 2010), a conservative reduction in the amount of 1.5% of the total impervious cover was 
assumed to be achievable through implementation of LID techniques in the entire Norwalk 
River watershed. The distribution of low and high density developments in each sub-watershed 
was used to appropriately calculate the benefits and then summarize on an impaired segment 
basis. 
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Land Use Regulations and Smart Growth (LUS) 
Streamlining of land use regulations within the watershed municipalities and promoting smart 
growth in certain geographical areas can help in reducing the potential for pollutant loads. In 
the absence of a future land use and growth scenario available on a watershed-wide basis and 
very sporadic literature to support any assumptions, the potential benefits and associated costs 
are not quantified here. 
 
Downspout Disconnection (DOD) 
Disconnection of roof area runoff from reaching storm or illicitly into sanitary sewers will 
reduce the peak flow reaching the sewers. The runoff diverted into pervious areas or reused for 
purposes such as watering of lawns and plants will reduce the overall stormwater runoff volume 
for small to moderate storms (say, less than one inch). One of the recommendations is to 
conduct field scale assessment of downspout connections to sewers and target areas in the 
watershed with high density of connections that will benefit from disconnection. In the absence 
of this information, the potential benefits and total costs are not quantified here. 
 
Riparian Buffers (RBF) 
Riparian buffer, or vegetative buffer, is a strip of grasses, shrubs, and/or trees near a stream to 
trap sediment and associated pollutants generated from surrounded land uses.  The Watershed 
Treatment Model-WTM (Caraco, 2001) suggests 30% reduction efficiency for TN, 10% for TP, 
and 70% for TSS. No suggested value was available for indicator bacteria treatment in WTM. 
Lammers-Helps and Robinson (1991) developed bacteria load reductions for buffer strips.  
Young et al. (1980) measured bacteria in feedlot runoff. Buffer strips between 21.34 m and 
27.43 m reduced total coliform and fecal coliform 69%.  The bacteria reduction efficiencies 
were assumed to be 70% for areas that are not influenced by waterfowl and 20% for other 
urban areas that can be influenced by waterfowl. With high levels of targeted reductions in 
bacteria loads, the riparian buffers are recommended for 100% of river miles along the low and 
high intensity developments, over a period of 20 years. An interim target of 50% can be used to 
track the progress over the next 10 years. 
 
Management of Pollution from Waterfowl and Domestic/Farm Animals (WAT) 
Pollution from waterfowl and domestic/farm animals has been identified as one of the major 
sources from streamwalk surveys (NRCS 1997; 1999) and HW/RW monitoring programs.  
DEEP estimates the statewide population for Canadian geese and ducks to be 24,000 and 
57,000, respectively, in the breeding season of 2011 (CTDEP, 2011). These estimates include 
both migratory and non-migratory goose populations and specific estimates for the Norwalk 
River watershed are unavailable. This management measure is targeted at the non-migratory 
goose population and will require performance evaluation of best technologies and adoption on 
a watershed basis. While the domestic/farm animal wastes can be controlled through site-scale 
BMPs at their sources, the wastes from waterfowl will continue to impair the water quality for 
bacteria. As such, it will be impossible to achieve 100% reduction in bacteria loads from this 
source, and the recommendation is to achieve a targeted 30% reduction from the existing 
conditions. 
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Urban Greening (UGR) 
Increased tree canopies and plant coverage will benefit in terms of capturing additional water 
through evapotranspiration and interception and providing secondary environmental benefits. 
One of the recommendations is to develop and adopt an urban forestry plan that will provide a 
quantitative basis for calculating potential benefits using tools such as the Center for 
Neighborhood Technology (2011). Therefore, the potential benefits and total costs are not 
quantified in this report. 
 
Large-scale BMPs for Urban Stormwater Management (BMP) 
Based on new stormwater regulations at the federal and state levels, new or redevelopment 
projects are subjected to stormwater controls aimed at water quality and quantity improvement.  
However, the existing urban landscape developed over the past few decades has typically been 
governed by site-scale peak runoff flow reduction requirement. This indicates that a 
predominant portion of the urban landscape needs stormwater management measures to 
reduce the bacteria and nutrient loads to the waterways. As reviewed in Section 6-3 on Urban 
Stormwater Controls, structural BMP practices such as bioretention (with bacteria reduction 
effectiveness of 70%), constructed wetlands (effectiveness of 50%) and wet ponds 
(effectiveness of 70%) are effective in terms of reducing bacteria loads from contributing urban 
drainage areas. 

