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Key Feature: Total Nitrogen TMDLs for Allen, Wychmere and Saquektet Harbors
Location: EPA Region 1
Land Type: New England Coastal

303d Listing: Saquatucket Harbor (Segment MA96-23 2012) is inegpldiior pathogens and
is listed in category 4a (TMDL completed) of thel2(MA Integrated List of
Waters. Saquatucket, Allen (Segment MA96-95 20h6)\&ychmere
(MA96-96_2016) Harbors were found to be impairedrfatrients during the
MEP study and will be listed in a future List of Wes as impaired.

Data Sources:  University of Massachusetts — Dartmouth/SchooMarine Science and
Technology; US Geological Survey; Applied Coastes&arch and
Engineering, Inc.; Town of Harwich

Data Mechanism: Massachusetts Surface Water Quality Stand&mwidient Data, and Linked
Watershed Model

Monitoring Plan: Town of Harwich monitoring program (with techni@asistance from
SMAST)

Control Measures: Sewering, Stormwater Management, Fertilizer Use®yg| Attenuation by
Impoundments and Wetlands



Executive Summary
Problem Statement

Excessive nitrogen (N) originating from a rangesafirces has added to the impairment of the
environmental quality of the Allen, Wychmere andj&atucket Harbors Embayment Systems.
Excessive N is indicated by:

» Undesirable increases in macro algae

» Periodic extreme decreases in dissolved oxygenerdrations that threaten
aquatic life

* Reductions in the diversity of benthic animal p@piains

* Periodic algae blooms

With proper management of N inputs these trenddbeareversed. Without proper management
more severe problems might develop, including:

» Periodic fish kills

* Unpleasant odors and scum

* Benthic communities reduced to the most stressentespecies, or in the worst
cases,
near loss of the benthic animal communities

Coastal communities rely on clean, productive, agsthetically pleasing marine and estuarine
waters for tourism, recreational swimming, fishiagd boating, as well as for commercial fin
fishing and shellfishing. Failure to reduce andtool N loadings could result in an
overabundance of macro-algae, a higher frequenextoéme decreases in dissolved oxygen
concentrations and fish kills, widespread occureesfcunpleasant odors and visible scum, and a
complete loss of benthic macroinvertebrates througmost of the embayments. As a result of
these environmental impacts, commercial and reoretuses of Allen, Wychmere and
Saquatucket Harbors will be greatly reduced.

Sources of Nitrogen
Nitrogen enters the waters of coastal embaymeais the following sources:

e The watershed
» Natural background
= Septic Systems
*  Runoff
» Fertilizers
» Wastewater treatment facilities
* Atmospheric deposition
e Nutrient-rich bottom sediments in the embayments



Figures ES-A- ES-C below illustrate specific sosro€éN and the percent contributions of each.
Values are based on Table ES-1 and Table IV-3 trmrMassachusetts Estuaries Project (MEP)
Technical Reporthtp://www.oceanscience.net/estuaries/documenty.Most of the present
controllable load to this system comes from sepigtems.




Figure ES-A: Percent Contributions of All Nitrogen Sources to Allen Harbor Embayment
System
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Figure ES-B: Percent Contributions of All Nitrogen Sources to Saquatucket Harbor
Embayment System
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Figure ES-C: Percent Contribution of All Nitrogen Sources to the Wychmere Harbor
Embayment System
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Target Threshold N Concentrations and Loadings

The N loadings (the quantity of N) to these habmtems ranged from 1.84 kg/day in Allen
Pond Stream to 18.23 kg/day in Saquatucket Havtitr,a total loads for Allen, Wychmere and
Saquatucket harbor embayment systems of 19.943 An® 32.68 kg N/day, (including
atmospheric deposition and benthic contributioregpectively. The resultant concentrations of N
ranged from 0.673-0.819 mg/L in Allen Harbor, 0.88812 mg/L in Wychmere Harbor and
0.658 mg/L in Saquatucket Harbor (range of aveyagely means collected from 8 stations
during 2001-2008 as reported in Table VI-1 of thEmMMTechnical Report, and included in
Appendix A of this report).

In order to restore and protect these three haimirayment systems, N loadings, and
subsequently the concentrations of N in the wateist be reduced to levels below those that
cause the observed environmental impacts. Thisnderdration will be referred to as ttegget
threshold N concentratiolhe Massachusetts Estuaries Project (MEP) hasndieted that by
achieving a N concentration of 0.50 magfisentinel station HAR-2 in Saquatucket Harbor,
sentinel station HAR-3 in Wychmere Harbor and sesitstation HAR-4 in Allen Harbor (see
Figure 7), water and habitat quality will be restbin these systems. The mechanism for
achieving the target threshold N concentratiorie reduce the N loadings to the watersheds of
the harbor embayment systems. Based on the MEPBlisgrand modeling analyses and their
Technical Report, the MEP study has determinedthi&al otal Maximum Daily Loads (TMDL)

of N that will meet the target threshold N concatitm of 0.50 mg/L range from 1.06 to 11.58
kg/day. This calls for a reduction of 71 — 83 %oding within the harbor subwatersheds and
41- 43% reduction of N loading within the tributasybwatersheds of each of major surface water
sources. This document presents the TMDLs fortlaiter body system and provides guidance to
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the watershed community of Harwich on possible way®duce the N loadings to within the
recommended TMDL and protect the waters of thedeagment systems.

Implementation

The primary goal of TMDL implementation will be l@nng the concentrations of N by greatly
reducing the loadings from on-site subsurface westier disposal systems through a variety of
centralized or decentralized methods such as segvand treatment with N removal technology,
advanced treatment of septage, and/or installatidfireducing on-site systems. Implementing
best management practices (BMPs) to reduce N Igadiom fertilizers and runoff where
possible will also help to lower the total N loadthese systems. Potential methods for reducing
N loadings from these sources are outlined in tetéine “MEP Embayment Restoration
Guidance for Implementation Strategies” that isilatsée on the MassDEP website
http://www.mass.gov/eea/agencies/massdep/waterstatgs/coastal-resources-and-
estuaries.htmlThe appropriateness of any of the alternativéisdepend on local conditions and
will have to be determined on a case-by-case lba#ig an adaptive management approach. This
adaptive management approach will incorporate tlogifles and concepts included in the
updated area wide management plan established thel@ean Water Act Section 208.

Finally, growth within the Town of Harwich that wioexacerbate the problems associated with
N loadings should be guided by considerations dénguality-associated impacts.

Vii
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Introduction

Section 303(d) of the Federal Clean Water Act nexgueach state (1) to identify waters that are
not meeting water quality standards and (2) tobéistaTotal Maximum Daily Loads (TMDLSs)

for such waters for the pollutants of concern. TMDL allocation establishes the maximum
loadings (of pollutants of concern) from all cohtriing sources that a water body may receive
and still meet and maintain its water quality semdd and designated uses, including compliance
with numeric and narrative standards. The TMDLalepment process may 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 conditiarte water body, including estimation of
present loadings of pollutants of concern from hmint sources (discernable, confined, and
concrete sources such as pipes) and non-pointeo(aidfuse sources that carry pollutants to
surface waters through runoff or groundwater).

3. Determination of the assimilative loading capaof the water body. EPA regulations
define the loading capacity as the greatest amafupfiding that a water body can receive
without violating water quality standards. If twater body is not presently meeting its
designated uses, then the loading capacity willesgnt a reduction relative to present
loadings.

4. Specification of load allocations, based onltiaeling capacity determination, for non-
point sources and point sources that will ensuaettie water body will not violate water
quality 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 watershed town of Harwich to
develop specific implementation strategies to redddoadings, and will assist in developing a
monitoring plan for assessing the success of th@ent reduction strategies.

In the Allen, Wychmere and Saquatucket Harbors gmieat systemshe pollutant of concern

for these TMDLs (based on observations of eutradton) is the nutrient nitrogen. Nitrogen is
the limiting nutrient in coastal and marine watevhjch means that as its concentration is
increased so is the amount of plant matter. Tlaiddd¢o nuisance populations of macro-algae and
increased concentrations of phytoplankton and gpgphwhich impairs the healthy ecology of

the affected water bodies.

The TMDLs for total N for the Allen, Wychmere anddtiatucket Harbors embayment systems
are based primarily on data collected, compiledamalyzed by University of Massachusetts
Dartmouth’s School of Marine Science and Technol@&WMAST) Coastal Systems Program and
the Town of Harwich Harbor Master Department as phthe Massachusetts Estuaries Project
(MEP). The data were collected over a study pdrach 2001 through 2008. This study period
will be referred to as the “present conditionsthe TMDL report since it contains the most
recent data available. The accompanying MEP TeahReport can be found at



http://www.oceanscience.net/estuaries/reports.fitre MEP Technical Report presents the
results of the analyses of the coastal embaymeitersg using the MEP Linked Watershed-
Embayment N Management Model (Linked Model). Thalgses were performed to assist the
watershed community with decisions on current andré wastewater planning, wetland
restoration, anadromous fish runs, shellfishenpgn-space and harbor maintenance programs.
A critical element of this approach is the assesgrokwater quality monitoring data, historical
changes in eelgrass distribution, time-series waikmimn oxygen measurements and benthic
community structure that was conducted on this gmieat. These assessments served as the
basis for generating a N loading threshold forasea goal for watershed N management. The
TMDLs are based on the site specific N thresholtbgated for these embayments. Thus, the
MEP offers a science-based management approacippors the wastewater management
planning and decision-making process in the wagsrglommunity of Harwich.

Description of Water Bodies and Priority Ranking

The Allen, Wychmere and Saquatucket Harbors embaysystemsre located within the

Town of Harwich on the southern shore of Cape Géaksachusetts bounded by barrier beaches
fronting Nantucket Sound. All of the watershedshafse systems including the estuary portions
are entirely located within the Town of Harwich nmakHarwich the sole municipal steward of
these small estuarine systems (See Figures 1 and 2)

Saquatucket Harbor, Wychmere Harbor and Allen Haagloe all relatively simple estuaries that
have each been anthropogenically altered overtinvarying degrees. All three have a single
tidal outlet through which tidal exchange with Nagket Sound occurs. With the exception of
Allen Harbor that has a small tributary basin rtearinlet and a salt marsh at the head, the other
two systems are comprised of a single basin.

The open water area of these estuaries is <20 mcadiscases (Wychmere, 16ac; Allen,19ac;
Saquatucket, 12ac) placing them among the smatibagments of southeastern. Massachusetts.
Each estuary exchanges tidal waters with Nantugkand through inlets that have been "fixed"
by jetties, although maintenance dredging is reglio maintain maximum tidal flows. All three
estuaries are located in the Chatham Outwash Rlamprised of sands and gravels, chiefly pre-
Wisconsin deposits. The result is permeable satls hitle runoff and a permeable groundwater
aquifer, with aerobic waters. Between each estadrasin and

the sound, a barrier beach has developed from deg@ands and gravels. For the MEP
analysis, the open water basin of each systeneiprincipal estuarine basin in the modeling and
thresholds analysis, as it is the main receptavaieérshed inputs and supports the major
estuarine habitats.

