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1. PROJECT SUMMARY
1.1 PROJECT BACKGROUND & DESCRIPTION

The Town of Old Lyme retained an independent engineering firm to perform detailed evaluations of local and regional
wastewater management alternatives for the areas identified herein. The Town of Old Lyme and three chartered beach
communities, including Miami Beach Association (MBA), Old Colony Beach Club Association (OCBCA) and Old Lyme
Shores Beach Association (OLSBA), have expressed a desire to implement a coordinated solution to address the
wastewater management needs identified in the project area. The Project Area subject of this Environmental Impact
Evaluation is comprised of the beach neighborhoods known as Sound View and Miscellaneous Town Area B (MTA-B).

The Town’s EIE is intended to address the requirements set forth in the Connecticut Environmental Policy Act (CEPA),
under Section 22a-1a of the Regulations of Connecticut State Agencies and is a supporting document for the Old Lyme
Coastal Wastewater Management Plan (CWMP), dated April 14, 2017 for the Town Sub-Areas, i.e. Sound View Beach
and Miscellaneous Town Area B (hereafter known as the Town Sub-Areas, shown in Figure 1-1). Sound View Beach
and Miscellaneous Town Area B are recommended to join efforts with the beach associations to install sanitary sewers
in a coordinated fashion, while Hawks Nest Beach Association has been recommended for additional groundwater
monitoring due to data gaps. This CEPA process started with the issuance of a Scoping Notice that was published in
the Environmental Monitor available on the Council on Environmental Quality’s website on July 22, 2014.

MBA, OCBCA, and OLSBA (hereafter called the Beach Associations) developed independent facility planning reports
and recommendations to address identified wastewater management needs associated with the onsite wastewater
disposal systems. The Beach Association’s facilities planning reports concluded that the continued use of these septic
systems is no longer sustainable for maintaining long term public health and environmental protection. In addition, the
reports identified the construction of sanitary sewers for pumping to the existing municipal wastewater treatment plant
located in the City of New London via the Towns of East Lyme and Waterford as the most cost-effective alternative for
addressing wastewater management needs. The beach associations independently appropriated the funding
necessary to implement the recommended solution and completed the CEPA screening process in September of 2017.

1.2  WASTEWATER MANAGEMENT NEEDS

On-site wastewater systems in the Town Sub-Areas have been problematic for several decades because of many
combinations of factors including the age and condition of these systems, soils that drain too fast and are subject to
tidal influence, shallow groundwater, small lots, and excessive development density. Coupled with these conditions,
the threat of intense storms and rising seasonal high ground waters are expected to further diminish the effectiveness
of these systems for proper subsurface wastewater renovation.

To evaluate and prioritize wastewater management needs for the Town Sub-Areas, a wastewater management needs
analysis was conducted for these Sub-Areas. Factors including lot size, soil permeability, density of development,
expected nitrogen loadings, sea level rise concerns, groundwater conditions, water supply and age of septic systems
were used to prioritize wastewater management needs in each Town Sub-Area. The needs analysis was performed in
two phases, the first of which utilized an analytical quantitative approach and included the following criteria:

e Lot Size — More than 83% of lots throughout the Town Sub-Areas are less than 0.25 acres, while over 14%
of lots are between 0.25 and 0.5 acres. The remaining less than 2% of lots are greater than 0.5 acres. Figure
1-2 illustrates the predominance of small lots (< 0.25 acres, shown in blue) within specific Sub-Areas. It is
generally accepted that a lot size of at least 0.75 acres is required to site a fully compliant septic system,
where an on-site well also exists. None of the lots within the Town Sub-Areas meet this recommended
acreage.

o Development Density Analysis — Density of development is a surrogate for assessing the capacity of the land
to properly renovate wastewater pollutant loadings such as Nitrogen and bacteria. There is an inverse
correlation between density of development, and the capacity of the land to properly renovate wastewater.
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Percentage of Total Lots Per Sub-Area

For this analysis, the number of equivalent dwelling units (EDU), total area per Sub-Area, and average number
of people per EDU (or bedrooms per EDUs) based on census data available, were used to calculate the
development density for each Sub-Area, in units of bedrooms per acre.

The Connecticut Department of Health (CTDPH) established via circular letter No. 2000-01 (see Appendix A)
a guideline of six (6) bedrooms per acre as a guideline for recommended development densities in areas with
subsurface disposal systems. In high density areas such as those identified in the project area, there is a
commingling effect of wastewater plumes that may migrate across property lines and pollute sensitive
receptors such as onsite drinking water wells or other nearby receptors such as storm drains. Table 1-1
summarizes the development density of each Sub-Area and compares it to CT-DPH guidelines. As shown in
Table 1-1, each Sub-Area within the Project Area does not satisfy CT-DPH guidelines. Table 1-1 and Figure
1-2 show a similar distribution between high development density and small lot size among the Sub-Areas.
Sound View exhibits a threefold exceedance of DPH's recommended density limit of 6 bedrooms per acre.

Figure 1-2: Lot Size Distribution of Town Sub-Areas
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Table 1-1: Density of Development by Sub-Area

Estimated Average | Total Land | Number of | DPH Guideline
Number of Area Bedrooms | Bedrooms per | Guideline
Description EDUs | Bedrooms per EDU! (Acres) per Acre Acre? Exceeded
Sound View Beach 229 2.7 344 18.0 6.0 Yes
Miscellaneous Town Area B
(MTA-B) 41 2.6 14.0 7.6 6.0 Yes
1. Average Number of Bedrooms per Residential EDU calculated based on provided Health Department data
2. From Connecticut Department of Public Health Circular Letter No. 2000-01 (Appendix A)
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e Soil Drainage Classification — CT-DEEP classified soils throughout the State in terms of drainage
characteristics. Soil drainage classification was used to approximate the ability of soils in each Sub-Area to
accept wastewater from on-site septic systems. CT-DEEP’s soil drainage classification is based on
observations of the water table, soil saturation, proximity to water bodies, and soil characteristics. Figure 2-2
depicts the Project Area overlaid with CT-DEEP’s soil drainage data. Soils are classified by drainage ability,
including “excessively drained,” “well drained,” and “poorly drained.” Soils considered “very poorly drained,”
“poorly drained,” and “somewhat poorly drained” factored greatest in terms of need. The overall rating for
each Sub-Area is based on percentage of each soil present in that Sub-Area. Soils classified as “excessively
drained” may be considered adequate for accepting large volumes of flow but may negatively impact retention
time for removal of pollutants. In terms of wastewater acceptance, excessively drained soils are rated low as
negative effects on retention time are exacerbated by high development densities. As shown in Figure 2-2,
most of the Town Sub-Areas are comprised of moderately well drained soil with some very poorly drained and
excessively drained soils.

e Sea Level Rise & Coastal Flooding Impacts — Sub-Areas containing low-lying areas and significant coastline
are most prone to coastal flooding and expected impacts associated with increases in sea levels. Severe
storm events such as Storm Sandy and Hurricane Irene caused significant flooding damage in the project
area. The attached Figure 2-1 was developed using the 2016 Sea Level Affecting Marshes Model (SLAMM).
SLAMM predicts long term shoreline and tidal wetland habitat class changes as a function of land elevation,
tide range and sea level rise (SLR). CT-DEEP calibrated the 2016 model using the State of New York 2014
planning effort for several SLR scenarios. These scenarios were reviewed and determined to be the most
current and relevant available and thus applied to the Connecticut coast for several years including 2010
(initial condition year), 2025, 2040, 2055, 2070, 2085 and 2100 for years in which predicted conditions are
available in the model.

The Connecticut Institute for Resiliency and Climate Adaptation (CIRCA) at the University of Connecticut
recently developed a projection of a static sea level rise of 0.5 meters (~1.8 feet) by 2050 along the
Connecticut Coastline. This projection does not take into account tidal cycle, wave action or any other factors
that may exacerbate storm surge. With this SLR projection, Figure 2-1 was developed using SLAMM which
shows that the areal extent covered by the current base flood elevation (i.e. current 100-year FEMA flood
plain) compared with the projected base flood elevation (BFE), including a 0.5 meter (or ~1.8 feet) SLR
increase, will not change in areal extent due to the predominant topography of the project area. However, the
SLAMM model predicts an increase in inundation frequency from a 100-year storm to 10-year storm levels by
2055.

The increased frequency of inundation further reinforces the need to replace existing onsite wastewater
disposal systems which will be increasingly subject to failure due to flooding and rising groundwater levels.

o Estimated Nitrogen Loads — According to a study by the UConn Department of Marines Sciences’, biological
uptake and reduction of nitrogen occurs within the biomat which develops on septic system leaching fields,
typically providing a net removal of 40% of total nitrogen from wastewater. The remaining nitrogen is deposited
into groundwater. The same study suggests cesspools, similar to septic systems but without a leaching field,
would provide limited nitrogen removal of about 5%. The existing Beach Associations onsite wastewater
disposal systems are expected to provide a range of total nitrogen removal between 5% and 40%, depending
on the type of system and depth to groundwater.

Nitrogen removal is dependent upon many factors including the leaching system area, number of users, water
use, the condition of the onsite septic system, and the distance to the environmental receptor. Septic systems
located closer to the shoreline are expected to contribute higher nitrogen loads to the sound. The New London

" “Embayment Nitrogen Loads for Long Island Sound”. Jamie Vaudrey, Department of Marine Sciences, UConn. March 18, 2016.
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WPCF in comparison to typical septic systems provides on average an estimated 84% removal of total
nitrogen before returning treated water to the environment, based on monthly operating report data for the
period of January 2013 through December 2016 assuming a typical influent wastewater nitrogen
concentration?.

For the needs analysis, a total effluent flow rate for each Sub-Area was calculated assuming an average water
use rate of 180 gallons per day (gpd)/EDU (2.39 people per household multiplied by 75 gallons per capita per
day (gpcd)). Assuming an average septic system effluent total nitrogen concentration of 50 mg/L-N, the
average total nitrogen (TN) load can be calculated as the mass of nitrogen per volume multiplied by the volume
of wastewater treated per day. It is important to note that these communities may implement water
conservation measures which can contribute to higher Total Nitrogen effluent concentrations entering the
ground. During the summer months increased occupancy within the Beach Communities leads to even greater
total nitrogen loading.

Table 1-2 summarizes the total nitrogen loading to environmental receptors for each Town Sub-Area,
assuming a range of nitrogen removal of 5%-40% for cesspools or septic tanks and 84% for the New London
WPCF. As shown in the table, the Town Sub-Areas would contribute a total daily load of approximately 12 to
19 pounds of nitrogen to the local groundwater aquifer daily. In contrast, treating all Town Sub-Area flows at
the New London WPCF would contribute 3.3 pounds of nitrogen to the Thames River on a daily basis, thereby
avoiding additional nitrogen deposition to the Town Sub-Areas groundwater aquifer and reducing the overall
load of nitrogen to the Long Island Sound.

Table 1-2: Nitrogen Loading Discharge

Cesspool /
Average | Total Wastewater Septic TN | WPCF TN
Daily Land TN Cesspool / | Estimated Load Load

Flow Area | Concentration | Septic TN WPCF TN | Discharge | Discharge

Description | EDUs | (gpd)! | (Acres) (mg/L-N)? Removal®* | Removal* (Ibs/day) (Ibs/day)

SoundView | oo | 41200 | 344 50.0 5%-40% 84% 10.3-16.3 28
Beach
MTA-B 41 7.380 14.0 50.0 5%-40% 84% 18-2.9 05

1. Assuming 180 gpd/EDU.

2. Based on average TN Septic Tank Effluent - CTDEEP (Table 2). CT Department of Environmental Protection, Guidance
for the Design of Large-Scale wastewater renovation systems (February 2006).

3. Based on 2016 UConn nitrogen loads study (see reference footnote 1 in page 3)

4. Based on monthly operating report average effluent total nitrogen between January 2013 and December 2016 and
assumed influent total nitrogen.

During the second stage of the needs analysis, the following additional criteria were considered:

Septic systems, private wells, and depth to groundwater - Table 1-3 summarizes septic system age, properties
with private wells, and depth to groundwater. Overall, less than 21% of properties have septic systems that
were built prior to 1980. Before this date, septic systems were not required to meet long term acceptance
rates and are more likely to fail due to insufficient soil porosity or loss of acceptance over time. Over 79% of
properties have onsite wells in Miscellaneous Town Area B and over 42% have on site wells in Sound View.
The small lot sizes in these Sub-Areas, combined with onsite septic systems and drinking water wells,
introduces a high probably that CT-DPH minimum set back requirements are not met. All three Sub-Areas

2 Typical medium strength influent domestic wastewater nitrogen concentration per Metcalf and Eddy, 4t Ed. 2003, Table 3-15.
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show a minimum test pit depth to groundwater of 16 inches or less, which is less than the typical design
minimum of 42 inches recommended by CT-DPH to facilitate proper separation from groundwater without a
mounded system.

Table 1-3: Comparison of Additional Data for selected sub-areas

Percent of Minimum | Maximum
Septic Percent of | Test Pit Test Pit Percentage of
Systems Properties | Depth to Depth to Test Pits with
Built prior | on Private | Ground- Ground- Groundwater
Description to 1980 Wells water (in) | water (in) Observed
Sound View Beach 20.8% 42.6% 16 96 91.8%
Miscellaneous Town Area B 0 0 0
(MTA-B) 21.4% 79.2% 38 90 81.8%

Groundwater Quality - Groundwater quality data was provided by the Health Department for the Sound View
Beach Sub-Area and included nitrogen species concentrations and bacterial counts. Figure 1-1 shows the
approximate location of each groundwater monitoring well used during the groundwater monitoring campaign.
Table 1-4 summarizes the groundwater monitoring results for each sample location. Table 1-5 summarizes
the number of occurrences where nitrogen and bacteria limits for drinking water and wastewater effluent were
exceeded. The data was collected between June 25, 1998 and June 19, 2012 from five sample stations within
the Sound View Sub-Area, and was retrieved from the 2012 Nathan Jacobson (NLJ) report.

o Nutrient Pollution

In the technical standards, CT-DPH requires minimum horizontal separating distances from septic systems to
existing sensitive receptors or other points of concern including but not limited to surface waters, drinking
wells, wetlands, and property lines. In coastal areas, a minimum vertical separating distance of 24” from the
bottom of the leaching system to seasonal high groundwater is also required to facilitate proper wastewater
renovation. These separating distances are necessary to maximize nitrogen reduction, and bacterial and viral
die-off.

Table 1-4 shows that Soundview has experienced elevated and above typical background levels of total
nitrogen, ammonia, and nitrate during the sampling period. As shown in Table 1-4, the guideline for total
nitrogen in drinking water was exceeded three times. The data analysis shows that total nitrogen consisted
mostly of ammonia and organic nitrogen, a strong indicator of the presence of raw wastewater. Sound View
shows consistently high levels of Ammonia concentration which indicates raw sewage pollution.

In the evaluation of the effects of Sewering on Nitrogen Load to the Niantic River (see Appendix B), the United
States Geological Service (USGS) indicated that “Grady (1994) determined that the median nitrate plus nitrite
concentration in groundwater in glacial stratified deposits beneath 21 sewered areas in Connecticut was 2.3
mg/L. This compares with a value of 1.1 mg/L of nitrate plus nitrite beneath undifferentiated urban areas in
the Connecticut River, Housatonic River, and Thames River Basins (Grady and Mullaney, 1998). These
concentrations are higher than those for undeveloped or forested areas where median values for nitrate plus
nitrite ranged from 0.11 to 0.14 mg/L. ... Remaining sources of nitrogen input to the groundwater at Pine
Grove include atmospheric deposition, lawn fertilizers, and pet and animal wastes.” While Nitrogen
concentrations found in the environment can originate from different sources, the main source of Nitrogen
loads in the project area are the septic systems. The values provided in the USGS evaluation put in
perspective the groundwater quality results shown in Table 1-4 and how these numbers compare to typical
background concentrations assessed elsewhere in the State.
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Table 1-4 shows that Soundview exhibited elevated concentrations of multiple nitrogen species that are
indicative of human waste, well above typical background concentrations. While septic systems typically
provide a nominal level of nitrogen removal, high development density and inadequate spacing of septic
systems may not allow for adequate reduction of nitrogen to typical background levels.

Table 1-4: Groundwater Monitoring Results - Nitrogen Species (EPA/CT Drinking Water Limit,
mg/L)! and Bacterial Count (EPA Freshwater Limit Colonies per 100 mL)

Fecal
Sample Nitrate | Nitrite Total Fecal | Strepto-
Location (10 (1 TN (10 | Coliform | Coliform | coccus | E Coli
ID Statistic | mg/L) | mg/L) | TKN2 | Ammonia?2 | mg/L) (200) (200)° (200) (126)°
SV-1 Average 3.33 0.01 0.86 0.10 4.20 13 14 18 13
Maximum | 5.50 0.02 2.00 0.74 6.90 80 100 100 20
SV-2 Average 0.04 0.02 6.32 4.54 6.82 1 23 22 13
Maximum | 0.18 0.09 9.60 7.20 13.10 20 250 160 20
V.3 Average 4.07 0.06 1.41 0.18 5.54 23 17 21 12
Maximum | 7.80 0.89 12.00 1.60 14.70 120 100 100 20
v Average 0.05 0.03 7.87 7.03 7.90 16 16 65 12
Maximum | 0.28 0.08 12.00 11.00 12.00 100 100 600 20
V-6 Average 0.05 0.01 2.10 0.76 2.16 64 73 71 41
Maximum | 0.23 0.05 6.00 250 6.10 300 1000 600 300
Sound | Average 1.51 0.03 3.71 2.52 5.33 25 28 39 18
View | Maximum | 7.80 | 0.89 | 12.00 11.00 14.70 300 1000 600 300

1. EPA National Primary Drinking Water Regulations - https://www.epa.gov/ground-water-and-drinking-water/table-requlated-
drinking-water-contaminants — Accessed August 26, 2016

2. No EPA or State established limits for drinking water.

3. EPA limit for drinking water is zero colonies per 100 mL and no more than 5% of samples positive per month or no more than
one positive sample per month for less than 40 samples per month. No more than one sample was collected in any given month
for the sampling program.

o Bacterial Pollution

Sound View has shown elevated levels of various types of bacteria, as shown in Table 1-5. The limits
presented in Table 1-5 are required by EPA3 to ensure safe public use of wastewater effluent receiving waters.
However, the EPA’s safe drinking water standards are much more stringent. While these standards do not
apply to private systems serving less than 25 individuals, they represent a good reference for drinking water
safety.

The Total Coliform Rule in the Safe Drinking Water Act (SDWA) specifies a goal of zero for total coliforms
(which includes fecal coliform and Escherichia coliform (E. coli)). Groundwater samples obtained from
monitoring wells for Sound View were collected approximately biannually. Approximately 92% of samples
were positive for fecal coliform. It should be noted that fecal coliforms may be indicative of the presence of
disease causing organisms. The regular occurrence of coliform bacteria in Sound View samples suggest

3 EPA Recreational Water Quality Criteria - https://www.epa.gov/sites/production/files/2015-10/documents/rwqc2012.pdf -
Accessed August 26, 2016

Town of Old Lyme 6 May 4, 2018
2018.05.04 EIE Report.docx



inadequate wastewater renovation which may pose a risk of contamination of private drinking water wells in
these areas.

Table 1-5: Nitrogen and Bacterial Limits Number of Exceedances

Total Total Fecal Fecal
Description Nitrogen Coliform | Coliform | Streptococcus | E. Coli
10 mg/L (CT 200 126
DPH #/100 #/100
Drinking 200 #/100 mL mL
Limit (Source) Water Std) mL2 (EPA) 200 #/100 mL2 | (EPA)

Sound View 9 2 2 5 1

1. Based on 2012 NLJ Report
2. The US EPA's fecal coliform limit is used for analytical purposes.
3. Limits are based on the EPA 30-day geometric mean count.

In summary, the wastewater management needs analysis shows evidence that onsite septic systems are a clear source
of pollution and are no longer a sustainable solution for treatment and disposal of wastewater. Wastewater treatment
alternatives are discussed and evaluated in the following section. Sound View presents consistently higher levels of
ammonia concentration which indicates raw sewage pollution.

1.3 BALANCING WASTEWATER MANAGEMENT NEEDS

Subsequent to submission of the December 2014 Draft Coastal Wastewater Management Plant (CWMP) to CT-DEEP,
the WPCA, Town leadership, and an independent engineering firm engaged other Town boards/commissions/residents
and CT-DEEP staff in meetings and discussions related to the proposed regional alternative for the Coastal Wastewater
Management Plan. To address data gaps, it was decided to perform additional monitoring within Hawks Nest. It is
anticipated that a recommendation for Hawks Nest Sub-Area will be presented in a subsequent engineering report.
Hawks Nest Sub-Area will be further investigated through an additional groundwater monitoring program to be
performed in two phases:

1. Phase 1 — Well Network Evaluation: This phase will include well condition evaluation and groundwater flow
mapping. The intent of this phase is to monitor groundwater levels and map groundwater flow direction at
Hawks Nest Sub-Area. Phase 1 results will be used to determine representative locations for water quality
monitoring. Phase 1 was completed in October of 2017.

2. Phase 2 — Well Installation, Sampling Program and Report: Based upon the results of Phase 1, additional
wells may be installed, a well sampling program will be developed and implemented, and a separate
engineering report will be developed. The results of this program will be used to generate a recommendation
for Hawks Nest Sub-Area. It is anticipated that Phase 2 will begin in 2018.

The CWMP recommended that the Hawk Nest Sub-Area be monitored and further evaluated based on the results of
the phase 1 and phase 2 monitoring program.

1.4 ALTERNATIVES EVALUATION

As part of the CEPA evaluation, several alternatives have been considered for this project, including a “no action”
alternative and two different primary wastewater management alternatives (the local Alternative and the Regional
Alternative) explained below in more detail. The primary distinction between the local and regional alternative is that
Regional Alternative is predicated on the use of the existing New London Water Pollution Control Facility (WPCF) to
treat wastewater from the Town Sub-Areas, and the Local Alternative relies upon the construction of a new treatment
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facility in Old Lyme, coupled with either local subsurface disposal and reuse, or a new surface water discharge permit
for the Connecticut River.

1.41 Continuation of Septic System Use Alternative

Given the prevalence of the evidence provided herein, the continuation of septic system use is not a long term reliable
and sustainable solution. The community pollution problem due to the high density of development would continue to
be unresolved. Onsite drinking wells and groundwater in general would continue to be vulnerable to septic system
pollution. Some property owners may still pursue the upgrade of onsite septic systems via conventional methods.
Septic system upgrades in several project areas would likely require the use of mounded and non-traditional and/or
engineered septic systems due to the limited space available and shallow groundwater conditions. Septic system
upgrades in areas with limiting site conditions such as those found in the Town Sub Areas may require a variance
issued by the health district due to the inability of the septic system to meet minimum required separating distances.
Many septic systems located within the flood plain would remain susceptible to flooding and rising groundwater
conditions due to sea level rise concerns. Continuation of septic system use would not resolve the existing 2016 notice
of public health nuisance from the Town’s Health Department (see appendix C).

1.4.2 Local Alternative 1 with Subsurface Disposal and Reuse

Local Alternative 1 includes multiple collection, treatment, disposal and reuse options. Following is a brief overview of
each component of Local Alternative 1:

e Collection and Transmission System: A gravity collection system would collect wastewater and convey it to a
common point for transmission to the treatment location. A pump station would be required to convey the
wastewater from the project areas to the site where the treatment plant would be located.

o Treatment: Treatment will be accomplished with a local WPCF in Old Lyme. The level of treatment required
will depend of the permit requirements associated with the permit(s) issued for disposal and/or reuse.

o Disposal and Reuse: Disposal of treated effluent will be accomplished by discharging effluent into the ground
at a suitable site with adequate hydraulic capacity to receive expected peak flows from project area, commonly
referred to as subsurface disposal. To supplement disposal, effluent reuse for surface irrigation is a key
component of the Local Alternative 1.

Under this alternative, combined wastewater flows from the Town Subareas and Beach Associations would be
conveyed to a common point for transmission to a centralized location for treatment and disposal. Several sites were
evaluated by the Beach Associations and the Town for potential local subsurface disposal of treated effluent, including
four undeveloped parcels along Shore Road and a vacant driving range known as “Cherrystones”. However, significant
limitations were identified at the Cherrystones site including potential impacts on a nearby public well field administered
by the Connecticut Water Company (a.k.a. San Jose Water Company). Once evaluated, this alternative was ruled out
due to its higher construction and operational costs.

1.4.3 Local Alternative 2 with Surface Disposal to the Connecticut River

Local Alternative 2 includes identical collection and treatment options as Local Alternative 1 but differs in disposal
methodology. Following is a brief overview of each component of this second Local Alternative:

e Collection and Transmission System: Collection will utilize sewer infrastructure within the Town Sub-Areas to
collect wastewater and convey it to a common point for transmission to the treatment location.

e Treatment: Treatment will be accomplished with a local WPCF in Old Lyme. The level of treatment required
will depend of the permit requirements associated with the permit issued for disposal.

o Disposal: Disposal of treated effluent will be accomplished by discharging effluent to the Connecticut River.
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Local Alternative 2 was eliminated due to higher capital and O&M costs, the need for additional land for construction
of the proposed WPCF, easements, and additional permitting required for crossing of natural features.

1.4.4 Regional Alternative

Following is a brief overview of each component for the Regional Alternative:

e Collection and Transmission System: Similar to the Local Alternatives, collection for the Regional Alternative
will utilize sewer infrastructure within the Town Sub-Areas. In addition to the proposed transmission main from
the Town Sub-Areas to existing sanitary sewer in East Lyme, the Regional Alternative transmission system
will use approximately ten miles of existing gravity sewer and force mains, and five existing pump stations in
East Lyme, Waterford, and New London to convey wastewater to the New London WPCF.

o Treatment: Treatment will be accomplished at the existing WPCF in New London. New London has an existing
NPDES permit dictating the level of treatment and permit criteria.

o Disposal: The New London WPCF performs surface water discharge of treated effluent to the Thames River,
which is in close proximity to Long Island Sound.

The advantages and limitations of each alternative proposed are summarized in Table 1-6.
1.4.5 Cost Analysis Summary

Table 1-7 summarizes the capital and O&M costs for each of the three proposed alternatives. All capital costs are
escalated to the year 2019 at an annual inflation rate of 3% to account for projects constructed in the future. Net Capital
cost is the total project cost assuming a 25% grant from the CT-DEEP Clean Water Fund (CWF); however, the CWF
funding does not apply to costs associated with capacity buy-in at the New London WPCF for the Regional Alternative.
In order for buy-in costs to be eligible for CWF funding assistance, the buy-in fee would have to be used as a capital
improvement project at the treatment plant or within the applicable wastewater conveyance infrastructure. Table 1-7
also shows the capital and O&M costs per EDU in Town owned Sub-Areas (Sound View and MTA-B).

1.5 PROPOSED ALTERNATIVE

The Regional Alternative is the proposed solution for addressing on-site wastewater disposal limitations in the Project
Area due to significantly lower capital and annual O&M costs, as shown in Table 1-7. As discussed in Section 1.4, the
proposed Regional Alternative will rely on a gravity sewer system to collect wastewater throughout the Town
Sub-Areas. The gravity sewer system will replace the existing onsite septic systems. The estimated cost sharing for
the Town's Sub-Areas for this gravity sewer system prior to any funding assistance is $9.4 M, escalated to the year of
2019. The Town has applied to the CT-DPH Drinking Water State Revolving Fund (DWSRF) to replace the aging water
mains and connect existing private wells. The drinking water project upgrade was estimated at $4.5 M. This funding
application is addressed further in Section 1.5.1.

