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The water body segments impaired and on the Category 5 list
includes Nantucket Harbor and Polpis Harbor.

University of Massachusetts — Dartmouth/School for Marine Science
and Technology; US Geological Survey; Applied Coastal Research
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Massachusetts Surface Water Quality Standards, Ambient Data, and
Linked Watershed Model

Town of Nantucket monitoring program (possible assistance from
SMAST)

Control Measures: Sewering, Storm Water Management, Attenuation by

Impoundments and Wetlands, Fertilizer Use By-laws



EXECUTIVE SUMMARY

Problem Statement

Excessive nitrogen (N) from a variety of sources lled to decreases in the environmental
guality of coastal rivers, ponds, and harbors imyn@ommunities in southeastern Massachusetts.
In the coastal waters of Massachusetts the prohiechsle:
* Loss of eelgrass beds, which are critical habftatsnacroinvertebrates and fish
» Undesirable increases in macro-algae, which aréhrtess beneficial than
eelgrass
» Periodic extreme decreases in dissolved oxygenerdrations that threaten
aquatic life
* Reductions in the diversity of benthic animal p@pigins
* Periodic algae blooms

With proper management of nitrogen inputs, theseds can be reversed. Without proper
management more severe problems might develomdimg:
* Periodic fish kills
* Unpleasant odors and scum
* Benthic communities reduced to the most stressantespecies, or in the worst
cases, near loss of the benthic animal communities

Coastal communities, including Nantucket, rely tan, productive, and aesthetically pleasing
marine and estuarine waters for tourism, recreatiswimming, fishing, and boating, as well as
for commercial fin fishing and shellfishing. Fa#uto reduce and control N loadings may result
in complete replacement of eelgrass by macro-akyaegher frequency of extreme decreases in
dissolved oxygen concentrations and fish kills,egpread occurrence of unpleasant odors and
visible scum, and a loss of benthic macroinvertiglsrthroughout most of the embayments. As a
result of these environmental impacts, commercidlr@creational uses of Nantucket's coastal
waters could be greatly reduced.

Sour ces of Nitrogen

The primary sources of N loads into Nantucket Hadye from the nutrient-rich estuarine
sediments and atmospheric deposition directly dmtcsurface of the estuary.

The sources of N from the watershed include:
= Septic systems
= Runoff

=  Fertilizers
= Natural background

The percent contribution from each source is preskin the following figure:



Nantucket Harbor Embayment Percent Nutrient Loading
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The N loadings (the quantity of nitrogen) to thislEayment system, from all sources, ranges
from 24.09 kg/day at Head of the Harbor, to 66.¢&l&y at Town Basin, with an overall
nitrogen load of 149.51 kg/day to the NantucketidgdaiSystem from all sources. The amount of
nitrogen entering the system from the surroundiatevsheds (runoff, fertilizers, septic systems,
and atmospheric deposition to natural surfaces9ig2 kg/day. The N concentrations in the
harbor system range from 0.30 to 0.41 mgfilligrams per liter of nitrogen).

In order to restore and protect this system, Nilogg] and subsequently the concentrations of N
in the water, must be reduced to levels belowltheshold concentrations that cause the
observed environmental impacts. This concentratiirbe referred to as the target threshold N
concentration. It is the goal of the TMDL to redhls target threshold N concentration, as it has
been determined for each impaired waterbody segniérmg Massachusetts Estuaries Project
(MEP) has determined that, for this embayment syshé concentrations of 0.35 mgt. Head

of the Harbor and a N concentration of 0.36 mg/Paipis Harbor will allow the restoration of
the habitat. The mechanism for achieving theggetdahreshold N concentrations is to reduce
the N loadings to the embayments. The Massaclsussttiaries Project (MEP) has determined
that the Total Maximum Daily Loads (TMDL) of N thaill meet the target thresholds range
from 23 to 64 kg/day. This document presentsTi®Ls for each impaired water body
segment and provides guidance to the town on pess#ys to reduce the nitrogen loadings to
the extent possible.

I mplementation
The primary goal of implementation will be loweritige concentrations of N by reducing the

loadings from on-site subsurface wastewater diggesgtic) systems, runoff, and fertilizers.
Multiple strategies, proposed by Nantucket to redihese N loadings, include sewering, storm



water controls, and increased fertilizer managem&hese and other control methodologies are
outlined in the “MEP Embayment Restoration Guidaimcdmplementation Strategies”, that is
available on the MassDEP website at
http://www.mass.gov/dep/water/resources/coastaittiidance Nantucket is determining the
appropriateness of specific alternatives dependmipcal conditions, on a case-by-case basis,
using an adaptive management approach.

Finally, growth within the community of Nantuckéiat would exacerbate the problems

associated with N loadings should be guided byidenations of water quality-associated
impacts.
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I ntroduction

Section 303(d) of the Federal Clean Water Act nexgueach state (1) to identify waters for
which effluent limitations normally required aretrstringent enough to attain water quality
standards and (2) to establish Total Maximum Diaglgds (TMDLSs) for such waters for the
pollutants of concern. The TMDL allocation estabés the maximum loadings (of pollutants of
concern), from all contributing sources, that aev&iody may receive and still meet and
maintain its water quality standards and designases, including compliance with numeric and
narrative standards. The TMDL development prooesg be described in four steps, as follows:

1. Determination and documentation of whether dranwater body is presently meeting its
water quality standards and designated uses.

2. Assessment of present water quality conditiarthé water body, including estimation of
present loadings of pollutants of concern from hmmint sources (discernable, confined, and
concrete sources such as pipes) and non-pointe(aiffuse sources that carry pollutants to
surface waters through runoff or groundwater).

3. Determination of the loading capacity of theavdiody. EPA regulations define the
loading capacity as the greatest amount of loatliaga water body can receive without
violating water quality standards. If the watedpas not presently meeting its designated
uses, then the loading capacity will representdacton relative to present loadings.

4. Specification of load allocations, based onltiaeling capacity determination, for non-
point sources and point sources, which will ensiiae the water body will not violate water
guality standards.

After public comment and final approval by the ERt#e TMDL will serve as a guide for future
implementation activities. The MassDEP will workiwthe Town to develop specific
implementation strategies to reduce N loadings,vaitichssist in developing a monitoring plan
for assessing the success of the nutrient redustrategies.

In the Nantucket Harbor Embayment System, the taoitluof concern for these TMDLs (based
on observations of eutrophication) is the nutrigntNitrogen is the limiting nutrient in coastal
and marine waters, which means that as its coratéoriris increased, so is the amount of plant
matter. This leads to nuisance populations of matgae and increased concentrations of
phytoplankton and epiphyton that impair eelgrasistand imperil the healthy ecology of the
affected water bodies.

The TMDLs for N in the Nantucket Harbor Embaymep$t®m are based primarily on data
collected, compiled, and analyzed by Universitaissachusetts Dartmouth’s School for
Marine Science and Technology (SMAST), Town of Niaket (Marine Department), and
others, as part of the Massachusetts Estuariesd®(MEP). The data were collected over a
study period from1988 through 1990 and from 199@ugh 2005. This study period will be
referred to as the “Present Conditions” in the TMé&dhce it is the most recent data available.
The accompanying MEP Technical Report can be faind
http://www.oceanscience.net/estuaries/reports.ftms report presents the results of the
analyses of this coastal embayment system usiniglEfe Linked Watershed-Embayment
Nitrogen Management Model (Linked Model). The gsak were performed to assist the Town
with decisions on current and future wastewatenmileg, wetland restoration, anadromous fish
runs, shellfisheries, open-space, and harbor nrante programs. A critical element of this
approach is the assessments of water quality nrorgtdata, historical changes in eelgrass
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distribution, time-series water column oxygen measients, and benthic community structure
that were conducted on each embayment. Thesesas=gs served as the basis for generating
N loading thresholds for use as goals for water$heshnagement. The TMDLs are based on
the site specific thresholds generated for eachagmbnt. Thus, the MEP offers a science-based
management approach to support the wastewater miaesg planning and decision-making
process in the Town of Nantucket.