The Wychmere, Allen, and Saquatucket Harbors aabiostn, ~3m, ~2m and ~3m, respectively
and vertically well mixed, with only periodic stifatation. Salt marsh is mainly found within
Allen and Saquatucket Harbors, but historicallylthsins supported a much greater emergent
marsh area. Saquatucket Harbor was functionallyah $alt marsh with a central tidal river until
1968 when it was dredged to create the presenbhbdsin. Allen Harbor still supports a
moderately sized and relatively healthy salt mamsts northern reach, which exchanges waters
with the main basin.



Most watershed freshwater and nutrients enter ttheee estuaries via either groundwater or
surface water to varying degrees depending onysters), and all three systems contain marine
waters diluted by these freshwater inflows. In¢hee of Saquatucket Harbor, there are two
significant surface water inflows- Cold Stream Btdmm the northwest and East Saquatucket
Stream from the northeast - that discharge to #aglWwaters with additional freshwater inflow
entering through groundwater discharge directlheoharbor perimeter. In contrast, all the
freshwater entering the Wychmere Harbor systenmislivect groundwater seepage, as there are
no significant surface inflows to this system. Alldarbor shows an intermediate condition, with
a relatively small surface water inflow, an un-nansecek passing under Kildee Road (referred
to as Allen Pond Stream in the MEP Technical Reaodtin this TMDL Report), but with most
freshwater entering the system directly via grouaidwdischarge.

These embayment systems constitute an importanp@oemt of the area’s natural and cultural
resources. The nature of enclosed embaymentgulqas regions brings two opposing
elements to bear: 1) as protected marine shoreheg,are popular regions for boating,
recreation, and land development; and 2) as eratlosdies of water, they may not be readily
flushed of the pollutants that they receive duthoproximity and density of development near
and along their shores. In particular, the AlMfychmere and Saquatucket Harbors are at risk
of further eutrophication from high nutrient loadghe groundwater and runoff from their
watersheds. Saquatucket Harbor is already listée MA 2012 Integrated List of Waters in
Category 4a indicating a TMDL for pathogens hasbmenpleted (Table 1). Pathogens are
listed in Table 1 for completeness. Further dismrsof pathogens is beyond the scope of this
TMDL.

Table 1: Harwich MEP Study Waterbodies in Category4a of the MA 2012 Integrated List
(MassDEP 2013)

Name Water Body Description Size Pollutant
Segment P Listed
Saquatucket South of Route 28 to confluence with .
Harbor MAS6-23_2012 Nantucket Sound, Harwich 0.02sqmi  -Pathogens

Complete descriptions of these embayment systeengrasented in Chapters | and IV of the
MEP Technical Report. A majority of the informatipresented here is drawn from this report.
Chapters VI and VIl of the MEP Technical Reportypde assessment data that show that the
Allen, Wychmere and Saquatucket Harbors systemsrgraired because of nutrients, low
dissolved oxygen levels, elevated chloroplyitvels, and benthic fauna habitat. Table 2
identifies the segment now in Category 4a of thE22dtegrated List of Waters by MassDEP
with a completed pathogen TMDL and additional segisi¢hat were observed to be impaired
through the MEP analysis. These segments wiligbed as impaired for nutrients in a future
MA Integrated List of Waters.



Table 2: Comparison of Impaired Parameters for theHarwich Harbors

Name

DEP Listed Impaired
Parameter

SMAST Listed
Impaired Parameter

Allen Harbor

-Nutrients
-DO level

-Chlorophyll
-Benthic fauna

-Nutrients
-DO level
-Chlorophyll
-Benthic fauna
-Nutrients
-DO level
-Chlorophyll
-Benthic fauna

Wychmere Harbor --

Saquatucket Harbo Pathogens

The embayments addressed by this document havede&smined to be “high priority” based

on three significant factors: (1) the initiativeatihe Town of Harwich has taken to assess the
conditions of the entire embayment system; (2)cttramitment made by the town to restore the
Allen, Wychmere and Saquatucket Harbors; and @gttient of impairment in the Allen,
Wychmere and Saquatucket Harbors systems. Inrbatine and freshwater systems, an excess
of nutrients results in degraded water quality,eade impacts to ecosystems and limits on the
use of water resources. Observations are summdanzee Problem Assessment section below
and detailed in Chapter VII, Assessment of Embayrertrient Related Ecological Health of

the MEP Technical Report.
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Problem Assessment

Water quality problems associated with developmtitin the watersheds result primarily from
septic systems and from runoff, including fertitize

The water quality problems affecting nutrient-eneéd embayments generally include periodic
decreases of dissolved oxygen, decreased divarsityjuantity of benthic animals, and periodic
algae blooms. In the most severe cases habiteadiztgpn could lead to periodic fish Kills,
unpleasant odors and scums and near loss of thiei@eommunity and/or presence of only the
most stress-tolerant species of benthic animals.

Coastal communities, including Harwich, rely onatieproductive and aesthetically pleasing
marine and estuarine waters for tourism, recreatiswimming, fishing and boating, as well as
commercial fin fishing and shell fishing. The toned degradation of this coastal embayment,
as described above, will significantly reduce tbereational and commercial value and use of
these important environmental resources.

Figure 3 shows how the year-round population ofwitgr has grown from just over 2,000
people in 1940 to over 12,000 people in 20it@p(//www.census.gov/data.html Increases in

N loading to estuaries are directly related toeasing development and population in the
watershed. Harwich’s population has increaseddtkin the past 70 years. The watersheds of
Allen, Wychmere and Saquatucket Harbors have haid emd extensive development of single-
family homes and the conversion of seasonal intdifne residences. Summer occupancy
increases by three-fold in some areas. This inergagopulation contributes to a decrease in
forests and an increase in septic systems, ruraff fmpervious surfaces and fertilizer use.

Figure 3: Resident Population for Harwich
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Habitat and water quality assessments were condloctéghese embayment systems based upon
water quality monitoring data, changes in eelgdassibution, time-series water column oxygen
measurements and benthic community structure. Ghewronfiguration of each of the harbors
and the relatively similar depths of each (gengrath-3m), these systems almost certainly have
similar sensitivities to nitrogen enrichment andasric matter loading. The MEP evaluation of
habitat quality supported by each harbor consittersiatural structure of each system and its
ability to support eelgrass beds and the typesfatinal communities that they support. At
present, Saquatucket Harbor, Wychmere Harbor aleh Aarbors are supporting moderately to
significantly impaired habitat quality throughobetopen water basins (Table 3). Impairment is
indicated by the structure of the benthic commasitperiodic oxygen depletion and high levels
of chlorophylla and typical concentrations of total nitrogen &30.82 mg N /L in the basin
waters. There is no evidence that these embaymeaméesever supportive of eelgrass. For each
harbor, all of the health indicators support a cirat assessment as presented below

Table 3: General Summary of Conditions Related tohte Major Indicators of Habitat
Impairment Observed in Saquatucket Harbor, WychmereHarbor, and Allen Harbor
Embayment Systems

Harwich Harbor Embayment Systems
Health Indicator Allen Harbor Saquatucket Wychmere
Main Basin | Creek Harbor Harbor
Dissolved Oxygen Ml SI MI-SI Ml
Chlorophyl MI-SI Sl Sl SI-SD
Macroalgae - MI-SI - Ml
Eelgrass - -- - -
Infaunal Animals MI-SI Sl MI-SI MI-SI
Overall Mi SI MI-SI MI-SI

H - Healthy Habitat Conditions*

MI — Moderately Impaired*

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

SD - Severe Degraded — critically or harshly chdrfggm normal conditions*

* - These terms are more fully described in MEPport “Site-Specific Nitrogen Thresholds for Sadhktern
Massachusetts Embayments: Critical Indicators” Drdwr 22, 2003
http://www.mass.gov/eea/agencies/massdep/watersteds/the-massachusetts-estuaries-project-mep.htmi

- drift algae sparse or absent
-- no evidence this basin is supportive of eelgrass




Pollutant of Concern, Sources, and Controllability

In the coastal embayments of the Town of Harwishpamost marine and coastal waters, the
limiting nutrient is N. Nitrogen concentrationsybad those expected naturally contribute to
undesirable conditions including the severe impdetcribed above, through the promotion of
excessive growth of plants and algae, includingange vegetation.

The embayments addressed in this TMDL report hadedxtensive data collected and analyzed
through the Massachusetts Estuaries Program (MtER)ding cooperation and assistance from
the University of Massachusetts -SMAST, Town ofwlah Natural Resources Department, the
US Geological Survey, Applied Coastal ResearchEamgineering, Inc and the Cape Cod
Commission. Data collection included both watealdgy and hydrodynamics as described in
Chapters I, IV, V, and VII of the MEP Technical Rep

Figures 4 - 6 illustrate the sources of N to All8aguatucket and Wychmere Harbor Embayment
Systems. Most of the N affecting these systemsraigs from on-site subsurface wastewater
disposal systems (septic systems). The levelaitfollability” of each source, however, varies
widely:

Atmospheric depositicnAlthough helpful, local controls are not adequateis only through
region- and nation-wide air pollution control iatiives that significant reductions are feasible,
however the N from these sources might be subjdotedhanced natural attenuation as it moves
towards the estuary.

Fertilizer—Fertilizer and related N loadings can be redubeslgh best management practices
(BMPs), bylaws and public education.

Agricultural — related N loadings can be controlled throughagiyglication of agricultural BMPs.

Impervious surfaces and storm water rursaffirces of N can be controlled by applying BMPs,
bylaws and stormwater infrastructure improvements@ublic education.

Septic systensources of N can be controlled by a variety of egsecific methods including:
sewering and treatment at centralized or decemgdliocations, transporting and treating
septage at treatment facilities with N removal testbgy either in or out of the watershed, or
installing N-reducing on-site wastewater treatnsstems.

WWTEF - the Town of Harwich does not have a centralizadte water treatment facility
(WWTF) however The Snow Inn maintains its own tneaxt facility. The leach fields for this
facility are located within the watershed for Wydme Harbor near the channel that connects
this harbor to Nantucket Sound.

