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INTRODUCTION 

In 1985, the Long Island Sound Study (LISS) partnership was initiated in to restore and protect 
Long Island Sound (Sound). In 1994, the partnership developed a Comprehensive Conservation 
and Management Plan (CCMP) which provided the guiding framework for LISS and included 
management actions to address hypoxia (low dissolved oxygen). Such actions lead to the 
development of a Total Maximum Daily Load (TMDL) to reduce nitrogen loading by 58.5 
percent to meet dissolved oxygen standards in LIS, and in 2001, EPA approved the TMDL. 

Upgrades to wastewater treatment plants over the past decades have successfully achieved the 
target nitrogen reductions from point sources. As a result, the area of low dissolved oxygen in the 
Sound has been significantly reduced. Despite these successful efforts, low dissolved oxygen 
levels continue to persist in the Soun. Additionally, across Connecticut, surface waters including 
embayments, lakes, and rivers exhibit the effects of excessive nutrients including loss of 
submerged aquatic vegetation (i.e., eelgrass), excessive growth of macroalgae and 
phytoplankton, oxygen depleted waters, reduced clarity, and deteriorated substrates. Nonpoint 
sources, including stormwater and onsite wastewater treatment systems (OWTS), are 
increasingly identified as significant sources of nutrients to these water bodies. 

A revised CCMP was completed in 2015 and includes additional actions to continue reductions 
of nitrogen loading and subsequently continue to improve water quality in the Sound. In 2015, 
EPA initiated the Long Island Sound Nitrogen Reduction Strategy to expand the focus area to 
include other nutrient-related adverse impacts to water quality. In 2016, the Connecticut 
Department of Energy and Environmental Protection (CT DEEP) developed its Second-
Generation Nitrogen Strategy to enhance TMDL efforts and address nonpoint sources of nitrogen 
including stormwater, atmospheric deposition, fertilizer use, and OWTS. The strategy also 
directly addresses embayments and called for an assessment of nitrogen loading from OWTS 
located in coastal areas.  

In order to estimate the magnitude and impacts of nitrogen loads from OWTS, CT DEEP 
retained Lombardo Associates (LAI) to complete an Inventory and Assessment of Onsite 
Wastewater Treatment Systems and Their Impact on Nitrogen Loading to Connecticut’s Coastal 
Areas. This study, referred to as the Phase I study, was completed in 2018 and included an 
OWTS inventory, estimation of nitrogen loads from OWTS, and the attenuation of the nitrogen 
loads as they travel from OWTS through the groundwater to discharge to downstream surface 
waters. 

In 2019, CT DEEP retained CDM Smith to review and evaluate the Phase I results, identify 
potential improvements to the OWTS inventory and nitrogen load estimation approach, and test 
this improved approach in ten coastal watersheds. Upon completion of the Phase II OWTS study, 
CT DEEP expanded the Phase II approach to the same model area as Mullaney and Barclay, 
2021, which includes all of Connecticut’s coastal watersheds and portions of Rhode Island and 
New York. The expanded OWTS inventory and nitrogen loading evaluation developed 
information regarding the locations and number of OWTS found throughout the study area for 

https://longislandsoundstudy.net/wp-content/uploads/2010/03/Tmdl.pdf
https://longislandsoundstudy.net/about/our-vision/
https://longislandsoundstudy.net/our-vision-and-plan/clean-waters-and-healthy-watersheds/nitrogen-strategy/
https://portal.ct.gov/-/media/DEEP/water/lis_water_quality/nitrogen_control_program/2ndGenNitrogenStrategypdf.pdf
https://portal.ct.gov/-/media/DEEP/water/lis_water_quality/nitrogen_control_program/2ndGenNitrogenStrategypdf.pdf
https://portal.ct.gov/DEEP/Water/LIS-Monitoring/LIS-Hypoxia-and-Nitrogen-Reduction-Efforts
https://www.usgs.gov/centers/new-england-water-science-center/science/development-a-regional-scale-model-simulate?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/new-england-water-science-center/science/development-a-regional-scale-model-simulate?qt-science_center_objects=0#qt-science_center_objects


use in CT DEEP’s coordinated modeling efforts; as well as provided input to the OWTS nitrogen 
loading model that will be used to generate nitrogen loading estimates for the OWTS located 
within the study area. This Executive Summary presents the findings of the Expanded Phase II 
OWTS Study. 