Figure 1-3 shows the Project Area overlaid with the proposed gravity sewer layout. The beach associations and Town
have been in discussions to build the proposed wastewater pump station in the public parking area located in Sound
View at the end of Hartford Avenue near the shoreline. This location is one of the lowest topographical points in the
project area and therefore it would allow all wastewater from Town Sub Areas and Beach Associations to be conveyed
to a central location by gravity thus eliminating the need for intermediate conveyance facilities. The CWMP evaluated
alternative methods of wastewater collection, including low pressure sewer, vacuum sewer, and septic tank sewer
combination systems, and determined that gravity sewer was the most economically feasible solution. This proposal
maximizes the cost effectiveness of the project by centralizing the proposed infrastructure, which allows available
resources to be invested on a more cost-effective basis. The Town expects to seek the funding and local approvals
necessary to build the pump station within Sound View. The common pump station will utilize new force main to
transport wastewater to the existing East Lyme collection system. From there, wastewater will flow via gravity and force
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main to the New London WPCF for treatment through existing sewer infrastructure. Odor control measures will be
implemented to reduce the presence of offensive odors and corrosion at the pump station.

The New London WPCF and existing conveyance systems have been documented to have adequate capacity to
receive the projected flows from the Town Sub-Areas. The opinion of capital cost in Table 1-7 includes expected costs
associated with the necessary intermunicipal agreements and capacity buy-in. Capacity buy-in is conservatively
estimated to cover the costs of maintenance to downstream municipalities systems to receive the Town Sub-Area flow.
A limited amount of existing wastewater infrastructure may be upgraded as part of this project, and an accompanying
buy-in payment is expected.

Funding assistance for the proposed project will be provided by the CT-DEEP CWF priority list reserve for “Small
Community Projects.” The Town of Old Lyme would qualify for a 25% grant and a 20-year low interest loan under this
funding category. Capacity buy-in costs do not qualify for CWF funding assistance unless the buy-in fee is utilized to
upgrade the existing wastewater infrastructure used by wastewater flows from the Town Sub Areas and Beach
Associations.

Flow projections for the Town Sub-Areas are summarized in Table 1-8, where the average sanitary flow was estimated
by multiplying each Sub-Area’s EDU count by the assumed average water consumption rate of 180 gpd/EDU. The
collection system and pump station will be sized appropriately for the total average daily flow and peak hourly flow of
the Project Area, of which the Town Sub-Areas will contribute an estimated 53,000 gpd and 199,000 gpd respectively.
Initially flows are expected to be less than the projected average daily flow based on data obtained from the Point O’
Woods Beach Community (POW). Between June 2013 and September 2014, the POW collection system discharged
an average 20,011 gpd out of the design flow of 105,000 gpd. Peak flow from POW was recorded at 40,569 gpd in
September 2014. Lower initial flows are expected to result in lower O&M costs until flows reach the projected average
daily flow.

Given that the Town Sub-Areas are primarily composed of seasonally occupied residences, flows are also expected to
vary significantly with the seasons. Approximately 10 to 30% of residences in the adjacent beach associations are
occupied year-round. The projected average daily flow assumes full occupancy. Therefore, during off-peak seasons
the average daily flow is anticipated to be significantly lower.

The CWMP identified other capital project needs within the Town Sub-Areas, such as improvements to the drinking
water system within Sound View Sub-Area, upgrades to storm water infrastructure, including, where feasible, the
implementation of green infrastructure enhancements to effectively manage storm water pollution concerns in the Town
Sub-Areas. It should be noted that the Town applied for funding assistance from the CT-DPH DWSRF program in April
of 2017 to address drinking water needs in these areas. In addition, there are likely cost savings opportunities if water,
storm water, and wastewater projects are designed and constructed concurrently.

1.5.1  Drinking Water Infrastructure

The proposed alternative will also allow the Town of Old Lyme to address various public health issues within the Sound
View Beach Community by connecting private wells to the drinking water system. These private wells may be subject
to contamination due to soil conditions and lack of appropriate setbacks to on-site septic systems. The drinking water
project will also upgrade the existing water supply system and replace the aging water infrastructure. The intent of this
project is to serve existing homes that are on private wells; it is not intended for growth as infill potential is limited.

The water project would include the replacement of approximately 10,000 linear feet of 12-inch through 6-inch cement
lined ductile iron water main improvements including associated service lines, gate valves, meters, and hydrants, and
temporary and permanent pavement repair. Water main improvements are proposed in the Sound View Beach
neighborhood in Old Lyme. The neighborhood will be served off a 12-inch transmission main in Shore Road that
connects to existing Connecticut Water Company wellfield and infrastructure near Robbin Avenue. The Sound View
neighborhood is currently served by Connecticut Water Company. The work will be constructed within existing
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roadways and service connections will be constructed to the property line. Property owners will be offered the option
to connect to the new water mains upon completion of the project.

The Town is working with the CWF and DWSRF programs to fund the sanitary sewer and drinking water projects
concurrently. It is likely that the sanitary sewer and water work will be performed at the same time, which will maximize
cost efficiencies.

1.5.2 Storm Resiliency Considerations for the Proposed Wastewater Conveyance Infrastructure

It is also important to note that any proposed wastewater infrastructure in flood prone areas needs to be properly
designed to withstand the effects of flooding impacts. Considerations regarding storm preparedness and resiliency
measures for proposed wastewater infrastructure are discussed in the next paragraphs.

With SLR projections provided by CIRCA for midcentury mentioned in a previous section of this EIE, a vulnerability
analysis using the SLAMM model was performed for the proposed infrastructure through the year 2055. The typical
useful life of wastewater infrastructure ranges between 20 to 50 years. 2055 was chosen as the modeled SLR year
because it is available in SLAMM and because it is 35 years out into the future, a reasonable life span for wastewater
infrastructure.

The Base Flood Elevation (BFE) at the proposed pump station site in Sound View based on FEMA maps is elevation
12 (or elevation 13.5" with the modeled SLR increase by 2055). The current minimum elevation to protect critical
equipment would be at elevation 15. This elevation was derived from the Technical Report No. 16 “Guides for the
Design of Wastewater Treatment Works” which recommends a minimum 3-foot freeboard separation between the BFE
(i.e. elevation 12’) and the minimum recommended elevation for the protection of critical equipment during flood
conditions (i.e. elevation 15'), see Figure 2-1. Therefore, the TR-16 minimum protective elevation as documented
herein is considered adequate as it would sufficiently cover the SLAMM prediction relative to SLR through the year
2055 and beyond.

Additionally, a shoreline change analysis was also assessed for this project. The attached Figure 2-4 portrays the
shoreline change for the proposed project area from 1880 to 2006. This change was measured over two time periods
i.e., 1880 to 2006 and 1983 to 2006 at numerous transects along the entire Connecticut (CT) shoreline. This information
is derived from the 2014 “Analysis of Shoreline Change in CT, 100+ Years of Erosion and Accretion”, developed
cooperatively by UConn’s Center for Land Use Education and Research (CLEAR), the CT Sea Grant and CT-DEEP.
The goal of this analysis was to quantify shoreline change with the use of historic maps, more recent GIS datasets and
a United States Geological Service software developed for this purpose.

Based on a long-term analysis developed by CT-DEEP, the University of Connecticut, and CT SeaGrant, the shoreline
area near the proposed wastewater pump station and transmission line (as shown in the figure) is generally an
accreting beach where shoreline change patterns have either remained constant or exhibited a positive rate (accretion)
trend. Note that areas of accretion are indicated by the green and yellow dots in Figure 2-4.

The documented long-term stability of this beach combined with modern flood proofing measures for protection of the
proposed wastewater infrastructure will allow the infrastructure to withstand extreme weather events.
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Table 1-6: Summary of Advantages & Limitations of Alternatives Proposed

Alternative

Advantages

Limitations

Local Alternative 1
Disposal/Reuse

- No intermunicipal agreements required
- Higher quality effluent

- More control over annual O&M costs

- Possibility of water reuse opportunities

- Higher capital and O&M costs

- New local WPCF and permitting required
- Additional pump station required at WPCF
- More substantial land requirements

- Complicated permitting process

Local Alternative 2
CT River Discharge

- No intermunicipal agreements required
- More control over O&M costs

- Higher capital and O&M costs

- New local WPCF required

- Additional pump station required at WPCF
- Land requirements

- Additional permitting to cross resources

- Easement(s) required

Regional Alternative

- Lower capital and O&M costs
- No new WPCF required
- Moderate permitting requirements

- Minimal property acquisitions
- Less construction required

- Maximizes economies of scale due to the

significantly larger user base.

- One capacity and one conveyance agreement
required

- Future Downstream infrastructure upgrades
possible

- Less control over future escalations in annual
O&M costs by downstream communities
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Table 1-7: Alternative Cost Comparison (2019 Cost)

Town Share of Project (Town Sub-Areas - Sound View & MTA-B)
- . Capital Annual
0 -
Wastewater Oplnl?n of 25% CT Net Capital Estimated Cost Share | O&M Cost
Management Capital DEEP Cost'? Annual Per T Per T
Alternative Cost!3 Grant?3 ost® O&M Cost'3 sr own or own
EDU"3 EDU"3
Local Alternative 1 | ¢/ o5 000 | $3.715,000 | §11,145,000 | $853,000 | $41,300 $910
Disposal/Reuse B o T ’ ’
Local Alternative 2
CT River Discharge $13,742,000 | $3,436,000 | $10,306,000 $853,000 $38,200 $910
Regional Alternative | $9,402,000 | $1,959,000 | $7,443,000 $410,000 $27,600 $440

1. Costs escalated to anticipated mid-point of construction (2019) at an annual inflation rate of 3%

2.

25% CT-DEEP CWF Grant does not apply to capacity buy-in at the New London WPCF for the Regional Alternative
3. Only includes fraction of total capital cost applicable to Town owned areas within the Project Area

Table 1-8: Summary of Gravity Flow Projections for Town Sub-Areas

Equivalent Average Daily Flow (GPD)
Dwelling Units Max Daily Flow | Peak Hourly
Sub-Area ID Description (EDU) Sanitary Flow n? Total (GPD)® Flow (GPD)*
6' Sound View Beach 229 41,220 2,818 44,038 85,258 167,698
MTA-B' Miscellaneous Town Area B 41 7,380 1,697 9,077 16,457 31,217
Total 270 48,600 4,515 53,115 101,715 198,915

1. Existing EDU counts for Sub-Areas 6 and MTA-B are based on Town Sanitarian records and include assumed commercial confributions.

2. I/l estimate is based on a preliminary gravity sewer layout of 8-inch pipe, assuming 400 gpd/idm.
3. Maximum Daily Flow is the Sanitary Flow multiplied by a safety factor of 2, added to I/l.
4. Peak Hourly Flow is the Sanitary Flow multiplied by a peaking factor of 4, added o I/l.

As noted previously, the Regional Alternative is the proposed solution for on-site wastewater disposal limitations within
the Project Area and has the advantages of significantly lower capital and annual O&M costs. This alternative includes
a gravity sewer system for collection of wastewater throughout the Town Sub Areas and a regional pump station to
convey wastewater to the New London WPCF, which will collectively replace the existing onsite septic systems.
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2. EVALUATION OF ENVIRONMENTAL IMPACTS
21 CEPA REQUIREMENTS

According to CEPA requirements, an EIE should discuss direct effects, indirect effects, and cumulative impact on the
environment from actions associated with a project. Direct effects may result from construction activities, while indirect
effects include short and long-term changes in social, economic or natural conditions. Cumulative impacts include
those activities that may cause negative changes to the environment when combined with other preexisting or future
environmental impacts. Public comments in response to this EIE will be reviewed as part of the environmental impact
assessment process.

22 AR QUALITY

No long-term change in existing air quality is anticipated as a result of the proposed plan. Construction may cause a
short-term increase in total suspended particulate matter and emissions from construction equipment in the area,
although the level will not be sufficient to impact ambient air quality. Prior to construction, the State air pollution program
administrator responsible for enforcing the State Implementation Plan (SIP) will be contacted to determine whether
construction activities must comply with the SIP. In order to minimize air quality issues, the contractor will be required
to mitigate levels of excessive dust through the application of calcium chloride or water to unpaved areas subject to
vehicular traffic.

CT-DEEP typically encourages the use of newer off-road construction equipment that meets the latest EPA or California
Air Resources Board (CARB) standards. If that newer equipment cannot be used, equipment with the best available
controls on diesel emissions including retrofitting with diesel oxidation catalysts or particulate filters in addition to the
use of ultra-low sulfur fuel would be the second choice that can be effective in reducing exhaust emissions. The use of
newer equipment that meets EPA standards would obviate the need for retrofits.

CT-DEEP also encourages the use of newer on-road vehicles that meet either the latest EPA or California Air
Resources Board (CARB) standards for construction projects. These on-road vehicles include dump trucks, fuel
delivery trucks and other vehicles typically found at construction sites. On-road vehicles older than the 2007-model
year typically should be retrofitted with diesel oxidation catalysts or diesel particulate filters for projects. Again, the use
of newer vehicles that meet EPA standards would eliminate the need for retrofits.

Additionally, Section 22a-174-18(b)(3)(C) of the Regulations of Connecticut State Agencies (RCSA) limits the idling of
mobile sources to 3 minutes. This regulation applies to most vehicles such as trucks and other diesel engine-powered
vehicles commonly used on construction sites. Adhering to the regulation will reduce unnecessary idling at truck staging
zones, delivery or truck dumping areas and further reduce on-road and construction equipment emissions. Use of
posted signs indicating the three-minute idling limit is recommended. It should be noted that only CT-DEEP can enforce
Section 22a-174-18(b)(3)(C) of the RCSA. Therefore, it is recommended that the project sponsor include language
similar to the anti-idling regulations in the contract specifications for construction in order to allow them to enforce idling
restrictions at the project site without the involvement of the Department.

The operation of the proposed wastewater transmission facilities is not expected to adversely impact the existing air
quality. The pump station will use electricity for power sources. However, in case of electrical outage, an emergency
generator will be automatically activated to power the pump station. This diesel or natural gas fueled generator will
emit a very limited amount of air pollutants. The generator is expected to run for short durations until power is restored.

2.3 WATER QUALITY

No negative impacts to surface or ground water quality are anticipated from construction of the proposed system.
Erosion and sedimentation control measures will be implemented as required by Best Management Practices (BMPs)
to prevent runoff into nearby surface waters. BMPs will maximize the implementation of green infrastructure measures
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such as pervious pavement at the pump station, rain gardens, infiltration basins, and bioretention swales adjacent to
roadways.

Groundwater quality, and therefore drinking water quality, in the Town Sub-Areas is expected to improve after
construction of the proposed system. Drinking water in the area is provided by local community and individual
groundwater wells. Treatment of wastewater at an offsite location will ensure the protection of the local groundwater
table against wastewater contamination, as the most densely populated areas become sewered and the existing septic
systems are properly abandoned. Figure 2-2 shows that poorly and excessively drained soils are within the Project
Area, however the proposed gravity collection system, pump station and force main will all be built within paved
roadways and developed parcels.

Stormwater discharges from construction sites where one or more acres are to be disturbed, regardless of project
phasing, require an NPDES permit from the Permitting & Enforcement Division. The General Permit for the Discharge
of Stormwater and Dewatering Wastewaters Associated with Construction Activities (DEEP-WPED-GP-015) will cover
these discharges. The construction stormwater general permit dictates separate compliance procedures for locally
approvable projects and locally exempt projects (as defined in the permit).

Locally exempt construction projects disturbing over one acre must submit a registration form and Stormwater Pollution
Control Plan (SWPCP) to CT-DEEP. Locally approvable construction projects with a total disturbed area of one to five
acres are not required to register with CT-DEEP provided the development plan has been approved by a municipal
land use agency and adheres to local erosion and sediment control land use regulations and the CT Guidelines for Soil
Erosion and Sediment Control. Locally approvable construction projects with a total disturbed area of five or more acres
must submit a registration form to CT-DEEP prior to the initiation of construction. This registration shall include a
certification by a Qualified Professional who designed the project and a certification by a Qualified Professional or
regional Conservation District who reviewed the SWPCP and deemed it consistent with the requirements of the general
permit. The SWPCP for locally approvable projects is not required to be submitted to CT-DEEP unless requested.

The SWPCP must include measures such as erosion and sediment controls and post construction stormwater
management. A goal of 80 percent removal of total suspended solids from the stormwater discharge shall be used in
designing and installing post-construction stormwater management measures. The general permit also requires that
post-construction control measures incorporate runoff reduction practices, such as low impact development (LID)
techniques, to meet performance standards specified in the permit. For further information, contact the division at
860-424-3018. A copy of the general permit as well as registration forms may be downloaded at CT-DEEP’s website.

Development plans for utilities in urban areas that entail soil excavation should include a protocol for sampling and
analysis of potentially contaminated soil. A soil management plan should be developed for the project to deal with soils
during construction. CT-DEEP’s Guidance for Utility Company Excavation should be used as a guide in developing the
plan. The guidance is available on-line at CT-DEEP’s website.

2.3.1  Groundwater

Minimum separation distances will be adhered to for the proposed project, ensuring that sewer infrastructure, including
sewer pipes, cleanouts, manholes, and the pump station, are located at minimum prescribed distances from water
supply wells and distribution lines. Regulations of Connecticut State Agencies (RCSA) section 19-13-B51 (d) prescribe
these minimum separation distances to protect public health by ensuring that intermixing of drinking water and
wastewater does not occur.

The United States Geological Survey (USGS) conducted a hydrogeological study of the Sound View well field in Old
Lyme and produced three technical papers presenting the results. The study indicated that groundwater in the area
flows predominately from north to south towards the shore. Sound View’s well field is located north of Route 156 and
therefore groundwater replenishment is not expected to be affected by the installation of new sewers, as the project
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area is downgradient of the groundwater aquifer in the area. There is no aquifer protection areas mapped in Old Lyme
based on CT-DEEP GIS mapping.

Woodard & Curran performed a groundwater study in the Hawks Nest Beach Association confirming the direction of
groundwater flow is north to south, and that the shallow aquifer has a close hydraulic connection with
surface/subsurface infiltration, such as rainfall, snowmelt, and on-site wastewater discharge.

2.3.2 Public Water Supply

Public water supply wells are located in and nearby the Town Sub-Areas and are not anticipated to be affected by the
proposed project (see groundwater section above). Many properties included within the project also rely on onsite
private well systems. No change in water supply is expected from this project. Based on an annual average precipitation
rate of 50 inches per year4, the impacts on recharge potential of the aquifer are negligible. i.e. the volume of water to
be moved offset for treatment is significantly less than the expected recharge from rainfall.

Pollutant discharge into the groundwater aquifer will be reduced significantly by the abandonment of onsite septic
systems through the use of a sewer system to collect and treat contaminated water off site. It should be noted that the
Town is working with the Connecticut Water Company (a.k.a. San Jose Water Company) to investigate upgrading the
existing public drinking water supply system and expanding the service to some of the project areas to address public
health concerns with private drinking water wells, but these efforts will not impact this project. Significant project cost
savings can be achieved if upgrades to the water supply system can be executed concurrently with the installation of
the proposed sanitary sewer system. Along with these upgrades, it is anticipated that the Town would repave affected
roadways as part of this project.

24 FLOODPLAINS AND COASTAL ZONES

The attached FEMA Floodplain Map shown in Figure 2-1 indicates that the Town Sub-Areas are within Zone AE, Zone
VE, and Zone X classified lands. Zone AE is the designation for a 100-year flood area, zone VE designates wave action
areas. Zone X indicates the 500-year flood area. The remaining unshaded areas in the figure are outside of FEMA’s
special flood hazard zones. Properties located within special flood hazard zones require flood insurance. While the
proposed pump station will be located within a floodplain, all construction will take place on currently occupied and
developed property.

Proposed sewer infrastructure within the special flood hazard zones will be designed with waterproof manholes and
covers, and a state of the art flood proofed pump station. All sewer infrastructure will be designed to survive major
climatic events, including the 100-year flood, with the ability to restore operational capability as soon as possible
afterwards. Proposed wastewater infrastructure will be designed to applicable with CTDEEP’s resiliency policy and the
latest revision of TR-16 to ensure operability or survivability for the 100-year and 500-year flood, respectively.

The proposed project will have a positive effect on coastal resources. A significant reduction in the amount of nitrogen
discharging to coastal waters and Long Island Sound will occur with replacement of existing septic systems with
sanitary sewer. The project is consistent with achieving the goals of the Long Island Sound Study.

The Town Sub-Areas are located within a state designated coastal zone, and therefore a coastal consistency review
with the CT-DEEP office of Long Island Sound programs may be required for the project. However, given that the area
is already densely developed and construction will take place exclusively within previously disturbed areas, no
significant impacts to coastal resources are anticipated.

4 Average annual precipitation in the State of Connecticut, source:
http://www.weather.com/weather/wxclimatology/monthly/graph/06371
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2.5 WETLANDS

The proposed work will take place on currently developed and previously disturbed areas. No work is to be conducted
on wetlands or natural resource areas. Proper erosion control and dewatering measures will be implemented to prevent
sedimentation of nearby wetlands. The State of Connecticut “Guidelines for Soil Erosion and Sediment Control”
(CT-DEEP Bulletin 34) will be used as a basis for all soil erosion control. The risk to impact inland wetland areas (if
any) accidentally during the construction operations will be mitigated by the construction of fencing delineating areas
that are not to be disturbed. The contractor will not be able to store equipment, materials or otherwise disturb these
areas. Wetland soil types are identified in the Soil Survey Geographic (SSURGO) database for the state of Connecticut.
While there is no construction planned in inland wetlands, an Old Lyme Wetlands Permit may be required for
construction activities located within 100 feet of any wetlands or watercourse, or 400 feet from a vernal pool.

The proposed force main that will convey flow to East Lyme, will cross two rivers considered tidal wetlands, including
3-Mile River and 4-Mile River. Crossing of the 3-Mile River is expected to be accomplished using trenchless pipe
techniques to minimize any impacts on the tidal substrate or vegetation. The 4-Mile River crossing will utilize a
suspended pipe from the existing bridge, thereby avoiding disturbing existing wetland resources. These jurisdictional
crossings will require a permit from CT-DEEP Office of Long Island Sound programs.

2.6 FARMLAND

The proposed project is not expected to affect any designated farmland within the Town of Old Lyme. No existing
farmland is located on or near the Town Sub-Areas, which are currently zoned as residential and densely built out. The
recommended plan is not anticipated to encourage expansion of the sewer system or development of any existing
farmland.

2.7 AQUIFER PROTECTION AREAS

According to CT-DEEP GIS data, the Town Sub-Areas contain no aquifer protection areas. No construction activities
required by the recommended plan are anticipated to negatively affect groundwater quality. As discussed previously,
the impacts on recharge potential of the aquifer are negligible as the volume of water to be moved offset for treatment
is significantly less than the expected recharge from rainfall.

2.8 HISTORICAL AND ARCHEOLOGICAL RESOURCES

The National Park Service’s online National Register of Historic Places was reviewed and no historic places were
determined to be located within or near the Town Sub-Areas. Ten historic properties were found in Old Lyme, including
the Peck Tavern, Old Lyme Historic District, and the Florence Griswold Museum, none of which would be affected by
the proposed project. The National Register was accessed on September 1, 2015 at the following web address:

http://www.cr.nps.gov/nr/research/

A Phase | archeological survey may be required prior to starting construction given that the Town Sub-Areas are located
adjacent to the shoreline. The survey will be initiated by submitting a project review request to the State Historic
Preservation Office (SHPO).

2.9 ENDANGERED SPECIES AND NATURAL RESOURCE AREAS

Information on threatened or endangered species or habitats was requested from the CT-DEEP through the
Department’s Natural Diversity Data Base (NDDB) review process. Preliminary screening map data (obtained from the
CT-DEEP GIS database) were reviewed as shown in Figure 2-3 and it was determined that a request for NDDB review
by the CT-DEEP was necessary as the Project Area intersects with natural diversity areas. A request for review was
submitted to the CT-DEEP Wild Life Division via email on August 27, 2015 and an acknowledgement of receipt was
received on August 28. CT-DEEP replied with an NDDB determination letter (shown in Appendix D) on November 5,
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2015, stating that there are no anticipated negative impacts to state listed species resultant from proposed activities
within the Project Area. This letter expired in November 2016 and a new NDDB request was resubmitted to CT-DEEP.
The preliminary screening map data was obtained from the following web address:

http://www.ct.gov/deep/cwp/view.asp?a=2702&q=323466&deepNav_GID=1628%20 (accessed April 06, 2017) Direct
correspondence with the United States Fish and Wildlife Service (USFWS) was not required as detailed in the federal
agency’s “Endangered Species Consultation” web site of the New England field office:

http://www.fws.gov/newengland/endangeredspec-consultation.htm (accessed April 7, 2017)

According to the “Federally Listed Endangered and Threatened Species in Connecticut” document shown in
Appendix D and accessed from the above web link, there are three species that are potentially present within the Town
Sub-Areas, including the threatened Piping Plover, threatened Red Knot, and threatened Final 4(d) Rule Northern
Long-eared Bat. Habitats for the Northern Long-eared Bat include mines, caves and a variety of forested areas. It is
highly unlikely that the project will affect the bat's habitat given that there are no mines or caves within the Town
Sub-Areas, and that construction will only occur on existing developed land. It is also expected that the Piping Plover
and Red Knot habitats, coastal beaches, rocky shores, and sand and mud flats, will not be impacted by this project
given the density of existing development in the Town Sub-Areas. However, a proposed gravity sewer crossing Swan
Brook, adjacent to a public beach, could potentially affect the Piping Plover's habitat. The attached letter (shown in
Appendix D) obtained from the USFWS states that no further consultation with the USFWS is required.

2.10 CONSISTENCY WITH CONSERVATION AND DEVELOPMENT

The Office of Policy and Management has developed a Plan of Conservation and Development (POCD) for the State
of Connecticut outlining six growth management principles for guiding intelligent community development. The POCD
is intended for comparison to community and municipal plans where development will make use of state funding.
Growth management principles 4, 5 and 6 apply specifically to this project.

Growth management principles 4 and 5 are primarily concerned with protecting the environment and natural resources
that contribute to public health and safety, including aquifers for public and private water supply. Collection and
treatment of wastewater will reduce nitrogen loading to Long Island sound and protect local groundwater quality. The
recommended alternative will also protect the quality of groundwater supplying public and private water systems by
removing non-compliant septic systems. Use of resilient wastewater infrastructure will further protect the environment
and public health but minimizing the potential for wastewater collection or transmission system failure.

Utilizing a combination of green infrastructure and state of the art flood proofing measures within regional project area
will minimize potential adverse impacts on nearby environmental resources and at the same time increase resiliency
of proposed wastewater infrastructure during large storm events. Increased resiliency in this flood-prone area is also
critical to avoid health hazards such as the documented risk for flooding septic systems throughout the area.
Implementation of adequate flood proofing measures will allow proposed wastewater infrastructure to restore
operational capability as soon as possible after large storm events.

Green infrastructure improvements proposed to be incorporated (where technically feasible) in the project area may
include: rain gardens, bio-swales, stormwater, retention basins, infiltration basins, pervious pavement, rain barrels,
and/or flow-through planters.

