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SECTION 1

1 INTRODUCTION
Under the auspices of the NY/NJ Harbor and Estuary Program (HEP), the status of
pathogenic contamination was evaluated in NY/NJ Harbor as compared to several
enforceable and non-enforceable endpoints related to protection of recreation and shell
fishing uses. With regard specifically to primary contact recreation, non-attainment was
found to occur in the Hackensack and Passaic Rivers. The non-attainment of primary
contact recreation in the Hackensack and Passaic Rivers is being addressed by the State of
New Jersey through promulgation of Total Maximum Daily Loads (TMDLs). The
development of TMDLs for the Hackensack and Passaic Rivers supporting primary contact
recreation as well as the Habor-wide data and modeling evaluations are described herein.
The NY/NJ Harbor and Estuary Program (HEP) has an overall structure known as
the “Management Conference” authorized by the Federal Clean Water Act, Section 320. The
HEP “Management Conference” provides an open forum for discussion, planning, and
action on environmental issues facing the Estuary. Pathogen contamination and TMDLs for
pathogen indicator organisms supporting primary contact recreation is one example of an
environmental issue addressed by HEP. The committees and workgroups comprising the
HEP “Management Conference” are made up of government, academic, private, and nonprofit groups, as well as individual citizens. Of particular relevance to the development of
TMDLs for the Hackensack and Passaic Rivers supporting primary contact recreation is the
HEP Pathogens Workgroup (PWG).
The goals of the PWG include: preserving, restoring and maintaining human uses of
Harbor and coastal waters for bathing and shell fishing; ensuring protection of human health
from ingestion of pathogens; and protecting marine and coastal resources from adverse
pathogenic effects. Early work by the PWG, prior to pursuing TMDL development
planning, focused on investigating alternative methods of discharge disinfection, and
determining the feasibility of looking for effective indicators of pathogenic contamination in
the Estuary’s waters.
Various elements of the Hackensack and Passaic River primary contact recreation
TMDL being promulgated by the State of New Jersey are presented in document Sections 2
thru 3 and 5 thru 15. The Harbor-wide data and modeling efforts supporting the TMDL are
included in Section 4. The remainder of Section 1 provides a general description of TMDL
requirements.
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1.1

WHAT IS A TMDL?

Section 303(d) of the 1972 Clean Water Act requires States to define impaired waters
and identify them on a list, which is referred to as the 303(d) list. Section 303(d) of the Clean
Water Act and the United States Environmental Protection Agency’s (USEPA) Water
Quality Planning and Management Regulations (40 Code of Federal Regulations [CFR] Part
130) require states to develop Total Maximum Daily Loads (TMDLs) for waterbodies that
are not meeting designated uses under technology-based controls. The TMDL process
establishes the allowable loading of pollutants or other quantifiable parameters for a
waterbody based on the relationship between pollution sources and waterbody conditions.
This allowable loading represents the maximum quantity of the pollutant that the waterbody
can receive without exceeding water quality standards. The TMDL also takes into account a
margin of safety, which reflects scientific uncertainty, as well as the effects of seasonal
variation. By following the TMDL process, States can establish water quality-based controls
to reduce pollution from both point and nonpoint sources, and restore and maintain the
quality of their water resources (USEPA, 1991 & 1999).
1.2

REQUIRED ELEMENTS OF A TMDL

USEPA guidance requires TMDLs to contain nine specific elements. Each of these
elements is listed below. The required elements are more fully expanded upon in later
sections of the document as they specifically pertain to the waters of the Hackensack and
Passaic Rivers for primary contact recreation.
1.2.1

Identification of Waterbody, Pollutant of Concern, Pollutant Sources, and
Priority Ranking Requirement

The waterbody, pollutant of concern, pollutant sources, and priority ranking TMDL
required elements are found below in Section 2.0.
1.2.2

Description of Applicable Water Quality Standards Requirement

Descriptions of the applicable NY and NJ water quality standards protective of
human health and wildlife are found below in Section 3.0.
1.2.3

Loading Capacity – Linking Water Quality and Pollutant Sources
Requirement

As described in Sections 4 and 5 below, numerical modeling was used to establish
the relationship between loadings and ambient concentrations. The System Wide PATH
model was used to determine the maximum daily loads, or loading capacities, that would
comply with the standard for primary contact recreation.
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1.2.4

Allocations (LA) Requirement

The load allocation (LA) portion of the TMDLs includes that portion of the daily
load allocated to nonpoint sources and applies to all sources not covered by the wasteload
allocation (WLA). The calculated load allocations are presented below in Section 6.
1.2.5

Wasteload Allocations (WLA) Requirement
The wasteload allocation for direct point sources is presented in Section 7.

1.2.6

Margin of Safety (MOS) Requirement

The TMDL for the Hackensack and Passaic River incorporates an implicit MOSs as
described in Section 8.
1.2.7

Seasonal Variation Requirement

The System Wide PATH model used to develop the TMDLs is time-variable and
provides continuous predictions of water quality over the course of thirteen years, therefore
considering seasonal variations that have been known to occur. Further, measurements from
additional years were also considered. Seasonal variation considerations are described in
Section 9.
1.2.8

Reasonable Assurances Requirement

The TMDL for primary contact recreation in the Hackensack and Passaic Rivers is
based upon a number of assumptions related to loadings reductions for which NPDES
permits are not required and should provide a reasonable assurance that the controls will be
implemented and maintained. Related to reasonable assurance is the development of plans
for data collection to track TMDL effectiveness, implementation, and public participation.
Reasonable assurances are described in Section 10.
Post-TMDL monitoring,
implementation, and public participation are addressed in Sections 11 to 13.
1.2.9

Index of Administrative Record Requirement
A listing of items included in the administrative record is presented in Section 15.
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SECTION 2

2

2.1

IDENTIFICATION OF WATERBODY, POLLUTANT
OF CONCERN, POLLUTANT SOURCES, AND
PRIORITY RANKING
WATERBODY AND BACKGROUND INFORMATION
NJDEP lead

Figure 2-1 showing NJ waterway use designations provided at end of Section 2 for
NJDEP use if desired.
2.2

POLLUTANT OF CONCERN
NJDEP lead

The pollutant of concern for this TMDL is the pathogen indicator, Enterococci.
Waterborne pathogens include a broad range of protozoa, bacteria, and viruses that are
difficult to identify and isolate. Nonpathogenic indicator bacteria that are more easily
identified and isolated are used as surrogate measures of possible pathogenic contamination.
Nationally, correlative relationships have been established between the abundance of two
pathogen indicators (i.e., fecal coliform bacteria and Enterococci) in receiving waters and the
incidence of human illness following primary-contact recreation (e.g., bathing, swimming,
water skiing, kayaking, surfing). Water-quality standards have been established based on
these pathogen indicators, with more rigorous standards applied at bathing beaches where
the frequency of primary contact is high. Historical sampling and previous modeling studies
have shown that conditions in HEP receiving waters can exceed water-quality standards for
pathogen indicators following intervals of heavy rainfall that result in CSO and stormwater
discharges. Beach advisories and beach closures due to exceedances of water-quality
standards for pathogen indicators are relatively infrequent, yet are a cause for concern,
nonetheless.
2.3

POLLUTANT SOURCES
NJDEP lead
The sources of Enterococci entering the Hackensack and Passaic River include:


Freshwater inflows from the Hackensack River at the Oradell Dam, the Passaic
River at Dundee Dam, and the Saddle River;



Conveyance of stormwater and CSO discharge from urban catchment tidal
tributaries to the Hackensack and Passaic Rivers (i.e., Weasel Brook, Third River,
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Second River, Frank’s Creek, Lawyer’s Creek, Harrison Creek, Plum Creek,
Overpeck Creek, Bellman’s Creek, Cromakill Creek, Mill Creek, Moonachie
Creek, Bashes Creek, Berry’s Creek Canal, Berry’s Creek, Mary Ann Creek,
Kingsland Creek, Sawmill Creek, Penhorn Creek, etc.);


Direct stormwater input to the Hackensack and Passaic River via numerous
stormwater outfalls;



Direct CSO inputs from various outfalls;



STP effluent discharges from the Bergen County Utilities Authority (BCUA) and
Secaucus Municipal Utilities Authority (SMUA); and



Tidal exchange between the Hackensack and Passaic Rivers and Newark Bay that
is reflective of many STP, CSO, stormwater, and tributary inputs to the NY/NJ
Harbor Estuary beyond the Hackensack and Passaic Rivers.

A listing of the CSO outfalls along the Hackensack and Passaic Rivers includes:
Hackensack River (26 CSO outfalls):


Hackensack NJG0108766: (2 outfalls), HK-001, HK-002



Jersey City NJG0108723: (10 outfalls), JW-001 to JW-010



North Bergen NJG0108898: (8 outfalls), NB-003, NB-005, NB-006, NB-007,
NB-008, NB-009, NB-011, and NB-014 (note that NJDEP permits is reporting
9, discrepancy = 1 outfall)



Ridgefield Park NJG0109118: (6 outfalls), RP-001 to RP-006
Lower Passaic River (30 CSO outfalls):



Kearny NJG0111244: (8 outfalls), PV-028, PV-029, PV-032 to PV-037 (Note
that NJDEP permits is reporting 5, discrepancy = 3 outfalls. Note that PV029modeled discharge = 0 so discrepancy may = 2 outfalls.)



East Newark NJG0117846: (1 outfall), PV-038



Harrison NJG0108871: (7 outfalls), PV-039 to PV-045. Note that the modeled
discharge of PV-042 =0.



Newark NJG0108758: (14 outfalls), PV-046 to PV-059 and PV-076. PV-051 and
PV-076 are a shared outfall and have only been counted once. (Note that
NJDEP permits is reporting 13, discrepancy = 1 outfall. Note also that PV-049,
PV-052, and PV-053 modeled discharge =0 so discrepancy may = 2 outfalls.)
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2.4

PRIORITY RANKING
NJDEP lead

Note that the Passaic River reach shown
as FW2-NT is actually FW2-NT/SE2
and because of common salinity
conditions is usually SE2.
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Figure 2-1. Current New Jersey waterway use designations in NY/NJ Harbor.
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SECTION 3

3

DESCRIPTION OF THE APPLICABLE WATER
QUALITY STANDARDS AND NUMERIC WATER
QUALITY TARGET
NJDEP lead

The selected numeric water quality target, 35 Enterococci/100 mL, protective of
primary contact recreation, is applied on a bathing season geometric mean basis. Although it
is unlikely that primary contact recreation would occur outside of the bathing season,
projected water quality under the TMDL loading condition was also evaluated on an annual
geometric mean basis as part of the TMDL development effort. The annual geometric mean
evaluation is reported in Section 9 which addresses seasonal variation.

