TOWN OF SOUTHAMPTON CP13107 (rev 01/2019)
Department of Community Preservation

24 W Montauk Hwy, Hampton Bays, NY 11946

Ph: 631-287-5720 Fx: 631-728-1920

WWW.SOUTHAMPTONTOWNNY.GOV/CPF

COMMUNITY PRESERVATION FUND (CPF)
WATER QUALITY IMPROVEMENT PROGRAM

The CPF Water Quality Improvement Project Plan (WQIPP) Fund follows the objectives in the adopted Water Quality
Improvement Project Plan (see http://www.southamptontownny.gov/DocumentCenter/View/7318)

To apply for funding, an application must be COMPLETED and submitted along with detailed narratives and supporting
information as described below. The Water Quality Advisory Committee will rank and score projects based on the Scoring
Criteria contained in the application materials. Parcel acquisitions will be considered on an ongoing basis, independent of
this application process.

Note: 7-full sets of plans and one digital submission is required for each application.
A Public Hearing and Town Board Resolution will be required for individual or multiple projects in excess of $50,000.

WATER QUALITY IMPROVEMENT PROJECT MEANS:
[1] DEFINITIONS:

1. Wastewater Treatment Improvement Project means the planning, design, construction, acquisition, enlargement,
extension, or alteration of a wastewater treatment facility, including alternative systems to a sewage treatment
plant or traditional septic system, to treat, neutralize, stabilize, eliminate or partially eliminate sewage or reduce
pollutants in treatment facility effluent, including permanent or pilot demonstration wastewater treatment
projects, or equipment or furnishings thereof. Stormwater collecting systems and vessel pumpout stations shall
also be included within the definition of a wastewater improvement project.

2. Nonpoint source abatement and control program projects developed pursuant to section eleven-b of the soil and
water conservation districts law, title 14 of article 17 of the environmental conservation law, section 1455b of the
federal coastal zone management act, or article forty-two of the executive law;

3. Aquatic Habitat Restoration Project means the planning, design, construction, management, maintenance,
reconstruction, revitalization, or rejuvenation activities intended to improve waters of the state of ecological
significance or any part thereof, including, but not limited to ponds, bogs, wetlands, bays, sounds, streams, rivers,
or lakes and shorelines thereof, to support a spawning, nursery, wintering, migratory, nesting, breeding, feeding,
or foraging environment for fish and wildlife and other biota.

4. Pollution Prevention Project means the planning, design, construction, improvement, maintenance or
acquisition of facilities, production processes, equipment or buildings owned or operated by municipalities for
the reduction, avoidance, or elimination of the use of toxic or hazardous substances or the generation of such
substances or pollutants so as to reduce risks to public health or the environment, including changes in
production processes or raw materials; such projects shall not include incineration, transfer from one medium of
release or discharge to another medium, off-site or out-of-production recycling, end-of-pipe treatment or
pollution control.

5. The Operation of the Peconic Bay National Estuary Program, as designated by the United States Environmental
Protection Agency. Such projects shall have as their purpose the improvement of existing water quality to meet
existing specific water quality standards. Projects which have as a purpose to permit or accommodate new
growth shall not be included within this definition.
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Project Applicant:

Project Title:

WATER QUALITY IMPROVEMENT PROGRAM

Westhampton Beach School District (w/ NYS Center for Clean Water Technology at Stony Brook University)

Nitrogen Removing Onsite Wastewater Treatment System for Westhampton Beach High School

Project Manager: Dr

. Christopher J. Gobler, Director, NYS Center for Clean Water Technology

Name Dr. Christopher J. Gobler (c/o Frank M. Russo, P.E., Associate Director)
Title Director
Organization New York State Center for Clean Water Technology at Stony Brook University ("CCWT")
Address 1000 Innovation Road, Room 100A, Stony Brook, New York 11794-6044
Phone 631.216.7410 (office)
Email christopher.gobler@stonybrook.edu (frank.russo.3@stonybrook.edu)
Property Owner (if different from Project Manager organization):
Name Michael Radday, Superintendent of Schools
Affiliation Westhampton Beach School District

Mailing Address

340 Mill Road, Westhampton Beach, New York 11978

Phone

631.288.3800

Email

mradday@whbschools.org

Project Location
Address

49 Lilac Road, Westhampton Beach, New York 11978

SCTMH#(s)

905-5-1-1,2,3,4,5

Type of Project (check all that apply):

[O] Reduction
[ ] Remediation
[ ] Restoration

Project Summary: (add text 2-3 Sentences only)

The Village of Westhampton Beach is well ini

to the planning phase to reduce the nitrogen load to Moniebogue and Quantuck Bays caused by archaic onsite wastewater treatment systems (OWTS). Westhampton Beach High School falls

within Phase 4 of the Village's plan, wherein inne

ovative and alternative (I/A) OWTS are designated to replace archaic OWTS. This project proposes to design and install a Nitrogen Removing Biofilter (NRB), which is being developed by the NYS CCWT.
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1. PROJECT TYPE
Must meet at least one of the definitions of “Water Quality Improvement Project” per State Law
Chapter 551 cited above. Check all that apply.

@ Wastewater Treatment Improvement Project

[ ] Non-point source abatement and control

[O] Aquatic habitat restoration

[O] Pollution prevention

|:| Operation of Peconic Bay National Estuary Program (Grant Match)
Note: Monitoring costs are only potentially eligible for CPF funding within Aquatic habitat
restoration projects.

2. PRIORITY AREA(S)
Priority areas are defined in the Water Quality Improvement Project Plan (WQIPP).

[ ] High

|:| 303(d) Impaired

[O] Medium

D Outside High and Medium priority areas*

*If Outside High and Medium priority areas, explain how the project is relevant to WQIPP goals.

3. PROJECT DESCRIPTION

3a. Existing conditions of applicable groundwater/sub-watershed/waterbody and most recent and
relevant data available (provide sources).

Nitrogen levels in groundwater below the Village of Westhampton Beach are very high, in some
cases exceeding 20 mg /L TN. This nitrogen impacts marine habitats; salt marshes and wetlands.

3b. How the proposed solution addresses the issue in the context of Reduction, Remediation
and/or Restoration as per the CPF Water Quality Project Plan. Note all remediation and
restoration projects must assure that reduction measures are also addressed.

The Village's plan is to convey wastewater in its downtown area to a plant at Gabreski Airport. This
is Phase 1. The High School is located within Phase 4 which requires the use of /A OWTS.

3c. Describe the proposed technology and its demonstrated efficacy in similar settings. May
include published data.

The NYS CCWT has piloted the Nitrogen Removing Biofilter (NRB) process throughout Suffolk
County and at the MASSTC test center. Effluent total nitrogen averages less than 10 mg/L.
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3d. How the project supports Town of Southampton, Suffolk County, NYSDEC, Long Island Nitrogen
Action Plan (LINAP) or other adopted goals/policies (provide references with pages numbers).

The NYSDEC has provided a grant to form and develop the NYS CCWT. CCWT shares the grant
with SCDHS. CCWT is further developing a non-proprietary, passive and affordable I/A OWTS.

3e. Review the following statements and indicate whether they are applicable to your project. For
all “Yes” responses, please indicate how your project addresses the requirements indicated.

Yes N/A

D If stormwater system or drainage is proposed: The project must indicate
compliance with the New York State Stormwater Design Manual (2015 and as
updated).

D @ If project is related to farmland: Describe any Agricultural Stewardship Plan
or other long term strategy for Nitrogen abatement.

[ ] If the project is for habitat restoration: The narrative must address how
underlying causes are being ameliorated and expected outcomes for local
species populations or other ecological considerations are given.

|:| |E| If project is a Sewage Treatment Plant (STP) or cluster treatment system:
Fund allocation request is based on cost for reduction of pre-existing
conditions and not for purpose of accommodating new density (describe pre-
existing density and associated flow (gallons per day) and total projected
nitrogen reduction in narrative). Include detailed information on how many
homes the system would treat as well as potential for formation of Sewer
District, if required by Suffolk County Health Department or Town Law.

D If the project is requesting grant match for the Peconic Estuary Program:
Include information related to funding program source and purpose of
application and any relevant items on this checklist. Note: A Town Board
resolution will be required in order to encumber matching funds for grant
applications.
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4. WATER QUALITY BENEFIT

4a. Identify Nitrogen, Pathogen or Pollutant of Concern (POC) including Existing Condition and
Target Reduction.

Nitrogen has led to the degradation of salt marshes, which provides buffering against storm surges.
High nitrogen levels lead to algal blooms. (Gobler et al., 2004, 2011)

4b. Describe plans for collecting and reporting on water quality over time.

SCDHS Article 19 regulations for reporting nitrogen levels is required.

4c. Indicate useful life of proposed technology (must meet or exceed five years).
Literature suggests that the woodchips used in the NRB process has a useful life of at least 30 years.

5. COST FACTORS

5a. Explain how you have confirmed that the proposed budget is reasonable, appropriate and
necessary. If available, provide third party estimates or other documentation of how costs were
determined.

The proposed budget was derived based on recent project cost estimates prepared for the Springs
School and actual costs for installed NRBs across Suffolk County.

5b. Describe any matching funds to be provided.

Field sampling and testing for NRB performance will be conducted by the CCWT. WBUFSD will
administer the public bidding of the construction.

5c. Explain: i. Why project cannot proceed and intended benefits cannot be achieved without
external funding. ii. if funds are awarded at a lower level than requested, or if there are cost
overruns, explain how the project will proceed.

Grants through the Suffolk County Septic Improvement Program and NYS are not eligible until the I/A
process achieves Article 19 Provisional Phase approval. In order to gain SCDHS acceptance, pilot
systems must be installed and operated for at least 2 years. The NYSDEC grant to CCWT does not
have sufficient funds to install I/A systems for this type of project, i.e. schools. WBUFSD will
eventually be required to upgrade the existing septic system serving the high school.
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6. MANAGEMENT, EXPERIENCE, ABILITY

6a. Describe applicant’s experience in completing similar projects.

CCWT has installed 5 NRB pilot systems at SC Parks and TNC Upland Farms. 3 more systems are
scheduled for installation in the spring of 2019.

6b. Describe community support or opposition to project. If there is opposition, explain how this is
to be addressed.

The Village would have preferred to provide central sewering for the WBUFSD, but the Gabreski STP
did not have sufficient capacity. Residents felt that it should have been included because of TN load.

6c. Describe any permits needed and time frame/status of approvals. If permits are approved,
indicate same.

SCDHS Article 19 compliance is required.

7. MAINTENANCE, MONITORING, EVALUATION

Estimate ongoing maintenance costs and explain how these will be supported. Explain stewardship
and monitoring activities planned for ensuring sustainability of the project.

WHUFSD will budget for the annual operation and maintenance of the NRB. The school district
proposes to use the project in the science curriculum for teaching purposes.