Among the targeted recommendations are public and large-private properties that can offer 
potential for structural BMP implementation. For the purpose of this WBP development, 
constructed wetlands with a conservative 50% effectiveness for bacteria control was used to 
evaluate the overall load reduction on a watershed-wide basis.  About 50-60% of the urban 
runoff from the entire watershed will need to be treated with multiple constructed wetlands, 
wet ponds and bioretention, in order to meet the desired bacterial control targets for various 
impaired segments. 

Streambank Stabilization/Restoration (STR) 
Streambank stabilization is a very effective method of reducing TSS loading. A planning-level 
evaluation of stabilizing 10% of the entire streambank length in the watershed is presented 
here. Reduction efficiencies of 36% for TN and 95% for phosphorus and TSS from Evans et 
al. (2007) were used to determine the overall load reductions.  There is no direct benefit for 
bacteria load reduction from this recommendation, therefore, the stabilization should be 
adopted where there are specific stream segments with bank erosion and sedimentation 
problems. 

Transportation Corridors (TRA) 
The Norwalk watershed is intersected by major transportation elements including parkways, 
national highways and boulevards/streets. The modeling framework adopted here incorporates 
transportation corridors as part of the urban and transitional land uses evaluated for pollution 
control. With this, the transportation corridor-related pollutant loads were separated and 
structural BMPs such as wet ponds, wetlands and bioretention were evaluated (similar to the 
large-scale BMPs for urban stormwater management). The event mean concentrations for 
bacteria from transportation corridor are typically less than other urban areas. Therefore, the 
benefits of treating highway/roadway runoff will be realized in terms of nutrients and solids 
and to a much smaller extent the bacteria. The recommendation is to achieve 100% treatment 
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of highway/roadway runoff over a period of 20 years. This indicates that all the highway runoff 
gets diverted to process-based BMPs/LIDs for treatment prior to being discharged into storm 
sewers and then into the waterways. An interim target of 50% can be used to track progress in 
pollutant load reductions over the next 10 years. 

Education and Outreach (EDU) 
Both lawn care practices and pet waste disposal aspects were considered in the estimation of 
load reductions from public education and outreach.  The suggested reduction coefficients 
from Watershed Treatment Model (Caraco, 2001) were used to support the estimation of load 
reductions. Estimates of total lawn area and total number of households were developed using 
assumed lot to lawn ratios and lot acreages, and the Watershed Treatment Model coefficients 
were then used to develop load reductions for TSS, TP, TN and indicator bacteria. 
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Table 6-5. Estimated Load Reductions for Key Management Measures 

Watershed Management Recommendation 
TN TP TSS E. coli Percentages 

(lb/yr) (lb/yr) (lb/yr) (billion/yr) N P TSS E. 
coli 

Existing     266,193        33,669        13,973     1,552,146  100% 100% 100% 100% 
Illicit Discharge Detection & Elimination (IDDE)         5,324            673   -        491,573  2% 2%  -  32% 
Management of Septic Systems (SEP)       96,437        19,855   -        231,781  36% 59%  -  15% 
LID Adaptation   (LID)           124              23                2           7,898  0% 0% 0% 1% 
Land Use and Smart Growth (LUS)  -   -   -   -   -   -   -   -  
Downspout Disconnection (DOD)  -   -   -   -   -   -   -   -  
Riparian Buffers (RBF)         3,646            147              85         64,519  1% 0% 1% 4.2% 
Management of Waterfowl & Animal Wastes (WAT)       11,392          1,441   -         66,426  4% 4%  -  4.3% 
Urban Greening (UGR)  -   -   -   -   -   -   -   -  
Large-scale BMPs for Urban Stormwater Mgmt (BMP)         8,369            916              88        296,923  3% 3% 1% 19% 
Streambank stabilization/ Restoration (STR)             44              51          1,155   -  0% 0% 8%  -  
Transportation Corridors (TRA)         2,315            309              16           5,354  1% 1% 0% 0% 
Education & Outreach (EDU)         5,877            388   -         21,296  2% 1%  -  1% 

Load Reduction Achieved      33,528        23,803          1,346     1,185,770  50% 71% 10% 76% 
Remainder Pollutant Loads to Norwalk Waterways     132,665         9,866        12,628       366,375  50% 29% 90% 24% 

NOTE: TN – Total Nitrogen, TP – Total Phosphorus, TSS – Total Suspended Solids and E. coli – Escherichia Coli 
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Table 6-6. Summary of Management Measures Needed to Delist Impaired Segments 

 