SECTION 4

4

HARBOR-WIDE DATA ANALYSIS AND
MODELING TOOLS

For more than a decade through HEP’s Pathogens Work Group, consideration of
data and modeling efforts related to evaluation of pathogenic contamination in NY/NJ
Harbor has been on-going. Documentation of Pathogen Work Group activities are web
available at: http://www.harborestuary.org/pathogens.htm. Key aspects of the data and
modeling considered by the Pathogen Work Group are presented here
4.1

DESCRIPTION OF DATA

Data used for TMDL development and modeling were collected with each collection
agency submitting either a Quality Assurance Project Plan (QAPP) to EPA, a Quality
Assurance/Quality Control (QA/QC) plan to the State, or following existing federal
guidelines and policy (e.g., USGS). The data collection agencies include the following:


Interstate Environmental Commission (IEC) – 2002, 2003 Ambient Water Quality
Data, POTW Influent and Effluent Monitoring



New Jersey Harbor Discharges Group (NJHDG) - Stormwater sampling, POTW
Influent and Effluent Monitoring, and routine ambient monitoring



New York City Department of Environmental Protection (NYCDEP) – Stormwater
Sampling, POTW Influent and Effluent Monitoring, and routine ambient monitoring



New York City Department of Health and Mental Hygiene (DOHMH) – Beach
Monitoring



United States Geological Survey (USGS) – River Flow Gaging Data

A major obstacle the States and EPA had to face is that up to 2000, very little data
existed for Enterococci bacteria in NY/NJ Harbor with regard to beach data, open waters data,
and loading data (mainly CSO and stormwater discharges). Therefore, as part of this
pathogen TMDL development, various government agencies associated with protecting
Harbor waters initiated programs to measure Enterococci concentrations in the ambient
waterways and in various sources. These agencies include the IEC, NYCDEP, and the
NJHDG. All these agencies submitted QAPPs for approval by EPA. Therefore, these data
used for TMDL development purposes, are data collected specifically for this purpose with
QAPP documentation. In addition, the Department of Health and Mental Hygeine
(DOHMH) of New York City, that routinely monitors designated beaches, submits a scope
of work with a QAQC plan to the State of NY on a yearly basis. Also, the USGS, that has

long-established guidelines for gaging stream and river flows, is closely supervised for quality
assurance by respective State agencies. These are the data sources used for TMDL
development purposes. The data quality assurance is described in the TMDL modeling
QAPP included in the administrative record.
The Interstate Environmental Commission (IEC) collected pathogen-indicator (i.e.,
fecal coliform, total coliform, and Enterococci) data at 46 stations in the NY–NJ Harbor in
support of the Harbor Estuary Program (HEP) Pathogen Workgroup (PWG). Data were
collected and supplied to HDR|HydroQual to support calibration and validation of the
pathogen-indicator PATH models and, ultimately, to support the development of total
maximum daily loads (TMDLs). 16 IEC sampling events were conducted in Raritan
River/Bay, Kills, East River, and Hudson River between 2001 and 2003. Six IEC sampling
events were conducted in 2003 in the Hackensack and Passaic Rivers and Newark Bay.
Specifically for Enterococci concentrations in ambient waterways, two key data sets
include 2008 and 2009 measurements made by the NJHDG and NYCDEP. Figures 4-1 and
4-2 show maps of the data collection stations for the NJHDG and NYCDEP. These data
are discussed further in Section 4.3.1.
While measured data are useful for characterizing existing conditions within a
waterway and the concentrations associated with loadings, measured data alone are
insufficient for developing loading estimates independently, particularly those that are
rainfall driven. Other sections of this document identify and address loadings. These
document sections include: Section 2.3 Pollutant Sources; Section 4.2.1.1 PATH Rainman
modeling; Section 4.4.2 Stormwater BMP literature review; Section 5 Loading Capacity,
Linking Water Quality and Bacteria Sources; Section 6 Load Allocations; Section 7
Wasteload Allocations; and Appendix 1.
In a general sense, CSOs and stormwater are the dominant sources of pathogens to
the Harbor and sources other than CSO and stormwater are diminutive in comparison. This
generalization is founded in historical data and facts. For example, in January 1991, an
assessment of pollutant loadings to NY/NJ Harbor was prepared for EPA (HydroQual,
1991) using data mostly from 1987 to 1989. The assessment showed that the relative loading
percentages to the NY/NJ Harbor for fecal coliform bacteria were: 89.2% CSO, 8.9%
stormwater, 1.9% tributary headwater, and 0.04% from sewage treatment plants. Facts
supporting these findings include that sewage treatment plant effluents undergo disinfection
and in some cases tributary headwaters drain areas less industrialized than the immediate
vicinity of the NY/NJ Harbor.
In the case of the Hackensack and Passaic River specifically, there is potential for a
greater relative headwater loading based on the urban nature of the Passaic, Saddle, and

Hackensack River watersheds. Further, unlike the entire Harbor, which has a downstream
ocean boundary that doesn’t contribute a pathogen loading, the Hackensack and Passaic
Rivers have a potential downstream source. Through tidal exchange with Newark Bay, other
portions of the Harbor can serve as sources of pathogens to the Hackensack and Passaic
Rivers. Loading estimates used for modeling of Enterococci to the Hackensack and Passaic
Rivers based on 2000 and 2003 rainfall conditions suggest relative loadings for the Passaic
River of: 87% CSO, 12% stormwater, 2% tributary, and <1% tidal exchange and relative
loadings for the Hackensack River of: 45% CSO, 55% stormwater, and <1% due to STPs,
tributary, and tidal exchange. The relative loading pattern for the Passaic River is similar to
the historical results reported for 1987 to 1989 Harbor-wide while the Hackensack includes a
greater stormwater fraction.
4.2

MODELS/TOOLS DESCRIPTION

In addition to data, HEP’s pathogen evaluation through the PWG provided models
and tools for HEP TMDL development purposes. HydroQual, Inc. developed and
calibrated a series of numerical models for pathogen indicators including hydrodynamic
transport and pathogen indicator fate and transport models. Collectively, these models have
been called the PATH (short for pathogens) models.
The PATH models are driven by landside loading estimation tools to include loading
estimates for heads-of-tide, combined sewer overflow, storm water, and sewage treatment
plants. The PATH numerical models serve as both diagnostic and predictive tools for
Harbor pathogenic indicator contamination. The detailed mathematical mass balance
models were developed so that relationships between pathogen indicator loadings and
pathogen indicator concentrations in the Estuary could be evaluated. The PATH models
provide causal explanations for the measured ambient pathogen indicator counts or
concentrations. The PATH models also provide predictive capacity for assessing the
consequences of existing or future pathogen indicator loads and potential management
actions. The PATH models simulate the movement of pathogen indicators through the
Estuary and predict how continuing pathogen indicator inputs (from sewage treatment
plants, combined sewer overflows, stormwater, tributaries, and runoff) affect concentrations
of pathogen indicators in water for a variety of wet weather conditions. Features of the
PATH numerical models are described below.
4.2.1

PATH Numerical Model Features

A water-quality model is a mathematical representation of the principal environment
factors influencing a given water-quality variable. A model does not purport to represent all
aspects of the environment; rather a model attempts to incorporate only the most relevant
features. For example, a pathogen-indicator model should include all sources and sinks for

pathogen indicators and must simulate the influence of water temperature and salinity on
pathogen-indicator mortality. The integration of the various mechanisms affecting
hydrodynamics, contaminant sources and sinks, and the mortality of pathogen-indicators is
accomplished via coupled theoretical equations.
The models constructed by HydroQual for HEP’s PWG are fully time-variable and
three dimensional and include a spatial domain covering the entire Hudson/Raritan Estuary
as well as Long Island Sound and the New York Bight, beyond the subject HEP waters for
TMDL purposes. The PATH modeling framework includes linked hydrodynamic and
pathogen indicator fate and transport models. These models account for the causal link
between external sources of pathogens, such as tributary headwaters, sewage treatment
plants, urban runoff, and combined sewer overflow to ambient concentrations of multiple
pathogenic organisms in the water of the Harbor. The CSO and stormwater portions of the
external pathogen source term are developed as a function of rainfall and land type/use
properties by a model called RAINMAN.
The pathogenic indicator organisms considered for PATH modeling include: total
coliform, fecal coliform, and Enterococci bacteria. Each of the bacteria types included in the
PATH models required both detailed forcing information, which was based upon analysis of
local data, and specification of model constants and coefficients, based on literature values
and values used for similar project areas when site specific data were lacking.
Critical to the successful completion of the PATH modeling was the System Wide
Eutrophication Model (SWEM) previously developed by HydroQual for the New York City
Department of Environmental Protection. SWEM includes the hydrodynamic model that
was used as the basis of the PATH models. The use of SWEM hydrodynamics for the
PATH model leverages a previous $3.7 million investment in hydrodynamic and water
quality model development. SWEM’s calibration and validation included a $5 million data
set collected exclusively for this purpose. The linked PATH models accounting for
hydrodynamic transport and pathogen fate and transport and the peer review process for
PATH modeling are described below.
4.2.1.1

PATH RAINMAN MODELING

The purpose of RAINMAN modeling is to quantify CSO and stormwater
discharges, generate flows for the PATH hydrodynamic model, and generate pathogen
loadings for the PATH water quality model. RAINMAN has been calibrated to flow
measurements of treatment plant influents and CSOs, outputs of existing more detailed
sewer system models such as SWMM and InfoWorks, and measured pathogen
concentrations for treatment plant sanitary influents and stormwater. CSO concentrations
are modeled as a blend of the sanitary influent and stormwater measured concentrations.

RAINMAN is rainfall driven, is based on sewer system regulator and treatment plant
flow balances, and considers sewer system interceptor and storage device connections.
RAINMAN inputs include: sewer system regulator, treatment plant, and rainfall
information. The required sewer system regulator input information for RAINMAN
includes: drainage area, fraction of the drainage area with a combined sewer system, i.e.,
CSO, dry weather flow, runoff coefficient of the drainage area, regulator capacity, and in-line
storage. The RAINMAN input information for treatment plants includes plant capacity, dry
weather diurnal pattern, interceptor storage, and throttling/bypass specifications. The
rainfall input requirement is the hourly rainfall records.
Further input requirements for RAINMAN include pathogen characterization. The
pathogen characterization for stormwater is achieved via direct measurement. For CSO,
characterization was achieved either in total (i.e. direct measurements of CSO effluent or use
of wet weather treatment plant inputs) or by the components of CSO (i.e., sanitary and
stormwater). The sanitary portion of CSO may be characterized by direct measurement of
dry weather treatment plant influents.
As discussed above, RAINMAN was used to calculate CSO and stormwater bacteria
loads to the Harbor. Historically, pollutant loadings for the New York City portion of the
Harbor, using the EPA Stormwater Management Model (SWMM) for coliform bacteria,
were developed for CSO Facility Planning Projects of the New York City Department of
Environmental Protection (NYCDEP). In addition, XP-SWMM and InfoWorks models
were developed by NYCDEP for certain drainage areas as part of recent projects such as the
NYC CSO LTCP. From these models, a city-wide RAINMAN model was developed and
calibrated to overflow volumes and influent treatment plant flows. This model included
total/fecal coliform and Enterococci discharge rates dependent on rainfall intensities and
duration. Bacteria concentrations were assigned based on data collected on sanitary influent
measurements and stormwater measurements.
Pollutant loadings from the New Jersey portion of the Harbor historically had been
based on a Rainfall-Runoff Model (RRMP) developed as part of the NYC208 project.
However, over the last several years, NJ municipalities have been developing site-specific
landside modeling tools for their particular municipalities. There are fifteen New Jersey
CSO communities that have developed either SWMM of InfoWorks models. These models
have been calibrated to discharge data collected as part of the CSO characterization studies.
HydroQual compared the results from the New Jersey CSO communities SWMM
and InfoWorks models to the RAINMAN simulation. As appropriate the RAINMAN
model was adjusted to be compatible with the more sophisticated landside model. Each
CSO outfall discharge characteristic was examined separately.
The key statistical
characteristics that were evaluated included but were not limited to: total annual volume,

total number of storms and peak discharge rate. If significant differences between the
community results and RAINMAN were observed (i.e. > 15%), the RAINMAN model was
adjusted. The key areas of investigation for the adjustments included: drainage area, percent
impervious, regulator hydraulic capacity, and treatment plant or pump station capacity.
The comparisons and adjustments between RAINMAN and the SWMM and
InfoWorks models were critical to the integrity of the TMDL development effort. Among
the most important aspect of the pathogen TMDL process is adequately quantifying the
CSO loadings to the Harbor. Strong coordination between NJDEP, NJ municipalities, NJ
municipal consultants, and HydroQual facilitated the development of the pollutant loadings
tool for New Jersey. As in New York, the New Jersey portion of RAINMAN simulated
total and fecal coliform and Enterococci loadings.
HydroQual, 2005b provides a description of RAINMAN. Documentation of crosscalibrations of RAINMAN to SWMM and InfoWorks models were presented to the
Pathogens Work Group on April 9, 2008.
4.2.1.2