8. DURATION OF PROJECT

8a. Provide a projected project timeline. Note: The Committee will only make recommendations
for shovel-ready projects that can commence this fiscal year.

The project will not be shovel ready until the funding to support the planning, design and construction
of the NRB is achieved. The project is anticipated to come on-line within 2 years of funding.

8b. If project is multi-year or phased, provide a breakdown of budget and milestones for each year
and phase.

Year 1 - $200,000 for wastewater characterization, SCDHS design report, and construction plans
Year 2 - $ 1.3 million for construction

9. ATTESTATION
Allocation of CPF funds will not be for the purpose of accommodating new growth, as this is
prohibited by State law.
Check box to certify that funds will not be directed for projects for the purpose of
accommodating new growth.

3/11/19

Signature: Date
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10. REQUIRED ATTACHMENTS
Confirm that the following required documents are attached to this application:

Photos of existing conditions
Location Map

[ [=](=]

State Environmental Quality Review Act (SEQRA) Long or Short Environmental Assessment
Form (EAF) (https://www.dec.ny.gov/permits/6191.html)

Completed EPA Spreadsheet Tool for Evaluating Pollutant Load (STEPL) http://it.tetratech-
ffx.com/steplweb/ or similar standardized methodology (describe)

Project budget (see attached template)

Ownership commitment is provided via letter of intent (LOI) for non-municipal owners or
municipal resolution for municipal owners

I

[=][=]

11. OTHER ATTACHMENTS

List other attachments provided, including cost estimates, bids, plans, documentation of matching
funds, and other as appropriate to demonstrate project readiness, quality, feasibility, and cost
effectiveness.
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COMMUNITY PRESERVATION FUND (CPF)
WATER QUALITY IMPROVEMENT PROGRAM
BUDGET PROPOSAL

PLANNING/ENGINEERING/DESIGN Town CPF Re- Matching Funds Matching Funds Estimated Total

quest Committed Pending Project Costs

In-house labor
(provide separate sheet with calculations)

Task 1- Staff Project Management and Administration (CCWT) | $- $-32000 S- S-
Task 2- Project Administration (WBUFSD) S- $-16000 S- S-
Task 3- S- S- S- S-
Task 4- S- S- S- S-
Task 5- S- S- S- S-
Task 6- S- S- S- S-
$- $- $- $-
In House Labor Total $-0 $-48000 $-0 $-0
$- $- $- $-
$- $- $- $-
$- $- $- $-
$- $- $- $-
$- $- $- $-
$- $- $- $-
$- $- $- $-
Materials/Supplies Total $-0 $-0 $-0 $-0

Contractual Services

WW Characterization Study / Topo Survey / Soil Analysis * $-25000 S- S- S-
SCDHS Engineering Design Report * $-20000 S- $- $-
Construction Plans and Specifications for Public Bidding * $- 150000 S- S- S-
$- $- $- $-

* Professional Engineering Services S- S- $- $-

$- $- $- $-

$- $- $- $-

Contractual Services Total $-195000 $-0 $-0 $-0
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CONSTRUCTION AND SITE IMPROVEMENTS

Town CPF
Request

Matching Funds
Committed

Matching Funds
Pending

In-house labor
(provide separate sheet with calculations)

Estimated Total
Project Costs L

Task 1- Field Visits During Construction (CCWT Staff) S- $-5000 s$- S-
Task 2- sS- s- s- s-
Task 3- S- S- S- S-
Task 4- S- S- S- S-
Task 5- S- S- S- S-
Task 6- $- S- $- $-
$- $- $- $-

In House Labor Total $-0 $-5000 $-0 $-0
Sampling and Testing Consumables (CCWT Staff) S- $-15000 S- S-
Mileage (Sampling program) (CCWT Staff) S- $-1000 S- S-
$- $- $- $-
$- $- $- $-
$- $- $- $-
$- $- $- $-
$- $- $- $-

Equipment/Materials/Supplies Total $-0 $-16000 $-0 $-0

Contractual Services

Construction of NRB I/A OWTS per Art. 19 (Publicly Bid) $- 1245000 S- S- S$-
Construction Administration / Inspection * $-45000 S- S- S-
Startup, O & M Manual, Commissioning * $- 15000 S- S- s$-
$- $- $- $-
* Professional Engineering Services S- S- s$- S$-
$- $- $- $-
$- $- $- $-
Contractual Services Total $-1305000 $-0 $-0 $-0
ENGINEERING TOTAL | $-1500000 | $- 69000 | $-0 | $-0
Total Project Cost $-1569000
Total CPF Funds Requested $-1500000
Applicant matching funds committed $-69000
Applicant matching funds pending approval S-

(e.g. grant request submitted pending determination)

CCWT NYSDEC Grant

Source of matching funds Amount

53000

WBUFSD

16000
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COMMUNITY PRESERVATION FUND (CPF)
WATER QUALITY IMPROVEMENT PROGRAM

CONTACT INFORMATION
Municipality Westhampton Beach Union Free School District

Contact First and Last Name: Michael Radday, Superintendent of Schools
Contact Address 340 Mill Road, Westhampton Beach, New York 11978
Contact Phone: 631.288.3800

Contact Email: mradday@whbschools.org

PROJECT INFORMATION
Project Title Nitrogen Removing Onsite Wastewater Treatment System for Westhampton Beach High School
Project Location 49 Lilac Road, Westhampton Beach, New York 11978

Project Description (1-3 sentences)

The Village of Westhampton Beach is well into the planning phase to reduce the nitrogen load to Moniebogue and Quantuck Bays caused by archaic onsite wastewater treatment systems (OWTS). Westhampton Beach High School falls

within Phase 4 of the Village's plan, wherein innovative and alternative (I/A) OWTS are designated to replace archaic OWTS. This project proposes to design and install a Nitrogen Removing Biofilter (NRB), which is being developed by the NYS CCWT.

ANTICIPATED PROJECT TIMELINE

Complete: December 31, 2020

Notes: A RFP to select an engineering firm will be issued. The construction of the I/A OWTS will solicited for bids and awarded to the low bidder

with experience to perform this type of work.
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Copy of WQIPP Scoring System

Project Name: Hypothetical Project Number: 2018-G-3
Proj Manager: Status:
Mandatory Criteria YES No Initials
1
MC.1 Project Application Completed with Detailed Info X
2
MC.2 Impact of the Project on Water Quality X
X 3
MC.3 Duration of Benefits Exceed 5 Years
MC.4 Funding Requirement X
MC.5 Demonstrated Technology X
MC.6 Ownership Commitment LOI X
Input
Only change numbers with Red font (1to5)
Water Quality Improvement Impact cent W Grade Score
waQ.1 Impact on Water Quality is Measurable 2 6 1 1.2
waQ.2 Impact on Water Quality is Significant 40%| 12 2 4.8
Project serves Water Quality Priorities st the
waQ.3 Project Plan 20% 6 3 3.6
If not Cost Efficeint, does pr i e or
WwWQ.4 catalyst for something beneficial t 20% 6 4q 4.8
SubTotal 100%| 30 14.4
Cost Factors Percent Weight Grade Score
c1 Cost estimate is bstantiated 40%| 12 3 7.2
c.2 Project provides high value for cost 20% 6 2 24
c3 Does project leverage other sources of funding 10% 3 4 24
C.4 Cost overun contingency has been considered 10% 3 5 3
C5 Maintenance Costs have been estimated and provided 20% 6 2 2.4
SubTotal 100%| 30 17.4
Management, Experience, and Ability Percent Weight Grade Score
MEA.1 Owner is a Municipality 10%| 1.5 1 0.3
MEA.2 Project Type is a WQIPP Standard 25%| 3.75 4 3

Water Quality Advisory Committee Page 1




Copy of WQIPP Scoring System

Project Supports Town, County, LINAP, and other

MEA.3 Adopted Goals 25%| 3.75
Applicant has demonstrated experience in completing

MEA.4 similar projects 40% 6
SubTotal 100%| 15

Project Readiness

Percent Weight

Grade

3.75

2.4

9.45

PR.1 Significant Community Support 20% 3
PR.2 Absense of Community Opposition 20% 3
PR.4 Owner has Committed with LOI 20% 3
PR.4 Sources of Funding not provided by CPF - LOI 20% 3
PR.5 Permitability 20% 3
SubTotal 100%

Maintenance, Monitoring, and Evaluation

wht
5

Grade

Score

2.4

1.8

1.8

0.6

9.6

Score

Provisions made for long term maintenanc
MME.1 project post construction 50%
Stewardship, monitoring, enforcement cols in
MME.2 place 50%| 5
SubTotal 100%| 10
Scored Criteria v Category Weighting
/N
: , 30
wQ Water Qualityfimprovement | t
C Cost Factors 30
MEA Management, Experien!e, and Ability 15
PR Project Readiness 15
MME Maintenance, Monitoring, and Evaluation 10
100

Water Quality Advisory Committee

Page 2




oo % e " Py - B L W .

: Westhampton Beach High School

& b "y 4 L o 5

.-: 4 -_‘-I.r. 2 ¥ :'.' i

e i e 4] | . IBE
-  widy &l

o E» Bt - ¥ -

B L T Tk o
_I..I f| ¥
| &l o
o g B
T 5

n?s, nlqr :