EXPANDED PHASE II OWTS STUDY 

The inventory and nitrogen loading estimates were completed in accordance with the data 
collection, compilation, evaluation, and visualization approach documented in the Phase II 
Onsite Wastewater Treatment Systems Project (CDM Smith, 2020) and the Quality Assurance 
Project Plan (QAPP; CDM Smith, 2022) approved by EPA, November 28, 2022. A copy of the 
Executive Summary for the Phase II Onsite Wastewater Treatment Systems Project is attached as 
Appendix A. Deliverables for the Expanded Phase II OWTS Study included the Task 5 Final 
Project Report (August 2023), and two geodatabases containing land use and nitrogen loading 
data. Any updates to the approaches and special cases are described within the Task 5 document.  

It is important to note that Section 3.4 of the QAPP addresses limitations on the use of existing 
data.  During this project, an additional limitation was identified pertaining to land use data sets 
provided by councils of governments and municipalities. These data were received with varying 
levels of quality and required additional processing.  This adds to uncertainty due to the quality 
associated with these land use datasets.  While the estimated nitrogen loads and relative ranking 
of watersheds are presented with confidence, please take note of these data limitations when 
applying this study with greater granularity.   

The expanded OWTS inventory and nitrogen loading evaluation developed information 
regarding the locations and number of OWTS found throughout the study area for use in CT 
DEEP’s coordinated modeling efforts; as well as provided input to the OWTS nitrogen loading 
model that will be used to generate nitrogen loading estimates for the OWTS located within the 
study area.  

STUDY AREA 

Figure 1 illustrates the study area boundaries which is consistent with Mullaney and Barclay, 
2021. Watersheds were delineated by the Hydrologic Unit Code system defined by the United 
States Geological Survey (USGS). Specifically, the HUC-12 watershed scale was used and 
includes all of Connecticut’s coastal areas. A total of 115 HUC-12 watersheds are within the 
study area. This area is comprised of 166 communities – 128 in Connecticut, 27 in New York, 
and 11 in Rhode Island. 

It’s important to note that areas where sanitary sewer service is provided were excluded from the 
analysis. Figure 2 demonstrates the sewer service coverage for the study area. 

 

https://portal.ct.gov/DEEP/Water/LIS-Monitoring/LIS-Hypoxia-and-Nitrogen-Reduction-Efforts
https://portal.ct.gov/DEEP/Water/LIS-Monitoring/LIS-Hypoxia-and-Nitrogen-Reduction-Efforts
https://www.usgs.gov/centers/new-england-water-science-center/science/development-a-regional-scale-model-simulate?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/new-england-water-science-center/science/development-a-regional-scale-model-simulate?qt-science_center_objects=0#qt-science_center_objects
https://water.usgs.gov/GIS/huc.html


 

Figure 1 – Expanded Phase II OWTS Project Study Area. 

 

Figure 2 - Sewer Service Coverage for the Study Area. 



PROJECT APPROACH 

The approach used to inventory the OWTS follows the approach developed during the Phase II 
study and described in the EPA-approved QAPP (CDM Smith, 2022), as shown by Figure 3 and 
summarized in the step-by-step approach outlined below.  

 

Figure 3 - Approach Used to Inventory OWTS in the Study Area. 
 
 Identify the communities within the study area; 
 Collect parcel and land use data (and if available, utility data) for each community; 
 Aggregate the community-specific land use information into the 13 land use categories 

identified during the Phase II OWTS Study; 
 Cross-check parcel land use against building footprint data (to confirm that buildings exist 

on parcels identified as residential and commercial parcels); 
 Based upon land use type, identify parcels that would generate sanitary wastewater;  
 Identify CT parcels that are located within the updated CT Sewer Service Area (SSA) 

(version 2022) coverage and compare against utility information from tax assessor data and 
use equivalent mappings for New York and Rhode Island communities; 

 Exclude sewered parcels from inventory; 
 Tabulate the OWTS inventory by municipality. 

 

The approaches used to estimate the unattenuated nitrogen loads for residential and non-
residential areas are shown by Figures 4a and 4b.  



 

Figure 4a - Approach to Estimate Unattenuated Nitrogen Loads from Residential Parcels. 
 

 

Figure 4b - Approach to Estimate Unattenuated Nitrogen Loads from Non-Residential 
Parcels 
 

Both year-round and seasonal loads were considered. The approach used to calculate the 
attenuated nitrogen loads is summarized by Figure 5. The results were presented in a series of 
watershed-specific mappings that included: 

 Land use 
 Total unattenuated nitrogen loads (including seasonal loads) 
 Year-round unattenuated nitrogen loads 
 Soil texture categories 
 Composite attenuation factors 
 Attenuated nitrogen loads 

 



 

Figure 5 - Flow Chart of Conceptual Model for Nitrogen Attenuation. Colors Indicate 
Relative Fraction of Nitrogen Remaining from Source (Source Load = Red, Attenuated 
Load = Blue). 
 