PATH MODEL COMPUTATIONAL GRID

The computational grid used for PATH modeling is the same as the computational
grid used for the System Wide Eutrophication Model (SWEM). Features of the SWEM
computational grid are described below in the context of TMDL planning and TMDL
development for pathogen indicator organisms.
The spatial domain of SWEM (and therefore the PATH model) includes the
Hackensack River below the Oradell Dam, the Passaic River below Dundee Dam, Newark
Bay, the Arthur Kill, and Kill van Kull, Raritan Bay, the Raritan River below the Fieldville
Dam, the Hudson River from Albany to the Battery, Upper and Lower New York Bay, the
East River, the Harlem River, Long Island Sound, Jamaica Bay, and the New York Bight
extending out into the Atlantic Ocean beyond Cape May, NJ and Nantucket Shoals, RI. The
watershed drainage area covered by SWEM is approximately 34,700 square miles. The
watershed drainage area of SWEM includes 11 major tributary basins, 325 municipal
wastewater treatment plants, 750 combined sewer overflows, and a population of more than
26 million.
The entire computational grid of SWEM has 1616 surface elements with 10 layers in
the vertical for 16160 water column computational elements. In the Hackensack River, the
computational grid includes 21 longitudinal computational elements with 10 layers in the
vertical for 210 water column computational elements. In the Passaic River, the
computational grid includes 18 longitudinal computational elements with 10 layers in the
vertical for 180 water column computational elements. Figures 4-3 and 4-4 display the
computational grid.

Individual computational grid elements vary in size related to the curvilinear and
orthogonal nature of the grid. The computational grid resolution was configured to
sufficiently capture features of hydrodynamic transport within NY/NJ Harbor. Previous
efforts have demonstrated that the accuracy of hydrodynamic model calculations as
compared to measurements increases as the resolution of the computational grid is
increased. There is a tradeoff, however, between grid resolution and computational
burden/model simulation time. Currently, the SWEM/PATH hydrodynamic model will
require approximately 20 hours to complete a one year simulation on a Linux based multicore computer. Similarly, the PATH pathogen indicator organism model requires
approximately 3 hours for completing a one year simulation on a 2.93GHz Intel® Core™ i7
computer. The PATH model computational grid is more finely resolved than the spatial
coverage of data collection stations. In that sense, even for a current or historic model
condition, the PATH model will provide more spatial information than the measured data
alone. Further, PATH model calculations are performed at a higher temporal frequency
than measurements are collected.
Other features related to the computational grid include computational time steps.
The required time step is determined or governed by the size of a computational grid
element and the volume of water passing through it and the loss rate of material due to
kinetic reactions. The required time step is also dependent upon averaging periods
associated with the volumes of water. For PATH hydrodynamics, a 50 second time was
determined. PATH hydrodynamic transport information was saved on an hourly basis for
passing to the PATH water quality model. The PATH water quality model runs with two
different types of time steps. The first is for the transport portion of the mass balance
equations and the second is for the kinetic portion of the mass balance equations. For the
majority of the domain, a 7.5 minute time step is sufficient for the transport time step. For
the smallest computational grid cells, a 1.5 minute time step is used for the transport time
step. The water quality kinetics, the pathogens kinetic portion of the mass balance
equations, is updated every 15 minutes and outputs are saved hourly.
4.2.1.3

PATH HYDRODYNAMIC TRANSPORT MODELING

The purpose of the PATH hydrodynamic transport model is to calculate the intratidal circulation of the waters of NY/NJ Harbor. Hydrodynamic transport modeling for
PATH involved applying a previously calibrated and validated hydrodynamic transport
model, the hydrodynamic model of the System Wide Eutrophication Model (SWEM)
(Landeck Miller and St. John, 2006), for the pathogens’ thirteen year 1988, 1989, and 19952005 evaluation period. The evaluation period is further described in Section 9, Seasonal
Variation. The hydrodynamic transport model applied for PATH (Blumberg et al., 1999) is
based on the Estuarine, Coastal, and Ocean Model (ECOM) (Blumberg and Mellor, 1987)

source code. The model is driven by measured water level, meteorological forcing, spatially
and temporally varying surface heat flux and freshwater fluxes from the numerous rivers,
wastewater treatment plants, combined sewer overflows, runoff from the land, and landfills
that enter the NY/NJ Harbor Estuary, Long Island Sound, and the New York Bight. The
hydrodynamic model solves a coupled system of differential, prognostic equations describing
conservation of mass, momentum, heat and salt.
Skill assessments of the performance of the hydrodynamic model under 1988, 1989,
and 1995-2005 conditions were made using data collected by numerous local government
agencies in both single occurrence and ongoing, routine monitoring programs. These
programs include: New York City Department of Environmental Protection’s (NYCDEP)
and New Jersey Harbor Dischargers Group’s (NJHDG) 1994-95 monitoring program in
support of SWEM, the 1998-2002 Contaminant Assessment and Reduction Program
(CARP) monitoring, NYCDEP’s Use and Standards Attain and CSO Long Term Control
plan projects, NYCDEP’s Harbor Survey and the NJHDG’s monitoring program.
Details of the underlying hydrodynamic model calibration, validation, and additional
skill assessment have been documented in numerous technical reports developed outside of
the TMDL effort. These reports include: (HydroQual 1999a, 1999b, 2002, 2005a, and 2007).
During Model Evaluation Group (MEG) review, it was noted that the previously well
calibrated SWEM hydrodynamic model was an appropriate choice for PATH application.
The MEG review is described in Section 4.2.2 below. Calibration, validation and skill
assessment parameters for the hydrodynamic model include: water elevations, temperature,
and salinity. The PATH application included improved hydrodynamics related to inputs
from RAINMAN that were not yet available when SWEM hydrodynamics were completed.
4.2.1.4

PATH PATHOGEN FATE AND TRANSPORT MODELING

The purpose of the PATH water quality model is to track the fate of pathogen
indicators throughout the waters of NY/NJ Harbor. The water quality component of
PATH utilizes a modification of the nutrient kinetics in SWEM to track the fate of pathogen
indicators in the water column. The pathogen indicator kinetics in PATH are relatively
simple with first order decay coefficients. The PATH model was calibrated and validated to
primary receiving water quality collected as part of this project and was reviewed by a MEG
formed specifically for this project (See Section 4.2.2).
The first order decay of pathogen indicators is modeled as a function of temperature
and salinity. The decay rate for Enterococci is slightly different than that for total and fecal
coliform. No consideration of resuspension of settled pathogen indicators is included in the
model. The governing equations for the first order decay rates are of the form that a
composite die-off rate is equal to a base die-off rate plus a salinity dependent die-off rates

and both the base and salinity dependent die-off rates are temperature dependent. The
governing equations and parameter values for the pathogen indicators first order decay rates
are as follows:
For total and fecal coliforms: K = [0.8 + C x Salinity] x 1.04T-20
For Enterococci: K = [0.68 + C x Salinity] x 1.04T-20
Where, K = per day decay rate, C =0.01875 for salinity in psu, and T=water
temperature in oC.
The governing equations and parameter values are further described in a document
included in Section 15. The calibration of the parameter values and the validity of the
equations for HEP waters were established over a number of years using data collected by
multiple agencies supporting HEP TMDL efforts as well as multiple NYCDEP CSO Long
Term Control Plan (LTCP) projects.
The PATH model is best suited for open waters vs. beaches based on grid cell size
and not accounting for resuspension. Calibrations were focused on the 2003 water year
using data from various local agencies (IEC, NYC, etc.). Calibration diagrams (i.e., visual
comparisons between model results and measurements) were distributed to the Pathogen
Work Group in September 2005 and are included in the administrative record (see Section
15). Like hydrodynamics, the water quality model was run for thirteen years. Further
discussion of the 13 years of simulation is found in Section 9.
4.2.2

PATH MODELS EVALUATION GROUP (MEG)

An important aspect of the PATH models application was the involvement of a
Model Evaluation Group (MEG) for peer review purposes. In September 2005, the PATH
MEG participated in a technical review of the PATH models and discussion related to use
of the PATH models for management purposes. The PATH MEG included Chris Uchrin
(Rutgers University), Jay Taft (Harvard University), Stephan Nix (University of North
Florida), and Lee Curry (Maryland Department of the Environment). The MEG considered
the RAINMAN approach to rainfall/landside loading modeling, the resolution of the PATH
model grid, PATH hydrodynamic modeling based on SWEM, PATH pathogen kinetics
modeling, RAINMAN and PATH model calibrations, and appropriate uses/and limitations
of the PATH model for near-shore beach area evaluations. The presentation that
HydroQual prepared for the MEG is included in the administrative record. Review
comments provided by the PATH MEG are also included in the administrative record. The
administrative record is described in Section 15.
Although the PATH MEG met in 2005, MEG review of the PATH model had
actually started many years earlier with MEG review of SWEM. Two members of the

PATH MEG, Chris Uchrin and Jay Taft, had also served on the SWEM MEG. The SWEM
MEG reviewed the validity (i.e., calibration and validation) of SWEM. The team of technical
experts, referred to as the Model Evaluation Group (MEG), was made up of individuals who
have an established expertise in technical and regulatory areas that pertain directly to
hydrodynamics (important for pathogens modeling), nutrients and dissolved oxygen. The
MEG was presented with the technical inputs and assumptions in the development of the
SWEM models. They were charged to critically evaluate the SWEM models’ formulations,
calibrations, and ability to accurately predict the impact of future engineering alternatives.
The peer-review process for SWEM development and application included both
oversight by several modeling evaluation groups (MEGs), publication in the peer-reviewed
literature, publication in an edited compilation, and numerous technical presentations at the
national meetings of several professional societies. A MEG with six members was convened
in 1994 by EPA NY/NJ HEP. This MEG met on three occasions and provided
comprehensive review of the development of the SWEM and the supporting field program
as well as the initial calibration of the model in the Harbor portion of the model domain. In
1997, a second MEG was convened by EPA NY/NJ HEP which consisted of four
members. This MEG met on four occasions and provided comprehensive review of the
calibration/validation of SWEM over the entire spatial domain. A third MEG was
convened by the joint EPA NY/NJ HEP and EPA Long Island Sound Study Nutrient Work
Groups in 1999. This MEG met on four occasions and provided detailed review of the final
model. In all three cases, the MEGs also evaluated the SWEM hydrodynamic model and the
combined suitability of the hydrodynamic and water quality models for application to
address nutrient management actions.
Several MEG members were involved with all three phases of the MEG review of
SWEM. A complete list of SWEM MEG members includes: Robert Thomann, Donald
Pritchard, John Paul, John O’Reilly, Sam Wainwright, Dale Haidvogel, Jay Taft, Peter
Hamilton, Chris Uchrin, and Charles Sawyer. More than $250,000.00 was spent on
convening MEG, preparing technical presentations for MEG evaluation, responding to
written comments from MEG, and modifying SWEM to the satisfaction of MEG.
The hydrodynamic model used for computing SWEM transport has also been
described in a peer-reviewed paper (Blumberg et al., 1999) in the Journal of Hydraulic
Engineering of the American Society of Civil Engineers. The paper received the Society’s
Hilgard Prize. The acceptance of the paper by the Journal of Hydraulic Engineering
involved the scrutiny of three independent reviewers selected by the Journal editor. The
sediment nutrient flux portion of SWEM has been described in a book (DiToro, 2001) and
the overall nutrient/dissolved oxygen kinetics have been described in an edited compilation
(Landeck Miller and St. John, 2006).

