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Principal Investigator(s) and Affiliati(s):
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3. Jang Kyun Kim, Department of Marine Sciendesversity of Connecticut
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A. COLLABORATORS AND PARTNERSany additionabrganizations or partners involved in

the project)

Justin Eddings, Marine Program, Cornell Cooperative Extension of Suffolk County

Michael Sautkulis, Cornell Cooperative Extension of Suffolk County

Veronica Ortiz, University of Connecticut

Jeniam Found#on (Tripp Killin, Exec. Dir.) provided additional support to replace
malfunctioning equipment.

Save the Sound and The Nature Conservancy have offered help to advertise and
disseminate the N.oad tool Both have funding to support this activity.

B. PROJEGZOALS AND OBJECTIVES:
The overall intent of this project is to develop a statistically based model which employs land
use data coupled with embayment characteristics to identify the Long Island Sound (LIS)



embayments at greatest risk for exhibiting symp®of eutrophication and to identify the main

sources of nitrogen (N) to these embayments. This statistical model will yield the relationship

between the nitrogen load (N load), estuarine freshwater flushing time, and eutrophic status. If
this simple approeh does not yield significant results, additional forcing factors will be

included. The specific objectives include:

1. QAPP development.

2. Calculate N load estimates for a minimum of 50 embayments using a published model which
relates landuse in the watershedb the total N load for the embayment.

3. Calculate estimates of the freshwater flushing time for a minimum of 50 embayments using
two methods: (1) a modified tidal prism method and (2) a simplified method developed in
embayments which relates estuarine leh@nd surface area to freshwater flushing time.

4. Using the output from Objectives 2 & 3, a published model will be used to estimate the
dissolved inorganic nitrogen (DIN) concentration in the embayments. This value will be used
to quantify the error of te model outputs predicting N load.

5. Fieldbased evaluation of ten embayments in New York (NY) and Connecticut (CT) for
susceptibility to hypoxia and primary producer community composition.

6. Apply field data to indices developed to identify the trophic stabf estuaries. We will use
two methods: one developed by the EPA and one developed by NOAA.

7. Develop a statistical model using multivariate analysis techniques to relate the calculated N
load (#2), fresh water flushing time (#3), and estuarine troplatust (#6). Develop
predictions as to which of the unsampled LIS embayments are most likely to experience
symptoms of eutrophication.

8. AaAy3 GKS LINBRAOGUAZ2YA 2F SdziNRBLKAOFGAZ2Y NMaj
for each embayment detailinggpential environmental issues and the likeliest causes. These
report cards will be presented to the LISS STAC, community groups and other groups who
LINE ARSR RFEGFX b, {SI DN}XyaGx /¢ {SF DNryiasz /
NY) and Save theound / CT Fund for the Environment.

C. PROGRES$&ummarizeprogress relative to project goals and objectivekghlight
outstanding accomplishmentsutreach and education effortglescribgproblems
encountered and explain any delgys

Progress is destred based on objectives presented in section B.:

1. QAPP Development. The QAPP was approved on 11/7/2013. Progress on the approval of
the QAPP was originally hindered by the government shut down. However, preliminary
approval to proceed with the summer 201i8ld work and time critical lab analyses
(macrophyte processing for biomass, total suspended solids, chlorophyll analysis) was
received on 7/19/2013.

2. Calculate N load to embaymeni&/ork is complete. The results have been presented in
a number of differehvenues, as listed under the presentations section of this report.

3. Calculate flushing time®Vork is complete. Flushing time is a crude approximation.
While it was useful, we do not consider the results accurate enough to be applied
beyond the work presated in this report.



4. Calculate predicted dissolved inorganic nitrogen in the embayments, for comparing to
field data.Work is complete. Results were less than satisfactory, work beyond the scope
of this project is required to better quantify 4#@stuarine fitrogen cycling specific to each
embayment.

5. Field work in 10 embayment®g/ork is complete.
Identify trophic status of embayments where field sampling occurvédrk is complete.

7. Develop a statistical model linking N load and trophic statvstk is comtete. The
results are tenuous, as most sites scored the same for eutrophic statghly
impacted. We have provided alternate methods for estimating trophic status from N
load.

8. Develop report cards for embaymen®esults of this task will be availabtethe
G§SOKYAOItT NBLRNI® | 26SOSNE 6S KIS OKIy3S
they are not true report cards. Also, Long Island Sound has a report card process
underway and we did not want the two efforts to be confused.

. PROJECT PUBLICATIGNRODCTRAND PATENTSInclude published materials with
complete references, as well as those which have been submitted but not yet published and
those in press. Please attach electronic versions of any journal articles not previously
provided.)

Journal Aficles:

Basso G, Vaudrey JMP, O'Brien K, Barrett J (in review) Landscape scale habitat
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L. Brousseau, J. Eddings, J.K. Kim, M. Sautkulis)
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Embayment EutrophiCondiions in Long Island Soundvited presentation, Save the Sound
and the Long Island Sound Report Card Initiative Workgroup.

Vaudrey, J.M.PC. Yarish, C. Pickerell, L. Brousseau, J. Eddings, JM. 8autkulig2015)

Embayment Nitrogen LoadsrfLong Island Sounthvited presentation, Long Island Sound
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Embayment Nitrogen Loads forrigplsland Soundnvited presentation, Long Island Sound
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Vaudrey, J.M.P. (2015) panelist fidith AnnualConnecticut League of Conservation Voters

Environmental SummitHartford, CT.

Vaudrey, J.M.BRC. Yarish, C. Pickerell, L. Brousseau, J. Eddings, JROXG)Nitrogen Loads to
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Citizen Advisory Committee December Meeting.
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presentation. 2015 Advanced Master Gardener Coastal Certificate Program.

Brousseau, LJ.M.P. Vaudre\C. Yarish, C. Pickerell, J. Eddings, J.K2RBIrG)Embayment
Nitrogen Loadsinvited presentation, New York State DEC Groundwater symposium.
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Committee.

Vaudrey, J.M.PC. Yarish, C. Pickerell, L. Brousseau, J. Eddings, JRO¥jEmbayment

Rapid Assessment and Evaluation of Eutrophic Staivised presentation, New York State
DEC and Save the Sound.

Krumholz, J. and J.M.P. \daey, C. Yarish, C. Pickerell, L. Brousseau, J. Eddings, JROXn
EmbaymenNitrogen Load® Ay @A GSR LINBaSy Gl GA2yx [2y3 Laf |l
Advisory Committee.

Vaudrey, J.M.P(2015)Dead Zones, Wetlands, Ocean Acidification and Wildlifeagen
t2tfd2iA2yQa toF i/ OAT SRS A NBORAZY Fd (KS [2y3I L
Copanelists: H. Baumann (UConn) & L. Suatoni (NRDC); J. Varekamp (Wesleyan U.)
moderating.

Vaudrey, J.M.P(2015)Eutrophication in Long Island Sound Byrhents: using troubled waters
as a crosslisciplinary classroonmnvited presentation. UConn ECE Experience.