Description of Water Bodies and Priority Ranking

The Nantucket Harbor Embayment System in Nantugletsachusetts, connects to Nantucket
Sound, and consists of several sub-embaymentsyhgasize and hydraulic complexity, some
of which are characterized by limited rates oflfing, shallow depths and heavily developed
watersheds (see Figure 1 below). This system itotest an important component of the Town’s
natural and cultural resources. The nature of eed@mbayments in populous regions brings
two opposing elements to bear: 1) as protectedn@athioreline they are popular regions for
boating, recreation, and land development and 2haksed bodies of water, they may not be
readily flushed of the pollutants that they recaiue to the proximity and density of
development near and along their shores. In péaticthe subembayments within the Nantucket
Harbor Embayment System could be at risk of furthérophication if nutrient loads are
allowed to increase. Waterbody segments withis $lgstem are listed as waters requiring
TMDLs (Category 5) in the MA 2008 Integrated ListWaters, as summarized in Table 1A.

A complete description of this embayment systeprésented in Chapters | and IV of the MEP

TABLE 1A: The Nantucket Harbor Embayment System Water Body Segments in
Category 5 of the Proposed Massachusetts 2008 Integrated List

Name V\/Sater body Description Size Pollutant Listed
egment
Waters south and east of an imaginary line -Nutrients
drawn from Jetties Beach to Coatue Point . -Path_ogens .
Nantucket Harbor  MA97-01_2008 . . 7.2 sg mi | -Noxious aquatic
(excluding Polpis Harbor and Coskata lants
Pond), Nantucket. P
Polpis Harbor and all adjacent coves, tojan :g?rtlrelf?wt:bitat
Polpis Harbor MA97-26_2008 imaginary line drawn from Quaise Point }00.30 sq mi alterations
the opposite shore, Nantucket.
-Pathogens

Technical Report. A majority of the information tins embayment system is drawn from this
report. Chapter VI and VIl of the MEP Technical Repprovide assessment data which show
that the Nantucket Harbor Embayment System is iregdor excess nutrients, loss of eelgrass,
low dissolved oxygen levels, elevated chlorophyivels, and benthic fauna habitat
degradation.



FIGURE 1: Overview of the Nantucket Harbor Embayment System
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The embayment system addressed by this documédetdemined to be a high priority based on
3 significant factors: (1) the initiative that thewn has taken to assess the conditions of the
entire embayment system, (2) the commitment madadyown to restore, where possible, and
preserve the embayment, and (3) the extent of mmgait in parts of the embaymeint.

particular, this embayment is at risk of degradatfd\ loads entering through groundwater and
surface water, from any increased developmentatreontrolled. The major indicators of
nutrient-related habitat conditions are summareed tabulated in Table 1B.



TABLE 1B: General Summary of Conditions Related to the Major Indicators of Habitat
Impairment Observed in the Nantucket Harbor Embayment System

=

=

Nantucket
Harbor Eelgrass Dissolved Oxygen > | Macro- .
Embayment Loss Depletion Chlorophylia algae Benthic Fauna
System
Gradual decline Deep basins = Based on Shallow areas = moderate-hig
in the distribution| generally >5 mg/L limited grab numbers of individuals and
H of historical Shallow areas = sample data species
ead of 2 . .
Harbor eelgrass beds | generally >6 mg/L -- D_eep_regmn of basin =
diminished numbers of
individuals and species
Ml H-MI H H-MI
Deep basins = Based on Shallow areas = moderate-hig
generally >5 mg/L limited grab numbers of individuals and
Shallow areas = sample data species
Quaise H generally >6 mg/L -4 Deep region of basin =
diminished numbers of
individuals and species
H-MI H H-MI
Shallow areas = Based on Generally high diversity and
Town Basin H generally >6 mg/L limited grab 4 high numbers of_individuals an
sample data species
H H H
Historical Periodic decreases fo  Based on Moderate numbers of species
Polpis Harbor eelgrass beds logt 4.5-6 mg/L, limited grab 4 and individuals, but high
in the East Basin| generally >6 mg/L sample data diversity and evenness
Si H-MI H H-MI

!Based on comparison of present conditions to 196%€% data.

2 Algal blooms are consistent with chlorophgllevels above 20ug/L

% Based on observations of the types of speciesbaunf species, and number of individuals

*Very sparse or absence of drift algae

H — Healthy habitat conditions *

MI — Moderately Impaired — slight to reasonablamfe from normal conditions*

S| — Significantly Impaired- considerably and agpably changed from normal conditions*

* - These terms are more fully described in MEP ref&ite-Specific Nitrogen Thresholds for
Southeastern Massachusetts Embayments: Ciitidizlators”

December 22, 200&tp://www.mass.gov/dep/water/resources/coastaiéthtports

Observations are summarized in the Problem Assegseaetion below, and detailed in Chapter
VII, Assessment of Embayment Nutrient Related Egiclal Health, of the MEP Technical

Report.



Problem Assessment

The watershed of Nantucket Harbor Embayment hasdmd and extensive development of
single-family homes and the conversion of seasboates into full time residences. This is
reflected in a substantial transformation of larahf forest to suburban use between the years
1950 to 2000. Water quality problems associatet this development result primarily from
runoff and fertilizers, and to a lesser extentirfron-site wastewater treatment systems from
these developed areas.

The population of Nantucket has increased marksidige 1950. In the period from 1950 to
2000 the number of year round residents has alquastrupled. In addition, summertime
residents and visitors swell the population of b Cape and the Islands by about 300%
according to the Cape Cod Commission
http://www.capecodcommission.org/data/trends98. pwptilation.

Prior to the 1950’s there were few homes in Nargtielkd most were seasonal. During these
times there were no problems with water quality eelgrass beds were plentiful. Various levels
of decline in water and habitat quality in partd\@intucket correlate with its growth in
population during these times. Habitat and watalityjuassessments of this embayment system
are based upon seven years of water quality mamgtalata, historical changes in eelgrass
distribution, time-series water column oxygen measients, and benthic community structure.
Observations indicate healthy or only slightly inmpd conditions relative to eelgrass, dissolved
oxygen, macro-algae, and benthic fauna. The ondgbion to this is the significant loss of
eelgrass in Polpis Harbor. Increases in N loadirtye future could lead to the loss of
remaining eelgrass beds, periodic fish kills, uapét odors and scums, and near loss of the
benthic community and/or presence of only the rstrsss-tolerant species of benthic animals.

Coastal communities, including Nantucket, rely tgan, productive, and aesthetically pleasing
marine and estuarine waters for tourism, recreatiswimming, fishing, and boating, as well as
commercial fin fishing and shellfishing. The doned degradation of these coastal sub-
embayments, as described above, will significargtiuce the recreational and commercial value
and use of these important environmental resources.

The increase in year round residents is illustratdeigure 2.

