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NOTICE OF AVAILABILITY

Limited copies of this report are available at nstdy written request to:

Massachusetts Department of Environmental Protectio
Division of Watershed Management
627 Main Street,”® Floor
Worcester, MA 01608

Please request Report Number: MA96-TMDL-3; Control Number CN 206.1

This report is also available from DEP’s home pagehe World Wide Web at:

http://www.mass.gov/dep/water/resources/tmdls.locap#

A complete list of reports published since 196@pdated annually and printed in July. The report,
titled, “Publications of the Massachusetts DivisadnWatershed Management — Watershed Planning
Program, 1963-(current year)” can be found on tles$DEP website at
www.mass.gov/dep/about/priorities/dwmpub06. tidis also available by writing to the DWM in
Worcester and on the DEP Web site identified above.

DISCLAIMER
References to trade names, commercial product)factarers, or distributors in this report
constitute neither endorsements nor recommendabiptise Division of Watershed Management for
use.
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Chatham Embayments Total Maximum Daily Loads
For Total Nitrogen

“ ¢ Chatham

Key Feature: Total Nitrogen TMDL for Chatham Embayments

Location: EPA Region 1

Land Type: New England Coastal

303d Listing in the proposed Massachusetts 2008 Integrated List:
Oyster Pond MA96-45 2008 0.21sgm Nutrients &Bgens
Oyster Pond R MA96-46_2008 0.14 sq mi Nutrientsaihi®gens
Stage Harbor MA96-11 2008 0.58 sq mj Nutrients &hBgens
Mill Pond MA96-52 2008 0.06 sq mi Nutrients
Harding Beach Pd MA96-43 2008 0.07 sq mi Nutri&Rathogens
Bucks Creek MA96-44 2008 0.02sgm Nutrients &égens
Mill Creek MA96-41 2008 0.03 sg mi Nutrients & Patjens
Taylors Pond MA96-42 2008 0.02sgm Nutrients &1égens

L All segments are in category 5 with the exception of Mill Pd, which is in category 4a

Data Sources: University of Massachusetts — Dartmouth/School for Marine Science and
Technology; US Geological Survey; Applied Coastal Research and
Engineering, Inc.; Cape Cod Commission, Town of Chatham

Data Mechanism: Massachusetts Surface Water Quality Standards, Ambient Data, and
Linked Watershed Model

Monitoring Plan: Town of Chatham monitoring program (possible assistance from
SMAST)

Control Measures: Comprehensive Wastewater Management Plan, Sewering, Storm Water
Management, Attenuation by Impoundments and Wetlands, Fertilizer
Use By-laws
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EXECUTIVE SUMMARY

On June 21, 2006 the U.S. Environmental Protecigency approved the original Total Maximum
Daily Load (document control #206.0) for the Chathembayments. The development of the
original TMDL was based on the availability of terguarters of water use data provided by the
Town. Subsequent to that analysis, data for aygdr was collected and was provided by the Town.
In addition, the monitoring program was extendettiiag to the database. Also, the USGS refined
the delineation of the ground watershed. As alte$ie Town requested that the TMDL be
reevaluated using the additional data and re-detigneground watershed information. This TMDL
report serves to update the 2006 TMDL for the seutlembayments - Sulphur Springs, Taylor’'s
Pond, and Stage Harbor Systems. The northern endrdagwere previously updated and are
contained in the Pleasant Bay TMDL, which was appddby the U.S. EPA on 10/24/07 (document
control #244.0).

The target threshold N concentrations for the senatembayments are the same in both the original
and re-evaluated technical reports. However, tiggnal TMDL N loading values were 9% lower
than the N TMDL values that resulted from the vateation. (Appendix C).

Subsequent to the development of the initial TMB& TMDL writing team determined that negative
losses in the system, such as those sometimesrérced with the uptake of N in the sediment,
should not be credited towards the need for futad reductions. As a result, negative flux values
have been entered as 0.

The data for determining the total maximum dailgd®f nitrogen to the southern Chatham
embayments were collected, primarily, over a stopelyod from 1997 to 2005. The results of these
studies were published in the 2003 and 2007 MERfiieal Reports. The revised analyses of these
three coastal embayments, using the MEP Linked i&ta¢e-Embayment N Management Model
(Linked Model), are presented in the 2007 Repoitiviban be downloaded from the SMAST web
site athttp://www.oceanscience.net/estuaries/Chatham.htm

Problem Statement

Excessive nitrogen (N) originating primarily frommpic systems has led to significant decreases in
the “environmental quality” of coastal rivers, pendnd harbors in many communities in
southeastern Massachusetts. In Chatham the prolrmerosastal waters include:

» Partial loss of eelgrass beds, which are critiedlitats for macroinvertebrates and fish

* Undesirable increases in macro algae, which arénrtass beneficial than eelgrass

» Periodic extreme decreases in dissolved oxygenerdrations that threaten aquatic

life
* Reductions in the diversity of benthic animal p@pigins
* Periodic algae blooms

With proper management of nitrogen inputs thesedgean be reversed. Without proper
management more severe problems might developdmg periodic fish kills, unpleasant odors,
scum, and benthic communities reduced to the niestisstolerant species.

Coastal communities, including Chatham, rely om)groductive, and aesthetically pleasing marine
and estuarine waters for tourism, recreational swiimg, fishing, and boating, as well as for
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commercial fin fishing and shell fishing. Failugereduce and control N loadings could result in
complete replacement of eelgrass by macro-alghgher frequency of extreme decreases in
dissolved oxygen concentrations, fish kills, widesg occurrence of unpleasant odors and visible
scum, and a loss of benthic macroinvertebratesigimout most of the embayments. As a result of
these environmental impacts, commercial and reoregtuses of Chatham’s coastal waters could be
greatly reduced, or cease altogether.

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

* The watershed
= Wastewater (Septic systems and Wastewater treaptearis)
= Natural background
» Runoff
= Fertilizers
* Atmospheric deposition
* Nutrient-rich bottom sediments in the embayments

Most of the present N load, in the southern embaysn@ombined), originates from individual
subsurface wastewater disposal (septic) systenmsaply serving individual residences, as seen in
the following figure:

) Fertil-
Sedi- izers &
ments runoff
36% 13%
Atmos- )
phere Septic
8% 43%

Target “Threshold” Nitrogen Concentrations and Loadings

The N loadings (the quantity of nitrogen) to Chatfeasouthern embayments presently range from
3.4 kg/day in Little Mill Pond, to 34.4 kg/day iny§ter Pond. The concentrations of N in the
embayments range from 0.39 mg(imilligrams of nitrogen per liter) in Stage Harkior1.86 mg/L

in Cockle Cove Cr.

In order to restore and protect Chatham’s embaysn&htoadings, and subsequently the
concentrations of N in the water, must be reduoddwuels below the “thresholds” that cause the
observed environmental impacts. The MEP has datechthat, for the three southern Chatham
estuary systems, a target “system” N concentratfdh38 mg/Lis protective. The mechanism for
achieving the target N concentrations is to redbeeN loadings to the embayments. The MEP has
determined through mathematical modeling that ake maximum daily loads (TMDL) of N that
would result in the “safe” target concentrationsha various embayments range from 1 to 18 kg/day.
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The purpose of this document is to present updBdLs for each embayment and to provide
guidance to the Town on possible ways to reducétleadings to meet, or “implement”, these
proposed TMDLs.

Implementation

The primary vehicle for developing strategies tplement the TMDL is the Town’s Comprehensive
Wastewater Management Plan (CWMP). The CWMP eveduaternative ways to significantly
reduce the N loadings from septic systems tjinauvariety of centralized or decentralized
methods such as sewering with N removal technoladyanced treatment of septage, upgrading to
nitrogen-removing on-site systems, and/or N-redyoin-site systems. Guidance on these strategies,
plus ways to reduce N loadings from storm wateofuand fertilizers, are explained in detail in the
“MEP Embayment Restoration Guidance for Impleméonabtrategies”, available on the DEP
website ahttp://www.mass.gov/dep/water/resources/coastair.htThe appropriateness of any of

the alternatives will depend on local conditions] avill have to be determined on a case-by-case
basis, using an “adaptive management” approach.

There is presently only one municipal wastewatsittnent facility in Chatham, which discharges
approximately 3 kg N/day into the groundwater aefjado Cockle Cove Creek. Recent studies
indicated that as long as the existing concentnatad N in the marsh system are not exceeded, the
well- functioning salt marshes along Cockle CovedRr as well as the rest of the Sulphur Springs
embayment system, would be protected.

Finally, growth within Chatham, which would exacatd the problems associated with N loadings,
should be guided by considerations of water qualiisociated impacts.
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Introduction

Section 303(d) of the Federal Clean Water Act nexgueach state (1) to identify waters for which
effluent limitations normally required are not sgent enough to attain water quality standards and
(2) to establish Total Maximum Daily Loads (TMDLfs) such waters for the pollutants of concern.
The TMDL “allocation” establishes the maximum loags (of pollutants of concern), from all
contributing sources, that a water body may recanakstill meet and maintain its water quality
standards and designated uses, including compliaitkenumeric and narrative standards. The
TMDL development process may be described in ftepss as follows:

1. Description of water bodies and priority rankirdetermination and documentation of whether
or not a water body is presently meeting its weteality standards and designated uses.

2. Problem assessment: assessment of presentquatity conditions in the water body,
including estimation of present loadings of polhitaof concern from both point (discernable,
confined, and concrete sources such as pipes)@ngaint sources (diffuse sources that carry
pollutants to surface waters through runoff or gihwmater).

3. Linking water quality and pollutant sources:atatination of the loading capacity of the water
body. EPA regulations define the loading capaastyhe greatest amount of loading that a water
body can receive without violating water qualitgretards. If the water body is not presently
meeting its designated uses, then the loading dgpeitl represent a reduction relative to present
loadings.

4. Total maximum daily loads: specification ofdioalocations, based on the loading capacity
determination, for non-point sources and point sesirthat will ensure that the 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 DEP will continwework with Chatham to develop specific
implementation strategies to reduce N loadings,vaitichssist in developing a monitoring plan for
assessing the success of the nutrient reductiategtes.

In the Chatham embayments, the pollutant of conderrthis TMDL (based on observations of
eutrophication), is the nutrient nitrogen. Nitrage the limiting nutrient in coastal and marine
waters, which means that as its concentrationcieased, so is the amount of plant matter. This can
lead to nuisance populations of macro-algae, isg@aoncentrations of phytoplankton and
epiphyton (which impair eelgrass beds) - all of ethcombine to imperil the ecological health of the
affected water bodies.

