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EXECUTIVE SUMMARY 

 

Table ES-1.  Summary of Draft Sub-Regional Nitrogen and Carbon TMDL Plans 

REACH/STANDARD PLAN STATUS OF STANDARDS 
ATTAINMENT 

Hackensack River SE1 
DO > 4 mg/L and 
DO > 5 mg/L 24-hr avg. 

Planned Improvements and LOT 
C&N removals for STP, SW, CSO 

Current standards not attained with 
LOT loading reductions.  With LOT 
reductions, does meet federal 
fishable/swimmable larval 
recruitment criterion.  Will require 
additional management 
considerations.  

Hackensack River SE2 
DO > 4 mg/L  

Planned Improvements and LOT 
C&N removals for STP, SW, CSO 

Current standards not attained with 
LOT loading reductions.  Will 
require additional management 
considerations. 

Hackensack River SE3 
DO > 3 mg/L  

Planned Improvements and LOT 
C&N removals for STP, SW, CSO 

Current standard attained with LOT 
loading reductions, does not achieve 
fishable/swimmable (i.e., SE2 or 
federal larval recruitment).  With 
downstream actions, can attain more 
stringent fishable/swimmable SE2 
and federal larval recruitment.  

Passaic River FW2-NT/SE2 
DO > 4 mg/L and 
DO > 5 mg/L 24-hr avg. 

Planned Improvements Current standard attained, achieves 
fishable/swimmable 

Passaic River SE3 
DO > 3 mg/L  

Planned Improvements and LOT 
C&N removals for CSO and SW 

Current standard practically attained, 
does not achieve 
fishable/swimmable.  With actions in 
downstream sub-regions, would 
achieve fishable/swimmable federal 
larval recruitment. 

Newark Bay SE3 
DO > 3 mg/L  

Planned Improvements and LOT 
C&N removals for CSO and SW 

Current standard practically attained, 
does not achieve fishable/swimmable

Raritan River FW2-NT 
DO > 4 mg/L and 
DO > 5 mg/L 24-hr avg. 

Hackensack, Passaic, and Newark 
Bay LOT actions, Planned 
Improvements elsewhere, and 
revised Raritan head-of-tide dissolved 
oxygen 

Current standard practically attained, 
achieves fishable/swimmable 

Raritan River SE1 
DO > 4 mg/L and 
DO > 5 mg/L 24-hr avg. 

Hackensack, Passaic, and Newark 
Bay LOT actions, C&N LOT 
reductions for Raritan CSO, SW, and 
STPs,  Planned Improvements 
elsewhere, and revised Raritan head-
of-tide dissolved oxygen 

Current standards not attained; 
practically achieves 
fishable/swimmable federal larval 
recruitment criterion; Will require 
additional management 
considerations.  
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Table ES-1.  Summary of Draft Sub-Regional Nitrogen and Carbon TMDL Plans 

Raritan Bay SE1 
DO > 4 mg/L and 
DO > 5 mg/L 24-hr avg. 

Hackensack, Passaic, and Newark 
Bay LOT actions, C&N LOT 
reductions for Raritan CSO, SW, and 
STPs,  Planned Improvements 
elsewhere, and revised Raritan head-
of-tide dissolved oxygen 

Current standard not attained; does 
not achieve other 
fishable/swimmable (i.e., SE2 or 
federal larval recruitment).  Will 
require additional management 
considerations.  

Raritan Bay I 
DO > 4 mg/L  

Hackensack, Passaic, and Newark 
Bay LOT actions, C&N LOT 
reductions for Raritan CSO, SW, and 
STPs,  Planned Improvements 
elsewhere, and revised Raritan head-
of-tide dissolved oxygen 

Current standard practically attained; 
fully achieves fishable/swimmable 
NY chronic standard and federal 
larval recruitment criterion 

Raritan Bay SA 
DO > 3 mg/L and 
3.0 < DO < 4.8 for periods 

Hackensack, Passaic, and Newark 
Bay LOT actions, C&N LOT 
reductions for Raritan CSO, SW, and 
STPs,  Planned Improvements 
elsewhere, and revised Raritan head-
of-tide dissolved oxygen 

Current standard practically attained; 
almost achieves fishable/swimmable 
federal larval recruitment criterion 

Raritan Bay SB 
DO > 3 mg/L and  
3.0 < DO < 4.8 for periods 

Hackensack, Passaic, and Newark 
Bay LOT actions, Planned 
Improvements elsewhere, and 
revised Raritan head-of-tide dissolved 
oxygen 