QUANTIFYING NITROGEN LOADING FROM THE VILLAGE OF
WESTHAMPTON BEACH TO SURROUNDING WATER BODIES AND THEIR

MITIGATION BY CREATING A SEWER DISTRICT

CHRISTOPHER J. GOBLER, PHD

JUNE, 2017

q\\\\ Stony Brook University
School of Marine and
Atmospheric Sciences



EXECUTIVE SUMMARY

The Village of Westhampton Beach is located within the watersheds of Moniebogue Bay,
Quantuck Bay, and Moriches Bay, all water bodies declared impaired by the New York State
Department of Environmental Conservation (NYSDEC). For more than 30 years, these waters
have been plagued by recurrent brown tides more frequently than any other water body across
Long Island leading to significant losses of shellfish and eelgrass. High levels of nitrogen have
been detected in the groundwater under the Village and this nitrogen flows to coastal water bodies,
promoting these brown tides while also contributing toward other nitrogen-related impairments
including the loss of salt marshes, the loss of eelgrass, poor water clarity, low oxygen levels, and
poor conditions for fish populations. Any effort to reduce the delivery of nitrogen from the Village
of Westhampton Beach will help mitigate these conditions. This study was undertaken to estimate
the effect of sewering various portions of the Village of Westhampton Beach on the total nitrogen
loads to Eastern Moriches, Moniebogue Bay, and Quantuck Bay, as well as the water quality within
these systems. A nitrogen loading model was developed that considered nitrogen delivered to
these waterbodies from three types of fertilizers, septic systems, the atmosphere, surface-run-off,
storm drains, sediments, and birds. The model was run for current conditions as well as for four
phases of wastewater remediation for the Village including the creation of phased sewer districts
and upgrades of on-site septic systems. The subsequent effects on water quality in the surrounding
water bodies was quantified. The models demonstrate that wastewater is currently the largest
source of nitrogen to East Moriches, Moniebogue, and Quantuck (58%, 78% and 62% of the
external nitrogen load). The completion of the proposed phase 1 sewering of Main Street would
divert nearly 5,000 Ibs of nitrogen away from Moniebogue Bay annually, reducing its total
nitrogen load by 24% and its external nitrogen load by 30% but would not significantly impact
East Moriches and Quantuck Bays which are outside of the Main Street watershed. Phases 2 and
3 would expand sewering to regions beyond Main Street bringing a 30% reduction of total nitrogen
load and ~40% reduction of external loads to Moniebogue Bay and modest reductions to East
Moriches and Quantuck Bays (0 — 5%). Phase 4 of the plan would bring alternative, denitrifying
septic systems to the remainder of the Village and lead to the largest total nitrogen reductions to
all waterbodies with the total load reduction of 12% for East Moriches Bay, 56% for Moniebogue
Bay, and 8% for Quantuck Bay and external loads reductions of 18% for East Moriches Bay, 70%
for Moniebogue Bay, and 13% for Quantuck Bay. Given that Moniebogue Bay is the only water



body fully within the Village’s watershed, and that the Village comprises ~20% of the other
watersheds, the 70% reduction in nitrogen load to this water body is the most realistic assessment
of the efficacy of this project. Upon the reduction of nitrogen loads to coastal waters, it is expected
that the intensity of brown tides and other algal blooms would be reduced. Additional ecosystem
benefits would include improved nighttime oxygen levels, improved water clarity, increases in
submerged aquatic vegetation, and improved conditions for pelagic fish. Given that recent
research at Stony Brook University has determined that waterfront or near-waterfront home values
can be strongly effected by water clarity, improved water clarity could financially benefit home

owners in the region as well as associated tax revenues.



Task 1 SUMMARIZE THE CURRENT STATUS OF WATER QUALITY WITHIN MONIEBOGUE AND
QUANTUCK BAY AND KNOWN RELATIONSHIPS TO EXCESSIVE NITROGEN LOADING IN A BRIEF
REPORT.

Estuaries and other coastal ecosystems have suffered multiple anthropogenic insults in
recent decades, including pollution, eutrophication, overfishing of fish and shellfish, and loss of
key habitats, such as seagrass beds, salt marshes, mangroves, and oyster reefs (Valiela et al., 1992,
Nixon 1995, Cloern 2001, Lotze et al. 2006). At the same time, resource value of estuaries and
their various habitats has increased, as measured by monetary value (Costanza et al. 1997) or by
ecosystem services provided to marine and terrestrial species, including humans (Beck et al. 2001,
Bruno et al. 2003, Johnson and Heck 2006). In response to the ongoing degradation of coastal
ecosystems, the current challenge to scientists and managers is to implement management schemes
for estuaries and coastal waters that balance preservation, conservation, and restored ecosystem
function with ever-growing human populations and human demands in the coastal zone.
Anthropogenic nutrient loading is a major threat to coastal systems; it has increased world-wide
and led to eutrophication in many systems (Nixon 1995, Cloern 2001, de Jonge et al. 2002).
Eutrophication can have severe effects on estuaries and estuarine resources, such as
hypoxia/anoxia leading to loss of benthic habitat (Breitburg 2002), harmful algal blooms (Sunda
et al. 2006), shading of seagrass beds (Dennison et al. 1993), and “regime changes” from a high-
biomass benthos to a pelagic, microbially-dominated system (Lotze et al. 2006).

These broad global threats to estuaries are abundantly apparent in the coastal waters
surrounding the Village of Westhampton Beach. As a relatively dense population hub with a main
street and a series of condominiums in the Village, there is an abundance of nitrogen-rich
wastewater entering the groundwater under the Village. A GIS-based map of nitrogen levels in
groundwater across Westhampton measured by Suffolk County shows that levels are relatively
low north of the Village and in the region of the Pine Barrens (<1 mg N per liter; Figure 1). In
strong contrast, the Village of Westhampton Beach and surrounding regions stand out as having
exceedingly high levels of nitrogen in groundwater, in some cases exceeding 20 mg nitrogen per
liter (Figure 1). Due to the low elevation of the Village and shallow groundwater, this nitrogen is
likely to quickly traverse through the aquifer and directly into coastal water with little processing
or denitrification.

The first marine habitat to receive nitrogen-groundwater from the Village would be salt
marshes or wetlands. Salt marshes serve as an important habitat for a variety of animals as multiple
marine, terrestrial, and migratory species utilize these systems for food, shelter, and nurseries
(Turner 1987; Leonard et al. 1999). Marine marshes can also serve as a buffer between the land
and the adjacent marine ecosystem whereby land-derived nutrients and organic carbon may be
retained and re-mineralized, potentially minimizing the effects of these constituents on the local



marine environment (Valiela et al. 1978; Valiela and Teal 1979; Dame et al. 1992). The expansion
of human populations along coastlines during the past century has led to the alteration and
degradation of many salt marsh habitats, a process which, in turn, can impact estuaries. There has
been an accelerated loss of salt marshes in recent decades all around Long Island, but most notably
along the south shore (NYSDEC 2014). What was once vegetated intertidal marsh has become
non-vegetated underwater lands and/or mud flats. Moreover, high marsh vegetation is being
converted to low marsh vegetation or has been built upon.

The salt marshes along Westhampton Beach and Moniebogue Bay, despite their vast,
potentially healthy-appearance, are likely degrading. It was once thought that salt marshes had an
unlimited capacity to remove nitrogen and were, therefore, not susceptible to damage due to
nitrogen overloading. Earlier research had shown that excess nitrogen loading can lead to an
expansion of above ground, leaf biomass of salt marshes, and thus, eutrophied salt marshes can
appear green and lush (Valiela 2006). There is, however, now a scientific consensus that excessive
nutrient loading promotes the collapse and destruction of salt marshes. Excessive nitrogen
concentrations accelerate microbial decomposition of leaves, stems, and other organic biomass in
marshes sediments and prevent the ability of these marsh communities to keep up with sea level
rise (Turner et al. 2009). Nutrient enrichment decreases the dense below ground biomass of bank-
stabilizing plant roots and increases microbial decomposition of organic matter within the soils
that underlie the marsh biomass that can cause marshes to subside (Deegan et al. 2007, 2012).
Longer term exposure to enhanced nutrient levels causes an increased probability of marsh channel
destabilization (Deegan et al. 2012). The tall marsh grasses in a nitrogen-enriched system produce
fewer roots and rhizomes — plant attributes that are critical to stabilizing the edges and soils of
marshlands (Deegan et al. 2007, 2012). The poorly rooted grasses eventually grow too tall and
then fall over, thereby destabilizing the creek-edge and bay-edge marsh, causing it to slump and
exposing soils to erosive forces (Deegan et al. 2012). The destabilization of creek-edge and bay-
edge marshes makes these areas much more susceptible to the constant tugging and pulling of
waves, accelerating erosion, and the loss of stabilizing vegetation. Ultimately, this process of root
degradation and collapse of salt marshes leads to their conversion to mud flats (NYSDEC 2014).
These conclusions are consistent with those of Stony Brook University scientists who have found
that marsh loss in eutrophied regions, is driven by nitrogen and organic matter loading, which
perturb the salt marsh sulfur cycle and lead to plant die-offs and the deterioration of marsh peat
(Kolker et al. 2010).

Tidal wetlands are critically important for protecting coastal communities such as the
Village of Westhampton Beach from storm damage by dissipating wave energy and amplitude,
reducing erosion from waves by slowing water velocity, and by stabilizing shorelines through
sediment deposition (Mdéller et al., 1999). Some studies estimate that more than half of normal
wave energy is dissipated within the first 3 meters of marsh vegetation, such as cord grass, while



other studies concluded that wave height is reduced by 80 percent over fairly short distances as
waves travel through marsh vegetation (Anderson et al. 2013; Jadhav and Chen 2012; Ysebaert et
al. 2011). In addition, wave energy dissipation rates over the salt marsh are more than dramatically
higher than non-marsh regions and are therefore important for maintaining a natural defense for
coastal communities against storm surge, waves, and flooding (NYSDEC 2014). This is very
obviously in the vicinity of the Village of Westhampton Beach. Large stands of salt marshes line
the entire eastern bank of Moniebogue Bay (Figure 2). During Hurricane Sandy, these salt marshes
absorbed a large amount of tidal flooding, protecting many regions of the Village of Westhampton
Beach (Figure 2). In contrast, regions on the west side of Moniebogue Bay without salt marshes
were badly flooded (Figure 2). Beyond storm events, the amount of sea level rise in the next 30
years may also pose a risk to coastal communities such as the Village of Westhampton Beach. In
a manner similar to Hurricane Sandy, the projected sea level rise for the next 30 years is likely to
lead to flooding of some properties and homes along the western shore of Moniebogue Bay
whereas the salt marshes on the eastern shore should protect the homes behind it, as well as the
Village (Figure 2). Importantly, however, these projections are assuming the current salt marshes
remaining intact. If nitrogen loading continues or accelerates, they could weaken and experience
a die-back and future flooding might be worsened (Deegan et al., 2012; NYSDEC, 2014).
Alternatively, nitrogen mitigation could strengthen these salt marshes and enhance the protection
they offer (Deegan et al., 2012; NYSDEC, 2014). Therefore, while the loss of tidal marshlands
results in a direct reduction in coastal resiliency and the ability of these natural features to help
protect coastal communities along the Village of Westhampton Beach from future storm surges,
projects that have the potential to remove significant amounts of nitrogen are likely to encourage
salt marsh recovery and enhance community protection.