FIGURE 2: Nantucket Resident Population
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Habitat and water quality assessments were condloctéhis embayment system based upon
approximately seven years of water quality moni@iata, historical changes in eelgrass
distribution, time-series water column oxygen measients, and benthic community structure.
The embayment system in this study displays a rahgabitat quality. In general, the habitat
guality is highest near the tidal inlet on NantucBeund and poorest in the inland-most tidal
reaches. This is indicated by gradients of thewarindicators. Nitrogen concentrations are
highest at the more upstream sections (Head ofddand Polpis Harbor) and lowest near the
tidal inlet to Nantucket Sound. Approximately 3&¥the eelgrass beds have been lost since the
original 1951 survey. The dissolved oxygen recstusved mostly slight to moderate decreases
with the lowest occurring in the inland-most tidedches. Overall the levels of chlorophyll
indicated a healthy aquatic system however sligtityated levels of chlorophyll were
periodically observed and generally followed thégra of the oxygen depletion. The benthic
infauna study showed that most of the NantuckebblaEmbayment basins are healthy to
moderately impaired.

Pollutant of Concern, Sour ces, and Controllability

In the coastal embayments of the Town of Nantuasetn most marine and coastal waters, the
limiting nutrient is nitrogen. Nitrogen concent@ts that are higher than those occurring
naturally contribute to undesirable conditions}uing the impacts described above, through
the promotion of excessive growth of plants an@e)gncluding nuisance vegetation.

The embayments covered in this TMDL have had extergata collected and analyzed through
the Massachusetts Estuaries Program (MEP) andtmgthooperation and assistance from the
Town of Nantucket (Marine Department), the USGS] Woods Hole Oceanographic Institute.
Data collection included both water quality and toglynamics as described in Chapters I, IV,
V, and VIl of the MEP Technical Report.

As is illustrated by Figure 3, most of the N affegtthis embayment system originates from the
sediments and atmospheric deposition with a smaitfeyunt coming from runoff, fertilizer, and
on-site wastewater disposal systems (septic systems



FIGURE 3: Nantucket Harbor Embayment Percent Nutrient
Loading
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The level of “controllability” of each source, hover, varies widely:

Atmospheric nitrogen cannot be adequately controlled locally — bty through region and
nation-wide air pollution control initiatives thegductions are feasible;

Sediment nitrogen control by such measures as dredging is notlfieagn a large scale.
However, the concentrations of N in sediments, thnod the loadings from the sediments, will
decline over time if sources in the watershed engoved, or reduced to the target levels
discussed later in this document. Increased diegdabxygen will help keep nitrogen from
fluxing;

Fertilizer related nitrogenloadings can be reduced through bylaws and pelliication;

Storm Water/Runoff sources of N can be controlled by best manageprantices (BMPs),
bylaws and stormwater infrastructure improvements;

Septic system sources of nitrogeifhese can be controlled by a variety of caseipe

methods including: sewering and treatment at ckréhor decentralized locations, transporting
and treating septage at treatment facilities witteMoval technology either in or out of the
watershed, or installing nitrogen-reducing on-sitesstewater treatment systems.

Atmospheric deposition to natural surfaces (farestlds, etc.) and lakes in the watershed
atmospheric deposition (loadings) to these areasataadequately be controlled locally,
however the nitrogen from these sources might bgested to enhanced natural attenuation as it
moves towards the estuary.

Natural Background the background load that contains no anthropogaaurces. It is
accounted for in this study but is not quantifiegpresented as a separate component.




Cost/benefit analyses will have to be conductedlbaf the possible N loading reduction
methodologies in order to select the optimal cdrati@tegies, priorities, and schedules.

Description of the Applicable Water Quality Standards

The waters of the Nantucket Harbor system areiitabas SA. Water quality standards of
particular interest to the issues of cultural ephtircation are dissolved oxygen, nutrients, aesthieti
excess plant biomass, and nuisance vegetationMaksachusetts water quality standards (314
CMR 4.0) contain numeric criteria for dissolved gew, but have only narrative standards that
relate to the other variables, as described below:

314 CMR 4.05(5)(a) states "Aesthetied\ll surface waters shall be free from pollutaints
concentrations or combinations that settle to fohjectionable deposits; float as debris, scum,
or other matter to form nuisances; produce objeatate odor, color, taste, or turbidity; or
produce undesirable or nuisance species of adifatic

314 CMR 4.05(5)(c) states, “Nutrientklnless naturally occurring, all surface wateralldbe
free from nutrients in concentrations that wouldsmor contribute to impairment of existing or
designated uses and shall not exceed the sitdispatieria developed in a TMDL or as
otherwise established...”

314 CMR 4.05(b) 1:
(a) Class SA

1. Dissolved Oxygen -
a. Shall not be less than 6.0 mg/L unless backgreonditions are lower;
b. Natural seasonal and daily variations abovel#vsl shall be maintained.

Thus, the assessment of eutrophication is basaedespecific information within a general
framework that emphasizes impairment of uses aesipvation of a balanced indigenous flora
and fauna. This approach is recommended by therw#damental Protection Agency in their
draft Nutrient Criteria Technical Guidance Manual Estuarine and Coastal Marine Waters
(EPA-822-B-01-003, Oct 2001). The guidance Mamo#dsthat lakes, reservoirs, streams, and
rivers may be subdivided by classes, allowing egfee conditions for each class and facilitating
cost-effective criteria development for nutrientragement. However, individual estuarine and
coastal marine waters tend to have unique chaistitsy and development of individual water
body criteria is typically required.

It is this framework, coupled with an extensivereath effort that the Department, with the
technical support of SMAST, is employing to devehuytrient TMDLs for coastal waters.

Methodology - Linking Water Quality and Pollutant Sour ces

Extensive data collection and analyses have bessrided in detail in the MEP Technical
Report. Those data were used by SMAST to assededting capacity of each sub-
embayment. Physical (Chapter V), chemical and biok (Chapters IV, VII, and Vi)Idata

were collected and evaluated. The primary watelitguzbjective was represented by conditions
that:



1) Restore the natural distribution of eelgrass bez#ysrovides valuable habitat for shellfish
and finfish

2) Prevent algal blooms

3) Protect benthic communities from impairment or loss

4) Maintain dissolved oxygen concentrations that aoctggtive of the estuarine communities.

The details of the data collection, modeling anal@ation are presented and discussed in
Chapters 1V, V, VI, VII and VIII of the MEP Techrat Report. The main aspects of the data
evaluation and modeling approach are summarizeshhéhken from pages 3 through 7 of that
report.

The core of the Massachusetts Estuaries Projebttemaamethod is the Linked Watershed-
Embayment Management Modeling Approach. It fulhkg watershed inputs with embayment
circulation and N characteristics, and is charaoteras follows:

* Requires site specific measurements within themhed and each sub-embayment;

* Uses realistic “best-estimates” of N loads froraheland-use (as opposed to
loads with built-in “safety factors” like Title Segign loads);

¢ Spatially distributes the watershed N loadingi® ¢mbayment;
* Accounts for N attenuation during transport to éngbayment;

¢ Includes a 2-dimensional or 3-dimensional embayroeatlation model depending on
embayment structure;

* Accounts for basin structure, tidal variationsg @mspersion within the embayment;
¢ Includes N regenerated within the embayment;
¢ |s validated by both independent hydrodynamic, Ncemtration, and ecological data,

¢ |s calibrated and validated with field data ptiogeneration of “what if” scenarios.

