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|. Introduction
A. Long Island Sound Study

The Long Island Sound Study (L1SS) began in 1985 when Congress appropriated funds for the
U.S. Environmental Protection Agency (EPA) to carry out a program to research, monitor, and
assess the water quality of Long Island Sound in concert with the states of Connecticut and New
Y ork through the Connecticut Department of Environmental Protection (CTDEP) and the New
Y ork State Department of Environmental Conservation (NY SDEC), respectively. Pursuant to
the Clean Water Act (CWA) Amendmentsin 1987, Section 320 of the Act established the
National Estuary Program. At the request of the states of Connecticut and New Y ork, Long
Iland Sound was officially designated an “ Estuary of National Significance” under this program®.
A Management Conference, consisting of federal, state, interstate and local agencies, universities,
environmental groups, industry, and the public, was convened in March 1988 and charged with
developing a Comprehensive Conservation and Management Plan (CCMP) to protect and
improve the environmental quality of Long Island Sound while ensuring compatible human uses.

The CCMP?, approved in 1994, focused on seven topics: (1) low dissolved oxygen (hypoxia), (2)
toxic contamination, (3) pathogen contamination, (4) floatable debris, (5) the impact of these
water quality problems, and habitat degradation and loss, on the health of living resources, (6)
land use and development resulting in habitat 1oss and degradation of water quality, and (7) public
involvement and education. The Management Conference has focused its efforts and resources
on the most pressing problem among these, hypoxia (generaly defined as levels of dissolved
oxygen (DO) of 3 mg/l or less), which affects a substantial portion of Long Island Sound in late
summer.

Timing and Duration of Hypoxia B.  Hypoxia
in Long Island Sound . .
1987-1990 University of Connecticut Hypoxiais a common occurrence in
1991-1999 Connecticut Department of Environmental Protection Long Island Sound bottom waters
lggg : E during the late summer-usually from
1989 | T July through September® (Figure 1).
1990 | I | It's linked to an overabundance of
1991 | I | nitrogen combined with the
1992 | | | naturally occurring density
1993 | I dtratification of the water column.
183’;: ? : While nitrogen is essential to a
1996 | = | p_roductlve ecosystem, to_o much
1997 | T | nitrogen fuels the excessive growth
1998 | T of algae. When the algae die, they
1999 | | | sink to the bottom, where they are
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC consumed by bacteria. The
I = Hypoxic Period  mjcrobial decay of
Figure 1. Timing and duration of hypoxiain

Long Island Sound, 1987-1999.
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algae and the respiration of oxygen-breathing organisms use up the available oxygen in the lower
water column and in the bottom sediments, gradually reducing the dissolved oxygen concentration
to unhealthy levels. If the water column remains stratified for an extended period, and the amount
of organic carbon (primarily from decaying algae) is high enough, oxygen may fall to hypoxic or
even anoxic levels. Under these conditions, some organisms may suffocate and die, while others
flee the hypoxic area. Dense algal blooms aso can inhibit light penetration, preventing sufficient
light from reaching the bottom in shallow areas to support the growth of submerged aguatic
vegetation, an important habitat for shellfish and juvenile fish. Consequently, excessive nitrogen
impairs the function and health of Long Island Sound. The LISS has estimated that the load of
nitrogen delivered to Long Island Sound has more than doubled since pre-colonial times.
Discharges from sewage treatment plants, atmospheric deposition, and runoff are the primary
sources of nitrogen enrichment to Long Island Sound.

C. Requirements of Section 303(d)

Section 303(d)(1)(C) of the CWA and EPA’ s implementing regulations (40CFR Part 130) require
states to identify those waterbodies that do not meet water quality standards after application of
the technology-based effluent limitations required by the Act. New Y ork and Connecticut have
identified Long Island Sound as “water quality limited” due to hypoxia and a priority for
developinga TMDL.

By definition, a TMDL specifies the alowable pollutant loading from all contributing sources
(e.g., point sources, nonpoint sources, and natural background) that will attain the applicable
water quality standards with seasonal variations and a margin of safety. The margin of safety
takes into account any lack of knowledge concerning the relationship between effluent limitations
and water quality. In essence, aTMDL defines the assimilative capacity of the waterbody to
absorb a pollutant and still meet water quality standards.