Dostie, A. and J.M.P. Vaudrey (20CHpracterization Of The Extent And Source Of Nutrients
Supporting A Massive Macroalgae Bloom In Little Nanagtt Bay, CTNew England
Estuarine Research Society Fall Meeting.



Leamy, C and J.M.P. Vaudrey (2@xXtentand Severityf Late Summertime Hypoxia
Conneticut And New York Embayments.ong Island SoundNew England Estuarine
Research Society FMEeting.

Vaudrey, J.M.PC. Yarish, C. Pickerell, L. Brousseau, J. Eddings, XX0Ki)hitrogen Loads to
[2y3 Lafl yR { 2dzy R Qudanvile®piSeatatibny2R14 ddvanted MaStgt i a
Gardener Coastal Certificate Program.

Vaudrey, J.M.PC. “rish, C. Pickerell, L. Brousseau, J. Eddings, J.RKMEMbayment
Nitrogen Loadsinvited presentation, LISS STAC.

Vaudrey, J.M.PC. Yarish, C. Pickerell, L. Brousseau, J. Eddings, JROKij&utrophic
condition and habitat status in Connemit and New York embayments of Long Island Sound.
AYBAGSR LINBaSyidlidAz2y>S /¢ 599t Qa bAFYGdAO bAdN

Vaudrey, J.M.PC. Yarish, C. Pickerell, L. Brousseau, J. Eddings, JROKij&utrophic
condition and habitat status in Connecticut and Néavk embayments of Long Island Sound.
invited presentation, Southern Connecticut State University.

Vaudrey, J.M.P(2014)The Breathing of the Bays: a journey into green warsited
presentation, Faulkners Light Brigade Lecture Series, Guilford, CT.

Vaudrey, J.M.Pand C. ¥rish(2013)Using Nitrogen Budgets as a Tool to More Effectively
Manage Long Island Sound EmbaymeBtsl Workshop on Using Cultivated Seaweed and
Shellfish for Nutrient Bioextraction in LIS and the Bronx River Estuary, Mamarbiveck,

Vaudrey, J.M.P. and Gariéh (2013Nitrogen loading to embayments of Long Island Sound:
method review and potential utility to managememtresentation to the Long Island
Funders Collaborative Meeting, New York City, NY. 01 Mar 2013.

Proceedings obook chapters:
Websites, Software, etc.:

LonglslandSound_NLoadingModel.xI$ke nitrogen load model available for use by
stakeholders to compare sites, investigate sources and trends, and run scenarios.

NLM.mat- The nitrogen lading model in a MatLabrmat, for academic research
purposes.

GIS layers associated with the NLM

Technical Reports:

Vaudrey, J.M.P. for University of Connecticut and Cornell Cooperative Extension of Suffolk
County. Comparative analysis and model development for determining seeptibility to
eutrophication of Long Island Sound embayments. QAPP Versi@egtember 9, 2013.
EPA identifier RFA#: 13110.

Comparative analysis and model development for determining the susceptibility to
eutrophication of Long Island Sound embaymerftaal technical report. Appendices
include embayment portfolios.

Other Products (including popular articles):



Zaretsky, M. (8/4/13).ow oxygen levels present even in bays in eastern estuary, UConn
researchers findnterview, article, and photos for thlew Haven Register.
(http://www.nhregister.com/generalnews/20130804/lowoxygenlevelspresentevenin-
baysin-easternestuaryuconnresearcherdind;
http://photos.newhavenregister.com/2013/08/01/photesnarineresearchesstudiesl-i-
soundoxygean/#1)

Publicationglanned / in progress

1 Eutrophic status in Long Island Sound embayments.

1 Patterns of Nitrogen Loads to embaymentgargeting NPS reductions
1 Macrophyte C:N as an indicator oflldad and eutrophic status
1

Using NLoad and flushing tim& predict eutrophic status in embayments and
target management actions

1 Embayments out of balanagregime shifts related to nitrogen loads

Patents:(List those awarded or pending as a result of this project.)

. FEUNDS LEVERAGHDxhis Sea Grant fundinigcilitated the leveraging addditional
funding for this or a related project, note the amount and solbelew.)

Ppnnn NBOSAGSR o6& alNAyS {OASYyOS . I OKSf 2NIDa
UConn IDEA Grant 2014. Project Title: Tracing titatién DrivingCladophorasp.
Dominance in Little Narragansett Bay

Ppmnnn NBOSAGSR o0& alNAyS {OASyOS al aGdSNDa {
Association of Wetland Scientists. Project Title: Bioavailability of organic nitrogen
entering small shallow embayments: when, where, and how much?

. STUDENT®Document the number and type of students supported by this prpject.

Note:& { dzLJLJ2rédnSsRpported by Sea Grant through financial or other means, such as Sea Grant federal,
match, state ad other leveraged fund#f a student volunteeretime on this project, please note the number

of volunteer hours below.

Total number ohew* K-12 students who worked with youd

Total number ohew undergraduates who worked with youg

Total numbe of new Masters degree candidates who worked with yoll:
Total number ohew Ph.D. candidates who worked with yoQ:

Total number otontinuing** K-12 students who worked with youd

Total number otontinuingundergraduates who worked with youl

Total number otontinuing Masters degree candidates who worked with yoQ:
Total number otontinuing Ph.D. candidates who worked with yoQ:


http://www.nhregister.com/general-news/20130804/low-oxygen-levels-present-even-in-bays-in-eastern-estuary-uconn-researchers-find
http://www.nhregister.com/general-news/20130804/low-oxygen-levels-present-even-in-bays-in-eastern-estuary-uconn-researchers-find
http://photos.newhavenregister.com/2013/08/01/photos-marine-researcher-studies-l-i-sound-oxygen/#1
http://photos.newhavenregister.com/2013/08/01/photos-marine-researcher-studies-l-i-sound-oxygen/#1

Total number of volunteer hour€

(Note: *Newstudents are those who havet worked on this projegbreviously ** Continuingstudents are
those whohave worked on this projegptreviously)

In the case of graduate students, please list student names, degree pursued, and thesis or
dissertation titlesrelated to this project

Student Name: Rachel Perry

Degree Sought: Masters of Oceanography

Thesis or Dissertation TitIBlutrient Dynamics of Floating Seagrass Wracks in Greater
Florida Bay

Date of thesicompletion:August2015

Expected date of graduatiorAugust 2015

G. PICTORIAIPease povide high resalition images/photos of personnel at work, in the field
or laboratory, equipment being used, field sites, organism(s) of study. Attach images as
separate files (do not embed). Include links to websites associated with the research
project. Please includenpper photo credits and a caption with date, location, names of
people, and activity. These images are useful to document your project in future CTSG
publications, websites and presentations.

H. DATA MANAGEMENT PLANBoposals funded in 2012016 and latecyclesare required
to have a data management plan in place. All environmental data and information collected
and/or created must be made visible, accessible, and independently understandable to
general users, free of charge or at minimal cost, in alfmeanner (typically no later than
two years after the data are collected or createdphis is a reminder that yolCTSG
funded researcldataneeds to be archived and accessible as outlined in the data
management plan you submitted with your proposadf.there have been any modifications,
adjustments or new information available regarding the location, timing, type, formatting
and metadata standards, content, sharing, stewardship, archiving, accessphilitication
or securityof the data produced glaseelaboratehere.