Beyond the shoreline, the release of nitrogen from groundwater into coastal waters has a
strong effect on the surrounding estuarine ecosystems since nitrogen is considered the limiting
element for primary producers (Nixon, 1995). Hence, more nitrogen will lead to more growth of
algae. An examination of 40 years of marine monitoring data from Suffolk County’s Department
of Health Services clearly illustrates the impact excessive nitrogen loading is having on regional
estuaries and water quality. In compiling all of the data from Shinnecock, Quantuck, and Moriches
Bay from 1976 - 2014, no site monitored had higher levels of total nitrogen in bay waters than
Quantuck and Moniebogue Bay (Figure 3). The precise levels (~0.6 mg nitrogen per liter)
exceeded the guidelines recommended by US EPA for many estuaries including the Peconic
Estuary and Chesapeake Bay (< 0.4 mg per liter; PEP, 2001). These high nitrogen levels have a
cascading effect on the entire estuarine ecosystem. As mentioned above, nitrogen is the limiting
element in estuaries (Nixon, 1995) including Quantuck Bay (Gobler et al., 2004, 2011). Hence,
these high nitrogen levels lead to algal blooms. The highest levels of chlorophyll a (a proxy for
the biomass of microalgae) anywhere across Shinnecock, Quantuck, and Moriches Bays (Figure
3) and across most of Long Island (Figure 4) are found in Moniebogue and Quantuck Bays. In



fact, of >30 sites monitored by the Gobler lab since 2014, only the Forge River has had higher
levels (Figure 4). During late spring and summer months, these algae are typically dominated by
the brown tide alga, Aureococcus anophagefferens (Gobler et al., 2004, 2011). Such brown tides
are a serious ecosystem threat as they are lethal and toxic to bivalves such as clams, oysters,
scallops, and mussels and they can kill of seagrasses (Gobler and Sunda, 2012). During the past
30 years, no place on Earth has had more intense brown tides than Quantuck Bay, eastern Moriches
Bay, and western Shinnecock Bay (Figure 3). Consistent with Suffolk County’s data, monitoring
across all of Long Island by the Gobler Laboratory has revealed the precise same trend (Figure 5).
In fact, during the past decade, these brown tides have become more frequent and more severe
than they had been from 1985 — 2005 (Figure 6). Beyond brown tides, an even more dangerous
algae is Alexandrium, a dinoflagellate that synthesizes saxitoxin, a compound 1,000-times more
potent and dangerous than cyanide (Anderson, 1997). This algae and toxin can cause paralytic
shellfish poisoning when humans consume shellfish contaminated with saxitoxin (Anderson,
1997). There have been four PSP-induced shellfish bed closures in Shinnecock Bay during the
past seven years and high levels of Alexandrium have been detected in Moniebogue Bay and
Quantuck Bay (Figure 7). Blooms of Alexandrium and Aureococcus have both been shown to be
strongly promoted by nitrogen loading (Hattenrath et al., 2010; Gobler et al., 2005, 2011).

Algal blooms can have additional, secondary negative impacts on marine life. Both the
occurrence of brown tides and the occurrence of algal blooms in general can make coastal waters
extremely turbid and murky (Gobler and Sunda, 2012). Accordingly, the region of Quantuck Bay,
eastern Moriches Bay, and western Shinnecock Bay is the epicenter for low water clarity across
the south shore of Long Island (Figure 3). Monitoring by the Gobler laboratory across all of Long
Island during the past three years has demonstrated that Moniebogue Bay and Quantuck Bay have
the lowest water clarity of any locations monitored (n=30; Figure 8). Poor water clarity has a host
of primary and secondary ecosystem and economic ramifications. Firstly, low light levels from
poor water clarity can lead to the loss and demise of seagrass meadows that are a critical nursery
habitat for juvenile finfish and shellfish (Dennison et al., 1993). Also, recent research at Stony
Brook University has determined that waterfront or near-waterfront home values can be strongly
effected by water clarity, with low water clarity being associated with lower home values.

Finally, low light levels associated with poor water clarity can minimize the amount of
photosynthesis in an ecosystem and thus contribute toward low oxygen levels. The decay of
intense algal blooms can also promote low oxygen levels (Diaz and Rosenberg, 2008). Quantuck
Bay, eastern Moriches Bay, and western Shinnecock Bay have the lowest oxygen levels across
Long Island’s southeast shoreline (Figure 3) and monitoring across Long Island has demonstrated
that this region has some of the lowest oxygen levels anywhere (Figure 9), commonly falling below
the minimum standard for oxygen set by the NYSDEC of 3 mg per liter. Low oxygen levels are
associated with the loss or death of marine life (Diaz and Rosenberg, 2008).



In summary, the groundwater flowing from the Village of Westhampton Beach into
Moniebogue and Quantuck Bay is highly enriched in nitrogen. This nitrogen threatens severe
future flooding in the region due to the nitrogen-induced degradation of salt marshes. Nitrogen
loading is promoting brown tides, Alexandrium, and other algal blooms that are reducing light and
oxygen levels and negatively impacting finfish, shellfish, and seagrasses. The severity of the
problem in the Village of Westhampton Beach is clear as the near-by coastal water bodies have
some of the worst water quality on Long Island. Nitrogen mitigation is needed to improve water
quality and protect homes in the region.



TASK 2. DEVELOP A DYNAMIC MODEL FOR NITROGEN LOADING RATES AND SOURCES FOR THE
VILLAGE OF WESTHAMPTON BEACH TO MONIEBOGUE, QUANTUCK, AND EASTERN MORICHES
BAY.

A Nitrogen Loading Model was developed to quantify the total dissolved nitrogen input
into the waterbodies surrounding the Village of Westhampton Beach. The original Nitrogen
Loading Model (NLM; Valiela et al.,, 1997) is available via a web-based modeling tool
(nload.mbl.edu) described in Bowen et al. (2007) and used in Bowen and Valiela (2004) and
recently in Kinney and Valiela (2011) among others. The NLM uses information about land use
in a defined watershed to predict both the amount of nitrogen that is released into the watershed
from various sources and how much of it ends up in a corresponding waterbody. This model
requires accurate land-use and land cover information, such as area of agriculture, residential areas,
and impervious surfaces as well as other environmental data that was gathered for this project from
scientific literature, NYS and Suffolk County GIS data bases, USGS reports, the Town of
Southampton, Suffolk County, and the US census as described in Table 1. Hence, for this project,
this original model was modified to utilize more accurate, local data sources, although the
underlying assumptions and several critical components were not altered. As an example,
originally average roof area was multiplied by the number of buildings to approximate the total
area of roofs in a watershed. With more accurate, GIS-based data, the area of each roof in the
watershed was calculated and then all the individual areas were summed together.

The NLM is a good fit for watersheds around the Village of Westhampton Beach that are
a mix of residential, forested, and forest and is one of the most inclusive nitrogen loading models
regarding the transformation and transport of nitrogen as it travels from watershed to estuaries..
The NLM assumes that the primary transport mechanism for nitrogen entering the bays from each
watershed is groundwater flow. This assumption is consistent with data available for the region
as the little inflow to the bays from streams is actually derived from groundwater and geologically,
Long Island is composed of unconsolidated sands that allow for relatively easy transport of
groundwater to coastal lagoons. The NLM assumes that all nitrogen entering the waterbodies from
external sources originates from atmospheric deposition to the watershed, wastewater, or fertilizer.
Valiela et al. (1997) validated this model by comparing its nitrogen load prediction to empirically
measured nitrogen levels. They found the NLM’s results to be statistically indistinguishable from
measured concentrations and that a linear relationship exists between the percent contributions
from wastewater that the NLM predicted and the stable isotope signature for wastewater expected
from known isotopic N values of nitrate in groundwater. A recent study by Gobler (2016) came to
the same conclusion for the south shore of Long Island.

The NLM utilizes multiple features, which were obtained or derived from Suffolk County
and New York State datasets for the watersheds: number of people; number of people within 200
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meters of shore; area of roofs; surface area of the watersheds; area of freshwater wetlands; area of
agriculture; area of golf courses; lawn area on parks, athletic fields, and residential parcels;
freshwater ponds; and, various impervious surfaces (Table 1). The model also includes a list of
constants assigned values based on recommendations from Suffolk County (Table 1).

Watershed delineation

The surface extent of the East Moriches Bay, Moniebogue Bay, and Quantuck Bay
watersheds were determined using a combination of CDM’s ground water travel time analysis and
groundwater flow patterns, which have been previously found to generally follow hydraulic
gradients established by surface topography (Figure 10). Surface topography was determined
using United States Geological Survey LIDAR data. Watersheds were limited on the northern
edges by the 50-year groundwater travel time line provided by H2M, with the western edge of the
East Moriches watershed was drawn roughly half way down the complete Moriches watershed,
and the Quantuck Bay watershed as previously established (Gobler, 2016). As described later in
this document, the multi-phase wastewater mitigation strategy being implemented by the Village
encompasses all of the Moniebogue Bay watershed, 23% of the western Quantuck Bay watershed,
and 19% of the eastern Moriches Bay watershed (Figure 11).

Atmospheric Deposition of Nitrogen

Atmospheric nitrogen is delivered via precipitation (wet) or via dust (dry). Nitrogen that
arrives in the watersheds through wet and dry deposition may have a varied contribution to
waterbody nitrogen load depending on where the nitrogen lands. Different land use types
(impervious, vegetation, developed) alter the amount of nitrogen that passes through to
groundwater and enters a waterbody. Nitrogen deposited on vegetation has time to be assimilated
by plants and organisms in the soils, and/or may be denitrified in the aquifer. Nitrogen that lands
on impervious surfaces can runoff directly into a stream, or bay, skipping assimilation. It may also
flow through a municipal separate stormwater sewer system (MS4) where it eventually seeps into
sandy soils and discharges into coastal zones. In general, when atmospherically deposited nitrogen
lands on impervious surfaces, less is removed before entering the waterbodies.

Nitrogen inputs from wet and dry deposition were determined using the National
Atmospheric Deposition Program (NADP; wet) and the EPA’s Clean Air Status and Trends
Network (CASTNET; dry). Data from the closest NADP monitoring station is in Southold, NY,
10 miles from eastern Shinnecock Bay, were utilized. Two years (2010-2011) of monitoring
from CASTNET’s three closest monitoring stations (Washington Crossing, NJ, Claryville, NY,
and Abington, CT) were averaged to determine the dry deposition input. Atmospheric deposition
rates often only consider inorganic forms of nitrogen despite the fact that organic nitrogen
contribution to atmospheric deposition can be considerable. While direct measurements are not
available, a 1:1 ratio of inorganic to organic deposition of nitrogen has been suggested by
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Cornell et al. (1995). Hence, the value of wet and dry deposition was doubled to account for
organic nitrogen loading from these sources. As a result total input for atmospheric deposition
amounted to 5.4 kg N per hectare yr (=4.8 Ib N per acre per year). Direct atmospheric
deposition rate to the bays was added to the nitrogen load from wastewater and fertilizer for a
final nitrogen load rate for each subwatershed.

Nitrogen runoff from driveways, roofs, and other impervious surfaces was attenuated
because it first passes through turf and/or soils. All atmospheric depositions also go through a
limited amount of denitrification in the aquifer. The atmospheric deposition of nitrogen is
decreasing on Long Island and the Northeast in general, a trend expected to continue due to
changes in industrial atmospheric discharge in the Midwest (Gobler, 2016).