D.  Fulfillment of Section 303(d)

To address the hypoxia problem, the L1SS has been proceeding with a phased approach to
nitrogen reduction, alowing the program to move forward in stages as more information is
obtained to support more aggressive steps.

The first formal action to address hypoxia took place in 1990 with the release of the Status Report
and Interim Actions for Hypoxia Management®. The report announced a freeze on point and
nonpoint nitrogen loadings to the Sound in key geographic areas at 1990 levels. This constitutes
what is know as Phase | of the hypoxia management program.

Phase I, which was adopted in 1994 upon release of the CCMP, initiated actions to begin to
reduce the load of nitrogen to the Sound through low-cost actions. This phase is being actively
implemented in Connecticut and New York. These actions, while significant, will not restore the
health of Long Island Sound. Therefore, the LISS made a commitment to identify athird phase
of nitrogen controls to guide long-term management.



On February 5, 1998, the states of Connecticut and New Y ork and the Environmental Protection
Agency adopted a plan for Phase |11 Actions for Hypoxia Management®, including nitrogen
reduction targets of 58.5 percent for 11 “management zones’ that comprise the Connecticut and
New Y ork portion of the Long Island Sound watershed. Action 3.A. under the planisa
commitment to administer and enforce the nitrogen targets through development of a Total
Maximum Daily Load (TMDL) analysis consistent with requirements under section 303(d) of the
Clean Water Act.

CTDEP and NYSDEC will work with EPA to develop, by July 1998, a TMDL necessary
to meet the dissolved oxygen standards. NYSDEC and CTDEP will propose the TMDL in
August 1998 and submit the TMDL, as appropriate, to EPA by December 1998 for
approval. EPA will develop the TMDL if it is disapproved, as required by the CWA.

The TMDL will include point and nonpoint source controlsin the New York and
Connecticut portion of the watershed to meet the 58.5 percent reduction target.

The TMDL will also include future actions and schedul es beyond the 15-year
Phase 11l plan for achieving water quality standards, such as the control of
carbon and nitrogen from outside of the LISS management area, including point
and nonpoint sources north of Connecticut in New England, atmospheric
deposition, point and nonpoint sources affecting import from New York Harbor
and The Race, and other alternatives, such as aeration and load relocation.

The TMDL will include a provision for periodic review every five years and
revision as appropriate.

Action 3.B. scheduled completion of the Wasteload Allocation (WLA) and Load Allocation (LA)
for one year after the release of the TMDL.

A preliminary draft of the TMDL was completed by July 1998, as scheduled. However, based on
evolving nationa policy on TMDLSs, EPA required the TMDL to identify how the total load
allocation will be distributed between point and nonpoint sources (the WLA/LA). Compliance
with this requirement delayed the release of the draft TMDL by the states of Connecticut and
New York until November 1999. Many comments were received by the two states and compiled
into responsiveness reports. Among the changes that have been incorporated into the TMDL isa
listing of individual point source contributions of nitrogen and the final management goal for each
source (the WLA). Because of the large number of point sources, the complexities of nitrogen
delivery through the watershed, and the potential for nitrogen trading, a public WLA process was
needed in Connecticut. That requirement was met in the fall of 2000, putting al the necessary
components in place to finalize the TMDL.

While completion of the TMDL has been delayed from its original target date, the time frames for
implementation remain the same.



II. Waterbody L ocation and Description

Long Iland Sound lies in the midst of the highly urbanized and suburbanized northeast seaboard,
one of the most densely populated regions in the nation. It is characterized by a chain of urban
centers surrounding it. Included in that chain is New Y ork City, the country’slargest city.

The watershed of the Sound drains an area of
more than 16,000 square miles (Figure 2). It
encompasses virtually the entire state of
Connecticut, portions of Massachusetts, New
Hampshire, and Vermont, with asmall area at
the source of the Connecticut River in
Canada. It also includes portions of New
York City, and Westchester, Nassau, and
Suffolk Countiesin New York state. The
study areafor the LISS was defined as the
Battery on Manhattan Island to the west and
The Race to the east. Long Island Sound
covers about 1,300 square miles, measuring
more than 100 miles from east to west and
about 21 miles wide at its widest point
between New Haven, CT and Port Jefferson,
NY. Mid-Sound depths range from 60 to 120
feet.