The Regional Alternative is consistent with growth management principle 6 in that it requires inter-municipal
agreements between the Town of Old Lyme, East Lyme, Waterford, and New London, and encourages sharing of
existing and potentially under-utilized infrastructure. Wastewater collection systems typically facilitate growth and
development within the sewer service area; however, the Town of Old Lyme is concerned with overdevelopment within
the Town Sub-Areas. Maintaining appropriate zoning regulations is the single best measure to avoid induced growth.
Existing lots within the proposed Town Sub-Areas are mostly quarter acre residential, with some quarter acre
commercial lots in MTA-B, and a strip of mixed development along Hartford Avenue in Sound View Beach. The
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preponderance of existing high-density residential development on highly desirable lots near beachfront reduces the
possibility of undesirable additional development. There are also very few undeveloped parcels within the proposed
project area, lessening the potential for urban sprawl.

The recommended plan is based solely on existing development in the proposed Town Sub-Areas. There are no
allowances for future development or growth, which will otherwise have to be supported by on-site systems. The Town
of Old Lyme has a sewer avoidance policy, and the WPCA has made exception only to facilitate a solution to on-going
existing on-site problems for those lots included in the proposed project.

2.11 INDUCED GROWTH

This project is not expected to induce further growth as the majority of land in the Town Sub-Areas is already densely
built out with residential housing units.

However secondary impacts due to the availability of sewers in flood prone areas will be, in addition, subject to FEMA
National Flood Insurance Program (NFIP) regulations if the proposed building improvements are located within a
special flood hazard area and are considered Substantial Improvements (i.e. “substantial improvement” pursuant to
the Substantial Improvement/Substantial Damage Desk Reference FEMA P-758 May 2010). A “substantial
improvement” is any reconstruction rehabilitation, addition or other improvement of a structure, the cost of which equals
or exceeds 50 percent of the market value of the structure (or smaller percentage if established by the community)
before the “start of construction” of the improvement. This term includes structures that have incurred “substantial
damage,” regardless of the actual repair work performed. The Town of Old Lyme is currently listed as a community
participating in the National Flood Program (see https://www.fema.gov/cis/CT.html).

In addition to existing zoning regulations, the funding agency plans on including conditions in the funding agreement
that would supplement those regulations (i.e. square footage increases) for properties located in flood hazard areas
(i.e. 100-year flood zone as identified in FEMA maps). CT-DEEP can require these restrictions employing the regulatory
authority under the Coastal Management Act pursuant to Connecticut General Statutes Section 22a-92. These
restrictions will be incorporated and enforced via a Sewer Use Ordinance to be adopted by the Town. Section 4 of the
Town zoning requirements also has policies to minimize hazards to life and property in flood prone areas.

It could be reasonably argued that winterization of homes could be pursued by way of upgrading existing septic systems
employing the use of systems or methods approved by the public health code. Mounded drain fields with optimized
effective leaching areas and/or installation of pump chambers could help overcome challenging site conditions within
the Study Area. Therefore, the availability of public sewers does not necessarily encourage seasonal to year-round
use of homes in the Study Area. It can also be argued that, due to the long lead time to develop a functional biomat, a
seasonally occupied home may cause greater pollution than an identical structure occupied year-round.

In summary, the proposed project will be subject to the following conditions pursuant to local zoning restrictions, CWF
funding agreement conditions and FEMA regulations:

1. Restrictions on the development of unapproved vacant lots.
2. Incorporation of Low Impact Development measures to mitigate flooding impacts in viable upland areas.
3. Conditions to limit the addition of square footage to existing homes within flood hazard areas.

212 CLIMATE CHANGE IMPACTS

Figure 2-1 shows the project area overlaid with CIRCA static sea level rise data from the SLAMM (see Section 1.2).
As shown in the figure, much of the Town Sub-Areas lie within the inundation zones. The proposed project will reinforce
coastal infrastructure by eliminating flood-prone septic systems in the Town Sub-Areas. In addition, washouts by rising

Town of Old Lyme 21 May 4, 2018
2018.05.04 EIE Report.docx


https://www.fema.gov/cis/CT.html

tides will no longer compromise the septic systems. Gravity sewers with deeper infrastructure and flood-proof manhole
covers will protect the wastewater infrastructure.

With sea level rise, due to climate change, infrastructure resiliency becomes an increasingly important goal. The
proposed sewers will allow homeowners to upgrade their properties, and better use parts of the lots currently occupied
by septic systems, to set up storm ready reinforcements to protect their homes. The proposed pump station will be
sited at elevations above flood levels, constructed of concrete and reinforced materials, and equipped with an
emergency generator, independent fuel sources, and a remote monitoring system with back-up, allowing continuous
sewer service during extreme weather events. Electrical components inside the proposed pump station will be placed
in elevated platforms and inside watertight compartments. Flood proofing design elements associated with the
proposed pump station will be compliant with requirements included in the federal executive order No. 13690 of January
of 2015, and other applicable state regulations.

2.13 NOISE

The proposed transmission station will be designed to control noise levels from operation of the pumps and generator.
Noise generating operations will be mitigated by acoustical enclosures, use of sound attenuating construction materials
such as acoustic block and insulation, and equipment specifications that will dictate allowable noise levels emanating
from the equipment.

The construction of the wastewater collection facilities will involve the use of various trucks and construction equipment.
New construction may temporarily elevate noise levels above current background levels.

The impact of construction and demolition noise can be mitigated by enforcing a weekday work schedule and normal
daytime working hours. Equipment and construction noise, while noticeable, is not expected to raise noise levels above
that considered deleterious.

2.14 TRAFFIC

Disruption to normal traffic patterns is expected during construction but will cease upon completion of construction.
During the estimated 12-month construction period of the collection system, work will be scheduled between 7:00 AM
to 4:00 PM. Traffic will likely need to be rerouted around construction as gravity sewer lines and force mains are
installed. Disruption will only affect specific areas as construction proceeds. Work crews will coordinate with local
authorities to minimize the impact on traffic flow. Upon completion of the daily work routine and during weekends and
holidays, existing traffic patterns will prevail. Access to the site is from Route 156 only. No significant long term
increases in traffic congestion are expected due to this project since the Town Sub-Areas are nearly fully built out
already.

2.15 SOCIOECONOMIC IMPACTS

The proposed project will help improve water quality and therefore, environmental quality, as described in Section 2.3
above. No adverse human or environmental health issues are anticipated from this project work. The proposed project
will not change the area’s socio-economic make-up. The character of the neighborhoods should not change, as the
wastewater collection system will be constructed in existing roadways. No population growth is expected given that the
site is already densely developed and much of the population is seasonal.

The proposed pump station will be constructed with a visual style characteristic of the surrounding neighborhood. The
pump station will be designed with state of the art technology to achieve maximum energy efficiency and operational
reliability.

According to the U.S. Environmental Protection Agency’s (USEPA) EJView mapping tool, the Town Sub-Areas consist
of primarily high density, high income, and low minority households. A significant number of properties are rented
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seasonally, 30 to 40% according to USEPA. The output maps are shown in Appendix E. The EJView mapping tool was
accessed on September 1, 2015 at the following web address:

http://epamap14.epa.qov/ejmap/entry.html

The proposed project will not pose any disproportionately high, adverse human health or environmental effects to
minority and low-income populations. The residents that make up the Project Area will pay for the costs associated
with this project. These costs will not affect any populations outside the Project Area. The improvements are proposed
in this area due to aging infrastructure, excessive development density, shallow groundwater, and significant on-site
septic systems challenges, and are unrelated to the economic or ethnic make-up of the area. The proposed sewer
system will benefit the users in the proposed Project Area.

2.16 MITIGATION OF ADVERSE IMPACTS

No impacts to wetlands or other resource areas are anticipated given that the proposed project will be constructed
entirely on previously developed and disturbed sites. Mitigation measures to prevent erosion and sedimentation will be
implemented whenever excavation work will take place. Excavations will occur throughout the Town Sub-Areas to
install gravity sewer mains, force main, and the pump station. Erosion control measures such as hay bales, silt fence,
and composite socks will be placed on the downhill side of excavations to prevent sediment from reaching nearby
water bodies and/or wetlands. In addition, silt sacks will be placed in nearby catch basins, if such exist, that may receive
run off from site work.

In the event dewatering is required, the contractor will be required to properly discharge the water to either a hay bale
sedimentation capturing device, silt bag, or other qualified device. This will prevent sediment from reaching nearby
water bodies and/or wetlands.

Where bypass pumping is required, sewage flow will be pumped from the suction manhole and be discharged to the
discharge manhole, which will vary depending on the particular site. The contractor will be required to submit a bypass
plan, stamped by a certified Professional Engineer in the State of Connecticut, and will be required to inspect the
bypass system and hoses/pipes for leaks. Any leaks discovered will be repaired before further work continues.

The direct effects of the proposed project will be temporary effects on air quality, transportation, and noise due to
construction activities. The proposed project does not pose any adverse long-term indirect effects to the area. The
proposed project work will remain within existing developed and previously disturbed land. The proposed facilities are
consistent with the current and historical land use. There are no known adverse cumulative effects to the area as a
result of the proposed project. The proposed wastewater collection system is expected to improve groundwater quality
in the area through reduction of nutrient and organic loadings.

No significant impact on the environment is anticipated from the use of toxic or hazardous materials. Such materials
will be limited to diesel fuel used by the emergency power generator and chemical dosing for odor control at the
proposed pump station. Use and storage of these materials will be performed in accordance with State and Federal
flood protection standards to maintain operation during severe climatic events and protect the environment from spills.

Substantial aesthetic or visual impacts will be minimized in the Town Sub-Areas by designing the proposed pump
station inside a building that would blend-in within the architectural character of the surrounding area. The remaining
sewer infrastructure will be buried and out of sight.

2.17 RESPONSE TO CEPA SCOPING NOTICE

CT-DEEP submitted a CEPA Scoping Notice through the Environmental Monitor in July 2014. The Scoping Notice
included a project description, a map of the proposed project area, the proposed sewer system layout, as well as a
figure illustrating the alignment of the existing downstream receiving sewers in East Lyme and Waterford. During the
public comment period, State agencies, members of the public and other interest groups were afforded the opportunity
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to provide comment letters to CT-DEEP. Received comment letters are appended to the CWMP. Following is a
summary of five comment letters that were received by CT-DEEP, as well as a statement for each summarizing how
these comments were considered and incorporated into the updated CWMP:

Eric Thomas of CT-DEEP submitted an email, dated August 20, 2014, inquiring as to whether the Niantic
Pump Station and/or force main in East Lyme were going to be upgraded as part of the proposed project.
Mr. Thomas inquired as to the current condition of the Niantic force main below the Niantic River. There are
no proposed upgrades to the Niantic Pump Station as part of this project, and the design pumping rate of the
Niantic Pump Station is not expected to change as a result of the proposed Old Lyme project. Woodard &
Curran did mention this comment to East Lyme Water & Sewer staff at a Fall 2014 meeting. East Lyme is in
the process of considering future needs at the Niantic Pump Station and should coordinate any potential force
main evaluation tasks with CT-DEEP as part of their independent project work.

Marcy Balint of the State of Connecticut submitted an email on August 20, 2014, via David Fox (also of the
State), to CT-DEEP. The email summarizes comments regarding the project’s consistency with the State’s
Water Quality policies, coastal resiliency, and climate change considerations. As a result of these comments,
Woodard & Curran and CT-DEEP met in November 2014 to update the wastewater management needs
analysis to ensure that it considered sea level rise, coastal resiliency, and other measures to improve coastal
management and water quality goals. The proposed project is only serving existing development, and there
are no allowances for future flows associated with in-fill development as part of the proposed project.
CT-DEEP has stated that the future loan/grant agreement, through Connecticut Clean Water Fund funding,
will include a provision stating that only existing wastewater needs from previously developed parcels can be
served through the proposed wastewater infrastructure to be constructed, and funded by CT-DEEP. Additional
control measures will include the implementation of an inter-municipal agreement with the ‘“tri-town”
municipalities, which will limit the amount of flow that can be discharged into the system from the Project Area.
Sanitary sewers will ultimately be limited to the confines of the Associations boundaries as identified in the
sewer service maps for the project.

Ellen Blaschinski of the Department of Public Health submitted a letter to CT-DEEP on August 22, 2014. The
letter included questions relating to the sewers supporting future growth in the proposed service area. As well
as statements related to confirming that existing septic systems will be properly abandoned and other sensitive
environmental and public health considerations be included in the proposed project. In response to these
comments, the proposed sewer service area has been updated to eliminate undeveloped lots, include only
existing development, and does not include any flow allowances for future development. Vacant lots would
have to be compliant with existing local zoning regulations and demonstrate that they can sustain a fully code
compliant septic system in order to be allowed to tie into the sewer system. This is consistent with the Town
of Old Lyme’s long-standing goal to avoid sewers, except in this case where it is the only viable and cost-
effective alternative to solve existing on-site wastewater management challenges and pollution problems.

The Connecticut Coastal Management Act (‘CCMA”) and State Flood Management program contain
regulatory tools codified in Connecticut General Statutes Sections 22a-92(b)(1)(B) and 25-68 respectively, for
evaluating and restricting potential collateral impacts associated with these concerns. Based on these
regulatory powers coupled with the induced-growth control measures discussed above, the state funding
agreement will include restrictive language to minimize these concerns. While it is expected that
environmental and public health benefits that will be achieved through the implementation of the proposed
sanitary sewers will significantly offset any other collateral concerns, it is also the state’s priority to minimize
the exposure of lives and property to flood hazards, reduce non-point source pollution impacts and avoid
potential overloading of other infrastructure in the Project Area. The Town of Old Lyme, with CT-DEEP
oversight, will be responsible for implementing tools for developing a methodology for implementation of
mitigation measures to address these concerns.
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Construction of the proposed sewer system will be conducted in a manner that is protective of water supply
infrastructure. Existing septic system will be abandoned in accordance with Public Health Code requirements
once the sanitary sewer system is constructed.

o David Potts of Killingworth, Connecticut submitted a letter to CT-DEEP on August 8, 2014. The letter
advocates for solutions relying on the continued use of on-site wastewater (i.e. septic systems) with local
sub-surface disposal systems. As part of this project and updated Report, on-site systems were eliminated as
a viable cost-effective alternative in the proposed project area. The wastewater management needs analysis
in Section 2 of the CWMP summarizes these considerations as well as reasons why on-site systems are not
the most appropriate alternative in the proposed Project Area. Implementation of decentralized alternatives
were evaluated within the facilities plan reports for the chartered beach associations and ruled out due to the
unavailability of suitable land and high density of development. In addition, more centralized on-site “Local”
alternatives were considered, but the costs are higher than that of a regional alternative, and there are more
significant permitting requirements for the centralized/local alternatives.

Monitoring data clearly indicates elevated concentrations significantly above background levels of not only
parameters such as ammonia, but also pathogens, both of which are strong indicators of wastewater pollution.
Nitrogen and pathogenic contamination is a significant concern during the summer months when people use,
very actively, the shoreline for swimming or fishing. Summer months is when people are most likely to come
into contact with contaminants. Sampling results are further corroborated by monitoring records maintained
by the Town Health Department which show a prevalence of shallow groundwater conditions and ammonia
pollution, especially, within the Sound View beach community.

The proposed project is to address existing pollution concerns associated with excessive densities of
development coupled with aging systems, poor soil conditions, small lots, and shallow groundwater; while
minimizing to the maximum extent possible any additional development pressures that may arise associated
with the project.

Proposed infrastructure will be kept to a minimum with one pump station and force main shared by all the
beach associations. Wastewater will be collected via gravity pipes, which will further reduce the need for
additional pumping equipment within the flood zone. The project will also include, where feasible, the
implementation of green infrastructure enhancements to effectively manage storm water pollution concerns.

With effective implementation of low impact development, green infrastructure measures and other growth
control measures discussed above, secondary effects associated with the proposed project will be minimized
substantially.

e Bruce Wittchen, Connecticut Office of Policy & Management submitted a letter to CT-DEEP on August 22,
2014. The letter is requesting clarification on the rationale for the alternative selection (comparing them to
historic Town committee meeting minutes), expectations for expansion of sewer service area, and how climate
change considerations are being incorporated. The CWMP clearly details the options and alternatives in
Section 1-7 and explains the rational for recommendations in Section 8. The CWMP represents a culmination
of numerous meetings and introduces new data; therefore, it builds upon and likely supersedes historic
meeting minute items. The regional alternative has a significantly lower capital and Operation and
Maintenance costs associated therewith and for this reason was selected to address the identified wastewater
management needs in the Town Sub-Areas.

Regarding expansion of the sewer area, Section 2.7 of the CWMP reviews the sewer need areas consistency
with the State Plan of Conservation and Development. The proposed sewer system will serve existing
developed properties with the potential of serving additional vacant lots if the conditions discussed in the
preceding paragraphs are met. It is envisioned that upgrades to other infrastructure within the Town
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Sub-Areas such as stormwater and drinking water systems will be conducted concurrently with the sewer
system to maximize project cost efficiency, and to increase storm resiliency and preparedness.

Lastly, climate change is a major consideration within the Needs Assessment in Section 2 of the CWMP and
resiliency being a requirement of design of the sewer solution, has already been considered in the siting of
sewer infrastructure and will continue to be incorporated into the design. Substandard septic systems, which
are prone to flooding will be eliminated, which may facilitate the retrofitting of existing properties to better
withstand the effects of flooding events and improve community recovery times after severe climatic events.
Proposed wastewater infrastructure will be designed and constructed to meet resiliency and preparedness
requirements in flood prone areas.
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Current Conditions: FEMA Flood Zones Figure 2-1: Modeled Future State:
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STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH

TO: Directors of Health
Chief Sanitarians
Professional Engineers
Licensed Installers/Cleaners

FM: Frank A. Schaub_ _ﬁ,j

Supervising Sanitary Engineer
Environmental Engineering Section

DATE: January 13, 2000

RE: Sewage Updates

. Year 2000 Revisions to Technical Standards
Code Training and Discussions

Installation of Pump Vaults in Septic Tanks
The Density of Developments

Septic Tank Outlet Filter Letter

voR e

1. Revision to Technical Standards: Our section has completed revisions to the Technical
Standands and the publications are now available to health departments and the public.
Although the changes made to the Technical Standards become effective January 1, 2000,
new requirements in Section V, Septic Tanks will not be required until July 1, 2000. Septic
tank changes include compliance with ASTM C1227, installation of outlet filters, and
installation of manhole extensions on existing deep tanks. Even though all of our state septic
tank manufacturers have been aware of these forthcoming changes, they still have many
tanks in stock and the next six months will give them an opportunity to eliminate that stock
and comply with the new requirements for septic tank construction. We have delivered many
of the Technical Standards to local health departments already and will be mailing a few
more in the near future. Engineers and installers may purchase the document for $3.00 by
mailing a check made out to Treasurer, State of Connecticut, and mailing it to the address
below. Please mark the envelope “Attention — Joseph Mitchell” so that your document can
be quickly mailed.

2. Code Training and Discussions: As with past changes to regulations or Technical
Standards, our staff will be assisting local health departments in conducting meetings locally
to review the changes and discuss other items of concern to health departments, engineers
installers, and cleaners. Several of these meetings have already been scheduled and a few
have been successfully completed. In addition to reviewing the new changes, we have _
various samples of septic tank effluent filters so all can review and inspect first hand. We are
requesting health departments locate suitable sites for training of their area engineers,

410 Capitol Avenue - MS # 5/-SEwW
P.0. Box 340308 Hartford, CT 06134
An Equal Opportunity Employer
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installers and cleaners. We would prefer a minimum of 40 individuals at each session and
further suggest small health departments contact adjacent health agencies to coordinate
training and the selection of the best site. We would like to do the training during normal
working hours but are also willing to conduct evening sessions if the demand is

there. A three-hour minimum is necessary to review all the changes, discuss filter
inspections and respond to questions from the attendees. The format which brings regulators,
engineers, installers and cleaners to the same meeting has been preferred by the

local health departments. The months of January and February are preferable for conducting
these training sessions. Please contact us so we can lock in the dates and make preparations
for your area. We can bring copies of the new regulation for sale at these meetings.

3. In-Tank Pump Vaults: Attached please find a copy of a letter which was recently written to
address installation of pump vaults within a septic tank. We believe the letter is self-
explanatory and provides the names of three companies that have requested approval for use
of these vaults. You will note that each company utilizes a screened (filter like) pump vault
in the second chamber of the tank that allows effluent at mid depth to enter the vault. These

screened vaults would meet the requirements for installation of an outlet filter in a septic
tank.

4. Density of Development: Over the past two years, we have been working with our sister
agency, the Department of Environmental Protection (DEP) to address groundwater pollution
in several densely developed residential areas in our state. Some of these involve inland
watercourses and others are coastal developments with both year round and seasonal use
homes. We are all familiar with densely developed residential subdivisions and the typical
problems of small system failures, pollution of storm drainage systems and tidal flush
systems which may have been constructed in or close to the seasonal high ground water
levels.

Some municipalities and DEP have identified groundwater pollution problems involving high
ammonia, nitrogen and bacteria/viruses on properties with lots as small as 1/8" or 1/10" of
an acre. Even lots with “good soils” that do not suffer from hydraulic limitations can create
pollution problems in dense developments. High-density developments with these soils will
not pollute storm drainage systems, cause surface breakouts, or backup into the houses. They
will however, adversely affect groundwater quality due to increased nitrogen loading. One
can easily imagine the impact of eight three-bedroom homes constructed on a single 1-acre
parcel.

Section 19-13-B103e (a)(4) states that no permits shall be issued “for any new subsurface
sewage disposal system where the naturally surrounding soil cannot adequately absorb or
disperse expected volume of sewage effluent without overflow, breakout or detrimental
effect on ground or surface water”. Several years ago, we addressed the absorption and
dispersal of effluent by naturally occurring soils with Minimum Leaching System Spread
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(MLSS). We would now like to bring forth our concerns with respect to high-density
development. Recent modifications to our Technical Standards include a system, that
compresses a large amount of leaching area into a small area. Due to its compact size,
previously non-buildable parcels underlain by well-drained sand and gravel soils may now be
reconsidered for development in light of this change. With that in mind, we are
recommending that any reconsideration for lot development also include scruitinization with
respect to nitrogen pollution. Use of DEP’s 1982 pollution renovation criteria could be
utilized for this calculation. If any existing or proposed lots were being considered for new
construction, we would recommend local health departments require nitrogen analysis for all
parcels where the density of development exceeds one bedroom per 0.167 acre. If more than
a two-bedroom house was proposed on a third acre parcel or less, we would recommend the
analysis be performed. If more than a three-bedroom home were proposed on a one half-acre
parcel, we would recommend nitrogen analysis be performed. Please note that these
guidelines are consistent with the existing Public Health Code, which is intended to protect
both public health and the environment. They should be applied to all new construction (and
not include repairs) no matter what kind of leaching system is being proposed.

S. Septic Tank Effluent Letter: Enclosed please find a five page informational letter on tank
outlet filters. This document should provide answers to many frequently asked questions.
Please feel free to reproduce this document for local distribution as needed.

Enclosure (1) Pump Vault Letter
(2) Septic Tank Filter Letter
(3) Technical Standards Training Sessions - Listing

n:\sewage\franks\cir9942
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STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH

TO: Directors of Health
Chief Sanitarians
Professional Engineers
Licensed Installers

FROM: Frank A. Schaub
Supervising Sanitary Engineer
Environmental Engineering Section

DATE: January 13, 2000

RE: APPROVAL OF IN-TANK FILTER/PUMP UNITS

Over the past several years, several manufacturers of filtered pump vaults have requested approval of
their products for installation in a septic tank where pumping to the leach field was required. Typically,
the vault is installed in the second compartment of a specially modified septic tank with an opening large
enough to facilitate the circular filter/pump vault unit that normally extends above the top of the tank.
The extensions come with an access manhole that is extended to grade. The filtered units draw effluent
from the mid-section of the tank and the filter not only provides a better quality effluent for discharge to
the system but also protects the pump.

In our Technical Standards under Section VI, Distribution of Sewage Effluent, the second paragraph of
subsection A clearly requires 24 hour emergency storage capacity above the alarm when a single pump is
used, or dual alternating pumps with no required emergency storage. The most common design typically
incorporates a septic tank followed by a pump chamber that ranges from 1,000 to 1,500 gallons in size.
The pump is installed in the pump chamber with controls set low to maintain adequate storage capacity
above the alarm. This criterion could also be achieved with a single tank if the designer specified a
somewhat oversized septic tank. For example, assume a three-bedroom home is to be built requiring a
minimum 1,000-gallon capacity septic tank. The designer seeks approval for installation of a 2,000 -
gallon capacity septic tank with an oversized access manhole on the second compartment to facilitate the
pump vault. Controls on the pump unit are set such that the pump on float occurs at the 1,400- gallon
capacity level. The pump off float could perhaps be set at the 1,250~ gallon mark thereby providing a
150- gallon per cycle dose. If the alarm were set at 1,500 gallons, the difference in elevation between
the 1,500-gallon mark and the 2,000- gallon sewer inlet pipe would provide a 500 gallon, 24 hour
emergency storage above the alarm float.

What is critical about this example is that the liquid level within the tank must always be maintained
above the opening in the 1/3-2/3 tank compartment wall to prevent floating scum in the first chamber
from getting into the second chamber. The filtered pump vault would most likely not allow scum to be
discharged to the system but we would still prefer the second chamber effluent to remain relatively clear
of solids or floating material.
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The single unit septic tank/pump chamber option maybe beneficial for use on repairs where little room is
available for both septic tank and separate pump chamber installations. In addition, the pump unit within
the tank may address concerns for flotation of empty chambers in wet areas and would reduce the
potential for groundwater infiltration when essentially large empty tanks are installed on wet parcels. If
dual alternating pumps are installed in a single pump vault, the emergency storage capacity is not
required and septic tank sizing would most likely increase only 250 gallons to facilitate the expected
pump dose.

If you desire additional information on these in-tank filter/pump units, you may contact the
manufacturers directly. The companies, which have submitted requests and have received approvals,
include Orenco Systems, Inc. (OSI), (800) 718-4699, Zabel Environmental Technology, (800) 221-5742
and the Zoeller Pump Company, (800) 928-7867. Please feel free to contact these manufacturers directly
for more information.

Please note that use of any in-tank filter pump vault manufactured by the companies above does not
constitute an endorsement of any of their products and this information is being provided to you at this
time as an option to the standard separate septic tank/pump chamber installations. Regulators, engineers
and installers must carefully review the Technical Standards to assure pump settings and emergency
storage capacities are provided in compliance with the regulations. Prior to specifying use of any in-tank
filter/pump, you should check with your local precast concrete tank manufacturer to confirm tank
manhole openings suitable for vault installations.

If you have any questions or would like to further discuss these units, please contact our staff at 860-509-
7296.

n/sewage/memos/in-tank



STATE OF CONNECTICUT

DEPARTMENT OF PUBLIC HEALTH

SEPTIC TANK OUTLET FILTERS
JANUARY 13, 2000
Frank A. Schaub
Supervising Sanitary Engineer

The installation of septic tank outlet filters is not a new concept but will be new to Connecticut starting July 1, 2000
when Connecticut regulations will require installation of an outlet filter for every new tank installed in our state.
Some septic tank manufacturers will elect to provide the filter as part of the tank sales. Other septic tank
manufacturers may provide an outlet filter for installation by a license installer, or licensed installers may elect to
purchase and install the filters on their own. The Department of Public Health (DPH) first approved installation of
tank outlet filters back in 1983. Over the years, several filter manufacturers have applied for and received approval
for installation of their filter products in septic tanks. Unfortunately, relatively few installers or property owners
elected to use tank outlet filters. The year 2000 changes made to our Technical Standards (TS) will now make
installation a requirement after July 1st.