6.5 Estimated Costs 

Suggested unit cost estimates for the various watershed-wide recommendations are presented in 
Table 6-7. This information was compiled from several national references (Wiegand et al., 1986; 
Brown and Schueler, 1997; Muthukrishnan et al., 2004; and Narayanan and Pitt, 2006). If unavailable 
directly from literature, some estimates based on professional judgment are presented to support the 
watershed stakeholders in evaluating financial needs to implement the WBP and seeking funding 
opportunities for specific watershed-scale or site-specific initiatives.  Table 6-8 and 6-9 show the 
initial and annual operation and maintenance costs associated with recommendations that will 
achieve the bacteria load reductions shown in Table 6-5.  It must be noted that Table 6-8 shows the 
costs corresponding to management measures undertaken at each sub-watershed scale (impaired 
segment), in the drainage areas tributary to this impaired segment. On the other hand, Table 6-9 
shows the cumulative costs from an upstream impaired segment to a downstream segment. The 
costs for the downstream segment, CT7300-00_01, shows the overall watershed-wide investments 
needed to delist that segment from the 303(d) list. These costs do not include land acquisition, 
remediation needed for brownfield sites if chosen for stormwater treatment or special permitting. If 
public lands are chosen, these costs can be really minimal as compared to the private properties.  

Table 6-7. Compiled/Suggested Unit Costs for WBP Recommendations 

Recommendations 
and/or BMP/LID 

Suggested Unit Cost ($s) Reference(s) 

IDDE (for each project 
involving detection and 

elimination) 

$23,300-101,200 Initial Cost; $43,000-126,500 Annual 
Cost; Variations are due to types of techniques and 

extent of planning involved 

CWP IDDE Manual (2004), 
NEIWPCC IDDE Manual 

(2003); CWP (2007b) 

SEP (per household) 

In many cases, this is home owners’ responsibility, 
but grant programs may be available for those 

needing financial support. Cost will vary significantly - 
$1,500 to 4,000 annually per system inspection and 

operation and maintenance to avoid failure 

Professional judgment 

LID (summarized in Table 6-3) Urban Stormwater Retrofit 
Practices, CWP (2007) 

DOD per household 
$150 to 400 for disconnection of downspout and 

drain towards pervious areas 
Professional judgment 

% Reduction 
Achieved with 100% 

Implementation

TMDL 
Target % 

Reduction

Management Measures Needed to Delist the Impaired 
Segments

C T7300-02_02 Ridgefield Brook 66% 51% IDDE, SEP, LID, RBF, 30% WAT, 50% BMP, TRA, and EDU
C T7300-02_01 Ridgefield Brook 66% 51% IDDE, SEP, LID, RBF, 30% WAT, 50% BMP, TRA, and EDU
C T7300-00_05 Norwalk River 70% 39% IDDE, SEP, LID, RBF, 30% WAT, 50% BMP, TRA, and EDU
C T7300-00_04 Norwalk River 73% 54% IDDE, SEP, LID, RBF, 30% WAT, 50% BMP, TRA, and EDU
C T7300-00_03 Norwalk River 74% 5% IDDE, SEP, LID, RBF, 30% WAT, 50% BMP, TRA, and EDU
C T7300-00_02 Norwalk River 75% 38% IDDE, SEP, LID, RBF, 30% WAT, 60% BMP, TRA, and EDU
C T7302-00_01 Silvermine River 75% 66% IDDE, SEP, LID, RBF, 30% WAT, 60% BMP, TRA, and EDU
C T7300-00_01 Norwalk River 76% 76% IDDE, SEP, LID, RBF, 30% WAT, 60% BMP, TRA, and EDU

Impaired Segment
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Table 6-7 (continued). Compiled/Suggested Unit Costs for WBP Recommendations 

Recommendations 
and/or BMP/LID 

Suggested Unit Cost ($s) Reference(s) 

RBF ($ per acre) 

- Grass/herbaceous 
buffer 

- Trees/shrubs 

 

- $450 to 850 

- $2,000 to 3,000 

NRCS, Conginchaug River 
Watershed Based Plan (2008) 

WAT 
Cost will vary significantly based on evaluation of 
effective methods and implementation strategies 

_ 

UGR 
(per 100 new trees) 

$82,000 to $100,000 
Greater Boston Urban Tree 

initiative (GBUTI, 2008) 

BMP (summarized in Table 6-3) 
Urban Stormwater Retrofit 

Practices, Center for Watershed 
Protection (2007) 

Site-specific Field 
Assessments for 
Impoundments, 

Monitoring and Load 
Reduction Implementation 

Planning 

$10,000 to 25,000 per impoundment 
Professional judgment; Kitchell 

and Schueler  (2005) 

STR  ($/100 linear feet) 

- Bank Stabilization 

- Channel 
Rehabilitation 

 
 

- $1,300 to 9,600 

- $1,100 to 3,700 

NOAA Stream Restoration Cost 
Estimates summarized in NRCS 

(2008; 2010) 

TRA (See stormwater retrofits in Table 6-3) _ 

EDU (for each program) 

Cost will vary significantly examples include: 
$2,000 for advertising campaigns to in excess of 
$500,000 for a full program involving brochures, 

advertising, surveys, etc. 