The TMDLs for total N for the three southern Chathestuaries are based primarily on data
collected, compiled, and analyzed by the Universitiylassachusetts Dartmouth’s School of Marine
Science and Technology (SMAST), the Cape Cod Cosiamnisand others, as part of the
Massachusetts Estuaries Program (MEP). The origiM&L was developed based on the
availability of three quarters of water use datavmted by the Town. Since that time a full year of



data has been collected and was provided by thexTiowaddition, the USGS refined the delineation
of the ground watershed, and the monitoring progrea® continued, thus providing a few years of
additional water quality data. As a result the Tiaequested that the TMDL be reevaluated using all
of the additional data and information. This TMDdport serves to update the 2006 TMDL for the
embayments including the Sulphur Springs, TaylBosd, and Stage Harbor Systems.

The target threshold concentrations are the sarbetmthe original and re-evaluated technical
reports. However, the re-evaluation resultedigihdlly different watershed target loads.

Subsequent to the development of the initial TMDB& TMDL writing team determined that negative
losses in the system, such as those sometimesrérced with the uptake of N in the sediment,
should not be credited towards the need for futad reductions. As a result, negative flux values
have been entered as 0. This will provide an amfthli margin of safety to the required load
reductions to meet water quality standards.

The target threshold N concentrations for the senatembayments are the same in both the original
and re-evaluated technical reports. However, tlggnal recommended N loading values were 9%
lower than the N TMDL values that resulted from tleeevaluation. (Appendix C)

The northern embayments were previously updatecaiemdontained in the Pleasant Bay TMDL,
which was approved by the U.S. EPA on 10/24/07 dant control #244.0) which can be
downloaded from the SMAST web sitelditp://www.oceanscience.net/estuaries

The data were collected, primarily, over a studyquefrom 1997 to 2005. This study period will be
referred to as the “present conditions” in the TMBdcause it is generally the most recent data
available. The revised analyses of these thregt@oambayments, using the MEP Linked
Watershed-Embayment N Management Model (Linked Mpdee presented in the 2007 Re-
evaluated Report. The analyses were performessistdahe Town with decisions on current and
future wastewater planning, wetlands restoratioadeomous fish runs, shell-fisheries, open-space,
and harbor maintenance programs. A critical eléraéthis approach is the assessment of water
guality monitoring data, historical changes in ea$g distribution, time-series water column oxygen
measurements, and benthic community structurentbeg conducted on each embayment. These
assessments served as the basis for generatirapgidothresholds for use as goals for watershed N
management. The TMDLs are based on the site-gp#uiésholds generated for each embayment.
Thus, the MEP offers a science-based managemerdagbpto support the Town of Chatham’s
wastewater management planning and decision-maongess.

Description of Water Bodies and Priority Ranking

Chatham Massachusetts, at the eastern end of GapesGurrounded by water on three sides, with
Nantucket Sound to the south, the Atlantic Oceah@matham Harbor to the east, and Pleasant Bay
to the north. Much of the shoreline, especiallZimatham’s southern three estuaries, consists of a
number of small embayments of varying size and dwltr complexity, characterized by limited

rates of flushing, shallow depths and heavily depetl watersheds. The estuaries that are subject to
this report are indicated on the following figure:
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These embayments constitute important componertsecfown’s natural and cultural resources.

The nature of enclosed embayments in populousmediangs two opposing elements to bear: 1) as
protected marine shoreline they are popular redionloating, recreation, and land development,

and 2) as enclosed bodies of water, they may notdudily flushed of the pollutants that they reeeiv
due to the proximity and density of developmentrraea along their shores. In particular, the
embayments along Chatham’s shore are at risk tfdueutrophication from high nutrient loads in

the groundwater and runoff from their watershellscause of excessive nutrients many embayments
or sub-embayments are already listed as watersriggidMDLs (Category 5) in the MA 2006
Integrated List of Waters, as summarized in Takde 1

A complete description of the water bodies is pmesgin Chapter | of the 2003 Technical Report
from which the majority of the following informatias drawn. TMDLs were prepared for 11 ponds,
rivers, creeks, and harbors. Analytical and madgedéifforts were conducted by grouping these 11
“sub-embayments” into three embayment systems, eaetich flow into Nantucket Sound to the
south.

The embayments addressed by this document arardetet to be high priorities based on three
significant factors: 1) the initiative that the Tiowas taken to assess the conditions of embayments,
2) the commitment made to restoring and presermyiag embayments, and 3) because of the extent
of eutrophication in the embaymenits.particular, the embayments within the ToamChatham are

at risk of further degradation from increased Nd®antering through groundwater and surface water
from their increasingly developed watersheds. dtihlmarine and freshwater systems, an excess of
nutrients results in degraded water quality, adv@rgpacts to ecosystems, and limits on the use of
water resources.



The general conditions related to the major indicsabf habitat impairment, due to excess nutrient
loadings, are tabulated in Table 1b. Observatimasummarized in the Problem Assessment section
below, and detailed in Chapter VII, Assessment mbByment Nutrient Related Ecological Health,
of the accompanying 2003 Technical Report.

Problem Assessment

The watersheds of Chatham’s estuaries have altdmd and extensive development of single-
family homes and the conversion of seasonal intdifne residences. This is reflected in a
substantial transformation of land from forestubwwban use between the years 1951 to 2000.
Water quality problems associated with this devalept result primarily from on-site wastewater
treatment systems, and to a lesser extent, frowffruimcluding fertilizers - from these developed
areas. The population of Chatham, as shown ifoll@ving graph, increased markedly between
1950 and 1990.
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Septic system effluents discharge to the grouneréhe groundwater system and eventually enter
the surface water bodies. In the sandy soils oeGapd, effluent that has entered the groundwater
travels towards the coastal waters at an averdag®fa@ne foot per day. The nutrient load to the
groundwater system is directly related to the nunabsubsurface wastewater disposal systems,
which in turn are related to the population.

In the particular case of the Town of Chatham,iticeease in population is on the order of 250%
since 1950. In addition, summertime residents asitbvs swell the population of the entire Cape by
about 300% according to the Cape Cod Commission
(http://www.capecodcommission.org/data/trends98. pwptilation).

Based on current local zoning, the populationhiévarious embayments discussed here could
increase from a low of about 4 % to a high of 208peahding on the particular water body.



TABLE 1 a. Chatham Embayments Listed in the Proposg Massachusetts 2008 Integrated Lit

_ . Pollutant
Name Segment ID Description Size Listed
Stage Harbor
Oyster Pond MA96-45 2008 Including Stetson Cove 0'21. Nutrients &
sq mi Pathogens
Oyster Pond River MAQ6-46_2008 Outlet of Oyster Pd to confluence with Stage harbor 0.14_ Nutrients &
Chatham sq mi Pathogens
From the outlet of Mill Pd (including Mitchell Riveto
the Confluence with Nantucket Sound at a line ftben| 0.58 | Nutrients &
Stage Harbor MA96-11_2008 southernmost point of Harding Beach southeastdo thsq mi Pathogens
Harding Beach Point, Chatham
Mill Pond MA96-52_2008|  Including Little Mill PondPALIS #96174), Chatham Soq'orgi Nutrients
Sulphur Springs
Harding Beach Pond ~ MA96-43_2008 Locally known as Sulphur Springs (northeast of Buck 0.07_ Pathogens &
Cr), Chatham sq mi Nutrients
Outlet from Harding Beach Pond (locally known ag
Bucks Creek MA96-44 2008  Sulphur Springs) to confluence with Cockle Cove, 0'02. Pathogens &
sq mi Nutrients
Chatham
Taylors Pond
Mill Creek MA96-41_2008 Outlet of Taylors Pond to confluence with Cocklev€o 0.03_ Patho_gens &
Chatham sq mi Nutrients
Taylors Pond | MA96-42_2008 Chatham 0.02 | Pathogens &
sq mi Nutrients

L All segments are in Category 5, with the exceptibMill Pond, which is in Category 4 a.

TABLE 1 b. General Summary of Conditions Related tahe Major Indicators of Nutrient Over-
Enrichment/Habitat Impairment Observed in Chatham Embayments

The table does not include the salt marsh halmfa®ockle Cove, or Mill Creek because, unlike embats listed below, they are

highly tolerant of watershed N loading. The exaspdf Chlorophyll and dissolved oxygen conditiorestaased on data from
continuous DO and Chlorophyll monitoring during suner, 2002.

Eel Grass Loss

Chlorophylla?®

Embayments (1951 — 2000) Dissolved Oxygen Depletion

Stage Hbr
Qyster Pond Complete loss Insignificant Generally 5 — 1ng/L
Oyster Pond R. Half lost Insignificant Generally 85ug/L
Stage Harbor Slight decline Insignificant Generally 15ug/L
Mitchell river Beds declining Insignificant No blots reported
. <4 mg/L 30 % of study period Generally 5 — 2@wg/L
Mill Pond Complete loss <3 m%/L 16% of stud))//geriod occasionglly > Z%l%/L
Little Mill Pd Complete loss Presumed same as Fidhd Gene_rally 5 -2/l
occasionally > 2Qug/L

Sulphur Spr

Sulphur Springs

Complete loss

<4 mg/L 12% of study period
< 3 mg/L 6% of study period

Frequently > 2Qug/L
Occasionally > 2mg/L

Taylors Pd

Taylors Pond

Complete loss

< 4 mg/L 2% of studyquer

Frequently 10 — 20g/L

!Insignificant defined as a slight lowering of DQutmo observations of ecologically significant retions (below 4 mg/L)

2Nuisance algal blooms: chlor a = 15 —j2flL; significant algal blooms = chl@r> 2Qug/L)




Dramatic declines in water quality, and the quatityhe estuarine habitats, throughout Chatham,
have paralleled the population growth of the Towine problems in these embayments generally
include periodic decreases of dissolved oxygemnedsed diversity of benthic animals, and periodic
algal blooms. Eelgrass beds, which are critichitags for macroinvertebrates and fish, have
significantly declined in these waters. This i®sult of nutrient loads causing excessive groviith o
algae in the water (phytoplankton) and algae grgwin eelgrass (epiphyton), both of which result in
the loss of eelgrass through the reduction of als&ellight levels. Furthermore, eelgrass is being
replaced by macro algae, which are undesirabl@usecthey do not provide high quality habitat for
fish and invertebrates. In the most severe césees tvould be periodic fish kills, unpleasant odors
and scum, and near loss of the benthic commundjoapresence of only the most stress-tolerant
species of benthic animals.

Coastal communities, including Chatham, rely omwc)groductive, and aesthetically pleasing marine
and estuarine waters for tourism, recreational swimg, fishing, and boating, as well as commercial
fin fishing and shell fishing. The continued dagmtion of Chatham’s coastal embayments, as
described above, will significantly reduce the eatronal and commercial value and use of these
important environmental resources.

Habitat and water quality assessments were condlocteach embayment based upon available
water quality monitoring data, historical changeeelgrass distribution, time-series water column
oxygen measurements, and benthic community steuctline three-embayment systems in this study
display a range of habitat quality, both betweesteaays and along the longitudinal axis of the larger
systems. In general, the habitat quality of tHe-esmnbayments is highest near their mouths and
poorest in the inland-most tidal reaches. Eelgaassmdance is highest near the mouths of the
embayments. Infaunal communities are more strasse inland reaches.