Additional enhancement of the SWEM calibration in the New Jersey tributaries was
performed by HydroQual under oversight by New Jersey Department of Environmental
Protection (NJDEP) staff. Enhancement to SWEM in the New Jersey tributaries completed
in July 2002 included refinements to loadings, vertical mixing coefficients, benthic filtration
rates, nitrification rates, vertical light extinction coefficients, and temperature effects on algal
growth. The enhancements both improved the overall level of calibration and/or made
SWEM more defensible. The enhancements also included refinements to model grid
geometry and several hydrodynamic parameters. A detailed description of this work appears
in a technical report prepared by HydroQual for NJDEP (HydroQual, 2002). This report is
included in the Administrative Record (see Section 15).
Additionally, at the request of EPA and the NJDEP, a post-audit of the SWEM
calibration and validation was completed. In the post-audit, the SWEM calibration for the
water year 1994-95 was compared to water quality measurements collected by the New
Jersey Harbor Dischargers Group (NJHDG) during the 2000-2005 calendar years as a
measure of model robustness. A full citation for this document is provided in the references
section of this report (HydroQual, 2005a).
It is emphasized that the MEG was a key element of SWEM development. It was
very difficult to foresee model calibration obstacles prior to SWEM development; however,
as described above, the MEG acted as an on-going independent quality assurance team
during the SWEM calibration and validation. The MEG was critical in helping to overcome
obstacles and/or suggesting different approaches which ultimately led to SWEM becoming a
technically sound and defensible management tool for EPA, the States, and others in the
NY/NJ Harbor region. SWEM has been widely used and further tested by the EPA Long
Island Sound Study (LISS), the New York City Department of Environmental Protection
(NYCDEP), the States of New York (NYSDEC) and New Jersey (NJDEP), and the
Contaminant Assessment and Reduction Program (CARP).
For all of these reasons, the SWEM hydrodynamic model application work
undertaken during PATH modeling and pathogen TMDL development inherits from
previous Harbor-Sound-Bight modeling a legacy of peer review, quality assurance and quality
control, particularly with regard to accurate and complete implementation of scientific theory
by the model code. Further, SWEM has a proven track record of regulatory acceptance.
4.2.3

PATH Model Calibration Summary

The water quality model (PATH) was calibrated to total and fecal coliform bacteria
and Enterococci bacteria. The primary data used for calibration were data collected by the
Interstate Environmental Commission in 2003. The PATH model uses the same
segmentation as the System-Wide Eutrophication Model (SWEM) and applies the same

SWEM hydrodynamic techniques that had been previously peered reviewed and accepted.
Pathogen loading rates were calculated for 2003 using the landside model RAINMAN. The
model calibration was presented to the Pathogen Work Group, the Pathogen Oversight
Group and the Model Evaluation Group (MEG). In general, the MEG thought the model
was well calibrated with some reservations at the beaches where other sources and possible
re-suspension could influence the measured data. Both the PWG and OG recognize these
phenomena. However, the PWG and OG believe, based on the MEG recommendations, the
model is suitable to develop TMDLs for the controllable pathogen indicator sources.
4.3

APPLICATION OF DATA/MODELS/TOOLS FOR TMDL
DEVELOPMENT

The Hackensack and Passaic Rivers TMDL for primary contact recreation is based
on Harbor-wide data evaluation and modeling. The data evaluation and modeling activities
for Enterococci that are most directly related to the TMDL are presented here. In addition,
efforts related to development of the pathogens analysis tool (PAT) for Harbor total and
fecal coliforms and Enterococci; a literature review of achievable stormwater best management
practice (BMP) removals for pathogens; and a Harbor shellfish “failure conditions”
evaluation are also described.
4.3.1

Enterococci Data Evaluation

Measured data collected in 2008 and 2009 were evaluated for compliance for primary
contact recreation. The attainment of primary contact recreation is based on HEPs
interpretation of the Beach Act, a bathing season Enterococci geometric mean concentration
of 35/100mL. The basis for this analysis is New York City Harbor Survey (NYCHS) and
New Jersey Harbor Discharge Group (NJHDG) measurements. NYCHS and NJHDG
measurements were collected approximately once per week during the bathing season.
Station locations for these surveys are shown on Figures 4-1 and 4-2. Calculated geometric
mean concentrations of the Enterococci measurements are shown in Tables 4-1 and 4-2.
Measured data evaluation focused on the open waters of the Harbor. Minor
tributaries and enclosed embayments (e.g., Gowanus Canal, Bronx River, Saddle River,
Second River, Rahway River, etc.) were not considered. Measured geometric means, as
shown in Tables 2-1 and 2-2, indicate that for the open waters, there is non-attainment (i.e.,
> 35/100 ml) in the Harlem River and in the Passaic and Hackensack Rivers. It is noted
that the Harlem River does not require a TMDL because it will fully meet the Enterococci
standard after New York City implementation of CSO Long Term Control Plans. The
measurements suggest that large point and nonpoint source reductions may be needed in the
Hackensack and Passaic Rivers. On this basis, a decision was made to move forward with
TMDL calculations for the Hackensack and Passaic Rivers.

Table 4-1. NYC Harbor Survey 2008-2009 Measured Enterococci
Bathing Season Geometric Means
Station Name

Waterbody Location

Measured Enterococci
Geometric Mean
(per 100 ml)

K01
K02
K03
K04
K05
K05A
E14
E02
E04
E06
E07
E08
E10
N01
N03B
N04
N05
N06
N07
N08
N09
K06
H01
H02

The Kills
The Kills
The Kills
The Kills
The Kills
Raritan Bay
East River
East River
East River
East River
East River
East River
East River
Hudson River
Hudson River
Hudson River
Hudson River
Upper New York Bay
Upper New York Bay
Lower New York Bay
Lower New York Bay
Raritan Bay
Harlem River
Harlem River

6
5
6
4
3
3
6
5
6
6
4
3
2
4
7
7
4
5
4
3
2
2
36
5

Table 4-2. Enterococci Bathing Season Geometric Means Calculated Based
on 2008-2009 NJHDG Measurements
Station
5- Passaic River - Dundee Dam
7- Passaic River - Union Ave
8- Passaic River - Rutgers Street
10- Passaic River - Clay Street
11- Passaic River - Jackson Street
12- Passaic River - Kearny Point
13- Hackensack River - Oradell Dam
14- Hackensack River - Berry’s Creek
15- Hackensack River - Marion Ave
16- Hackensack River - Mouth
17- Newark Bay/Upper
18- Newark Bay/Lower
19- Newark Bay/Shooters Island
21- Arthur Kill/Elizabeth
23- Arthur Kill/Rahway
24- Arthur Kill/Reading
28- Raritan Bay/West
29- Raritan Bay/Central
30- Raritan Bay/Crookes Point
31- Hudson River/GW Bridge
32- Hudson River/Lincoln Tunnel
33- Hudson River/Holland Tunnel

4.3.2

Bathing Season
Geometric Mean
(Number/100 ml)
56
83
111
94
76
13
15
140
40
16
7
4
4
12
7
5
6
2
2
3
3
4

Enterococci Model Screening Analysis

The model screening analysis for primary contact recreation was based on thirteen
years of model simulation (i.e., rainfall conditions of 1988, 1989, 1995-2005) and
interpolating probabilistically within the thirteen simulation years to identify an in-estuary
Enterococci condition that would violate the seasonal geometric mean standard once in three
years. Probabilistically, the once in three year violation ambient Enterococci condition is
somewhere between the conditions of calendar years 2000 and 2003. For each major
waterbody, a single model segment was used for the screening evaluation. The results of the
analysis are shown on Table 4-3. Table 4-3 shows whether the model calculated

concentrations of Enterococci attain the primary contact recreation endpoint of a seasonal
Enterococci geometric mean concentration of 35 per 100 mL.
The modeling screening results presented in Table 4-3 confirm the results of the
Entrococci data evaluation presented above in Section 4.3.1. Measured data (Section 4.3.1)
and model calculations (Table 4-3) suggest that violations of the primary contact recreation
endpoint (35/100 mL) are limited to the Hackensack and Passaic Rivers.

Table 4-3. Model Calculated Bathing Season Enterococci
Geometric Mean Concentrations for Selected Model Grid Cells.
Selected Model Grid Cell Location
Arthur Kill
Arthur Kill – Lower
Arthur Kill – Upper
East River
Eastchester Bay
Hackensack River
Harlem River
Hudson River – Lower
Hudson River – Upper
Kill Van Kull
Lower New York Bay
Newark Bay
Passaic River – Lower
Passaic River – Upper
Raritan Bay – NJ
Raritan Bay – NY
Raritan Bay - NY2
Raritan River
Sandy Hook
Upper New York Bay

Enterococci (per 100 ml)
20
10
17
9
7
50
9
6
4
10
3
21
78
58
9
5
3
21
4
7

The results of the screening analysis specifically for the Hackensack and Passaic
Rivers, based on selected model grid cells, are shown on Table 4-4. Table 4-4 shows the
model calculated seasonal geometric mean Enterococci concentrations as well as the
portions of the calculated concentrations that resulted from CSO and stormwater. The
seasonal geometric mean Enterococci results presented in Table 4-4 are greater than the
35/100 ml criterion. Further, the calculated concentrations due to CSOs alone are right at
or in excess of the criterion.