_ 

NOTE: CWP (2007b), 
http://www.ecy.wa.gov/programs/wq/stormwater/municipal/GISpresentations/09SingelisIDDEProgrammaticImplementation.pdf
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Table 6-8. Costs Associated with the Management Measures to Delist Individual Impaired Segments 

 

Watershed Management 
Recommendation

Cost Type CT7300-02_02 CT7300-02_01 CT7300-00_05 CT7300-00_04 CT7300-00_03 CT7300-00_02 CT7302-00_01 CT7300-00_01

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 

Initial
 $369,000 - 
$984,000   - 

 $411,000 - 
$1,095,000 

 $376,000 - 
$1,003,000 

 $96,000 - 
$256,000 

 $1,245,000 - 
$3,320,000 

 $2,200,000 - 
$5,866,000 

 $1,024,000 - 
$2,730,000 

Annual O&M
 $160,000 - 
$222,000   - 

 $178,000 - 
$246,000 

 $163,000 - 
$226,000 

 $42,000 - 
$57,000 

 $539,000 - 
$748,000 

 $954,000 - 
$1,320,000 

 $443,000 - 
$614,000 

Initial
 $227,000 - 
$3,664,000   - 

 $110,000 - 
$1,762,000 

 $120,000 - 
$1,936,000 

 $37,000 - 
$606,000 

 $399,000 - 
$6,434,000 

 $854,000 - 
$13,777,000 

 $906,000 - 
$14,644,000 

Annual O&M
 $107,000 - 
$408,000   - 

 $52,000 - 
$195,000 

 $56,000 - 
$215,000 

 $18,000 - 
$68,000 

 $187,000 - 
$715,000 

 $402,000 - 
$1,531,000 

 $427,000 - 
$1,627,000 

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 

Initial  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400 
Annual O&M    -   -   -   -   -   -    -   - 

Initial
 $45,000 - 
$71,000   - 

 $69,000 - 
$107,000 

 $68,000 - 
$108,000 

 $22,000 - 
$34,000 

 $239,000 - 
$376,000 

 $443,000 - 
$695,000 

 $380,000 - 
$598,000 

Annual O&M
 $22,000 - 
$34,000   - 

 $32,000 - 
$50,000 

 $32,000 - 
$51,000 

 $10,000 - 
$16,000 

 $113,000 - 
$177,000 

 $209,000 - 
$328,000 

 $178,000 - 
$280,000 

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 

Initial
 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

Annual O&M   -   -   -   -   -   -   -   - 

Initial
 $3,315,000 - 
$5,525,000   - 

 $2,692,000 - 
$4,486,000 

 $2,474,000 - 
$4,123,000 

 $867,000 - 
$1,446,000 

 $11,312,000 - 
$18,853,000 

 $17,748,000 - 
$29,580,000 

 $15,987,000 - 
$26,645,000 

Annual O&M
 $585,000 - 
$975,000   - 

 $475,000 - 
$792,000 

 $437,000 - 
$728,000 

 $153,000 - 
$255,000 

 $1,996,000 - 
$3,327,000 

 $3,132,000 - 
$5,220,000 

 $2,822,000 - 
$4,702,000 

Initial
 $96,000 - 
$532,000   - 

 $146,000 - 
$806,000 

 $146,000 - 
$812,000 

 $47,000 - 
$257,000 

 $509,000 - 
$2,824,000 

 $944,000 - 
$5,229,000 

 $812,000 - 
$4,499,000 

Annual O&M
 $46,000 - 
$250,000   - 

 $68,000 - 
$380,000 

 $69,000 - 
$382,000 

 $22,000 - 
$121,000 

 $240,000 - 
$1,329,000 

 $445,000 - 
$2,461,000 

 $381,000 - 
$2,117,000 

Initial
 $679,000 - 
$1,132,000   - 

 $552,000 - 
$919,000 

 $506,000 - 
$844,000 

 $178,000 - 
$297,000 

 $2,317,000 - 
$3,861,000 

 $3,636,000 - 
$6,059,000 

 $3,274,000 - 
$5,457,000 

Annual O&M
 $120,000 - 
$200,000   - 

 $98,000 - 
$162,000 

 $89,000 - 
$149,000 

 $31,000 - 
$53,000 

 $409,000 - 
$681,000 

 $642,000 - 
$1,070,000 

 $578,000 - 
$962,000 

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 

Illicit Discharge Detection 
& Elimination (IDDE)