The following is a brief synopsis of the preserbitet quality within each of the three-embayment
systems:

Stage Harbor System- Little Mill Pond, Mill Pond, and Oyster Pond leaglevated nitrogen levels
and have lost historic eelgrass beds, which ongered most of their respective basins, although
eelgrass beds within Oyster Pond appear to haverestricted to its lower ~1/3 with only fringing
beds in the shallow areas of the upper portioncxyden depletion is observed during summer in
each system with Mill Pond (and presumably Littlél mond) having ecologically significant
declines (<3 mg/L). Oyster Pond had less oxygetetiep possibly due to its greater fetch for
ventilation with the atmosphere. Chlorophgllevels were consistent with the observed oxygen
depletion. The lower reaches of the Oyster Pon@iRand Upper Stage Harbor show good habitat
guality as evidenced by their persistent eelgrasis binfaunal community structure, and oxygen and
chlorophyll a levels. The innermost high qualityphat is found in the lower Mitchell River/upper
Stage Harbor.

Sulphur Springs System- Cockle Cove consists primarily of a salt manst a central tidal creek.
This system contains little water at low tide aag k high assimilative capacity for nitrogen, as do
other New England salt marshes. The Cockle Cow tieeek, along with its associated marsh area,
is functioning well as a salt marsh ecosystem. fitregen threshold established for the open water
areas of the Sulphur Springs system is not appédalthe Cockle Cove salt marsh area. Based upon
a detailed MEP site-specific investigation of theckle Cove salt marsh, it appears that the N load
can be increased to this tidal creek as long asith@gyen concentration does not increase
significantly (see MEP Cockle Cove Creek Threstiéghort 2006). However potential negative
effects of increased loading to Cockle Cove Creekl@vn-gradient Bucks Creek is a concern. This
concern is addressed in a Town-requested modadempsio detailed in Section IX of re-evaluated
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Technical Report. Sulphur Springs is a shallowrbasntaining significant macroalgal
accumulations, no eelgrass, and appears to betimainmgy to salt marsh. However, Sulphur Springs
basin is still functioning as an embayment, butiaphic one. Nitrogen levels are high (Section, VI)
oxygen levels become significantly depleted (6%t <3 mg/L) and phytoplankton blooms are
common (chlorophyll a levels >2@/L). Eelgrass has not been observed for over ad#ec

Taylors Pond System- Taylors Pond represents the inland-most sub-gméat and is a drowned
kettle pond. The lower portion of this system isngoised of a tidal salt marsh, Mill Creek. Like the
Sulphur Springs System, the inner basin functiaaraembayment and the tidal creek as a salt
marsh with low sensitivity to nitrogen inputs. Tasd Pond is currently showing poor habitat quality.
There is currently no eelgrass community and norceof eelgrass for over a decade. Water column
nitrogen levels are enriched over incoming tidaless (Section VI) and dissolved oxygen depletion
to ~4 mg/L is common. Chlorophyll a levels of 104kFL are common during summer. The benthic
infaunal community is impoverished, with only a mexd 43 individuals collected in the grab
samples, compared to several hundred in the hightgsub-embayments.

Pollutant of Concern, Sources, and Controllability

In the coastal embayments in the Town of Chatham enost marine and coastal waters, the
limiting nutrient is nitrogen. Nitrogen concentats beyond those expected naturally contribute to
undesirable conditions, including the severe impdetscribed above, through the promotion of
excessive growth of plants and algae, includingiisance vegetation.

Research has shown that the presently the degesm@@nmental conditions, including the loss of
eelgrass, is a result of excess nitrogen enteh@@stuaries. The expectation is that the eelgviiss
recover following the recommended reductions iroabings. It should be noted that eelgrass loss
can be attributed to other causes, including wgstisease, suspended sediments, boat traffic, and
poor seed germination, however, these factors havbeen shown to be significant contributors to
the decline of eelgrass that has led to the cuo@mditions in Chatham.

Each of the embayments covered in this TMDL haseéxaensive data collected and analyzed
through the Massachusetts Estuaries Program (MidP)véth the cooperation and assistance from
the Town of Chatham, the USGS, and the Cape Codhission. Data collection included both
water quality and hydrodynamics as described inp@&hra I, V, and VII of the 2003 Technical Report
and Chapter IV of the 2007 re-evaluated Techniegdd®t.

The following figure, illustrating the N sources©hatham’s combined southern embayments,
indicates that most of the N originates from segytstems and nutrient-rich benthic sediments, with
considerably less N originating from runoff, faddrs, and atmospheric deposition.



Relative Contribution of Various Sources of Nitrog@ in the Combined
Southern Chatam Embayments

Sedi-ments
36% Fertilizers & runoff
13%
Atmos-phere
8% Septic
43%

The level of “controllability” of each source, hover, varies widely:

Atmospheric Ncannot be adequately controlled locally — it i®tlgh region- and nation-wide air
pollution control initiatives that significant reclions are feasible;

Sediment Ncontrol by such measures as dredging is not fleasiba large scale. However, the
concentrations of N in sediments, and thus theitgsdrom the sediments, will decline over time if
sources in the watershed are removed, or redudcde target levels discussed later in this document

Fertilizer — related Noadings can be reduced through bylaws and peblication;

Storm wateisources of N can be controlled by best manageprantices (BMPs), by-laws, and
storm water infrastructure improvements;

Septic system sources ofad¥e the largest controllable sources. These caoieolled by a variety

of case-specific methods including: sewering aedttent at centralized or decentralized locations,
upgrading to nitrogen-removing systems, transpgrind treating septage at treatment facilities with
N removal technology either in or out of the waltexd, or installing N-reducing septic systems.

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

Description of the Applicable Water Quality Standards

The Coastal waters in the Stage Harbor/Oyster Bdh8r Springs/Bucks Cr, and Taylors Pd/Mill Cr
systems in Chatham are classified as SA. Watdityystandards of particular interest to the issofes
cultural eutrophication are dissolved oxygen, euats, aesthetics, excess plant biomass, and neisanc
vegetation. The Massachusetts water quality stdsd814 CMR 4.0) contain numeric criteria for
dissolved oxygen, but have only narrative standdratrelate to the other variables, as described
below:

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



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

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

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

(b) Class SB

1. Dissolved Oxygen -
a. Shall not be less than 5.0 mg/L unless backgreonditions are lower;
b. Natural seasonal and daily variations abovel#vsl shall be maintained.

Thus, the assessment of eutrophication is basaedespecific information within a general
framework that emphasizes impairment of uses aeskpvation of a balanced indigenous flora and
fauna. This approach is recommended by the US &mwiental Protection Agency in their draft
Nutrient Criteria Technical Guidance Manual forusine and Coastal Marine Waters (EPA-822-B-
01-003, Oct 2001). The guidance Manual ndtes lakes, reservoirs, streams, and rivers may be
subdivided by classes, allowing reference conditifmn each class and facilitating cost-effective
criteria development for nutrient management. Heweindividual estuarine and coastal marine
waters tend to have unique characteristics, andldpment of individual water body criteria is
typically required.

It is this framework, coupled with an extensivereath effort that the Department, with the technica
support of SMAST, is employing to develop nutri&@MDLs for coastal waters.

Methodology - Linking Water Quality and Pollutant Sources

Extensive data collection and analyses have bessrided in detail in the Technical Report. Those
data were used by SMAST to assess the loading itapdeach embayment.

Sampling station locations are indicated in théofeing figure:
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Map of freshwater discharge (blue squares) and estuarine (red circles) water quality monitoring
stations within the Town of Chatam's southern three estuaries.

The primary water quality objective was represefgdonditions that: 1) preserve the natural
distribution of eelgrass because it provides vdkibbitat for shellfish and finfish, 2) prevengall
blooms, 3) protect benthic communities from impanor loss, and 4) maintain dissolved oxygen
concentrations that are protective of the estuaromemunities.

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

* Requires site-specific measurements within eadbralaed and embayment;

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

* Spatially distributes the watershed N loadingi® ¢mbayment;

* Accounts for N attenuation during transport to éngbayment;

¢ Includes a 2D or 3D embayment circulation modeleteling on embayment
structure;

* Accounts for basin structure, tidal variationsg @mspersion within the embayment;
¢ Includes N regenerated within the embayment;

¢ Is validated by both independent hydrodynamic, Ncemtration, and
ecological data;

* |s calibrated and validated with field data ptimigeneration of additional scenarios.

The Linked Model has been applied previously toensited N management in 15 embayments
throughout Southeastern Massachusetts. In thedieatpms it became clear that the Linked Model
can be calibrated and validated, and has use amagament tool for evaluating watershed N
management options.

10



The Linked Model, when properly parameterized (galassigned for each variable), calibrated, and
validated, for a given embayment, becomes a N-n&magt planning tool as described below. The
Linked Model can assess “solutions” for the pratacbr restoration of nutrient-related water qualit
and allows testing of management scenarios to stippst/benefit evaluations. In addition, once the
Linked Model is fully functional it can be refinddr changes in land-use or embayment
characteristics at minimal cost. In addition, sitioe Linked Model uses a holistic approach that
incorporates the entire watershed, embayment datidource waters, it can be used to evaluate all
projects as they relate directly or indirectly tater quality conditions within its geographic
boundaries.

The Linked Model provides a quantitative approamhdetermining 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 unlike mamppeoaches, accounts for nutrient sources,
attenuation, and recycling and variations in tiggdrodynamics (Figure I-2 of the 2003 Technical
Report). This methodology integrates a varietyi@fifdata and models, specifically:

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

- Embayment bathymetry (depth contours througho@iembayment)
- Site-specific tidal record (timing and heighttiafes)

- Water velocity records (in complex systems only)

- Hydrodynamic model

» Watershed N Loading

- Watershed delineation

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

* Embayment TMDL - Synthesis

- Linked Watershed-Embayment N Model

- Salinity surveys (for Linked Model validation)

- Rate of N recycling within embayment

- Dissolved oxygen record

- Macrophyte survey

- Infaunal survey (benthic animals) in complex eys$

Application of the Linked Watershed-Embayment Model

The approach developed by the MEP for applyinditiked Model to specific embayments, for the
purpose of developing target N loading rates, itetu

1) Selecting one or two sub-embayments within eachagmbnt system, located close to the

inland-most reach or reaches, which typically lesgoorest water quality within the system.
These are called “sentinel” sub-embayments;
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2) Using site-specific information and 3 years of egrbant-specific data to select
target/threshold N concentrations for each embaysyesiem. This is done by refining the
draft or “threshold” N concentrations that were eleped as the initial step of the MEP
process. The target concentrations that weretsel@enerally occur in higher quality waters
near the mouths of the embayment systems;

3) Running the calibrated water quality model usirftedent watershed N loading rates, to
determine the loading rate, which would resultéhiaving the target N concentration within
the sentinel system Differences between the modeled N load requesthieve the target
N concentration, and the present watershed N legadesent N management goals for
restoration and protection of the embayment systeiam whole.