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



Figure 4: Percent Contribution of All Nitrogen Sources to the Allen Harbor Embayment
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Figure 5: Percent Contribution of All Nitrogen Sources to the Saquatucket Harbor
Embayment System
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Figure 6: Percent Contribution of All Nitrogen Sources to the Wychmere Harbor
Embayment System
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Description of the Applicable Water Quality Standaids

The water quality classification of the saltwatertipns of Allen, Wychmere, Saquatucket Harbor
embayment systems are SA, and the freshwater ppiicthe systems are classified as B. Water
quality standards of particular interest to theeéssof cultural eutrophication are dissolved oxygen
nutrients, aesthetics, excess plant biomass asdnué vegetation. The Massachusetts water
guality standards (314 CMR 4.0) contain numeriteda for dissolved oxygen but have only
narrative standards that relate to the other vimsalas described below:

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

314 CMR 4.05(5)(b) states: “Bottom Pollutants otefdtions All surface waters shall be free

from pollutants in concentrations or combinationsrom alterations that adversely affect the
physical or chemical nature of the bottom, intexferth the propagation of fish or shellfish, or
adversely affect populations of non-mobile or dedsenthic organisms.”

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

314 CMR 4.05(b) 1:

Class SA:

Dissolved Oxygen -

a. Shall not be less than 6.0 mg/L unless backgr@onditions are lower;
b. Natural seasonal and daily variations abovelévsl shall be maintained.

Class B:

Dissolved Oxygen -

a. Shall not be less than 6.0 mg/l in cold watgndries and not less than 5.0 mg/l in warm water
fisheries;

b. Where natural background conditions are low€,dball not be less than natural background
conditions. Natural seasonal and daily variatidrad &ire necessary to protect existing and
designated uses shall be maintained.

Thus, the assessment of eutrophication is bass@especific information within a general
framework that emphasizes impairment of uses aesipvation of a balanced indigenous flora
and fauna. This approach is recommended by therw8dahmental Protection Agency in their
draft Nutrient Criteria Technical Guidance Manual Estuarine and Coastal Marine Waters
(EPA-822-B-01-003, Oct 2001). The Guidance Mamaétsthat lakes, reservoirs, streams and
rivers may be subdivided by classes, allowing esfee conditions for each class and facilitating
cost-effective criteria development for nutrientrragement. However, individual estuarine and
coastal marine waters tend to have unique charstitsrand development of individual water
body criteria is typically required.

Methodology - Linking Water Quality and Pollutant Sources

Extensive data collection and analyses have beseriled in detail in the MEP Technical

Report. Those data were used by SMAST to assededting capacity of each embayment.

Physical (Chapter V), chemical and biological (Cleep 1V, VII, and VIII) data were collected

and evaluated. The primary water quality objectings represented by conditions that:

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

2) Prevent algal blooms;

3) Restore and preserve benthic communities;

4) Maintain dissolved oxygen concentrations that ao¢ggtive of the estuarine communities.

The details of the data collection, modeling andleation are presented and discussed in

Chapters IV, V, VI, VIl and VIII of the MEP TechratReport. The main aspects of the data

evaluation and modeling approach are summarizexhbel

The core of the Massachusetts Estuaries Projetttemahmethod is the Linked Watershed-

Embayment Management Modeling Approach. It fulik$ watershed inputs with embayment
circulation and N characteristics, and is charateras follows:
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* Requires site specific measurements within themshed and each sub-embayment;
* Uses realistic “best-estimates” of N loads froraheland-use (as opposed to loads with
built-in “safety
factors” like Title 5 design loads);
* Spatially distributes the watershed N loading® é¢mbayment;
* Accounts for N attenuation during transport to ¢éhgbayment;
* Includes a 2D or 3D embayment circulation modeleteling on embayment structure;
* Accounts for basin structure, tidal variationsy amspersion 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 ptimigeneration of “what if” scenarios.

The Linked Model has been applied previously toansited N management in over 50
embayments thus far throughout Southeastern Masseith. In these applications it became
clear that the model can be calibrated and valkitlatel has use as 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 modaliew below. The model can assess
solutions for the protection or restoration of rert-related water quality and allows testing of
management scenarios to support cost/benefit ev@hsa In addition, once a model is fully
functional it can be refined for changes in land-as embayment characteristics. Also, since the
Linked Model uses a holistic approach that incoapes the entire watershed, embayment and
tidal source waters, it can be used to evaluaterajects as they relate directly or indirectly to
water quality conditions within its geographic bdanes. It should be noted that this approach
includes high-order, watershed and sub-watershedd stodeling necessary to develop critical
nitrogen targets for each major sub-embayment.nbeels, data and assumptions used in this
process are specifically intended for the purpasated in the MEP Technical Report, upon
which this TMDL is based. As such, the Linked Modedcess does not contain the type of data
or level and scale of analysis necessary to préagctate and transport of nitrogen through
groundwater from specific sources. In addition, daterminations related to direct and
immediate hydrologic connection to surface wateesbeyond the scope of the MEP’s Linked
Model process.

The Linked Model provides a quantitative approamhdietermining an embayment's (1) N
sensitivity, (2) N threshold loading levels (TMDahd (3) response to changes in loading rate.
The approach is fully field validated and unlikemgapproaches, accounts for nutrient sources,
attenuation and recycling and variations in tidaddodynamics (Figure I-4 of the MEP
Technical Report). This methodology integratesuaety of field data and models, specifically:

* Monitoring - multi-year embayment nutrient sampgli
* Hydrodynamics -
- Embayment bathymetry (depth contours throughoeiembayment)

- Site-specific tidal record (timing and heighttiofes)
- Water velocity records (in complex systems only)
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- 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 Watershed-Embayment Model

The approach developed by the MEP for applyindittked model to specific embayments, for
the purpose of developing target N loading ratedudes:

1)

2)

3)

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

Using site-specific information and a minimum aofeth years of sub-embayment-specific
data to select target threshold N concentrationsdoh 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 comaganhs that were selected generally
occur in higher quality waters near the mouth eféimbayment system;

Running the calibrated water quality model usinffedent watershed N loading rates to
determine the loading rate that will achieve thgeaithreshold N concentration at the
sentinel station. Differences between the modiléohd required to achieve the target
threshold N concentration and the present watershledd represent N management
goals for restoration and protection of the embayrsgstem as a whole.

Previous sampling and data analyses and the mgdadiivities described above resulted in four
major outputs that were critical to the developnadrthe TMDL. Two outputs are related i
concentration:

the present N concentrations in the sub-embayments
site-specific target threshold N concentrations.

And, two outputs are related kbloadings:

14



» the present N loads to the sub-embayments
* load reductions necessary to meet the site speaifiet N concentrations.

In summary, meeting the water quality standardeebycing the N concentration (and thus the
N load) at the sentinel station(s) will result e twater quality goals being met throughout the
entire system.

A brief overview of each of the outputs follows.

Nitrogen concentrations in the embayment

a) Observed “present” conditions:

Table 4 presents the average concentrations of duned in theses embayments from eight
years of data collection by the Harwich Water QyaWonitoring Program (2001 through 2008).
The overall means and standard deviations of teeages are presented in Appendix A (taken
from Table VI-1 of the MEP Technical Report). Wadeality sampling stations are shown in
Figure 7 below.

b) Modeled site-specific target threshold N coricions:

The target threshold N level for an embayment gnts the average water column
concentration of N that will support the habitatabijty or dissolved oxygen conditions
being sought. The water column N level is ultimatntrolled by the integration of the
watershed N load, the N concentration in the inftmitidal waters (boundary condition)
and dilution due to ground or surface water flowkse water column N concentration is also
modified by the extent of sediment regenerationdibgct atmospheric deposition, and
phytoplankton uptake.

A major component of TMDL development is the detieation of the maximum concentrations
of N (based on field data) that can occur withaustng 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 guantitative relationship between those indisaind N concentrations. The Linked Model
was then used to determine site-specific targestiold N concentrations by using the specific
physical, chemical and biological characteristiteach harbor embayment system.

As listed in Table 4 below, the site-specific tartpeshold N concentration is 0.50 mg/L. The

findings of the analytical and modeling investigas to determine this target threshold nitrogen
concentration for the embayment system are disdusslew.
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Table 4: Present Nitrogen Concentrations and Sental Station Threshold Nitrogen Target
Concentrations for the Harwich Harbors Embayment Sygtems

ﬁﬁfgr\g‘d Target Threshold

Harbor System/Sentinel Station gen Nitrogen Concentratiomn

Concentratiort (mg/L)

(mg/L) J
Allen Harbor/HAR-4 0.747 0.50
Wychmere Harbor/HAR-3 0.812 0.50
Saquatucket Harbor/HAR-2 0.658 0.50
! Average total N concentrations from present logdiased on an average of the annual N means from

2001 - 2008.

The approach for determining nitrogen loading ratdsch will maintain acceptable habitat
guality throughout an embayment system, is to ittsntify a sentinel location within the
embayment and second to determine the nitrogereatration within the water column which
will restore that location to the desired habitaality. The sentinel location is selected such that
the restoration of that one site will necessariindpthe other regions of the system to acceptable
habitat quality levels. Once the sentinel site istarget nitrogen level are determined, the MEP
study modeled nitrogen loads until the targetecbgén concentration was achieved. Target
threshold N concentrations in this study were dgwved to restore or maintain SA waters or high
habitat quality. In this system, high habitat éyalvas defined as diverse benthic animal
communities and dissolved oxygen levels that wsulgbort Class SA waters since eelgrass
habitat could not be documented to exist, eithetohically or presently, within Saquatucket,
Wychmere or Allen Harbors.

The sentinel stations for each of the three estsane located within the main basin at the long-
term water quality monitoring stations: Saquatudkatbor (HAR-2), Wychmere (HAR-3) and
Allen Harbor (HAR-4) (Figure 7). However, giveretpotential for tidal restriction to Allen
Creek, it is necessary to include a secondary '¢haation specific to that basin (HAR-5). The
secondary check station in Allen Creek is to prevadcheck on the acceptability of conditions
within the tributary basin at the point that theeghold level is attained at the sentinel statiwh a
to control for potential tidal restriction betwets tributary basin and the main basin. The goal
is to achieve the nitrogen target at the sentoedtion and restore benthic animal habitat
throughout each of the three harbors.
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Figure 7: Water Quality Sampling Stations in Allen,Wychmere and Saquatucket Harbors
(The sentinel stations are HAR-4, HAR-3, HAR-Zpectively.)

oy g
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According to the MEP technical report the observenthic habitat quality is completely
consistent with the observed levels of oxygen depiechlorophyll a and macroalgal
accumulations (only found in Allen Creek). Thesgidators are supported by the total nitrogen
concentrations found in the MEP study, where aweiidyg levels in all the harbors ranged from
0.65 — 0.82 mg/L N, with the highest levels obsdriveAllen Creek. The MEP studies have
generally found benthic habitat quality to be higthia open water basins with TN levels
generally between 0.50-0.55 mg/L N. For exampigh lquality benthic habitats within the
Bumps River and Lower Centerville River were foatd N levels <0.46 mg/L N. Similarly, the
moderate impairment of infaunal habitat in the mipa&sins of Hyannis Inner Harbor were found
at only slightly higher tidally averaged total ogen levels of 0.518-0.574 mg/L N. These data
are consistent with a variety of studies by the MEehnical Team in other enclosed basins
along Nantucket Sound (e.g. Perch Pond, Bourned,FRopponesset Bay) where levels <0.5
mg/L N were found to be supportive of healthy infalhabitat and in deeper terminal basins
(e.g. Eel Pond in Bourne) where healthy infaunditiaahad a slightly lower threshold level,
0.45 mg/L N. Further analysis of the CenterviligdR Estuary indicates moderate impairment at
tidally averaged N levels >0.5 mg/L N (0.526 mg/)iN Scudder Bay and at 0.543 mg/L N in
the mid reach of the Centerville River. Moderat@a@inment was also observed at the same N
levels (0.535-0.600 mg/L N) within the Wareham Rjweith high quality infaunal animal
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habitat at N levels of 0.444-0.463 mg/L N. Basedrufhese observations, it was concluded that
an upper limit of 0.50 mg/L tidally averaged N waslupport healthy infaunal habitat in each of
the basins of the three harbors.