Data will be made available as stated in our data management pan additional outlet
for data, we will be working with Save the Sound to incorporate embaymentatata
nutrient load model result:to an online viewer, developnm of this viewerwill be funded
by Save the Soundhis work will be conducted starting December 2015.

FOR FINAL REPORTS ONLY, PLEASE COMPLETE THIS SECTION

. PROJECT OUTCOMES AND IMPACTS

RELEVANGHE- PROJECT{Describe briefly the isstgroblem/ identified needs) that led to this
work.)



RESPONSDescribe briefly what key elements were undertaken to address the issue, problem
or need, and who is/are the target audience(s) for the work.)

RESULT&ummarize findings and significant achievemémterms of the research and any
related education or outreach componenitecbenefits, applications, and uses stemming from
this project including those expected in the futuheclude qualitative and quantitative resulfs.

Gonsider the following as tlyeapply to your researdiind any related outreach/education

1 What new tools, technologieanethods olinformation servicesvere developedrom this work?
Have any been adoptedmplementedfor use and by whom?

1 What are the environmentdbenefitsof this work?Have policies been changed®w has
conservation (of ecosystems, habitats or species) been improved?

1 What are the social payoffs of this wor*ho hasbenefited from this work?Have attitudes /
behaviors of target audience changed? Elaborkf&.e policies been changed?

1 What are the economic implications / impacts of this wof®rhere possible, please quantifiHave
new businessebeencreated/or existing businesses retained a result of this researelidave new
jobsbeencreated or retaine@ Are new businesses or jobs anticipated?
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Embayment Overview

Longlsland Soundsometimescalledthe
G! NDFYy {SIF=¢é& Aa |
impacted by the dense populations
F£2y3 AdQsmeagsbrofitlie]
population among the 28 National
Estuary Programs across the country
places Long Island Soundths third
densestpopulation, only the New York
/ New Jersey Harbor and San Juan Bay
Estuary in Puerto Rico have a greater
population density thariong Island
Sound(Figurel) (USEPOW &
USEPM®RD 200//Basso et al. in
review). A fact not captured by these
data are the impact thé&ew York / New
Jersey Harbadhnas on Long Island Sound
via the East River. A comparison of the
total nitrogen load contributed to Long
Island Sound from the embayments an
the coastal portions of the four largest
rivers indicates the East River accounts
for 78% of the nitrogen loadncluding
the load fromthe whole watershed of
each of these fours rivers would furthen
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Figurel: Total population and population density in NEP sites, as|

West Coast

Morro Ba

Santa Monica Ba:
San Juan Bay Estuar

Puerto Rico

5> > > >

calculated from the 2000 census dgt4aSEPOW & USEPARD

2007).

Shading denotes the region of the estuary. LIS is identified by hg
marks. This figure is included in Basso eBasso et al. in review

increase their impact on the total load.
Long Island Sout@la f 2 OF £ f
with the influence of the East River
arguably makeLong Island Sound the
most urbanized of estuaries in the
United States.

The embayments of Long Island Sound
contribute roughly difth of the total

load of nitrogen to the Sound, whe
compared to the coastal portions of the
four major iivers making these areas
critical to efforts to reduce nutrient
loads An embayment is defined as
recess in a coastline or an indentation
off a shoreline which forms a bayn

Long Island Sounthe names of

embayments often include the words

Thames River,
coastal
2%
Connecticut Rive
coastal
1%

Housatonic
River, coast:
1%

Figure2: From this study, the fraion of the total nitrogen load

attributed to various sources.

For the four major rivers draining to Long Island Sound, only the

coastal portion of the watershed (as definedthg border of the

HUC 12 units touching the Sound) were assessed.
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Harbor (27%) Rver (23%) Cove (19%), Bay (10%), Creek (10%), and Pond (7%); with a few
including the names Brook, Gut, Inlet, or Lake. These embayments are where people interact
with Long Island Sound. They dine sites of our marinas and host our beaches and parks.
People use embayments for kayaking, swimming, fishing, crabbing, and other recreational
activities. These areas serve as nurseries and foraging ground for many commercially and
recreationally imporant species of animal&mbayments are vital to an effective campaign for

Yydzi NASy i NBRdzOGA2Yy (2 [2y3 LatlyR {2dzyR 6SOl dz
AYyiSNBaadgd 2KAES (GKS SYoleayvYSyid O2y il Nmtvelyi A2y G2
small 20%)LIS2 L S | NB AYyGSNBaldSR Ay GKS f 2:@idf STFTFSC

these effects can have a substantial impact on local embayment water quitity local

concern can be leveraged to generate actions to reduce ltattee embayments, and perhaps

more importantly, to educate people on how and why nitrogen loading is impacting Long Island
{2dzy R 20SNIfftd ¢KS SYPANRYYSyGlrt Y20SYSyd dzas
people motivated to enact reform. But fligpid G KA & LIKNJI &S (G2 da¢KAYy] [ 2
pertinent to the nitrogen load issues for Long Island Solydncreasing awareness at a local

level and encouraging local actions, we will develop a populace with a better understating of

why reductions of iirogen load are critical to creating the Long Island Sound that we want in

our backyard.

Results from this study have identified the trophic staitu01120140f fifteen embayments

of Long Island Sound, estimated the nitrogen load and sources of artrtigall embayments of
Long Island Sound, and established a list of embayments most likely to be experiencing the
impacts of eutrophication. These results have been presented in a variety of forums beyond
academia, including the Long Island Sound StutlyaBsProgram, New York and Connecticut
government agencies, local citizen actiongpe, and advocacy organizations; as evidenced by
the list of presentations provided in this report. The full details of the results will be provided in
a technical reporaccompanied by a brief summary suitable for a general audiemnaieh will

be made publicly available throughpermanent link vid / 2 yDigitahCommons. The

complete dataset of field data and an Exbaked tool for working with the nitrogen loading
moRSt gAff | faz2 oS IDigial&oiinang. Shesié grotRctz@ikbe avaibley Q a
following a review by a group external to the project team, including reviewers from all sectors
mentioned above in this paragrapA.brief summary of the majorfdingsis provided below.

Nitrogen Loading Estimates

Nitrogen loads to the embayments were estimated using a model employing land use and
population patterns to determine the amount of nitrogen reaching the edge of the embayment
(Valiela et al. 1997 The model attenuation factors (nitrogen removal processes)) loading

rates were modified to reflect local conditions.