EXPANDED PHASE II OWTS INVENTORY RESULTS 
 
A total of 314,832 OWTS were inventoried within the study area. Over 97% of these systems 
were found to service residential properties. Close to 2% of the systems service commercial and 
industrial properties and less than 1% service institutional, mixed uses, and parks. Figure 6 
illustrates the percentage of OWTS inventoried by land use type. 

Out of the 166 municipalities, 147 had at least one OWTS and no OWTS were identified in 19 
municipalities within the study area boundaries. Although OWTS may be present within the 
municipalities’ jurisdiction, this accounting is only relative to the area of the municipality located 
within the study area.  



 

Figure 6 – Percent of OWTS Located within Various Land Use Types. 

UNATTENUATED NITROGEN LOAD ESTIMATES 

Unattenuated nitrogen load estimates were determined for residential, non-residential, and 
seasonal parcels and presented in gridded heat map for each HUC-12 watershed. An example is 
shown for the Mill Creek-Connecticut River watershed in Figure 7.  

The total nitrogen load generated within the total study area was determined to be 11,227,204 
lbs./year. Of that, the seasonal load accounts for 175,227 lbs./year or 1.6%. Residential parcels, 
that are occupied year-round, account for 71.1% of the total unattenuated nitrogen load to the 
study area. Non-residential parcels occupied year-round accounted for 27.3% of the total 
unattenuated nitrogen load to the study area. The distribution of nitrogen loads by type is shown 
in Figure 8. The percentage of year-round residential, non-residential, and seasonal parcels 
varied throughout the study are watersheds. Total nitrogen loads ranged from 27 lbs./year in the 
East Creek-Frontal Long Island Sound watersheds to 281,421 lbs./year in the Limekiln Brook-
Still River watershed.  
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Figure 7 - Example Map for Mill Creek-Connecticut River HUC-12 Watershed Showing 
Annual Unattenuated Nitrogen Loads Including Seasonal Loads (lbs./year). 



 
Figure 8 - Distribution of Unattenuated Nitrogen Loads from OWTS identified as year-
round residential and non-residential, and seasonal occupancy. 

ATTENUATED NITROGEN LOAD ESTIMATES 

Attenuation rates were assigned to various transport components (septic tank, vadose zone, 
saturated zone and transitional zone) as shown in Figure 5 to determine attenuated nitrogen loads 
Rates for each component were used to derive composite attenuation rates. An example map of 
the attenuation rate across the Mill Creek-Connecticut River HUC-12 watershed is shown in 
Figure 9. Average composite HUC-12 attenuation rates ranged from 35% within the Sheldrake 
River-Mamaroneck River Watershed to 63% within the Saugatuck River Watershed. The final 
attenuated annual nitrogen loads, including seasonal loads, for the example watershed of the Mill 
Creek-Connecticut River, are presented in Figure 10. 

The attenuated total nitrogen load within the study area was determined to be 5,983,738 
lbs./year. Of that, the seasonal load accounts for 94,966 lbs./year or 1.6%. Residential parcels, 
that are occupied year-round, account for 70.5% of the total attenuated nitrogen load to the study 
area. Non-residential parcels occupied year-round accounted for 27.9% of the total attenuated 
nitrogen load to the study area. The distribution of nitrogen loads by type is shown in Figure 11. 
Total nitrogen loads ranged from 14 lbs./year in the East Creek-Frontal Long Island Sound 
watersheds to 158,175 lbs./year in the Limekiln Brook-Still River watershed.  

Figures 12, 13, and 14 illustrate the final attenuated annual nitrogen loads for the western, 
central, and eastern part of the study area, respectively.  

Year-round Residential - 71.7%

Year-round non-reseidential - 27.3%

Seasonal - 1.6%



 

Figure 9 - Composite Nitrogen Attenuation Rate, Mill Creek-Connecticut River HUC-12 
Watershed. 
 



 

Figure 10 - Annual Attenuated Nitrogen Load Including Seasonal Loads (lbs./year), Mill 
Creek-Connecticut River HUC-12 Watershed. 
 



 

Figure 11 - Distribution of Attenuated Nitrogen Loads from OWTS identified as year-
round residential and non-residential, and seasonal occupancy. 
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Figure 12 - Distribution of Attenuated Annual Nitrogen Loads from OWTS in the Western 
Part of the Study Area.  