The land-use and land cover information used for the NLM was ascertained through the
Suffolk County Land Use and Land Cover parcel dataset for all watersheds. This layer includes all
taxable parcels, but areas like public roads are not covered. All inputs to the NLM and their sources
are referenced in Table 1. Impervious land areas were estimated by finding where the Normalized
Difference Vegetation Index (NDVI) was low (NDVI<80). The NDVI was created from the
USGS’s high resolution orthoimagery. Parcels that were known by land type to not have any
impervious surfaces were removed to improve the accuracy. The removal included the classes
open water, vacant land, preserved/forested land, and agricultural land. Road area was estimated
by limiting this impervious layer to areas where land parcels did not exist. Driveway areas were
estimated by limiting the impervious layer to residential parcels and where the height of objects
on the properties were close to zero. The height of objects on properties (trees, buildings, decks,
etc.) was determined by subtracting a Digital Elevation Model from a Digital Surface Model.
These models were created from the same USGS LiDAR point cloud data. Total roof area was
quantified by summing the area of each building footprint within the watershed. Footprint data
was supplied by Suffolk County.

Wastewater

The contribution of nitrogen load to the bays from wastewater was calculated in the NLM
by multiplying the nitrogen released per person by the number of occupants in the watershed. The
number of occupants for most parcels in each watershed was determined by using CDM’s model
results. They determined that one residential parcel produces 300 gpd of sewage. Using 2010
census data for the region, occupancy of 2.8 people per one year round residential parcel. Hence,
it was estimated that 2.8 people produce 300gpd. With this ratio and the modeled sewage output,
the occupancy for other property types was determined. Most commercial and industrial properties
were included in H2M’s study, but it did not fully cover the watersheds. Year-round residential
properties outside of H2M’s study were assigned 2.8 people and seasonal occupancy properties
were assigned 0.92 people assuming three months of occupancy and an average of 5.5 people per
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seasonal home, numbers acquired from the recent NYSDEC’s Long Island Nitrogen Action Plan
Subwatersheds study. Properties were determined as year round or seasonal based on the
permanent address of the owner.

Differing levels of nitrogen were then removed from wastewater loading depending upon
the type of on-site sewage disposal system (septic or cesspool) and the system’s distance from
shore as there is significantly less nitrogen removed when septic tanks and cesspools are within
200 m of coastal waters. Residential and commercial parcels have either an individual septic tank
system or cesspool, which differ slightly in the fraction of nitrogen released to the underlying
aquifer, with the less effective cesspools releasing more. In Suffolk County, a law was passed in
1973 requiring all newly constructed buildings to include a septic tank system instead of a
cesspool. For this study, half of the residential and commercial uses were assumed to have
cesspools. The study area does not contain any municipal wastewater treatment facilities.

The NLM breaks down the nitrogen removal in septic tank and cesspool-based systems
into three steps: removal in the tank, removal in leach rings, and removal in septic plumes (Table
1). Cesspools on Long Island are typically composed of cylinders arranged vertically, eliminating
any traditional leaching rings and the associated nitrogen removal therein. Although there is a
disposal pit associated with these vertically structured cesspools systems, only a small amount of
nitrogen is removed in this part of the system (<10%).

Fertilizer

The NLM considers fertilizer input from agricultural uses, golf courses, parks and athletic
field lawns, and manicured residential lawns. The area of each type was calculated using ArcGIS
processes; residential lawn areas were found by limiting high NDVI areas (NDVI>80) to
residential parcels and to areas where the LIDAR height layer was near zero (height<0.05m). Golf
courses were extracted from the Open Street Map and were further manually edited. Agricultural
land was extracted from the Suffolk County Land Use and Cover dataset and manually verified
with satellite imagery. Parks and athletic field parcels were also extracted from the Suffolk County
Land Use and Land Cover dataset but were then further limited to lawn areas within those parcels
with the same process used for residential lawns.

Sediments, birds, and waterfowl

To determine benthic flux, sediment core samples were obtained from three locations in
the lake: one at the north sampling station, one at the longitudinal center of the lake and one near
the southern portion of the lake. Cores were extracted using a box corer dropped from the side of
the boat which was then brought to 0.3 m below the water surface. An acid-washed clear
polycarbonate tube (length = 26.6 cm, diameter = 9.3 cm) was then inserted through the top of the
corer to collect a sediment sample. While the tube was still in the sediment, a plastic cap was
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placed on the bottom and then the top to capture the sediment sample and lake water immediately
above the sediment. Cores were immediately placed in a cooler and transported back to the lab
within one hour. A replicate and blank of the North End were also retrieved. Core samples were
then incubated in similar light and temperature conditions to those measured at the lake bottom of
each site. The samples were also aerated to achieve similar dissolved oxygen levels found in
bottom waters of Quantuck Bay using an aquarium air pump. Physical parameters were monitored
using an Onset® temp/light monitor. Water samples were extracted using an acid-washed 60 ml
syringe with 15 cm tubing attached to the end. Water was drawn up slowly from just above the
sediment water interface and care was taken to not draw up sediment. Samples were placed in
acid-washed 60 ml bottles and frozen. The incubation was allowed to run for 12 hours with a total
of 5 samples obtained per core as a time course during the incubation. Samples were filtered on
combusted GFF and analyzed for nutrient levels. As filtered lake water was not added to replace
the volume extracted, a mass balance correction was applied using the equation (Co — C1)xVq =
Am where Co is the starting concentration, C1 is the ending concentration, Vo is the starting volume
and Am is the mass change. This correction was applied to each time point in the series and the
results were plotted against time. The resulting slope was used to determine the flux of nutrients
out or into the sediment. Given that incubations were with mud and that sands generally do not
provide benthic fluxes, flux rates were applied to only 75% of the bottom of the Lake, and the
shoreline region which is at least 25% of the bay is sandy. In addition, it was assumed that benthic
fluxes cease during winter (December through March) when cold temperatures restrict this
process.

Final processes considered were direct atmospheric deposition to the water bodies (0.16
mole m? yr as per Gobler (2016) and waterfowl. Fleming, R. and H. Fraser (2001) reported the
nitrogen content of Canadian geese droppings as: 3,168 mg/goose/day and 608 to 1,819
mg/bird/day. Bird populations of East Moriches, Moniebogue, and Quantuck were estimated at
100, 100, and 300 birds, respectively, and a loading rate of 2,000mg/bird/day was used.

Nitrogen loading rates to East Moriches, Moniebogue, and Quantuck Bays

Recently, nitrogen loads have been quantified for many watersheds across Suffolk County.
In most of these efforts, load calculations have been based exclusively on external nitrogen loads
from watersheds to the ecosystem and have not considered processes within the waterbody. For
this study, both internal and external nitrogen loads to East Moriches, Moniebogue, and Quantuck
Bays were quantified. When considering external loads only, wastewater was the largest source
of nitrogen to all three waterbodies. East Moriches, Moniebogue, and Quantuck Bays received
25,087, 6,909, and 11,889 kg N per year from wastewater sources representing 74%, 89%, and
80% of the total external nitrogen load to these three systems (Table 2). The second largest
external nitrogen source was fertilizer comprising 19%, 7%, and 11% of the total nitrogen load to
East Moriches, Moniebogue, and Quantuck Bays (Table 2). Atmospheric deposition onto the land,
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the last external source, produced between 4 and 9% of the external nitrogen load to the
watersheds.

When considering internal and external loads, wastewater was still the largest source of
nitrogen to the waterbodies and represented 49%, 72%, and 53% of the total nitrogen load to East
Moriches, Moniebogue, and Quantuck Bays respectively (Table 3; Figure 11-13). The next largest
source of nitrogen was an internal source, specifically direct atmospheric deposition to the
waterbodies that contributed 9,578, 1,043, and 4,072 kg N per year that represented 19%, 11%,
and 18% of the total nitrogen loads to these systems (Table 3). Benthic fluxes, another internal
source, followed with 7,647, 832, and 3,251 kg N per year representing 15%, 9%, and 15%.
Thereafter, fertilizer emanating from homes, golf courses, and public parks were the fourth largest
source of nitrogen contributing 13%, 6%, and 7% of the total nitrogen loads East Moriches,
Moniebogue, and Quantuck Bays, respectively (Table 3; Figure 11-13). Atmospheric deposition
to the land contributed less than 6% of the total nitrogen load and nitrogen from birds was below
1% for each waterbody (Table 3). These distributions of nitrogen loads are similar to recent studies
in Suffolk County (Kinney and Valiela, 2011; Lloyd, 2014, 2016; Gobler, 2016).

Recently, the NYSDEC’s Long Island Nitrogen Action Plan (LINAP) has made significant
progress in accessing nitrogen loads to coastal water bodies. One of the earliest actions of LINAP
has been the formation of the Suffolk County Subwatersheds Study and committee. As part of
that effort, individuals from US EPA, USGS, Cornell University, Stony Brook University, Suffolk
County, NYSDEC, and The Nature Conservancy have been collaborating to consider the manner
in which nitrogen from land is transported to bays, harbors, lakes, and estuaries in Suffolk County.
Through that process, two important and new consensus facts have been established. First, the
existing cesspools and septic systems across Suffolk County have been found to be releasing
significantly more nitrogen than had previously been thought. For example, in the original NLM
model developed by Bowen et al., (2007) it was assumed that there was a 35% reduction in
nitrogen within septic tanks, within leaching pits, and as groundwater traverses through the aquifer.
While subsequent studies on Long Island began to reduce the removal rates for each step, LINAP
has determined that the loss of nitrogen from each of these processes is between 5 and 10%, making
wastewater a significantly stronger nitrogen source within the ecosystem (Figure 11-13). Another
major change initiated by LINAP has been with regard to lawns. While NLM originally assumed
lawns allowed 40% of nitrogen applied to enter groundwater, LINAP has compiled enough
information to feel confident that the transmission rate is 30% (Table 1). Finally, although NLM
had assumed there would be a large vadose zone removal of nitrogen applied to land surfaces,
LINAP has concluded such a process does not exist on Long Island and thus it has been eliminated.
This project used the most up-to-date information available regarding nitrogen loading on Long
Island as developed by LINAP. As a result, the total nitrogen loads are higher since nitrogen is
not being removed within the aquifer at the rates previously assumed but rather at much lower
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rates and more nitrogen is being transmitted by septic systems and lawns to groundwater. These
changes were slightly larger for wastewater than for fertilizer, making the later process more
important. Regardless, the findings of this study are generally consistent with recent studies that
have found that wastewater is usually the largest source of nitrogen to a given watershed, although
fertilizer can sometimes be larger (Kinney and Valiela, 2011; Lloyd, 2014, 2016; Gobler and
Stinnette, 2016).
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TASK 3. USE THE DYNAMIC MODEL QUANTIFY HOW CONNECTING DIFFERENT REGIONS OF THE
VILLAGE OF WESTHAMPTON BEACH WILL ALTER NITROGEN LOADING RATES TO MONIEBOGUE,
QUANTUCK, AND EASTERN MORICHES BAY.