Two land cover datasets were used for this analysis. The National Land Cover Dataset for the
year 2011 (NLCRO11) is a nationwide product created by thRilti-Resolution Land
Characteristics (RLC) Consortiufidomer et al. 201p TheCenter for Land Use Education and
Reseach (CLEAR) at the University of Connecticut created a land cover dataset for the
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2010). With a national coverage, NL-2@.1 provides the ability to utilize a commdataset for
other watersheds around the country. The CLEAR0 dataset provides greater accuracy in
RSTAYAY3 (GKS fFyR O20SN) gAUKAY [2y3 LatlyR {2

The number of houses and population within each zone of the watershed were determined
from the 2010 U.S. Census datahich provides information on both population and housing.
Watershed boundaries do not align with census block boundaries, thus census blocks were
divided and apportioned to the correct watershed. Two methods were used to assiges

and population to the correct zone: a census blbased method and a dasymetric analysis.
The census block method is easier to perform, but the dasymetric analysis is more accurate.
From a research standpoint, we were interested in assessing the @rusing the census block
method. For the purposes of calculating the nitrogen loads, the dasymetric analysis is the
preferred method. All results presented use the dasymetric analysis.

People within sewered and CSO areas were determined by anatieipgpulation within the
defined sewer or CSO areas; available from CT, NY, and RI. Nitrogen loads from waste water
treatment facilities (WWTFs) were determined from data obtained from CT REBEERI DEM

for Pawcatuck Riveryhich track the reported lais for all major WWTFs in the Long Island
Sound areaA fouryear average (2012014) of the nitrogen load was used, except in cases
where upgrades tohe facility were completed during this time period. In cases where
upgrades were completed, only datarfilne resulting lower contribution of N were includeéilll
remaining peoplaot on sewemwere assumed to be utiling traditional septic systems for areas
not on Long Island. For Long Island, the vertical septic sgsietmore like a cesspool in terms

of nitrogen reductionlnjection of waste water to a series of rings oriented vertically is designed
to place the waste deeper into the ground. These vertical drain fields greatly reduce nitrogen
attenuation in the vadose zone, where the greatest biologacaivity occursThus while 53% of
homes not on sewer on Long Island are estimatedgecesspools, all are treated as cesspools
in the model.

Attenuation data (N removal) and loading rates were adjusted to reflect locallyamte
information. For examl, the original model uses a default attenuation of 35% in the aquifer,
thus 65% of nitrogen reaching the aquifer travels to the embayment. However, more recent
work evaluating the attenuation of nitrogen in the aquifer on the north shore of Long Island
(Northport Bay area) indicated the attenuation factor of 35% (with 65% passing through to the
embayment) was too higfivoung et al. 2013 Young and colleagu€2013 attribute the lower

rate of denitrification (and thus lower attenuation) to insufficient organic carbon available to
support higher levels afenitrification mediated by heterotrophic bacteria. In addition tioe

low organic carbon levels, oxygen levels in the aquifer were observed to be high enough to
inhibit the anaerobic denitrifying bacteria. The analysis of denitrification in the Northport area
indicated an average attenuation of nitrogen in the aqudéfi5.6% with a range of 5.3% to
33.5%. The denitrification rate in the glacial aquifer of Connecticut and Westchester County,
NY are also predicted to exhibit lower rates of N attenuation similar to the values found on
Long Island, based on a number tfdies conducted in Connectic(¥ullaney 2007 McMahon



14

et al. 2008 Hinkle & Tesoriero 2034Given that nitrogen load to groundwater has been
increasing in the last few decades, a more conservative estimate of the denitrification capacity
of the aquifers are in order, further supporting the use of adoattenuation of N in aquifers in
this model.Attenuation in the aquifes in both Connecticut and New Yavkre set at 15.6%

with a range of 5.3% to 33.5%s for loading rates, surveys of fertilizing practices in the Long
Island Sound aregstony Brook University Center for Survey Research;Ze0ard &

Fitzpatrick 201)land precipitationpatterns and nitrogen concentrations in rafiouo et al. 2002
PRISM Climate Group 2Q3&ere used to modify loading rates to reflect local practices.

For each parameter, coefficient, and input into the model, a defaallier with a range of

possible values are available. The model was run 10,000 times, allowing these values to vary
within their range. This allowed for an assessment of the sensitivity of the model to the ranges
of input factors. The 10,000 runs also yialdaverage best estimate of the total load with an
associated range of estimates for each embaymBetails on this information are provided in

the technical reportwhich will be available on the UConn Digital Commons website in early
2017. The model igspecially sensitive to the attenuation rate in the aquifer, due in large part
to the high range associated with this value.

Nitrogen load was determined for 115 embayme(isblel). In some cases, sub embayments

of a waerbody were delineated. For example, Williams Cove and Bebee Cove drain to the

Mystic River. The nitrogen loads presented\ditliamsCove and Bebee Cove are just for the

watershed of those systems. Howevar this report,the Mystic River includes tHe NS I Ay A (1 & ¢
watershed plus the area falilliamsCove and Bebee CovéneTwatersheds are delineated by

different colors in figure.

Tablel: List of Embayments

Embayments are ordered starting in Rhode Islandying west through Connecticut into New York,

then eastward along Long Island. Included are symbols indicating connections among watersheds which
are best understood by referring to the image of the watershed provided in the technical report. For
example Pawcatuck River ( -|and Wequetequock Cove (-|pboth drain to Little Narragarett Bay
(<-H0d CKS-EtAYRADE(8H

follow that line down within the group of watersheds aridy R

gl GSNJ £ SI gAYy 3
0KS NBOSAQAYE @K SNI 0

GKIG A34G8YD €K

asterisks (*) indicate watersheds where only the coastal portion of the watershed were andbatad.
6SNB dzaSR FT2NJ RSGSNX¥YAYyAy3a TS|
used theg categories to assess fertilizer USony Brook University Center for Survey Research 006

Ay GKS 02f dzvy

Gl NBI ¢

. RI-NY symbols indicate
Site area .
order connections

Pawcatuck River, RI 1 Connecticut >

Little Narragansett Bay, CT 2 Connecticut <
Wequetequock Cove, CT 3 Connecticut >|
QuanaduclCove, CT 4 Connecticut