Table 4-4. Calculated Enterococci Concentrations for Key Model Grid Segments &
Source Components, Once in Three Years Return Period.
Waterbody
Hackensack River
Passaic River

Enterococci (number per 100 ml)
Due to CSO Due to stormwater
Total
33
17
50
46
32
78

Illustrative percent CSO reduction necessary to attain the recreational water quality
standard were calculated assuming a 10 % stormwater reduction. With a 10% stormwater
reduction, CSO reductions needed to attain the recreational standard are 40% for the
Hackensack River key segment and 87% for the Passaic River key segment. It was
identified, however, that while key segments would comply, these reductions would not
result in all segments attaining standards. Further, this preliminary screening analysis was
later improved upon with a revision to the Saddle River input before final TMDL modeling
was undertaken. Final TMDL model application is described in Section 5. The final
TMDLs include 10% reductions to stormwater, 87% reductions to Passaic River CSOs and
70% reductions to Hackensack River CSOs.
4.4

OTHER TMDL DEVELOPMENT ACTIVITIES

In addition to data analysis and model development, other efforts undertaken
through the pathogens work group include: development of the pathogens analysis tool
(PAT) for Harbor total and fecal coliform and Enterococci; a literature review of achievable
stormwater best management practice (BMP) removals for pathogen indicators; and a
Harbor shellfish “failure conditions” evaluation . Each of these is described below.
4.4.1

Pathogens Analysis Tool (PAT)

In September 2008, the Pathogens Analysis Tool (PAT) was distributed to the HEP
Pathogens Work Group on DVD. PAT includes modules for Enterococci, total, and fecal
coliform bacteria. PAT calculates expected Harbor Enterococci, total, and fecal coliform
bacteria concentrations for user specified pathogen indicator loadings. Effectively, PAT
allowed the HEP Pathogens Work Group to perform infinitely many “What if?” loading
reduction scenarios for the Harbor relatively quickly.
The basis of PAT is unit response loading component simulations by management
zone previously performed by HydroQual with the PATH model for the Pathogens Work
Group. PAT allows a user to evaluate impacts of pathogen indicator organisms from
various sources geographically (i.e., from 18 loading zones) and by source type (i.e., CSO or
stormwater). PAT generates outputs as receiving water map displays of either hourly or

geometric mean concentrations or as percent of time a concentration is exceeded. The PAT
DVD includes a users’ manual.
In September 2009, the PAT was used for preliminary assessment purposes
(HydroQual, 2009) as a forerunner to the data evaluation and PATH 13-year modeling from
June 2010 presented in Section 4.3.2. For the 2009 preliminary work, single year PAT results
were extrapolated to various return intervals. The analysis showed that a 30-day geometric
mean Enterococci standard of 35/100 ml couldn’t be attained in the Hackensack and Passaic
Rivers, but could potentially be attained on a bathing season basis. Other Harbor areas were
estimated to achieve bathing season compliance without TMDL reductions. The analysis
considered multiple reduction scenarios making tradeoffs between reductions percentages
for CSOs (50% to 95%) vs. stormwater (3% and 10%) vs. return interval (2, 3, 4, 5, or 10
years). The analysis also shows how several loading source components contribute to
Enterococci concentrations in Harbor waterways.
4.4.2

Stormwater BMP Literature Review

In April 2009, a literature review and assessment was completed which resulted in
the development of guidelines for various levels of realistic potential storm water reduction
for consideration in NY/NJ Harbor TMDL development modeling. The guidelines were
developed for Municipal Separate Storm Sewer System (MS4) program minimum control
measures (3% reduction), medium level Best Management Practices (BMPs) (10%
reduction), and high level BMPs (25% reduction). Measures for pathogen indicator
concentration reductions influent to effluent within the sewer system and effluent volume
reductions were both considered. The literature review is included in the Administrative
Record (see Section 15).
4.4.3

Shellfish “Failure Conditions” Evaluation

The National Shellfish Sanitation Program (NSSP), administered by the U.S. Food
and Drug Administration (FDA) and established to control the safety of shellfish
consumption, delineates coastal waterways into four major categories for shellfish
harvesting. These categories include approved, conditionally approved, restricted, and
prohibited. A delineation of the NY/NJ Harbor into these categories, assuming “failure
conditions”, such as loss of disinfection at the Harbor wastewater treatment plants (WWTP),
was performed and reported on by HydroQual in a May 2009 technical memorandum (see
Section 15).

Figure 4-1. NJHDG Monitoring Stations

Figure 4-2. NYCDEP Monitoring Stations

Figure 4-3. PATH Model Computational Grid (Full View)

Figure 4-4. PATH Model Computational Grid (NJ Waters View)

SECTION 5

5

LOADING CAPACITY LINKING WATER QUALITY
AND BACTERIA SOURCES

Loading capacity is defined as the maximum pollutant loading, in this case the
Enterococci load, which a waterbody can receive and still maintain compliance with water
quality standards. The loading capacity for Enterococci in each Hackensack and Passaic River
reach is calculated using model simulations and assumes as the target the “Beach Act”
seasonal geometric mean of 35/100 ml. Seasonal has been defined as May 15 to September
15. Seasonal geometric mean model results, considering time varying loading conditions
over a thirteen year period of rainfall conditions extrapolated to a once in three years return
frequency, are used to identify loading capacity. This section presents the development of
the loading capacity as Total Maximum Daily Loads (TMDLs) for Enterococci.
The modeling evaluation provides the mechanistic cause-and-effect relationship
between attaining the numeric target for Enterococci, 35 per 100 ml, and reducing pollutant
loads. While measured data can put a perspective on the magnitude of reductions that may
be required, measured data alone can’t address specific loading source contributions and
allowable daily loads. Modeling has been used for this purpose. Modeling evaluation for
primary contact recreation standard attainment is based on thirteen years of model
simulation extrapolated to a once in three year exceedance (equaled or exceeded, % greater
than) return period.
Initially, two baseline conditions were developed for projection analysis – an average
year (1988) and a wet year (2003). After considerable discussion, EPA and the States
decided to develop a long-term analysis. The analysis used thirteen years of hydrodynamic
simulations that HydroQual had developed for various Harbor projects. HydroQual
developed key statistical properties from the long term analysis giving the results in terms of
recurrence intervals (2, 3, 4, 5, and 10 years). The key statistics included the seasonal
geometric mean, the maximum 30-day geometric mean, and the number of days greater than
104 per 100mL. The results were presented graphically in color-coded maps and in tabular
form at key Harbor locations. The initial results were sent to members of the PWG and OG
and presented to the OG on August 13, 2008.
The explanation for proceeding with a modeling evaluation based on thirteen years is
based on the fact that the major sources of pathogens in NY/NJ Harbor are CSO and
stormwater discharges that are driven by rainfall. These discharges, particularly CSOs, are a
function of rainfall volume, duration, and intensity Since the discharge of bacteria is a
function of several rainfall parameters it is not intuitively obvious which years of historical

rainfall or seasons are the most critical or which year is the most representative of a desired
condition.
The landside RAINMAN model has been used to rank each year between 1975 and
2005 (i.e., 31 years) regarding the Enterococci loadings to the Harbor during summer periods
(May 15 thru September 15). In this way, the RAINMAN model takes into consideration
many of the rainfall factors affecting CSO discharges (i.e. volume, duration, intensity). Each
year was ranked based on the total seasonal 30-day moving average loadings and the
maximum 30-day moving average loadings calculated for each year.
Ideally, it would be beneficial to simulate hydrodynamics and water quality for a
long-term record of about 30+ years so that pathogen indicator responses would be
representative of all historical summer rainfall scenarios; these responses would include dry,
average, and wet summer conditions. The long-term record would provide additional insight
for the development of the TMDL design condition. However, assembling 30+ years of
Harbor hydrodynamics and simulating water quality responses for 30+ years is timeconsuming and expensive and could not be accomplished under the TMDL project.
Fortunately, over the years, HydroQual has developed hydrodynamic fields for the
PATH domain for several different projects. Besides work assignments for HEP,
hydrodynamic fields have been developed for NYCDEP and for the Contamination
Assessment and Reduction Project (CARP). Overall, there were thirteen hydrodynamic
fields readily available: 1988, 1989, and 1995-2005.
It is important to consider how these 13 years compare statistically with the longer
term 30-year 1975-2005 record. The loadings for the 13 years used for the TMDL analysis
were compared to the loadings for 30 years of loadings developed through RAINMAN. The
analysis showed that the underlying statistics of the two distributions of “rainfall driven”
loadings are very similar. Therefore, it appears that the use of the 13 year simulation would
be an excellent representation of a long-term (i.e., 30 year) simulation.
After the hydrodynamic fields were constructed, the water quality model which
tracks the fate of pathogens was executed for each of the 13 years. Pathogen loads for CSO
and stormwater were generated from the landside model RAINMAN. The results of these
simulations for the summer period were combined and long-term statistics were developed
for beaches and shellfish areas. Results of the 13 year analysis were transmitted to the
Pathogens Work Group on August 13, 2008.
For calculating the TMDL loading capacity specifically for Enterococci, the
assumptions underlying the modeling evaluation and the calculated loading capacity include:


Hackensack, Passaic, and Saddle River head-of-tide inputs at the standard level,
35/100 ml Enterococci.



Bergen County Utilities Authority and Secaucus Municipal Utilities Authority
effluents at existing flows with effluent Enterococci concentrations at 10 /100 ml
reflective of chlorinated secondary effluent.



10% reduction to Hackensack River and Passaic River stormwater, 87% reductions
to Passaic River CSOs, and 70% reductions to Hackensack River CSOs. The
stormwater reductions were requested by EPA and the States. The CSO reductions
were determined through model simulations to achieve the standard in each of the
Rivers.



Newark Bay boundary driven by Harbor wide Enterococci loadings at uniform
concentrations: STPs at 10 - 230/100 ml; stormwater at 15,000 – 50, 000/100ml
(exception = Jamaica separate at 170,000/100 ml); sanitary sewage input to CSOs at
1,000,000/100 ml; tributary headwaters at 100/100 ml; and the ocean at 0/100 ml.
These Harbor-wide assumptions were included in the MEG-reviewed calibration and
are based largely on CSO long-term control planning (LTCP) work going on in
Jamaica Bay and other portions of the Harbor at the time the PATH model was
being setup. The LTCP modeling work and underlying data are described in City of
New York, 2007.

Since there is no single critical condition for an estuary such as the 7Q10 low flow
commonly used to evaluate loading capacity in rivers, the loading capacities for Enterococci
supporting primary contact recreation were calculated over thirteen years of varying
conditions rather than a single condition. Further, the loading capacity calculations were
carried out to identify loading capacity for a critical condition in terms of a once in three year
return period.
Loading capacity was evaluated based on a “once in three years” seasonal geometric
mean occurring at a location in the worst 10% depth layer, usually near the surface. This is
important in a stratified, tidal system such as NY/NJ Harbor where depth averaging would
not be appropriate. It is noted that the largest sources, CSOs and SW, deliver Enterococci to
the Harbor with non-saline water via pipes often located near the water surface. This nonsaline water tends to stay near the surface of the more dense estuarine waters.
Seasonal geometric means were calculated based on hourly model outputs.
Additional discussions related to critical conditions underlying the loading capacity
calculations are presented in Section 8, Margin of Safety (MOS), and Section 9, Seasonal
Variation.
The loading capacity calculated is presented for each waterway by source type in
Table 5-1. The information presented in Table 5-1 is further explained in Sections 6 and 7.