For task 3, the nitrogen loading model developed for the Village of Westhampton was built
to consider the different proposed phases of sewers. This was done in multiple phases (Table 4;
Figures 14-15). Phases one through three will involve connecting individual commercial and
residential parcels to the sewer treatment plant at Gabreski Airport in phases (Table 4; Figures 14).
Phase one focuses on Main Street and a section of residential properties south of Main Street
connecting 68 commercial properties and 88 residential properties (Table 4; Figures 14). Phase
two focuses on regions north of Main Street and connects 46 commercial properties and 23
residential properties (Table 4; Figures 14). Phase three incorporates 55 commercial properties and
97 residential properties between Montauk Highway and the south edge of Gabreski Airport (Table
4; Figures 14). Phase Four, which will be addressed concurrently with phases 1- 3, will involve an
upgrade of on-site septic systems to denitrifying systems recently approved as Article 19 of the
Suffolk County Health Code which requires that denitrifying systems reduce nitrogen discharge
to at least 19 mg nitrogen per liter. Phase 4 will specifically involve 96 commercial properties and
1,955 residential properties across the Village (Table 4; Figures 15). For phases 1 — 3, wastewater
diverted from on-site systems and delivered to the sewer treatment plant at Gabreski Airport was
added to the nitrogen loads to the Quantuck Bay watershed assuming a treatment level of 10 mg
N per liter.

The first important observation of this task is that the region under consideration for phase
1 sewering falls entirely within the watershed of Moniebogue Bay, meaning that the proposed
phase 1 sewer district will benefit this water body but is not expected to have any effect on East
Moriches Bay and will add very modestly to the nitrogen loads of Quantuck Bay (2%) (Figures
16, 18). The proposed sewer district for phase 1, however, will have a substantial impact on
nitrogen loading to Moniebogue Bay (Figure 17). Beyond the phase 1 sewer district falling entirely
within the Moniebogue Bay watershed (Figure 14), it is also important to note that the very large
majority of nitrogen entering the waterbody comes from wastewater (72%; Figure 12) and hence
the proposed project which will divert a large fraction of this nitrogen load out of the watershed
will have a significant impact on loading to regional waterbodies. Quantitatively, the nitrogen
load that will be removed from Moniebogue Bay with the implementation of this phase 1 sewer
districtis 2,167 kg of N per year (~5,000 pounds; Figure 17), representing 22% of the total nitrogen
load into Moniebogue Bay (Table 5, Table 13) and 28% of externally sourced nitrogen loads (Table
6, Table 14). Given that the overwhelming majority of nitrogen load to the waterbody is from
wastewater, expanding the size of sewer district will further decrease the total nitrogen load to this
system.
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Phase 2 and 3 are an expansion of the sewer district to a larger area focusing on properties
north of the downtown commercial area (Figure 15). Phase 2 would not bring any reduction to
Eastern Moriches Bay but phase 3 would bring a reduction of 1,388 kg of nitrogen removed per
year to this system (Tables 7 - 10; Figure 16) representing 3 and 4% of total and external nitrogen
loads, respectively (Tables 13 and 14). Phase 2 would also have an additional benefit to
Moniebogue Bay, removing another ~700 kg of nitrogen per year (Tables 7 and 8; Figure 17),
bringing the reduction in nitrogen load to the bay to ~30% of the total load and 37% of the external
loads (Tables 13 and 14). In contrast, phase 3 would target few homes within the Moniebogue
Bay watershed and this would have only a minor impact on this system (Tables 9 and 10; Figure
17). For Quantuck Bay phase 2 and 3 would have almost not net effect as the nitrogen removed
from this watershed is nearly equal to the nitrogen imported from the others via the sewage
treatment plant (Tables 7 — 10, 13-14; Figure 18).

Finally, phase 4 of the Village of Westhampton Beach sewage mitigation program would
entail upgrading more than 2,000 onsite septic systems to systems that denitrify and remove large
amount of nitrogen. This phase targets nearly five-times more systems than phases 1 — 3 combined
and thus would remove the largest amounts of nitrogen. Numerically, for Eastern Moriches Bay,
this phase would remove 3,876 kg or more than four tons of nitrogen leading to a cumulative
reduction of 12% of the total load and 18% of the external load (Tables 11-13; Figure 16). For
Moniebogue Bay, this phase would remove an additional 4,121 kg of nitrogen leading to a
cumulative reduction of 56% of the total load and 70% of the external load (Tables 11-13; Figure
17). Finally, for Quantuck Bay this phase would remove nearly 2,000 kg of nitrogen leading to a
cumulative reduction of 8% of the total load and 13% of the external load (Tables 11-13; Figure
18).

The three waterbodies studied here are interconnected and therefore have a degree of
mixing, in this way it is possible to look at the results as one mixed waterbody. In that context, for
all three watersheds combined, these projects would amount to reductions of 16 — 23% (Tables 13
and 14), percentages much smaller than the effect on Moniebogue Bay (70% reduction) which is
wholly within the Village watershed. These differences arise from the Eastern Moriches watershed
and Quantuck watershed each being individually much larger than the entire Village of
Westhampton Beach. For example, the phase 4 area is roughly 1,500 acres whereas the Eastern
Moriches Bay watershed is 3,950 acres and the Quantuck Bay watershed is 2,370 acres. Again,
while the Moniebogue Bay watershed is completely contained within the phase 4 area, only 19%
of the Eastern Moriches Bay watershed and 23% of the Quantuck Bay watershed is contained
within the phase 4 area (Figure 6). Hence, going forward it will be important for the Village to
partner with the Town of Southampton, Suffolk County, and NYSDEC to address larger scale
nitrogen loading and wastewater issues as related to these larger water bodies. The extension of
the Community Preservation Fund and the inclusion of water quality improvement projects in that
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fund in the future should provide millions of dollars to the Town of Southampton to address on-
site wastewater loading within coastal watersheds. Suffolk County’s Reclaim Our Waters
Initiative will seek to reduce nitrogen loading rates to coastal water bodies that are highly impaired.
This will specifically be facilitated via NYSDEC’s Long Island Nitrogen Action Plan’s
Subwatersheds study of Suffolk County that will specifically seek to identify regions most in need
of septic upgrades. Given the severe water quality impairment in eastern Moriches Bay, Quantuck
Bay, and western Shinnecock Bay (Figures 1-9), it seems certain this region will become a high
priority for wastewater mitigation in the near term. This study provides the background and
justification for this region to be ‘shovel ready’ for future wastewater mitigation projects.

Given that some of the study areas examined here are large watersheds outside of the
Village boundaries, a final way of examining these project is to assess the proportion of the total
nitrogen load from the Village to the surrounding water bodies. All combined, there is 21,431 kg
of nitrogen per year delivered from land and sea into the water bodies receiving discharge from
the Village as its own watershed including internal (bay) and external (land, atmosphere) and
roughly 16,500 kg of nitrogen per year when controllable, land-based sources only are considered
(i.e. wastewater and fertilizer; Figures 19, 20). When considering these loads only, phase 1 reduces
the total nitrogen load the Village is responsible for by 10 - 14% (for total and land-only based
loads), whereas phase 2 is a 16 - 21% reduction, phase 3 is a 23 - 30% reduction, and phase 4 leads
to a 66 — 70% reduction of the total nitrogen load the Village is responsible for (Figures 19, 20;
Table 15). The higher estimates are likely more important for the Village to consider since internal
nitrogen sources like benthic flux and atmospheric deposition cannot be easily mitigated or
controlled.

A final thought with regard to phase 4 of this project is the precise types of alternative on-
site systems that are installed. Article 19 of Suffolk County’s Health Code now requires that
alternative, denitrifying on-site septic system reduce nitrogen effluent levels to at least 19 mg of
nitrogen per liter and this was the level used in the present study to estimate load reductions
associated with phase 4 of this project. Importantly, however, some systems reduce nitrogen levels
below this threshold. For example, in pilot phase testing in Suffolk County the Hydro-Action
system achieved, on average, 12 mg of nitrogen per liter effluent. In addition, the New York State
Center for Clean Water Technology at Stony Brook University has created a new design of septic
system called Nitrogen Reducing Biofilters that, in pilot phase testing in Massachusetts, has
regularly achieved < 10 mg of nitrogen per liter effluent (CCWT, 2016). Hence, the phase 4
estimates used in this study were conservative and based on the realistic information available as
of 2017. It is feasible that the amount of nitrogen reduction achieved in the Village of
Westhampton Beach by phase 4 could be twice as large as estimated here which could be up to a
90% reduction in the wastewater loading of nitrogen to Moniebogue Bay, for example.



19

TASK 4. USE THE DYNAMIC MODEL QUANTIFY HOW BUILDING OUT THE VILLAGE OF
WESTHAMPTON BEACH WITH AND WITHOUT CONNECTING DIFFERENT REGIONS OF
WESTHAMPTON VILLAGE TO A SEWAGE TREATMENT PLANT WILL ALTER NITROGEN LOADING
RATES TO MONIEBOGUE, QUANTUCK, AND EASTERN MORICHES BAY.

With the implementation of phase 1 of the sewer district, nearly 5,000 Ibs of nitrogen will
be diverted from Moniebogue Bay annually while completion of phase 4 will divert 10,000 Ibs
annually. The creation of the sewage district will also allow for an expansion of building within
the Village with the newly constructed structures being connected to the sewage treatment plant
which will treat the sewage to a 10 mg N per liter standard. Hence, for this task, the Moniebogue
Bay watershed nitrogen loading model was run under six scenarios: Current nitrogen loading,
nitrogen loading with the addition of 100,000 square feet of commercial space within the Village,
nitrogen loading with the implementation of the sewer district (phase 1), nitrogen loading with the
addition of 100,000 square feet of commercial space within the Village along with the
implementation of the sewer district, nitrogen loading with the implementation of the sewer district
and denitrifying septic systems (phase four), and nitrogen loading with the implementation of the
sewer district and denitrifying septic systems and 100,000 square feet of commercial space within
the Village. It should be noted that this much building is unlikely to occur within the Village in
the near future or potentially ever. This level was specifically chosen to represent a large growth
scenario to assess how the implementation of the sewer district would affect nitrogen loading
future growth in the region.

As shown in Figure 22, if 100,000 square feet of commercial space was added to the Village
without the sewer district, this would increase nitrogen loading rates to Moniebogue Bay by 64
kg of N per year, likely exacerbating environmental degradation of this water body (Figure 21).
Alternatively, if the same growth occurred but the new structures were hooked up to the new
sewage treatment plant, the net effect on Moniebogue Bay will be a 2,100 kg N per year reduction
in nitrogen loading to this water body (Figure 21). If this project was carried out to phase four
with denitrfying septic systems also added, even 100,000 square feet of commercial space would
yield a net decrease in nitrogen loading by more than 50% (Figure 21). Hence, while increased
building can lead to significant increases in nitrogen loading to coastal water bodies, when such
growth occurs in parallel to the implementation of a sewer district, net nitrogen loading can be
reduced.
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TASK 5. PROJECT AND DESCRIBE HOW CONNECTING DIFFERENT REGIONS OF THE VILLAGE OF
WESTHAMPTON BEACH TO A SEWAGE TREATMENT PLANT WILL IMPROVE WATER QUALITY IN
MONIEBOGUE BAY.