Previous sampling and data analyses, and the nmgdatitivities described above, resulted in four
major outputs that were critical to the developnarthe TMDLs. Two outputs are related to
nitrogenconcentration:

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

And, two outputs are relatedIbladingsin each of the Chatham embayment systems:

* The present N loads to the sub-embayments
* Load reductions necessary to meet the site-spéaifjet N concentrations
A brief overview of each of the outputs follows:

Total Nitrogen concentrations in the embaymentesyst

a) Observed “present” conditions:

Table 2 presents the average concentrations ¢fNgféN), modeled from measurements in the sub-
embayments from 1999 through 2005. Concentratdisare the highest in Cockle Cove Cr (1.86
mg/L), which is a functioning salt marsh habitatandassimilative capacity is naturally high.
Nitrogen in the other embayments ranges in conatatr from 0.39 to 0.74 mg/L, resulting in
overall ecological habitat quality ranging from neoakely high to poor. The individual yearly
means and standard deviations of the averagesesented in Table A of Appendix A.

b) Modeled site-specific target (threshold) N camtrations:

A major component of TMDL development is the detieation of the maximum concentrations of N
(based on field data) that can occur without cagismacceptable impacts to the aquatic environment.
Prior to conducting the analytical and modelingwaies described above, SMAST selected
appropriate nutrient-related environmental indicsend tested the qualitative and quantitative
relationship between those indicators and N comagohns. The Linked Model was then used to
determine site-specific threshold N concentrationsising the specific physical, chemical and
biological characteristics of each embayment.

As listed in Table 2, the site-specific target €girold) N concentration is 0.38 mg/L for the segitin

stations in each of the embayment systems (Oysted,metween CM1-A and Oyster Pond River
inlet at 41° 40’ 43.5” N, 69° 58'39” W; MitchelliRer CM5-A at 41°40'19” N, 69°57°'35"W,
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Sulphur Springs CM-8 at 41°40°25”N, 70°0’0"W; andylors Pond CM-10 at 41°40°40"N,
70°1'1"W.

TABLE 2. “Existing” Total Nitrogen Concentrations ( Observed and Modeled) and Calculated
Target Threshold Nitrogen Concentrations Derived fo the Southern Chatham Embayment
Systems. Concentrations appear as ranges when two or mgneesds of the water body were
sampled.

Observed Total System
Embayment Systems Nitrogen Threshold Nitrogen
and Sub-Embayments Concentratiort Concentration
(mg/L) (mg/L)
Stage Harbor
Oyster Pond 0.51-0.74 0.38 (near sta CM1-A)
Oyster Pond River 0.49
Stage Harbor 0.39-0.50
Mitchell River 0.46 0.38 (near sta CM5-A
Mill Pond 0.49
Little Mill Pond 0.74
Sulphur Springs
Sulphur Springs 0.58 0.38 (sta CM 8)
Bucks Cr 0.52
Cockle Cove Cr 0.73-1.86
Taylors Pond
Mill Cr 0.52
Taylors Pond 0.53 0.38 (sta CM 10)

! Based on annual means from 1999 — 200adividual yearly means and standard
deviations of the average are presentdé@bies A of Appendix A

The findings of the analytical and modeling invgations for each embayment system are discussed
and explained below:

Stage Harbor System- This embayment system has two upper reachesefbhe, two sentinel sub-
embayments were selected, lower Oyster Pond anch®fitRiver/Mill Pond. Little Mill Pond could
not be used because it is small and has steephtalanitrogen gradients (see Section VI). Within
the Stage Harbor System, the uppermost sub-embawupportive of high quality habitat was upper
Stage Harbor (Section VII, VIII-1). Water columrtdbnitrogen levels within this embayment region
vary with the tidal stage due to high nitrogen thotving waters and low nitrogen inflowing waters
(Section VI). The calibrated water quality model flois system indicates an average total nitrogen
level in the upper Stage Harbor of about 0.40 migitinost representative of the conditions within
this sub-embayment. However, upper Stage Harb® doeappear to be stable based upon changes
in eelgrass distribution. Therefore, a nitrogereleeflective of conditions closer to the inlebsid
achieve the stability required. The lower nitrodevel is equivalent to the tidally averaged total
nitrogen concentration mid-way between upper SHaydor and Stage Harbor or 0.38 mg/L. This
threshold selection is supported by the fact thatiigh quality and stable habitat near the motith o
the Oyster Pond River is also at a tidally averagéal nitrogen concentration of 0.37 mg N. The
0.38 mg/L was used to develop watershed nitrogaddoequired to reduce the average nitrogen
concentrations in each sentinel system to thid.|&véal waters inflowing from Nantucket Sound
have an average concentration of total nitrogeb.285 mg/L. For the development of the Stage
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Harbor total nitrogen threshold, two sentinel stasi were selected, one for each branch of the
system. For the Mitchell River/Mill Pond branche tbxisting CM5-A monitoring station was
selected. For the Oyster Pond branch, the aresebatstation CM1-A and the inlet to Oyster Pond
was selected. In order for any loading scenariméet the requirements of the threshold set foreStag
Harbor, the TN concentration must be no more th@8 thg/L at both of these stations.

Sulphur Springs System- The Sulphur Springs basin is both the inlandtraob-embayment and
also represents the largest component of the Sufpprings System (which also includes Cockle
Cove Creek and Bucks Creek). Since this Systemaagds tidal waters with Nantucket Sound
(0.285 mg/L), as does Stage Harbor, and since thexarently no high quality habitat within this
system, Stage Harbor habitat quality informatiors waed to support the Sulphur Springs thresholds
analysis. The tidally averaged nitrogen thresholacentration for this system was determined to be
the same as for the sentinel sub-embayments t6tdge Harbor System (0.38 mg/L). The 0.38
mg/L was used to develop watershed nitrogen loagigired to reduce the average nitrogen
concentrations in the Sulphur Springs sentinelesgdb this level (station CM8). It should be noted
that the total nitrogen concentration in Bucks relgould not be elevated above 0.38 mg/L. This
0.38 mg/L threshold concentration was developedhferopen water portions of the system and as
previously mentioned above is not applicable toGbekle Cove subsystem as it is functioning well
as a salt marsh. As such, the Cockle Cove Creelsystbm received its own nitrogen threshold
analysis, which was provided previously to the TanChatham by the MEP (Howes, White &
Samimy 2006) and which was supported by an appecaleganion habitat study by MCZM
(Carlisle, Smith, Callahan 2005).

Taylors Pond System- This system was approached in a similar marmngret Sulphur Springs
System and for the same reasons. Taylors Pondsexisethe innermost and functional embayment
within this system. This system also exchanges wdgers with Nantucket Sound (0.285 mg/L), as
does the Stage Harbor System and there is no higlitygstable embayment habitat within this
system. Therefore, the tidally averaged nitrogeedimold concentration for this system was
determined to be the same as for the sentinel sudagments to the Stage Harbor System or 0.38
mg/L. The 0.38 mg/L was used to develop watersliedgen loads required to reduce the average
nitrogen concentrations in Taylors Pond to thiglev

Nitrogen loadings to the sub-embayments

a) Present loading rates:

In Chatham’s southern systems, the highest N Igaflom controllable sources is from septic
systems. Septic system loadings range from 0&®algio as high as 8.1 kg/day. Nitrogen loading
from the nutrient-rich sediments (sometimes reteteeas benthic flux) exceeds the N loading from
septic systems in five out the six Stage Harboresmbayments. As discussed previously, however,
the “direct” control of N from sediments is not ciotered feasible. However, the magnitude of the
benthic contribution is related to the watershexdllorherefore, reducing the incoming load will
reduce the loading from sediments. The TN loadtiogn all sources ranges from 3.4 kg/day in
Little Mill Pond, to 34.4 kg/day in Oyster Pond. féther breakdown of N loading, by source, is
presented in Table 3.
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TABLE 3. Nitrogen Loadings to the Chatham Sub-Emlayments from Within the
Watersheds (Land Use-Related Runoff, and Septic Sigms), from the Atmosphere, and
from Nutrient-rich Sediments Within the Embayments

Present Non- Present Present
Embayment Systems Wastewater wastewater Present . Load _from Total nitrogen
and Sub- Watershed (septic and Atmosphenc Nut_rlent load from all
embayments Load" WWTP) Depositiord R.'Ch sources (kg/day
(kg/day) Load (kg/day) Sediments
(kg/day) (kg/day)
Stage Harbor
Oyster Pond 1.9 8.1 1.8 22.6 34.4
Oyster Pond River 2.3 7.1 1.1 1.0 115
Stage Harbor 0.5 1.5 3.2 4.1 9.3
Mitchell river 0.4 2.2 0.9 4.0 7.5
Mill Pond 0.6 3.0 0.6 3.5 7.7
Little Mill Pond 0.4 0.9 0.1 1.8 3.4
Sulphur Springs
Sulphur Springs 1.7 7.9 0.4 0 10.0
Bucks Cr 0.6 2.8 0.1 2.9 6.4
Cockle Cove Cr 4.1 473 0.1 0 8.5
Taylors Pond
Mill Cr 1.0 3.6 0.2 0 4.8
Taylors Pond 1.2 5.0 0.2 1.4 7.8
Total all systems 14.7 49.6 8.7 41.3 114.4
Percentage 13% 43% 8% 36%

! Composed of fertilizer and runoff. Includes a sraafiount (3%-10%) of atmospheric deposition to
“natural surfaces.”

2 Atmospheric deposition directly to the estuary acefonly

® Includes the 3.2 kg/day from the wastewater treatrfacility

b) Nitrogen loads necessary for meeting the qeific target N concentrations.

As previously indicated, the present N loadinggheoChatham embayments must be reduced in
order to restore the impaired conditions and tadafiarther nutrient-related adverse environmental
impacts. The critical final step in the developineithe TMDL is modeling and analysis to
determine the loadings required to achieve theetaMgconcentrations. Table 4 a lists the present
controllable watershed N loadings and reduced whéegl loadings that are necessary to achieve
target concentrations (which will be described nfatly in the following section). It should be

noted once again that the goal of this TMDL isc¢hiave the target N concentration in the designated
sentinel system. The loadings presented in Tablegr@sent one, but not the only, loading reduction
scenario that can meet the TMDL goal. In this acerthe percentage reductions to meet threshold
concentrations range from 0 % at Bucks Creeks @i% at Oyster Pond.