Unlike atypica estuary, the Sound has no
major direct source of fresh water at its head.
Instead, the Sound has two marine inlets.
Lower salinity waters enter the western Sound
from the Upper Bay of New Y ork Harbor
through two tidal straits, the East River and
the Harlem River. Higher salinity waters of
the Atlantic Ocean enter at its eastern end,
through Block Island Sound and The Race.
The largest source of fresh water isthe
Connecticut River, discharging into the
eastern Sound, which contributes about 70
percent of the more than six trillion gallons of
fresh water discharged to the Sound by major
tributaries each year. These unusual

Quebec
‘.

\_ LONG ISLAND SOUND DRAINAGE BASINS

! 1 Pawcatuck River - 297 sq. mi.
i 2Southeast Coast - 149 sq. mi.
1 3Thames River - 1478 sq. mi.
i 4 Connecticut River - 11,263 sq. mi.
\ 5 South Central Coast - 482 sq. ml

;6 Housdlonic River - 1946 sq. mi

7 SoufHwest Coast - 355 5q. mi. (tncbdasWes!ohestefCounty)
\BN York City - 66 sq. mi.

(sland - 210 sq. mi.

I SOUND STUDY
AREA

Allantic Ocean

Figure 2.

Maps of (a) major drainage basinsand
tributaries of Long Idand Sound; (b)
the Long Island Sound Study area; (c)
basins within Long Island Sound.

characteristics contribute to the Sound’s complex circulation and mixing patterns. Furthermore,
waters from outside the Sound’ s drainage basin that enter through its boundaries are significant
sources of pollutants, underscoring the need for comprehensive regional management of those

Sources.



I11. Applicable Water Quality Standards
A. Nutrient Enrichment

In Long Island Sound, nitrogen is the primary limiting nutrient for algal growth that leads to low
DO levels and the subsequent loss of designated uses. Nitrogen's relationship to impaired
designated usesis indirect and complex, with intermediate steps of algal blooms and
decomposition, low DO, poor water clarity, inhibited plant growth, and ultimately marine
organism stress. The relationship between nitrogen loading and ambient nitrogen concentration
and DO conditionsis highly complex, nonlinear, and typically requires calibrated and verified
mathematical models to account for the controlling hydrologic, physical, chemical, and biological
interactions.

EPA is developing guidance on deriving numeric nutrient water quality criteriafor four basic
types of waterbodies. lakes and reservoirs, rivers and streams, estuaries and coastal waters, and
wetlands. EPA is aso compiling an extensive national database of nutrient concentrations and
associated response variables needed to derive criteria. EPA will use the national database to
derive national recommended numeric nutrient water quality criteria for specific ecological
regions, in accordance with the Agency’ s waterbody guidance, for total nitrogen concentration,
total phosphorus concentration, and associated response variables (e.g., chlorophyll a
concentrations and turbidity). EPA has not yet published recommended criteria for nitrogenin
estuarine environments, nor have states established criteria for nitrogen in estuarine environments.
Ongoing workgroup activities related to EPA’ s regional nutrient criteria development indicate
that such criteria may need to be estuary-specific or at least estuary type-specific and may not be
in the form of nutrient concentrations in the water column. Long Island Sound has long been
recognized as a unique estuary. Potential candidates for criteria must be qualified by attention to
tide cycles, density and salinity gradients, and currents.® (EPA Strategy for Nutrient Criteria 1998,
p. 19).

Based on monitoring and modeling, the L1SS has been determined that reducing nitrogen loads
necessary to achieve the water quality standards for DO will protect and maintain designated uses
in the Sound. While the TMDL for nitrogen is translated from DO standards, other
eutrophication-related impairments resulting from the intermediate steps of algal blooms and
decomposition, poor water clarity, inhibited submerged aquatic plant growth, and stress to
marine organisms have been considered and would benefit from the proposed nitrogen reduction
program.

B. New York

New York state’ s marine water classifications, designated best uses, and dissolved oxygen
standards are contained in NY SCRR, Title 6, Chapter X, Parts 701 and 703.



CLASS SA

CLASS SB

CLASS SC

CLASSI

CLASS SD

Saline Surface Waters - New Y ork

The best uses of Class SA waters are shellfishing for market purposes, primary and
secondary contact recreation and fishing. These waters shall be suitable for fish
propagation and survival. Dissolved oxygen shall not be less than 5.0 mg/l at any
time.