The findings of the analytical and modeling invgations for these embayment systems are
discussed and explained below.

Nitrogen loadings to the embayment

a) Present Loading rates:

In the Allen, Wychmere and Saquatucket Harbors gmieat systems overall the highest N
loading from controllable sources is from on-si@stewater treatment systems. The MEP
Technical Report (Figure IV-5) calculates that sepystems account for 86%, 83% and 79% of
the controllable N load to Allen, Wychmere and Ssiquket Harbors, respectively. Other minor
sources include lawn and golf course fertilizeranberry bogs, farm animals, the Snow Inn
WWTP facility and runoff from impervious surfacelitrogen rich sediments in this system are
also a major contribution. However, reducing thio&d to the estuary will also reduce N in the
sediments since the magnitude of the benthic dmrttan is related to the watershed load.

A subwatershed breakdown of N loading, by soucerésented in Table 5. The data on which
Table 5 is based can be found in Table ES-1 oMB® Technical Report.

As previously indicated, the present N loadingthgse embayment systems must be reduced in
order to restore the impaired conditions and tadcafurther nutrient-related adverse
environmental impacts. The critical final stepghe development of the TMDL is modeling and
analysis to determine the loadings required thitashieve the target threshold N
concentrations.

b) Nitrogen loads necessary for meeting tree giecific target threshold N concentrations:

Table 6 lists the present watershed N loadings ftemAllen, Wychmere and Saquatucket
Harbors systems and the percent watershed loadtreds necessary to achieve the target
threshold N concentration at the sentinel stat{fnasn Table ES-2 of the MEP Technical
Report).

These modeling results provide one scenario ofeaatny the threshold level for the sentinel sites
within these estuary systems. It is very importantote that load reductions can be produced
through a variety of strategies or combinationtadtegies such as the reduction of any or all
sources of N, increasing the natural attenuatioN wfithin the freshwater systems, and/or
modifying the tidal flushing through inlet recontdiigation (where appropriate). This scenario
establishes the general degree and spatial patteeduction that will be required for restoration
of the N impaired portions of these harbor systeiftse Town of Harwich is encouraged to
evaluate all potential options and take any redslerections to reduce the controllable N
sources.
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Table 5: Present Nitrogen Loadings to Allen, Wychrare and Saquatucket Harbors

Embayment Systems

Present Non- Present Septic Present Present Present Benthic| Total nitrogen
Wastewater Watershed .
Sub-watershed System Atmospheric Flux® load from all
Watershed Load" o
Loadt Load (kg N/day) Depositio (kg N/day) sources
(kg N/day) (kg N/day) (kg N/day) (kg N/day§
Allen Harbor 0.550 4.214 4.764 0.227 13.109 18.1
Wychmere 0.592 3.208 3.866 0.195 13.865 17.926
Harbor
Saqutucket 0.250 2545 2.795 0.151 15.285 18.231
Harbor
Allen Pond 0.412 1.426 1.838 - - 1.838
Stream
Cold Spring 2.726 7.775 10.501 - - 10.501
Brook
East
Saquatucket 1.022 2.926 3.948 -- -- 3.948
Stream

" Includes fertilizers, runoff, and atmospheric depms to lakes and natural surfaces

2 Atmospheric deposition to the estuarine surfacg onl

®Nitrogen loading from sediments
* Includes fertilizer, runoff and wastewater inputs
® Composed of fertilizer, runoff, wastewater, atmasghdeposition and benthic nitrogen input
®Includes an additional 0.066 kg/day from the Snow\WWTP.
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Table 6: Present Watershed Nitrogen Loading Rate;alculated Loading Rates that are
Necessary to Achieve Target Threshold Nitrogen Coeatrations, and the Percent
Reductions of the Existing Loads Necessary to Achie the Target Threshold Loadings.

Watershed Load Reductions

Present Total| Target Threshold| Neaeded to Achieve Target

Watershed Watershed Loads
Harbor System Load*! Load?

(kg/day) (kg N/day) kg N/day % change

Allen Harbor 4.764 1.392 3.372 -70.78%
Wychmere Harbor 3.866 0.66 3.206 -82.93%
Saquatucket Harbor 2.795 0.756 2.039 -72.95%
Allen Pond Stream 1.838 1.055 0.783 -42.60%
Cold Spring Brook 10.501 6.225 4.276 -40.72%

East Saquatucket Stream 3.948 2.296 1.652 -41.84%

'Composed of fertilizer, runoff, atmospheric defiosito lakes and natural surfaces, WWTF and

septic system loadings.

Target threshold watershed load is the N load filmenwatershed (including natural background)
needed to meet the target threshold N concentrafiOrb0 mg/L for each of the embayments.

Total Maximum Daily Loads

As described in EPA guidance, a total maximum daiéyl (TMDL) identifies the loading
capacity of a water body for a particular pollutarEPA regulations define loading capacity as
the greatest amount of loading that a water bodyreeeive without violating water quality
standards. The TMDLs are established to protetftoamestore the estuarine ecosystem,
including eelgrass, the leading indicator of ecaalhealth, thus meeting water quality goals
for aquatic life support. Because there are narfecal” water quality standards for N, the
TMDLs for Allen, Wychmere and Saquatucket Harbgistesms are aimed at determining the
loads that would correspond to specific N concéiatna determined to be protective of the water
guality and ecosystems.

The development of a TMDL requires detailed anayam®d mathematical modeling of land use,
nutrient loads, water quality indicators, and hytymamic variables (including residence time)
for each waterbody system. The results of the ema#ttical model are correlated with estimates
of impacts on water quality, including negative anfs on eelgrass (the primary indicator), as
well as dissolved oxygen, chlorophglend benthic infauna.
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The TMDL can be generally 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 Loading

Natural background N loading is included in thediog estimates presented here, but is neither
quantified nor presented separately. It is a corapbaf the target watershed threshold.
Background loading was calculated on the assumphiainthe entire watershed is forested with
no anthropogenic sources of N. It is accountedrfdinis TMDL but not defined as a separate
component. Readers are referred to Table ES{iedffEP Technical Report for estimated
loading due to natural conditions.

Waste Load Allocations

Wasteload allocations identify the portion of tbading capacity allocated to existing and future
point sources of wastewater. There are no peninsiieface water discharges to the Allen,
Wychmere and Saquatucket Harbors systems withxitepéon of stormwater. EPA interprets
40 CFR 130.2(h) to require that allocations for N\l regulated discharges of stormwater be
included in the waste load component of the TMEHPA and MassDEP authorized most of the
Town of Harwich for coverage under the NPDES PhieSeneral Permit for Stormwater
Discharges from Small Municipal Separate Storm 3&ystems (MS4s) in 2003. The
watersheds of all three harbors lie entirely wittha designated MS4 areas of Harwich.

For purposes of the Allen, Wychmere and SaquatutkidlLs, MassDEP also considered the
nitrogen load reductions from regulated MS4 sounsesessary to meet the target nitrogen
concentrations. In estimating the nitrogen loadiings regulated stormwater sources, MassDEP
considered that most stormwater runoff in the M8dhmunities is not discharged directly into
surface waters, but, rather, percolates into tbhem. The geology on Cape Cod and the Islands
consists primarily of glacial outwash sands andigjsa and water moves rapidly through this
type of soil profile. A systematic survey of storater conveyances in Harwich had not been
conducted prior to or during the MEP technical gtafithese embayments. Nevertheless, most
catch basins on Cape Cod and the Islands are kteoiiassDEP to have been designed as
leaching catch basins in light of the permeablelowelen. MassDEP, therefore, recognized that
most stormwater that enters a catch basin in tipglated area will percolate into the local
groundwater table rather than directly discharge sorface waterbody. As described in the
Methodology Section (above), the Linked Model aetedor storm water loadings and
groundwater loading in one aggregate allocatioa msn-point source. However, MassDEP also
considered that some stormwater collected in régdlarea is discharged directly to surface
waters through outfalls. In the absence of spedéi@ or other information to accurately

guantify stormwater discharged directly to surfaeders, MassDEP assumed that all impervious
surfaces within 200 feet of the shoreline, as dated from MassGIS data layers, would
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discharge directly to surface waters, whether ¢iitrio fact did so. MassDEP selected this
approach because it considered it unlikely thatstiagmwater collected farther than 200 feet
from the shoreline would be directly dischargea istirface waters. Although the 200 foot
approach provided a gross estimate, MassDEP coedidtea reasonable and conservative
approach given the lack of pertinent data and méiron about MS4 systems on Cape Cod. For
Allen, Wychmere and Saquatucket Harbors this cated| stormwater WLA based on the 200
foot buffer is 0.13 kg/day N (), 0.11 kg/day N &n@3 kg/day N respectively. These WLASs
amount to 1.7 % of the total N load to Allen Hark@i7% of the total N load into Wychmere
Harbor and 0.1% into Saquatucket Harbor (see ApgeDdor details). This conservative load
is a negligible amount of the total nitrogen loadhese embayments when compared to other
sources.

Load Allocations

Load allocations identify the portion of loadingoea&ity allocated to existing and future
nonpoint sources. In the case of the Allen, Wyadlenaed Saquatucket Harbor systems the
nonpoint source loadings are primarily from septistems (see Figure 8). Additional N
sources include fertilizers from lawns, golf cows@d cranberry bogs, farm animals, Snow Inn
WWTP (groundwater discharge), natural backgroutatpsvater runoff (from non-impervious
areas), and atmospheric deposition.