Table 4b summarizes the present loadings fromesspstems, and the reduced loads that would be
necessary to achieve the threshold N concentraitmoeach embayment if septic loads alone were
targeted. It is important to note that complet#fferent reduction scenarios result from strategie
that focus on all watershed sources, as opposiedusing only on reducing septic system N loads.
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TABLE 4 a. Present Watershed Nitrogen Loading Ratg, Calculated “Target” Loading Rates,
and the Percent Reductions Necessary to Achieve tfiarget Threshold Loadings

Embayment Systems and Sub- Present Watershed Target Percent Load
embayments Load* Watershed Reductions
(kg/day) Load" ? Needed to
(kg/day) Achieve Target
Loads
Stage Harbor
Qyster Pond 10.0 1.9 81%
Oyster River 9.4 2.3 76%
Stage Harbor 2.0 .5 75%
Mitchell river 2.6 1.5 42%
Mill Pond 3.6 2.1 42%
Little Mill Pond 1.3 0.8 38%
Sulphur Springs
Sulphur Springs 9.5 4.6 52%
Bucks Cr 3.4 3.4 0%
Taylors Pond
Mill Cr 4.6 1.0 78%
Taylors Pond 6.2 4.2 32%

! Composed of combined fertilizer, runoff, and septistem loadings. Does not include direct atmasphieposition to
estuarine surfaces, but does include a small an{8&6#10%) of atmospheric deposition to “naturafaces.”

2Target threshold watershed load is the load freenithtershed needed to meet the embayment threstrabentrations
identified in Table 2 above.

TABLE 4 b. Present Septic System Nitrogen Loading &es and Target Septic Loading Rates
Needed to Meet Threshold N Concentrations in the Esaries if Only Septic Loads were Reduced,

Ignoring All Other Sources

Embayment Systems and Sub- | Present Septic Load Target Septic Percent Load
embayments (kg/day) Load Reductions
(kg/day) Needed to
Achieve Target
Loads
Stage Harbor
Oyster Pond 8.099 0 100 %
Qyster River 7.052 0 100 %
Stage Harbor 1.523 0 100 %
Mitchell river 2.170 1.085 50 %
Mill Pond 2.956 1.478 50 %
Little Mill Pond 0.904 0.452 50 %
Sulphur Springs
Sulphur Springs 7.863 2971 62.2 %
Bucks Cr 2.767 2.767 0 %
Taylors Pond
Mill Cr 3.584 0 100 %
Taylors Pond 5.019 3.012 40 %
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Total Maximum Daily Loads

As described in EPA guidance, a total maximum daityl (TMDL) identifies the loading capacity
of a water body for a particular pollutant. ERulations define loading capacity as the greatest
amount of loading that a water body can receivlaouit violating water quality standards. Because
there are no “numerical” water quality standardsNipthe TMDLs for the Chatham embayments are
aimed at determining the loads that would corredgorembayment-specific N concentrations
determined to be protective of the water quality anosystems. The effort includes detailed
analyses and mathematical modeling of land useentiioads, water quality indicators, and
hydrodynamic variables (including residence tinfie) each embayment. The results of the
mathematical model are correlated with estimataspfcts on water quality, including negative
impacts on eelgrass (the primary indicator), as astissolved oxygen, chlorophyll, and benthic
infauna. The TMDLs are established to protect @nd/store the estuarine ecosystem, including
eelgrass, the leading indicator of ecological ledhus meeting water quality goals for aquatie lif
support.

The TMDL can be defined by the equation:
TMDL = BG + WLAs + LAs + MOS
Where

TMDL = loading capacity of receiving water

BG = natural background
WLAs = portion allotted to point sources
LAs = portion allotted to (cultural) non-poisburces

MOS = margin of safety
Background Loading

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

Waste Load Allocations

Waste load allocations identify the portion of thading capacity allocated to existing and future
point sources of wastewater. EPA interprets 40 CB®R2(h) to require that allocations for NPDES
regulated discharges of storm water be includebenvaste load component of the TMDL. On
Cape Cod the vast majority of storm water percelait the ground and aquifer and proceeds into
the embayment systems through groundwater migrafldre Linked Model accounts for storm water
loadings and groundwater loading in one aggredhieation as a non-point source — combining the
assessments of waste water and storm water (imgjusdorm water that infiltrates into the soil and
direct discharge pipes into water bodies) for thgpse of developing control strategies. Although
the vast majority of storm water percolates int® ghound, there are a few storm water pipes that
discharge directly to water bodies that are suligettie requirements of the Phase Il Storm Water
NPDES Program. Therefore, any storm water dis@dsasgbject to the requirements of storm water
Phase Il NPDES permit must be treated as a waatkdlbocation. Since the majority of the
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nitrogen loading comes from septic systems, feeiliand storm water that infiltrates into the
groundwater, the allocation of nitrogen for anyristavater pipes that discharge directly to any ef th
embayments is insignificant as compared to theatigroundwater load. Based on land use, the
Linked Model accounts for loading for storm wateut does not differentiate storm water into a load
and waste load allocation. Nonetheless, baselefatt that there are few storm water discharge
pipes within NPDES Phase Il communities that disghalirectly to embayments or waters that are
connected to the embayments, the waste load abhocatrr these sources is estimated to be 0.28% of
the total nitrogen load from the watershed to tib&yments. The percentage for individual sub-
embayments ranged from 0.09% - 0.55% (AppendixBj)is is based on the percent of impervious
surface within 200 feet of the water bodies andrétative load from this area compared to the
overall load (Table IV-4 of the 2007 MEP Re-evadubl echnical Report). Although most storm
water infiltrates into the ground on Cape Cod, samgervious areas within approximately 200 feet
of the shoreline may discharge storm water viagpgheectly to the water body. For the purposes of
waste load allocation it was assumed that all imipes surfaces within 200 feet of the shoreline
discharge directly to the water body. This loadagligible when compared to other sources.

Load Allocations

Load allocations identify the portion the loadirapacity allocated to existing and future nonpoint
sources. In the case of the Chatham embaymeetsaptipoint source loadings are primarily from
septic systems. Additional N sources include: ratoiackground, storm water runoff (including N
from fertilizers), the Chatham wastewater treatnfaaiity (WWTF) groundwater discharge,
atmospheric deposition, and nutrient-rich sediments

Generally, storm water that is subject to the ERAde 1l Program would be considered a part of the
“waste load allocation”, rather than the “load aliion”. On Cape Cod however the vast majority of
storm water percolates into the aquifer and enter€mbayment system through groundwater. Given
this, the TMDL accounts for storm water loadingd gnoundwater loadings in one aggregate
allocation as a non-point source, thus combinimgassessments of wastewater and storm water for
the purpose of developing control strategies. Wtety, when the Phase Il Program is implemented
in Chatham, new studies, and possibly further modgeWwill identify what portion of the storm water
load may be controllable through the applicatioBe$t Management Practices (BMPS).

The WWTF currently discharges about 3 kg N/day thieogroundwater adjacent to the extensive
salt marshes of Cockle Cove Creek. This marskesys functioning well and there are no
observed indications that it is impaired by therent N loadings. The results of a study conducted
on Cockle Cove Cr and the surrounding marsh (MEé&hmical Memorandum, Nov 30, 2006)
indicate that as long as the existing concentratairN are maintained in the marsh system, the
marsh will be protected.

The sediment loading rates incorporated into thdOTMre lower than the existing loading rates from
the sediments listed in Table 3 above becauseqtenjeeductions of N loadings from the watershed
will result in reductions of nutrient concentratsoim the sediments, and therefore, over time,
reductions in loadings from the sediments will accBenthic N flux is a function of N loading and
particulate organic nitrogen (PON). Projected benfluxes are based upon projected PON
concentrations and watershed N loads, and arelasduby multiplying the present N flux by the
ratio of projected PON to present PON, using thiefong formulae:
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Projected N flux = (present N flux) (PON projecfd@ON present)

When:

PON projected = (Rad) (Dpon) + PON present offshore
When:
Road= (projected N load) / (Present N load)
And:

D ponis the PON concentration above background detemuiny:

D pon= (PON present embaymennt PONJresent offshoﬂa

Since benthic loading varies throughout the yedrthe values shown represent ‘worst-case’
summertime conditions, loading rates are presantkdiograms per day (Table VIII-3 of the
accompanying Technical Report). The benthic fluxthe MEP modeling effort is reduced from
existing conditions based on the load reductiontaedbserved PON concentrations within each
sub-embayment relative to Nantucket Sound (boundangition). The loading from sediments
(benthic flux) to each embayment was reduced basdte reduction of N in the watershed load.

The loadings from atmospheric sources incorporetedthe TMDL, however, are the same rates
presently occurring because, as discussed abmad,dontrol of atmospheric loadings is not
considered feasible.

The following figure, showing the primary sourcddazally controllable N, emphasizes the fact that
the overwhelming majority of locally controllableddémes from septic systems.
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Margin of Safety

Statutes and regulations require that a TMDL ineladnargin of safety (MOS) to account for any
lack of knowledge concerning the relationship bemvimad and waste load allocations and water
guality [CWA para 303 (d)(20©, 40C.G.R. para 130} The EPA’s 1991 TMDL Guidance
explains that the MOS may be implicit, i.e., inaongted into the TMDL through conservative
assumptions in the analysis, or explicit, i.e.,regped in the TMDL as loadings set aside for the
MOS. The MOS for the Chatham TMDL is implicit, atiet conservative assumptions in the
analyses that account for the MOS are describexhbel

1. Use of conservative data in the Linked Model

In the Chatham embayments, where most of the durémad does not pass through surface water
features, which reduce N concentrations, the adigm factor becomes important only when the
loads are greatly reduced, as they will be whenméhemmended TMDL values are achieved. At
present loads, attenuation represents only a $raation of the entire load and has little if any
influence on the current water column concentratidine load model uses attenuation factors for
ground water passing through surface water featavesr than those actually measured. Attenuation
factors of 50% are used in the model when meadantdrs are in the vicinity of 60%. However, for
the TMDL, a smaller than expected attenuation factakes the allowable loading lower than it
would otherwise be and constitutes a portion offtiogor of safety.

In addition, using sub-embayments that are atear,rthe inland-most tidal reaches as sentinels for

establishing the acceptable nitrogen load (i.e.,TtMDL) provides a major margin of safety for
“‘downstream” embayments, which are closer to thathm Finally, decreases in air deposition
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through continuing air pollution control effortgeauncounted in this TMDL, and are thus another
component of the margin of safety.

The hydrodynamic and water quality models have lassessed directly. In the many instances
where the hydrodynamic model predictions of volumetxchange (flushing) have also been directly
measured by field measurements of instantaneoakatige, the agreement between modeled and
observed values has beedb%6. Field measurement of instantaneous dischvaageperformed using
acoustic Doppler current profilers (ADCP) at kegdtions within the embayment (with regards to
the water quality model, it was possible to conduquantitative assessment of the model results as
fitted to a baseline dataset - a least squares tite modeled versus observed data showed an
R?>0.95, indicating that the model accounted for 3F%he variation in the field data). Since the
water quality model incorporates all of the outpfubsn the other models, this excellent fit indicate
high degree of certainty in the final result. Thegh level of accuracy of the model provides ahig
degree of confidence in the output and therefexss bf a margin of safety is required.