The Linked Model has been applied previously toensited N management in over 15
embayments throughout Southeastern Massachusetteede applications it became clear that
the model can be calibrated and validated, andibass a management tool for evaluating
watershed N management options.

The Linked Model, when properly calibrated and daied for a given embayment, becomes a N
management planning tool as described in the nmaaliew below. The model can assess
solutions for the protection or restoration of rerit-related water quality and allows testing of
management scenarios to support cost/benefit ei@hga In addition, once a model is fully
functional it can be refined for changes in land-as embayment characteristics at minimal cost.
In addition, since the Linked Model uses a holiafproach that incorporates the entire
watershed, embayment and tidal source watersnibeaised to evaluate all projects as they
relate directly or indirectly to water quality candns within its geographic boundaries.



The Linked Model provides a quantitative approamtdetermining an embayment's: (1) N
sensitivity, (2) N threshold loading levels (TMD&ahd (3) response to changes in loading rate.
The approach is fully field validated and unlikerpapproaches, accounts for nutrient sources,
attenuation, and recycling and variations in tidgdrodynamics (Figure I-10 of the MEP
Technical Report). This methodology integratesréewaof field data and models, specifically:

* Monitoring - multi-year embayment nutrient samgli
» Hydrodynamics -

- Embayment bathymetry (depth contours throughoeieimbayment)
- Site-specific tidal record (timing and heighttiafes)

- Water velocity records (in complex systems only)

- Hydrodynamic model

» Watershed Nitrogen Loading

- Watershed delineation

- Stream flow (Q) and N load
- Land-use analysis (GIS)

- Watershed N model

* Embayment TMDL - Synthesis

- Linked Watershed-Embayment Nitrogen Model
- Salinity surveys (for linked model validation)

- Rate of N recycling within embayment

- Dissolved oxygen record

- Macrophyte survey

- Infaunal survey (in complex systems)

Application of the Linked Water shed-Embayment Model

The approach developed by the MEP for applyindittied model to specific sub-embayments,
for the purpose of developing target N loadingsatecludes:

1) Selecting one or two sub-embayments within the ¢mmieat system, located close to the
inland-most reach or reaches, which typically tesgoorest water quality within the
system. These are called “sentinel” stations;

2) Using site-specific information and a minimum of&ars of sub-embayment-specific
data to select target threshold N concentrationedoh sub-embayment. This is done by
refining the draft target threshold N concentragitimat were developed as the initial step
of the MEP process. The target threshold N camagons that were selected generally
occur in higher quality waters near the mouth efémbayment system,;

3) Running the calibrated water quality model usirftedent watershed N loading rates, to
determine the loading rate, which will achieve téwget threshold N concentration at the
sentinel station. Differences between the modBléohad required to achieve the target
threshold N concentration, and the present watdrshiead, represent N management
goals for restoration and protection of the embaymsgstem as a whole.
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Previous sampling and data analyses, and the nmgdetitivities described above, resulted in
four major outputs that were critical to the deyeient of the TMDL. Two outputs are related
to N concentration:

* The present N concentrations in the sub-embayments
» Site-specific target threshold N concentrations

And, two outputs are related tolbadings:

* The present N loads to the sub-embayments
» Load reductions necessary to meet the site spearfjet threshold N concentrations

In summary: meeting the water quality standardselycing the nitrogen concentration (and
thus the nitrogen load) at the sentinel stationl® water quality goals will be met throughout
the entire system.

A brief overview of each of the outputs follows:

Nitrogen concentrations in the sub-embayments

a) Observed “present” conditions:

Table 2 presents the average concentration of Nuned in this embayment from seven years
of data collection (during the period 1988 throd@®0 and from 1992 through 2005).
Concentrations of N are the highest (0.41 mg/lthatmost upstream end of Nantucket Harbor
Embayment (which appears to be transitioning tcoeendegraded state), and in Polpis Harbor
(0.36 to 0.39 mg/L) which is significantly impairelde to the loss of eelgrass. Nitrogen at the
other stations in the embayment ranges in condéeririiom 0.30 to 0.34 mg/L, resulting in
overall ecological habitat quality that is gengrdléalthy to moderately impaired. The overall
means and standard deviations of the averagesesented in Appendix A (reprinted from
Table VI-1 of the accompanying Tech Report).

b) Modeled site-specific target threshold nitrogencentrations:

A major component of TMDL development is the detieation of the maximum concentrations
of N (based on field data) that can occur with@using unacceptable impacts to the aquatic
environment. Prior to conducting the analyticad amodeling activities described above,
SMAST selected appropriate nutrient-related envirental indicators and tested the qualitative
and quantitative relationship between those indisaand N concentrations. The Linked Model
was then used to determine site-specific thresNatdncentrations by using the specific
physical, chemical and biological characteristiteach sub-embayment. As listed in Table 2,
the site-specific target threshold N concentraiso®.35 mg/L in the Head of Harbor basin and
0.36 mg/L in Polpis Harbor (to be assessed ate¢harsel stations at 41°19'27"N, 70° 1'28"W
and 41°18'15"N, 70° 0'52"W, respectively, and shanrthe map in Appendix A) . The findings
of the analytical and modeling investigations fustembayment system are discussed and
explained below.
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The target threshold N level for an embayment sgrts the average water column
concentration of N that will support the habitaalijty being sought. The water column N level
is ultimately controlled by the integration of tvatershed N load, the N concentration in the
inflowing tidal waters (boundary condition) andudibn and flushing via tidal flows. The water
column N concentration is modified by the extensefiment uptake and/or regeneration and by
direct atmospheric deposition.

TABLE 2: Observed Present Nitrogen Concentrations and Sentinel
Station Target Threshold Nitrogen Concentrations Derived for the
Nantucket Harbor Embayment System

Nantucket Harbor Embaym_ent Sentinel Station
Observed Nitrogen |  Target Threshold Nitrogen
Embayment . ;
Concentratiort Concentrations
(mg/L) (mg/L)
Head of Harbor 0.34-0.4% 0.35
Quaise Basin 0.34
Town Basin 0.30-0.34
Polpis Harbor 0.36-0.39 0.36
Nantucket Sound 0.24
(Boundary Condition) '

'calculated as the average of the separate yeadpsne 1988-1999 & 1992-
2005 data. Overall means and standard deviatibtie average are presented
in Appendix A

%listed as a range since it was sampled as se\aralents (see Appendix A)

Threshold N levels for were developed to restorgiBdiarbor, and to some extent Head of
Harbor, and to protect (prevent future degradatiba)remainder of the harbor by maintaining
SA waters or high habitat quality. In these systenigh habitat quality was defined as
supportive of eelgrass, diverse benthic animal camties, and dissolved oxygen levels that
would support Class SA waters. Chloropta/llvas also considered in the assessment.

A major finding of the MEP clearly indicates thasiagle total nitrogen threshold can not be
applied to Massachusetts’ estuaries, based upaeshds of the Great, Green and Bournes Pond
Systems, Popponesset Bay System, the Hamblin /Bedmadi/ Quashnet River analysis in eastern
Wagquoit Bay and the Pleasant Bay and Nantucket @embayments associated with the Town
of Chatham. This is almost certainly going to e tfor the other embayments within the MEP
area, as well.