Stormwater that is subject to the EPA Phase Il Rirngs considered a part of the wasteload
allocation, rather than the load allocation . Ascdssed above and presented in Chapter IV, V,
and VI, of the MEP Technical Report, on Cape Cadvi@ist majority of stormwater percolates
into the aquifer and enters the embayment systemugh groundwater. Given this, the TMDL
accounts for stormwater loadings and groundwagstifgys in one aggregate allocation as a non-
point source, thus combining the assessments déwater and storm water for the purpose of
developing control strategies. As the Phase IgRrm is implemented in Harwich, new studies,
and possibly further modeling, will identify whabqpion of the stormwater load may be
controllable through implementation of Best ManagatPractices (BMPS).

The sediment loading rates incorporated into thddTMre lower than the existing benthic
input listed in Table 5 above because projectedatohs of N loadings from the watershed will
result in reductions of nutrient concentrationshia sediments and therefore, over time,
reductions in loadings from the sediments will accBenthic N flux is a function of N loading
and particulate organic N (PON). Projected berfibies are based upon projected PON
concentrations and watershed N loads and are asdcuby multiplying the present N flux by
the ratio of projected PON to present PON usingahewing formulae:

Projected N flux = (present N flux) (PON projecfdélON present)
When: PON projected = (Bad) (Dron) + PON present offshore

When Rag= (projected N load) / (Present N load)

And Dpoy is the PON concentration above background deterunby:

D PON = (PON present embayment PON present offshor)e
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The benthic flux modeled for thdlen, Wychmere and Saquatucket Harbgstens is reduced
from existing conditions based on the load reductind the observed PON concentrati
within each sulembayment relative iINantucket Sound (boundary conditiofhe benthic
flux input to each sulembayment was reduced (toward zero) bion the reduction of N in th
watershed load.

The loadings from atmospheric sources incorporettedthe TMDL however, are the sar
rates presently occurring because, as discusse dbocal control of atmospheric loadings
not considered feasible.

Locally controllable sources of N within the wategds are categorized as-site subsurfac
wastewater disposal system wastes and land useh(witdludes stormwater runoff al
fertilizers). Figure 8 illustratethat septic systems aby far the mossignificant portion of th
controllable N load.Septic systems contribu22.1 kg/day of N to theombined harbor systel
while fertilizers and runoffcombined contributjust 5.6 kg/dayrepresented as land use loat
Figure 8). The WWTHRoad is from he Snow Inn which discharges to groundwater withe
Wychmere Harbor watershélom Table E-1 in the MEP Technical Report).

Figure 8: Allen, Wychmere and Saquatucket Controllable N Load

14 & -
= el A
=
=
12 £
= O Allen Harbor
=
10 i B Wychmere Harbor
=
— OSaquatucketHarbor
5 8 =
8 °
2 B
W 6 = _A—
= = —
= =
[— [
4 = =i
== el
= —
= i—
[ [—
2 [—
[ | ] I
B A [
I — | [ e ———————
0 ==t i i : L sy
Land Use Load Septic System Load WWTF Load

N Sources

Margin of Safety

Statutes and regulations require that a TMDL ineladnargin of safety (MOS) to account
any lack of knowledge concerning the relationsl@pueen load and wasteload allocations
water quality [CWA para 303 (d)20©, 40C.G.R. paB8.Y©(1)]. The MOSmust be designe
to ensure that any uncertainties in the data autations used to |k pollutant sources to wat
guality impairment modeling will be accounted forthe TMDL and ensure protection of t
beneficial usesThe EPA’s 1991 TMDL Guidancexplains that the MOS may be implicit, i.
incorporated into the TMDL through conservativeussgtions in the analysis, or explicit, i.
expressed in the TMDL as loadings set aside foMB®&. An explicit MOS quantifies a
allocation amount separdt®m other Load and Wasteload Allocations. An &{pMOS can
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incorporate reserve capacity for future unknowanshsas population growth or effects of climate
change on water quality. An implicit MOS is noespically quantified but consists of
statements of the conservative assumptions usthe ianalysis. The MOS for the Allen,
Wychmere and Saquatucket Harbors TMDLs is implitlassDEP used conservative
assumptions to develop numeric model applicatibasdccount for the MOS. These
assumptions argescribed belowand they account for all sources of uncertaimigluding the
potential impacts of changes in climate.

While the general vulnerabilities of coastal areaslimate change can be identified, specific
impacts and effects of changing estuarine conditame not well known at this time
(http://www.mass.gov/eea/waste-mgnt-recycling/ai@ljygreen-house-gas-and-climate-
change/climate-change-adaptation/climate-changptatian-report.htn)l Because the science
IS not yet available, MassDEP is unable to anatyireate change impacts on streamflow,
precipitation, and nutrient loading with any degoéeertainty for TMDL development. In light
of these uncertainties and informational gaps, BM&$shas opted to address all sources of
uncertainty through an implicit MOSViassDEP does not believe that an explicit MOS aggro
is appropriate under the circumstances or will glexa more protective or accurate MOS than
the implicit MOS approach, as the available datgpéy does not lend itself to characterizing and
estimating loadings to derive numeric allocatiorihiw confidence limits. Although the
implicit MOS approach does not expressly set agidpecific portion of the load to account for
potential impacts of climate change, MassDEP hdsasts to conclude that the conservative
assumptions that were used to develomtimaeric model applications are insufficient to agto
for the lack of knowledge regarding climate change.

Conservative Assumptions used in the Margin of (gyafe

1. Use of conservative data in the linked model
The watershed N model provides conservative estsnait N loads to the embayment. Nitrogen
transfer through direct groundwater discharge toagse waters is based upon studies
indicating negligible aquifer attenuation and douat i.e. 100% of load enters embayment. This
is a conservative estimate of loading becauseetutive also shown that in some areas less
than 100% of the load enters the estuary. Indbigext, “direct groundwater discharge” refers
to the portion of fresh water that enters an egtaargroundwater seepage into the estuary itself,
as opposed to the portion of fresh water that srasrsurface water inflow from streams, which
receive much of their water from groundwater floMitrogen from the upper watershed regions,
which travel through ponds or wetlands, almost gve@nter the 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 Itreeth the measured discharges in the
streams/rivers that have been assessed to dassefdie, 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 theladadoncentrations.

The hydrodynamic and water quality models have lassessed directly. In the many instances
where the hydrodynamic model predictions of volumeixchange (flushing) have also been
directly measured by field measurements of instedas discharge, the agreement between
modeled and observed values has been >95%. Feddurement of instantaneous discharge
was performed using acoustic doppler current mHi(ADCP) at key locations within the
embayment (with regards to the water quality modelas possible to conduct a quantitative
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assessment of the model results as fitted to dibaskataset - a least squares fit of the modeled
versus observed data showed an R2>0.95, indictitaighe model accounted for 95% of the
variation in the field data). Since the water gyahodel incorporates all of the outputs from the
other models, this excellent fit indicates a higigite of certainty in the final result. The high
level of accuracy of the model provides a high de@f confidence in the output; therefore, less
of a margin of safety is required.

In the case of N attenuation by freshwater ponitisnaation was derived from measured N
concentrations, pond delineations and pond bathym@t just one of the ponds. This
attenuation rate was determined to be 74%. Allrgploeds lacked sufficient data to calculate an
attenuation factor so a more conservation valug0&6 was applied as more protective and
defensible. Nitrogen attenuation in freshwater gomais generally been determined by the MEP
analysis to be at least 50%, so the watershed naggd&ns a conservative attenuation of 50% to
all nitrogen from freshwater pond watersheds urtlesse is sufficient information to develop a
pond-specific attenuation rate to incorporate tholoading analysis.

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

In addition, the predicted reductions in benthgemeration of N are most likely underestimates,
i.e. conservative. The reduction is based solelg ceduced deposition of PON, due to lower
primary production rates under the reduced N laadirthese systems. As the N loading
decreases and organic inputs are reduced, itdlylikat rates of coupled remineralization-
nitrification, denitrification and sediment oxidai will increase.

Benthic regeneration of N is dependent upon theusrtnaf PON deposited to the sediments and
the percentage that is regenerated to the watemeoVersus being denitrified or buried. The
regeneration rate projected under reduced N loagbngitions was based upon two assumptions
(1) PON in the embayment in excess of that of miihg tidal water (boundary condition) results
from production supported by watershed N inputs and

(2) Presently enhanced production will decreaggaportion to the reduction in the sum of
watershed N inputs and direct atmospheric N indiite latter condition would result in equal
embayment versus boundary condition productionR@t levels if watershed N loading and
direct atmospheric deposition could be reducedto gan impossibility of course). This
proportional reduction assumes that the propoiocremineralized N will be the same as under
present conditions, which is almost certainly adarestimate. As a result, future N regeneration
rates are overestimated which adds to the margsafety.

2. Conservative sentinel station/target threshdldgen concentration
Conservatism was used in the selection of thersargtations and target threshold N
concentrations. The sites were chosen that hatestalgrass or benthic animal (infaunal)
communities, and not those just starting to shopaimment, which would have slightly higher
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N concentration. Meeting the target threshold Noemtrations at the sentinel stations will result
in reductions of N concentrations in the rest ef $gstems.

3. Conservative approach
The linked model accounted for all stormwater logdiand groundwater loadings in one
aggregate allocation as a non point source andgfysegate load is accounted for in the load
allocation. The method of calculating the WLA iethMDL for regulated stormwater was
conservative as it did not disaggregate this ndgédoad from the modeled stormwater LA,
hence this approach further enhances the margafety.

The target loads were based on tidally averagedngentrations 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 tides dinerefore this approach is conservative.

In addition to the margin of safety within the cexitof setting the N threshold levels as
described above, a programmatic margin of safety @krives from continued monitoring of
these embayments to support adaptive managemarg.cdntinuous monitoring effort provides
the ongoing data to evaluate the improvementsat@ir over the multi-year implementation of
the N management plan. This will allow refinemetotshe plan to ensure that the desired level
of restoration is achieved.

Seasonal Variation

Since the TMDLs for the waterbody segments arebasdhe most critical time period, i.e. the
summer growing season, the TMDLs are protectivalicseasons. 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 fordagsons. The first is that primary production
in coastal waters can peak in both the late wiatety spring and in the late summer-early fall
periods. Second, as a practical matter, the tgpesntrols 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 frormAmoint sources. Thus, the annual loads make
sense since it is difficult to control non-poinusces of N on a seasonal basis and N sources can
take considerable time to migrate to impacted vgater

TMDL Values for Allen, Wychmere and Saquatucket Habors Embayment
Systems

As outlined above, the total maximum daily loadin§® that would provide for the restoration
and protection of the embayment were calculatedomgidering all sources of N grouped by
natural background, point sources and non-pointcesu A more meaningful way of presenting
the loadings data from an implementation perspecsipresented in Table 7.