Stonington Harbor, CT 5 Connecticut

Quiambog Cove, CT 6 Connecticut




RI-NY symbols indicate

Site area ;
order connections

Wilcox Cove, CT 7 Connecticut

Williams Cove, CT 8 Connecticut >

Mystic River, CT 9 Connecticut >

Bebee Cove, CT 10 Connecticut >

West Cove, CT 11 Connecticut

Palmer Cove, CT 12 Connecticut

Venetian Harbor, CT 13 Connecticut

Mumford Cove, CT 14 Connecticut

Poquonock River, CT 15 Connecticut

Baker Cove, CT 16 Connecticut

* Thames River, CT 17 Connecticut

AlewifeCove, CT 18 Connecticut

Goshen Cove, CT 19 Connecticut

Jordan Cove, CT 20 Connecticut

Gardners Pond, CT 21 Connecticut

Niantic River, CT 22 Connecticut >-|

Niantic Bay, CT 23 Connecticut <

Pattagansett River, CT 24 Connecticut

Bride Brook, CT 25 Connecticut

Four Mile River, CT 26 Connecticut

Threemile River, CT 27 Connecticut

Black Hall River, CT 28 Connecticut > |

* Connecticut River, CT 29 Connecticut <

South Cove, CT 30 Connecticut >-|

Indiantown Harbor, CT 31 Connecticut >--

Qyster River, Old Saybrook, CT 32 Connecticut >--

Hagar Creek, CT 33 Connecticut

Patchogue River, CT 34 Connecticut >

Menunkesucket River, CT 35 Connecticut >

Clinton Harbor, CT 36 Connecticut

Toms CreekCT 37 Connecticut

Fence Creek, CT 38 Connecticut

Guilford Harbor, CT 39 Connecticut

Indian Cove, CT 40 Connecticut

Sachem Head Harbor, CT 41 Connecticut

Joshua Cove, CT 42 Connecticut

Island Bay, CT 43 Connecticut

Little Harbor, CT 44 Connecticut

Branford Harbor, CT 45 Connecticut

Pages Cove, CT 46 Connecticut

Farm River, CT 47 Connecticut

New Haven Harbor, CT 48 Connecticut

Qyster River, Milford, CT 49 Connecticut

Calf Pen Meadow Creek, CT 50 Connecticut

Milford Harbor, CT 51 Connecticut

* Housatonic River, CT 52 Connecticut




: RI-NY symbols indicate

Site area .
order connections

Lewis Gut, CT 53 Connecticut >
Bridgeport Harbor, CT 54 Connecticut <
Pequonnock River, CT 55 Connecticut >|
Black Rock Harbor, CT 56 Connecticut
Ash Creek, CT 57 Conrecticut
Pine Creek, CT 58 Connecticut
Mill River, CT 59 Connecticut
Sasco Brook, CT 60 Connecticut
Sherwood Millpond, CT 61 Connecticut >-|
Compo Cove, CT 62 Connecticut <
Saugatuck River, North, CT (Freshwater) 63 Connecticut > |
Saugatuck River, CT 64 Connecticut <
Cockenoe Harbor, CT 65 Connecticut
Norwalk Harbor, CT 66 Connecticut
Sheffield Island Harbor, CT 67 Connecticut
Five Mile River, CT 68 Connecticut
Scotts Cove, CT 69 Connecticut
Gorham Pond, CT 70 Canecticut >|
Darien River, CT 71 Connecticut <
Holly Pond, CT 72 Connecticut >
Cove Harbor, CT 73 Connecticut <
Wescott Cove, CT 74 Connecticut
Stamford Harbor, CT 75 Connecticut
Greenwich Cove, CT 76 Connecticut
Mianus RiverCT 77 Connecticut
Indian Harbor, CT 78 Connecticut
Smith Cove, CT 79 Connecticut
Greenwich Harbor, CT 80 Connecticut
Captain Harbor, CT 81 Connecticut
Byram River, CT 82 Connecticut >
Kirby Pond, NY 83 Westchester Co. >
Playand Lake, NY 84 Westchester Co. >
Milton Harbor, NY 85 Westchester Co.
Van Amringe Millpond, NY 86 Westchester Co.
Mamaroneck River, NY 87 Westchester Co.
Larchmont Harbor, NY 88 Westchester Co.
Premium Millpond, NY 89 Westchester Co.
Echo Bay, NY 90 Westchester Co.
Hunter Island Bay, NY 91 Bronx / Queens
Eastchester Bay, NY 92 Bronx / Queens
Westchester Creek, NY 93 Bronx / Queens >
Pugsley Creek, NY 94 Bronx / Queens < -->|
* East River, NY 95 Bronx / Queens <
Little Neck Bay, NY 96 Bronx / Queens
Manhassett Bay, NY 97 Long Island
Hempstead Harbor, NY 98 Long Island
Dosoris Pond, NY 99 Long Island

16
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. RI-NY symbols indicate
Site area .
order connections

Frost Creek, NY 100 Long Island

Mill Neck Creek, NY 101 Long Island >-|

Oyster BayNY 102 Long Island < -->|
Cold Spring Harbor, NY 103 Long Island <
Lloyd Harbor, NY 104 Long Island

Huntington Harbor, NY 105 Long Island > -
Centerport Harbor, NY 106 Long Island > |
Northport Harbor, NY 107 Long Island > |
Northport Bay, NY 108 Long Island < -->|
Huntington Bay, NY 109 Long Island <---e- 1
Nissequogue River, NY 110 Long Island

Stony Brook Creek, NY 111 Long Island

Conscience Bay, NY 112 Long Island >

Port Jefferson Harbor, NY 113 Long Island <

Mount Sinai Harbor, NY 114 Long Island

Mattituck Creek, NY 115 Long Island

Goldsmith's Inlet, NY 116 Long Island

~

colored areas = watershed embayments
other areas draining to LIS (not shaded)

Figure3: Map of embayment watersheds included in this study.

The rumbers correspondi 2 (0 KIS, awNR S NE A RS yiditAble A. Biéldiske? iiclugedzy56 S NJ
embayments and some additional sampling conducted in Little Narragansett Bay, on thaRCT

border. Sites are numbered moving from PawcatuRiver inthe east (#1), westward along the CT

02NRSNJ (i2 bS¢ ,2NJ] /AdGe FYyR GKS 91ad wA@SNI ol pp0 =
(#116).The Saugatuck River watershed is divided into a northern sectisB3)which drains to the

freshwater portion of the river and a southern sectio#64)which drains to the estuarine portion of

the embayment.
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Nitrogen load estimates reveal highloadsto many embayments familiar for known issues
with water quality, relative to other Long Island Sound eyiments(Figure4). Restrictions to
tidal flow from bridges and natural barriers can increase the susceptibility of a system to

YVAGNRISY 2R 08 NBAGNAOGAY3I FtdzaKAy3a [ yR RAf

Sound.Thus, an embaymnt shaded yellow ini§ure 4 may express a greater impact from
nitrogen than a welflushed system (shaded blue) with a similar nitrogen Id2uk to

differences in the size of embayments and in the degree of flushing, identifying a talad$oa
high or low is less useful for predicting impact on embayment water quality than looking at the
load normalized to the area of the embayment. However, the total load has implications for
Long Island Sound, with higher total loads likely to deliveremitrogen to the Sound. For
example, focusing efforts on nitrogen reduction in New Haven Harbor will have an impact on
the total load to Long Island Sound (though small comp#&watie four major rivery. In

contrast, reductions to the load to Williams @o(#8) are unlikely to impact Long Island Sound,
but may have a substantial impact on the local embayment water quality.

East River = 14,726,662
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Figure4: Total nitrogen load to the embayments.