The best uses of Class SB waters are primary and secondary contact recreation and
fishing. These waters shall be suitable for fish propagation and survival. Dissolved
oxygen shall not be less than 5.0 mg/l at any time.

The best use of Class SC watersisfishing. These waters shall be suitable for fish
propagation and survival. The water quality shall be suitable for primary and
secondary contact recreation, although other factors may limit the use for these
purposes. Dissolved oxygen shall not be less than 5.0 mg/l at any time.

The best uses of Class | waters are secondary contact recreation and fishing.
These waters shall be suitable for fish propagation and survival. Dissolved oxygen
shall not be less than 4.0 mg/l a any time.

The best use of class SD water isfishing. These waters shall be suitable for fish
survival. Dissolved oxygen shal not be less than 3.0 mg/l a any time.

The spatial extent of the applicable water quality standards for the open waters of the East River
and Long Island Sounds are as follows:

Water Class From To Description

Mile Point

0.0 14.5 | From Battery to Throgs Neck Bridge

SB

14.5 | 23.17 | From Throgs Neck Bridge to Execution Rock

SA

23.17 144 | From Execution Rock to Race

All the embayments in Nassau and Suffolk counties are classified as SA, whereas all the
embayments in Westchester County are classified as SB. However, waters of Hempstead Harbor
and Manhasset Bay are further classified into SB and SC, as applicable.

C. Connecticut

Connecticut’ s water quality standards set an overall policy for management of water quality in
accordance with the directive of Section 22a-426 of the Connecticut General Statutes. Standards
are published in CTDEP' s Water Quality Sandards’ document and are updated periodicaly as

required.



CLASS SA

CLASS SB

CLASS SC

CLASS SD

Coastal and Marine Surface Waters - Connecticut

Designated uses are for marine fish, shellfish and wildlife habitat, shellfish
harvesting for direct human consumption, recreation, and all other legitimate uses
including navigation. Dissolved oxygen not less than 6.0 mg/l a any time.

Designated uses are for marine fish, shellfish and wildlife habitat, shellfish
harvesting for transfer to a depuration plant or relay (transplant) to approved areas
for purification prior to human consumption, recreation, industrial and other
legitimate uses including navigation. Dissolved oxygen not less than 5.0 mg/l at
any time.

May be suitable for fish, shellfish, and wildlife habitat, certain aguaculture
operations, recreational uses, industrial and other legitimate uses including
navigation. Present water quality conditions preclude full attainment of one or
more designated uses some or al of thetime. One or more water quality criteria
are not being consistently achieved. Dissolved oxygen standard in accordance with
SA or SB god except where a Use Attainability Analysis demonstrates that the
water resource has been irreparably atered to the extent that certain designated
uses have been permanently lost.

Present water quality conditions persistently preclude the attainment of one or
more designated uses for Class SB waters. One or more water quality criteriafor
Class SB waters are not being achieved most or al of thetime. Class SD waters
may be suitable for bathing or other recreational purposes, certain fish and wildlife
habitat, industrial or other legitimate uses, including navigation, may have good
aesthetic value. Class SD water quality results from sources of pollution which are
not readily correctable through implementation of established state water quality
management programs to control point and nonpoint sources of pollution.
Dissolved oxygen standard in accordance with SA or SB goal except where aUse
Attainability Analysis demonstrates that the water resource has been irreparably
altered to the extent that certain designated uses have been permanently lost.

Connecticut’ s portion of Long Island Sound is about 613 square miles. Nearly 480 square miles,
including most of the offshore areas relevant to LISS hypoxia management efforts, are classified
SA. Another 44 square miles have a SA goal, but do not presently meet criteriafor that
classification. About 85 square miles either are SB or have agoa of SB. Just over 62 square
miles of those waters are SC waters with agoal of SB and five square miles are presently
classified SD with agoa of SB. SC waters are scattered within the embayments and harbors
along the coast, but parallel urban areas such as New Haven, Bridgeport, Norwalk, Stamford and
Greenwich. Waters presently classified SD/SB are located in inner portions of New Haven
Harbor and a small area at the mouth of the Byram River in Greenwich. While many offshore
areas are classified SA, areas impacted by hypoxia do not presently meet class SA oxygen

standards.