In this table the N loadings from the atmospheeeliated separately from the target watershed
threshold loads which are composed of natural backgl N along with locally controllable N
from the on-site subsurface wastewater dispos&tisys storm water runoff and fertilizer
sources. In the case of Allen, Wychmere and Sagkat Harbors embayment systems the
TMDLs were calculated by projecting reductionsandlly controllable septic systems. Once
again the goals of these TMDLs are to achievedhatified target threshold N concentration at
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the identified sentinel stations. The target lodestified in this table represents one alterretiv

loading scenario to achieve that goal but othenages may be possible and approvable as well.

Table 7: The Total Maximum Daily Loads (TMDL) for Allen, Wychmere and Saquatucket
Harbors Embayment Systems, Represented as the Suritbe Calculated Target Threshold
Loads, Atmospheric Deposition and Sediment Load

Target Nitrogen
Threshold Atmosp_h_erlc Load from TMDL2
Watershed Deposition )
Harbor System Sediment’ (kg N/day)
Load' (kg N/day) (kg N/day)
(kg N/day)
Allen Harbor 1.392 0.227 8.216 9.835
Wychmere Harbor 0.66 0.195 6.03 6.885
Saquatucket Harbor 0.756 0.151 10.67 11.557
Allen Pond Stream 1.055 -- -- 1.055
Cold Spring Brook 6.225 -- -- 6.225
East Saquatucket Stream 2.296 -- -- 2.296

! Target threshold watershed load (including natbiaakground) is the load from the watershed neeul@deet the
embayment target threshold nitrogen concentratlentified in Table 4.
2 Projected sediment N loadings obtained by reduttiegoresent loading rates (Table 5) proportiomgroposed
watershed load reductioard factoring in the existing and projected futtmacentrations of PON from Table
ES-2 of the MEP Technical Report.
¥Sum of target threshold watershed load, sedimext émd atmospheric deposition load.

Implementation

The critical element of this TMDL process is aclmgvthe sentinel station specific target
threshold N concentration presented in Table 4 aloat is necessary for the restoration and
protection of water quality and diverse benthic camities within the Allen, Wychmere and
Saquatucket Harbors embayment systems. In ordmhieve the target threshold N
concentration, N loading rates must be reducedigirout the harbor embayment systems.

Septic Systems:

Table 8 presents a load reducing scenario basely ol reducing the septic loads from the

Allen, Wychmere and Saquatucket Harbors watersheldsvever, as previously noted, there are
a variety of loading reduction scenarios that cadbieve the target threshold N concentrations.

Local officials are encouraged to explore othediog reduction scenarios through additional
modeling as part of their Comprehensive Wastewdtragement Plan (CWMP). It must be
demonstrated however, that any alternative impleatiem strategies will be protective of the
entire embayment system. To this end, addition&kll model runs can be performed by the
MEP at a nominal cost to assist the planning effoftthe town in achieving target N loads that
will result in the desired target threshold N cartcation.
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Table 8: Summary of the Present On-Site Subsurfad&/astewater Disposal System Loads,

and the Loading Reductions Necessary to Achieve tidMDL by Reducing On-Site

Subsurface Wastewater Disposal System Loads Only

Present Sentid Threshold Threshold
Svstem P Septic System| Septic System
Harbor System/Subwatershed y Load Load %
Load (kg N/day) Change
(kg N/day)
Allen Harbot 4.214 0.841 -80%
Wychmere Harbdr 3.208 0.000 -100%
Saquatucket Harbbr 2.545 0.507 -80.1%
Allen Pond Stream 1.426 0.642 -54.9%
Cold Spring Brook 7.775 3.499 -55%
East Saquatucket Stream 2.926 1.274 -56.5%

Total estuarine reach which receives septic N mphrough direct groundwater discharge and from
surface water (stream) inflows

(Note:Taken fronirable VIII-2 of the MEP Technical Report. Thesedsalo not include direct
atmospheric deposition (onto the sub-embaymenase)f benthic flux, runoff, or fertilizer loadingrims.)

The CWMP should include a schedule of the selestiedegies and estimated timelines for
achieving those targets. However, the MassDERzesathat an adaptive management approach
may be used to observe implementation resultstowerand allow for adjustments based on
those results. This adaptive management approdcimedgrporate the priorities and concepts
included in the updated area wide management glableshed under the Clean Water Act
Section 208.

Because the vast majority of controllable N loaftesn septic systems for private residences the
CWMP should assess the most cost-effective opfammachieving the target N watershed loads,
including but not limited to, sewering and treatitnim N control of sewage and septage at either
centralized or de-centralized locations and ddviitrg systems for all private residences.

If a community chooses to implement TMDL measurégbaut a CWMP it must demonstrate

that these measures will achieve the target thtedthaoncentration. (Note: Communities that
choose to proceed without a CWMP will not be elgitor State Revolving Fund loans.)

Stormwater:
The NPDES permits which EPA has issued in Massattsu® implement the Phase I
Stormwater program do not establish numeric effilienitations for stormwater discharges,
rather, they establish narrative requirementsyutiolg best management practices, to meet the
following six minimum control measures and to m@ette Water Quality Standards.

1. public education and outreach particularly anglhoper disposal of pet waste,

2. public participation/involvement,

3. illicit discharge detection and elimination,

4. construction site runoff control,
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5. post construction runoff control, and
6. pollution prevention/good housekeeping.

As part of their applications for Phase Il pernuverage, communities must identify the best
management practices they will use to comply watbheof these six minimum control measures
and the measurable goals they have set for eackuneeBherefore, compliance with the
requirements of the Phase Il stormwater permih@Town of Harwich will contribute to the
goal of reducing the nitrogen load as prescribettiim TMDL for Allen, Wychmere and
Saquatucket Harbors watersheds.

In their 2014 annual Phase 1l MS4 Stormwater reptarEPA, Harwich reports that 100% of the
mapping of the stormdrain system and outfalls entttwn has been completed and field
verification is ongoing. The annual reports indéctitat they continue to update stormwater
drainage systems to Phase Il standards. In addtheriTown conducts an ongoing public
outreach campaign that includes website, postarsjduts, mailers and flyers with information
on various pollution prevention activities (e.gazhrdous waste collections) and regulations.

Other activities being conducted by Harwich as regabin their most recent (2014) NPDES
Phase Il MS4 Annual Report include: membershijh@Rleasant Bay Resource Management
Alliance (The Alliance has over 100 volunteers velotlect water samples throughout the Bay
from June through September); hosting COASTSWEERWtrganizes volunteer beach
cleaning events in Harwich; working with AmericomuisCape Cod to clean streams related to
herring runs in Harwich; collecting waste oil frdyoats at Saquatucket Harbor for proper
disposal.

Climate Change:
MassDEP recognizes that long-term (25+ years) ¢érnhange impacts to southeastern
Massachusetts, including the area of this TMDL,parssible based on known science.
Massachusetts Executive Office of Energy and Emvirental Affairs 2011Climate Change
Adaptation Reporthttp://www.mass.gov/eea/waste-mgnt-recycling/aialgwgreen-house-gas-
and-climate-change/climate-change-adaptation/cérchinge-adaptation-report.htmptedicts
that by 2100 the sea level could be from 1 to 6 iegher than the current position and
precipitation rates in the Northeast could incrdasas much as 20 percent. However, the details
of how climate change will affect sea level riseegipitation, streamflow, sediment and nutrient
loading in specific locations are generally unknowine ongoing debate is not about whether
climate change will occur, but the rate at andetkient to which it will occur and the
adjustments needed to address its impacts. EPA2 2limate Change Strategy
http://water.epa.gov/scitech/climatechange/uplqzal/@012_climate water_strategy full_report
final.pdf
states: “Despite increasing understanding of déncdange, there still remain questions about
the scope and timing of climate change impacts@&afty at the local scale where most water-
related decisions are made.” For estuarine TMDLsoutheastern Massachusetts, MassDEP
recognizes that this is particularly true, whereaerguality management decisions and
implementation actions are generally made and odeduat the municipal level on a sub-
watershed scale.

EPA’s Climate Change Strategy identifies the typleesearch needed to support the goals and
strategic actions to respond to climate changeA &fknowledges that data are missing or not
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available for making water resource managemensig under changing climate conditions.
In addition, EPA recognizes the limitation of currenodeling in predicting the pace and
magnitude of localized climate change impacts admmends further exploration of the use of
tools, such as atmospheric, precipitation and ¢knchange models, to help states evaluate
pollutant load impacts under a range of projectedatic shifts.

In 2013, EPA released a study entitled, “Waterghedeling to assess the sensitivity of
streamflow, nutrient, and sediment loads to po#stimate change and urban development in
20 U.S. watersheds.” (National Center for EnvirontabAssessment, Washington D.C.;
EPA/600/R-12/058F). The closest watershed to sastlern Massachusetts that was examined
in this study is a New England coastal basin lataetween Southern Maine and Central
Coastal Massachusetts. These watersheds do rahpass any of the watersheds in the
Massachusetts Estuary Project (MEP) region, ahdstvastly different watershed
characteristics, including soils, geography, hyoggland land use — key components used in a
modeling analysis. The initial “first order” comsiion of this study is that, in many locations,
future conditions, including water quality, aredii to be different from past experience.
However, most significantly, this study did not daratrate that changes to TMDLSs (the water
quality restoration targets) would be necessarytferregion. EPA’s 2012 Climate Change
Strategy also acknowledges that the Northeasudirey) New England, needs to develop
standardized regional assumptions regarding fudlimeate change impacts. EPA’s 2013
modeling study does not provide the scientific mdthand robust datasets needed to predict
specific long-term climate change impacts in theRVMEgion to inform TMDL development.

MassDEP believes that impacts of climate changaldhme addressed through TMDL
implementation with an adaptive management approantind. Adjustments can be made as
environmental conditions, pollutant sources, oeoflactors change over time. Massachusetts
Coastal Zone Management (CZM) has developed a Stmiamt Coasts Program (2008) to help
coastal communities address impacts and effeasosfon, storm surge and flooding which are
increasing due to climate change. The programyy.mass.gov/czm/stormsmanffers technical
information, planning strategies, legal and regurlatools to communities to adapt to climate
change impacts.

As more information and tools become availableremeay be opportunities to make
adjustments in TMDLs in the future to address potadile climate change impacts. When the
science can support assumptions about the effectsmate change on the nitrogen loadings to
Allen, Wychmere and Saquatucket Harbors the TMDb.loa reopened, if warranted.

In summary, the Town of Harwich is urged to meettdrget threshold N concentrations by
reducing N loadings from any and all sources, tghowhatever means are available and
practical, including reductions in stormwater rurerid/or fertilizer use within the watershed
through the establishment of local by-laws andierimplementation of stormwater BMPs in
addition to reductions in on-site subsurface waatemdisposal system loadings.