Names are provided for sites with a high load or sgsts of interest. The numbers correspond to the
Gwh, 2NRSNE ARSY (A TA errofibarg afe the dehdadNiBviation of thetatefage
estimate from 10,000 runs of the model, allowing all parameters to varighin their defined range.
Colors of the bars indicate the degree of tidal restrictions present in the systdiote that only the
coastal portions of the four major rivers are included in this estimate: Thames River, Connecticut
River, Housatonic Rivegnd East River.
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While examining tidal restrictions can aid with identifying systems with the potential for a large
impact from theirnitrogenload, normalizing to the area of the receiving water seems to predict
best which systems are at greatest riskegpressing symptoms of eutrophication (Figje
Ideally, the hydrodynamic interactions of the embayments with Long Island Sound would be
used to inform predictions of the impact of nitrogen to the system. As a fiegt it this

direction, feshwater flushing times for each embayment were estimated using two rough
approaches. While the flushing times were used in calculating a prediction of effeittazfen
load, the most straightforward approach (i.e. without too nyaassumptions) is to normalize

the load to embayment area. Four sites listed as having a high total load (B)als® have a

high load per embayment area (Figuse These are: Pawcatuck RiyNissequogue River,
Pequonnock River, and Black Rock Harbor. These four sites are likely to be expressing
symptoms of eutrophication.
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4 - Black Rock Harbor
500 5 - Mill River
6 - Sasco Brook
7 - Byram River, CT
0 - 8 - East River
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Figure5Y bAGNR3ISY 2R y2NXIfAT SR (2 G4KS NBOSAGAYy3 SY
Names areprovided for sites with a high load or systems of interest. Nanst®mded blue are also

listed in Fgure4l & Kl @Ay 3 | KAIK G201t 21 RMY KSENE dzyo SNA O
identification number in Bble 1. Error bars are the standard deviation of the average estimate from

10,000 runs of the model, allowing all parameters to vary within their defined range. Colors of the

bars indicate the degree of tidal restrictions present in the syste Note that only the coastal

portions of the four major rivers are included in this estimate: Thames River, Connecticut River,

Housatonic River, and East Riva@ihe twenty highest loads are visually indicated by a line at

500KgN/ haestwary! Y.
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Fourteen embayments are listed in Figusas having a high per embayment area load, but
prioritizing these sites must also take into account other factors. For example, total nitrogen
load (Figured), area of the watershed, watershed population, area of the embayment, and level
of use of the embayment are appropriate as a first pass for setting priorities for developing
nitrogen reduction plans. Availability of data could also be used as aafetrprioritizing sites
designated for action; additional data will likely be required to develop a nitrogen reduction
plan. Other factors to consider are the involvement of the local community and their
willingness to take action to preserve their losgktem. If a group is primed to improve their
SYolevySyiQa ¢l 0SNIFYR KFEOAGEFG ljdz2h fAGes GKIF G
with little community-based support. Given the number of embayments in Long Island Sound, it
is prudent to prioritizebased on the ability to achieve action, as well as using the load to
indicate potential for impairmentin order to assess actual (versus predicted) impairment,
further evaluation of the field conditions in a particular embayment are required.

Eelgrass4pstera marind is a submerged aquatic plant requiring excellent water quality to

thrive (Vaudrey 2008pVaudrey 2008pa Eelgrass has been identified as a desirable end goal for
Long Island Sound, in other words, its presence indicates we have attained the level of water
quality we woudl like to achievéhttp://longislandsoundstudy.net/2010/07/eelgrass

abundancej. Latimer and CharpentigR2010 conducted an assessment of nitrogen loads using
the NLM in 74 embayments throughout Southern New England. This work was used to derive a
relationship between Noad and eelgrass extefitatimer & Rego 20)0Latimer and Rego
concluded that below a N load rate of 8§/ haeswary/ Y, the presence of eelgrass is

determined by other factors (e.g. temperature, water clarity, bathymetegiment quality,

current speed, physical disturbance, etc.). Between 50 andk@0Chaeswary/ Y, €elgrass

presence was impacted by the N load and may be present if other factors were favorable.
Above 10kg/ haestwary/ Y, the nitrogen load result:®iicommunity changes which are

unfavorable to eelgrass (e.g. increasé@nthicmacroalgae and epiphytes on eelgrass, changes
to sedimentbiogeochemistryreduction in water clarity, etc.Pf the 110 embayments, 23 had

N load levels below 5Kg/ haesway/ yand 19 has N loads between 50 and ¥@0 haestary/ Yy
(Table2). Eelgrass has been mapped in three Connecticut embayments of Long Island Sound:
Stonington Harbor, Mumford Cove, and Niantic R{i@ner et al. 2010Tiner et al. 2018

Niantic Bay also has eelgrass and the N load has been calculated for this area; however, Nian
Bay is more influenced by Long Island Sound than a typical embayment. Please note that in the
eelgrass aerial survey reports, some areas with eelgrass have the same names as embayments
but refer to areas outside these embayments, in Long Island Sdmmaiford Cove (35 + Kg/
haestary/ y) and Stonington Harbor (39 g/ haeswary/ Y) are well below the 5@g/

haestuary/ Y limit identified by Latimer and Re@®010. Both of these sites host eelgrass beds
which are stake interannually(Tiner et al. 2003Tiner et al. 200i/Tirer et al. 201QVaudrey et

al. 2010 Tiner et al. 2018 Niantic River, with a N load of 57 X@/ haeswary/ Y, falls in the
rangeidentified by Latimer and Reg@010 as likely to exhibit some loss. The Niamiger bed
shows a high degreef interannual variability, doing well when other conditions are favorable

a


http://longislandsoundstudy.net/2010/07/eelgrass-abundance/
http://longislandsoundstudy.net/2010/07/eelgrass-abundance/
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and disappearing when conditions are bad (e.g. high tawrmpees in 2012 lead to the loss of
the bed, with moderate recovery in subsequent years). The N load rates of the embayments
shown in Tabl® indicate eelgrass could exist in other embayments of Long ISandd.On-

site review ofthese sites might reveal they are suitable candiddite restoration efforts.

Table2: Total N Load normalized to the embayment area for sites with loads supportive of eelgrass.
Left column includes sites with loads less than §MNK haswar/ Y, @ level with the potential to support
eelgrass. At these loading levels, eelgrass presence is controlled by factors other than nutrient loads.
Loads between 50 and 100 kg N than/ y are shown in the right column. These siteva loads

which could potentially support eelgrass if other conditions are favorable. Loads above 100 kg N / ha
eswary/ Y dO not generally support eelgrass. Sites in bold italic currently contain eelgrass within the
embayment. Sites in the left columneagenerally stable beds, interannually. The Niantic River site in

the right column has an eelgrass population which fluctuates interannually, with recent years exhibiting
complete loss followed by moderate recovery in subsequent years.