Table 5-1. Loading Capacity and TMDL Summary (Enterococci/day)
Hackensack River

Passaic River

CSO

2.23 x 1013

2.26 x 1013

Stormwater

8.21 x 1013

2.10 x 1013

STP

2.64 x 1010

NA

Wasteload Allocation (WLA)

WLA Sum:

1.04 x 10

14

4.36 x 1013

Load Allocation (LA)
Headwater

5.458 x 1010

1.090 x 1012

Newark Bay Net Exchange

1.01 x 1012

7.75 x 1011

LA Sum:

1.07 x 1012

1.87 x 1012

1.05 x 1014

4.55 x 1013

Loading Capacity:
(WLA + LA)

SECTION 6

6

LOAD ALLOCATIONS (LAS)

A TMDL allocates the loading capacity between wasteload allocations (WLAs) for
point sources, load allocations (LAs) for nonpoint sources, and a margin of safety (MOS).
This definition is typically illustrated by the following equation:
TMDL = WLA + LA + MOS
A wasteload allocation is the share of the loading capacity for a particular pollutant
that comes from existing and future point sources that are subject to a National Pollutant
Discharge Elimination System (NPDES) permit under CWA § 402. A load allocation is the
share of the loading capacity attributable to nonpoint sources, such as runoff. Generally, the
load and wasteload allocations and the MOS comprise the TMDL.
For the Hackensack and Passaic River Enterococci TMDL, the LAs include loading
from upstream tributary headwaters and the Newark Bay tidal boundary waters. The
upstream tributary headwater loadings are presented in summary in Table 5-1 and in greater
detail in Table 6-1. The loadings in Table 6-1 are presented on an annual total and
maximum daily basis. The annual loadings for upstream tributary headwaters represent a
summation of the loads that occurred continuously (i.e., 365 days per year) rather than only
during wet weather as would be the case for CSO and stormwater loadings.
The Newark Bay tidal boundary to the Hackensack and Passaic Rivers, presented in
Table 5-1, is actually not a loading that can itself be controlled, but rather is the end result of
numerous loadings to the NY/NJ Harbor and regional circulation. The external loading
assumptions driving the Newark Bay boundary condition for TMDL calculations are
presented in Appendix 1. The tables in Appendix 1 present the external loadings
assumptions for CSOs/SW, STPs and tributary headwaters. The values for the Newark Bay
tidal boundary presented in Table 5-1 were calculated by the PATH model. The model
tracked the net exchange of mass from the Harbor via Newark Bay into each of the
Hackensack and Passaic Rivers. A special simulation was performed with the PATH model
for this purpose in which the only Enterococci loadings active in the model were those
originating outside of the Hackensack and Passaic Rivers.

Table 6-1. Hackensack and Passaic Rivers Enterococci TMDL Load Allocation (LA)
for Head-of-Tide
River
Hackensack
Passaic
Saddle

Annual
Discharge
(MG/Yr)

Annual
Load
(Enterococci/Yr)

Wet Days

Tmdl
(Enterococci/D)

1.502E+04
2.608E+05
3.91E+04

1.992E+13
3.460E+14
5.18E+13

365
365
365

5.458E+10
9.479E+11
1.418E+11

SECTION 7

7

WASTELOAD ALLOCATIONS (WLAS)

A TMDL allocates the loading capacity between wasteload allocations (WLAs) for
point sources, load allocations (LAs) for nonpoint sources, and a margin of safety (MOS).
This definition is typically illustrated by the following equation:
TMDL = WLA + LA + MOS
A wasteload allocation is the share of the loading capacity for a particular pollutant
that comes from existing and future point sources that are subject to a National Pollutant
Discharge Elimination System (NPDES) permit under CWA § 402.
The WLA is presented in Tables 7-1 and 7-2. Tables 7-1 and 7-2 display the
allocated Enterococci loads for the STPs, CSO, and stormwater outfalls discharging directly to
the Hackensack and Passaic Rivers. The loads are presented on both an annual and a
maximum daily basis. The calculation of maximum daily loads is based on the number of
wet days associated with the loading. For the conditions modeled, there were 123 wet days
contributing to the annual loadings. The WLA is presented on an outfall basis. For
modeling purposes, CSOs and stormwater outfalls were given alphanumeric identifiers.
These identifiers do not have any regulatory significance. Note that Section 2.3 provides a
correlation between NJPDES numbers for CSOs and the identifiers used for modeling
purposes.

Table 7-1. Hackensack River Enterococci TMDL Wasteload Allocation (WLA)
Load
Type
STP
CSO

SW

Load
ID

Annual
Discharge
(MG/Yr)

Annual
Load
(Enterococci/Yr)

Wet
Days

TMDL
(Enterococci/d)

BCUA
SMUA
HK-001
HK-002
JW-001
JW-002
JW-003
JW-004
JW-006
JW-007
JW-008
JW-009
NB-011
NB-014
NB-009
NB-008
NB-006
NB-007
NB-005
NB-003
RP-004
RP-006
RP-005
RP-003
RP-002
RP-001
48
49
50
51
52
53
54
56
57
60
61
62

24200.00
1120.00
170.19
264.31
64.46
95.38
92.28
74.45
135.55
74.96
108.15
78.18
30.64
6.06
32.42
32.71
10.81
60.28
57.02
174.51
13.93
4.92
15.64
7.04
9.36
19.73
141.43
71.98
548.35
309.36
584.61
1450.61
2484.77
2488.75
1099.71
4550.37
392.85
1003.04

9.200E+12
4.250E+11
3.153E+14
4.057E+14
1.437E+14
2.309E+14
1.753E+14
1.344E+14
3.068E+14
1.626E+14
2.219E+14
1.603E+14
3.318E+13
3.084E+12
1.742E+13
2.969E+13
3.807E+12
4.407E+13
8.665E+13
2.061E+14
9.504E+12
2.926E+12
1.200E+13
4.793E+12
1.191E+13
1.815E+13
2.400E+14
1.220E+14
9.310E+14
1.580E+14
2.980E+14
7.390E+14
1.270E+15
1.270E+15
5.600E+14
2.320E+15
2.000E+14
5.110E+14

365
365
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

2.520E+10
1.160E+09
2.565E+12
3.300E+12
1.169E+12
1.879E+12
1.426E+12
1.093E+12
2.495E+12
1.323E+12
1.805E+12
1.304E+12
2.699E+11
2.509E+10
1.417E+11
2.415E+11
3.097E+10
3.585E+11
7.048E+11
1.676E+12
7.731E+10
2.380E+10
9.758E+10
3.898E+10
9.689E+10
1.477E+11
1.950E+12
9.940E+11
7.570E+12
1.280E+12
2.420E+12
6.010E+12
1.030E+13
1.030E+13
4.560E+12
1.880E+13
1.630E+12
4.150E+12

Table 7-1. Hackensack River Enterococci TMDL Wasteload Allocation (WLA)
Load
Type

Load
ID

Annual
Discharge
(MG/Yr)

Annual
Load
(Enterococci/Yr)

Wet
Days

TMDL
(Enterococci/d)

63
64
65
66
67

202.14
366.17
255.55
1774.48
331.42

1.030E+14
1.860E+14
1.300E+14
9.040E+14
1.690E+14

123
123
123
123
123

8.370E+11
1.520E+12
1.060E+12
7.350E+12
1.370E+12

Table 7-2. Passaic River Enterococci TMDL Wasteload Allocation (WLA)
Load
Type
CSO

Load
ID

Annual
Discharge
(MG/Yr)

Annual
Load
(Enterococci/Yr)

Wet
Days

TMDL
(Enterococci/d)

PV-028
PV-029
PV-032
PV-033
PV-034
PV-037
PV-038
PV-039
PV-040
PV-041
PV-042
PV-043
PV-044
PV-045
PV-046
PV-047
PV-048
PV-049
PV-050
PV-051
PV-052
PV-053
PV-054
PV-055
PV-056
PV-057

6.93
0.00
8.16
73.98
133.77
1.18
7.93
1.15
0.55
8.21
0.00
13.64
5.17
39.46
137.79
79.91
124.66
0.00
137.58
959.99
0.00
0.00
138.74
101.09
282.51
47.32

8.551E+11
0.000E+00
2.467E+12
2.394E+13
4.042E+13
1.688E+12
9.555E+11
3.809E+11
1.497E+11
1.825E+12
0.000E+00
4.067E+12
1.972E+12
1.555E+13
9.012E+13
1.982E+13
1.297E+14
0.000E+00
1.332E+14
1.474E+15
0.000E+00
0.000E+00
1.826E+14
1.666E+14
2.546E+14
3.660E+13

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

6.956E+09
0.000E+00
2.007E+10
1.947E+11
3.288E+11
1.373E+10
7.772E+09
3.098E+09
1.218E+09
1.484E+10
0.000E+00
3.308E+10
1.605E+10
1.265E+11
7.331E+11
1.612E+11
1.055E+12
0.000E+00
1.084E+12
1.199E+13
0.000E+00
0.000E+00
1.485E+12
1.356E+12
2.071E+12
2.978E+11

Table 7-2. Passaic River Enterococci TMDL Wasteload Allocation (WLA)
Load
Type

SW

Load
ID

Annual
Discharge
(MG/Yr)

Annual
Load
(Enterococci/Yr)

Wet
Days

TMDL
(Enterococci/d)

PV-058
PV-059
56
58

137.55
91.83
1248.13
3818.81

1.139E+14
8.834E+13
6.360E+14
1.940E+15

123
123
123
123

9.263E+11
7.186E+11
5.170E+12
1.580E+13

SECTION 8
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MARGIN OF SAFETY (MOS)

The Margin of Safety (MOS) is a required TMDL element that is added to the
loading reductions specified in the Wasteload Allocations (WLAs) and Load Allocations
(LAs). The intended purpose of the MOS is to account for any uncertainties in the TMDL,
WLA and LA development. The required Margin of Safety (MOS) needs to offset
uncertainties in the calculated assimilative capacity and/or WLAs/LAs. The uncertainties
might arise due to either the process of applying models and data and/or uncertainties in the
calculated response of the Harbor to reduced loadings for the contaminants of concern.
Generally, the more uncertainty, the greater the MOS should be in order to account for this.
The MOS can be either explicit or implicit, or both.
An explicit MOS is a specific portion of a TMDL that is set aside for uncertainties.
An explicit MOS is typically 5-10% for conventional pollutant TMDLs. An explicit MOS is
often used. While the advantage of an explicit MOS includes direct and apparent
quantification, the disadvantage is that it is often arbitrarily set (i.e., for example, assume an
additional 10% reduction). An implicit MOS incorporates conservative assumptions within
the application of models and data for TMDL purposes. Implicit MOS can also be achieved
by conservative assumptions in derivation of numeric targets and permitting. Both of these
allowed mechanisms were considered in developing the implicit MOS for the primary
contact recreation Enterococci TMDL.
In the case of the primary contact recreation Enterococci TMDL for the Hackensack
and Passaic Rivers, there are a number of reasons which justify the use of an implicit MOS
without setting an explicit MOS. Some of these reasons, as described below, include the size
of the loading reductions involved and conservative assumptions used for modeling
purposes and endpoint selection. Justification for the implicit MOS applied for the
Hackensack and Passaic River primary contact recreation Enterococci TMDL is described
below.
8.1

SIZE OF LOADING REDUCTIONS REQUIRED BY THE WLA AND/OR
LA

The calculated WLA requires high loading reductions, particularly for CSOs in the
Passaic River. For this reason, assignment of an explicit margin of safety would not likely be
defensible. It would be highly doubtful that an additional reduction of Passaic River CSO
loading could be achieved beyond the WLA requirements of 87%, for example. Further,
with regard to the size of the loading reductions, an implicit margin of safety has been
included by virtue of the way the loading reductions were calculated for the Hackensack and

Passaic River primary contact recreation Enterococci TMDL. The loading reductions for each
waterway were determined on the basis of bringing the entire waterway into compliance
rather than calculating unique percentage reductions for multiple reaches of the waterway.
While a worst reach may narrowly achieve compliance, many reaches of the waterway
achieve compliance with room. This provides an implicit margin of safety.