D. EPA Marine Dissolved Oxygen Criteria

Before this year, EPA had not issued saltwater criteriafor dissolved oxygen because of
insufficient information. As aresult, the states of New Y ork and Connecticut adopted the
saltwater protection limits for dissolved oxygen described in the previous section primarily based
on criteria developed from research done on freshwater organisms. In Connecticut, the Class SA
waters in Long Island Sound have a protection limit for DO of not less than 6.0 mg/l at any time.
In New York, Class SA, SB, and SC waters of Long Island Sound have a DO protection limit of
not less than 5.0 mg/l a any time.

However, in January 2000, EPA released a draft document entitled Draft Ambient Water Quality
Criteria for Dissolved Oxygen (Saltwater): Cape Cod to Cape Hatteras®. This document was the
result of efforts by the EPA’s Office of Research and Development Laboratory in Narragansett,

RI to develop saltwater criteriato provide a better basis for assessing oxygen conditions sufficient
to protect aquatic life in marine environments. For more than ten years, with partial support from
the LISS, scientists have researched the effects of low oxygen levels on aguatic life aong the
Atlantic coast from Cape Cod, MA to Cape Hatteras, NC. Field studies conducted by the
CTDEP were reviewed along with other laboratory studies. The information from these studies
was used by the LISS to characterize the impacts from low DO in the Sound®.

The draft DO criteria document approach to protect saltwater animals from Cape Cod to Cape
Hatteras took into account both continuous (i.e., persistent) and cyclic (diel, tidal, or episodic)
exposures to low DO. The continuous situation considers exposure durations of 24 hours or
greater. Criteriafor cyclic situations would cover hypoxia exposures of less than 24 hours, but
which may be repeated over a series of days. Both scenarios cover three areas of protection: 1)
juvenile and adult survival; 2) chronic growth effects; 3) larval recruitment effects. The draft
juvenileladult survival and growth criteria provide useful screening boundaries within which to
judge the DO status of a given site. If the DO conditions are above the chronic growth criterion
(4.8 mg/l), then this site would meet objectives for protection. If the DO conditions are below the
juvenile/adult survival criterion (2.3 mg/l), then this site would not meet objectives for protection.
When the DO conditions are between these two values, then the site would require evaluation of
the duration and intensity of hypoxia to determine the suitability of habitat for the larval
recruitment objective.

The criteria, finalized by EPA in December 2000, now provide a firmer scientific basis for
planners, regulators, and the public to address the question, “What oxygen conditions are
sufficient to protect aquatic life in Long Island Sound and provide for a healthy, diverse aquatic
community?’ The criteriawill also provide guidance for the states of Connecticut and New Y ork
to evauate their existing DO standards. In April 2000, CTDEP proposed revisions to its DO
standard based on the EPA draft criteria document. After considering public input and the fina
EPA guidance, CTDEP expects to adopt arevised standard in late 2000 or early 2001.

The LISS is committed to reevaluating management goals and actions every five yearsto
incorporate new information. The saltwater oxygen criteria and any revisions to state water
quality standards will be assessed as part of the evaluation. Revisionsin state DO standards will
modify the degree to which nitrogen reduction or other management controls would be needed to
attain water quality standards. Any changesin state DO standards will be will be considered
during the planned five-year review periods and in future revision to the TMDL.
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V. CWA Section 303(d) Listing

A. Use Impairment

Monitoring of the Sound during the summers of 1986-2000 has demonstrated that significant
areas of the Sound’ s bottom waters are subject to DO levels below 5 mg/l. 1n 1989, a particularly
severe summer for hypoxia, more than 500 square miles (40 percent) of the Sound’ s bottom
waters had DO levelsless than 3 mg/l. During many of these years, DO in a portion of the Sound
(up to 50 square miles) fell below 1 mg/l and in 1987 anoxia, the absence of free oxygen, was
recorded in a portion of the Western Narrows. As recently as 1994, 25 percent of the Sound was
affected. Generally, hypoxia occurrences have spanned a period of 40 to 80 days from July
through September (Figure 1).