Total N Load Total N Load
+ Std Dev + Std Dev

Embayment ID#|(kg N / h@swan/ Y)| |Embayment ID#|(kg N / h@styan/ Y)
Stonington Harbor, CT | 5 39+4 Quanaduck Cove, CT 4 54 +7
Wilcox Cove, CT 7 25+ 3 Palmer Cove, CT 12 69 + 10
Bebee Cove, CT 10 28+3 Baker Cove, CT 16 76 £11
West Cove, CT 11 19+2 Niantic River, CT 22 57+8
Venetian Harbor, CT 13 202 Connecticut River, CT 29 52+7
Mumford Cove, CT 14 35+4 Indian Cove, CT 40 57+10
Gardners Pond, CT 21 262 Sachem Head Harbor, CT 41 54+7
Niantic Bay, CT 23 28+3 Pages Cove, CT 46 55+7
South Cove, CT 30 39+6 Cockenoe Harbor, CT 65 71+12
Joshua Cove, CT 42 29+3 Captain Harbor, CT 81 8312
Island Bay, CT 43 35+4 Van Amringe Millpond, NY 86 58+9
Little Harbor, CT 44 374 Hunter Island Bay, NY 91 48 + 8
Lewis Gut, CT 53 35+3 Eastchester Bay, NY 92 577
Sheffield Island Harbor, ¢B7 35+4 Pugsley Creek, NY 94 587
Scotts Cove, CT 69 39+6 Little Neck Bay, NY 96 64 +5
Wescott Cove, CT 74 24+ 3 Oyster Bay, NY 102 69+ 6
Greenwich Cove, CT 76 26+ 3 Northport Bay, NY 108 50+ 4
Smith Cove, CT 79 28+2 Huntington Bay, NY 109 55+5
Playland Lake, NY 84 3514 Stony Brook Harbor, NY |111 70+£5
Echo Bay, NY 90 38+4

Westchester Creek, NY | 93 42+ 4

Cold Spring Harbor, NY |103 33+3

Lloyd Harbor, NY 104 39+4

An estimate of thalissolved inorganic nitrogen in the water column of the embayment was
estimated using the Estuarine Loading Model (ELM), which incorporates an estimate of
freshwater flushing timg€Figure6) and the cycling of nitrogen in the embaymédiMaliela et al.
2004). The ELM has many assumptions and parameters were not adjusted for these
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embayments. Freshwater flushing times were estimated using two crude approaches: tidal
prism method and a statistical relationshifgbdelrhman 200b These are very rough
approximations; application of a weksolved hydrodynamic model is suggested (e.g. ROMS,
FVCOM).

18 - @
g 16 - ba_rs = tidal prism me'thod

% 14 points = Abdelrhman's model
=5 12

-5 10

(8]

cE 8

= 6

2 4 o

= 2 it

L 0 il

O 10 20 30 40 50 60 70 80 90 100 110
site ID, moving E>W to NYC, then W>E

tidal restriction® no inner 25% at mouth. multiple

Figure6: Freshwater fluking time estimates.

The bars indicate the tidal prism method, with error bars representing variability due to estimates of
water depth in the embayment. The points represent the estimate based on a statistical model
(Abdelrhman 200%. Colors of the bars indicate the degree of tidal restrictions present in the system.
Thes tidal restrictions were not factored in when calculating freshwater flushing time. Note that
flushing times of the four major rivers were not estimated: Thames River, Connecticut River,
Housatonic River, and East River.

Estimateddissolved inorganicittogen concentrations in the embayments were compared to
field data collected as part of this project to assess the accuracy of ELM (BRiglihe ELM
over-predicts the nitrogen concentration by a factor of 4.3, thoupthdes capture the relative
trend among sites (R= 0.83). This large overestimation may reflect the extent of macroalgae in
many of these embayments. The ELM does not include the impact macroalgae can have as a
sink for nitrogen in an embayment; the maatgae pul nitrogen from the water column and
storesit as biomassin order to predict the dissolved inorganic nitrogen concentration in the
embayments and to accurately gauge the impact of nitrogen load on the system, application of
an estuary model usg locally relevant data for each embayment is suggested. The
Massachusetts Estuary Project provides an excellent model for this type of assessment
(http://www.oceanscience.net/estuarie3/ The nitrogn loads estimated as part of this project
are only half of the story; an understanding ofastuarine processes is strongly recommended

in order to develop nutrient load reduction plans specific to an embayment.
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Figure7: Modeled dissolved inorganic nitrogen versus field data.

Although ELM does not yield an accurate prediction of nitrogen in the water column, the fact
that it captures the relative trends among sites is promisifige predicted dissolved inorganic
nitrogenfrom ELMwas divided by the slope shown in Figurét.2971) to better approximate

the actual concentration of DIN in the water column. Many of the sites with high nitrogen loads
per embayment area are also predicted to hdorgh DIN in the water column (Figuse Taking

the top twenty sitesmostlikely to beimpacted based on the per embayment area nitrogen

load and the ELM predicted DIN in the water column, we see that 13 of the 20 sites are
identified in both lists (Tabl8). The sites listed in TabBare the sites most likely to be
experiencing the heaviest symptoms of eutrophication.

The N loads to each embayment can be apportioned tinéosource of the nitrogen (Figue.
While figureg shows only five categories (atmospheric deposition to land, atmospheric
deposition to the embayment, fertilizer, septic, se\wahese sources can be further identified
utilizing the portfolio of information provided for each embayment in the technical report.
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Figure8: Predictingpotential symptoms of eutrophication.

The top panel shows the nitrogeload normalized to the embayment area, as shown in Figar&@he
twenty highest loads are visually indicated by a line at 5RQN/ haembayment/ Y. The bottom panel

shows the ELM predicted nitrogen concentration indtwater of the embayments. These ELM
predictions have been divided by the slope shown in Figur@.2971) to better approximate the

actual concentration of DIN in the water column. Note that both panels identify almost tame
embayments with high values, predicting a high impact of nitrogen loads on these systems. Given the
many assumptions involved with the ELM model (bottom panel), the nitrogen loads normalized to the
embayment is considered a better predictor giotential for eutrophication (top panel).
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Table3: Comparison oPriority Embaymentdredicted Using Two Methods
Top 20 sites with the highest nitrogen loads per embayment area versus the top 20 sites with the
highest predicted wateraumn DIN in the embayment. Bold text indicates sites in the top 20 for both

categories.
Site ID

#

1 Pawecatuck River, RI

8 Williams Cove, CT

9

24

25

31

32

33 Hagar Creek, CT

35

37 Toms Creek, CT

38 Fence Creek, CT

39

47 Farm River, CT

49 Oyster River, Milford, CT
50 Calf Pen Meadow Creek, CT
55 Pequonnock River, CT
56 Black Rock Harbor, CT
59 Mill River, CT

60 Sasco Brook, CT

70 Gorham Pond, CT

75 Stamford Harbor, CT
78 Indian Harbor, CT

82 Byram River, CT

87 Mamaroneck River, NY
100 Frost Creek, NY
110 NissequogueRiver, NY

116

High Nitrogen Load Per Area of Embaymer High Predicted DIN in Embayment Water Colun

Goldsmith's Inlet, NY

Pawcatuck River, RI

Williams Cove, CT

Mystic River, CT

Pattagansett River, CT

Bride Brook, CT

Indiantown Harbor, CT

Oyster River, Old Saybrook, CT

Menunkesucket River, CT
Toms Creek, CT

Fence Grek, CT

Guilford Harbor, CT

Farm River, CT

Oyster River, Milford, CT
Calf Pen Meadow Creek, CT

Black Rock Harbor, CT

Mill River, CT
Sasco Brook, CT

Byram River, CT
Mamaroneck River, NY

Nissequogue River, NY
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Figure9: N Load results for each

embayment and the coastal portions
of the four major rivers (Thames,

Connecticut

Housatonic, East).