The large and significant reductions in nitrogen loading from the Village of Westhampton
Beach into surrounding water bodies will contribute toward a series of significant water quality
improvements in the regions. As stated in the introduction, the first marine habitat to receive
nitrogen-enriched groundwater from the Village are salt marshes or wetlands. These habitats are
critical for the survival of marine life, birds, and even some terrestrial mammals (Turner 1987;
Leonard et al. 1999). In addition, they are known to intercept and process land-derived pollutants
including excessive nitrogen loading (Valiela et al. 1978; Dame et al. 1992). Finally, recent
research has affirmed the key role salt marshes play in protecting coastal communities from storm
surge and flooding (Anderson et al. 2013; Jadhav and Chen 2012; Ysebaert et al. 2011). In fact,
mapping of the storm surge from Hurricane Sandy or the expected rise in sea level this century
suggests that the salt marshes surrounding the Village of Westhampton Beach are playing a critical
role in protecting the Village against current and future storms (Figure 2). It is now widely
recognized that excessive nitrogen loading degrades and erodes salt marshes (Turner et al. 2009;
Deegan et al, 2012) making coastal communities on Long Island more vulnerable to flooding
(NYSDEC 2014). Therefore, the currently proposed project that will divert and remove up to 70%
of the nitrogen load to Moniebogue Bay will play a key role in stabilizing and restoring the salt
marshes in this region and thus protecting the Village from future flooding associated with sea
level rise and storm events.

Beyond the shoreline, the release of nitrogen from groundwater into coastal waters has a
strong effect on the estuarine ecosystem since nitrogen is considered the limiting element for
primary producers (Nixon, 1995). Hence, excessive nitrogen loading from the Village is
promoting algal blooms, brown tides, and Alexandrium blooms in near-by waters (Figures 3 — 7),
and the cascade of events that ensue from these events such as paralytic shellfish poisoning,
reduced water clarity, the loss of seagrass, low oxygen levels and the loss of marine life (Figures
3 - 9). Prior research across Long Island and regionally demonstrates that these processes can
work in reverse if nitrogen loads are mitigated. For example, in 1980, the Southwest Sewer District
was implemented and sewage from a large region of southwest Suffolk County that had flowed
into Great South Bay was diverted to the Atlantic Ocean. Following this, nitrogen levels in Great
South Bay declined and more than 3,000 acres of seagrass re-grew (NYSDEC, 2009). Similarly,
in Mumford Cove, CT, seagrass was lost entirely as population and sewage inputs increased during
the 20" century, and the Cove became overgrown with seaweeds (Vaudrey et al., 2010). In 1989,
the sewage was diverted from this Cove and the seaweeds vanished and were replaced by
seagrasses (Vaudrey et al., 2010). In Northport Harbor, Alexandrium blooms had occurred every
year from 2008 to 2012, leading to the closure of more than 8,000 acres of shellfish beds due to
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contamination with saxitoxin and the threat of paralytic shellfish poisoning (PSP; NYSDEC, 2008-
2016). In 2013, the Northport Village sewage treatment plant was upgraded and reduced its daily
nitrogen discharge by more than 50%. In the years since that upgrade (2013-2017), there have
been no PSP events in Northport Harbor. Finally, in 1994, a plan was devised to reduce nitrogen
loading into Long Island Sound by 58.5% over a 20 year period. Reductions began in earnest at
the turn of the century and through this century, the size of the ‘dead zone’ or low oxygen zone
within Long Island Sound has progressively shrunk to the point that in 2015, for the first time since
records began, there was no dead zone in Long Island South (CT DEEP, 2015).

With the implementation of the sewer district and the upgrading of septic systems in the
Village of Westhampton Beach, it is anticipated that similar change will occur in the surrounding
water bodies, but primarily within Moniebogue Bay. More specifically, by reducing nitrogen
loadings, that water body will become less hospitable for harmful algae such as brown tides and
Alexandrium (Hattenrath et al., 2010; Gobler and Sunda, 2012). This will lead to improved water
clarity and higher oxygen levels and thus will promote the re-colonization of seagrasses. This, in
turn, along with lower levels of brown tide, will benefit regional finfish and shellfish populations.
This will also increase the diversity of the phytoplankton community in Moniebogue Bay. Brown
tides compete with diatoms and green algae for dominance in this region (Gobler et al., 2011) and
prior research has shown that nutrient reductions selectively reduce harmful algae biomass more
than other phytoplankton in general (Heisler et al., 2008). This change will have whole ecosystem
benefits. It is well-known that brown tides are poorly grazed by zooplankton compared to other
phytoplankton (Gobler and Sunda, 2012) and during summer, bloom to the exclusion of other
phytoplankton. Since zooplankton are the next step in aquatic food webs that ultimately yield fish,
under current conditions, blooms of brown tides are inhibiting the productivity of finfish and
shellfish populations, especially pelagic fish that feed in the water (Gobler and Sunda, 2012).
Hence, as nitrogen reductions begin to alter phytoplankton populations and reduce the prevalence
of brown tides and enhance phytoplankton diversity, zooplankton populations should also rebound,
a change that will benefit pelagic finfish and benthic shellfish populations.

Other changes wrought by a lowered intensity of algae blooms should include increased
water clarity, improved dissolved oxygen levels, and enhanced levels of submerged aquatic
vegetation, and these changes are likely to have positive, synergistic effects on each other and fish
populations. More than a decade of research in Moniebogue Bay has shown that water clarity is
highly correlated with the levels of algal biomass (p<0.001) and hence, the 40% reduction in
nitrogen loads should translate into a similar reduction in algal biomass. Additional water clarity
will allow more light to penetrate to the bottom of Moniebogue Bay which will promote the growth
of submerged aquatic vegetation in regions that previously received less light. Such vegetation
can benefit to fish populations whose juvenile forms may utilize the vegetation as a nursery habitat.
These aquatic plants will also produce oxygen as they photosynthesize, thus enhancing oxygen
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levels in Moniebogue Bay. Finally, the reduction in algal biomass from sewering should also
benefit the levels of nighttime dissolved oxygen in Moniebogue Bay. Night-time fish kills are
becoming more prominent on eastern Long Island. At night, in the absence of photosynthesis,
dissolved oxygen levels are controlled by respiration rates which consume oxygen. These
respiration rates are proportional to the total amount of algal biomass produced in Moniebogue
Bay which can directly respire or can result in bacterial respiration as the carbon from the algal
biomass is consumed. In either scenario, reduced algal biomass from sewering will reduce the
incidence and likelihood of low dissolved oxygen levels and fish kills at night in Moniebogue Bay
and thus will contribute toward a rebuilding of healthy fish stocks in Moniebogue Bay.

Recently, a study performed for the Town of Southampton estimated the effects of
removing nitrogen loads on the intensity of brown tide blooms in Quantuck Bay (Figure 22). If
that results from that same study were applied to the nitrogen mitigation that would be associated
with this project and focused on Moniebogue Bay, it seems likely this system would see a
significantly lessening of brown tide intensity. For example, the 56% reduction in total nitrogen
loads to Moniebogue Bay associated with completion of phase 4 of the Village of Westhampton
sewage mitigation plan might result in a drop of total nitrogen in the Bay of more than 70%, a 50%
reduction in brown tide cells densities, and a 40% reduction in total algae (Figure 22).
Collectively, these changes would have many of the ecosystem benefits described above.

Finally, there will be a financial benefit of sewering the Village. Recent research at Stony
Brook University has determined that waterfront or near-waterfront home values can be strongly
effected by water clarity. Hence, the improved water clarity associated with lower intensity algal
blooms should financially benefit home owners in the region as well as associated tax revenues.
Obviously, other benefits such as fewer fish kills and algal blooms will also likely improve home
values as well as the number of visitors to Moniebogue Bay and the Village, occurrences that will
have direct and indirect financial benefits for the Village and its residents.
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Figure 1. Nitrogen concentrations in groundwater under and surrounding Westhampton
Beach Village.
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Figure 2. Westhampton Beach Village
Right: highlighting surrounding salt
marshes on Moniebogue Bay. Below
left: Flooding that occurred during
Hurricane Sandy. Below right: Expected
sea level due to sea level rise by the year
2050. The images below highlight the
key role salt marshes / tidal wetland play
in protecting Westhampton Beach
Village from flooding. This protection is
at risk from the degradation wrought by
excessive nitrogen loading

Flooding, Hurricane Sandy
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Figure 3. Water quality coastal waters within
Moriches, Quantuck, and Moriches Bay as
measured by Suffolk County Department of
Health Services 1976 — 2014 specifically
showing (clockwise from the upper right)
total nitrogen, brown tide densities, dissolved
oxygen levels, secchi disc depth, and
chlorophyll a levels, a proxy for
phytoplankton. The data shows that the
waters surrounding Westhampton Beach
Village have the lowest quality in this region.
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Figure 4. Chlorophyll a levels across 28 sites around Long Island as measured
during the summers of 2014-2016 by the Gobler Lab’s water quality reporting
to News 12. Moniebogue Bay was the second worst site across all of Long
Island.
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Figure 5. Brown tide levels across 28 sites around Long Island as measured
during the summers of 2014-2016 by the Gobler Lab’s water quality reporting
to News 12. Moniebogue Bay was the worst site across all of Long Island.
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Figure 6. Brown tide levels in Quantuck Bay from 1989 through 2016. In the
last decade brown tides have gotten more intense and more frequent.
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Figure 7. Densities of the toxic algae, Alexandrium, across Long Island 2007 —
2015, and the 2017 shellfish bed closure in Shinnecock Bay in the region within
the Westhampton Beach Village watershed.
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Figure 8. Water clarity across 28 sites around Long Island as measured during
the summers of 2014-2016 by the Gobler Lab’s water quality reporting to News
12. Moniebogue Bay was the worst site across all of Long Island.
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Figure 9. Dissolved oxygen levels across sites around Long Island as measured
during the summers of 2014-2016 by the Gobler Lab’s water quality reporting
to News 12. Eastern Moriches Bay was the third worst site across all of Long
Island. Rankings of good, fair, and poor follow NYSDEC standards.
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Figure 10. Watersheds for East Moriches, Moniebogue, and Quantuck used in this study.
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Figure 11. Current relative contribution of various nutrient loading processes to the total nitrogen

load to East Moriches.
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Figure 12. Current relative contribution of various nutrient loading processes to the total nitrogen
load to Moniebogue bay.
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Figure 13. Current relative contribution of various nutrient loading processes to the total nitrogen

load to Quantuck bay.
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Figure 14. Extent of proposed sewer improvement areas for phases 1 — 3.
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Figure 15. Extent of proposed sewer improvement area through phase 4 is outline in
orange. The percent of watershed area captured by phase 4 proposal are labeled in the
sections of phase 4 boundary.
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Figure 16. Modeled total nitrogen loads in East Moriches for each proposed phase.
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Figure 17. Modeled total nitrogen loads in Moniebogue for each proposed phase.
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Figure 18. Modeled total nitrogen loads in Quantuck for each proposed phase.
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Figure 19. The village only contains a small portion of the larger watersheds, this plot
scales back the total N load to 21,431 kg per year which is the amount the Village is
geographically responsible for. It essentially limits the study area to the village
boundaries instead of the watershed boundaries. All sources of nitrogen, external and
internal, are included.