Other states, counties, and local municipalities have required installation of tank outlet filters increasingly over the
past 5 years. Florida, a state that installs 30 to 40 thousand septic systems each year, has gained much information
concerning the installation and benefit of septic tank filters over the past five years. Initially, filters were installed
as an option to construction of a two-compartment septic tank. Current regulations require filter installation on all
septic tanks, one and two compartment. North Carolina was the latest state to recently require installation of tank
outlet filters for all new construction. Reports from these regulators have been positive.

What is an outlet filter? - A septic outlet filter is a device which is installed in place of an outlet baffle and is
designed to reduce the amount of suspended solids which are discharged into the leaching system. Organic
pollutants from our toilets, sinks, tubs and washing machines discharge large quantities of water together with these
organic chemicals for primary treatment by a septic tank. Some heavier pollutants settle to the bottom of the tank in
the first compartment and form a stable biological sludge after time. Some lighter pollutants such as soap scum and
grease rise up to the top of the tank forming a scum layer. The septic tank contains large quantities of bacteria,
which help digest some of the organic pollutants in an environment devoid of oxygen. The dynamic processes of
seftlement organic digestion by bacteria and hydraulic flow through the tank tend to carry suspended solids through
the tank and out the outlet piping. This organic matter combined with other organic pollutants with specific
gravities close to that of water and inorganic pollutants such as fibers from washing machines might pass through
the septic tank without achieving the benefit of settlement or digestion by bacteria. The purpose of the tank outlet
filter is to reduce some of the suspended solids discharged to the leaching system.

Most outlet filters achieve this goal by providing a grid or mesh type interface were floating particles may be
temporarily trapped, digested in place or sloughed off to the bottom of the tank. A second method of providing
quiet settlement zones within a plate type filter can also reduce suspended solid discharge by providing large flat
surface areas for particles to settle on and still rely upon narrow slots for effluent passage. The screen and
settlement type filters are normally made of plastic and range from 4 to 18 inches in diameter, 12” to 3 feet in
length. They allow septic tank effluent to enter into the filter from below the scum line and above the sludge layer.

What is happening to the suspended solids in tanks with no filters? - A large percentage of all septic systems
that exist in Connecticut will continue to operate without the benefit of a septic tank outlet filter. The particles that
are discharged into the leaching system will be trapped along the perimeter of the leaching system where the sewage
meets the soil. An organic slime layer builds up at this point and further effluent treatment is achieved by the slime
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layer as liquid effluent slowly percolates through the slime into the surrounding soils. Unfortunately, many systems
which are subjected to high loads of biological pollutants or which have received continual loading of suspended
solids over many years tend to build up a thick biological layer that ultimately becomes very slowly permeable.
This restrictive barrier prevents effluent from getting into the soil and may cause a backup or overflow at the
weakest link in the sewage disposal system. It is conceivable that on sites where the sewage flows generated do not
exceed the hydraulic capacity of the soil, the reduction in suspended solids resulting from filter installation could
reduce the cause of the majority of infiltrative clogging within septic systems.

Why are tank outlet filters beneficial? - By reducing the quantity of suspended solids discharged to any leaching
system, the probability of clogging at the soils/stone interface is reduced. If the biological mat does not thicken to a
point of becoming excessively restrictive, treatment via passing through the biological mat infiltration/detention by
the aerated soils found beyond the leaching system can provide for excellent effluent treatment. In addition, tank
outlet filters can help prevent major leaching system failure by property owners who abuse a sewage disposal
system or discharge too many pollutants to the septic tank. Like all operating systems, septic tanks require regular
service to provide long term effective effluent treatment. In general, the range of pumping frequency is from two to
five years depending upon the size of the tank and the occupant loading. Failure to pump a septic tank on a routine
basis will result in an accumulation of sludge and scum which, in turn, reduces the efficiency of tank function. This
reduction in efficiency will result in a higher percentage of suspended solids passing to the leaching system.
Installation of a tank outlet filter will most likely result in plugging of the filter if the tank is not serviced on a
regular interval.

In addition, tank outlet filters will also help detect the excessive buildup of organic pollutants caused by over use of
household garbage grinders which unnecessarily increase the septic tank loading by grinding up kitchen wastes.
Excessive use of a garbage grinder combined with failure to pump the tank on a regular interval could result in
premature filter clogging. When this occurs, it provides an educational opportunity for regulatory officials,
installers and cleaners to review household water practices and discuss options with the homeowner to reduce the
frequency of filter servicing. Over the past several years, we have advised local municipalities of the dangers
related to installation of central vacuum systems or portable vacuum systems that use water as a means of
eliminating or reducing dust while vacuuming. These small quantities of water are discharged to the septic tank and
contain large amounts of organic and inorganic fiber that can quickly pass through a septic tank and plug a leaching
system. It is likely that fibrous material will be trapped in the tank effluent filters before doing excessive damage to
the leaching system once again providing an opportunity to educate the system user as to the perils of continued
water vacuum discharge.

Do tank outlet filters have to be cleaned frequently? - The ideal situation would result in the tank outlet filter
remaining functional until the required time for tank servicing. For that reason, it would be desirable for filters not
to plug more frequently than every two to five years. The variability of sewage generation and organic loading by
the user combined with improper selection of tank outlet filter may result in filters being cleaned more frequently.
For example, if a tank manufacturer or installer elects to use a filter product with minimal infiltrate surface area, it is
probable that that filter will plug sooner than a filter with a larger infiltrate surface area. If a homeowner elects to
grind up all kitchen waste, that household will obviously generate a stronger sewage discharge with more suspended
solids as compared to a household without a garbage grinder. It would be preferable for providers of tank outlet
filters to make a careful selection and choose an outlet filter with flow capacity and projected time between
servicing suitable for the intended client.
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Who can clean filters? - Reports from other states indicate licensed installers and septic tank cleaners typically
provide servicing of tank outlet filters. We anticipate similar results and remind all that only individuals licensed to
install and/or clean subsurface sewage disposal systems can offer these services to the public. Homeowners may
elect to clean their own filter. However, we do not recommend this unless the homeowner is educated on the proper
procedures and on safety/health concerns. Changes made to the technical standards which become effective July 1,
2000 will require a standard septic tank top configuration with service access holes in only three choices. All tanks
will have a single outlet access hole over the outlet filter. There are two choices for inlet manholes to facilitate inlet
piping from the building to the tank. For this reason, servicing septic tanks after July 1, 2000 will require cleaners
and installers to open both the inlet and outlet access covers to clean and inspect both the inlet baffle and outlet
filter. Previously, some tanks were manufactured to provide cleaning from a central hole with inspection of inlet
and outlet baffles performed via use of mirrors and flashlights. Cleaning of the outlet filter is required each time the
tank is serviced. Failure to provide this service by a licensed individual during cleaning could result in disciplinary
action against that individual.

Property owners could elect to clean septic tank outlet filters but, precautions must be taken to assure the protection
of their and adjacent residents health. Effluent discharged from a tank contains high numbers of harmful bacteria
and potentially harmful viruses. For this reason, all water used to rinse filters must be discharged back into the tank.
The ground must also be disinfected with chlorinated lime if a spill does occur. Licensed individuals are familiar
with the hazards involved with coming into contact with domestic sewage and take necessary precautions using
gloves and disinfectants when required. For example, hoses used by the property owner or licensed cleaner should
not come into contact with septic tank effluent. If such an event does occur, rinsing and disinfecting of the nozzle
and all associated contaminating surfaces would be required. Servicing of filter elements during the winter months
may result in a licensed installer or cleaner removing the element and installing a replacement element of same kind.
The removed unit could be taken back to the place of business and cleaned in a sanitary manner. Where a hose or
water supply is not available during cleaning, licensed individuals may elect to use a hand type garden spray pump
to flush trapped particles off the filter back into the tank.

What should a homeowner or licensed individual do if a filter plugs prematurely? - Tt is possible that some
filters may plug more frequently than every two to five years and these occurrences should be used by regulatory
and licensed individuals as an opportunity to review water use habits in the house or make changes to the filter in
order to provide extended service intervals. The licensed installer or cleaner should interview the property owner to
determine if a garbage grinder is actively used. Are vacuum cleaners that use water being used in the residence? Is
water softening equipment discharging to the sewage disposal system? Are the occupants disposing unused
medication (that may adversely effect the biological activity inside the tank) into the septic tank? Does the clothes
washing machine have a self cleaning lint filter which in turn could be discharging all the lint to the septic tank?
Has the occupancy of the house recently changed in any way that would result in a greater loading on the septic
tank? Is there a home business or are day care services for children being provided? Adult homes for the
handicapped have a history of premature system failures due to large quantities of water used and high sewage
strengths. These and other questions can be helpful in determining whether more frequent servicing of the septic
tank and outlet filter are necessary or whether an outlet filter with increased capacity should be provided.

Some manufacturers of septic tank filters provide several different models of filter units to increase filtering
capacity. Other manufacturers provide for easy addition of filter units in series or by multiple installation of units at
the same outlet piping. If property owners are reluctant or unwilling to change habits inside the house, installers
and cleaners can respond by providing a product that meets their needs for extending service intervals.
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What are the drawbacks with respeet to installing tank outlet filters? - For the vast majority of property owners
utilizing on-site sewage disposal systems, the drawbacks to tank outlet filter installation should be minimal. Tt will
be necessary to uncover two manholes each time a tank is serviced. By providing two access manholes, property
owners can be assured of effective and efficient cleaning of both chambers within the septic tank. Currently,
servicing some tanks with a central cleaning manhole does not promote complete cleaning of both chamber
compartments. There may be drawbacks for some individuals who generate large quantities of organic and
inorganic pollutants that discharge to a septic tank. The initial clogging of the outlet filter could result in an
artificially high liquid level in the tank that would first be identified by a property owner as gurgling in the house-
hold plumbing at the lowest water fixtures being used. Tank outlet filters approved for use in Connecticut must
continue to function even when the liquid level in the tank is artificially high or overflows the top of the filtering
element. In our regulation, we refer to this as a non- bypass outlet filter. Continued rising of the liquid level in the
tank could result in a plugging of the inlet piping or a surface discharge at the septic tank itself. If the septic tank
was installed on a relatively level grade with minimal pitch back to the building served, it is possible that effluent
could continue to back up in the piping and discharge at the lowest fixture inside the structure. The typical warning
signs of slow draining fixtures or gurgling in the piping are apt to alert the property owner long before discharge
occurs in the lowest plumbing fixture.

If concern for prevention of sewage discharge at the lowest fixture is a primary item, installation of a high liquid
alarm within the septic tank can be made. One filter manufacturer offers an alarm as in intricate accessory to the
filter installation. Standard high-level alarm floats similar to those installed in an effluent pump chamber could also
be installed in a septic tank.

Does the effluent filter have to be installed inside the septic tank? - The answer is no. Several products are
available on the market for installation of separate filter units that are housed in vaults installed on the outlet side of
the septic tank. Access to these separate filter vaults must be the same as that to a septic tank and location of the
vault must be clearly identified on the as-built plans so that installers, cleaners and regulators can be made aware
vault location. It would be beneficial if the septic tank outlet cover was provided with a permanent tag noting the
location and existence of the separate filter vault.

Are there any National Standards governing septic tank outlet filters? - At the present time, the National
Sanitation Foundation (NSF) is developing Standard 46, Section 10 to address a class of products referred to as
septic tank effluent filters. This standard will test filters for flow capacity when clean, flow when partially plugged
solids reduction, by-pass protection and general structural suitability. While not a true test of each product's ability
to effectively trap organic and inorganic pollutants, the standard is a good start to provide comparison for different
products.

What would happen if a property owner, installer, or cleaner removed the filter element from its housing? —
Removal of a filter element by a licensed installer or cleaner would be a violation of our Code and Technical
Standards. For those filter elements installed in a standard 4 inch. Diameter sanitary tee, septic tank function would
essentially revert back to the pre year 2000 regulation and an increased suspended solid loading would be placed
back on the leaching system. One product manufacturer has a built in shut off feature that prevents unfiltered
effluent from escaping to the leaching system when the element is removed from the housing. The shut off feature
would remain functional until the liquid level raises above that of the filter housing, approximately 6 inches above
the normal tank operating level. At that point, any liquid build up above the top of the filter housing would
discharge to the leaching system.
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Can you install a tank outlet filter in both single and two compartment septic tanks? - The likelihood of tank
outlet filter clogging in a two-compartment tank is less than for one installed in a single compartment tank. The
benefits in providing filtered effluent would remain equal for both situations. For that reason, installers, cleaners
and property owners should consider the possibility of more frequent servicing if installed in a single compartment
tank and the benetfits to providing added filtration interface to extend the interval between pumping. One other
consideration for retrofitting existing tanks is access to the filter element itself. The manhole over the tank outlet
piping must be adequate in size to facilitate retrofitting for filter installation and removing the filter element during
cleaning.

Conclusion - Installation of septic tank outlet filters should provide a long-term benefit to the health and protection
of the residents in the State of Connecticut. The filters will obviously promote servicing of septic tanks on routine
intervals. By reducing the pollutant loading to leaching systems, effluent filters should prolong the effective life of
those leaching systems. Many systems, which receive consistent qualities and quantities of sewage effluent over
many years, fail due to bio-mat build-up. This clogging failure is observed occasionally with new and recently
repaired systems constructed in excellent quality sand fill. When evaluating these premature failures, the breaching
of the organic layer along the side wall of the leaching system frequently results in the entire leaching system being
drained into the unsaturated adjacent sandy soils. This observation is of a clogged system constructed in highly
permeable soils. Reduction of pollutant loading to the leaching system can help reduce this occurrence. Reduction
of suspended solids discharged to the leaching system can help extend the function of septic systems constructed in
naturally occurring fine sandy soils that tend to build up a biological crust at a faster rate than other course sandy
soils.

One Connecticut septic tank manufacturer has elected to provide outlet filters with each new tank installed since
August of 1998, Other tank manufacturers who sell tanks beyond our borders have also provided outlet filters with
their tanks for some of these out of state deliveries. The reports have been very favorable with respect to minimal
problems from servicing or creation of nuisance conditions. This next year will be a learning period for our
licensed installers and cleaners, regulators and engineers, as well as property owners as we adjust to the installation
and maintenance of septic tank outlet filters.
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Evaluation of the Effects of Sewering on Nitrogen Loads to
the Niantic River, Southeastern Connecticut, 2005-11

By John R. Mullaney

Abstract

Nitrogen concentration data were collected from 20 wells
near the Niantic River Estuary, during 18 sampling periods
from 2005 through 2011, as part of a study to determine
changes in nitrogen concentrations and loads as a result of
sewering on the Pine Grove peninsula in Niantic, Connecticut.
The Pine Grove peninsula area is a neighborhood of 35 acres
containing 172 residences with onsite wastewater treatment
systems at the beginning of the study in 2005. From 2008
through 2009, the residences were connected to a newly
installed sewer system. Water-quality data collection contin-
ued from 2010 through 2011, after the sewers were installed.

The peninsula is underlain by glacial stratified depos-
its. The freshwater in this aquifer ranges from 10 to 45 feet
(ft) in thickness and overlies saline groundwater. The mean
water-table altitude was from 0.09 to 0.97 ft above the North
American Vertical Datum of 1988, with a horizontal hydraulic
gradient of 0.0004 to 0.0005.

Initial sampling of the wells included analysis for
nutrients, major ions, boron, bromide, and dissolved gases.
Concentrations of nitrate plus nitrite nitrogen from the initial
sampling ranged from 0.94 to 20 milligrams per liter (mg/L) in
samples collected spatially and with depth in the aquifer. The
mean concentration of total dissolved nitrogen before the sew-
ers were installed was 7.5 mg/L, and dissolved gas analyses
indicated little or no denitrification in the aquifer. Chloride to
bromide ratios and boron analysis of the initial water samples
confirmed that wastewater was a source of groundwater
recharge to most of the wells. Annual recharge from onsite
wastewater-disposal systems in 2006 was 4.98 inches, based
on analysis of water-use data.

Concentrations of total dissolved nitrogen decreased fol-
lowing sewering in samples from most of the wells that were
identified as having nitrogen related to wastewater discharge.
Concentrations of total dissolved nitrogen in individual wells
decreased by as much as 11.7 mg/L between the periods
before and after the sewers were installed, and the mean con-
centration of total dissolved nitrogen in all wells decreased by
2.3 mg/L to a mean concentration of 5.2 mg/L.

Nitrogen loads from groundwater in the Pine Grove pen-
insula area were estimated for three time periods by using the
measured mean concentrations of total dissolved nitrogen and
estimated recharge rates. The estimated nitrogen load before
sewering was 1,675 pounds per year (Ib/yr) and following
sewering was 963 1b/yr. Mean concentrations of total dis-
solved nitrogen were assumed to have been reduced to 1.1 to
2.3 mg/L after the aquifer had stabilized and sewage-related
nitrogen had been completely discharged from the system,
with an estimated future load of 202 to 423 1b/yr.

Nitrogen loads from groundwater discharge to the
Niantic River Estuary from the lower part of the Niantic
River watershed, including Pine Grove, were estimated to be
18,800 pounds (Ib) in 2011. This compares with an additional
51,000 1b from the surface-water tributaries to the estuary and
an unknown quantity of nitrogen load from stormwater runoff
in the lower Niantic watershed.

Introduction

Septic systems have been long recognized as a source of
excess nitrogen to estuaries, although the contribution as part
of the overall nitrogen budget to embayments and the ocean is
poorly understood. Estimates of the contribution of nitrogen
from septic systems in the lower part of the Long Island Sound
watershed are as high as 17 percent of the annual nonpoint
source load (Georgas and others, 2009). These contributions
may be locally important as a source of nitrogen to some
embayments and their associated ecosystems (Valiela and oth-
ers, 1990). Information is currently lacking on the importance
of the contribution of nitrogen loads from groundwater, and
specifically septic systems, to Long Island Sound (Latimer and
others, 2014).

The Niantic River is an estuary at the mouth of a devel-
oped 30.2-square mile (mi?) coastal basin in southeastern
Connecticut on Long Island Sound (fig. 1). The eelgrass beds
of the Niantic River function as a nursery and feeding ground
for a number of recreationally and commercially important bird,
shellfish, and finfish species. Many people enjoy the recreational
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opportunities afforded by the river, including boating, kayak-
ing, sailing, swimming, fishing, and shellfishing. Although

the Niantic River continues to serve all these functions, it has
experienced fluctuations in water quality during the past few
decades. The river once supported a major recreational scallop
fishery that has declined drastically (Marshall, 1994). Episodic
summertime hypoxia events in bottom waters of the upper estu-
ary have occurred.

The presence of so-called nuisance macroalgae in the
Niantic River indicates that nitrogen loads are relatively high,
though currently low enough to provide a suitable environment
for eelgrass (Jamie Vaudrey, University of Connecticut, written
commun., April 2012). Excessive nitrogen loading to the Niantic
River is considered to be a major cause of the decline and
variability in the density of eelgrass populations (Connecticut
Department of Environmental Protection, 2006b). Currently, the
Niantic River one of the first areas in Long Island Sound where
eelgrass is present when moving from west (New York City area)
to east along a gradient of improving water quality (Latimer and
others, 2014). Therefore, the Niantic River is currently thought
to have marginal water quality with respect to eelgrass habitat.

The Connecticut Department of Energy and Environmen-
tal Protection (CTDEEP) has listed the Niantic River on the
impaired waters list of the State of Connecticut (Clean Water
Act, 33 U.S.C. §§1313 and 1315); the river is impaired as a
habitat for marine fish, other aquatic life, and wildlife. The listed
potential causes for this impairment include eutrophication
resulting from nutrients, with sources such as industrial point-
source discharges, illicit discharges, remediation sites, ground-
water contamination, and insufficient septic systems (Connecti-
cut Department of Energy and Environmental Protection, 2012,
table 3—4). Other more general sources of elevated nutrients
include atmospheric deposition, stormwater runoff, and ground-
water discharge from developed areas, including discharge from
septic systems adjacent to the Niantic River. During the past
two decades, point-source nutrient loads associated with failing,
privately maintained, onsite septic systems have been reduced
along most of the developed shoreline of the Niantic River
through the installation of municipal sewer systems (Connecti-
cut Department of Environmental Protection, 2006b).

The Pine Grove neighborhood, a residential area on a
peninsula in the Niantic River (fig. 1), contains 172 homes
on an area of about 35 acres. In 2004, the town of East Lyme,
Connecticut, approved sanitary sewers for the Pine Grove
neighborhood. Sewer installation began in 2006, and the
majority of residences were connected from 2007 through
2009. The sewering project presented an opportunity to docu-
ment changes in nitrogen concentrations and loads to improve
the understanding of management alternatives for reducing
nitrogen loads in similar unsewered areas, which are common
in the coastal areas of Long Island Sound.

In 2005, the U.S. Geological Survey (USGS) entered
into a cooperative agreement with the CTDEEP to document
groundwater-quality conditions and loading of nitrogen from
groundwater in Pine Grove in 2005 and subsequent to sewer-
ing until at least 2010.

Purpose and Scope

This report provides information on the concentrations of
nitrogen and major ions in the groundwater of the Pine Grove
neighborhood in Niantic, Conn., and the process of denitrifi-
cation in the groundwater during the early part of the study.
The report also provides information on the concentrations
of nutrients in the groundwater at this study area from 2005
through 2011 and estimates of the groundwater discharge of
nitrogen leaving the Pine Grove area before and after sewers
were installed. The report also provides estimates of the load
of nitrogen from groundwater discharge in other regions of the
Niantic River watershed that are adjacent to the Niantic River
as part of the overall nitrogen budget.

Description of the Study Area

The Niantic River Basin in coastal southeastern Connect-
icut drains an area of 30.2 mi® and lies between the Connecti-
cut River Basin on the west and the Thames River Basin on
the east (fig. 1). The Niantic River Estuary is primarily a salt-
water environment that covers an area of 1.25 mi? at the mouth
of the basin. The lower part of the Niantic River basin has a
4.1 mi* area downstream from streamgages established by the
USGS on the three major tributaries from 2007 through 2012
(Mullaney, 2013). The altitude of this lower watershed area
ranges from sea level to about 270 feet (ft) above the North
American Vertical Datum of 1988 (NAVD 88). Mean annual
precipitation at nearby New London, Conn., is 48.7 inches per
year (in/yr; Brown and others, 2011).

The surficial geology of the Niantic River Basin includes
deposits of glacial till of varying thickness that underlie
63 percent of the lower watershed and coarse-grained glacial
stratified deposits that underlie 37 percent of the watershed in
areas next to the Niantic River (Stone and others, 1992). The
surficial geology controls whether groundwater discharge or
overland runoff is the dominant source of water and nutrients
to surface waters in different regions of the basin. Areas with
coarse-grained glacial stratified deposits have higher ground-
water recharge rates than areas with glacial till and conse-
quently provide an important source of groundwater discharge
to estuaries or other surface-water bodies (Thomas, 1966).

As of 2005, the only areas with municipal sewer systems
were in the town of Waterford, Conn., on the eastern side of
the Niantic River and at Camp Niantic, a Connecticut National
Guard training site on the western side of the Niantic River.
Sewering of the Pine Grove neighborhood began in 2006
and was completed in 2009. Most of the lower Niantic River
watershed is also served by public water supplied from outside
the watershed. The newly installed sewers flow to the New
London wastewater treatment facility where the treated waste-
water is discharged to the Thames River.

The Pine Grove neighborhood is on a peninsula in the
Niantic River on an area of about 35 acres. The entire penin-
sula is underlain by coarse-grained glacial stratified depos-
its. All the 172 residences in the area were served by septic



72°12'

Introduction

72°10'30" 72°9'

.7

41°21

[
‘?aunders Puoint

41°19'30"

Niantic Bay

e

[ T I

|

G I - ]

Base from U.S. Geological Survey GeoPDF, 2011, 1:24,000 scale

Geology modified from Stone and others, 1992

0 0.5 1 2 MILES
[ l l l | | l l |
| T T T T T T T |
0 0.5 1 2 KILOMETERS
EXPLANATION
Areas with glacial stratified deposits or alluvium
Niantic River watershed ——— Lower Niantic River watershed
A A’
— Line of section—See figure 2
.8 Well or well cluster location and map number

Figure 1.
Geological Survey (USGS) groundwater-quality monitoring sites
Cem, cemetery; Ct, court; Dr, drive; N, north; Pkwy, parkway; Rd,

The Pine Grove area of the Niantic River Estuary, southeastern Connecticut, and the locations of U.S.

and generalized surficial geology. Ave, avenue;
road; S, south; St, street.

3



4 Evaluation of the Effects of Sewering on Nitrogen Loads to the Niantic River, Southeastern Connecticut, 2005-11

systems and public water supply at the beginning of this study.
The study area was originally developed from the late 1800s to
the 1930s; homes were initially served by onsite shallow wells
but were connected to the public water supply from outside

of the watershed in about 1970; many of these residences are
only used seasonally in this coastal community. The area is
bordered on the south by Camp Niantic.

Methods of Data Collection and
Analysis

Data collection for this project included drilling and
well installation to obtain groundwater samples from the
Pine Grove area as well as Saunders Point and Sandy Point.
Groundwater-quality data were collected during 18 differ-
ent sampling periods between August 2005 and December
2011. During the first sampling of the wells, the samples were
analyzed for nutrients, major anions and cations, bromide,
boron, and dissolved gases. During the remaining 17 sampling
periods, samples were analyzed only for nutrients.

Nitrogen concentration data were analyzed to determine
if concentrations had changed as a result of the completion
of the sewering project. Nitrogen loads from the study area
from groundwater were estimated by multiplying estimated
recharge rates and mean concentrations of total dissolved
nitrogen (TDN) both before and after the sewering project
was completed. Recharge rates before the installation of
sewers included the discharge of water from septic systems
at residences served by public water supply. Water-use data
were analyzed to determine additional recharge inputs from
septic systems.

Nitrogen loads to the Niantic River from other parts of
the lower Niantic River Basin were estimated by using avail-
able nitrogen concentration data from this study and other
studies, along with estimated recharge rates and estimated
water use in areas with septic systems.

Drilling and Well Installation

Drilling sites were selected in order to characterize
groundwater quality in the middle of the Pine Grove peninsula,
along the coastline, and with depth in the aquifer (table 1).
Test holes were drilled with the use of a truck-mounted auger
drilling rig and hollow-stem augers for geologic sampling and
well installation. Drilling proceeded in a sequential manner
at each location. At selected depths, the geologic materials
were sampled by use of a split-spoon sampler. After each
geologic sample was recovered, the specific conductance was
measured inside the hollow stem of the auger with a downhole
conductivity probe. The conductance data were used qualita-
tively to determine the depth at which the water in the aquifer
was becoming brackish, indicating the transition from fresh
to saline groundwater. Wells were set at one to three depths
in the aquifer. The deepest well at each location was set by

using schedule 40 polyvinyl chloride (PVC) casing and 2 feet
of number 10 slotted PVC well screen. At four locations, a
second sampling point was set at a shallower depth (rang-

ing from 7 to 25 feet above the well screen; table 1) by using
0.25-inch (in.) inside diameter polyethylene tubing. The tubing
was attached to the outside of the deepest well, and the tip of
the tubing was covered with a nylon mesh to screen out the
aquifer materials. These sampling ports were designed to be
sampled with a peristaltic suction pump. At two locations, a
third well was installed just below the water table. Wells were
finished with a bentonite seal above any screened sections or
sampling ports (near the water table) and with concrete and a
flush-mounted well box at the land surface.