Similarly, the water column N validation datasesvedso conservative. The Linked Model is
validated to measured water column N. Howeverptbdel predicts average summer N
concentrations. The very high or low measurememgtsrarked as outliers. The effect is to make the
N threshold more accurate and scientifically defdas If a single measurement 2 times higher than
the next highest data point in the series raisestierage 0.05 mg N/L, this would allow for a highe
“acceptable” load to the embayment. Marking thiy\vegh outlier is a way of preventing a single
and rare bloom event from changing the N thresfml@d system. This effectively strengthens the
data set so that a higher margin of safety is eqaired.

Finally, it is important to note that the reducsan benthic regeneration of N are most likely
underestimates, i.e. conservative. The reductidrased solely on a reduced deposition of PON, due
to lower primary production rates under the redudddading in these systems. As the N loading
decreases and organic inputs are reduced, itdlylikat rates of coupled remineralization-
nitrification-denitrification and sediment oxidatiavill increase.

Benthic regeneration of N is dependant upon theuswinof PON deposited to the sediments and the
percentage that is regenerated to the water couarsus denitrified or buried. The regeneratioe rat
projected under reduced N loading conditions wastaipon two assumptions:

a) The PON in the embayment in excess of thatfdviing tidal water (boundary
condition) results from production supported byevsihed N inputs and

b) The presently enhanced production would decreggsmportion to the reduction in
the sum of watershed N inputs + plus direct atmespN input. The latter condition
would result in equal embayment versus boundardgition production and PON
levels if watershed N loading + direct atmosphdgposition could be reduced to zero
(an impossibility of course).

This proportional reduction assumes that the pitogroof remineralized N will be the same as under
present conditions, which is almost certainly adarastimate. As a result future N regeneration
rates are overestimated, which adds to the mafgafety.

2. Conservative threshold sites/nitrogen concéntra

Conservatism was used in the selection of the liotdssites and N concentrations. Sites were
chosen that had stable eelgrass or benthic aninfatifial) communities, and not those just starting
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to show impairment, which would have slightly higiNkeconcentrations. Meeting the target
thresholds in the sentinel sub-embayments willltesueductions of N concentrations in the rest of
the systems, which is very conservative, thus agthirthe margin of safety for those embayments as
a whole.

3. Conservative approach

Cockle Cove Creek marsh - the area in which thdl@ma WWTF groundwater discharge plume
enters marine waters - was given a threshold caratemm only slightly higher than its current
concentration. The reason is that the systensatanarsh, which appears to be functioning well.
Based upon a detailed MEP site-specific invesigatif the Cockle Cove salt marsh, it appears that
the N load can be increased to this tidal credkrag as the N concentration does not increase
significantly (see MEP Cockle Cove Creek Threshdgbort 2006).

In addition, the target loads were based on tidataged N concentrations on the outgoing tide,
which is the “worst case” because that is wherNttoencentrations are the highest. The N
concentrations will be lower on the flood tideseda dilution by incoming sea water, therefore this
approach is conservative, and adds to the margiafety.

Seasonal Variation

Nutrient loads to embayments are based on annads for two reasons. The first is that primary
production in coastal waters can peak in bothdbe winter-early spring and in the late summer-
early fall periods. Thus, nutrient loads must betaadled on an annual basis. Second, as a practical
matter, the types of controls necessary to cotti®N load, the nutrient of primary concern, byitthe
very nature do not lend themselves to intra-anmalipulation since the majority of the N is from
non-point sources.

TMDL Values for Chatham Embayments

As outlined above, the total maximum daily loadiog$ that would provide for the restoration and
protection of each embayment can be calculatedbygidering all sources of N grouped by natural
background, point sources, and non-point souréesiore meaningful way of presenting the
loadings data, from an implementation perspecis/presented in Table 5. In this table the N
loadings from the atmosphere and nutrient-richreedis are listed separately from the target
watershed threshold loads, which are composedtafaldbackground N along with locally
controllable N from the WWTF, septic systems, stovater runoff, and fertilizers. In the case of
Chatham, the TMDLs were calculated by projectirduaions in locally controllable septic system,
storm water runoff, and fertilizer sources.

Implementation Plans

The critical element of this TMDL process is aclimgvthe embayment-specific nitrogen
concentrations presented in Table 2 above, thateressary for the restoration and protection of
water quality and eelgrass habitat within the Caatlembayments. In order to achieve those
“target” concentrations, N loading rates must lwkioed throughout the embayment systems. Table
5, above, lists target watershed threshold loadsdoh sub-embayment. If those threshold loads are
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achieved, the overall embayment will be protectélis loading reduction scenario is not the only
way to achieve the target N concentrations. Thermmwree to explore other loading reduction
scenarios through additional modeling as part ef@Gomprehensive Wastewater Management Plan
(CWMP). It must be demonstrated, however, thatatgrnative implementation strategies will be
protective of the overall embayment systems, aatrtbne of the sub-embayments will be negatively
impacted. To this end, additional Linked Model r@as be performed by the MEP at a nominal cost
to assist the Town planning effort in achievingy&trN loads that will result in the desired thrddho
concentrations. The CWMP should include a schedluilee selected strategies and estimated
timelines for achieving those targets. Howeves,DEP realizes that an adaptive management
approach may be used to observe implementatiottsester time and allow for adjustments based
on those results.

Because the vast majority of controllable N loattesn individual septic systems for private
residences, the CWMP should assess the most destiet options for achieving the target N
watershed loads, including but not limited to, semgeand treatment for N control of sewage and
septage at either centralized or de-centralizeatimas, and denitrifying systems for all private
residences. The Town, however, is urged to meetaifyet threshold N concentrations by reducing
N loadings from any and all sources, through whatteveans are available and practical, including
reductions in storm water runoff, controls of fiezer use within the watershed through the
establishment of local by-laws, wetlands restoratipother hydraulic alterations to reduce N
loadings or mitigate the impacts of loading, impégtation of storm water BMPs, in addition to
reductions in septic system loadings.

The EPA and the MassDEP recognize that effluedirigamay provide a cost-effective means for the
Town of Chatham to achieve the overall TMDL objeet. The EPA Water Quality Trading Policy
Statement (http://www.epa.gov/owow/watershed/trgditm) encourages trading programs that
facilitate implementation of TMDLS, reduce the st compliance with the Clean Water Act
regulations, establish incentives for voluntaryugtns, and promote watershed-based nutrient load
reduction initiatives.
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TABLE 5. The Total Maximum Daily Loads (TMDL) for the Chatham Embayment
Systems, Represented as the Sum of the Calculatedrgjet Thresholds Loads, Atmospheric
Deposition, and Sediment Sources (Benthic Flux)

Target Watershed | Atmospheric Benthic TMDL *

Embayment System§ and Sub- 1 echold Load Depositiort Flux®
embayments: (kg/day) (kg/day) (kg/day) (kg/day)
Stage Harbor
QOyster Pond 1.9 1.8 14.1 18
Oyster River 2.3 1.1 0.7 4
Stage Harbor 0.5 3.2 2.3 6
Mitchell river 1.5 0.9 3.4 6

Mill Pond 2.1 0.6 2.9 6
Little Mill Pond 0.8 0.1 14 2
Sulphur Springs
Sulphur Springs 4.6 0.4 0 5
Bucks Cr 3.4 0.1 2.5 6
Taylors Pond
Mill Cr 0.9 0.2 0 1
Taylors Pond 4.2 0.2 1.1 6

! Target watershed threshold load is the load fieenvatershed needed to meet the embayment threshold
concentrations identified in Table 2. Loads are enagl of all sources in the watershed and consistath
controllable and a small percentage of non-coratbddl sources. The target load identified in thidd
represents one alternative loading scenario teeselthat goal but other scenarios may be

possible and approvable as well.

2 Atmospheric Deposition is deposition directly e estuary surface only

3Projected sediment N loadings obtained by reduttingoresent loading rates (Table 3) proportional to
proposed watershed load reductiand factoring in the existing and projected futtwacentrations
of PON.

“Rounded off Sum of target threshold watershed ladpspheric deposition load, and sediment sources
(benthic flux).

The MEP Implementation Guidance report provides&tling reduction strategies that are available
to the Town of Chatham, and could be incorporatéal the Town’s implementation plans. The
following topics relatedo N reductionare discussed in the Guidance report:

* 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
» Storm water Control and Treatment *
= Source Control and Pollution Prevention
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= Storm water Treatment

» Attenuation via Wetlands and Ponds
* Water Conservation and Water Reuse
* Management Districts
* Land Use Planning and Controls

=  Smart Growth

= Open Space Acquisition

= Zoning and Related Tools
Nutrient Trading

* The Town of Chatham is one of 237 communitieMimssachusetts covered by the phase Il storm
water program requirements.

Monitoring Plan for TMDL Developed Under the PhasedApproach

MassDEP is of the opinion that there are two foainsionitoring that are useful to determine
progress towards achieving compliance with the TMd@keping in mind that implementation will be
conducted through an iterative process where adprsis may be needed along the way. The two
forms of monitoring include 1) tracking implememndat progress as approved in the Town CWMP
plan and 2) monitoring ambient water quality coioti$ at the sentinel stations identified in the MEP
Technical Report and listed in Table 2 and theteelaiscussion in this report.

The CWMP will evaluate various options to achiewve goals set out in the Technical Report and
TMDL. It will also make a final recommendation bdsmn existing or additional modeling runs, set
out required activities, and identify a scheduladbieve the most cost effective solution that will
result in compliance with the TMDL. Once approveudlibe Department tracking progress on the
agreed upon plan will, in effect, also be trackimggress towards water quality improvements in
conformance with the TMDL.

Relative to water quality, MassDEP believes thaam@ubient monitoring program, much reduced
from the data collection activities that were nekttedevelop the TMDL, will be important to
determine actual compliance with water quality deads. Although the TMDL load values are not
fixed, the target threshold nitrogen concentratianghe sentinel stations are fixed. In additibweré
are target threshold N concentrations that areigeovfor many other non-sentinel locations in sub-
embayments to protect near-shore benthic habita¢se are the water quality targets, and a
monitoring program should encompass these stasibasninimum. Through discussions amongst
the MEP it is generally agreed that existing maimigp programs, which were designed to thoroughly
assess conditions and populate water quality mpdafsbe substantially reduced for compliance
monitoring purposes. Although more specific detaded to be developed MassDEP's current
thinking is that about half the current effort fugithe same data collection procedures) would be
sufficient to monitor compliance over time and bserve trends in water quality changes. In
addition, the benthic habitat and communities waalgliire periodic monitoring on a frequency of
about every 3-5 years. Finally, in addition to #o®ve, existing monitoring conducted by MassDEP
for eelgrass will continue into the future to oh@any changes that may occur to eelgrass
populations as a result of restoration efforts.