Based on land-use and the fact that the watersifatiese systems are located completely
within the Town of Harwich it follows that nitrogenanagement necessary for the restoration of
the Allen, Wychmere and Saquatucket Harbor embaysyetems may be formulated and
implemented entirely through the Town of Harwichigions.
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MassDEP’s “MEP Embayment Restoration Guidancerfgglémentation Strategies”:
http://www.mass.gov/eea/agencies/massdep/waterstatgs/coastal-resources-and-
estuaries.htmprovides N loading reduction strategies that aeslable to Harwich and that
could be incorporated into the implementation plafke following topics related 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
» Stormwater Control and Treatment *
= Source Control and Pollution Prevention
=  Stormwater Treatment
» Attenuation via Wetlands and Ponds
* Water Conservation and Water Reuse
* Management Districts
e Land Use Planning and Controls
=  Smart Growth
= Open Space Acquisition
= Zoning and Related Tools
Nutrient Trading

*Harwich is one of the 237 communities in Massaeliisscovered by the 2003 Phase Il storm water progrermit
requirements.

Monitoring Plan

MassDEP is of the opinion that there are two foafsionitoring that are useful to determine
progress towards achieving compliance with the TMBIassDEP’s position is that
implementation will be conducted through an iteratrocess where adjustments may be needed
in the future. The two forms of monitoring inclutletracking implementation progress as
approved in the Harwich CWMP plans and 2) monimmrater quality and habitat conditions in
the estuaries, including but not limited to, thetsel stations identified in the MEP Technical
Report.

The CWMP will evaluate various options to achidve goals set out in the TMDL report and
the MEP Technical Report. It will also make a filmtommendation based on existing or
additional modeling runs, set out required actegtiand identify a schedule to achieve the most
cost effective solution that will result in compi@e with the TMDL. Once approved by the
Department tracking progress on the agreed upaonwail§ in effect, also be tracking progress
towards water quality improvements in conformandd the TMDL.
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Relative to water quality, MassDEP believes thaamubient monitoring program much reduced
from the data collection activities needed to prbpassess conditions and to populate the
model, will be important to determine actual coraptie with water quality standards. Although
the TMDL values are not fixed, the target threshdldoncentrations at the sentinel stations are
fixed. Through discussions amongst the MEP paditip it is generally agreed that existing
monitoring programs which were designed to thordyighsess conditions and populate water
quality models can be substantially reduced formance monitoring purposes. Although more
specific details need to be developed on a caseabg-basis MassDEP believes that about half
the current effort (using the same data collegiimcedures) would be sufficient to monitor
compliance over time and to observe trends in wgatity changes. In addition, the benthic
habitat and communities would require periodic nammg on a frequency of about every 3-5
years. Finally, in addition to the above, existmgnitoring conducted by MassDEP for eelgrass
should continue into the future to observe any gkarthat may occur to eelgrass populations as
a result of restoration efforts.

The MEP will continue working with the watershedroaunities to develop and refine
monitoring plans that remain consistent with thalg@f the TMDL. It must be recognized
however that development and implementation of aitaong plan will take some time, but it is
more important at this point to focus efforts odueing existing watershed loads to achieve
water quality goals.

Reasonable Assurances

MassDEP possesses the statutory and regulatorgréayttunder the water quality standards
and/or the State Clean Water Act (CWA), to impletraard enforce the provisions of the TMDL
through its many permitting programs including regments for N loading reductions from on-
site subsurface wastewater disposal systems. Hmwegcause most non-point source controls
are voluntary, reasonable assurance is based moth@itment of the locality involved.

Harwich has demonstrated this commitment througlcttmprehensive wastewater planning
that they initiated well before the generationted TMDL. The town expects to use the
information in this TMDL to generate support froheir citizens to take the necessary steps to
remedy existing problems related to N loading frammsite subsurface wastewater disposal
systems, stormwater, and runoff (including feréihg), and to prevent any future degradation of
these valuable resources. Moreover, reasonahlesae®es that the TMDL will be implemented
include enforcement of regulations, availabilityfiolancial incentives and local, state and
federal programs for pollution control. Storm watfPDES permit coverage will address
discharges from municipally owned storm water dagansystems. Enforcement of regulations
controlling non-point discharges include local iexpkentation of the Commonwealth’s Wetlands
Protection Act and Rivers Protection Act, Titleggulations for on-site subsurface wastewater
disposal systems and other local regulations (asdhe Town of Rehoboth’s stable regulations).
Financial incentives include federal funds avagalhder Sections 319, 604 and 104(b)
programs of the CWA, which are provided as pathefPerformance Partnership Agreement
between MassDEP and EPA. Other potential fundsaastance are available through the
Massachusetts Department of Agriculture’s Enhancéfeogram and the United States
Department of Agriculture’s Natural Resources Covetgon Services. Additional financial
incentives include income tax credits for Titlefguades and low interest loans for Title 5 on-
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site subsurface wastewater disposal system upgeaadable through municipalities
participating in this portion of the state revolyifund program.

As the town implements these TMDLs the loading gal(kg/day of N) will be used by
MassDEP for guidance for permitting activities ahduld be used by the community as a
management tool.

Public Participation

Public meetings to present the results of and anguestions on this TMDL were held on August

26, 2015 in the Harwich Town Hall, Board of Seleetris meeting room. Patti Kellogg (MassDEP)
summarized the Mass Estuaries Project and desdtieddraft Nitrogen TMDL Report findings.
Public comments received at the public meetingscamgments received in writing within a 30-day
comment period following the public meeting werasidered by the Department. This final version
of the TMDL report includes both a summary of thiblc comments together with the Department's
response to the comments and scanned images attéinelance sheets from the meetings (Appendix
D. MEP representatives at the public meetingsioedi Kimberly Groff, Brian Dudley, Barbara
Kickham and Matthew Reardon.
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Appendix A

Table A-1: Summary of the Nitrogen Concentrations ér Allen, Wychmere and Saquatucket Harbors Embaymen

Systems.

Measured data and modeled Total Nitrogen concémisafor the Allen, Wychmere and Saquatucket Harlestuary systems used in tf
model calibration plots of Figure VI-3. All condeations are given in mg/L N. “Data mean” values ealculated as the average of th
separate yearly means. Data are provided countabg Costal Systems Program at SMAST. (From Te¥bleof the MEP Technical

ne

Report.)
Sub-Embayment Saquatucket Wz;?&?re Wychmere Allen I—!arbor Allen Harbor Allen Harbor
Harbor Harbor Marina Hulse Pt. Creek
(Outer)

Monitoring Station HAR-2 HAR-2A HAR-3 HAR-4 HAR-4A HAR-5
2001 mean 0.669 -- 0.658 1.135 -- 1.187
2002 mean 0.546 0.470 0.712 0.689 0.516 0.679
2003 mean 0.643 0.506 0.887 0.481 0.534 0.525
2004 mean 0.584 0.533 0.847 0.484 0.538 0.576
2005 mean 0.587 0.505 0.639 0.488 0.473 0.482
2006 mean 0.720 0.588 0.875 1.130 1.144 1.141
2007 mean 0.698 0.551 0.956 0.697 0.939 1.415
2008 mean 0.819 0.542 0.892 0.902 0.794 0.997

mean 0.658 0.530 0.812 0.747 0.673 0.819
s.d. all data 0.169 0.128 0.254 0.323 0.252 0.400
N 76 34 77 43 34 38
model min 0.627 0.409 0.763 0.592 0.335 0.794
model max 0.680 0.558 0.846 0.749 0.675 0.825
model average 0.652 0.453 0.813 0.679 0.451 0.808
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Appendix B

Table B-1: Allen, Wychmere and Saquatucket Harbor&Embayment Systems 3 Total Nitrogen TMDLs and 3 Phltion
Prevention TMDLs

Stream

Saquatucket Harbor.

linked. (Pollution Prevention TMDL)

Embayment/Sub- o o TMDL
embayment Segment ID/Description Description (kg N/day)
MA9§'95—2016/ South Of. Rt 28, Determined to be impaired for
Harwich to confluence with . X
Allen Harbor : nutrients during the development of 9.835
Nantucket Sound, Harwich. West ., -
this TMDL.
of Wychmere Harbor.
--/lUnnamed stream that flows intp Not impaired for total nitrogen, but
Allen Pond Stream Allen Harbor from the northeast | TMDL needed since embayments ar¢  1.055
under Kildee Road. linked. (Pollution Prevention TMDL)
MA96-96_2016/South of Rt 28, . . ,
: . Determined to be impaired for
Harwich to confluence with . X
Wychmere Harbor Nantucket Sound. Harwich Westnutrlents during the development of 6.885
! ' this TMDL.
of Saquatucket Harbor.
MA96-23-2012/ South of Rt 28, | Determined to be impaired for
Saquatucket HarbgrHarwich to confluence with nutrients during the development of 11.557
Nantucket Sound, Harwich this TMDL.
--/Stream flows from the north intoNot impaired for total nitrogen, but
Cold Spring Brookl the northwest side of SaquatucketTMDL needed since embayments are  6.225
Harbor. linked. (Pollution Prevention TMDL)
East Sa uatucke*t"/ Stream flows from the north | Not impaired for total nitrogen, but
q into the northeast side of TMDL needed since embayments are¢  2.296

*Pollution Prevention TMDLs for community planniagd established to prevent further downstream imyat.
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Appendix C

Table C-1: The Allen, Wychmere and Saquatucket Hdvors Embayment Systems estimated waste load allocat
(WLA) from runoff of all impervious areas within 200 feet of its waterbodies.

Watershed Watershed
Impervious Watfershed ISP T MEP Total Watershed buffer area
. Total Impervious Area | Unattenuated .
Area in 200 . Unattenuated Impervious | WLA as % of
Estuary Watershed | in 200 ft buffer as| Watershed
ft Buffer of . . Watershed | buffer (200 ft)| MEP Total
System Name Impervious % of Total Impervious
Embayment Area (acred) Watershed Load Load WLA Unattenuated
Waterbody . (kg N/day) | (kg N/dayf Watershed
Impervious Area | (kg N/day¥
(acres) Load®
Allen Harbor 9.79 40.77 24% 0.54 7.61 0.13 1.7%
Wychmere 8.67 16.1% 53.9% 0.21 4.06 0.11 2.71%
Harbor
Sanuatucket 4.71 318.15 1.5% 1.86 28.99|  0.03 0.10%
Harbor

The entire impervious area within a 200 foot buffene around all waterbodies as calculated by Mi&sGue to the soils and geology of
Cape Cod it is unlikely that runoff would be chaledeas a point source directly to a waterbody fewgas more than 200 feet away. Some
impervious areas within approximately 200 feethaf $horeline may discharge stormwater via pipesctyr to the waterbody. For the purposes
of the waste load allocation (WLA) it was assuntedt &all impervious surfaces within 200 feet of ghereline discharge directly to the
waterbody.