Water-Quality Field Measurement and Sampling
Procedures

Groundwater samples were collected from all wells dur-
ing 18 different sampling periods between September 2005
and December 2011. Field sampling procedures were based on
the methods described in U.S. Geological Survey (undated b).
The general water sampling methods are described below.

At each site, the water level in the well was measured
before sampling. The volume of water in the casing and screen
of each well was determined, and the well was sampled by
using a positive displacement gear-drive pump. The sampling
points constructed with 0.25-in.-diameter tubing were sampled
by using a peristaltic pump that was connected directly to the
top of the tubing. Before sample collection, wells were purged
at a low-flow pumping rate until three to five casing volumes
had been removed from the well and the field measurements
for specific conductance, temperature, and dissolved oxygen
concentration had stabilized. Similarly, the sampling points
were purged at a low-flow rate until approximately 2 to 3 gal-
lons of water had been pumped and the field water-quality
characteristics had stabilized. Samples for nutrients and major
ions were filtered with use of a 0.45-micrometer capsule filter.

Methods used to collect water samples during one
sampling event in 2005 for analysis of dissolved gases are
described in U.S. Geological Survey (undated a).

Laboratory Measurements

The analytical methods used to analyze groundwater
samples for nutrients and major anions and cations at the
USGS National Water Quality Laboratory are summarized in
table 2. Analytical results were entered into the National Water
Information System database by laboratory personnel. Major
anions and cations and dissolved gases were analyzed only
for the first round of sampling that occurred in August and
September 2005. TDN was determined from the sum of nitrite
plus nitrate nitrogen and dissolved ammonia plus organic
nitrogen. If dissolved ammonia plus organic nitrogen was less
than the reporting limit, then only nitrite plus nitrate values
were used.
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Table 2. Analytes for groundwater samples and analytical methods, Niantic River, Connecticut.

Reference to methodology

Analyte in n?i?ﬁg:::i I;:lrltlliter

Nitrogen, ammonia, filtered 0.01
Nitrogen, ammonia and organic, filtered 0.07
Nitrogen, nitrite, filtered 0.001
Nitrogen, nitrite and nitrate, filtered 0.04
Phosphorus, filtered 0.003
Phosphorus, phosphate, ortho, filtered 0.004
Bromide 0.01
Boron 2
Calcium 0.022
Chloride 0.06
Fluoride 0.04
Iron 4
Magnesium 0.011
Manganese 0.16
Potassium 0.03
Residue, 180 degrees Celsius (total dissolved solids) 20
Silica 0.018
Sodium 0.06
Sulfate 0.09

Fishman (1993)

Patton and Truitt (2000)

Fishman (1993)

Patton and Kryskalla (2011), Fishman (1993)
U.S. Environmental Protection Agency (1993)
Fishman (1993)

Fishman and Friedman (1989)

Struzeski and others (1996)

Fishman (1993)

Fishman and Friedman (1989)

Fishman and Friedman (1989)

Fishman (1993)

Fishman (1993)

Fishman (1993)

Clesceri and others (1998)

Fishman and Friedman (1989)

Fishman (1993)

Fishman (1993)

Fishman and Friedman (1989)

Dissolved gas measurements (nitrogen, argon, oxygen,

carbon dioxide, and methane) were used to determine excess
air and recharge temperature of the groundwater and whether
excess nitrogen gas, which is an indicator of denitrification in
the groundwater-flow system (Lindsey and others, 2003), was
present. Samples were analyzed by using methods described
by Busenberg and others (1998). Excess nitrogen gas was
estimated by using the procedure outlined in Lindsey and oth-
ers (2003, p. 14). Dissolved gas measurements are shown in
appendix 1.

Water-Level Measurements

Water-level measurements were made at all wells before
water-sample collection. Continuous water-level data were
collected with the use of submersible pressure transducers
in five wells for different periods of time. Water levels were
measured in two wells (CT-ELY 67 and CT-ELY 81) inter-
mittently from 2006 through 2011 in order to understand the
long-term trends in fluctuation at Pine Grove and in an area
that was not undergoing sewering (Saunders Point; fig. 1).
Additional manual water-level measurements were made at

the wells where pressure transducers were installed as part

of the overall data collection and as a check to determine if
the transducers were reading accurately. The altitudes of the
measuring points of the wells in Pine Grove were surveyed
and referenced to a benchmark on the newly constructed sewer
pumping station.

Water-Use Estimation

Water-use data were analyzed to estimate the amount of
recharge from onsite wastewater treatment systems before the
installation of sewers. This information was used as an input
for the estimation of recharge associated with wastewater and
nitrogen loads discharged to the groundwater at the study site.
The water-use data were compiled for the period from 2006
through 2010 from meter readings for individual properties
in the study area (Brad Kargl, East Lyme Water and Sewer
Department, written commun., 2011). It was assumed, based
on information from the USGS water-use program (U.S.
Geological Survey, 1995), that consumptive water use was
14 percent and that 86 percent of the water used was returned
to the aquifer via septic systems.



Estimation of Nitrogen Loads From Pine Grove

Nitrogen loads from Pine Grove to surrounding surface-
water discharge areas were estimated from rates of natural
recharge from precipitation, artificial recharge from septic
systems, and the mean nitrogen concentrations in the ground-
water with time. It was assumed that nitrogen loads can be
represented by the following equation:

N = (Rn +R.\')><Navg ,

’ 10° M
where

N, = estimated nitrogen load from the Pine
Grove area at time ¢,

R, = the mean annual effective recharge from
precipitation,

R, = the combined rate of recharge from onsite
wastewater treatment systems, and

e = themean concentration of nitrogen in the

aquifer at time ¢.
N, was converted from kilograms to pounds for consistency
with previous reports (Mullaney, 2013).

Natural recharge was estimated by using a relation
between recharge rate and mean annual runoff that was devel-
oped by Mazzaferro and others (1979). The relation as applied
to the Pine Grove study area, which is completely underlain
by glacial stratified deposits, indicates that the recharge rate
is about 95 percent of the mean annual runoff. The mean
annual runoff for this area was previously calculated to be
24 .4 in/yr (Weiss, 1983), yielding a recharge rate of 23.2 in/yr
based on the 95 percent figure. During October 2008 through
September 2011, the runoff from Stony Brook, a tributary
of the Niantic River that is unaffected by water diversions,
ranged from 27.3 to 40.7 in/yr (Mullaney, 2013), indicating
that runoff conditions were higher than normal for that period.

Recharge rates to the Pine Grove area can be reduced
by impervious cover that diverts water to storm drains and
reduces the infiltration of the water through the unsaturated
zone. It was estimated that about 23 percent of the study area
is covered with impervious surfaces, potentially reducing natu-
ral rates of recharge by as much 23 percent. The impervious
area was estimated by use of an impervious surface analysis
tool developed by Chabaeva and others (2004), with impervi-
ous surface coefficients for Connecticut developed by Prisloe
and others (2003). In reality, not all precipitation that falls on
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impervious surfaces is discharged to storm drains; much of it
runs off of these surfaces and infiltrates the well-drained soils
in the study area.

Estimates of Nitrogen Loads From Groundwater
Discharge From Other Regions of the Lower
Niantic River

Estimates of nitrogen load from groundwater discharge
were similarly calculated for other regions of the lower Nian-
tic River (fig. 1) by multiplying estimated recharge rates by
measured or estimated nitrogen concentrations in groundwater
or stream base flow. Nitrogen concentration data from three
sources were used to make these estimates: (1) groundwater
samples that were collected on Sandy Point and Saunders
Point and analyzed for TDN as part of this study, (2) stream
base flow samples that were collected by Mullaney (2013) in
two small subbasins of the lower Niantic River, and (3) shal-
low groundwater samples that were collected by the Univer-
sity of Connecticut from shallow wells temporarily installed
at 60 locations around the perimeter of the Niantic River in
2003 (Jamie Vaudrey, University of Connecticut, Department
of Marine Sciences, written commun., April 2012). In a case
where there were no nitrogen concentration data correspond-
ing to an area, concentrations of TDN were estimated by
extrapolation of data from the above sources on the basis of a
qualitative comparison of land-use characteristics and whether
or not the area was sewered.

The lower basin of the Niantic River (downstream from
the streamgages installed for another study; Mullaney, 2013)
was divided into basin segments based on surficial geology
(glacial till or stratified deposits). Two of the segments were
existing surface-water sampling sites where nitrogen and flow
data were reported in Mullaney (2013).

Estimates of nitrogen loads from each segment were
calculated by multiplying the estimated recharge rates (23.2 in.
for glacial stratified deposits, 8.6 in. for glacial till) by the
estimated TDN concentration; these values were confirmed by
using the method described in Mazzaferro and others (1979).
Recharge rates were adjusted for areas served by septic
systems because the water for domestic use is imported from
outside the drainage basin of the Niantic River. Estimates of
water use in these areas were based on the number of resi-
dences (assuming two persons per household) and per capita
water-use data from U.S. Geological Survey (1995).
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Hydrogeology and Direction of
Groundwater Flow

The logs from the well drilling indicate that the Pine
Grove area is underlain by generally coarse-grained sand and
gravel with a maximum thickness of 64 ft at well CT-ELY 73
(fig. 1, site 5). At this location, glacial till was encountered
from 64 to 68 ft below land surface. The change in electrical
conductivity in the water in the bottom of the hollow-stem
auger during drilling indicated a gradual transition from fresh-
water to saltwater (fig. 2).

In July and August 2005, the thickness of the freshwater
layer (difference between the altitude of the water table and
top of the transition zone to saltwater) at Pine Grove ranged
from about 10 ft at the northern end of the study area (well
CT-ELY 66; fig. 1, site 3) to about 45 ft at the southwestern
side of the study area (well CT-ELY 76; fig. 1, site 7) and
averaged 27 ft. On Saunders Point (fig. 1, site 10), saltwater
was not encountered during drilling. On Sandy Point, the
freshwater thickness was about 43 ft (fig. 1, site 11). The top
of the transition zone was identified by a change in specific
conductance to greater than 1,000 microsiemens per centime-
ter at 25 degrees Celsius (uS/cm at 25°C ).

The mean depth to the water table (for manual water-
level measurements made from 2005 through 2011) in wells
at Pine Grove ranged from 5.26 to 19.92 ft below land surface;
the differences in mean depth to the water table were related
primarily to differences in the land-surface altitude, which
ranged from 6.00 to 20.49 ft above NAVD 88. The mean
altitude of the water level in individual wells, (for measure-
ments made from 2005 through 2011) ranged from 0.09 ft
(CT-ELY 66; fig. 1, site 3) to 0.97 ft (CT-ELY 78; fig. 1, site
8). Mean sea level for the Niantic River was estimated from
the published values for the nearby National Oceanic and
Atmospheric Administration (NOAA) tidal station at New
London, Conn. (National Oceanic and Atmospheric Adminis-
tration, undated). Mean sea level in the Niantic River at Pine
Grove is estimated to be —0.30 ft below NAVD 88.

The annual fluctuations in the water table during the
study period were typically less than 0.5 ft, as determined by
the interquartile range of water levels (table 3). The maximum
change in water level in the wells was about 2 ft during early
spring 2010, in response to recharge from a large precipitation
event of 9.2 in. on March 30, 2010 (Mullaney, 2013).

The water-level altitude data were mapped for 2007 and
2010 coincidentally with the sampling activities in order to
determine groundwater flow directions and the horizontal
hydraulic gradient of the water table (fig. 3A, B). Fluctuations
in water levels owing to variations in recharge from precipita-
tion and tides may affect these maps because the measure-
ments were made when water samples were being collected
over a 2-week period. The time periods selected were those
with little precipitation in order to minimize the fluctuations.
Water levels in the wells at Pine Grove fluctuate in response
to the tides, making it difficult to get an accurate snapshot in
time. Continuous water-level data from selected wells indi-
cate the daily tidal response. Typical daily fluctuations in well
CT-ELY 67, which is in the northern end of the study area and
adjacent to the Niantic River (fig. 1, site 2) were in the range
of 0.3 to 0.5 ft (fig. 4A). In the middle of the Pine Grove study
area at well CT-ELY 73 (fig. 1, site 5), water-level fluctuations
owing to tidal influence were apparent, but only on the order
of 0.01 ft (hydrograph not shown). The water levels in the
wells at Pine Grove also responded to a storm surge on August
28,2011, during tropical storm Irene. Water levels rose by
about 1.5 ft in well CT-ELY 67 and 0.5 ft in well CT-ELY 81
(fig. 4A, B) in response to a storm surge that reached a
maximum altitude of 5.07 ft above NAVD 88 at nearby New
London (McCallum and others, 2012).

The configurations of the water table in July 2007
and November 2010 indicate groundwater-flow directions
predominantly toward the north, with components toward
the Niantic River and Smith Cove. The horizontal gradient is
shallow during these two time periods, ranging from about
0.0004 to 0.0005, likely indicative of the high hydraulic
conductivity of the coarse-grained sand and gravel deposits at
Pine Grove.
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Figure 2. Cross-section A-A'through the Pine Grove study area showing the position of the transition zone between
freshwater and saltwater in July and August 2005. pS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; NAVD 88,
North American Vertical Datum of 1988.

Table 3. Statistics for groundwater levels, Pine Grove, Sandy Point, and Saunders Point on the Niantic River, Connecticut,
September 2005 to December 2011.

[fig., figure; USGS, U.S. Geological Survey; ID, identification number; NAVD 88, North American Vertical Datum of 1988]

Site _number USGS local ID Number of Mean depth to groundwater, Mea_n altitude of groundwater, Interqt!artile range,
(fig. 1) measurements in feet below land surface in feet above NAVD 88 in feet
11 CT-WT 62 25 22.25 0.55 0.27
11 CT-WT 63 18 22.26 0.54 0.45
9 CT-ELY 63 29 13.03 0.37 0.53
9 CT-ELY 65 21 13.09 0.61 0.24

3 CT-ELY 66 21 17.22 0.09 0.34
2 CT-ELY 67 41 19.55 0.30 0.38

6 CT-ELY 68 20 13.23 0.45 0.3
1 CT-ELY 69 19 19.92 0.28 0.3
3 CT-ELY 71 26 5.26 0.74 0.37
5 CT-ELY 73 27 19.65 0.84 0.36
5 CT-ELY 75 20 19.71 0.76 0.36
7 CT-ELY 76 18 11.62 0.96 0.44
7 CT-ELY 77 18 11.62 0.96 0.48
8 CT-ELY 78 18 15.96 0.97 0.4
8 CT-ELY 80 18 15.93 0.96 0.38

10 CT-ELY 81 35 13.80 0.20 0.36
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Water Quality in the Pine Grove Area

Changes in nitrogen concentrations were analyzed from
2005 through 2011. The initial water-quality data from the first
sampling period (2005) included concentrations of nutrients,
dissolved gases, major ions, bromide, and boron. Data for the
other 17 sampling periods included only nutrient analyses.

Nitrogen loads from the study area were estimated for
2006 and 2011 and for a future time when nitrogen concentra-
tions have stabilized at lower values than before sewers were
installed in the study area. Regionally, nitrogen loads from
groundwater to the Niantic River were estimated for 2011 on
the basis of data from this and previous studies.

Water Quality Before Installation of Sewers

The initial water-quality samples were collected in 2005
at all wells installed on the Pine Grove peninsula and at two
wells installed at different depths on Sandy Point. Water-
quality samples were not collected from the single well on
Saunders Point because the well had not yet been installed
at the time the initial water-quality samples were collected.
Samples were analyzed for field water-quality characteristics
and concentrations of nutrients, major ions, and dissolved
gases. Selected water-quality analyses from the first round of
samples are shown in table 4.

Nutrients

The focus of this study was on nitrogen because of the
concerns that excessive nitrogen loading was affecting the
habitats along the Niantic River. Most of the nitrogen in the
groundwater samples was in the form of nitrate nitrogen,
suggesting that ammonification and subsequent nitrification
of the organic nitrogen in wastewater had occurred in the
septic systems and unsaturated zone. Concentrations of nitrite
were generally below the reporting limit. Nitrate plus nitrite
nitrogen ranged from 0.94 to 20 milligrams per liter (mg/L, as
nitrogen), with a median value of 3.29 mg/L and a mean value
of 6.7 mg/L. These values are in the range of those reported
by Weiskel and Howes (1991) for areas of high-density septic
systems on Cape Cod, Massachusetts. Nitrate plus nitrite
concentrations are not related to the depth of the sample in
the aquifer. Samples from shallow, intermediate, and deep
depths in the aquifer had concentrations that exceeded the
U.S. Environmental Protection Agency maximum contami-
nant level for drinking water of 10 mg/L nitrate plus nitrite as
nitrogen. Dissolved ammonia plus organic nitrogen concentra-
tions ranged from less than 0.06 to 0.15 mg/L and represented
a small part of the TDN. The mean and median concentrations
of TDN were 7.5 mg/L and 4.8 mg/L, respectively, during the
period before sewering (2005-7), based on the statistics from
102 samples. Concentrations of dissolved phosphorus in the
groundwater were low, ranging from below the reporting limit
0f 0.004 to 0.021 mg/L (as phosphorus).
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Dissolved Gases

Dissolved gas measurements (appendix 1) were used to
determine if denitrification was occurring in the groundwater
at Pine Grove and at one well cluster on Sandy Point. These
samples were collected at all wells; however, the analysis of
samples from the polyethylene tubing attached to the casing
at four wells showed evidence of stripping of dissolved gases,
which renders the samples unusable. These samples had been
collected by using a peristaltic (suction) pump.

The loss of nitrate through denitrification would be
evidenced by low nitrate concentrations, low dissolved oxy-
gen concentrations, and excess nitrogen gas in the samples.
Denitrification is a biologically mediated reduction of nitrate
through a series of intermediate steps to nitrogen gas (Kendall
and Aravena, 2000) and typically requires a carbon source as
an electron donor.

Analysis of the data show oxic conditions (dissolved
oxygen greater than 2 mg/L) in the samples from most of the
wells, indicating a low potential for denitrification. Samples
from wells CT-ELY 73 and CT-ELY 78 (fig. 1, sites 5 and 8)
had low dissolved oxygen concentrations of less than 2 mg/L.
Excess nitrogen gas was estimated to be present in samples
from these wells at low concentrations ranging from 0.2 to
1.2 mg/L. Both of these wells are screened in the in the upper
part of the transition zone between fresh and saline ground-
water, as indicated by specific conductance values greater
than 1,000 uS/cm at 25 °C. The saline water that has mixed
with the groundwater may be more depleted in oxygen than
the local groundwater and may provide an additional organic
carbon source.

The results of the dissolved gas sampling indicate that
nitrate-nitrogen is generally not being attenuated by denitri-
fication in the aquifer. Denitrification is still possible along
the flow paths that pass under the Niantic River on the way
toward discharge to the saltwater environment, especially if
the groundwater discharges through organic muds that might
be present on the bottom of the Niantic River.

Major lons and Field Measurements

The analyses of water from the wells on Pine Grove and
Sandy Point provide additional evidence of the influence of
human activities on the groundwater quality. The dominant cat-
ions detected were sodium and magnesium, and the dominant
anions were nitrate and chloride (fig. 5). The water-quality data
(table 4) also show the influence of seawater on groundwater,
particularly for wells CT-ELY 73 and CT-ELY 78, which are
screened in the top of the transition zone between freshwater
and saltwater and have high chloride concentrations.

Information on the source of recharge in the study area
can be obtained by plotting the chloride to bromide ratio
against the chloride concentrations, as was done in Mullaney
and others (2009) and seen in figure 6. The curves represent
binary mixtures of dilute groundwater with halite (road salt),
sewage and animal waste, and seawater (fig. 6).
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Table 4. Water-quality analyses of groundwater samples from August and September 2005 from Pine Grove and Sandy Point on the Niantic

[Laboratory analyses by USGS National Water Quality Laboratory; fig., figure; USGS, U.S. Geological Survey, 1D, identification number; pS/cm at 25 °C, microsiemens
per liter; <, less than; e, estimated]

. pH, water, Specific con- . . Potas-
. Dissolved . Calcium,  Magnesium, .
Site unfiltered,  ductance, wa-  Tempera- sium,
USGS local . oxygen, " X water, water,
number Station ID Date field, ter, unfiltered,  ture, water, . " water,
. ID water, . . . filtered, filtered, "
(fig. 1) unfiltered in standard in pS/cm at in°C in mg/L in mg/L filtered,
units 25°C g 9 in mg/L
11 CT-WT 62 412101072105501  9/2/2005 9.1 53 185 11 53 2.77 291
11 CT-WT 63 412101072105502  9/2/2005 9.7 5.3 93 11.7 8.29 1.36 1.25
9 CT-ELY 63 412005072110501  8/17/2005 12.8 5.6 640 12.8 27.3 11.5 2.8
9 CT-ELY 65 412005072110503  8/17/2005 14.1 5.9 81 14.9 8.83 0.761 1.36
3 CT-ELY 66 412014072110701  8/18/2005 11 4.6 282 13 15.6 2.61 9.29
2 CT-ELY 67 412014072111001  8/17/2005 8.5 5.4 485 13.7 232 6.39 10.3
6 CT-ELY 68 412010072110401  8/23/2005 7.1 5.6 242 154 9.98 3.42 3.32
1 CT-ELY 69 412013072111701  8/18/2005 9.7 5.4 449 12.1 15.4 3.31 9.7
1 CT-ELY 70 412013072111702  8/18/2005 9.2 5.3 740 13.7 16.4 4.04 7.41
4 CT-ELY 71 412006072111801  8/23/2005 6.2 5.2 236 12.9 12.4 2.69 4.43
4 CT-ELY 72 412006072111802  8/23/2005 5.6 5.1 290 17.6 104 2.56 3.65
5 CT-ELY 73 412007072111001  8/19/2005 2 5.9 3,580 12.5 274 126 11
5 CT-ELY 74 412007072111002  8/19/2005 3.7 5.4 451 15.5 27.4 6.46 7.35
5 CT-ELY 75 412007072111003  8/19/2005 7.7 5.1 292 12.7 13 2.63 8.87
7 CT-ELY 76 412002072111601  8/24/2005 5.6 5.8 406 13.1 21.8 7.56 2.96
7 CT-ELY 77 412002072111602  8/24/2005 8.1 5.9 309 14.6 17.6 2.69 4.54
8 CT-ELY 78 412001072110701  9/1/2005 2.6 5.6 1,010 13.2 62.4 19 5.72
8 CT-ELY 79 412001072110702  9/1/2005 6.7 5.7 323 17.6 15.8 3.29 5.38

8 CT-ELY 80 412001072110703  9/1/2005 9 5.2 160 12.5 6.99 1.27 3.66
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River, Connecticut.

per centimeter at 25 degrees Celsius; °C, degrees Celsius; mg/L, milligrams per liter; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms

Bicarbonate, water,

Sodium, filtered, inflection- Bromide,  Chloride, Silica, water, Ammoniaplus  Nitrate plus
water, point titration method water, water, filtered, organic nitrogen, nitrite, water, Phospl_mrus, Bor!m, water,
filtered, (incremental titration filtered, filtered, inmg/Las  water, filtered, filtered, V\{ater, filtered, f_||tered,
in mg/L method), field, inmg/L  inmg/L Si0, inmgLasN  inmglLasn  "moLasP in pg/L
in mg/L
21.2 21 0.051 29.4 12.9 < 0.1 0.94 0.021 22
4.72 15 0.035 5.28 9.99 ¢ 0.07 3.29 0.008 19
66.2 12 0.524 158 14.2 < 0.1 3.26 ¢ 0.003 35
3.83 18 0.023 3.6 6.39 < 0.1 2.33 0.005 11
21.6 5 0.067 28.5 12 0.11 13.8 < 0.004 82
454 17 0.162 62.5 19 < 0.1 20 ¢ 0.003 188
24.9 19 0.022 50 9.92 < 0.1 2.15 e 0.003 26
514 11 0.09 81.3 14.4 ¢ 0.06 10.6 < 0.004 56
110 16 0.135 179 14.8 0.14 1.95 0.005 43
21.1 13 0.064 36.7 13.2 e 0.07 7.29 ¢ 0.002 45
32.7 6 0.041 59.1 10.6 0.15 5.84 < 0.004 30
163 19 4.07 1,120 31.5 0.12 3.24 0.004 ¢ 18
34.9 21 0.133 67.2 16 0.12 15.5 0.006 49
28.3 11 0.075 394 12.7 ¢ 0.1 9.29 ¢ 0.003 42
31.9 16 0.347 93 13.9 < 0.1 1.36 < 0.004 40
31.5 49 0.037 58.4 11.3 e 0.07 0.96 0.006 11
83.4 20 0.67 2438 16.8 < 0.1 17.1 0.006 58
322 15 0.094 71.6 12.2 ¢ 0.08 5.29 ¢ 0.003 40

16.8 15 0.038 21.6 9.08 ¢ 0.06 3.21 0.02 27
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Figure 5. Relations among major anions and cations in water samples from wells at Pine Grove
and Sandy Point on the Niantic River, Connecticut, in August and September 2005.
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Figure 6. The relation of chloride-to-bromide ratio to chloride concentration in groundwater samples collected during August and
September 2005 at Pine Grove and Sandy Point on the Niantic River, Connecticut, and binary mixing curves representing various
potential sources of chloride. mg/L, milligrams per liter; TDN, total dissolved nitrogen. See table 1 for a list of wells. From Mullaney and
others (2009).
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Figure 7. The relation between boron and nitrite plus nitrate nitrogen concentrations in groundwater samples collected during
August and September 2005 at Pine Grove and Sandy Point on the Niantic River, Connecticut. mg/L, milligrams per liter. See table 1

for a list of wells.

The plotted positions of the samples in figure 6 indicate
that the source of water for many of the samples is dominated
by sewage and animal waste (wastewater). The majority of
these samples plot near the sewage and animal waste end
members for mixtures of dilute groundwater and sewage and
animal waste, indicating a substantial contribution of water
from wastewater.

Four of the samples show the influence of seawater,
although one sample (from well CT-ELY 78) may indicate
seawater and wastewater sources. Three of the samples (from
wells CT-ELY 63, CT-ELY 65, and CT-ELY 68) show
little or no influence of wastewater in their water chemistry.
These samples also are associated with the lowest nitrite
plus nitrate concentrations, indicating that few or no septic
systems are likely in the recharge areas for these wells. Wells
CT-ELY 63 and CT-ELY 65 are in a park on Pine Grove and,

based on the configurations of the water table (fig. 3A, B),
may receive recharge from the undeveloped lawn areas within
the park. These samples have some of the lowest nitrate plus
nitrite concentrations, ranging from 2.2 to 3.3 mg/L, in the
study area.

Boron concentrations are generally considered to be an
indicator of wastewater (LeBlanc, 1984; Katz and others,
2011). Domestic wastewater typically contains elevated con-
centrations of boron because of the use of sodium perborate
in laundry detergents. Nitrate plus nitrite and dissolved boron
data from the initial sampling of the wells in the study area
are generally positively correlated and demonstrate that boron
appears to be an indicator of the wastewater influence on the
water quality in many of the wells in the study area (fig. 7).

A simple linear regression fits a line through these data, with a
coefficient of 0.1191 and an intercept of 1.4251.
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Figure 8. The distributions of total dissolved nitrogen concentrations for presewering (2005-7), transition (2008-9), and postsewering
(2010-11) periods at the Pine Grove, Connecticut, study area. mg/L, milligrams per liter.