The MEP will continue working with the Towns to @dop and refine monitoring plans that remain
consistent with the goals of the TMDL. It must lkeagnized however that development and
implementation of a monitoring plan will take sotmae, but it is more important at this point to
focus efforts on reducing existing watershed N $otmdachieve water quality goals.
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Reasonable Assurances

MassDEP possesses the statutory and regulatorgraytiunder the water quality standards and/or
the State Clean Water Act (CWA), to implement anfibece the provisions of the TMDL through its
many permitting programs, including requirementsNdoading reductions from on-site subsurface
wastewater disposal systems. However, becausenonsgtoint source controls are voluntary,
reasonable assurance is based on the commitmdre fcality involved. Chatham has
demonstrated this commitment well before the garmeraf the TMDL. The Towns expect to use
the information in this TMDL to generate suppodrr their citizens to take the necessary steps to
remedy existing problems related to N loading framrsite subsurface wastewater disposal systems,
storm water, and runoff (including fertilizers),cato prevent any future degradation of these vaduab
resources. Moreover, reasonable assurances ehaMbBL will be implemented include
enforcement of regulations, availability of finaaldncentives and local, state and federal programs
for pollution control. Storm water NPDES permitvecage will address discharges from municipally
owned storm water drainage systems. Enforcememggofiations controlling non-point discharges
include local implementation of the CommonwealWstlands Protection Act and Rivers Protection
Act; Title 5 regulations for on-site subsurface teaster disposal systems, and other local
regulations. Financial incentives include fedéualds available under Sections 319, 604 and 104(b)
programs of the CWA, which are provided as pathefPerformance Partnership Agreement
between MassDEP and EPA. Other potential fundsaaetance are available through
Massachusetts’ Department of Agriculture’s Enharer@®rogram and the United States
Department of Agriculture’s Natural Resources Coveston Services. Additional financial
incentives include income tax credits for Titlefiguades and low interest loans for Title 5 on-site
subsurface wastewater disposal system upgraddalaeahrough municipalities participating in this
portion of the state revolving fund program.
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Appendix A

TABLE A: Summaries of Nitrogen Concentrations for Stage Harbor, Sulphur Springs, and Taylors Pond Syems (from Chapter VI of
the 2007 MEP Re-Evaluation Tech Report)

Table VI-1. Measured and modeled Nitrogen concentrations for Stage Harbor, Sulphur Springs, and Taylors Pond, used in the
model calibration plots of Figures VI-6 (Stage Harbor total N), VI-7 (Sulphur Springs), and VI-8 (Taylors Pond). All
concentrations are given in mg/L N. “Data mean” values are calculated as the average of all measurements.

Model
1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | Data Model | Model Max

System Embayment Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean s.d N Min | Average
Oyster Pond 0.597 | 0.786 | 0.708 | 0.604 | 0.770 | 0.671 | 0.761 | 0.735 | 0.227 | 45 | 0.708 0.714 0.721
5 Lower Oyster Pond - - 0.552 | 0.498 | 0.482 | 0.580 | 0.447 | 0.513 | 0.135 | 27 | 0.372 0.534 0.652
e, Oyster River 0.451 | 0.457 | 0.386 | 0.536 | 0.458 | 0.609 | 0.491 | 0.489 | 0.121 | 39 | 0.287 0.367 0.546
g Stage Harbor - - - - - - 0.385 | 0.385 | 0.062 | 29 | 0.288 0.336 0.415
o Upper Stage Harbor | 0.418 | 0.457 | 0.503 | 0.548 | 0.500 | 0.500 | 0.467 | 0.503 | 0.136 | 103 | 0.381 0.403 0.425
< Mitchell River - - 0.429 | 0.487 | 0.477 | 0.494 | 0.400 | 0.459 | 0.087 | 29 | 0.406 0.435 0.463
@ Mill Pond 0.471 | 0.503 | 0.418 | 0.507 | 0.520 | 0.390 | 0.553 | 0.485 | 0.123 | 96 | 0.458 0.466 0.474
Little Mill Pond 0.792 | 0.690 | 0.742 | 0.741 | 0.805 | 0.764 | 0.554 | 0.736 | 0.232 | 97 | 0.653 0.666 0.675
Mid Cockle Cove Cr. - 1492 | 2.043 | 1.613 | 2.115 | 1.499 | 1.901 | 1.857 | 0.531 | 36 | 0.606 1.373 2.482
;Z % Cockle C. Cr. Mouth - 0.890 | 0.687 | 0.636 | 0.973 | 0.620 | 0.536 | 0.730 | 0.242 | 38 | 0.275 0.410 0.813
g :,5)- Bucks Creek - 0.401 | 0.479 | 0.576 | 0.561 | 0.573 | 0.621 | 0.516 | 0.149 | 38 | 0.282 0.347 0.684
Sulphur Springs - 0.360 | 0.453 | 0.584 | 0.623 | 0.643 | 0.768 | 0.584 | 0.179 | 39 | 0.270 0.452 0.906
Taylors Mill Creek - 0.491 | 0.508 | 0.530 | 0.546 | 0.484 | 0.534 | 0.516 | 0.124 | 75 | 0.284 0.329 0.630
Pond Taylors Pond - 0.509 | 0.487 | 0.530 | 0.575 | 0.568 | 0.528 | 0.525 | 0.099 | 37 | 0.414 0.455 0.502
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Appendix B

TABLE B: Estimated Waste Load Allocation (WLA) fro m Runoff of all Impervious Areas
within 200 Feet of Water Bodies in the Chatham Sobern Estuaries

Impervious Total Total Impervious
Subwatershed Surface area | Impervious Impervious Subwatershed | Subwatershed
Name in 200’ buffer' | area in Total Subwatershed load buffer area
Subwatershed load WLA
Acres’ | %° | Acres® | %° Kglyear” Kglyear” Kglyear’ | %°
Oyster Pond 5.9 9.7 | 1504 18 248 4465 9.7 0.22
Oyster River 5.3 7.6 99.9 | 118 223 3901 11.8 0.30
Stage Harbor 5.8 8.2 28.3 5.1 51 1914 10.5 0.55
Mill Pond 4.9 114 | 65.3 | 19.2 135 2045 10.1 0.50
Harding Beach
Pond 2.7 6.7 99.7 | 154 206 3667 5.6 0.15
Bucks Creek 1.8 9.2 45.2 8.1 63 1334 25 0.19
Mill Creek 0.5 1.3 35.5 13 113 1786 1.6 0.09
Taylors Pond 3.4 146 | 614 | 18.2 151 2446 8.4 0.34
TOTAL 21558 60.2 0.28

! The entire impervious area within a 200-foot buffene around all water bodies as calculated froB Gue to the
soils and geology of Cape Cod it is unlikely thataff would be channeled as a point source dirgotly water body
from areas more than 200 feet away. Some impendoess within approximately 200 feet of the shoeelnay
discharge storm water via pipes directly to theewbbdy. For the purposes of the waste load dllmté was assumed
that all impervious surfaces within 200ft of thes#line discharge directly to the water body.

2Based on GIS data received from the Cape Cod Cosiunis

3 Taken from the GIS printed report for this estindateaste load allocation.

“Taken from Table IV-4 of the accompanying MEP TecahReport

®Calculated by dividing the impervious surface are200’ buffer (acres) by impervious area in tatabwatershed
(acres) and then multiplying that by the total imydgus subwatershed load.

®Calculated by dividing the impervious subwatershefler area WLA (Kg/year) by the total watersheddqKg/year)
and then multiplying by 100.
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Appendix C

TABLE C: Comparison of Original and Re-Evaluated TMDLs

Embayment Original TMDL Revised TMDL
(kg/day) (kg/day)

Oyster Pond 14 18

Oyster Pond River 4 4

Stage Harbor 9 6

Mitchell River 4 6

Mill Pond 3 6

Little Mill Pond 2 2

Sulphur Springs 9 5

Bucks Creek 4 6

Mill Creek 3 1

Taylors Pond 4 6

Total 63 69
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Response to Comments

Town of Chatham Comments:

1. What is the source of the data used to generatgi¢hehart shown at the top of page v of the
Executive Summary? Same question for pie chartage [7.

Response: The charts were developed using the dateesented in Table 3.

2. Page 4, ¥ para: “...the town of Chatham, the increase in patioris on the order of...”
Response: The suggested clarifying phrase was adid® the text.

3. Page 5, Table 1 b.: No data is shown for Mill Crdakt line of table.

Response: No data were provided for Mill Creek, th table has been modified accordingly.

4. Page 5, ¥ para from the bottom: The following statement &def'Eelgrass beds, which are
critical habitats for macroinvertebrates and fistave significantly declined in these waters.”
The implication is that this decline is due to gesed nutrient levels, however, it is well
know that there are a variety of causes for theomggdecline in the presence of eelgrass. It
should be clarified that decline in eelgrass isch solely to increased nutrient levels and
that mitigation of nitrogen may not be sufficient elgrass restoration in the face of other
causes of decline (wasting disease, poor seed gation, etc.).

Response: Although it is true that wasting diseasend other conditions have been known to
cause reductions in eelgrass, the weight-of-evidenmdicates that nitrogen enrichment is a
significant contributor to the loss of eelgrass ithe Chatham estuaries.

5. Page 8, Sediment:NVhat rate of decrease in sediment N can be esgext watershed N
load is decreased?

Response: The rate will be very site specific, bag®n the size of the area of the nitrogen-
rich sediments, the velocity of water over the sextients, the magnitude of the benthic flux of
nitrogen, the magnitude of the nitrogen reductiongo be made in the water body, and the
rate at which the nitrogen in the watershed is redoed. The approach used in the report is
based on the final loads, after all the required réuctions have been made. But in reality, as
the watershed loads are reduced over time, benthftux reductions will track reductions in
water column nitrogen. It might take a few years4s opposed to decades) for the system to
come into equilibrium after the target watershed nirogen reductions are achieved in the
water bodies themselves.

6. Page 6, T para: At the end of this paragraph general statésrae made th&DO
concentrations are lowest inland...” and “Chlorophgliconcentrations are highest in the
inland reaches."These general statements are not supported latheshown in Table 1 b.
(page 5) for the western reach of the Stage Haysiem (Oyster River/Oyster Pond). This
table shows that DO depletion in Oyster River adtér Pond is “insignificant” and
chlorophyll a levels are below the range considéogatoduce nuisance algal blooms.
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Response: The paragraph cited was meant to be argealization, typical of most estuarine
systems, however, because it does not apply to tthata presented in Table 1b, it may be
confusing, and therefore, the statements were deéat from the text. MEP staff appreciates
the reviewer pointing out this confusion.