The threshold nitrogen concentrations for the NekegtiHarbor embayment system in Nantucket
were determined as follows:

The restoration target for the Nantucket Harbor &mnient system should reflect both recent
pre-degradation habitat quality and be reasonatilieaable. Determination of the critical
nitrogen threshold for maintaining high quality habwithin the Nantucket Harbor embayment
system is based primarily upon the nutrient andyerylevels, temporal trends in eelgrass
distribution and current benthic community indigatorhis system is presently supportive of
infaunal habitat throughout its main basins, bulésrly impaired by nitrogen enrichment within
the Head of the Harbor basin and in the easterin lbd®olpis Harbor, based upon eelgrass
losses. Given the documented importance of eelfpasisat to these basins and the
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demonstrable loss of eelgrass that were suppaédgrass restoration in these basins was set as
the primary nitrogen management goal for the oVsegaitem. Due to the semi-isolated nature of
Polpis Harbor from Nantucket Harbor, it is necegs$arestablish 2 sentinel stations for eelgrass,
one in the Head of the Harbor and one in the eeshlof Polpis Harbor (e.g. where eelgrass had
been observed in 1951-1989).

It is important to note that the nitrogen levelstighout the Nantucket Harbor embayment
system remain relatively low, consistent with tixggen conditions, lack of macro-algae and
chlorophyll a levels. However, the water depthhef Harbor and possibly vertical and horizontal
mixing rates, appear to have resulted in a dedtirelgrass bed coverage from the deeper areas
and more enclosed basin areas. Eelgrass was aelythglost from the east basin of Polpis
Harbor - it is presently absent at a tidally avexhtptal nitrogen concentration of 0.36 mg/L.
Loss at this nitrogen level is consistent with oted losses in West Falmouth Harbor above
0.35 mg/L N, however, given the shallower deptiPolpis Harbor, it is likely that it is just
slightly above its target threshold N concentratdipresent. Similarly, tidally averaged levels
in the lower reach of Head of the Harbor (0.34-D&%d mid and upper reach (0.39 mg/L N)
Also suggest that the recent bed losses are friigoemt exceedance of the supportive target
threshold N concentration. Given all of the factbiscussed above and the similarity of Head of
the Harbor to conditions in West Falmouth and PéysrHarbors and its present nitrogen levels,
a nitrogen threshold of 0.35 mg/L N was determittebe supportive of eelgrass habitat in this
system. This threshold should also support eelgnaie shallower regions as well. As the east
basin of Polpis Harbor has only recently lost égeass and is presently 0.36 mg/L N, but has
shallower waters than Head of the Harbor, onlyghskeduction over present levels appears to
be needed to support eelgrass habitat. Clearlghteshold must be lower than the present 0.36
mg/L N and higher than that for Head of the Harf®85 mg/L N). Therefore, a threshold of
0.36 mg/L N was set for the sentinel station inpiBoHarbor. It should be noted that the Polpis
Harbor threshold is well constrained by the avadalata, but is at the limits of the sensitivity of
the MEP approach.

It is important to note that the analysis of futargogen loading to the Nantucket Harbor
estuarine system focuses upon additional shiftand-use from forest/grasslands to residential
and commercial development. However, the MEP amalpdicates that increases in nitrogen
loading can occur under present land-uses, dueifts 81 occupancy, shifts from seasonal to
year-round usage and increasing use of fertiliz&rserefore, watershed-estuarine nitrogen
management must include management approachesvienpincreased nitrogen loading from
both shifts in land-uses (new sources) and frordifapincreases of current land-uses. The
conclusion of the MEP analysis of the Nantucketiidaestuarine system is that
protection/restoration will necessitate a verytdligeduction in the present (2005) nitrogen when
and where possible, and management options toeagddttional nitrogen inputs in the future.

Nitrogen loadings to the embayment

a) Present loading rates:
In the Nantucket Harbor Embayment system oveltal highest N loadings come from benthic
sediment input and atmospheric deposition withdeasmounts coming from land use and septic
systems.

The total N loading from all sources was 149.5 kg/dcross Nantucket Harbor Embayment. A
breakdown of N loading, by source, is presentetaible 3.
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TABLE 3: Nitrogen Loading to Nantucket Harbor Embayment from within the
Watershed (Land Use-Related Runoff, and Septic Systems), Sediments, and from the

Atmosphere

Present Non-

Present Septig

Present Atmospherig

Total Nitrogen

Nantucket Harbor Wastewater System Benthic Input - Load from All
Embayment Deposition
Watershed Load Load (kg/day) (kg/day) Sources
(kg/day) (kg/day) graay (kg/day)
Head of Harbor 1.15 0.70 0 22.24 24.09
Quaise Basin 1.73 0.39 43.90 20.13 66.15
Town Basin 10.71 151 0 13.89 26.11
Polpis Harbor 3.10 0.43 27.44 2.19 33.16
TOTAL 16.69 3.03 71.34 58.45 149.51

! Composed of fertilizer, runoff, and atmospheripakition to freshwater lakes and natural surfaces

2 Negative benthic flux has been set to zero, issniot a load

Controllable loadings must be reduced in ordeegtare conditions and to avoid further
nutrient-related adverse environmental impactse dtical final step in the development of the
TMDL is modeling and analysis to determine the Ingd required to achieve the target N

concentrations.

b) Nitrogen loads necessary for meeting the siezifip target nitrogen concentrations.

Table 4 lists the present watershed N loadingk@éd\lantucket Harbor Embayment system, the
target watershed load, and the percent reductioNsloads needed to achieve the target loads.

Total Maximum Daily L oads

As described in EPA guidance, a total maximum daidyl (TMDL) identifies the loading
capacity of a water body for a particular polluta&PA regulations define loading capacity as
the greatest amount of loading that a water bodyreeeive without violating water quality
standards. The TMDLs are established to protedioamestore the estuarine ecosystem,
including eelgrass, the leading indicator of ec@alhealth, thus meeting water quality goals
for aquatic life support. Because there are no ‘&weal” water quality standards for N, the
TMDLs for the Nantucket Harbor Embayment systemimsed at determining the loads that
would correspond to specific N concentrations deileed to be protective of the water quality

and ecosystems.
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TABLE 4: Present Watershed Nitrogen Loading Rate, Target Threshold Nitrogen
Loading Rate, and the Percent Reduction of the Existing Load Necessary to Achieve
the Target Threshold Load

Target
Present Watershed Threshold Percent Watershed Load
1 Reductions Needed to
Embayments Load Watershed Achieve Threshold Loads
(kg/day) Load (kg/day)

Head of Harbor 1.86 0.79 58 %
Quaise Basin 2.12 1.14 46 %
Town Basin 12.22 10.71 12 %
Polpis Harbor 3.52 2.18 38 %

! Composed of combined fertilizer, runoff, septisteyn loadings, and atmospheric deposition to frastmw
lakes and natural surfaces

“Target threshold watershed load is the load fraenviatershed needed to meet the target threshold N
concentrations identified in Table 2 above

The effort includes detailed analyses and matheadatiodeling of land use, nutrient loads,
water quality indicators, and hydrodynamic variahi@cluding residence time), for each sub-
embayment. The results of the mathematical magetarrelated with estimates of impacts on
water quality, including negative impacts on eedgréhe primary indicator), as well as
dissolved oxygen, chlorophyll, and benthic infauna.

The TMDL can be defined by the equation:

TMDL = BG + WLAs + LAs+ MOS

Where
TMDL = loading capacity of receiving water
BG = natural background
WLAs = portion allotted to point sources
LAs = portion allotted to (cultural) non-poisburces

MOS = margin of safety
Background L oading

Natural background N loading is included in watedstoads, but is not quantified or presented
separately.