8.2

CONSERVATIVE MODELING ASSUMPTIONS

Model-related justification of the implicit MOS applied for the Hackensack and
Passaic Rivers primary contact recreation Enterococci TMDL include: breadth of
hydrodynamic and rainfall conditions considered, sophistication of the PATH model, and
boundary conditions specification.
8.2.1

Breadth of Rainfall and Hydrodynamic Conditions

For the PATH model application to the Hackensack and Passaic Rivers, thirteen full
years of rainfall, flow and other hydrodynamic conditions were considered. This provides a
margin of safety that the WLAs and LAs developed are valid for a wide range of conditions
that have occurred in the past and could occur in the future. Within the range of conditions,
compliance was targeted for 2 out of every 3 years based on the thirteen years modeled.
Further, the rainfall dependent loadings for the thirteen years simulated were shown to
capture the loading variability that thirty-one years of rainfall dependent loadings would
include. Had the TMDL been performed based on a single year, there would be less
certainty for frequency of standards attainment in the future. Further, there would have
been less opportunity to consider the accuracy of model calculations. Consider a case where
a TMDL is developed based on considering only one year of rainfall, flow, and
hydrodynamic conditions. The flaws of such a case would include: not knowing how the
modeled year compares to other years; not knowing if the model calibration would hold up
under different conditions; and not knowing how often the loading capacity might be
exceeded. The approach taken for the Hackensack and Passaic River primary contact
recreation Enterococci TMDL, using multiple years, avoids these flaws.
8.2.2

Sophistication of the PATH Model

There are a number of assumptions built into the PATH model used for
development of the Hackensack and Passaic River primary contact recreation Enterococci
TMDL that justify an implicit MOS. First, since much of the Harbor is stratified, the PATH
model includes ten vertical layers. Highest concentrations in the worst layer drive the
reductions in all layers. This has two implications: calculated reductions are likely higher
than would have been calculated had depth averaging been used (i.e., more conservative) and

at a given location, much of the volume of the water column will attain the standard with
room or greater certainty. Finally, the Harbor TMDL analysis is built on a foundation of
more than four decades of modeling and assessment in NY/NJ Harbor. The robust nature
of the transport patterns underlying the calculations affords a margin of safety that would
not be present had first-time modeling been applied. With a mature modeling framework,
there were opportunities to improve model calibration and therefore reduce uncertainties in
predictions.
8.2.3

Specification of Boundary Loads

Boundary loading concentrations for Hackensack and Passaic River headwaters
(including the Saddle River) were modeled as meeting the seasonal geometric mean standard
at all times without fluctuation of the instantaneous concentrations contributing to the
geometric mean. On a seasonal basis, this modeling assumption has no impact on the
margin of safety for the downstream TMDL because the assumed delivered load from
upstream is always at the geometric mean compliance concentration. Unlike the modeling
assumption however, it is expected that real world future boundary loads will meet the
seasonal geometric mean standard concentration, but with daily variation in concentration.
It is reasonable to expect that real world complying loading concentrations would be below
the standard about 50% of the time. Instantaneously, this would appear as an implicit
margin of safety; however, over a season, the instantaneous benefit would be offset by the
fact that the real world complying loading concentrations would also be above the standard
about 50% of the time. To the extent that the TMDL does not rely on future variations in
boundary headwaters to offset requirements for downstream wasteload and load allocations,
there is greater certainty in the allocations and perhaps an implicit margin of safety.
With regard to the Newark Bay boundary of the TMDL waterways, a single loading
was not specified with a fixed concentration but rather individual external loads contributing
to the boundary were specified. The individual external loads were specified essentially
based on model calibration and measurements and were shown to produce compliant water
quality throughout the Harbor. No assumptions were made about reductions to these
external loadings so that the Newark Bay boundary to the TMDL doesn’t have any
uncertainties related to achievement of loading reductions.
8.3

ENDPOINT DEFINITION

The Beach Act allows States some flexibility in determining an averaging period for
protection of primary contact recreation. For the Hackensack and Passaic Rivers, an
averaging period corresponding to a bathing season, May 15 to September 15, was selected.
The length of this averaging period introduces a greater level of certainty in the average (i.e.
geometric mean), and therefore standards attainment, prediction than would be afforded by

a shorter averaging period. Further, the use of a once in three years exceedance frequency
also introduces a level of certainty. For example, there is greater certainty in predicting a
bathing season geometric mean to be met 2 out of every 3 years than there is in predicting a
30-day geometric mean to be met at all times.
Both elements of the selected endpoint, averaging period and exceedance frequency,
tend to approach a more usual condition than an extreme condition. Data collected in
support of the TMDL more accurately reflect usual conditions than extreme conditions.
Similarly, the multiple years of modeling underlying the TMDLs are more reliable under
usual conditions than extreme conditions. The enhanced certainty surrounding the selected
endpoint definition and predictive capabilities of that endpoint, based on more usual rather
than extreme conditions, contributes to implicit MOS.
8.4

PERMITTING

NJDEP intends to permit STP discharges of Enterococci bacteria to Harbor waters
at the standard end-of-pipe (35/100 ml), regardless of the fact that higher concentrations
may have been assumed for modeling purposes in many instances, particularly for STPs
outside of the Hackensack and Passaic Rivers (10 to 230/100 ml range). This conservative
permitting practice provides an implicit MOS in that allowed loadings in the future may be
lower than was used for determining loading capacity and allocations.

SECTION 9
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SEASONAL VARIATION AND CRITICAL
CONDITIONS

Seasonal variation and critical conditions are both required for a TMDL. There is
considerable overlap between these requirements. Each requirement is addressed separately
below.
9.1

SEASONAL VARIATION

40 C.F.R §130 requires that a TMDL include a consideration of seasonal variation.
The PATH hydrodynamic and water quality models used to develop the Hackensack and
Passaic River pathogen TMDL for primary contact recreation are time-variable and provide
continuous predictions of Enterococci concentrations over the course of multiple years (i.e.,
1988, 1989, and 1995-2005), and consider the seasonal and episodic (perhaps critical)
variations that occur within each year. Enterococci concentrations during and immediately
following episodic precipitation events as compared to during dry conditions, as captured by
the PATH models, are more extreme or significant than seasonal fluctuations (i.e., spring vs.
summer). The Hackensack and Passaic Rivers’ primary contact recreation TMDLs for
Enterococci were calculated over a thirteen year period, compared to a thirty year record of
rainfall related loadings, and capture a wide range of seasonal and episodic rainfall
conditions. The TMDL model was verified using data from multiple years. Further, the
TMDLs were determined so that compliance would be achieved during two out of three
bathing seasons. The resulting TMDLs for bathing season compliance are based upon
hourly to monthly loadings and calculated bathing season geometric mean receiving water
contaminant concentrations. The use of the calculated bathing season geometric mean
receiving water Enterococci concentrations is consistent with the federal Beach Act. For all
of these reasons, the TMDL requirement for including seasonal variation has been met.
The discussion above considers seasonal variation mostly in terms of differences in
bathing season conditions between years and differences between wet and dry events during
a bathing season. Another way to think about seasonal variability (as well as critical
conditions) is for differences between the bathing season and the remainder of the year.
Differences between the bathing season and the remainder of the year are considered in
Section 9.2.

9.2

CRITICAL CONDITIONS

While not a required element of a TMDL, 40 C.F.R. §130.7(c)(1) states that TMDLs
must take into account critical conditions as part of the analysis of loading capacity. TMDLs
should define applicable critical conditions and describe the approach to estimating both
point and nonpoint source loadings under such critical conditions. In particular, the TMDL
should discuss the approach used to compute and allocate nonpoint source loadings, e.g.,
meteorological conditions and land use distribution. These critical conditions specifications
are included in Sections 5, 6, and 7. Further discussion of the definition of critical
conditions is provided here.
Given the primary contact use that the Hackensack and Passaic Rivers’ primary
contact recreation TMDLs numeric target is protecting for, the bathing season is the critical
condition from the use perspective; however, from a loadings perspective, portions of the
year outside of the bathing season deliver higher loadings of Enterococci to the Hackensack
and Passaic Rivers related to the occurrence of greater rainfall. From a loadings perspective,
the bathing season is not necessarily the critical condition. It is noted that the impact due to
high loadings outside of the bathing season is not negligible in terms of overall water quality.
Greater die off of Enterococci during cold temperatures does not offset the greater loadings
outside the bathing season.
Although the TMDL numeric target, 35 Enterococci/100 mL, is applied on a seasonal
geometric mean basis, compliance was also assessed on an annual geometric mean basis for
informational purposes. The Wasteload and Load Allocations presented in Sections 6 and 7
are expected to meet the numeric target on an annual geometric mean basis in the Passaic
River for both 2000 and 2003 rainfall conditions. 2000 and 2003 rainfall conditions bound
the loading conditions expected to produce a compliant seasonal geometric mean for two
out of three years. It is also expected that the numeric target would be attained on an annual
geometric mean basis for approximately 50% of the length of the Hackensack River under
the Wasteload and Load Allocations presented in Sections 6 and 7. Based on these results,
the TMDL is expected to fully achieve the numeric target for the critical use condition, the
bathing season, and is expected to, depending upon location, partly to fully meet the target at
other times.
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REASONABLE ASSURANCES
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NJDEP

MONITORING PLAN TO TRACK TMDL
EFFECTIVENESS

SECTION 12

12

IMPLEMENTATION

NJDEP lead

An implementation plan is not a federally-required element of a TMDL that is
subject to EPA approval; however, a TMDL implementation plan may be required as a
matter of state law. The EPA encourages states to develop an implementation plan for
TMDLs even where one is not required.

SECTION 13
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PUBLIC PARTICIPATION

NJDEP lead

As described in the document Introduction section, the planning for the TMDL
development was carried out under the auspices of the NY/NJ Harbor and Estuary Program
(HEP). HEP operates under a federally mandated open “Management Conference”
structure. Accordingly, public participation opportunities have been ongoing throughout the
planning for the development of the Hackensack and Passaic Rivers pathogen indicator
TMDLs for attainment of primary contact recreation. Selected occurrences of public
participation in the process have been described above in Section 4.0, the pathogens
workgroup (PWG), and in Section 4.2.2, the Model Evaluation Group (MEG). Further
occurrences of public participation in the TMDL planning process include multiple meetings
conducted by EPA and the State with the New Jersey Harbor Dischargers Group (NJHDG),
various New Jersey CSO communities, and various New Jersey Municipal Separate Storm
Sewer Systems (MS4) communities.
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SUBMITTAL LETTER
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ADMINISTRATIVE RECORD

Note: NJDEP has the lead on this section
Provided below is an index of the available sources of information underlying this
document.