Water Quality After Installation
of Sewers

Concentrations of TDN were generally lower during
the transition time period, when the sewers had been con-
nected to residences, than during the period before sewering
(fig. 8) and were lowest during the period after sewering. The
mean and median concentrations of TDN were 6.7 mg/L and
3.5 mg/L, respectively, in the transitional period (85 samples)
and 5.2 mg/L and 3.1 mg/L, respectively, during the monitor-
ing period after sewering (119 samples). The decrease in the
mean concentration of TDN during the study period (2005-11)
was 2.3 mg/L. The significance of the decrease in the con-
centrations of TDN before and after sewering was evaluated
with the use of a Wilcoxon rank-sum test, which indicated
that the groups of data were significantly different at a p-value
0£ 0.0002.

When comparing the changes among individual wells,
sample numbers were generally too few for any statistical
comparison tests. Therefore, the means and medians for each
of the three periods described above were compared qualita-
tively (table 5). Of the wells sampled on Pine Grove, only two
had medians and three had means that were larger at the end
of the study (postsewer period) than at the beginning of the

study (presewer period). Of these three wells, samples from
two wells had very small differences, likely indicating no
significant change. Concentrations of TDN at well CT-ELY 67
(fig. 1, site 2) increased by more than 1 mg/L. Concentrations
of TDN remained above 20 mg/L at this location, indicating

a continuing source of nitrogen or insufficient groundwater-
travel time for a difference to be observed.

The wells with some of the smallest decreases or
increases, including wells CT-ELY 63, CT-ELY 68, CT-ELY
73, and CT-ELY 76, are where the sources of water as indi-
cated in figure 6 were less likely to be sewage or animal-waste
related. The possibility that the source was not onsite sewage
disposal could explain the absence of changing TDN concen-
trations at these wells in the period after sewering.

The wells with the largest decreases in TDN concentra-
tions between presewer and postsewer periods included wells
CT-ELY 66, CT-ELY 70, CT-ELY 74, CT-ELY 75, and
CT-ELY 80. The well cluster that includes wells CT-ELY 78,
CT-ELY 79, and CT-ELY 80 (fig. 1, site 8) had decreases
in TDN in all three wells at deep, intermediate, and shallow
depths in the aquifer. This likely represents groundwater enter-
ing the Pine Grove neighborhood from Camp Niantic to the
south, where sewers were connected before the beginning of
this study.
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Table 5. Median and mean concentrations of total dissolved nitrogen' in groundwater samples from wells at Pine Grove, Sandy
Point, and Saunders Point on the Niantic River, Connecticut, before, during, and after sewering was completed at Pine Grove.

[Sites shaded in gray are at Sandy Point and Saunders Point. fig., figure; USGS, U.S. Geological Survey; ID, identification number, hyper-
linked to data for each well; No., number of samples; TDN, total dissolved nitrogen; mg/L, milligrams per liter]

Presewering Transitional period Postsewering Difference in Difference in
Site USGS local Median Mean Median Mean Median Mean medians, means.
number ID No. TDN, TDN No. TDN, TDN No. TON, TON, |Trooowerlo  presewerio
(fig. 1) . o ' . o ' . L ' postsewer,  postsewer,
inmg/L in mg/L inmg/L in mg/L inmg/L in mg/L in mg/L in mg/L
9 CT-ELY 63 6 3.48 3.47 5 3.28 2.80 7 3.43 3.13 0.05 0.34
9 CT-ELY 65 6 3.22 3.62 5 3.28 3.24 7 2.26 2.57 0.96 1.05
3 CT-ELY 66 6 9.33 9.44 5 12.95 16.06 7 4.53 5.11 4.79 433
2 CT-ELY 67 6 21.07 21.27 5 23.41 22.06 7 22.18 22.69 -1.12 -1.43
6 CT-ELY 68 6 2.36 2.32 5 2.25 2.33 7 2.39 2.38 -0.03 -0.06
1 CT-ELY 69 6 12.53 12.17 5 10.69 11.03 7 8.25 10.00 4.28 2.17
1 CT-ELY 70 6 4.45 5.37 5 5.22 4.86 7 2.51 2.79 1.94 2.58
4 CT-ELY 71 6 4.62 4.13 5 1.86 2.01 7 2.28 2.33 2.34 1.80
4 CT-ELY 72 6 4.76 4.55 5 5.16 5.25 7 3.43 3.77 1.33 0.78
5 CT-ELY 73 6 3.53 3.51 5 3.42 3.45 7 3.45 3.23 0.08 0.28
5 CT-ELY 74 6 15.80 15.20 5 8.00 8.97 7 3.33 3.51 12.47 11.69
5 CT-ELY 75 6 9.47 10.48 5 2.87 4.75 7 2.08 2.22 7.39 8.26
7 CT-ELY 76 6 1.52 1.52 5 1.34 1.37 7 1.26 1.59 0.26 -0.07
7 CT-ELY 77 6 0.95 0.94 5 0.54 0.68 7 0.55 0.60 0.41 0.34
8 CT-ELY 78 6 19.92 19.55 5 19.70 19.47 7 18.58  18.29 1.34 1.26
8 CT-ELY 79 6 4.77 4.56 5 4.10 3.88 6 2.71 2.90 2.07 1.66
8 CT-ELY 80 6 3.75 5.40 5 2.32 2.38 7 2.12 2.11 1.63 3.29
11 CT-WT 62 6 0.98 1.00 5 1.01 1.13 7 1.61 1.69 -0.63 -0.69
11 CT-WT 63 6 3.80 3.74 4 5.15 5.11 6 3.66 3.72 0.14 0.03
10 CT-ELY 81 4 6.41 6.37 6 6.71 6.68 6 6.06 6.43 0.35 -0.06

'TDN was determined from the sum of nitrite plus nitrate nitrogen and dissolved ammonia plus organic nitrogen. If dissolved ammonia plus organic nitro-
gen was less than the reporting limit, only nitrite plus nitrate values were used.
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Estimated Nitrogen Loads From Groundwater to the Niantic River

Estimated Nitrogen Loads From
Groundwater to the Niantic River

Estimates of nitrogen load from groundwater discharge
from the study area were made for three time periods: (1)
before the installation of sewers in 2006, (2) after installation
of sewers in 2011, and (3) in the future when concentrations
of nitrogen have stabilized. Loads were estimated by using
estimated effective recharge rates from precipitation and septic
systems combined with mean TDN concentrations in the aqui-
fer and estimated future TDN concentrations. Nitrogen loads
from groundwater were estimated for other regions of the
Niantic River by using estimated recharge rates and measured
or estimated TDN concentrations for different regions of the
lower watershed.

Water use in the Pine Grove study area ranged from
5.41 to 5.51 million gallons per year [Mgal/yr]) from 2006
through 2010 (table 6; Brad Kargl, East Lyme Water and
Sewer Department, written commun., 2011). Water-use values
from 2006 were used to estimate recharge from septic systems
because these data precede the connection to sewers. Water
use during 2006 was 5.51 million gallons (Mgal). It was
assumed that 86 percent (U.S. Geological Survey, 1995) of
the water used, or 4.7 Mgal, was returned to the aquifer. When
distributed evenly over the 35-acre study area, this wastewa-
ter discharge is equivalent to 4.98 in. of recharge. Therefore,
before the installation of sewers, the total estimated recharge
from precipitation (23.2 in/yr) and artificial recharge from
septic systems (4.98 in/yr) totaled 28.2 in.

Following the installation and connection by 2009 of
all properties in the area to the sewer system, discharge from
septic systems had ended, and recharge rates had dropped to
23.2 in. The effect of eliminating the discharge from septic
systems should be to reduce the rate of discharge of freshwater
from the Pine Grove study area to the coast, thereby reducing
nitrogen loads to the adjacent surface-water bodies even in the
absence of changing concentrations of TDN.

Table 7.
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Table 6. Water use at Pine Grove, Connecticut, 2006—10.

[Data were compiled for the period from 2006 through 2010 from meter
readings for individual properties in the study area (Brad Kargl, East Lyme
Water and Sewer Department, written commun., 2011)]

Year Gallons

2006 5,506,351
2007 5,414,971
2008 5,498,900
2009 5,250,995
2010 5,046,200

Nitrogen Loads Estimated for Pine Grove

At the beginning of this study, before the extension of
the municipal sewer system to the Pine Grove area, the mean
concentration of TDN in samples from all wells was 7.5 mg/L,
based on data from 2005 through 2007 (102 samples). If this
mean concentration is representative of the concentration of
TDN for the fresh groundwater in the study area, and tak-
ing into account that the recharge rate before sewering was
28.2 in/yr on 35 acres, then the estimated dissolved nitrogen
load to the surrounding surface waters before sewering was
about 1,675 Ib/yr. This value compares well with estimates
made on the basis of the estimated return flow multiplied by an
assumed concentration of total nitrogen in septic system leach-
ate. Concentrations in the literature vary, but the CTDEEP
summarized data from around the United States and estimated
the mean concentration of total nitrogen to be 50.9 mg/L
in residential septic tank effluent (Connecticut Department
of Environmental Protection, 2006a). This compares with
45 mg/L as reported by the U.S. Environmental Protection
Agency (1980). Using these concentrations multiplied by the
return flow to the aquifer in 2006 (table 7) produces load esti-
mates of 1,780 to 2,012 1b/yr, which compares well with the
values calculated for this study.

Estimates of total dissolved nitrogen load from the Pine Grove peninsula area to the Niantic River Estuary, Connecticut,

before and after sewering and after total dissolved nitrogen concentrations have stabilized.

[in., inches; TDN, total dissolved nitrogen; mg/L, milligrams per liter; 1b/yr, pounds per year]

Annual recharge rate
g Mean measured or

_ (in.) estimated TDN Estimated TDN
Time period From septic concentration load
Natural systems (mg/L) (Ib/yr
Recharge over entire area
Presewer (2005-07) 23.2 4.98 7.50 1,675
Postsewer (2010-11) 23.2 0.00 5.24 963
After stabilization of total dissolved nitrogen concentrations 23.2 0.00 2.30 423
No recharge over impervious areas
Presewer (2005-07) 17.8 4.98 7.50 1,358
Postsewer (2010-11) 17.8 0.00 5.24 742
After stabilization of total dissolved nitrogen concentrations 17.8 0.00 2.30 326
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Immediately following installation of the sewers and con-
nection of most residences to the system (2010-11), the mean
concentration of TDN decreased to 5.24 mg/L, which indicates
that some changes to concentration had occurred as a result
of the sewer system installation. The load from the study area
during this period was estimated by multiplying the recharge
rate of 23.2 in/yr, which is solely from precipitation, by the
area of the study site and the mean concentration for the post-
sewering period. The estimated load of TDN for the postsew-
ering period is 963 1b/yr. This reduction from the presewering
period is caused by the decrease in concentrations of TDN and
a reduction in the water discharge as a result of sewering.

Predicted Future Nitrogen Loads From
Pine Grove

As the aquifer beneath the Pine Grove area adjusts to a
new steady state from the changes in nitrogen loading and the
discontinuation of wastewater discharge to the subsurface,
concentrations of TDN are likely to continue to decrease. The
long-term changes in the loading of nitrogen to the Niantic
River are dependent on the travel time of groundwater across
the study area, the time for any nitrogen stored in the unsatu-
rated zone to be flushed from the system, the final steady-state
concentrations of TDN in the groundwater, and the length
of additional pathways of discharge beneath the estuary that
continue beyond the shoreline.

Based upon the mean saturated thickness of freshwater
(27 ft) when the wells were drilled in 2005, a land area of
about 35 acres, and an estimated porosity of 0.3, the freshwa-
ter zone in the study area contains approximately 12.3 Mgal
of water in storage. The mean recharge rate of 23.2 in/yr is
equivalent to 2.9 Mgal/yr over the study area of 35 acres. This
indicates that the mean replacement time for the total annual
recharge volume of water in the aquifer underlying the study
area is about 4.2 years, excluding groundwater flow from
upgradient areas. The associated residence time of TDN in the
aquifer is likely longer than the replacement time for recharge
due to hydrodynamic dispersion.

Groundwater enters the study area from the south from
Camp Niantic. The estimated annual flow across the southern
boundary of the study area is 5.5 to 13.8 Mgal/yr, some of
which discharges into the Niantic River and some of which
mixes with the recharge from precipitation in the study area.
This conclusion is based the use of Darcy’s law, and the typi-
cal range in gradient (0.0004—0.0005), the estimated hydraulic
conductivity of the glacial stratified deposits (100-200 feet per
day, based on the material composition and associated values
in Mazzaferro and others [1979]), and the mean thickness
of the freshwater layer of 37 ft across the southern bound-
ary (1,370 ft) of the study area. This additional water likely
decreases the residence time of recharge to the study area but
also adds additional nitrogen. Sewers were installed at Camp
Niantic in 2000, and concentrations of TDN in the ground-
water (fig. 1, site 8, with three wells) on the northern part of
Camp Niantic have been decreasing.

The groundwater travel time across the longest dimension
of the study area can be estimated on the basis of the typical
water-table gradient, the travel distance from the Camp Nian-
tic boundary to the northern end of the peninsula (1,400 ft),
and an estimated mean hydraulic conductivity. Assuming a
porosity of 0.3 and mostly horizontal flow, the estimated travel
time across the longest dimension of the study area ranges
from 11.5 to 29 years. Most groundwater flow paths from the
study area to the shore of the Niantic River are shorter than
1,400 ft, so travel times will be less than this estimate (less
than 6 to 15 years). However, some flow paths may extend
some distance beneath the Niantic River rather than ending at
discharge points at the shoreline. Therefore, it is difficult to
estimate the overall timing of the decrease in nitrogen loading
to the river owing to the installation of the sewer system.

Concentrations of nitrogen in groundwater in the future
are estimated to be similar to those in other parts of Connecti-
cut with high density of development and sanitary sewers.
Grady (1994) determined that the median nitrate plus nitrite
concentration in groundwater in glacial stratified deposits
beneath 21 sewered areas in Connecticut was 2.3 mg/L. This
compares with a value of 1.1 mg/L of nitrate plus nitrite
beneath undifferentiated urban areas in the Connecticut River,
Housatonic River, and Thames River Basins (Grady and Mul-
laney, 1998). These concentrations are higher than those for
undeveloped or forested areas where median values for nitrate
plus nitrite ranged from 0.11 to 0.14 mg/L. When the range
of values for typical urban areas are applied to the analysis of
the potential for future nitrogen loads, the range in estimated
future nitrogen loads to the Niantic River from the study area
is 202 to 423 Ib/yr. Remaining sources of nitrogen input to the
groundwater at Pine Grove include atmospheric deposition,
lawn fertilizers, and pet and animal wastes.

The method used to estimate the nitrogen loads described
above and in the following section has several limitations
resulting from the assumptions used in the analyses. These
assumptions include that concentrations of TDN measured in
the wells are representative of the concentrations in the study
area, both vertically and areally, and that concentrations of
TDN from different depths in the aquifer have equal weight
(contribute equally to the load) in the analyses. The use of this
method assumes a discharge of water from the study area that
is equivalent to the estimated annual recharge from precipita-
tion and septic systems.

Comparison of Nitrogen Loads From Pine Grove
and Other Niantic River Subwatersheds

Estimates of the nitrogen loads that discharge directly
to the Niantic River were made for other regions abutting the
Niantic River. These estimates were made by using a com-
bination of estimated recharge rates, which varied by surfi-
cial geology type (glacial till or glacial-stratified deposits),
and measured or estimated nitrogen concentrations (fig. 9;
table 8). Estimates from each region were summed for a total
load to the river. The total annual estimated nitrogen load from
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Table 8. Total dissolved nitrogen loads from groundwater discharge for the lower Niantic River, Connecticut, estimated for 2011.

[fig., figure; TDN, total dissolved nitrogen; mg/L, milligrams per liter; lb, pounds; USGS, U.S. Geological Survey; GSD, glacial stratified deposit; NA, not
applicable]

TDN con- Size of Recharge Estimated  Estimated isrt(::::ade Estimated
Map centration . g number of per house- P g Other USGS
.. . basin from . of water annual .
num- Surficial (estimated . Recharge, residenc- hold water . station
seg- septic .. . from septic  load of L
ber geology or mea- ininches  esusing use, identifica-
. ment,  systems, . . systems TDN, . )
(fig. 9) sured), . S septic in gallons I tion number
. inacres ininches returned to inlb
in mg/L systems per day .
aquifer
1 Till 1.2 98.3 0.15 8.75 0 NA NA 234 NA
2 GSD 4.0 31.7 0 23.20 0 NA NA 666 NA
3 GSD 1.6 2.7 0 23.20 0 NA NA 22 NA
4 GSD 1.6 84.9 0 23.20 0 NA NA 714 NA
5 GSD 1.5 187.1 0 23.20 0 NA NA 1,475 NA
6 GSD 0.8 116.4 0 23.20 0 NA NA 490 NA
7 GSD 1.5 17.0 0 23.20 0 NA NA 134 NA
8 GSD 6.5 87.6 2.71 25.91 130 160 0.85 3,350 NA
9 GSD 6.0 94.6 0 23.20 0 NA NA 2,974 NA
10 GSD 4.0 186.1 2.12 25.32 216 160 0.85 4,272 NA
11 GSD 0.0 11.6 0 23.20 0 NA NA 0 NA
12 Till 0.2 344.0 0 8.60 0 NA NA 147 NA
13 Till 0.5 290.6 0 8.60 0 NA NA 283 NA
14 Till 1.5 88.3 0 8.60 0 NA NA 258 NA
15 Till 0.1 4353 0.27 8.87 65 160 0.85 79 NA
16 Till 33 14.6 0 8.60 0 NA NA 94 NA
17 Till 3.3 9.7 0 8.60 0 NA NA 62 NA
18 Till 0.8 89.0 0 8.60 0 NA NA 139 NA
19 GSD and Till 0.5 191.8 0 23.2/8.6 0 NA NA 216 011277918
20 GSD and Till 2.4 149.2 0 23.2/8.6 0 NA NA 1,181 0112779165
21 GSD 5.3 353 0 23.20 0 NA NA 970 NA
22 GSD 4.0 51.6 0 23.20 0 NA NA 1,084 NA

'Data are presented unrounded.

’From Mullaney (2013).



groundwater discharge from the areas identified in table 8 is
18,800 Ib/yr, including the nitrogen loads estimated for Pine
Grove in 2011. Data and analyses in Mullaney (2013) indicate
that the mean total of nitrogen loads from the tributaries of the
Niantic River from 2009 through 2011 was about 51,000 Ib/yr.
With the additional estimated total nitrogen load from direct
groundwater discharge of 18,800 Ib, the combined total
nitrogen load to the Niantic River is greater than 69,800 1b/yr.
The only component not accounted for in this total nitrogen
load estimate is direct overland runoff from the areas of the
watershed that are downstream of the USGS water-quality
monitoring stations.

The predicted change in nitrogen load from the system
resulting from the sewering at Pine Grove is about 1,250 Ib/yr,
representing about 1.8 percent of the estimated nitrogen load
from upstream watershed and lower watershed groundwater
sources combined.

Summary and Conclusions

A study of the concentration and estimated loads of
nitrogen to adjacent surface waters before, during, and after
sewers were installed was conducted at the Pine Grove neigh-
borhood on the Niantic River Estuary in southeastern Con-
necticut. The study was conducted from 2005 through 2011
by the U.S. Geological Survey (USGS) in cooperation with
the Connecticut Department of Energy and Environmental
Protection (CTDEEP).

The Niantic River Estuary is impaired through exces-
sive nitrogen loading, which is considered to be a major
cause of the decline and fluctuation in the density of eelgrass
populations. The CTDEEP has listed the Niantic River on the
impaired waters list of the State of Connecticut and consid-
ers the river to be an impaired habitat for marine fish, aquatic
life, and wildlife. Excess nitrogen in groundwater discharge
from developed lands, including onsite wastewater treatment
systems, has been implicated as a cause in the decline of the
eelgrass habitats.

The Pine Grove neighborhood has 172 homes on the
northern part of a peninsula, which is surrounded by the
Niantic River. In 2005, all residences were served by sep-
tic systems and public water supply. In 2006, a project was
begun to install sanitary sewers. The project was completed
by connecting all residences to the sewer system from 2007
through 2009.

The USGS installed 17 wells throughout the neighbor-
hood and 3 wells in two other regions adjacent to the Niantic
River. The wells were sampled 18 times over the course of the
study, primarily for analysis of nutrients but also for analysis
of dissolved gases, bromide, boron, and other major ions dur-
ing the first sampling period in 2005. Water levels were mea-
sured periodically at all wells and continuously at selected
sites. The drilling and water-level monitoring indicated the
Pine Grove area has a freshwater layer from 10 to 45 feet (ft)
thick. Mean water levels ranged from 5.26 to 19.92 ft below
land surface, or from 0.09 to 0.97 ft above the North American

Summary and Conclusions 25

Vertical Datum of 1988. Groundwater flow directions were
toward the north and toward the shorelines of Pine Grove. The
horizontal hydraulic gradient is shallow, ranging from 0.0004
to 0.0005.

At the beginning of the study in 2005, analyses of water
samples indicated that nitrate nitrogen was the primary com-
ponent of the total dissolved nitrogen (TDN) in the ground-
water. Nitrate plus nitrite concentrations ranged from 0.94 to
20 milligrams per liter (mg/L), with dissolved ammonia plus
organic nitrogen concentrations ranging from less than 0.06
to 0.15 mg/L. The dissolved gas measurements indicated that
the samples from most of the wells were oxic and denitrifica-
tion was not a widespread process. Nitrate plus nitrite nitrogen
concentrations were positively correlated with boron, which is
an indicator of a wastewater source.

Chloride to bromide ratios were used along with chlo-
ride concentrations to understand sources of water entering
the aquifer at Pine Grove. Many of the samples plotted near
the binary mixing line for dilute groundwater and sewage or
animal waste, indicating likely substantial input from septic
systems. Five samples showed the influence of seawater,
which likely is due to the proximity of the sampling depth to
the transition zone between freshwater and saltwater.

TDN concentrations were compared for samples from
all wells across the presewering period, the transitional period
when residences were being connected to the sewer system,
and the postsewering period when almost all residences had
been connected. Mean and median TDN concentrations began
to decrease during the transitional period and continued to
decrease in the postsewering period. A Wilcoxon rank-sum
test indicated a significant difference between the sample
concentrations of TDN before and after sewering. The mean
concentration of TDN for groundwater samples collected
during the presewering period was 7.5 mg/L and for samples
collected during the postsewering period was 5.2 mg/L. The
median and mean TDN concentrations decreased in 14 of the
17 wells between the presewering and postsewering periods.
Decreases in mean concentrations of TDN ranged from 0.34 to
11.7 mg/L.

Nitrogen loads from groundwater in the Pine Grove area
were calculated for the periods before and after sewering and
estimated for the future when nitrogen concentrations have
stabilized to levels typical of similarly developed sewered
areas. Estimated TDN loads were calculated by using esti-
mates of recharge under presewering and postsewering condi-
tions and mean measured or estimated future TDN concentra-
tions. Water-use records from 2006 were used to calculate
an estimated recharge from septic systems of 4.98 inches
per year (in/yr) for the presewering period. Recharge from
precipitation for the presewering period was estimated to be
23.2 in/yr. Given the combined recharge rate of 28.2 in/yr, an
area of 35 acres, and a mean TDN concentration of 7.5 mg/L,
the estimated TDN load from the Pine Grove area before
sewering was 1,675 pounds per year (Ib/yr).

Following the sewer installation, the estimated com-
bined recharge rate was reduced to 23.2 in/yr, and the mean
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concentration of TDN was 5.2 mg/L, yielding an estimated
TDN load of 963 Ib/yr. The timing of the eventual stabilization
of TDN concentrations in the aquifer at Pine Grove to steady-
state, lower values, reflecting the new sewered hydrologic sys-
tem, is dependent on the amount of residual nitrogen from sep-
tic systems remaining in the saturated and unsaturated zones
and the travel time and residence time of water in the aquifer.
The mean replacement time for the zone of freshwater was
estimated to be about 4.2 years based on estimated recharge
rates and the volume of freshwater in the aquifer but is prob-
ably less because of inflow from upgradient areas. The longest
flow paths across the study area were estimated to have travel
times of 11.5 to 29 years based on measurements of the water-
table gradient and estimates of the hydrologic properties of
the aquifer materials. When concentrations of TDN reach new
quasi-stable values, reflecting the sewered condition, they are
estimated to be in the range of 1.1 to 2.3 mg/L based on previ-
ous studies in Connecticut. Therefore, the estimated annual
TDN load from the study area in the future could be as low as
202 to 423 Ib/yr.

Nitrogen load estimates from groundwater discharge
were made for other areas of the lower Niantic River water-
shed adjacent to the river. Estimates were made by applying
recharge rates for different geologic materials (23.2 in/yr for
glacial stratified deposits and 8.6 in/yr for till) to previously
measured or estimated nitrogen concentrations to deter-
mine loads for selected areas. The estimated TDN load from
groundwater discharge for the lower watershed, including the
Pine Grove study area, for 2011 was 18,800 1b/yr, compared
with 51,000 Ib/yr from the tributaries computed in a previ-
ous study (2009—11). The predicted change in nitrogen load
from the system resulting from the sewering at Pine Grove is
1,250 Ib/yr, representing about 1.8 percent of the estimated
nitrogen load from upstream watershed and lower watershed
groundwater sources combined. Further research is needed to
confirm these estimates of TDN load for the lower watershed
and the remaining TDN loads to the Niantic River from storm-
water surface runoff from the lower watershed.
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and September 2005
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Table 1-1.

Dissolved gas measurements, August and September 2005.