Total impervious surface for the watershed wasinbtafrom SMAST N load data files.

From Table 1V-3 of the MEP Technical Report.

“This includes the unattenuated nitrogen loads fr@stewater from septic systems, fertilizer, ruriaffn both natural and impervious surfaces,
and atmospheric deposition to freshwater watertsodignis does not include direct atmospheric dejoosio the estuary surface.

*The impervious subwatershed 200 ft buffer areae@ativided by total watershed impervious areag&dhen multiplied by total impervious
subwatershed load (kg N/day).

®The impervious subwatershed buffer area WLA (kgay)dlivided by the total subwatershed load (kg Mydaen multiplied by 100.
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Appendix D
Massachusetts Estuaries Project (MEP) Response t@@ments:

DRAFT TOTAL MAXIMUM DAILY LOAD (TMDL) REPORT FOR
HERRING RIVER SYSTEM (CONTROL #395.0)
(REPORT DATED APRIL 16, 2015)

DRAFT TMDL REPORT FOR
ALLEN, WYCHMERE, AND SAQUATUCKET HARBORS ESTUARINESYSTEMS
(CONTROL # 312.0)
(REPORT DATED APRIL 16, 2015)

No written comments were received by MassDEP dufhiegoublic comment period. However,
we have included some answers to Frequently Askezstipns on the MEP, TMDLs, and
CWMPs

General frequently asked questions:

1) Can a CWMP include the acquisition of open spacepd if so, can State Revolving Funds
(SRF) be used for this?
DEP Response: State Revolving funds can be usegéor space preservation if a specific
watershed property has been identified as a ciliicgplementation measure for meeting the
TMDL. The SRF solicitation should identify thedaacquisition as a high priority project for
this purpose which would then make it eligibletfee SRF funding list. However, it should be
noted that preservation of open space will onlyradd potential future nitrogen sources (as
predicted in the build-out scenario in the MEP Tchl report) and not the current situation.
The town will still have to reduce existing nitrogsurces to meet the TMDL.

2) Do we expect eelgrass to return if the nitrogen go& higher than the concentration that can
support eelgrass?
DEP Response: There are a number of factors thaicoatrol the ability of eelgrass to re-
establish in any area. Some are of a physical reafsuch as boat traffic, water depth, or even
sunlight penetration) and others are of a chemicaure like nitrogen. Eelgrass decline in
general has been directly related to the impactsutfophication caused by elevated nitrogen
concentrations. Therefore, if the nitrogen concatbn is elevated enough to cause symptoms of
eutrophication to occur, eelgrass growth will n@t jpossible even if all other factors are
controlled and the eelgrass will not return unkietwater quality conditions improve.

3) Who is required to develop the CWMP? Can it be witten in-house if there is enough
expertise?
DEP Response: The CWMP can be prepared by the tdWwere are no requirements that it must
be written by an outside consultant; however, t@munity should be very confident that its in-
house expertise is sufficient to address the myssuwles involved in the CWMP process.
MassDEP would strongly recommend that any commuwngfiing to undertake this endeavor on
its own should meet with MassDEP to develop an@mpate scope of work that will result in a
robust and acceptable plan.

4) Have others written regional CWMPs (i.e. included sveral neighboring towns)?
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DEP Response: Joint CWMPs have been developedlbgleniowns particularly where
Districts are formed for purposes of wastewateatneent. Some examples include the Upper
Blackstone Water Pollution Abatement District thatve all or portions of the towns Holden,
Millbury, Rutland West Boylston and the City of \d&ster and the Greater Lawrence Sanitary
District that serves the greater Lawrence areatuwihg portions of Andover, N. Andover,
Methuen and Salem NH.. There have also been reasat where Towns have teamed up to
develop a joint CWMP where districts have not bieemed. The most recent example are the
Towns discharging to the Assabet River. They ircthed Towns of Westboro and Shrewsbury,
Marlboro and Northboro, Hudson, and Maynard. Thasen these towns joined forces was they
received higher priority points in the SRF comings a group than they otherwise would have
individually.

5) Does nitrogen entering the system close to shorepair water quality more? If we have to
sewer, wouldn’t it make sense to sewer homes clogerthe shore?
DEP Response: Homes closer to the waterbody allbmgen to get to that waterbody faster.
Those further away may take longer but still get¢hover time and are dependent upon the
underlying geology. However, what is more imporiarthe density of homes. Larger home
density means more nitrogen being discharged theisiénsity typically determines where to
sewer to maximize reductionalso there are many factors that influence watealiqyi such as
flushing and morphology of the water body.

6) Do you take into account how long it takes groundwiar to travel?
DEP Response: Yes, the MEP Technical report hagifel long term (greater than 10 years)
and short term time of travel boundaries in thewgrd-watershed.

7) What if a town can’t meet its TMDL?
DEP Response: A TMDL is simply a nutrient budgat tletermines how much nitrogen
reduction is necessary to meet water quality gaaldefined by state Water Quality Standards. It
is unlikely that the TMDL cannot be achieved howeveare occasions it can happen. In those
rare cases the Federal Clean Water Act providealgernative mechanism which is called a Use
Attainability Analysis (UAA). The requirementswdttanalysis are specified in the Clean Water
Act but to generalize the process, it requires madestration would have to be made that the
designated use cannot be achieved. Another wagyofgthis is that a demonstration would
have to be made that the body of water cannot stigpalesignated uses such as fishing,
swimming or protection of aquatic biota. This destaation is very difficult and must be
approved by the U.S. Environmental Protection AgeAs long as a plan is developed and
actions are being taken at a reasonable pace teezehthe goals of the TMDL, MassDEP will
use discretion in taking enforcement steps. Howavéhe event that reasonable progress is not
being made, MassDEP can take enforcement actiaugfr the broad authority granted by the
Massachusetts Clean Waters Act, the Massachusates Quality Standards, and through point
source discharge permits.

8) What is the relationship between the linked modelrd the CWMP?
DEP Response: The model is a tool that was develtipassist the Town to evaluate potential
nitrogen reduction options and determine if theyetike goals of the TMDL at the established
sentinel station in each estuary. The CWMP is tioegss used by the Town to evaluate your
short and long-term needs, define options, andnaltely choose a recommended option and
schedule for implementation that meets the goatlseoTMDL. The models can be used to assist
the Towns during the CWMP process.
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9) Is there a federal mandate to reduce fertilizer use
DEP Response: No, it is up to the states and/onsow address this issue.

10)Will monitoring continue at all stations or just the sentinel stations?
DEP Response: At a minimum, DEP would like to semitoring continued at the sentinel
stations monthly, May-September in order to deteencompliance with the TMDL. However,
ideally, it would be good to continue monitoring afl the stations, if possible. The benthic
stations can be sampled every 3-5 years since @saag not rapid. The towns may want to
sample additional locations if warranted. DEP pldnscontinue its program of eelgrass
monitoring.

11)What is the state’s expectation with CWMPs?
DEP Response: The CWMP is intended to provide then$ with potential short and long-term
options to achieve water quality goals and therefprovides a recommended plan and schedule
for sewering/infrastructure improvements and othiérogen reduction options necessary to
achieve the TMDL. The state also provides a loerést loan program called the state revolving
fund or SRF to help develop these plans. Towngoarbine forces to save money when they
develop their CWMPS.

12)Can we submit parts of the plan as they are complet?
DEP Response: Submitting part of a plan is not nec@nded because no demonstration can be
made that the actions will meet the requirementi@TMDL. With that said however the plan
can contain phases using an adaptive approachtdrdened to be reasonable and consistent
with the TMDL.

13)How do we know the source of the bacteria (septicsvcormorants, etc.)?
DEP Response: This was not addressed because thisiirogen TMDL and not a bacteria
TMDL.

14)lIs there a push to look at alternative new technolgies?
DEP Response: Yes, the Massachusetts Septic Skesse@enter is located on Cape Cod and
operated by the Barnstable County Department ofltHeand Environment. This Center tests and
tracks advanced innovative and alternative septstesn treatment technologies. DEP evaluates
pilot studies for alternative technologies but widit approve a system unless it has been
thoroughly studied and documented to be successful.

15)How about using shellfish to remediate and reduceitnogen concentrations?
DEP Response: Although MassDEP is not opposedd@fiproach in concept and the approach
is gaining favor in some areas of the country pnélgethis is not an approved method because of
a lack of understanding regarding how much nitrogeremoved over a specified period of time.
Some examples of systems where research is beidgaed include Long Island Sound (LIS), ,
Wellfleet, and Chesapeake Bay where oysters ang legaluated for remediation but the
complete science is still not well defined. Thamealso many unknowns that can affect nitrogen
uptake associated with proper management of the aed it is likely that very large areas of
shellfish may be needed to see measureable impeoism

16)The TMDL is a maximum number, but we can still go bwer.
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DEP Response: The state’s goal is to achieve datdruses and water quality criteria. There is
nothing however that prevents a Town from implemgmheasures that go beyond that goal. It
should also be noted that the TMDL is developetervatively with a factor of safety included

17)Isn’t it going to take several years to reach the MIDL?
DEP Response: It is likely that several years ballnecessary to achieve reductions and to see a
corresponding response in the estuary. Howeverlaihger it takes to implement solutions, the
longer it is going to take to achieve the goals.

18)The TMDL is based on current land use but what aboufuture development?
DEP Response: The MEP Study and the TMDL also taki&tout into account for each
community.

19)What about innovative technologies?
DEP Response: Through the CWMP there is a pustoloat innovative alternatives but they
need to be tested and approved by DEP. Other opto explore besides conventional sewering
include: improving flushing and increasing opportities for freshwater attenuation further up in
the watershed (without worsening water quality).

Verbal comments from the audience noted by MassDE®uring the Herring River, and Allen,
Wychmere, and Saquatucket Harbors TMDL Public Meetng,
August 26, 2015, Harwich Town Hall:

Audience member: “l don’t see any updates by M&EDn stormwater. Towns have been
asked to do all this work, what is MassDOT doingstormwater?”

MassDEP response: “There is a separate stormpeterit for MassDOT through the Phase Il
program.”

David Young, CDM: “Herring River gets threshold@#8 mg/L while Allen, Wychmere and
Saquatucket get 0.50 mg/L. This is higher by O0l@®agh a small difference would mean
millions of dollars of additional treatment at thastewater treatment plant. How are thresholds
calculated?”

Brian Howe, SMAST responded: “Threshold for HegrRiver is lower due to the goal to restore
eelgrass. This is one of the highest/lenient tioleks for eelgrass amongst the 70 MEP projects.
The MEP looks at areas with eelgrass today in coatyb@ estuaries to set the threshold. When
tide is in, very good, high quality water comedrom Vineyard Sound.”
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