Management of Septic 
Sy stems (SEP)

LID Adaptation   (LID)

Land Use and Smart 
Growth (LUS)

Downspout Disconnection  
(DOD) [per household]

R iparian Buffers (RBF)

Management of Waterfowl 
& Animal Wastes (WAT)

Urban Greening (UGR) 
[per 100 New Trees ]

Public Education & 
Outreach (EDU)

Large-scale BMPs for 
Urban Stormwater Mgmt 
(BMP)

Streambank stabilization/ 
Restoration (STR)

Transportation Corridors 
(TRA)
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Table 6-9. Cumulative Costs Associated with the Management Measures to Delist Impaired Segments 
Watershed Management 

Recommendation
Cost Type CT7300-02_02 CT7300-02_01 CT7300-00_05 CT7300-00_04 CT7300-00_03 CT7300-00_02 CT7302-00_01 CT7300-00_01

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 

Initial
 $369,000 - 
$984,000 

 $369,000 - 
$984,000 

 $780,000 - 
$2,079,000 

 $1,156,000 - 
$3,082,000 

 $1,252,000 - 
$3,338,000 

 $2,497,000 - 
$6,658,000 

 $2,200,000 - 
$5,866,000 

 $5,721,000 - 
$15,254,000 

Annual O&M
 $160,000 - 
$222,000 

 $160,000 - 
$222,000 

 $338,000 - 
$468,000 

 $501,000 - 
$694,000 

 $543,000 - 
$751,000 

 $1,082,000 - 
$1,499,000 

 $954,000 - 
$1,320,000 

 $2,479,000 - 
$3,433,000 

Initial
 $227,000 - 
$3,664,000 

 $227,000 - 
$3,664,000 

 $337,000 - 
$5,426,000 

 $457,000 - 
$7,362,000 

 $494,000 - 
$7,968,000 

 $893,000 - 
$14,402,000 

 $854,000 - 
$13,777,000 

 $2,653,000 - 
$42,823,000 

Annual O&M
 $107,000 - 
$408,000 

 $107,000 - 
$408,000 

 $159,000 - 
$603,000 

 $215,000 - 
$818,000 

 $233,000 - 
$886,000 

 $420,000 - 
$1,601,000 

 $402,000 - 
$1,531,000 

 $1,249,000 - 
$4,759,000 

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 
Initial  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400  $150 - $400 
Annual O&M    -    -    -    -    -    -    -    - 