[Laboratory analyses by the U.S. Geological Survey, Chlorofluorocarbon Laboratory, Reston, Virginia. USGS, U.S. Geological Survey; ID, identification num-
ber; °C, degrees Celsius; mg/L, milligram per liter; N2, nitrogen; Ar, argon; O,, oxygen; CO,, carbon dioxide; CH,, methane; c¢cm® STP/L, cubic centimeters at
standard temperature and pressure per liter; --, no excess N, |

Field . Recharge  Excess
lIJOSc(:: Date Time tempera- N, Ar 0, co, CH, :i:::‘szt‘:“d temperg- air
identifier collected collected ture (mg/L) (mg/L) (mg/L) (mg/L) mg/L (mg/L) 2 ture, (cm?
(°C) (°C) STP/L)

CT-ELY 63  08/17/05 1005 12.9 18.4 0.7 6.7 28.8 0.000 - 12.4 1.1
CT-ELY 63  08/17/05 1005 12.9 17.9 0.7 6.4 29.4 0.000 - 12.2 0.6
CT-ELY 65 08/17/05 1210 14.9 17.8 0.7 8.8 21.0 0.000 - 12.2 0.4
CT-ELY 65 08/17/05 1210 14.9 18.0 0.7 8.9 20.4 0.000 - 11.8 0.5
CT-ELY 66  08/18/05 915 13.0 18.1 0.7 5.8 56.6 0.000 - 12.8 1.0
CT-ELY 66  08/18/05 950 13.0 18.0 0.7 5.8 56.5 0.000 - 12.3 0.7
CT-ELY 67 08/17/05 1350 13.7 17.2 0.6 4.7 84.9 0.000 - 13.7 0.3
CT-ELY 67 08/17/05 1350 13.7 17.5 0.6 3.2 85.9 0.000 - 13.8 0.7
CT-ELY 68  08/23/05 955 154 17.5 0.6 6.6 31.8 0.000 - 12.9 0.3
CT-ELY 68  08/23/05 955 154 17.4 0.7 6.5 322 0.000 - 12.7 0.3
CT-ELY 70  08/18/05 1110 13.7 18.3 0.7 4.2 99.1 0.000 - 11.7 0.8
CT-ELY 70  08/18/05 1110 13.7 18.3 0.7 42 101.9 0.000 - 11.6 0.7
CT-ELY 71  08/23/05 1210 12.9 18.8 0.7 52 41.6 0.000 - 134 1.9
CT-ELY 71  08/23/05 1210 12.9 18.2 0.7 5.4 39.6 0.000 - 13.8 1.4
CT-ELY 73  08/19/05 1055 12.5 20.2 0.7 0.1 27.2 0.003 1.2 10.9 1.3
CT-ELY 75 08/19/05 1205 12.7 17.9 0.7 7.0 61.1 0.000 - 13.0 0.8
CT-ELY 75 08/19/05 1205 12.7 17.9 0.7 7.0 60.8 0.000 - 13.0 0.8
CT-ELY 76  08/24/05 935 13.1 18.9 0.7 52 18.2 0.001 - 10.7 1.0
CT-ELY 76  08/24/05 935 13.1 18.9 0.7 5.3 18.4 0.001 - 10.8 1.0
CT-ELY 77 08/24/05 1110 14.6 18.3 0.7 7.0 43.6 0.000 - 12.5 1.1
CT-ELY 77  08/24/05 1110 14.6 18.0 0.7 6.6 43.8 0.000 - 12.8 0.9
CT-ELY 78 09/01/05 1000 13.2 18.5 0.7 1.6 34.9 0.000 0.2 12.5 1.3
CT-ELY 78 09/01/05 1000 13.2 18.4 0.7 1.6 355 0.000 0.2 12.8 1.3
CT-ELY 80 09/01/05 1150 12.5 16.9 0.6 7.7 35.8 0.000 - 14.5 0.3
CT-ELY 80 09/01/05 1150 12.5 17.2 0.6 7.6 36.4 0.000 - 14.6 0.6
CT-WT 62  09/02/05 1005 11.0 20.1 0.7 7.5 52.4 0.000 -- 7.9 1.1
CT-WT 62  09/02/05 1005 11.0 20.0 0.7 7.9 52.3 0.000 - 7.7 0.9
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http://ct.water.usgs.gov
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A Public Health Assessment
Summary of Pathogenic Contamination of Groundwater in the
Vicinity of Hawl's Nest Beach Area, Old Lyme, Connecticut

Introduction

Groundwater is used throughout the world and the Unites States as a source of domestic drinking
water supply, as well as in the Hawk's Nest Beach Area, with two-thirds of its water supply from
private wells. 9" Contaminated groundwater certainly enhances risk to the public health to the
residents of Hawk's Nest, Groundwater pathogenic contamination has led to numerous disease
outbreaks in the U.S. For example, at least 46 outbreaks of disease occurred between 1992 and
1999 resulting in 2,739 cases of illness and several deaths. These are reported cases. Due to

under diagnosis, and underreporting, the actual morbidity is certainly highe  (DG0)

Several studies have shown that microbial pathogens such as salmonella, E. coli, s. faccalis and
enteroviruses, such as norovirus and hepatitis viruses are relatively stable in groundwater
polluted by unrenovated effluent from sanitary disposal systems (Bittion, et al 1983;0 Schijven
and Jassanizadeh 2000; Pangetal 2004).“? Mechanisms for controlling groundwater pathogen
contamination has recently been emphasized in many countries, as pathogens and enterovirus
can survive up to 400 days depending on soil temperature (Nevecherya, et al 2005).90)

Analysis of Alternatives

In order to address the community pollution problem posed by the aforementioned conditions,
the studies looked at several alternatives. The alternatives evaluated included the following:

a. Conventional septic system upgrades: Conventional upgrades of the existing onsite
waste water treatments systems that meet current health code requirements is not a long term
alternative for addressing the community pollution concerns given the high density of
development, septic system crowding, prevalent subsurface site conditions and climate change.

b. Small community systems: Under this alternative, the combined wastewater flows would
be conveyed to a-centralized location for treatment and subsurface disposal. However, no
suitable sites within the corporate limits of the Associations were identified for achieving this
purpose. The Associations, and Old Lyme, evaluated a local small community system with a
treatment facility and discharge into a large underground dispersal system at the site referred to
as "Cherrystones". A detailed engineering evaluation of this site identified significant limitations
for its use which included potential impacts on a nearby public well field administered by
Connecticut Water Company. This alternative was ruled out due to its high construction and
operational costs, and potential impact on nearby drinking water sources.

c. Decentralized wastewater management: Under this alternative, each lot would have its
own "miniature” wastewater treatment plant with a site specified engineered septic system
design.!"” An operation and maintenance contract would also be needed for the life of each,
This alternative is not economically feasible for the single homeowner.

-3-




The transport of pathogens from contaminated surface water to groundwater increases the
vulnerability of pollution of the groundwater for domestic use (Jin and Flury 2002).(20) These
authors reported that 70% of the water-borne microbial illness outbreaks in the United States
have been associated with groundwater contamination. Pathogens such as viruses are much
smaller than bacteria and protozoa and many can potentially reach groundwater through porous
soil matrices without renovation, specifically sands and gravels underlying the Hawk's Nest
Beach Area.!DVEOED

Site Description

The study area is known as Hawk's Nest Beach Association bounded to the east by Columbus
Avenue, the west by Robbins Avenue and Prospect Street and north and south by West End
Drive and Long Island Sound. The area is also referred as 5B in the Woodard & Curran report
Coastal Wastewater Management Plan, Town of Old Lyme, Connecticut, December 19, 2014,

The underlying soils consist of interbeded deposits of outwash sediment, coarse to fine sands and
gravels with cut and fill stratification grading northerly into ice contact stratified drift composed
of a mixture of sandy gravel silt and poorly sorted sand and gravels with abrupt change in grain
size."V Clay and organic silt are deposited in a stream and drainage ditches throughout the area.

Groundwater Elevation Hawk's Nest Area, West End Drive: Range 3.9' to 10' below ground
surface. Static water level in wells at Center Beach Avenue: Range 4'-0" to 25.0" in depth below
ground surface.(')

Background and Statement of Issue of Groundwater Contamination
from Sanitary Disposal Systems in Hawk's Nest Beach Area

The present on site sanitary disposal systems have been problematic for over 20 years with
repairs to sanitary disposal systems, non-compliant to the Connecticut Public Health Code. The
failure of sanitary disposal systems are a result of the following documented existing conditions:

[} Aging, failing and non-complying or inadequate sanitary disposal systems,
2) Poorly draining soils or impermeable scil herizons.
3) Excessively draining soils providing no removal or digestion of nitrate, ammonia,

bacteria or viruses.
4) Shallow groundwater to bottom of sanitary disposal system.

5) Excessive development density and lot build out of existing lot eliminating soil or
sanitary disposal repairs. Demographics are summarized as follows:'”




Environmental Impact Evaluation for Coastal Wastewater Management Plan Drafts, October 20,
2015, Town of Old Lyme, Connecticut

Per Capita Income Sheet 1 of 1
Percent Minority by Block  Sheet 1 of 1
Population Density Sheet 1 of 1
Percent Below Poverty Sheet 1 of 1

Percent Rental Properties Sheet 1 of 1

As a result of these conditions of groundwater contamination, the Water Poliution Control
Authority of the Town of Old Lyme, CT enacted a ground and surface water monitoring program

in 1998 and 2012 measuring the following parameters: P25

1) Spec. Cond vmhos/cn

2) Chloride ms/1

3) Nitrate ms/1

4} Nitrite ms/1

5) TKN ms/1

6) Ammonia ms/1

7) Total Nitrogen ms/1

&) Total Coli Bacteria #/100ml
9 Fecal Coli #/100ml

10)  Fecal Streptococcus #/100ml
11)  Escheri coli #/100ml

The testing water sampling was completed by Nathan L. Jacobson & Associates using a
laboratory certified by the EPA. Nathan L. Jacobson & Associates presented a summary of the
test results at the bottom of the data sheets. Data was accepted on April 2, 2013. Chemistry of
Natural Waters are summarized in Table 10007

More than 99% of dissolved solids in natural groundwater are composed of less than a dozen
constituents. The bulk of these consist of only seven ions Ca, Na, Ma, K, HCO3, SO4, and CI
and some Si0;. Routine chemical analyses of water samples report these constituents so they
can be used to provide information both on the aquifer materials and the suitability of water for
human use often referred to as water quality. 07




TABLE 1

CHEMISTRY OF NATURAL WATERS

Constituent Groundwater in | Groundwater in | Groundwater in | Groundwater in
{mg/1) Precipitation’ | Unconsolidated | Igneous Rocks® Sedimentary Carbonates’ Seawater®
Deposits’ Rocks*
Na 0.6 47 4 20 13 10560
K 0.4 3 1 2 3 380
Ca 0.9 34 8 53 55 400
Mg 0.2 15 2 19 28 1272
HCGO, 2.0 157 40 263 255 142
SO, 3.0 64 1 47 47 2560
Cl 0.4 21 1 12 14 18980
NO; 0.3 0.6 n/a 2.7 n/a <1
8i0, 0.1 22 19 5 n/a <i -4’
TDS 5.1 230 76 380 416 34378
pH 3.5 7.5 6.8 7.5 7.5 8.1+8.4°
Bagcteria (/100ml 0-2/100ml 0/100mik 0/100ml 0/100mi 0-8/100ml

! Median values of seven sites worldwide; hundred of analyses; Freeze and Cherry, 1979,
2Hem, 1.D., 1970, Study and interpretation of chemical characteristics of natural water: U.S. Geological Survey

7 Varies biochemically; average about 4 ppm.
¥ aries; surface - 8.1 to 8.4; scawater pond with active photosynthesis - 8.6; Black Sea at 1000 m with H,S - 7.26

Professional Paper 1473, 2nd ed.
* 191 samples at 90 localities; median values of 9 means; Freeze and Cherry, 1979.
4 : .

Average of six samples; Hem, 1970.
$ Mean of four means; Freeze and Cherry, 1979,
® Rankama and Sahama, 1950, in U.S. Geological Survey Water Supply Paper 1473 (Ist ed.), p. 10




TABLE 2
Groundwater Monitoring Results - Nitrogen Species (EPA Drinking Water Limit, mg/L)
and Bacterial Count (EPA Freshwater Limit Colonies per 100 mL)(“)

Sample Total Fecal Fecal
Location | Statistic | Nitrate Nitrite TKN' |Ammonia’| TN(10 |Coliform | Coliform Strepto- E. Coli
ID (10 mg/Ly | (1 mg/L}) mg/L) (200) (200)* coceus (126)
(200)
Average 5.52 0.01 0.64 0.07 6.16 12 13 10 13
HN-1-98  [Maximum | [L1.0 0.02 2.80 0.28 11,10 60 60 30 20
Average 3.49 0.01 0.63 0.16 4.13 11 10 21 12
HN-2-98  |Maximum | 6.20 0.06 1.40 0.73 6.60 40 20 300 20
Average 0.75 0.01 1.56 0.47 2.28 122 28 59 37
HN-3-98  iMaximum [ 4.70 0.03 3.80 1.40 7.10 580 360 640 300
Average 1.88 0.01 0.53 0.07 2.44 163 50 53 50
HN-4 Maximum | 3.90 0.02 1.50 0.31 4.80 1200 400 700 500
Average 5.92 0.01 0.50 0.07 6.43 15 11 11 13
HN-5D Maximum | 7.70 0.01 1.30 0.28 8.10 60 20 20 20
Average 6.9%9 0.01 0.77 0.07 7.75 17 11 11 13
HN-58 Maximum | 22.00 0.01 2.30 0.25 24.30 75 20 20 20
Average 1.94 0.01 0.68 0.09 2.64 18 11 11 13
HN-6 Maximum |  3.60 0.02 3.50 0.46 5.90 100 20 20 20
Hawks Average 3.78 0.01 0.76 0.14 4.55 51 19 25 21
Nest Maximum | 22,00 0.06 3.80 1.40 24.30 1200 400 700 500
Average 3.33 0.01 0.86 0.10 4.20 13 14 18 13
SV-1 Maximum | 5.50 0.02 2.00 0.74 6.90 80 100 100 20
Average 0.04 0.02 6.32 4.54 6.82 11 23 2 [K]
SV-2 Maximum | 0.18 0.09 9.60 7.20 13.10 20 250 160 20
Average 4.07 0.06 1.41 0.18 5.54 23 17 21 12
SV-3 Maximum | 7.80 0.89 12.00 1.60 14.70 120 100 100 20
Average 0.05 0.03 7.87 6.56 7.90 16 16 65 12
Sv-4 Maximum | 0.28 0.08 12.00 10.00 12.00 100 100 600 20
Average 0.05 0.01 2.10 0.76 2.16 04 73 71 41
SV-6 Maximum | 0.23 0.05 6.00 2.50 6.10 300 1000 600 300
Seund Average 1.51 0.03 3.71 2.43 5.33 25 28 39 18
View Maxinum | 7.80 0.89 12.00 16,00 14.70 300 1000 600 300

! No EPA established [imited for drinking water,
2 EPA limit for drinking water is zero colonies per 100 mL and no more than 5% of samples positive per month or no more than one positive
sample per month for less than 40 samples per month. No more than one sample was collection in any given month for the sampling program.
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Statistical analysis was completed by the Town of Old Lyme, Connecticut Health D?Partrnent using
geometric mean calculation for the following parameters for HN-2-98 and HN-3-98.47

TABLE 3
Hawk's Nest Beach

HN-3-98 10-8-15 Total Coliform 66.9/100m]

Fecal Coliform 23.74/100ml

Fecal Streptococcus 46.83/100ml

Escheri Coli 29.93/100ml
HN-2-98 10-8-15 Total Coliform 6.84/100ml

Fecal Coliform 1.71/100ml

Fecal Streptococcus 11.85/100mt

Eschert Coli 10/100ml

Additional statistical analysis was completed by Woodard & Curran on 10-20-15 in Draft
Environmental Impact Evaluation for Coastal Wastewater Management Plan, town of Old Lyme,
Connecticut, October 20, 2015.4"

TABLE 4 _
Nitrogen and Bacterial Limits Number of Exceedances
Town of Old Lyme, Connecticut

PHC = State of Connecticut Public Health Code
Geometric Means Town of Old Lyme Health Department

HN-2-98 Total Coliform 6.84/100ml Limit PHC 0
Fecal Coliform 1.71/100m] Limit PHC 0
Fecal Streptococcus 22.85/100ml Limit PHC 0
Total Coliform 10/100ml Limit PHC 0

HN-3-98 Total Coliform 66.90/100m! Limit PHC 0
Fecal Coliform 23.74/100ml Limit PHC 0
Fecal Streptococcus 46.83/100ml Limit PHC 0
Total Coliform 29.93/100m! Limit PHC 0




TABLE 5

OCTOBER 24, 2015
NITROGEN AND BACTERIAL LIMITS NUMBER OF EXCEEDANCES'
Description Nitrate Nitrite Total Total Fecal Fecal E. Coli
Nitrogen Coliform Coliform | Streptococcus
Limit 10 mg/L as 1 mg/L as 10 mg/L. 200 126
(Source) N (EPA N (EPA (CT DPH 200 #/100 mL | 200#/100 #100 mL
Drinking Drinking Drinking | #100 mL? (EPA) ml.? (EPA)
Water Std) | Water Std) | Water Std)
Hawks Nest 4 0 5 8 3 4 2
Beach
Sound ¢ 0 9 2 2 5 1
View
! Based on 2012 NLI Report

2 The US EPA's fecal coliform limit is used for analytical purposes.

The Federal Safe Drinking Water Act ("SDWA") does not allow any concentration of total
coliforms in groundwater, which includes fecal coliform and Escherichia Coli, High
concentrations of various pathogenic organisms were detected in a majority of the samples. @9
The maximum Total Nitrogen concentration allowed in state drinking water quality standards is
10 mg/l. Total Nitrogen is the sum of total Kjeldahl nifrogen plus Nitrite and Nitrate. Presence
of nitrates and ammonia (above background levels) in some of the samples is a clear indication
of incomplete wastewater renovation,)*®

Exposure Pathways

An exposure pathway is defined by the environmental media by which contamination is spread
(soil, water, air) and the route which contaminants enter the body. Contact with the body are
touching soils, sediments or surface water, eating soils that may be adhered to fingers or food
items, drinking contaminated private well water or bathing in contaminated private well water,
breathing dust from soil or building debris or breathing air contaminated by volatile chemicals or
bacteria contaminated water vapor. In the study area, the contaminated groundwater adhering to
soil can expose a person to viruses and bacteria via dermal contact and incidental ingestion.
Activities that could lead to exposure include shoveling out sediment from basement or walk
after a flood or gardening in soil adjacent to a leaching system.(zg)

=10=




TABLE 6

Exposures
Attributable Risk of Infection From

Dermal Contact or Incidental Ingestion of Contaminated Soil

Refer to TABLE 2 using the values from Woodard & Cwran for HN-298 and HN-398

E. Coli HN-2-98 Average 20/100ml = 2/1000 Attributive Risk
Maximum 37/100m! = 10/1000 Attributive Risk

E. Coli HN 3-98 Average 50/100ml = 15/1000 Attributive Risk
Maximum 300/100ml = 30/1000 Attributive Risk

Dose response for Marine and Freshwater Beaches from USEPA's Recreational Water Criterial!? @0 G0

TABLE 7
Reference Contamination Levels
Dermal and Ingestion Risk
Bacteria Concentration in Groundwater and Surface Water Supplies
Producing Potentfial Illnesses

The effects of microbial infection can range from infection without overt disease to acute self-
limiting respiratory, skin, gastrointestinal and adrenal disruption to extreme gastrointestinal and
ltver disorders, especially when a person is immune compromised.

Virus Name Levels Producing Infection in Water
Enterovirus 18-920 MPN/100ml
Hepatitis A 10-100 MPN/100ml
Renovirus 1-1,247 MPN/100ml
Norovirus 1-20 MPN/100ml
Bacteria
Salmonella 2.3-8000 MPN/100ml
Shigella 1-1000 MPN/100ml
Fecal Coliform 4-8000 MPN/100ml
Egherichia coli 14 MPN/100ml
E. coli O157:H7 50 MPN/100ml

Levels of Bacteria in Unrenovated Groundwater
5-10000 MPN/100m! Acute gastrointestinal iliness

10-10000 MPN/100m! Self-Limiting Diarrhea 7-10 days
QYENEO10)(18)(19)(20)(22)(29)




Health Hazard Analysis Using Hazard Exposure Quotient

In general, risk characterization combines exposure estimates and toxicity values to calculate
numerical estimates of risk and hazards to human health. Risk characterization comprises of the

following steps;(ﬁ)(so)

1. Review toxicity and exposure assessment results which has been completed by data
summary from Nathan L. Jacobson & Associates, Woodard & Curran, and the Town of Old
Lyme Health Department.

2. Quantify risks for individual contamination in each medium,
3. Quantify risk from exposure fo multiple contaminants for each pathway.
4. Combine risks from the various exposure pathways when appropriate to quantify risk for

cach exposwre,

Unlike carcinogenic effects, non-carcinogenic effects are not expressed as a probability.

Adverse effects caused by non-carcinogenics are expressed as the ratio of the Chronic Daily
Intake divided by "safe" exposure level indicated by the Reference Dose. If the Hazard Quotient
exceeds 1.0, the risk would indicate there is the possibility of chronic toxicity from this exposure.

Hazard Quotient HQ = CDI/RfD
Chronic Daily Intake!®G?
"Safe" reference Dose RfD

Referring to TABLES 1, 2, 3, 4 and S for data used to caleulate the Hazard Quotients for the
Hawk's Nest Area groundwater test results.®C?

Attributive Risk, Exceedance Levels for Nitrates and Bacteria and Hazard Quotients

Upon review of Attributive Risk of Infection from Dermal Contact or Incidental Ingestion of
Contaminated Soil, the exceedance of State of Connecticut Public Health Code and EPA quality
standards for bacteria and viruses, and Hazard Quotients for bacteria ranging from 1.9 to 1,166
with any value greater than | hazard to health, and nitrates with a Hazard Quotient ranging from
6.3 to 40.5 with any value greater than 1 hazard to health a public health nuisance® is present in
the Hawk's Nest Area, PHC Section 19-13-B1(d).

19-13-B1. Conditions specifically declared to constitute public nuisances
The following conditions are specifically declared to constitute public nuisances:

(d) The discharge or exposure of sewage, garbage or any other organic filth into or on ang(
)

public place in such a way that transmission of infective material may result thereby.(2
{Connecticut Public Health Code, Page 46)
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l EAL EASTERN

ANALYTICAL LABORATORY, Inc.

134 Boston Post Rea

SAMPLE #3525-6
CLIENT
BILLING ADDRESS

OWNER GOF SUPPLY
LOCATION OF SUPPLY

d: P.O. Box B08; Old Saybrook, CT 06475

[RESULTS OF DRINKING WATER SUPPLY

(18-13B101)

James Birge

3 Hemlock Circle

Old Lyme, CT

06371

James Birge

3 Hemlock Circle

Old Lyme, CT

06371

DATE AND TIME OF SAMPLING
PERSON OBTAINING SAMPLE

12117715 _12:40pm

James Birge

Tel. (860) 388-2378

|

TYPE OF SAMPLE Grab - Tap, Untreated

{PARAMETER(S) RESULTS Max, Contaminant Level Allowed Method Detection Limit__|
COLIFORM & SANITARY

CHEMICALS

Coliform Bacteria, M.F. Present* col/100 ml None Present SMg2228

Residual Chlorine ND mg /| Absent SM4500B 0.1

Escherichia coli Absent colfi00 ml None Present SMaz22G

Nitrite-N 0.01 mg /| 1.0mg /] SM4500B 0.01

Nitrate-N 14.8* mg /! 10.0mg/1 SM4500D 0.1

Chloride mgll 250 mg /1 SM45008 1

[ JTest Results of this sample meet the current fimits for Maximum Contaminan

[ X ] Test Results of this sample

t Levels, for the parameters performed.

exceed the current limits for the Maximum Contarinant Levels, for the parameters performed.
Maximum Contaminant Levels exceeded are indicated by an {*).

Other Recommended Levels

PHYSICAL TESTS
Color, Apparent Units 15 Standard Units SM2120B 1
Qdor Units 2 SM2150B 0
Turbidity Units 5 (NTU) SM21308 0.05
pH Units 8.4 - 10.0 range SM4500B 0.1
INORGANIC TESTS
Hardness (CACQO3) mg /| 200 mg/l EPA130.2 5
iron mg /| 0.30 mg /| SM31118 0.01
Manganese mg /| 0.05 mg/! SM31118 0.01
Sodium mg /| 100 mg /| {Guidance Level) S5M3111B 2
Sulfate mg/l 250 mg/l EPA375.4 2
Ammonia Nitrogen mg /| SM4500C 0.008
Copper mg /) 1.3 mg/ ! (Advisory Level) SM3111B 0.02
Fluoride mg /| 4.0 mg/l SM45008 0.1
Lead mg /| 0.015 mg/l {Advisory Level) PHOB18/E200.9 0.0010
MBAS (Surfactants) mg /| 0.5 mg/l SM5540C 0.02
Total Dissolved Solids mg /1 1000 mg /| EPA160.1 10
ORGANICS
Volatile Compounds mg /| EPAL24.2 0.0005
ND = None Detected
ST S
Do) 7 Tyjaad
' Date 12/1815

CT-PH0448, EPA-CT038

David M. Kirpas / W. J. O'Shaughnessy, Tachnical Directors

-15-
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_ IEAL EASTERN ANALYTICAL LABORATORY, Inc.

124 Boston Post Road; P.O. Box B08; Old Saybrook, CT 06475

SAMPLE #3465-7
CLIENT
BILLING ADDRESS

QWNER OF SUPPLY
LOCATION OF SUPPLY

{RESULTS OF DRINKING WATER SUPPLY

{19-

138101)

Nancy A. Birge

3 Hemlock Circle

Old Lyme, CT 0B371

Nanhcy A, Birge

3 Hemlock Circle

Old Lyme, GT_06371

Tel. (860) 388-2378

DATE AND TIME OF SAMPLING 12/11115 11:55am TYPE OF SAMPLE Grab - Tap, Treat
PERSON OBTAINING SAMPLE Nancy Birge
[PARAMETER(S) RESULTS Max. Contaminant Leval Allowed Methad Detection Limit |
COLIFGRIS & SARITARY ' '
CHEMICALS
Coliform Bacteria, M.F. PRESENT  col100 mi None Present SMO222B
Residual Chiorine ND mg /| Absant SM4500B 0.1
Escherichia coli ABSENT colf100 ml Naone Present SM8zz2G
Nilrite-N 0.01 mg /| 1.0mg/l SM45008 0.01
Nitrate-N 13.6* Comgfl 10.0mall Sh45000 0.1
Chioride mg /1 250 mg /1 SM4500B i

[ Itest Results of this sample meet the current fimits for Maximum Contaminant Levels, for the parameters performed.

[X]Test Resuits of tnis sample exceed the current limits for the Maximum Contaminant Levels, for the parameters parformed.
Maximum Contaminant Levels excaeded ara indicated by an ().

Cther Recommended Levels

PHYSICAL TESTS .
Color, Apparent Units 15 Standard Units SM21208 1
Odoar Units 2 SM21508B g
Turbidity Units 5{NTWU SM2130B 0.058
pH _ tnils 8.4 - 10.0 rangs 545008 &1

INORGARNIC TESTS
Hardness (CACQO3) mg /i 200 mg/li EPA130.2 5
Iron mg /1 0.30 mg /1 SM3111B 0.01
Manganese mg /! 0.05 mg /Il SM3111B 0.017
Sodium mg /! 160 mg/! (Guidance Level) SM3111B8 2
Sulfata mg /| 250 mall EPA3TS4 2
Ammonia Nitrogan mg /1 SM4500C 0.008
Coppear mg /| 1.3 mg /! {Advisory Level) 5M3111iB .02
Fluaride mg /| 40 mglti SM45008 0.1
Lead mg {1l 0.015 mgft {Advisory Level) PHOS18/E200.9 0.0010
MBAS (Suriactanis) mg /| 0.5 mu/l INLELE G 0.02
Total Disaclead Solida mg /i 1000 mg i EFATED.1 Y

ORGANICS
Volatite Compaounds mg /| EPABR242 0.0005

ND = Mone Detecied
9&;@0 @ ﬁ;;#@é
Date 12/13/15
" {DAWIPVEAL-TSA 915

CT-PH0448, EPA-CT038

David M. Kipas / W. J. O'Shaughnessy, Technical Directors
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With a nuisance present, the Town of Old Lyme, Connecticut Health Départment is charged by
duty to abate a nuisance under Public Health Code Section 19-13-B2.%9 (Abatement of
Nuisance)

19-13-B2. Abatement of nuisance

(a) Any local director of health, upon information of the existence of a nuisance or any pollution
occurring within his jurisdiction, or when any such nuisance or pollution comes to his attention,
shall, within a reasonable time, investigate and, upon finding such nuisance or pollution exists,
shall issue his order in writing for the abatement of the same.