Use impairments related to hypoxia and to eutrophication of the Sound are many, including a
decrease in bathing area quality, an increase in unhealthy areas for aquatic marine life, an increase
in mortality of sensitive organisms, poor water clarity for scuba divers, areduction in commercia
and sport fisheries values, areduction in wildlife habitat value, degradation of seagrass beds,
impacts on tourism and real estate, and poorer aesthetics. All these key uses would redlize
benefits from improved water quality resulting from nitrogen reduction in the Sound.

Based upon the water quality impairment due to low oxygen conditions, NY SDEC and CTDEP
have included Long Iland Sound on their Section 303(d) lists since 1992. It has been listed as an
impaired waterbody due to low DO and a priority for TMDL devel opment.

B. Pollutants of Concern

The primary pollutant contributing to hypoxiain Long Island Sound is nitrogen, which is the
[imiting nutrient for algal production and leads to the generation of organic carbon. This process
is the dominant mechanism for causing low DO and the violation of water quality standardsin
Connecticut and New York. The principa pollutant for this TMDL analysis, therefore, is
nitrogen. Organic carbon is also a key ingredient in the process leading to hypoxia and, while not
a pollutant targeted for reduction in this analysis, will be described and quantified in this report
because it is expected to undergo load changes as nitrogen reduction technologies are
implemented. For example, technologies used to control point and nonpoint sources of nitrogen
will also reduce organic carbon loading. Based on monitoring and modeling, phosphorus does
not appear to be limiting in Long Island Sound and is not targeted for management measures to
benefit the Sound at thistime.



C. Pollutant Sour ces

There are a number of significant sources of nitrogen that contribute to low DO in Long Island
Sound:

. Municipal and industrial wastewater treatment facilities. More than 1 billion gallons of
treated effluent are discharged into Long Island Sound each day. There are more than 100
municipal treatment facilitiesin the New Y ork and Connecticut portions of the watershed

alone.
. Combined sewer overflows (CSOs).
. Nonpoint sources, or runoff from land use activities, which includes stormwater from

urban areas, and runoff and groundwater transport from al land covers.

. Atmospheric deposition directly to water surfaces and to the land, a portion of which
eventually washes into Long Island Sound.

These sources of nitrogen originate within the New Y ork and Connecticut portions of the

watershed, from sources within the watershed north of Connecticut, and from oceanic delivery
through the eastern and western connections of the Sound with the Atlantic Ocean.
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V. TMDL Development
A. Available Ambient Data

The LISS has sponsored water quality sampling programs continuously since 1986 to develop a
coupled set of circulation and water quality models, called LIS 3.0, and to understand trends in
the temporal and spatial extent of hypoxia (See Section V.C. for details on the models). Intensive
water quality monitoring of the Sound was conducted from April 1988 to September 1989
between Governor’s Island in New Y ork Harbor and Block Island Sound in the Atlantic Ocean to
collect necessary datafor developing the hydrodynamic and water quality models. More than 25
water quality constituents were monitored - water quality transparency, salinity, temperature,
various nutrients (nitrogen, phosphorus, and silica) and their forms, chlorophyll a, DO, BOD,
total organic carbon, and suspended solids among others.

CTDEP continued the monitoring of water quality in Long Island Sound in 1991 and expanded its
network to 48 axial and lateral monitoring stationsin 1994%. Monthly samples for nutrient and
other chemical analyses are taken throughout the year at 18 stations, along with water column
profiles of temperature, salinity, and DO. During the summer months (June - September),
CTDEP monitors the additional 30 stations for DO during the regular monthly surveys, and all 48
stations are monitored for DO an additional time each month to better characterize hypoxic
conditions. Additiona datafrom 16 New Y ork City Department of Environmental Protection
(NY CDEP) Harbor Survey stations in the East River and western Narrows of the Sound
complement the regular monitoring program in the Sound*:. NY CDEP's 52-station Harbor
Survey, in its 85th year, includes five stations in the East River and 11 in the western Narrows
section of the Sound. The Survey was expanded in 1988 to year-round DO, CTD (conductivity,
temperature, and depth profiles), nutrient, and chlorophyll monitoring conducted approximately
twice per month. NY CDEP also splits samples monthly from three stations to send to the
CTDEP for expanded nutrient analyses. Since 1991, the Interstate Sanitation Commission (1SC)
has also conducted weekly surveys™ in the Narrows and western basin during the critical summer
season to supplement the studies conducted by CTDEP and NYCDEP. [SC currently has 21
stations to sample temperature, salinity, and DO at multiple depths by probe. A number of citizen
volunteer monitoring programs also exist and can provide valuable information on water quality in
local harbors and bays".