Initial
 $45,000 - 
$71,000 

 $45,000 - 
$71,000 

 $114,000 - 
$178,000 

 $182,000 - 
$286,000 

 $204,000 - 
$320,000 

 $443,000 - 
$696,000 

 $443,000 - 
$695,000 

 $1,266,000 - 
$1,989,000 

Annual O&M
 $22,000 - 
$34,000 

 $22,000 - 
$34,000 

 $54,000 - 
$84,000 

 $86,000 - 
$135,000 

 $96,000 - 
$151,000 

 $209,000 - 
$328,000 

 $209,000 - 
$328,000 

 $596,000 - 
$936,000 

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 

Initial
 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

 $82,000 - 
$100,000 

Annual O&M   -   -   -   -   -   -   -   - 

Initial
 $3,315,000 - 
$5,525,000 

 $3,315,000 - 
$5,525,000 

 $6,007,000 - 
$10,011,000 

 $8,481,000 - 
$14,134,000 

 $9,348,000 - 
$15,580,000 

 $20,660,000 - 
$34,433,000 

 $17,748,000 - 
$29,580,000 

 $54,395,000 - 
$90,658,000 

Annual O&M
 $585,000 - 
$975,000 

 $585,000 - 
$975,000 

 $1,060,000 - 
$1,767,000 

 $1,497,000 - 
$2,495,000 

 $1,650,000 - 
$2,750,000 

 $3,646,000 - 
$6,077,000 

 $3,132,000 - 
$5,220,000 

 $9,600,000 - 
$15,999,000 

Initial
 $96,000 - 
$532,000 

 $96,000 - 
$532,000 

 $242,000 - 
$1,338,000 

 $388,000 - 
$2,150,000 

 $435,000 - 
$2,407,000 

 $944,000 - 
$5,231,000 

 $944,000 - 
$5,229,000 

 $2,700,000 - 
$14,959,000 

Annual O&M
 $46,000 - 
$250,000 

 $46,000 - 
$250,000 

 $114,000 - 
$630,000 

 $183,000 - 
$1,012,000 

 $205,000 - 
$1,133,000 

 $445,000 - 
$2,462,000 

 $445,000 - 
$2,461,000 

 $1,271,000 - 
$7,040,000 

Initial
 $679,000 - 
$1,132,000 

 $679,000 - 
$1,132,000 

 $1,231,000 - 
$2,051,000 

 $1,737,000 - 
$2,895,000 

 $1,915,000 - 
$3,192,000 

 $4,232,000 - 
$7,053,000 

 $3,636,000 - 
$6,059,000 

 $11,142,000 - 
$18,569,000 

Annual O&M
 $120,000 - 
$200,000 

 $120,000 - 
$200,000 

 $218,000 - 
$362,000 

 $307,000 - 
$511,000 

 $338,000 - 
$564,000 

 $747,000 - 
$1,245,000 

 $642,000 - 
$1,070,000 

 $1,967,000 - 
$3,277,000 

Initial   -   -   -   -   -   -   -   - 
Annual O&M   -   -   -   -   -   -   -   - 

Public Education & Outreach 
(EDU)

Transportation Corridors 
(TRA)

Illicit Discharge Detection & 
Elimination (IDDE)

Management of Septic 
Systems (SEP)

LID Adaptation   (LID)

Land Use and Smart Growth 
(LUS)

Large-scale BMPs for Urban 
Stormwater Mgmt (BMP)

Streambank stabilization/ 
Restoration (STR)

Downspout Disconnection  
(DOD) [per household]

Riparian Buffers (RBF)

Management of Waterfowl & 
Animal Wastes (WAT)

Urban Greening (UGR) [per 
100 New Trees ]
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6.6 Prioritization Process 
 
Elimination of dry weather sources through illicit discharge removal; moderate control of waterfowl; 
and the proper operation and maintenance of septic systems emerge as the most cost-effective ways 
to significantly reduce bacteria loads in the Norwalk River and its tributaries. Riparian buffers can 
also provide load reductions with moderate investments. Large-scale urban stormwater management 
measures can provide significant reductions, however, the associated costs are the highest in 
comparison to other management measures. In spite of their large costs, if specific or dedicated 
funding mechanisms can be pursued for projects such as wetland restoration or creation in public 
lands, such projects can become viable opportunities that the watershed stakeholders can pursue. 
Transportation corridors can also be pursued for such large-scale opportunities for treatment. 

Distributed LIDs do require significant financial investments with moderate bacteria load reductions 
when process-based LIDs such as raingarden or bioretention are implemented. On the other hand, 
these source control practices can infiltrate runoff, increase baseflow in the streams and reduce 
bank/channel erosion due to reduced peak flows during rainy periods. These practices may also be 
pursued specifically based on the funding mechanisms sought, and in some cases may be 
incorporated into local projects. 

Practices such as urban greening and streambank restoration will provide minimal benefits for 
bacteria control, and may be simple and inexpensive to implement. However, those can be 
promising for controlling of other pollutants such as TSS and nutrients or achieving watershed 
management goals other than D and E. The targets/performance metrics for specific watershed 
management measures provided in Table 6-1 can be used as guidance for pursuing these 
opportunities. 

6.7 Potential Funding Sources 
 
Federal, state and local funding sources are available to pursue the implementation of 
recommendations included in this WBP.  In addition, non-profit agencies, foundations, or 
conservation agencies (e.g., The Nature Conservancy, New England Interstate Water Pollution 
Control Commission) may provide funding opportunities targeted at specific objectives or 
management actions.  Table 6-10 summarizes the list of potential funding sources compiled by 
DEEP, with assistance of NRCS.  Watershed stakeholders can use this table as starting point to 
pursue specific actions, and can pursue multiple grant mechanisms to undertake actions that may 
take longer to achieve.  The DEEP also maintains a list of funding sources on its website, which is 
referenced here: 

http://www.ct.gov/dep/cwp/view.asp?a=2719&q=335494&depNav_GID=1654&pp=12&n=1  
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Table 6-10. Potential Funding Sources 

Funding Source 
Maximum Minimum 

Required match 
Applications 

Deadline 
Dollar amount Dollar amount Open 

DEP Watershed Funding Website      
http://www.ct.gov/dep/cwp/view.asp?a=2719&q=335494&depNav_GID=1654&pp=12&n=1  Index of many potential funding sources for funding watershed-based 
planning projects. 
DEP CT Landowner Incentive Program   At least 25%  May 
http://www.ct.gov/dep/cwp/view.asp?a=2723&q=325734&depNav_GID=1655   
DEP Open Space and Watershed Land Acquisition Up to 40-60%   Twice a year   
860-424-3016 david.stygar@ct.gov   http://www.ct.gov/dep/cwp/view.asp?a=2706&q=323834&depNav_GID=1641 
DEP Recreation & Natural Heritage Trust Program      
http://www.ct.gov/dep/cwp/view.asp?a=2706&q=323840&depNav_GID=1641   
Eastman Kodak / Nat'l Geographic American $2500 $500 Optional April June 
Greenways Awards optional Program      
jwhite@conservationfund.org, Jen White     
EPA Healthy Communities Grant Program $30,000 $ 5,000 Optional, non-federal up 

to 5% 
March April 

617-918-1698 Padula.Jennifer@epa.gov     
Northeast Utilities Environmental Community 
Grant Program 