 
Figure 13 - Distribution of Attenuated Annual Nitrogen Loads from OWTS in the Central 
Part of the Study Area. 



 

Figure 14 - Distribution of Attenuated Annual Nitrogen Loads from OWTS in the Eastern 
Part of the Study Area.  



PROJECT DELIVERABLES 

At the completion of this study, the following deliverables were submitted to CT DEEP: 

• OWTS inventory, land use, and nitrogen loads geodatabases.  

• ArcGIS Pro Map Packages 

• Task 5 Final Project Report: Expanded Onsite Wastewater Treatment Systems and 
Nitrogen Loading Project 

NEXT STEPS 

The OWTS inventory was compared to the OWTS numbers developed for CTWM. Due to the 
rigorous approach used to develop the inventory, it was used as input to CTWM. The inventory 
also provided the basis for the estimation of unattenuated and attenuated nitrogen loads within 
the study area. The final attenuated nitrogen loading estimates will allow CT DEEP to resolve 
OWTS loading from other groundwater nitrogen sources (ex. fertilizers) and will be used as 
comparison information to results from CTWM as well as the USGS groundwater nitrogen 
model. Together, these results will be used to identify areas of high nitrogen loading and 
determine nutrient management actions consistent with CT’s Second-Generation Nitrogen 
Strategy. Simultaneously, CT DEEP has been working to “ground-truth” attenuation rates used 
to estimate nitrogen loading with pre-existing data from a few select locations. This data is 
submitted by permittees to CT DEEP. Work on this effort continues.    
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Executive Summary 

The Long Island Sound Study (LISS) was initiated in 1985 to address low levels of dissolved 
oxygen attributed to nitrogen pollution. The states of Connecticut and New York and the 
Environmental Protection Agency (EPA) developed and approved the 1994 Comprehensive 
Conservation and Management Plan (CCMP) to address priority problems, including low 
dissolved oxygen. The CCMP included development of a Total Maximum Daily Load (TMDL) to 
reduce nitrogen loading by 58.5 percent and in 2001, EPA approved the TMDL. 

Upgrades to wastewater treatment plants over the past decades have successfully achieved 
nitrogen reductions from point sources, which contributed the largest nitrogen loads to the 
Sound. However, despite the significant nitrogen reductions, dissolved oxygen impairments 
remain in Long Island Sound. The 2015 CCMP identifies that control of nitrogen remains a top 
priority. In 2015, EPA initiated the Long Island Sound Nitrogen Reduction Strategy with the 
primary focus of reducing nutrient pollution from stormwater, fertilizer, and coastal on-site 
wastewater treatment systems (OWTS).   

In 2016, DEEP developed its Second Generation Nitrogen Strategy which enhances efforts to 
address nonpoint sources of nitrogen.  These sources include stormwater, atmospheric 
deposition, fertilizer use and onsite wastewater treatment systems. The strategy also directly 
addresses embayments and called for an assessment of nitrogen loading from OWTS located 
in coastal areas.  

To estimate the magnitude and impacts of nitrogen loads from OWTS, DEEP retained 
Lombardo Associates, Inc. (LAI) to complete an  Inventory and Assessment of Onsite 
Wastewater Treatment Systems and their Impact on Nitrogen Loading to Connecticut’s 
Coastal Areas.  This study, referred to as the Phase I study, included an OWTS inventory, 
estimation of the nitrogen loads from the OWTSs and the attenuation of the nitrogen loads as 
they travel from OWTSs through the groundwater to discharge to downstream surface waters.  

Project Objectives and Phase II Watersheds 
The objectives of the Phase II study, Evaluation and Visualization of the Findings from the 
Onsite Wastewater Treatment System Study Phase I Report were to: 

 Review the OWTS inventory, nitrogen load estimates and attenuation factors described 
in the Phase I study documents and recommend improvements where appropriate; 

 Implement the recommended improvements to inventory OWTS, calculate 
unattenuated and attenuated nitrogen loads from OWTS for ten selected watersheds 
and prepare watershed-specific maps to display the results; 

 Identify potential approaches to ground-truth the nitrogen loading estimates, and 

 Incorporate DEEP and stakeholder comments into a final report documenting the Phase 
II evaluations and work products. 