7. Page 8: Need space between Fertilizer and Storer wategories.
Response: The space was added.

8. Page 8: The section under Septic Systems stateStiese can be controlled
by....upgrading/repairing failed system&. Under current inspection protocols a system will
usually only be classified as failed based on hyliraonditions, not on whether or not it is
reducing nitrogen. A system classified as “fail&slfnost likely still achieving the 20-25%
nitrogen removal attributed to functioning sepiistem as this removal occurs primarily in
the leach field and surrounding soil. As a resuitlevupgrading or repairing “failed” septic
systems can address potential public health igsg@esurfacing effluent, etc.) it will have
minimal impact on nitrogen removal. Upgrading graeing failed systems should only be
considered as addressing nitrogen if it includagdiicing technology, not simply
upgrading/repairing to Title 5 standards. A simdancern over this wording was expressed
during review of the Pleasant Bay Total NitrogenDMand revisions made.

Response: The statement was changed to read:.” upgrading to nitrogen removing
systems...”

9. Page 9 Figure: The freshwater discharge staticglddbas “CM-5" in the SE corner of Oyster
Pond should be labeled as “CM-B”.

Response: The figure has been corrected.

10.Page 12, para a): The last sentence references &l and A-2 in Appendix A, there is only
a single table shown in Appendix A.

Response: The error was corrected.

11.Page 13, Table 2: The data contained in TableuRdtear. The values shown in column 2
look like the “model average” values shown in td& tolumn of the Table A in Appendix A,
not observed “existing” concentrations. The exaapis the values shown for Oyster Pond,
Oyster River and Stage Harbor, which do not appebe from Table A.

Response: Table 2 has been modified to include aat observed data.

a. Inthe footnote to Table 2 it is indicated thatyopears 1999 — 2002 were used, why
was the entire available data set, 1999 — 2005y sed?

Response: The modeling was performed on data fron®29 to 2005, the footnote has been
corrected.

b. The footnote also indicates Tables A-1 and A-2 ppéndix A, there is only one table
in Appendix A.

31



Response: The footnote has been corrected.

12.Page 14, % para: “...Sulphur Springs System (which also inciM-Creek Cockle Cove
Creekand Bucks Creek).”

Response: The error has been corrected.
13.Page 16, Table 3:
a. What is the source of the data presented in ealcimn of Table 3?
Response:
Natural Background was derived from Table VI-4, page 55 of the “re-ealuated” Tech Report,
under the assumption that the “no load” values wer¢he same as “natural background”.
Subsequent discussions with SMAST personnel havelicated that the “no load” value is not

actually an estimate of background, and is not adtive regarding the other quantified sources.
Therefore the Natural Background column of Table 3has been eliminated.

Present land use loadlata are derived from Table 1V-4, by adding the véues from the columns
for “fertilizers”, “impervious surfaces”, and “natu ral surfaces”.

Present Septic system Loadwere taken from Table VIII-2 of the “re-evaluated” tech report.

Present Atmospheric Depositiorand Present loadings from sediments (Benthic Fluxyere
taken from Table VI-2 of the “re-evaluated technicéreport.

b. What accounts for the significant differences ia Natural Background Watershed
Load (kg/day), column 2, between this TMDL and Eablof the original 2004
TMDL? In some cases the background loads in th& Z0@DL are 2-3 xs higher than
the 2004 values.

Response: As stated above the “background” value waeconsidered and dropped from the
analyses.

c. Why is there a 6x increase in the Present AtmospbBaposition (kg/day) (column 5)
for Oyster Pond between this TMDL and original 2004DL? (This question also
applies to Table 5 on page 22.)

Response: According to SMAST staff, there was a typin the original Tech Report, that was
inadvertently transcribed into the original TMDL. It was not caught until the re-evaluated
Tech report was reviewed, and the error was correed.

d. Why are values in column 6 (Benthic Flux) for Sulp®prings, Cockle Cove Creek
and Mill Creek shown as 07 In Table VI-2 of the 2a@&ch report the values are
reported as -3.756, -0.578, and -0.061 respectively

Response: Subsequent to the development of the inltTMDL the TMDL writing team

determined that negative losses in the system, suah those sometimes encountered with the
uptake of N in the sediment, should not be creditetbwards the need for future load reductions.
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As a result, negative flux values have been entereg 0. This will provide an additional margin
of safety to the required load reductions to meet ater quality standards.

e. The Header and/or footnotes for this table needficiation for the following:

1. It should be clearly indicated that columri‘[¥atural Background
Watershed Load (kg/day)includes atmospheric deposition onto non-
estuary water bodies within the watershed and gthey&c deposition onto
natural surfaces.

Response: As described above, this column has beaemoved from the table.

2. It should be clearly indicated that columr‘Bresent Atmospheric
Deposition (kg/day); is atmospheric deposition directly to the estuary
surface area only.

Response: A footnote with this clarification has een added.

14.Page 19, 8 para: The next to the last sentence indicatesus \d 40% is used in the MEP
model for attenuation; however, on page 22 of ®@72VMIEP Tech Report {2paragraph) it
is stated that a value of 50% is used.

Response: The commenter is correct, and the valw& page 19 has been changed to “50%”

15.Page 21, ¥ para: This paragraph contains the staterfigtile this system might take
additional N Load without significant impairmertftigtevidence is not yet available to support
increased loadings.This statement appears to be a holdover from @d ZMDL and does
not reflect the new findings of the Cockle Covet3&drsh study. This statement is also
inconsistent with the text on page 6, middle ofgaaph 3.

Response: The text on page 6 is correct, and hasdm repeated on page 21, replacing the
original text.

16.Page 22, Table 5: The Header and/or footnotedhisitéable need clarification for the
following:

a. It should be clearly indicated that columrarget Watershed Threshold Load
(kg/day)”, includes atmospheric deposition onto non-estuater bodies within the
watershed and atmospheric deposition onto naturtdees, both of which are non-
locally controllable The table header indicates that the target tbtddbads are from
“controllable” sources, this is inaccurate.

b. It should be clearly indicated that columri'8mospheric Deposition (kg/day)’is
atmospheric deposition directly to the estuaryaefarea only.

Response: The table, including the header and famttes, has been edited to clarify the issues
raised by the reviewer.
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17.Page 22 Table 5: The kg/day figures shown for Berilux are zero for Sulphur Springs and
Cockle Cove Ck. This differs from the figures givarthe MEP report dated Feb 2007, which
are -2.8 and -0.6 respectively for these two emsanWhat is the reason for this difference?

Response: following the preparation of the origineChatham tech report and TMDL, it was
determined by MEP staff that because TMDLSs reflecsources of nitrogen, that negative flux
values would not be included in the TMDL values. Terefore, any negative flux values were
entered as 0.

18.Page 22 Table 5: In footnote 1, it's not clear wigre are alternative loading scenarios,
given the atmospheric deposition and the benthic?fl

Response: Alternative scenarios may be investigatevith additional model runs, which may
result in slightly different loading rates to the dfferent sub-embayments within each of the
major systems.

19.Page 27 Appendix B: | suggest that this key Tatle2 be included and discussed in the
main portion of this report. Also, change the aatuheading "New Septic Load" to
"Threshold Septic Load".

Response: The recommended changes have been madable VIII-2 in Appendix B is now
Table 4b in the body of the TMDL document.

20.Page 28 Appendix C: This Table needs explaining.

Response: Additional footnotes have been added tadfy values in the table. (Note: In the
revised version of the report, Appendix C, referredto here, is now Appendix B.)

21.Page 30 Attachment 1: Tell the reader the sourtigese questions.
Response: The commenters are identified.

22. The reductions required in Sulphur Springsdiomake sense if the sentinel station is
located in Bucks Creek.

Response: You are correct. The sentinel station wanadvertently indicated to be in Bucks
Creek. It is actually in Sulphur Springs. All the calculations and modeling were done based on
it being in Sulphur Springs, so the results are acoate, and the resultant TMDL is appropriate.

John Payson, West Chatham, Comments:

1. The MEP Report of February 2007 for the thimélsern estuary systems in Chatham did not
include re-evaluated TMDLs. However, TMDLs arewhan Table 5 in the subject Report dated
January 3, 2008.

Response: Even though TMDL values themselves wamnet presented, the information, on

which the revised TMDLs were based, was presented various tables in the MEP Report of
February 2007 for the three southern estuary systesiin Chatham.
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2. Table 5 calculates TMDLs as “the sum of thewaled Target Threshold N Loaftem
controllable watershed sources (plus) Atmosphegpd3itionand Benthic flux’

This says that the greater the input of atmospluEposition and/or benthic flux, the greater wél b
the amount of total nitrogen that a water body @azept and still meet water quality standards.

This brings into serious question the advisabdityf MDLs being used by local communities as a
management tool, or referencing them in any wapraparing proposed Comprehensive Wastewater
Management Plans.

Response: The assumption that the greater the inpfrom atmospheric deposition and
sediments (benthic flux), the greater will be the mount of nitrogen that the water body can
accept is false. The amount of “allowable” nitroge loading from the watershed is carefully
modeled, taking into consideration the atmospheriand sediment sources, and is based on the
threshold concentration(s) within the water bodies.The Technical Reports and the loading
values that they provide are the best managementdts and should serve as the basis for the
CWMPs.

3. The probable expenditure of hundreds of miliohdollars by the town of Chatham is being
projected for sewering, and it is imperative thdtemely stringent quality control measures must be
instituted to ensure that the water samples takémeasentinel stations will result in the reliable
generation of very accurate water quality data.

Response: MEP agrees with this statement. The sartevel of QA/QC that went into the data
collection used to set the TMDL will have to go ito future monitoring efforts to track the
implementation of the TMDL.

4. There are many differences in the original hécdl Report and the re-evaluated Technical
Report.

Response: This observation is correct. The reasdhat loading rates and TMDLSs changed
from the original Tech Report and the original TMDL to the revised Tech Report and the
revised TMDL is that more field data were includedin the analyses, more water use data were
used in the loading estimates, and the watershed®we re-delineated. All of these efforts
contributed to varying degrees, the differences ithe loading estimates and projected,
allowable, loading rates.

5. Stipulating a need for amgduction in the septic N load, much less the 1@86%wn in the
February 2007 MEP Report for the Mill Creek sub-agrhent, does not appear supportable, when
the observed N concentration is 0.33 mg/L anddhget N concentration is 0.38 mg/L.

Response: The 0.38 mg/L is the target for Taylorsddd, not Mill Creek. The particular

strategy, to meet the site-specific water qualitytandards, that was presented in the SMAST
Tech report, may not be the final strategy chosenybthe Town. That is why additional model
runs will be conducted by SMAST. However, based othe hydrology, including incoming tide
water, carrying nitrogen from downstream in Mill Cr eek up into Taylors Pd, the linked
modeling effort indicates that one “solution” is toremove 100% of the septic systems in the Mill
Creek watershed. If the reality of the situation $ that the Town chooses not to do so, but
chooses to remove more in the Taylors Pond waterdihethen the strategy will be tested by re-
running the models with a different nitrogen-loading scheme.
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