$ 1,000 $ 250   15-Apr and  
15-Oct 

http://www.nu.com/environmental/grant.asp Cash incentives for non-profit organizations  
EPA Targeted Watershed Grants Program   33% of its grant award  April. 
 $30,000 $70,000 (non-federal)   
http://www.epa.gov/twg/  Requires Governor nomination.    
DEP CWA Section 319 NPS   40% of total project costs 

(non-federal) 
 September/ 

October 
Non-point Source Management  http://www.ct.gov/dep/nps 20-25 projects targeting both priority watersheds and statewide issues. 
DEP Section 6217 Coastal NPS   N/A   
http://www.ct.gov/dep/cwp/view.asp?a=2705&q=323554&depNav_GID=1709   
Section 6217 of the CZARA of 1990 requires the State of Connecticut to implement specific management measures to control NPS pollution in coastal waters.   
Management measures are economically achievable measures that reflect the best available technology for reducing non-point source pollution. 
DEP Hazard Mitigation Grant Program   75% Federal/25% Local   
http://www.ct.gov/dep/cwp/view.asp?a=2720&q=325654&depNav_GID=1654 Provides financial assistance to state and local governments for projects 
that reduce or eliminate the long-term risk to human life and property from the effects from natural hazards. 
NRCS Conservation Reserve Program      
http://www.nrcs.usda.gov/programs/crp/ Joyce Purcell, 860-871-4028  Available to farmers and ranchers to address natural resource concerns on their lands. 
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Funding Source 
Maximum Minimum 

Required match 
Applications 

Deadline 
Dollar amount Dollar amount Open 

American Rivers-NOAA Community-Based  $100,000    December 
Restoration Program Partnership      
http://www.americanrivers.org/our-work/restoring-rivers/dams/background/noaa-grants-program.html These grants are designed to provide support for local 
communities that are utilizing dam removal or fish passage to restore and protect the ecological integrity of their rivers and improve freshwater habitats important to 
migratory fish. 

Fish America Foundation Conservation Grants $75,000 $10,000 At least 75% (non - 
federal) 

 May 

703-519-9691 x247 fishamerica@asafishing.org     

Municipal Flood & Erosion Control Board 1/3 project cost 2/3 project costs    

NFWF LIS Futures Fund Small Grants $ 10,000 $ 3,000 optional (non- federal) Fall/Winter March  

631-289-0150 Lynn Dwyer      
NFWF Long Island Sound Futures Fund Large 
Grants 

$ 150,000 $ 10,000 optional(non- federal) Fall/Winter March  

631-289-0150 Lynn Dwyer      

NRCS Wildlife Habitat $ 50,000/year $ 1,000 25%  May 

Incentives Program (WHIP)      

Joyce Purcell, (860) 871-4028  For creation, enhancement, maintenance of wildlife habitat; for privately owned lands. 

NRCS Healthy Forests Reserve Program      
http://www.nrcs.usda.gov/programs/hfrp/proginfo/index.html For restoring and enhancing forest ecosystems 

NRCS Wetlands Reserve Program      

Nels Barrett, (860) 871-4015      

USFS Watershed and Clean Water Action and       
Forestry Innovation Grants      
http://www.na.fs.fed.us/watershed/gp_innovation.shtm  This effort between USDA FS-Northeastern Area and State Foresters to implement a challenge grant 
program to promote watershed health through support of state and local restoration and protection efforts. 

Corporate Wetlands Restoration Partnership 
(CWRP) 

Typically $ 20,000 typically $5,000 3 to 1 April and 
August 

 

http://www.ctcwrp.org/9/ Can also apply for in-kind services, e.g. surveying, etc. 

River’s Alliance Watershed Assistance Small Grants 
Program2 

  40% of total project costs  October 
  (non-federal)   

http://www.riversalliance.org/watershedassistancegrantrfp.cfm 860-361-9349 rivers@riversalliance.org Funding passed through River’s Alliance from DEEP’s 319 NPS 
grant program for establishing new or emerging river – watershed organizations. 
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Funding Source 
Maximum Minimum 

Required match 
Applications 

Deadline 
Dollar amount Dollar amount Open 

USFWS National Coastal Wetlands Conservation 
Grant Program 

$1 million  50%   

http://www.fws.gov/coastal/coastalgrants/ 
Ken Burton 703-358-2229 Only states can apply. 