B. Nutrient Loading Data

The LISS has classified nitrogen loads into several categories, depending on geographic origin,
source type, and whether it is of natural or human origin. Mgor divisions are between: 1)
nutrients originating from within the Connecticut and New Y ork portions of the Long Island
Sound drainage basin, including those deposited directly on the Sound' s surface, referred to asin-
basin contributions, and 2) nutrients from all other sources beyond the in-basin boundaries,
including tributary transport from north of Connecticut and oceanic transport through The Race
and the East River, referred to as the imported load or out-of-basin load. Each source is further
subdivided into a pre-colonial load and a human-caused, or enriched, load. The pre-colonia load

11



is an estimate of the amount of nitrogen that was delivered to Long Island Sound before the basin
was colonized by European settlers. The pre-colonial condition estimates what a natural load
might have been. Wastewater treatment facilities, nonpoint source runoff from terrestrial sources,
CSOs, and atmospheric deposition all contribute to in-basin and imported sources of enrichment.
Although the origin of atmospheric nitrogen deposition may be many hundreds of miles away, it is
presently included in the geographic category where it is deposited.

For purposes of this report, nonpoint sources include diffuse sources (e.g., runoff from farms and
to groundwater) and runoff that is conveyed through stormwater outfalls. Since stormwater
outfalls discharge to receiving waters via discreet conveyances (i.e., pipe outlets), they are by
definition point sources for regulatory purposes under the Clean Water Act. However, for the
purposes of this TMDL, stormwater loads are included in the nonpoint category. Justification for
this categorization is provided in Section V.B.4.

Nitrogen loads are presented as annual |oads estimated for an average flow year. These loads,
therefore, differ somewhat from the time variable nitrogen loads specific to 1988-1989 used to
calibrate the LIS 3.0 model. The in-basin area contributes an estimated 53.3 thousand tons of
nitrogen per year including both the pre-colonial and enrichment loads. Another 13.6 thousand
tons per year comes from drainage (tributary) areas north of Connecticut. The marine boundaries
contribute about 33.6 thousand tons of nitrogen each year. These loads provide the baseline load
for the TMDL analysis.

The in-basin loads were further partitioned by location into twelve management zones, e even of
which surround the Sound in Connecticut and New Y ork. The twelfth zone is the surface of
Long Idand Sound. The terrestrial management zones (zones 1-11) generally follow natural river
basin boundaries in Connecticut and political boundariesin New York (Figure 3). Dueto its
shape and size management zone 11 was aso divided into an eastern and western segment.
Tributary areas north of Connecticut are referred to by the mgor river name, e.g., the
“Connecticut River” tributary import. The larger management zones in Connecticut are further
divided into tiers. The tiers were needed to account for attenuation during transport from one tier
to the next. These attenuation factors are important for quantifying relationships between
discharge points and actual delivery of nitrogen to Long Island Sound.

Oxidizable carbon loads were aso estimated for Long Island Sound using the same categories and
approach that was used for nitrogen. Carbon is of interest because of its contribution to low
dissolved oxygen levelsin the Sound. While nitrogen plays the dominant role in causing hypoxia,
the Long Island Sound water quality model estimates that oxidation of carbon loadsis responsible
for as much as 25 percent of the oxygen consumption. Because source management to remove
nitrogen will also remove some of the total organic carbon (TOC) load, both nitrogen and carbon
reductions are considered in quantifying the dissolved oxygen improvements. Since the carbon
reductions are incidental to the management of nitrogen, no targets for TOC reduction have been
established.

The following annual load summaries are presented as tons of nitrogen and TOC delivered to
Long Iland Sound. The statistics for nitrogen and TOC generated in the basin are also
available’®. However, the generated loads have been attenuated to represent the actual loads
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delivered to the Sound. For nitrogen, no attenuation was applied to the loads generated in
proximity to Long Island Sound. The entire drainage areain New Y ork and the coastal tiersin
Connecticut were considered to be in proximity to Long Island Sound. For TOC, which is readily
oxidized during transport, attenuation was applied in most of the coastal tiersin order to best
characterize and balance the TOC loading budget delivered to Long Island Sound.
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Figure 3. Geographic segments (zones and tiers) and response regions for Long Island
Sound.