Waste Load Allocations

Waste load allocations identify the portion of thading capacity allocated to existing and
future point sources of wastewater, including sterater. There are no direct point source
discharges to Nantucket harbor with the excepticsome storm water discharges.
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In the sandy soils of southeastern Massachusettgatst majority of storm water percolates into
the ground water aquifer and proceeds into the gmbat systems through groundwater
migration. The Linked Model accounts for storm evdbadings and groundwater loading in one
aggregate allocation as a non-point source in pasvareas.

Typically, impervious areas adjacent to each emlaaygroontribute stormwater contributions
directly to the system and as such must be includéte wasteload allocation as a point source
discharge. MassDEP has recognized the Town of Ndketis storm water conveyance systems
also drain extensive impervious surfaces exteniitagnd from the shore and are also significant
pollutant sources. This is especially true in thsecof the Town Basin portion of the Harbor
system. As a result the N load from the entire imipeis surface within the watershed was used
to estimate the wasteload. Using the entire impeisyarea from each subwatershed is
considered conservative because it assumes alhwinpe surfaces are connected which is likely
not the case thus adding to the margin of safety.

Appendix C provides the nitrogen loads from impewnd surfaces (serving as an estimate of the
maximum waste load) in each of the four subwatelsitevered in this report. Loadings range
from 0.5 kg/day in Head of Harbor to 5.3 kg/dayrmwn Basin.

Load Allocations

Load allocations identify the portion of loadingpeaity allocated to existing and future
nonpoint sources. In the case of the NantuckebétdEmbayment system, the nonpoint source
loadings from the watershed are from septic systeun®ff (stormwater), and fertilizers.

Generally, stormwater that discharges directhhharbor would be considered a part of the
wasteload allocation, rather than the non-poind ladocation. As presented in Chapter IV, V,
and VI, of the MEP Technical Report, and discusssal/e since the vast majority of stormwater
percolates into the aquifer and enters the embatysystem through groundwater the TMDL
accounts for stormwater loadings and groundwagsatifgys in one aggregate allocation as a non-
point source with the exception of stormwater aboted by impervious areas within the
stormwater conveyance system.

The loadings from atmospheric sources incorporettedthe TMDL are the same rates
presently occurring, because, as discussed almad,dontrol of atmospheric loadings, though
helpful, is not adequate to improve N-impacted &sds.

Figure 4emphasizes the fact that although a slight mgjofitocally controllable N comes
from runoff from impervious surfaces, loads frorhthaé “controllable” sources are similar.
Therefore that the Town may want to set prioriteeseduce N loading based on “local
knowledge”, existing programs, and ongoing worlated to their CWMP.
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FIGURE 4: Controllable Nitrogen Load (kg/day) to the
Nantucket Harbor Embayment System
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Margin of Safety

Statutes and regulations require that a TMDL ineladnargin of safety (MOS) to account for
any lack of knowledge concerning the relationsl@pueen load and wasteload allocations and
water quality [CWA para 303 (d)(20©, 40C.G.R. pag&®.7©(1)]. The EPA’s 1991 TMDL
Guidance explains that the MOS may be implicit, ircorporated into the TMDL through
conservative assumptions in the analysis, or explie., expressed in the TMDL as loadings set
aside for the MOS. The MOS for the Nantucket Halmbayment System TMDL is implicit,
and the conservative assumptions in the analys¢stcount for the MOS are described below.

1. Use of conservative data in the linked model

The watershed N model provides conservative estsnait N loads to the embayments.

Nitrogen transfer through direct groundwater disghdo estuarine waters is based upon studies
indicating negligible aquifer attenuation and dout i.e. 100% of load enters embayment. This
is a conservative estimate of loading becauseesuthve also shown that in some areas less
than 100% of the load enters the estuary. Nitrdgan the upper watershed regions, which
travel through ponds or wetlands, almost alwaysrethie embayment via stream flow, are
directly measured (over 12-16 months) to deterrattenuation. In these cases the land-use
model has shown a slightly higher predicted N Itieth the measured discharges in the
streams/rivers that have been assessed to daseefdie, the watershed model as applied to the
surface water watershed areas again presents arcatige estimate of N loads because the
actual measured N in streams was lower than theledadoncentrations.

The hydrodynamic and water quality models have lassessed directly. In the many instances
where the hydrodynamic model predictions of volumetixchange (flushing) have also been
directly measured by field measurements of insteadas discharge, the agreement between
modeled and observed values has b9 Field measurement of instantaneous discharge
was performed using acoustic Doppler current prodilADCP) at key locations within the
embayment (with regards to the water quality mode&las possible to conduct a quantitative
assessment of the model results as fitted to dibastataset - a least squares fit of the modeled
versus observed data showed &r(R95, indicating that the model accounted for 3§%he
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variation in the field data). Since the water gyahodel incorporates all of the outputs from the
other models, this excellent fit indicates a higlgite of certainty in the final result. The high
level of accuracy of the model provides a high degf confidence in the output; therefore, less
of a margin of safety is required.

In the case of N attenuation by freshwater ponidsnaation was derived from measured N
concentrations, pond delineations and pond bathymdihese attenuation factors were higher
than that used in the land-use model. The reasarthat the pond data were temporally limited
and a more conservative value of 40% was more @roéeand defensible.

In the case of the nitrogen load assessed to lavtifiZation rates for residential lawns, based on
an actual survey, it is likely that this represemtonservative estimate of the nitrogen load. This
too makes a more conservative margin of safety.

The nitrogen loading calculations are based onsiemater engineering assumption that 90% of
water used is converted to wastewater. Actual wagerand conversion studies in the area have
shown that this conversion rate is conservativeraplh the margin of safety.

The nitrogen loading calculations for homes, whdomot have metered water use, are based on
a conservative estimate of water use comparedtit@lacater use in the metered sections of the
watershed. This adds to the margin of safety.

Similarly, the water column N validation datasesvedso conservative. The model is validated
to measured water column N. However, the modeligi®dverage summer N concentrations.
The very high or low measurements are marked demut The effect is to make the N
threshold more accurate and scientifically defdesiltif a single measurement 2 times higher
than the next highest data point in the seriegsdise average 0.05 mg/L N, this would allow for
a higher “acceptable” load to the embayment. Maykhe very high outlier is a way of
preventing a single and rare bloom event from chmantpe N threshold for a system. This
effectively strengthens the data set so that agnigiargin of safety is not required.

2. Conservative sentinel station/target threshdldgen concentrations

Conservatism was used in the selection of therselrgtations and target threshold N
concentrations. Sites were chosen that had steldgeass or benthic animal (infaunal)
communities, and not those just starting to shopaimment, which would have slightly higher
N concentrations. Meeting the target thresholtbNcentrations at the sentinel station will
result in reductions of N concentrations in the céthe system.

3. Conservative approach

The target loads were based on tidal averaged Becdrations on the outgoing tide, which is
the worst case condition because that is when tbendentrations are the highest. The N
concentrations will be lower on the flood tideseréfore, this approach is conservative.