   

EPA Green Infrastructure Funding Website      
http://cfpub.epa.gov/npdes/greeninfrastructure/fundingopportunities.cfm Index to funding opportunities for LID practices and pollution reduction projects. 

America the Beautiful Grant Program $8,000  50% May June 
USDA Forest Service funding through the DEEP Division of Forestry to support urban forestry efforts. www.ct.gov/dep/forestry 
YSI Foundation $ 60,000  optional March April 
937-767-7241 x406 Susan Miller Susan Miller smiller@ysi.com    
Rockfall Foundation Grants Program $2,500 $500   Nov 
Virginia R. Rollefson, Executive Director, 
vrr@rockfallfoundation.org (860) 347-0340 

     

      

Other Financial Opportunities      
      

Private Foundation Grants and Awards      
http://www.rivernetwork.org Private foundations are potential sources of funding to support watershed management activities.  Many private foundations post grant 
guidelines on websites.  Two online resources for researching sources of potential funding are provided in the contact information. 
Hartford Foundation for Public Giving - Greater Hartford's community-wide charitable endowment. Hartford Foundation for Public Giving provides financial and other 
support that enables people and institutions to serve the community effectively; promote informed charitable giving in order to expand the region's philanthropic resources; 
and participate actively in efforts to identify important community needs and opportunities, as well as the means to address them. http://www.hfpg.org/ 
Congressional Appropriation - Direct Federal 
Funding 

     

State Appropriations – Direct State Funding      
http://www.cga.ct.gov/      
Membership Drives      
Membership drives can provide a stable source of income to support watershed management programs. 
Donations      
Donations can be a major source of revenue for supporting watershed activities, and can be received in a variety of ways. 
User Fees, Taxes, and Assessments      
Taxes are used to fund activities that do not provide a specific benefit, but provide a more general benefit to the community. 
Stormwater Utility Districts      
A stormwater utility district is a legal construction that allows municipalities to designated management districts 
where storm sewers are maintained in order to the quality of local waters.  Once the district is established, the 
municipality may assess a fee to all property owners.    
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Funding Source 
Maximum Minimum 

Required match 
Applications 

Deadline 
Dollar amount Dollar amount Open 

Impact Fees      
Impact fees are also known as capital contribution, facilities fees, or system development charges, among other names. 
Special Assessments      
Special assessments are created for the specific purpose of financing capital improvements, such as provisions, to serve a specific area. 
Sales Tax/Local Option Sales Tax      
Local governments, both cities and counties, have the authority to add additional taxes. Local governments can use tax revenues to provide funding for a variety of projects 
and activities. 
Property Tax      
These taxes generally support a significant portion of a county’s or municipality’s non-public enterprise activities. 
Excise Taxes      
These taxes require special legislation, and the funds generated through the tax are limited to specific uses: lodging, food, etc. 
Bonds and Loans      
Bonds and loans can be used to finance capital improvements. These programs are appropriate for local governments and utilities to support capital projects. 
Investment Income      
Some organizations have elected to establish their own foundations or endowment funds to provide long-term funding stability. Endowment funds can be established and 
managed by a single organization-specific foundation or an organization may elect to have a community foundation to hold and administer its endowment. With an 
endowment fund, the principal or actual cash raised is invested. The organization may elect to tap into the principal under certain established circumstances. 
Emerging Opportunities For Program Support     
Water Quality Trading      
Trading allows regulated entities to purchase credits for pollutant reductions in the watershed or a specified part of the watershed to meet or exceed regulatory or voluntary 
goals.  There are a number of variations for water quality credit trading frameworks.  Credits can be traded, or bought and sold, between point sources only, between NPSs 
only, or between point sources and NPSs. 
Mitigation and Conservation Banking      
Mitigation and Conservation banks are created by property owners who restore and/or preserve their land in its natural condition. Such banks have been developed by 
public, nonprofit, and private entities. In exchange for preserving the land, the “bankers” get permission from appropriate state and federal agencies to sell mitigation 
banking credits to developers wanting to mitigate the impacts of proposed development. By purchasing the mitigation bank credits, the developer avoids having to mitigate 
the impacts of their development on site.  Public and nonprofit mitigation banks may use the funds generated from the sale of the credits to fund the purchase of additional 
land for preservation and/or for the restoration of the lands to a natural state. 

Source: NRCS (2008; 2010); Most web-links were verified for active status by HDR|HydroQual in March 2011.
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