1. In-Basin Point Sour ces

Asapart of the LISS, CTDEP and NY SDEC collected flow and effluent quality data from the
major municipa and industrial wastewater dischargers throughout the portions of the states that
drain to Long Island Sound. In general, point source monitoring data from 1988 through 1990
were used to calculate nutrient loads for both model development and to serve as the baseline
from which reductions would be measured. For many point sources, particularly in the upper
tiers of Connecticut, nutrient monitoring was not established until 1993 or later. For those
facilities, estimated nitrogen and TOC concentrations (usually 15 mg/I for nitrogen and 20 mg/I
for TOC) were applied to 1990 measured flow to develop each zone' s aggregate baseline load
estimates. When the Ocean Dumping Ban Act requirement to cease the ocean disposal of sludge
by 1992 created the need for the de-watering of dudge, the Long Island Sound Management
Conference recognized New Y ork City’s need to de-water its Sludge at the East River facilities by
increasing the nitrogen baseline in zone 8 to include the centrate of the de-watered sludge.
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Loading estimates for combined sewer overflows (CSOs) from New Y ork City are available and
are included in the point source category. Additional information on the categorization of CSOs
and stormwater between point and nonpoint sources is provided in section V.B.4.

Point sources contribute the bulk of the nitrogen that reaches Long Island Sound, providing about
73 percent of the total, in-basin load, or 38.9 thousand tons of nitrogen per year (Table 1). Point
sources contribute about 61 percent of the combined point and nonpoint, in-basin TOC load, or
about 83.6 thousand tons of TOC per year (Table 2). Excluding the pre-colonial loads, point
sources comprise about 82 percent and 79 percent of the nitrogen and TOC loads, respectively.

Table 1. Summary of in-basin total nitrogen loading (tons/yr), as delivered to Long Island Sound (attenuation
considered) from all source types.
- |
Nonpoint Sources Point Sources

Zone

Pre-Colonial | Terrestrial | Atmospheric Total? WWTP | CSO Total® Total Load®
1 991.3 256.1 604.7 1852.1 | 1242.6 0.0 | 12426 3094.7
2 1158.6 479.5 835.1 2473.2 | 2805.0 0.0 | 2805.0 5278.2
3 408.0 235.5 355.7 999.2 | 2103.3 0.0 | 2103.3 3102.5
4 808.2 305.7 538.0 1651.9 | 1668.6 0.0 | 1668.6 3320.5
5 179.1 121.2 174.3 474.6 947.9 0.0 947.9 1422.5
6 195.9 146.8 202.2 544.9 | 1108.0 0.0 | 1108.0 1652.9
7 435 68.7 77.3 189.5 837.0 0.0 837.0 1026.5
8 N/A N/A N/A N/A | 17502.0 | 578.5 | 18080.5 18080.5
9 N/A N/A N/A N/A | 9103.0 | 3141 | 94171 9417.1
10 819 84.2 108.6 274.7 484.0 0.0 484.0 758.7
11-west 104.0 1335 155.2 392.7 191.0 0.0 191.0 583.7
11-east 9.1 11.6 135 34.2 13.9 0.0 13.9 48.1
12 1785.8 0.0 3699.2 5485.0 0.0 0.0 0.0 5485.0
Tota 5765.4 1842.8 6763.8 14372.0 | 38006.3 | 892.6 | 38898.9 53270.9
& The sum of Pre-Colonial, Terrestrial, and Atmospheric nitrogen delivered from the watershed.
® The sum of Wastewater Treatment Plants (WWTP) and Combined Sewer Overflows (CSO).
¢ The sum of Nonpoint Sources and Point Sources of total nitrogen.

2. In-Basin Nonpoint Sources

Nitrogen and carbon inputs from rainfall runoff, groundwater transport, and atmospheric
deposition were estimated for the Long Island Sound drainage areas within Connecticut and New
York. Including the pre-colonial, terrestrial, and atmospheric contributions, in-basin wet weather
runoff delivers about 14.4 thousand tons of nitrogen and 53.6 thousand tons of TOC