In addition to the margin of safety within the cexitof setting the N threshold levels, described
above, a programmatic margin of safety also deffirges continued monitoring of these
subembayments to support adaptive management.c@hisiuous monitoring effort provides
the ongoing data to evaluate the improvementsab@ir over the multi-year implementation of
the N management plan. This will allow refinemeotshe plan to ensure that the desired level
of restoration is achieved.
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Seasonal Variation

Since the TMDL for the waterbody segment is basethe most critical time period, i.e. the
summer growing season, the TMDL is protective fbs@asons. The daily loads can be
converted to annual loads by multiplying by 36%(ttumber of days in a year). Nutrient loads to
the embayment are based on annual loads for tveomeaThe first is that primary production in
coastal waters can peak in both the late wintdyaaring and in the late summer-early fall
periods. Second, as a practical matter, the typesrdrols necessary to control the N load, the
nutrient of primary concern, by their very natucertt lend themselves to intra-annual
manipulation since the majority of the N is frormAgoint sources. Thus, the annual loads make
sense, since it is difficult to control non-poinusces of nitrogen on a seasonal basis and that
nitrogen sources can take considerable time toatego impacted waters.

TMDL Valuesfor Nantucket Harbor Embayment System

As outlined above, the total maximum daily loadiog§$ that would provide for the restoration
and protection of the embayment were calculateddmgidering all sources of N grouped by
point sources and non-point sources. A more megéulivay of presenting the loadings data,
from an implementation perspective, is presentethinle 5. In this table the N loadings from
the atmosphere and nutrient-rich sediments arliséparately from the target watershed
threshold loads, which are composed of locally iatble N from the on-site subsurface
wastewater disposal systems, stormwater runofffamidizer sources. In the case of the
Nantucket Harbor Embayment system the TMDLs weleutated by projecting reductions in
locally controllable on-site subsurface wastewdisposal systems and land use (runoff and
fertilizers). Once again the goal of this TMDL @sachieve the identified target threshold N
concentration at the identified sentinel statione Target load identified in this table represents
one alternative loading scenario to achieve that bot other scenarios may be possible and
approvable as well. These waterbody segment TMDésiso presented in Appendix D.

TABLE 5: The Total Maximum Daily Load (TMDL) for Nantucket Harbor Embayment
System, Represented as the Sum of the Calculated Target Threshold Load (from
Watershed Sources), Atmospheric Deposition, and Benthic Input

Target Threshold| Atmospheric

; 2

Sub-embayment Wate(z&;?;;jyl)_ oad D(ekg;)dséiat;())n Be(rll(g}l((;;;)put -(rk'\g/;/[()j;y)

Head of Harbor 0.79 22.24 0 23
Quaise Basin 1.14 20.13 43.01 64
Town Basin 10.71 13.89 0 25

Polpis Harbor 2.18 2.19 26.45 31

! Target threshold watershed load is the load froennthtershed needed to meet the embayment threshold
concentrations identified in Table 2

2sum of target threshold watershed load, atmospbeposition load, and the benthic input load
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| mplementation Plans

The critical element of this TMDL process is aclimgyvthe sentinel station specific N
concentrations presented in Table 2 above, thateressary for the restoration and protection of
water quality and eelgrass habitat within the Neketi Harbor Embayment system. In order to
achieve those target concentrations, N loading namiest be reduced throughout the harbor.
Table 5, above, lists the target watershed thredbalds. If these threshold loads are achieved,
this embayment system will be protected.

Nantucket has completed a Comprehensive WasteMateagement Plan (CWMP) and
Environmental Impact Report (EIR) that recommeraupgrade of the existing Surfside
Wastewater Treatment Facility, construction of & hdadeket WWTF, sanitary sewering of five
“needs” areas, and preparation of a septage mareaggatan for the remainder of the Island.
The recommended plan is to be designed and cotedroger a 12-year period.

In addition to the CWMP/EIR, the Town is mappinglavaluating its wastewater and storm
water infrastructures in order to determine theb@itation/upgrades required based on existing
and future needs.

The CWMP assesses the most cost-effective optmmachieving the target N watershed loads,
including: reductions in storm water runoff; theplementation of storm water BMPs; and
reductions in on-site subsurface wastewater dispgséem loadings by sewering and treatment
for N control of sewage and septage.

Because the CWMP/EIR is a dynamic and flexible {argn planning document, the Town will
have the opportunity to incorporate any additionadrmation that is developed by the MEP or
any State, Federal, or local authority, includinig tfrMDL.

The Nantucket Landscape Association has propostlizr application rates and schedules,
that if followed, will minimize the amount of nitgen leaching from the soil and into the
groundwater.

Recommended slow release fertilizer rates and suingd are as follows:

March — mid May.............. 1/2 to 1 pound / 1000 squiaet
June — July......................1J2 t0o 1 pound / 1000 squaes fe
August — September........... 1 pound / 1000 square feet
October — November........... 1/2 to 1 pound / 1000 se|beet

In addition to the fertilizer application rates awheduling recommendations, advice on
optimum soil pH adjustments, watering, mowing heigbil aeration, organic matter
incorporation, and dethatching practices were piswided for lawn turf management, and for
the proper maintenance of trees and shrubs.

Current MEP estimates are that fertilizer make8@4 of the controllable N source, so any
successful efforts to minimize fertilizer use, aadchedule applications to maximize the uptake
of N by plants, will be very worthwhile.

The Town must determine if implementation of the KR/ in combination with other N-
reducing efforts, will achieve the TMDL.
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MassDEP’s MEP Implementation Guidance report
(http://www.mass.gov/dep/water/resources/coastaitttiidance provides many N loading
reduction strategies that are available to muniitipg, and have in part been incorporated, or are
being considered by Nantucket. The following tepielated to N reduction are discussed in the
Guidance:

Wastewater Treatment
= On-Site Treatment and Disposal Systems
= Cluster Systems with Enhanced Treatment
=  Community Treatment Plants
= Municipal Treatment Plants and Sewers
» Tidal Flushing
= Channel Dredging
= Inlet Alteration
= Culvert Design and Improvements
e Stormwater Control and Treatment *
= Source Control and Pollution Prevention
=  Stormwater Treatment
» Attenuation via Wetlands and Ponds
* Water Conservation and Water Reuse
* Management Districts
* Land Use Planning and Controls
=  Smart Growth
= Open Space Acquisition
= Zoning and Related Tools
Nutrient Trading

* The Town of Nantucket is natne of the 237 communities in Massachusetts cdvgyeghe Phase Il stormwater
program requirements.

Monitoring Plan for TMDL Developed Under the Phased Approach

MassDEP is of the opinion that there are two foainsonitoring that are useful to determine
progress towards achieving compliance with the TMDiey include 1) tracking
implementation progress as approved in the Town @®Adl&n and 2) monitoring ambient water
guality conditions at the sentinel stations ideedifin the MEP Technical Report and listed in
Table 2 and the related discussion in this report.

The CWMP will evaluate various options to achidwve goals set out in the TMDL and
Technical Report. It will also make a final recommdation based on existing or additional
modeling runs, set out required activities, anadhitig a schedule to achieve the most cost
effective solution that will result in compliancetivthe TMDL. Once approved by the
Department tracking progress on the agreed upanwvl in effect, also be tracking progress
towards water quality improvements in conformandé whe TMDL.