Nitrogen load (internal and external) Village is
responsible for

1000s of kg N per year
0 2 4 6 8 10 12 14 16 18 20 22

No Sewers |
Phase 1 |
Phase 2 |
Phase 3 |
Phase 4 I



Figure 20. Wastewater and fertilizer sourced nitrogen load with the study area limited
to the village boundaries instead of the watershed boundaries.
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Figure 21. Nitrogen loading rates from the Village of Westhampton Beach with
and without future growth of 100,000 square feet of space and with and without the
implementation of the sewer district (phase 1) and advanced septic systems (phase
4),
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Figure 22. Changes in nitrogen levels, brown tide, and chlorophyll levels with differing
levels of nitrogen reduction as modeled for Quantuck Bay.
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Table 1. Inputs used for the nitrogen loading model constructed for this study.

I T ) I

1598

Area of wetlands 225

(freshwater)

Area of agriculture 19

Area of golf courses 41

Area of parks and 23

athletic field lawns
Impervious surfaces 274
10

Percent of buildings 50

Percent of parcels with [E[i]

Total area of roofs 63
Area of Driveways 123
Area of road 49

Nitrogen inputs from 5.37

wet and dry deposition

Fertilizer applied to 89.8

parks and athletic fields

Fertilizer applied to 97.6

agriculture

75

Fertilizer applied to golf REEK]

43

50

44

90

14
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5.37

189.9
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110

192
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132
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ha
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kg N halyr

1

kg N halyr

1
kg N ha-1
yr-1

(74

ArcGIS®
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Suffolk County Land Use and Land Cover
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Suffolk County Land Use and Land Cover
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Low NDVI created from USGS High
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Suffolk County Land Use and Land Cover
dataset

Southampton GIS department (houses
built before 1973 have cesspools) (SB,
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High NDVI (USGS HRO), limited to
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Suffolk County Recommendations

Suffolk County building footprint
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Table 2. Current annual external nitrogen loading rates from the watershed to East Moriches,
Moniebogue, and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen
load represented by each process also shown.

East East
i k Moni k
- Moriches Moniebogue | Quantuc Moriches oniebogue| Quantuc

(%) (%)
2,457 273 1,367 7% 4% 9%
25,087 6,909 11,889 74% 89% 80%
3,027 534 1,615 9% 7% 11%
679 0 0 2% 0% 0%
2,733 40 0 8% 1% 0%

Fertilizer - all 19% 7% 11%
Total 33,983 7,755 14,871 100% 100% 100%




Table 3. Current annual nitrogen loading rates from the watershed to East Moriches, Moniebogue,
and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen load
represented by each process also shown.

East . East .
(ke/yr) | (kg/yr) (ke/yr)

) )

Atmospheric to land 2,457 273 1,367 5% 3% 6%
Waste Water 25,087 6,909 11,889 49% 71% 53%
Fert - Residential Lawns 3,027 534 1,615 6% 6% 7%
Fert - Agriculture 679 0 0 1% 0% 0%
Fert - Parks and Golf 2,733 40 0 5% 0% 0%

Fertilizer - all 6,440 574 1,615 13% 6% 7%
Benthic flux 7,647 832 3,251 15% 9% 15%
Bird, geese, swans 73 73 219 0% 1% 1%
Atmospheric to water 9,578 1,043 4,072 19% 11% 18%
Total 51,282 9,703 22,413 100% 100% 100%




Table 4. Numbers of commercial and residential properties connected to the sewage treatment or
receiving upgraded septic systems under the proposed Village of Westhampton Beach plan.

I N s
connections
connections
connections

1955 2,051

Sewage treatment plant 264 2,164 2,428
connections and onsite systems




Table 5. Phase 1 annual nitrogen loading rates from the watershed to East Moriches, Moniebogue,
and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen load

e
Atmospheric to land 2,457 273 1,367 5% 4% 6%
Waste Water 25,087 4,742 12,250 49% 63%  54%
Fert - Residential Lawns 3,027 534 1,615 6% 7% 7%
Fert - Agriculture 679 0 0 1% 0% 0%
Fert - Parks and Golf 2,733 40 0 5% 1% 0%
Fertilizer - all 6,440 574 1,615 13% 8% 7%
Benthic flux 7,647 832 3,251 15% 11%  14%
Bird, geese, swans 73 73 219 0% 1% 1%
Atmospheric to water 9,578 1,043 4,072 19% 14%  18%
Total 51,282 7,537 22,774 100% 100% 100%

Table 6 . Phase 1 annual external nitrogen loading rates from the watershed to East Moriches,
Moniebogue, and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen
load represented by each process also shown.

East . East .
ey | —he/y | le/yn @

Atmospheric to land 2,457 273 1,367 7% 5% 9%
Waste Water 25,087 4,742 12,250 74% 85% 80%
Fert - Residential Lawns [EEEXwY) 534 1,615 9% 10% 11%
Fert - Agriculture 679 0 0 2% 0% 0%
Fert - Parks and Golf 2,733 40 0 8% 1% 0%

Fertilizer - all 11%
Total 33,983 5,589 15,232 100% 100% 100%




Table 7. Phase 2 annual nitrogen loading rates from the watershed to East Moriches, Moniebogue, and
Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen load represented by
each process also shown.

East . East .

2,457 273 1,367 5% 4% 6%
24,967 4,063 11,438 49% 59%  53%
3,027 534 1,615 6% 8% 7%

2,733 40 0 5% 1% 0%
6,440 574 1,615 13% 8% 7%
7,647 832 3,251 15% 12%  14%
73 73 219 0% 1% 1%

Atmospheric to water 9,578 1,043 4,072 19% 15% 18%
Total 51,162 6,858 21,962 100% 100% 100%

Table 8. Phase 2 annual external nitrogen loading rates from the watershed to East Moriches,
Moniebogue, and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen
load represented by each process also shown.

East . East .

(ke/yr) | (kg/yr) | (ke/yr)
Atmospheric to land 2,457 273 1,367 7% 9%

6%

r
ential Lawns 3,027 534 1615 9% 11% 11%

Fert - Agriculture 679 0 0 2% 0% 0%
Fert - Parks and Golf 2,733 40 0 8% 1% 0%

Fertilizer - all 1615 11%

Total 33,864 4,910 G 100% 100% 100%




Table 9. Phase 3 annual nitrogen loading rates from the watershed to East Moriches, Moniebogue, and
Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen load represented by
each process also shown.

East . East .

Atmospheric to land 2,457 273 1,367 5% 4% 6%
Waste Water 23,699 4,045 11,980 47% 59% 53%
Fert - Residential Lawns 3,027 534 1,615 6% 8% 7%
Fert - Agriculture 679 0 0 1% 0% 0%
Fert - Parks and Golf 2,733 40 0 5% 1% 0%
Fertilizer - all 6,440 574 13% 8% 7%
Benthic flux 7,647 832 3251 15% 12% 14%
Bird, geese, swans 73 73 219 0% 1% 1%
Atmospheric to water 9,578 1,043 4072 19% 15% 18%
Total 49,894 6,840 22,504 100% 100% 100%

Table 10. Phase 3 annual external nitrogen loading rates from the watershed to East Moriches,
Moniebogue, and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen
load represented by each process also shown.

East . East .

Atmospheric to land 2,457 273 1,367 8% 6% 9%
23,699 4,045 11,149 73% 83% 80%
Fert - Residential Lawns [EEEXY] 534 1,615 9% 11% 11%
Fert - Agriculture 679 0 0 2% 0% 0%
Fert - Parks and Golf 2,733 40 0 8% 1% 0%
Fertilizer - all 11%
Total 32,596 4,892 14,131 100% 100% 100%



Table 11. Phase 4 annual nitrogen loading rates from the watershed to East Moriches, Moniebogue,
and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen load
represented by each process also shown.

East . East .

(%)

6%

Atmospheric to land

2,457 273 1,367 5% 7%

Waste Water

19,106 1,488 10,005 42% 35% 49%
Fert - Residential Lawns 3,027 534 1615 7% 12% 8%
Fert - Agriculture 679 0 0 1% 0% 0%
Fert - Parks and Golf 2,733 40 0 6% 1% 0%
Fertilizer - all 6,440 574 14% 13% 8%
Benthic flux 7,647 832 3251 17% 19% 16%
Bird, geese, swans 73 73 219 0% 2% 1%
Atmospheric to water 9.578 1043 4072 21% 24% 20%
Total 45,301 4,283 20,528  100% 100% 100%

Table 12. Phase 4 annual external nitrogen loading rates from the watershed to East Moriches,
Moniebogue, and Quantuck in kilograms of nitrogen per year with percentages of the total nitrogen
load represented by each process also shown.

East . East .

19,106 1,488 9,174 68% 64% 7%
3,027 534 1,615  11% 23% 12%

Fertilizer - all

6,440 574 1,615 23% 25% 12%

Total 28,003 2,335 12,156 100% 100% 100%



Table 13. Percent reduction of nitrogen load each phase would achieve compared against
current nitrogen loads considering internal and external nitrogen loading.

rom phase East Moriches| Monieboque Quantuck Combined

0%o 22% 0% 2%
0%o 29%0 0% 3%
3% 30%0 0% 5%
12%0 56%0 8%0 16%0

Table 14. Percent reduction of nitrogen load each phase would achieve compared against
current nitrogen loads considering external nitrogen loading only.

rom phase East Moriches| Moniebogue Quantuck Combined

Phase 1 090 28%0 0% 3%
0% 37%0 0% 5%
490 37%0 0% 7%

18%b6 70%0 13% 23%




Table 15. Percent reduction of nitrogen load each phase would achieve. The first column
contains all sources of nitrogen load to the waterbody, the second only contains external
sources controllable by the Village, wastewater and fertilizer

WERENELT A WERENELT
Fertilizer, Fertilizer,
Atmospheric to Atmospheric to
land, Atmospheric Land
to water, Benthic,
Birds

Phase 4
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