Based on the Phase I estimated loads and watershed characteristics, CT DEEP selected the ten 
watersheds listed in Table ES-1 for more detailed OWTS inventory and nitrogen load 
estimation and mapping.  
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Table ES-1 Phase II Study Area Watersheds 

Embayment Location 

Clinton Harbor Madison, 
Clinton 

Direct Drain to Long Island Sound Madison 
Farm River East Haven  
Fence Creek Madison 
Mill River Fairfield 
Niantic River East Lyme 

Pawcatuck River Stonington, 
Westerly 

Sasco Brook Westport, 
Fairfield 

Toms Creek Madison 
Williams Cove Stonington 

 
Evaluation of Phase I Study Approach and 
Recommendations  
The Phase I study considered the watersheds of 82 embayments within the study area, shown 
in Figure ES-1.  A reliable inventory of OWTS is important because it is the foundation for the 
estimated nitrogen loading to each watershed and because it guides the framework for 
consideration of wastewater management alternatives.  

The Phase I study used U.S. Census data to estimate OWTS inventory and nitrogen loads for 
each of the watersheds. In addition, three watersheds were studied in more detail, evaluating 
OWTS inventory and nitrogen loads on a lot-by-lot basis. 

 

Figure ES-1  Phase I Study Area and Embayment Watershed Boundaries 
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On-site Wastewater Treatment System (OWTS) Inventory  
Description of Phase I Approach 
The Phase I OWTS inventory of residential systems was developed using three approaches: 

 A census block level analysis was performed for 82 watersheds;  

 A revised census block level approach was implemented after the initial census block 
level analysis yielded counterintuitive results; and 

 A more detailed lot-by-lot analysis was performed for three watersheds 

GIS coverages of U.S. Census blocks, 2015 CLEAR land use, the 2015 Statewide Sewer Service 
Area (SSA) coverage, and watershed boundaries were used to estimate the OWTS inventory in 
each watershed by allocating census housing units to developed unsewered areas using an 
area-weighted approach shown on Figure ES-2. However, a spreadsheet error prompted LAI 
to conclude that the population density in unsewered areas was misrepresented in the census 
data. An alternative methodology, shown by Figure ES-3, was then developed which 
aggregated the estimated unsewered population for each community (e.g., town or city) 
comprised of multiple U.S. census blocks.  

The non-residential OWTS inventory was based on groundwater subsurface system (GSS) and 
underground injection control (UIC) permit data collected from CT DEEP and internal work 
logs for non-residential SSDS systems with design flows greater than 2,000 gallons per day 
(gpd) from CT DPH for both approaches.  

 

Figure ES-2 Overview of Census Block OWTS Inventory Analysis 
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3.  Assign population to residential parcels based on the average number of people-per-
housing unit based on census block population. 

4.  Identify parcels that are located within the updated SSA (version 2018) coverage and 
compare against utility information from tax assessor data1. 

5.  Investigate parcels for which sewer service coverage and tax assessor data conflict, 
and document such investigation, or make the conservative assumptions that any parcel 
outside of the sewer service area has an OWTS and any parcel marked as having septic 
utilities has an OWTS. 

6.  Remove parcels that were identified as sewered. 

7.  Aggregate OWTS inventory by watershed, then visualize and analyze the results. 

The foundation of the updated OWTS inventory was the collection of parcel-specific tax 
assessor  GIS data from the 22 communities that have land within the ten study area 
watersheds. Most parcels in the parcel database included a land use description that indicates 
whether wastewater is generated at that parcel; remote sensed GIS data was leveraged to fill 
in missing data where necessary.  

Using the consolidated land use data, the parcel database was intersected with three 
additional GIS datasets to identify the watershed within which the parcel was located, 
whether a building was located on the parcel and whether the parcel was within the DEEP 
sewer service area.  

Starting from the parcel database with fields for land use and community, GIS intersections 
were performed with the following datasets: 

 The study area watershed boundaries from UCONN watershed delineations (Vaudrey, 
2016) to identify the watershed within which each parcel is located; 

 Remote sensed US building footprints (Microsoft, 2019) to identify the number of 
structures within each parcel boundary, and 

 The Statewide SSA 2018 version (6/15/2018) to identify whether a parcel lies within a 
sewered area.  

Following the GIS intersections, each parcel in the database had enough information to 
assess whether an OWTS should be present.  Quality control measures reviewed the 
presence or absence of buildings using google street view for parcels with missing land 
uses.  

In addition to the parcel database driven OWTS inventory, non-residential OWTSs permitted 
by CT DEEP and identified in CT DPH work logs that were catalogued in the Phase I study 
were also included. 

                                                                  

1 Local communities and delegated Water Pollution Control Authorities have the responsibility of 
maintaining sewer service maps for their jurisdictions. In 2018, CTDEEP received the most recent 
version of sewer service maps from local municipalities and referenced those maps to update the 
existing statewide sewer service area map; identified as the Statewide Sewer Service Area (SSA) 2018 
version. 
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