Relative to water quality, MassDEP believes thaatient monitoring program, much reduced
from the data collection activities needed to prhpassess conditions and to populate the
model, will be important to determine actual coraptie with water quality standards. Although
the TMDL load values are not fixed, the target shiad nitrogen concentrations at the sentinel
stations are fixed. In addition, there are targegthold N concentrations that are provided for
many other non-sentinel locations in sub-embaymentsotect near-shore benthic habitat.
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These are the water quality targets, and a mong@rogram should encompass these stations at
a minimum. Through discussions amongst the ME® denerally agreed that existing
monitoring programs, which were designed to thohtyigssess conditions and populate water
guality models, can be substantially reduced fongitance monitoring purposes. Although
more specific details need to be developed on@lopsase basis, MassDEP's current thinking
is that about half the current effort (using thenealata collection procedures) would be
sufficient to monitor compliance over time and bserve trends in water quality changes. In
addition, the benthic habitat and communities waalglire periodic monitoring on a frequency
of about every 3-5 years. Finally, in addition lte above, existing monitoring conducted by
MassDEP for eelgrass should continue into the éutorobserve any changes that may occur to
eelgrass populations as a result of restoratiartsff

The MEP will continue working with the Town to déep and refine monitoring plans that
remain consistent with the goals of the TMDL. Itshbe recognized however that development
and implementation of a monitoring plan will takemse time, but it is more important at this
point to focus efforts on reducing existing watedhoads to achieve water quality goals.

Reasonable Assurances

MassDEP possesses the statutory and regulatorgrayttunder the water quality standards
and/or the State Clean Water Act (CWA), to impletraard enforce the provisions of the
TMDL, including requirements for N loading reductsfrom non-point sources. Currently, the
MassDEP is requiring remediation of N loading tlglo@ Consent Order and the
Comprehensive Wastewater Management Plan (CWMPREpsp as described above. In
addition, because most non-point source contrelvaluntary, reasonable assurance is also
based on the commitment of the locality involvednNicket has demonstrated this commitment
through the comprehensive wastewater planningttiegtinitiated well before the generation of
the TMDL. The Town expects to use the informatiohis TMDL to generate support from
their citizens to take the necessary steps to rgreeidting problems related to N loading from
on-site subsurface wastewater disposal systemswatter, and runoff (including fertilizers),
and to prevent any future degradation of thesealduresources. Moreover, reasonable
assurances that the TMDL will be implemented ineledforcement of regulations, availability
of financial incentives and local, state and febdpragrams for pollution control. Storm water
NPDES permit coverage will address discharges framicipally owned storm water drainage
systems. Enforcement of regulations controlling-point discharges include local
implementation of the Commonwealth’s Wetlands Ritiwa@ Act and Rivers Protection Act;
Title 5 regulations for on-site subsurface wastewdisposal systems, and other local
regulations such as the Town of Rehoboth’s stagalations. Financial incentives include
federal funds available under Sections 319, 604184db) programs of the CWA, which are
provided as part of the Performance Partnershigé&ment between MassDEP and EPA. Other
potential funds and assistance are available thrdd@ssachusetts’ Department of Agriculture’s
Enhancement Program and the United States Departoh@griculture’s Natural Resources
Conservation Services.
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Appendix A

TABLE A: Nitrogen Concentrations for Nantucket Harbor Embayment System
(from Chapter VI of the Accompanying MEP Technical Report)

Table VI-1. Measured data and modeled Nitrogen concentrations for the Nantucket Harbor estuarine system
used in the model calibration plots of Figures VI-2 and VI-3. All concentrations are given in mg/L
N. “Data mean” values are calculated as the average of the separate yearly means. Data
represented in this table were collected in the summers of 1988 through 1990 and 1992 through
1994 by the Woods Hole Oceanographic Institute (WHOI) and between 1992 and 2005 by the
Town of Nantucket Marine Department.

Sub-embayment Monitoring | MEP | Data | s.d. All | | | Model | Model | Model
Station ID Mean Data Min Max Average

Head of the Harbor - Upper 2 2 0.408 0.188 81 0.388 0.405 0.397

Head of the Harbor - Mid Town 3 2.2 0.401 0.115 45 | 0.377 0.399 0.390

Head of the Harbor - Lower 2A 2.1 0.339 0.070 46 | 0.329 0.377 0.353

Pocomo Head 3 3 0.335 0.081 74 | 0.324 0.361 0.340

Quaise Basin 3A+Town 2 3.1 0.336 0.112 98 | 0.303 0.339 0.325

East Polpis Harbor 4+Town 6 4 0.362 0.105 | 107 | 0.354 0.371 0.361

West Polpis Harbor 4A+Town 5 4.1 0.388 0.119 | 100 | 0.358 0.385 0.371

Abrams Point 5 5 0.335 0.060 39 | 0.271 0.322 0.296

Monomoy 6 6 0.297 0.086 76 | 0.282 0.300 0.291

Mooring Area 7+Town 1, 1A 7 0.326 0.106 | 123 | 0.276 0.291 0.285
Nantucket Sound 0S+Town 4 7.1 0.239 0.041 41 - - -

Figure A: Sentinel Stations for the Nantucket Harbor System. Station A is in the

“Head of the Harbor - lower” basin, Station B is in the “East Polpis harbor”.
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Appendix B

TABLE B: Summary of the Present Septic System Loads, and the Loading
Reductions that would be Necessary to Achieve the TMDL by Reducing Septic
System Loads, Ignoring all other Sources. Threshold “A” represents a scenario in which
100% of the septic load was removed in Town Basin and 80% septic removed from all other
basins. This was the preferred alternative. Threshold B represents a scenario in which 100% of
the septic load would be removed from the entire watershed of Nantucket Harbor.

This information may be modified as a result of @ing Nantucket Board of Health septic system
inspection and upgrade regulations in the Nantudiegbor embayment system watershed

Table VIII-2.  Comparison of sub-embayment watershed septic loads (attenuated) used for
modeling of present and threshold loading scenarios of the Nantucket Harbor
system. These loads do not include direct atmospheric deposition (onto the
sub-embayment surface), benthic flux, runoff, or fertilizer loading terms.

Present TAhreSsho!d TAhreSsho!d Télressho!d Télresshol_d
; “A” Septic “A” Septic “B” Septic | “B” Septic

Sub-embayment S?ES/C d;g;" d Load Load % Load Load %
(kg/day) Change (kg/day) Change

Head of the Harbor 0.705 0.141 -80.0% 0.000 -100.0%
Polpis Harbor 0.435 0.087 -80.0% 0.000 -100.0%
Quaise Basin 0.392 0.078 -80.0% 0.000 -100.0%
Town Basin 5.194 0.000 -100.0% 0.000 -100.0%
System Total 6.726 0.306 -95.4% 0.000 -100.0%

Appendix C

TABLE C: The Nantucket Harbor Embayment System Estimated Waste Load
Allocation (WLA) from Runoff of Impervious Areas Within Each Sub-watershed

Sub-watershed Total Sub- Total Impervious Total
watershed P Subwatershed
Name IMDErvious Subwatershed load
P load (WLA)
areas
Acres % Kglyear (Kg/day) Kglyear
Head of Harbor 60.9 6.5 174 (0.5) 8795
Quaise Basin 88.5 6.3 246 (0.7) 8121
Town Basin 4458 | 151 1931 (5.3) 9530
Polpis Harbor 134.2 5.1 393 (1.1) 2087
Total 729.4 | 8.85 2744 (7.6) 28,533
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Appendix D

TABLE D: Four Total Nitrogen TMDLSs

- Sub- TMDL
Embayment Segment ID Description Embayment (kg/day)
Nantucket Harbor Previously determined to be Head of Harbor 23
(Splitinto three sub-embayments | MA97-01_2004 pathggggre;ngoggiigfgguaﬂc Quaise Basin 64
for the purposes of this study) plants by MassDEP. Town Basin 25
Previously determined to be
Polpis Harbor MA97-26_2004 impaired for nutrients, 31

pathogens, and other habitat
alterations by MassDEP.
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