Load has been apportioned to the
source within the watershedwith
values indicating the amount of N

reachng the embayment.
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Fertilizer contributes more to the embayment loads than has been portrayed in recent
estimates for LIS using this same modisébyd 2014Woods Hole Group 20)4This difference

is attributable to better refining of estimates for fertilizer application to lawns, parks,
recreational fields and golf courses.this application of the NLM modejolf courses were
hand delineated, a&IS layers do not adequatelgature golf course areas for the Long Island
Sound area. In embayment watersheds where almost all of the population is on sewer and the
WWTF outfall is not in the embayment, fertilizer is the maontributor to the nitrogen load
(e.g.GreenwichCovethrough Pugsley Creek, Fig@elt is interesting to note that these highly
populated systems (Greenwich Harbor through Pugsley Creek, Biguithout sewer or septic
contributionsstill have a total nitrogen load greater than many other systelagely

attributed to fertilizer application

G¢CKS [/ 2yySOGAOdzi 5SLI NLYSYGd 2F 9y SNHeEe | yR
New York State Department of Environmental Conservation (NY 8&E®ped a Total
Maximum Daily Load (TMDL) for Dissolved Oxygen. The TMDL, which EPA approved in
2001, outlined nitrogen reductions necessary to meet water quality standards in the

Sound by 2014. These reductions include a 58.5% reduction in nitragerglérom

sources in CT and NY, a 25% reduction from point sources and a 10% reduction in
nonpoint sources in the upper basin states (MA, NH, VT), and an 18% reduction in

nitrogen from atmospheric depositigthrough implementation of the Clean Air A&E
(NEIWPCC 2014

Over he past 15 years, implementation of the Long Island Sound TMDL has resulted in
significant reductions to the nitrogen load to Long Island Sound. The annual discharge of
nitrogen fromwastewatertreatment facilities has been reduced by 40 million pound&iaing
94% of the TMDL reduction requirements, with full attainment of the goal expected by 2017.
Controls on discharge of nitrogen to the atmosphere have reduced nitrogen from atmospheric
deposition by an average of 25% for total nitrogen and 50% foatei{NEIWPCC 20L4Nhile
great strides have been made in nutrient reduction from WW$Egtic and sewer are still
major contributors to the total nitrogen loath embaymentgFigure® and 10). Targetiig these
sources for nutrient reductions is, in many respects, more straight forward than targeting
fertilizer application. The exception is when the fertilizer application loads are due to
applications to golf courses and municipal fields, as is the casadny Western Sound
communities.Educational campaigns targeted at homeowners could be quite effective at
mitigating nitrogen loads from fertilizer application to turf, a large component of many
watershedsAreas on septic are candidates for seweringiolhhas the potential to remove
more nitrogen than a septic system close to the embayment. Upgrades and proper
maintenanceof septic systems are another way of reducing this source. In all cases,
consideration of costs versus benefits are critical. Thefplow developed for each embayment
can assist with making these decisions at a local level.

9y
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FigurelO: Fraction of the total load due to septic and sewer, grouped by basin of Long Island Sound.
Solid line in the bar is the medn, dashedline is the mean. Whiskers represent the 2and 75"
percentiles, points indicate the 5and 93" percentile. The number of embayments included in each
basin is shown above the bartn the W. Narrows, E. Narrows, and Western basin, many wslteds

are fully sewered with the outfall located outside of the embayment. Thus they appear to have a low
contribution from wastewater.
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Eutrophic Status of Embayments

Eutrophication has been defined as an increase in the rate of supply of organia toadte
system(Nixon 1995Nixon 2009. For systems influenced lofensehuman populatioss, this

increase in the rate of supply ofganic matter is often fueled by nutrient inputs. Nutrients
supportthe growth of primary producers, and under increasimgrient loads, the primary
producer community is dominated by nutriefdving nuisance species (harmful algal blooms,
nuisance macrdgae).While these primary producers generate oxygen during the daytime via
photosynthesis, they respire oxygen during the night, resulting in a lowering of water column
dissolved oxygen values. When excess nutrient loads support large amounts of primary
producers, he large biomass of algae capidly cause hypoxic and anoxic conditions at night.
Some draw down of oxygen is expected in shallow systems dominated by benthic processes
(seaweed sitting on the bottom and microalgae on the sediméngwever,arge swings in the
oxygen levels, ranging from anoxia to supersaturation within-a@4r period, indicate a

problem. For shallow embayments, expressions of eutrophication may include large blooms of
macroalgae, high chlorophyll levels, low dissolved orygdues, and large diel swings in
dissolved oxygen (from anoxia to supersaturatidater column nutrient levels are often low

in these systems because the primary producer are effective at stripping the water of nutrients
to fuel their growth.

The fieldwork for this projectbuilt off a 20112012 assessment of eutrophic symptoms
expressed by eight embayments of LdsigndSound(Figurell). A surprising result of this
previous study was the discovery of dawn hypoxith@inner portions of many embayments,
including those in the Eastern Basin of Long Island Sound. A second finding was that systems
which were shallow (Stony Brook Harbor) or with unrestricted fitme to an absence of small
openings under bridgeranfad Harbor, Clinton Harbohad lower expressions of eutrophic
symptoms. Tis led to an investigation in this project of freshwater flushing time and
restrictions to flow and their impact on expressions of eutrophication.
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Figurell: Dawn oxygen records from late summer 2011.

The central figure is the CT DEEP survey of hypoxic conditions inlktamgl Sound, conducted in
August of 2011. Black stars on the CT DEEP map indicate the location of the embayments shown,
sampled in 20112012. Grey stars are embayments sampled as part of this study in Z@131, Niantic
River and Mattituck Creek were sampled during all four yeaiihie CT DEEP map in the center uses
the color scale shownbut the pale blueincludes all oxygen values greatthan 4.8 mg/L. The
embaymensuse an expanded scale to allow for differentiation of oxygen values greater than 4.8
mg/L. All other colors used are on the same scale for all figures shown.

While spatial surveys at dawn can provide an understandingeo&tba of hypoxia in these
embayments and were included in this studigures not shown)temporal resolution of the
timing of hypoxia over longer deployments was considered essential to understanding the
dynamics in these very shallow systems. Oxyges@sfOnsetHOBO U26 Dissolved Oxygen
Data Logges) were deployed in five sites along the north shore of Long Island Sound in 2013
(Connecticut and Westchester County, Nifid in 2014sensors were deployed in those five
sites plus three sites on Long s Due to budgetary limitations, only one sensor was bought
per each of theargetedeight embaymentsSensors were deployed atingle location in each
embaymentin an aregoredicted to experience tpoxia. As shown by the maps iigre 11, not

all areas in an embayment will experience hypoxia. The sensor was dedldyed®0 cm off



















