The Clean Water Act of 1972, and its amendments, establishes the basic structure for
regulating discharges of pollutants into the waters of the United States. In addition, the Safe
Drinking Water Act (SDWA) is the principal federal law in the United States intended to ensure
safe drinking water for the public. Pursuant to the Act, the Environmental Protection Agency
(EPA) is required to set standards for drinking water quality and oversee all state localities and
water suppliers who implement these standards.® The EPA has broad authority to take
appropriate action when there is the presence of a contaminant in a public water system.
Hazardous substances are defined in CERCLA Section 101.%% They are defined by reference to
substances that are listed or designated under other environmental statutes, They include
"hazardous waste" under RCRA "hazardous substances" defined in Section 311 of the Clean
Water Act and "toxic pollutants" designated under Section 307 of the Clean Water Act® or an
underground source of drinking water presents an imminent and substantial danger to public

health™ [i.e. Nuisances under PHC Section 19-13-B1(d)]®®

Violation of federal environmental statutes® by ignoring abatement of a documented nuisance
PHC Section 19-13-B1(d) by a municipal government will %;)lace the municipal government to be
liable for the criminal penalties under the Clean Water Act. 3

Violation Classifications®

Knowing Violations

Under nearly all of the federal environmental statutes a "knowing" violation or failure to comply
with requirements is a crime. the courts have now made very clear that it isn't necessary that one
actually know in order to "know". One can be charged with "knowing" when one should have
known. Several courts have held that companies working in the "highly regulated field" of
hazardous waste should know, and are legally responsible for knowing, all requirements for
managing hazardous waste correctly or legally. Knowledge of the law may be implied. For
example, in the decision in Unifed States v. Hayes International Corp.[786 F.2d 1499 (11th Cir.
1986] a prosecution under RCRA based on the theory of implied knowledge, the court rejected
several arguments based on the "knowing" element of the statute, and articulated rules under
which "knowing" convictions may be obtained under environmental statutes:

1. Mistake of law, grounded in the argument that defendants had no knowledge that a waste was

hazardous within the meaning of the regulations or that a permit was required under the statute,
was rejected by the court which stated that "it is completely fair and reasonable to charge those
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who choose to operate in such [highly regulated] areas with knowledge of the regulatory
provisions.” (786 F2d. 1503)

2. The Government need not prove a defendant's actual state of mind in order to establish
knowledge that a facility receiving hazardous wastes was not permitted. This may be proved
circumstantially by showing that the defendant "willfully fails to determine the permit status of
the facility." (786 F.2d 1504)

3. Although not supported by the facts here, the court found that a good faith belief in a material
fact that provide to be in error would be a defense to a charge that a defendant acted knowingly.

Thus, this case stands for the proposition that public welfare statutes involving toxic chemicals
and hazardous waste have significant public health implications, and that the companies subject
to these statutes are highly regulated and may be presumed to have knowledge of the applicable
regulatory requirements. Second, this presumed knowledge may be used to prove
circumstantially that a defendant is acting in knowing violation of statute if he or she fails to act
in accordance with the strictures of that statute. Under most environmental statutory schemes,
"bad intent” is no longer required in order to establish criminal lability, even under a "knowing"
standard.

Furthermore, knowledge of violations can be imputed not only to the corporation, but to
individuals within the corporation who, by virtue of their responsibilities and authority should
have known of such violations. Individual responsibilities of this sort cannot simply be
delegated away. For example, in United States v. Park, the Supreme Court held that a corporate
officer could be held criminally responsible if such officer had "by reason of his position in the
corporation, responsibility and authority either to prevent in the first instance, or promptly to
correct, the violation complained of, and that he failed to do so." [421 U.S. 658, 673 (1975)]
This rule should encourage corporate managers to read their job descriptions closely, especially
since the Justice Department's policy is to indict not only corporations committing environmental
offenses, but also the highest ranking individual in a company against whom a case can be
proven.

Negligent Violations

A number of the statutes criminalize the "negligent” violation of their requirements. [See, e.g.,
CWA §309(c); CAA, § 113(c)(4)] Compliance duties under these statutes are often broadly
stated and failure to comply, coupled with simple negligence, can support criminal charges even
if "knowledge" or intent cannot be shown or implied. "Negligence" is simply the failure to
exercise due care, and when you are dealing with dangerous chemicals or high risk activities,
"due care" is a substantial burden.

In United States v. Penmwalt [No. CR88-55T (W.D. Wash. 1988)], the company was criminally
indicted for a negligent discharge of chemicals in violation of the Clean Water Act as a result of
the collapse of a 75,000 gallon storage tank. Pennwalt failed to report the spill correctly in
violation of CERCLA, and also was charged with a negligent failure to adequately maintain the
storage tank. The company was fined $1.1 million. In a related action, the manager of Pennwalt
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plant was find $5,000 and placed on probation for a period of two years. (Under the new
sentencing guidelines, a sentence of imprisonment would now result for such conduct.) This
case underlines the importance of both proper and accurate reporting as well as the exercise of
"due diligence" - in this case, instituting adequate checks to ensure that equipment and plant are
maintained in a safe condition.

Criminal Penalties

Section 309(c), the criminal penalty provisions of the CWA, was substantially revised and
stiffened by the 1987 amendments. The 1990 Oil Pollution Act extended these criminal
penalties to spills and other violations of Section 311. Under the amended Section 309(¢):

o '"Negligent violations" in §309(c)(1) are subject to criminal penalties of not less than
$2,500 or more than $25,000 per day of violation, as well as up to one year's
imprisonment per day of violation. Penalties and length of imprisonment are doubled for
a second offense.

* "Knowing violations" in §309(c)(2) are subject to fines of not less than $5,000 nor more
than $50,000 per day of violation and up to three years imprisonment per day of
violation. As with "negligent violations", penalty levels double for second offenses.

¢ Section 309(c)(3) creates a new class of offense for "knowing endangerment", where a
person knowingly violates a permit or other requirement "and who knows at that time
that he thereby places another person in imminent danger of death or serious bodily
injury". Conviction of "knowing endangerment” requires proof of "actual awareness or
actual belief" which may be shown by "circumstantial evidence, including evidence that
the defendant took affirmative steps to shield himself from relevant information". The
penalty for knowing endangerment is imprisonment for 15 years and a fine of up to
$250,000, or in the case of an organization, a fine of not more than $1,000,000. Fines
and penalties are doubled for second offenses.

¢ Scction 309(c)(4) strengthened criminal penalties for anyone who files false reports or
who knowingly falsifies, tampers, or renders inaccurate any monitoring device or
method. Violations are now punishable by a $10,000 fine and imprisonment of up to two
years; penalties double for second offenses.

Because negligence violations are potentially criminal, the scope of potential criminal violations
. under the amended CWA is extremely broad, and reason for diligent attention to compliance.

Additionally, the degree of knowledge required to satisfy the "knowing" requirement may
include many situations where a discharger is aware of a violation but continues to operate while
seeking to abate the violation. A situation where a discharger has received an administrative
order requiring cessation of a violation would likely meet the definition of "knowing" violation if
the violation continued unabated. Also of concern are situations where a discharger is asked to
accept a limitation it cannot meet in a timely manner, but to rely on the enforcement discretion of
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EPA, state, or local officials to protect the discharger from enforcement action while the
discharger works to meet the new limitation.

The "knowing endangerment” provision is nearly identical to the similar penalty provision in
RCRA. In the Clean Water Act context, knowing endangerment becomes an issue where water
supplies are contaminated, where pretreatment requirements for toxics are deliberately violated,
or where hazardous substances are deliberately dumped in sewers or waterways instead of being
sent to a proper treatment, storage, and disposal facility (TSDF) under RCRA. Several knowing
endangerment prosecutions have now been initiated for violations of pretreatment requirements,
violations which allegedly endangered employees. [United States v. Borjohn Optical
Technology, Inc., Cr.No. 89-256 (D.Mass.Nov.7, 1990)]

In recent years, criminal charges have been brought repeatedly against large and small violators
of the Clean Water Act. In addition to the knowing endangerment case noted above, the United
States has obtained indictments against Exxon Shipping for the Valdez spill, against Pennwalt
Chemical for negligent violations resulting in a tank failure and spills, against Ocean Spray for
knowing violations of pretreatment requirements, and against a number of individuals for
violations of dredge-fill requirements. Other cases have resulted in sentences of imprisonment,
[See, e.g., United States v. Frezzo Bros., Inc., 546 ¥.Supp. 713 (E.E.Pa. 1982), aff'd, 703 F.2d 62
(3d Cir. 1983)], which are becoming much more common as a result of sentencing guidelines.
the statute allows the United States to proceed criminally not only against the companies
involved, but also against "responsible corporate officers". [CWA, § 309(c){6)] Moreover,
circumstantial evidence may be used to prove violations of the knowing endangerment provision,
including evidence than an officer deliberately shielded himself from knowledge of such
violations. [CWA, § 309(c)(3)(B)] Thus a "white heart, empty head" defense will not be legally
sufficient.

States also provide criminal penalties for violations of their statutes implementing the Clean
Water Act. Moreover, in circumstances involving violations of both the water pollution control
statutes and hazardous waste statutes, defendants have been sentenced to prison under state water
pollution control laws.

Executive Summary

Wastewater management with sanitary disposal systems in the study area exhibits clear evidence
that the present wastewater collection for treatment and disposal of sewage can no longer be
suitable in the soil and the soil has exceeded capacity to renovate liquid and solid waste without
causing a health risk to the public living in the area, as exhibited in the data review.

In summary of existing water contamination, an alternative method of sewage removal other than
on site must be developed to halt further chronic sewage contamination to avoid the public health
risk of dermal or incidental ingestion of coliform bacteria, fecal coliform bacteria, fecal
streptococcal bacteria, or enterococcus bacteria and noroviruses. As reviewed in coastal
wastewater studies by Fuss & O'Neill, Lombard Associates, Woodard & Curran and RFP
Engineering, the most efficient and economical solution to eliminate the public health risk is the
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construction of sanitary sewers and pumping the wastes to the New London sewage treatment
plant.

Failure to abate the present public health nuisance will hold the municipal government
responsible for any health liability dama%es from the residents in the Hawk's Nest Area due to
exposure to contaminated groundwater, %

Information provided in this report is given in order to expedite the remediation of the
groundwater pollution without further study or delay.

Submitted by,

Town of Old Lyme, Connecticut
Health Department
January 2016
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Appendix A
Connecticut General Statutes
Chapter 368¢ - Municipal Health Authorities
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1213;0!2015 Chapler 368e - Municipal Health Authorities

(Return to Chapter (Return to (Refurn fo
"Table of Contents) List of Chapters) List of Titles)

Sec. 19a-206. (Formerly Sec. 19-79). Duties of municipal directors of health. Nuisances and sources of
filth. Injunctions. Civil penalties. Authority of town director within city or borough. Availability of
relocation assistance. (a) Town, city and borough directors of health or their authorized agents shall,
within their respective jurisdictions, examine all nuisances and sources of filth injurious to the public
health, cause such nuisances to be abated or remediated and cause to be removed all filth which in their
judgment may endanger the health of the inhabitants. Any owner or occupant of any property who
maintains such property, whether real or personal, or any part thereof, in a manner which violates the
provisions of the Public Health Code enacted pursuant to the authority of sections 19a-36 and 19a-37
shall be deemed to be maintaining a nuisance or source of filth injurious to the public health. Any local
director of health or his authorized agent or a sanitarian authorized by such director may enter all places
within his jurisdiction where there is just cause to suspect any nuisance or source of filth exists, and abate
or remediate or cause to be abated or remediated such nuisance and remove or cause to be removed such

filth.

(b) When any such nuisance or source of filth is found on private property, such director of health shall
order the owner or occupant of such property, or both, to remove, abate or remediate the same within
such time as the director directs. If the owner of such property is a registrant, such director may deliver
the order in accordance with section 7-148ii, provided nothing in this section shall preclude a director
from providing notice in another manner permitted by applicable law. If such order is not complied with
within the time fixed by such director: (1) Such director, or any official of such town, city or borough
authorized to institute actions on behalf of such town, city or borough, may institute and maintain a civil
action for injunctive relief in any court of competent jurisdiction to require the abatement or remediation
of such nuisance, the removal of such filth and the restraining and prohibiting of acts which caused such
nuisance or filth, and such court shall have power to grant such injunctive relief upon notice and hearing;
(2) (A) the owner or occupant of such property, or both, shall be subject to a civil penalty of two hundred
fifty dollars per day for each day such nuisance is maintained or such filth is allowed to remain after the
time fixed by the director in his order has expired, except that the owner or occupant of such property or
any part thereof on which a public eating place is conducted shall not be subject to the provisions of this
subdivision, but shall be subject to the provisions of subdivision (3) of this subsection, and (B) such civil
penalty may be collected in a civil proceeding by the director of health or any official of such town, city
or borough authorized to institute civil actions and shall be payable to the treasurer of such city, town or
borough; and (3) the owner or occupant of such property, or both, shall be subject to the provisions of
sections 19a-36, 19a-220 and 19a-230.

(¢) If the director institutes an action for injunctive relief seeking the abatement or remediation of a
nuisance or the removal of filth, the maintenance of which is of so serious a nature as to constitute an
immediate hazard to the health of persons other than the persons maintaining such nuisance or filth, he
may, upon a verified complaint stating the facts which show such immediate hazard, apply for an ex
parte injunction requiring the abatement or remediation of such nuisance or the removal of such filth and
restraining and prohibiting the acts which caused such nuisance or {ilth to occur, and for a hearing on an
order to show cause why such ex parte injunction should not be continued pending final determination on
the merits of such action. If the court finds that an immediate hazard to the health of persons other than
those persons maintaining such nuisance or source of filth exists, such ex parte injunction shall be issued,
provided a hearing on its continuance pending final judgment is ordered held within seven days thereafter
and provided further that any persons so enjoined may make a writien request to the court or judge
issuing such injunction for a hearing to vacate such injunction, in which event such hearing shall be held
within three days after such request is filed.
-28-
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(dj In each town, except in a town having a city or borough within its limits, the town director of health

- shall have and exercise all the power for preserving the public health and preventing the spread of
diseases; and, in any town within which there exists a city or borough, the limits of which are not
coterminous with the limits of such town, such town director of health shall exercise the powers and
duties of his office only in such part of such town as is outside the limits of such city or borough, except
that when such city or borough has not appointed a director of health, the town director of health shall,
for the purposes of this section, exercise the powers and duties of his office throughout the town,
including such city or borough, until such city or borough appoints a director of health,

(¢) When such nuisance is abated or remediated or the source of filth is removed from private property,
such abatement, remediation or removal shall be at the expense of the owner or, where applicable, the
occupant of such property, or both, and damages and costs for such abatement, remediation or removal
may be recovered against the owner or, where applicable, the occupant, or both, by the town, city or
borough in a civil action as provided in subsection (b) of this section or in a separate civil action brought
by the director of health or any official of such city, town or borough authorized to institute civil actions,

(f) If the order of a district department of health, formed pursuant to section 19a-241, causes the
displacement of any occupant of a residential dwelling unit, the municipality in which such dwelling unit
is located shall be responsible for any relocation assistance afforded to such occupant pursuant to chapter
135. The district department of health shall provide written notification to the occupant of the occupant’s
rights under chapter 135 at the time an order causing displacement is issued. The written notification
shall include the name, address and telephone number of the person authorized by the municipality to
process applications for relocation assistance afforded pursuant to chapter 135.

(1949 Rev,, S. 3850; 1959, P.A. 445; P.A. 77-465; P.A. 87-521, S. 2; June Sp. Sess, P.A. 07-2, S. 55;
P.A. 08-137,S.2; P.A. 09-144, S. 5.)

History: 1959 act added provision for director of health authorizing qualified person to act; P.A. 77-465
placed previous provisions in Subsecs. (a) and (d) and added new provisions in Subsecs. (b), (¢) and (¢)
clarifying general provisions re maintaining nuisance or source of filth injurious to public health stated in
Subsec. (a) and added exception in Subsec. {d) re town health director’s jurisdiction in cities or boroughs
lacking health directors of their own; Sec. 19-79 transferred to Sec. 19a-206 in 1983; P.A. 87-521
amended Subsec. (a) to provide for the delegation of duties to an authorized agent and a sanitarian and to
make technical changes; June Sp. Sess. P.A. 07-2 amended Subsecs. (a) to (c) and (e) to add references to
remediation, made technical changes in Subsecs. (b) and (e) and amended Subsec. (e) to subject owners
or occupants of private property to liability for remediation, where applicable; P.A, 08-137 added
Subsec. (f) re relocation assistance availability when district department of health order causes
displacement of occupant of residential dwelling unit, effective June 5, 2008; P.A. 09-144 amended
Subsec. (b) by allowing notice to be delivered to registrant in accordance with Sec. 7-148ii.

See Sec, 21a-62 re power of local health authority to order analyses of foods and medicines or other
articles for human consumption.

See Sec. 26-192g re duties of local directors of health with regard to unauthorized taking of shellfish in
contaminated or posted areas.

Annotations to former section 19-79:

Towns not liable for acts of health officers, acting in good faith, and doing no unnecessary damage;
health officer is not liable for error of judgment when acting in good faith. 51 C. 93. No distinction
between nuisances and filth as to power of health officer. Id., 98, 99. Filth and nuisances may be
-20-
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removed although not endangering health at time of removal. Id., 102. Duty to prevent spread of disease.

- 86 C. 677. A person cannot be charged with a crime under section until the time allowed in an order for
compliance with its terms has expired. 148 C. 439. Cited. 170 C. 387; 1d., 675.

First selectmen of towns have never possessed any authority concerning matters affecting the public
health. 8 CS 431. History and purpose discussed; the nuisances referred to are confined to those injurious
to public health. 24 CS 242.

Annotations to present section:

Cited. 42 CA 631. Under 2005 revision, Subsec. (b) clearly and unambiguously authorizes local health
directors to issue orders to landlords for public nuisance violations regardless of the landlords’
involvement in the violations, 133 CA 710.

{Return to Chapter (Return to (Return to
Table of Contents) List of Chapters) List of Titles)

Sec. 19a-207. (Formerly Sec. 19-80). Duties of local officials. Emergencies. Regulations, The local
director of health or his authorized agent or the board of health shall enforce or assist in the enforcement
of the Public Health Code and such regulations as may be adopted by the Commissioner of Public
Health. Towns, cities and boroughs may retain the power to adopt, by ordinance, sanitary rules and
regulations, but no such rule or regulation shall be inconsistent with the Public Health Code as adopted
by said commissioner. In any emergency when the health of any locality is menaced or when any local
board of health or director of health fails to comply with recommendations of the Department of Public
Health, said department may enforce such regulations as may be required for the protection of the public
health, -

(1949 Rev., S. 3806; 1957, P.A. 13, S. 84; P.A. 77-614, S. 323, 610; P.A. 78-303, S. 65, 136; P.A. 87-
521, 8.3; P.A. 93-381, 8. 9,39; P.A. 95-257, S. 12, 21, 58.)

History: P.A. 77-614 replaced department of health with department of health services, effective January
1, 1979; P.A. 78-303 replaced public health council with commissioner of health services; Sec. 19-80
transferred to Sec. 19a-207 in 1983; P.A. 87-521 provided for the appointment of an authorized agent to
perform the duties of the local director of health and deleted reference to “quarantine” regulations re
department’s enforcement of regulations to protect the public health; P.A. 93-381 replaced department
and commissioner of health services with department and commissioner of public health and addiction
services, effective July 1, 1993; P.A. 95-257 replaced Commissioner and Department of Public Health
and Addiction Services with Commissioner and Department of Public Health, effective July 1, 1995.

See Sec. 19a-36 re Public Heaith Code.
Annotation to former secti_on 19-80:

Cited. 166 C. 337.

(Retumn to Chapter (Return to (Return to
Table of Contents) List of Chapters) List of Titles)

Sec. 19a-207a. Basic health program. Each district department of health and municipal health department
shall ensure the provision of a basic health program that includes, but is not limited to, the following
services for each community served by the district department of health and municipal health

https:fivww.cga.ct.govicurrent/publchap_358z. htm#sec_19a-208 30 10/29




APPENDIX D: CT-DEEP AND USFWS CORRESPONDENCE

o CT-DEEP Natural Diversity Database Determination Letter
o USFWS Federally Listed Endangered and Threatened Species in Connecticut
o USFWS Endangered Species Act Coordination Letter
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United States Department of the Interior — [r=uifis-

FISH AND WILDLIFE SERVICE

New England Field Office
70 Commercial Street, Suite 300
Concord, NH 03301-5087
http://www.fws.gov/newengland

January 20, 2017
To Whom It May Concern:

This project was reviewed for the presence of federally listed or proposed, threatened or
endangered species or critical habitat per instructions provided on the U.S. Fish and Wildlife
Service’s New England Field Office website:

http.//www, fws. gov/newengland/FEndangeredSpec-Consultation. htm (accessed January 2017)

Based on information currently available to us, no federally listed or proposed, threatened or
endangered species or critical habitat under the jurisdiction of the U.S. Fish and Wildlife Service
are known to occur in the project area(s). Preparation of a Biological Assessment or further
consultation with us under section 7 of the Endangered Species Act is not required. No further
Endangered Species Act coordination is necessary for a period of one year from the date of this
letter, unless additional information on listed or proposed species becomes available.

Thank you for your cooperation. Please contact Maria Tur of this office at 603-223-2541 if we
can be of further assistance.

Thomas R. Chapman
Supervisor
New England Field Office



FEDERALLY LISTED ENDANGERED AND THREATENED SPECIES

IN CONNECTICUT

FEDERAL GENERAL
COUNTY SPECIES STATUS LOCATION/HABITAT TOWNS
Piping Plover | Threatened Coastal Beaches Westport, Bridgeport and Stratford
Roseate Tern | Endangered Coastal beache_s . Islands and the Westport and Stratford
Atlantic Ocean
Bog Turtle Threatened Wetlands Ridgefield and Danbury.
Fairfield c | Beach 1 Rock
Red knot* Threatened oastal Beaches and Rocky Coastal towns
Shores, sand and mud flats
Northern Threatened Winter- mines and caves, Summer
Long-eared Final 4(d) . X ' . Statewide
Bat Rule — wide variety of forested habitats
Farmington and Podunk Rivers, . .
Dwarf Endangered | Muddy Brook, Philo Brook, Stony SOUt.h Windsor, East Granby, Sl}ff'eld’
wedgemussel Brook Simsbury, Avon and Bloomfield.
Hartford
Northern Threatened . .
. Winter- mines and caves, Summer .
Long-eared Final 4(d) - . - Statewide
Bat Rule — wide variety of forested habitats
Forests with somewhat poorly
Smgl; ng?gled Threatened drained soils and/or a seasonally Sharon.
g high water table
Litchfield Bog Turtle Threatened Wetlands Sharon and Salisbury.
Northern Threatened . .
Long-eared Final 4(d) Winter- mines and caves, Summer Statewide
Bat Rule — wide variety of forested habitats
Roseate Tern Endangered Coastal beache_s , islands and the Westbrook and New London.
Atlantic Ocean
Piping Plover | Threatened Coastal Beaches Clinton, Westbrook, Old Saybrook.
Middlesex | Puritan Tiger | o ioneq Sandy beaches along the Cromwell, Portland
Beetle Connecticut River
Northern Threatened Winter- mines and caves, Summer
Long-eared Final 4(d) - ; ' . Statewide
Bat Rule — wide variety of forested habitats
Bog Turtle Threatened Wetlands Southbury
Piping Plover | Threatened Coastal Beaches Milford, Madison and West Haven
Roseate Tern | Endangered Coastal beache_s , Islands and the Branford, Guilford and Madison
Atlantic Ocean
New Haven | |ndiagnaBat | Endangered Mines, Caves
Red knot! Threatened Coastal Beaches and Rocky Coastal towns
Shores, sand and mud flats
Northern Threatened Winter- mines and caves, Summer
Long-eared Final 4(d) - ; ’ . Statewide
Bat Rule — wide variety of forested habitats

Updated 02/05/2016




FEDERAL GENERAL
COUNTY SPECIES STATUS LOCATION/HABITAT TOWNS
Piping Plover | Threatened Coastal Beaches Old Lyme, Watgrford, Groton and
Stonington.
Roseate Tern | Endangered Coastal beache; , Islands and the East Lyme and Waterford.
Atlantic Ocean
Small whorled Forests with somewhat poorly
New PoaONia Threatened drained soils and/or a seasonally Waterford
London g high water table
Red knot® Threatened Coastal Beaches and Rocky Coastal towns
Shores, sand and mud flats
Northern Threatened Winter- mines and caves, Summer
Long-eared Final 4(d) . X ' . Statewide
Bat Rule — wide variety of forested habitats
Northern Threatened Winter- mines and caves, Summer
Tolland Long-eared Final 4(d) id ; by d habi Statewide
Bat Rule — wide variety of forested habitats
Sandpla_m Endangered Dry_, sandy-loam,_ nutrient-poor Plainfield
Gerardia soils of sandplain grasslands
Windham Northern Threatened Winter- mines and caves, Summer
Long-eared Final 4(d) - . ' . Statewide
Bat Rule — wide variety of forested habitats

"Migratory only, scattered along the coast in small numbers

e Eastern cougar, gray wolf, Indiana bat, Seabeach amaranth and American burying beetle are
considered extirpated in Connecticut.
e There is no federally-designated Critical Habitat in Connecticut.

Updated 02/05/2016



Connecticut Department of

ENERGY &
= ENVIRONMENTAL
PROTECTION

79 Elm Street » Hartford, CT 06106-5127 www.ct.gov/deep Affirmative Action/Equal Opportunity Employer
April 18, 2017

Aaron Brennan

Woodard & Curran

1699 King Street, Suite 406
Enfield, CT 06082
abrennan@woodardcurran.com

Project: Old Lyme Coastal Wastewater Management Project, construction of a wastewater collection system
including pump station at jct. Pond Rd and Hartford Ave, a transmission main along Hartford Avenue and
Route 156 and gravity sewer pipes within public roadways in project area between Billow Road and Robbin
Ave/Prospect Street, and including West End Drive in Old Lyme

NDDB Determination No.: 201703255

Dear Aaron Brennan,

I have reviewed Natural Diversity Database (NDDB) maps and files regarding the area of work provided for
the proposed construction of a wastewater collection system in Old Lyme, Connecticut. | do not anticipate
negative impacts to State-listed species (RCSA Sec. 26-306) resulting from your proposed activity at the site
based upon the information contained within the NDDB. The result of this review does not preclude the
possibility that listed species may be encountered on site and that additional action may be necessary to
remain in compliance with certain state permits. This determination is good for two years. Please re-submit a
new NDDB Request for Review if the scope of work changes or if work has not begun on this project by
April 18, 2019.

Natural Diversity Data Base information includes all information regarding critical biological resources
available to us at the time of the request. This information is a compilation of data collected over the years by
the Department of Energy and Environmental Protection’s Natural History Survey, cooperating units of
DEEP, landowners, private conservation groups and the scientific community. This information is not
necessarily the result of comprehensive or site-specific field investigations. Consultations with the NDDB
should not be substitutes for on-site surveys necessary for a thorough environmental impact assessment.
Current research projects and new contributors continue to identify additional populations of species and
locations of habitats of concern, as well as, enhance existing data. Such new information is incorporated into
the database as it becomes available.

Please contact me if you have further questions at (860) 424-3378, or karen.zyko@ct.gov . Thank you for
consulting the Natural Diversity Database.

Sincerely,

Karen Zyko
Environmental Analyst
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