Index of the Administrative Record
File

File type

Description

1

PDF

HydroQual September 27, 2005 presentation to the PATH
MEG

2

PDF

Comments of Jay Taft from September 27, 2005 PATH
MEG review

3

PDF

Comments of Stephan Nix from September 27, 2005 PATH
MEG review

4

PDF

Comments of Chris Uchrin from September 27, 2005 PATH
MEG review

5

PDF

Comments of Lee Curry from September 27, 2005 PATH
MEG review

6

PDF

PATH Water Quality Model Calibration Diagrams reviewed
by Pathogens Work Group, September 2005

7

executable

Pathogens Analysis Tool (PAT) DVD

8

PDF

HydroQual May 27, 2009 technical memorandum on Harbor
shellfish area delineations for “failure conditions”.

9

PDF

HydroQual April 21, 2009 technical memorandum, Guidelines
for Stormwater Bacteria Redictions through BMP Implementation

Number

NY/NJ Harbor TMDL Development.
10

PDF

11

PDF

12

PDF

13

PDF

HydroQual March 2008 Quality Assurance Project Plan, Technical
Support for Harbor Estuary Program Pathogen TMDL Model
Development, USEPA Region 2 Contract EP-C-08-003, prepared
under RTI International subcontract 1-321-0211475
HydroQual September 2007 Pathogen Indicator Model
Governing Equations and Parameter Values
HydroQual, Inc. 2005b. Application of RAINMAN to New
York/New Jersey Harbor. Draft report submitted to NY/NJ
Harbor Estuary Program Pathogens Work Group September
2005.
HydroQual, Inc., 2002. Calibration Enhancement of the SystemWide Eutrophication Model (SWEM) in the New Jersey Tributaries,
Report to NJDEP. Final Technical Report April 23, 2001
through July 31, 2002. Prepared under subcontract to Passaic
Valley Sewerage Commissioners, Newark, NJ.
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Appendix A

External Controlling Loading from Newark Bay

Table A-1. Non-TMDL CSO and SW Loadings Contributing to the Newark Bay
Boundary Condition
HEP Waterway Loading Zone
Upper East River
Lower East River
Hudson River, NYC
Hudson River, NJ
Hudson River Rockland/Westchester
Upper/Lower Bay, NYC
Upper Bay, NJ
Kill van Kull, NYC
Newark Bay
Arthur Kill, NYC
Arthur Kill, NJ
Raritan River
Raritan Bay, NYC
Raritan Bay, NJ
Jamaica Bay
Western Long Island Sound

CSO-SW Load
Enterococci/yr
2.50E+14
1.19E+14
2.66E+13
2.18E+16
1.85E+16
7.91E+13
7.33E+15
7.51E+12
2.33E+16
6.34E+12
1.82E+16
2.19E+16
7.06E+12
1.57E+16
3.80E+14
2.50E+16

Table A-2a. Non-TMDL STP Loadings to HEP Waters Contributing to the Newark Bay
Boundary Condition
Facility
Bowery Bay
Hunts Point
Tallman Island
Wards Island
Red Hook
Newtown Creek
North River
Edgewater MUA
Woodcliff
West New York
North Hudson
Yonkers
Owls Head
Passaic Valley
Port Richmond
Joint Meeting
Linden Roselle
Rahway Valley
Middlesex County
Oakwood Beach
Coney Island
Jamaica
Rockaway
26th WARD

Waterway
Upper East River
Upper East River
Upper East River
Upper East River
Lower East River
Lower East River
Hudson River, NYC
Hudson River, NJ
Hudson River, NJ
Hudson River, NJ
Hudson River, NJ
Hudson River
Rockland/Westchester
Upper/Lower Bay, NYC
Upper Bay, NJ
Kill van Kull, NYC
Arthur Kill, NJ
Arthur Kill, NJ
Arthur Kill, NJ
Raritan Bay, NJ
Raritan Bay, NYC
Jamaica Bay
Jamaica Bay
Jamaica Bay
Jamaica Bay

Load
(Enterococci/yr)

Load
(Enterococci/d)

8.90E+14
8.90E+14
4.73E+14
1.60E+15
2.50E+14
1.90E+15
1.07E+15
4.11E+11
3.47E+11
1.25E+12
1.50E+12

2.44E+12
2.44E+12
1.30E+12
4.38E+12
6.85E+11
5.21E+12
2.93E+12
1.13E+09
9.51E+08
3.42E+09
4.11E+09

1.05E+13
8.42E+14
3.62E+13
2.92E+14
7.98E+12
1.69E+12
3.48E+12
1.49E+12
2.50E+14
7.57E+14
6.99E+14
1.60E+14
4.95E+14

2.88E+10
2.31E+12
9.92E+10
8.00E+11
2.19E+10
4.63E+09
9.53E+09
4.08E+09
6.85E+11
2.07E+12
1.92E+12
4.38E+11
1.36E+12

Table A-2b. Non-TMDL STP Loadings To The Upper Hudson River (Non-HEP Core
Area Waters) Contributing To The Newark Bay Boundary Condition
Facility
Arlington
Highland Falls (V)
Haverstraw Joint Regional
Orangetown (T)
Ossining
Peekskill
Rockland County
Stony Point (T)
West Point-Target Hill
Cornwall (T)
Newburgh (C)
Poughkeepsie (C)

Waterway
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson
Upper Hudson

Load
(Enterococci/yr)
4.28E+11
8.43E+10
5.82E+11
1.39E+12
8.33E+11
8.52E+11
2.58E+12
1.24E+11
2.44E+11
1.17E+11
8.80E+11
9.48E+11

Load
(Enterococci/d)
1.17E+09
2.31E+08
1.59E+09
3.81E+09
2.28E+09
2.33E+09
7.07E+09
3.40E+08
6.68E+08
3.21E+08
2.41E+09
2.60E+09

Table A-2c. Non-TMDL STP Loadings to the Bight (non-HEP core area waters)
Contributing to the Newark Bay Boundary Condition
Facility

Waterway

Load
(Enterococci/yr)

Load
(Enterococci/d)

Bayshore Regional Sa

Coastal
Ocean

1.12E+12

3.07E+09

Monmouth Co Bayshore
Outfall

Coastal
Ocean

2.13E+12

5.84E+09

Two Rivers Water
Reclamation A

Coastal
Ocean

1.40E+12

3.84E+09

Long Branch Sa

Coastal
Ocean

5.51E+11

1.51E+09

Ocean Twp Sa

Coastal
Ocean

6.52E+11

1.79E+09

Asbury Park Water Quality

Coastal
Ocean

3.93E+11

1.08E+09

TNSA Sewage Treatment
Plant

Coastal
Ocean

6.76E+11

1.85E+09

South Monmouth
Regional STP

Coastal
Ocean

6.16E+11

1.69E+09

Northern Water Pollution

Coastal
Ocean

2.74E+12

7.51E+09

Central Water Pollution

Coastal
Ocean

2.83E+12

7.75E+09

Southern Water Pollution

Coastal
Ocean

8.61E+11

2.36E+09

Middletown Sewerage
Authority

Coastal
Ocean

1.15E+12

3.15E+09

Wildwood/Lower Region
Wtf

Coastal
Ocean

9.91E+11

2.72E+09

Long Beach (C) Wpcp

Coastal
Ocean

8.38E+11

2.30E+09

Ncsd#2 - Bay Park Stp

Coastal
Ocean

7.57E+12

2.07E+10

Lawrence (V) Water Pol
Ctrl Fa

Coastal
Ocean

1.64E+11

4.49E+08

Suffolk County Sd#3Southwest

Coastal
Ocean

2.79E+12

7.64E+09

Table A-2c. Non-TMDL STP Loadings to the Bight (non-HEP core area waters)
Contributing to the Newark Bay Boundary Condition
Facility

Waterway

Load
(Enterococci/yr)

Load
(Enterococci/d)

Ncsd#3 Cedar Creek
Wpcp

Coastal
Ocean

7.54E+12

2.07E+10

Cape May Cty Regional
Wtf

Coastal
Ocean

1.74E+11

4.77E+08

Ocean City Reg
Wastewater Tf

Coastal
Ocean

4.72E+11

1.29E+09

Cedarhurst (V) Wpcp

Coastal
Ocean

1.06E+11

2.90E+08

Table A-2d. Non-TMDL STP Loadings to Long Island Sound (non-HEP core area
waters) Contributing to the Newark Bay Boundary Condition
Load
Facility
Waterway Load (Enterococci/yr)
(Enterococci/d)
Blind Brook SD WWTP
Sound
3.79E+11
1.04E+09
New Rochelle SD
Sound
1.86E+12
5.10E+09
Port Chester Sanitary SD
Sound
WWTP
4.94E+11
1.35E+09
Mamaroneck Sanitary SD
Sound
WWTP
1.87E+12
5.12E+09
Great Neck (V) WPCP
Sound
1.34E+11
3.67E+08
Great Neck WPC District
Sound
3.41E+11
9.34E+08
Port Washington WPCP-North
Sound
Hem
3.60E+11
9.86E+08
Glen Cove (C) WTP-Bridge St
Sound
6.11E+11
1.67E+09
Belgrave Wpcp
Sound
1.80E+11
4.93E+08
Oyster Bay WPCP
Sound
1.39E+11
3.81E+08
Greenwich-Central STP
Sound
1.05E+12
2.88E+09
Stamford STP
Sound
1.86E+12
5.10E+09
Huntington (T) STP
Sound
2.23E+11
6.11E+08
New Canaan STP
Sound
1.65E+11
4.52E+08
Norwalk STP
Sound
1.86E+12
5.10E+09
Westport WPCF
Sound
2.09E+11
5.73E+08
Fairfield WPCF
Sound
1.04E+12
2.85E+09
Suffolk Co SD#6 - Kings Pk
Sound
STP
8.47E+10
2.32E+08
Bridgeport-West WPCF
Sound
3.08E+12
8.44E+09
Bridgeport-East Side WPCF
Sound
9.31E+11
2.55E+09
Suffolk Co SD#21 SUNY
Sound
2.99E+11
8.19E+08

Table A-2d. Non-TMDL STP Loadings to Long Island Sound (non-HEP core area
waters) Contributing to the Newark Bay Boundary Condition
Load
Facility
Waterway Load (Enterococci/yr)
(Enterococci/d)
Port Jefferson SD#1 STP
Sound
9.83E+10
2.69E+08
Stratford WPCF
Sound
1.27E+12
3.48E+09
Milford-Beaver Brook WPCP
Sound
2.52E+11
6.90E+08
Derby WPCF
Sound
2.46E+11
6.74E+08
Shelton STP-Riverdale
Sound
2.96E+11
8.11E+08
Ansonia WPCF
Sound
2.88E+11
7.89E+08
Seymour WPCF
Sound
1.54E+11
4.22E+08
West Haven WPCF
Sound
9.89E+11
2.71E+09
New Haven East Shore WPCF
Sound
4.44E+12
1.22E+10
North Haven WPCF
Sound
4.33E+11
1.19E+09
Branford WPCF
Sound
5.37E+11
1.47E+09
New London STP
Sound
1.09E+12
2.99E+09
Groton (City) WPCF
Sound
4.62E+11
1.27E+09
Town of Groton
Sound
3.77E+10
1.03E+08
Montville STP
Sound
1.80E+11
4.93E+08
Norwich WPCF
Sound
7.07E+11
1.94E+09