Current standards attained, achieves 
fishable/swimmable 

Kill van Kull SE2/I 
DO > 4 mg/L 

Hackensack, Passaic, Newark Bay, 
and Raritan River/Bay LOT actions, 
Planned Improvements elsewhere 

Current standards practically attained, 
achieves fishable/swimmable 
federal larval recruitment criterion 

Kill van Kull  SE3/SD 
DO > 3 mg/L 

Hackensack, Passaic, Newark Bay, 
and Raritan River/Bay LOT actions, 
Planned Improvements elsewhere 

Current standards attained, achieves 
fishable/swimmable 
federal larval recruitment criterion, 
could achieve SE2/I 

Arthur Kill  SE3/SD 
DO > 3 mg/L 

Hackensack, Passaic, Newark Bay, 
Raritan River/Bay, and Kills LOT 
actions, Planned Improvements 
elsewhere 

Current standards almost attained; 
fishable/swimmable federal larval 
recruitment achieved at some 
locations 

Arthur Kill SE2/I 
DO > 4 mg/L 

Hackensack, Passaic, Newark Bay, 
Raritan River/Bay, and Kills LOT 
actions, Planned Improvements 
elsewhere 

Current standards almost attained, 
achieves fishable/swimmable federal 
larval recruitment 

Hudson River SE1 
DO > 4 mg/L and 
DO > 5 mg/L 24-hr avg. 

Planned Improvements Current standard almost attained, 
achieves fishable/swimmable federal 
larval recruitment 

Hudson River SB 
DO > 3 mg/L and  
3.0 < DO < 4.8 for periods 

Planned Improvements Current standard attained, achieves 
fishable/swimmable 
federal larval recruitment 
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Table ES-1.  Summary of Draft Sub-Regional Nitrogen and Carbon TMDL Plans 

Hudson River SE2 
DO > 4 mg/L 

Low level Hudson River/Upper Bay 
STP N reductions with Hackensack, 
Passaic, Newark Bay, Raritan 
River/Bay, and Kills LOT actions, 
Planned Improvements elsewhere 

Current standard attained, achieves 
fishable/swimmable federal larval 
recruitment 

Hudson River I 
DO > 4 mg/L 
 

Low level Hudson River/Upper Bay 
STP N reductions with Hackensack, 
Passaic, Newark Bay, Raritan 
River/Bay, and Kills LOT actions, 
Planned Improvements elsewhere 

Current standard attained, achieves 
fishable/swimmable federal larval 
recruitment 

Upper Bay SE2 
DO > 4 mg/L 

Low level Hudson River/Upper Bay 
STP N reductions with Hackensack, 
Passaic, Newark Bay, Raritan 
River/Bay, and Kills LOT actions, 
Planned Improvements elsewhere 

Current standard practically attained, 
almost achieves fishable/swimmable 
federal larval recruitment 

Upper Bay I 
DO > 4 mg/L 
 

Low level Hudson River/Upper Bay 
STP N reductions with Hackensack, 
Passaic, Newark Bay, Raritan 
River/Bay, and Kills LOT actions, 
Planned Improvements elsewhere 

Current standard attained, achieves 
fishable/swimmable federal larval 
recruitment 
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SECTION 1 

1 INTRODUCTION 

The NY/NJ Harbor Estuary Program in cooperation with the States of New York 
and New Jersey has adopted a sub-regional approach for development of TMDLs for 
nitrogen and carbon in the NY/NJ Harbor, supporting attainment of various dissolved 
oxygen standards.  The preliminary TMDL plans for each sub-region are presented in this 
document in an upstream to downstream order, working from the edges of the estuary 
inward.  Upon review of these preliminary plans by EPA, the States, and various 
stakeholders, individual elements of sub-regional plans may be modified before final TMDLs 
are further tested and verified with SWEM and eventually promulgated. 

The approach taken was to account for planned improvements first and then to 
consider loading reductions at or below Limit of Technology (LOT) levels for point and 
nonpoint sources of nitrogen and carbon as needed to attain enforceable and/or alternative 
fishable/swimmable water quality standards and criteria.  In situations where the least 
stringent fishable/swimmable standard or criterion could not be met through LOT loading 
reductions, and where a fishable/swimmable standard or criterion could not be practically 
met (i.e., except under regional pastoral loading conditions), additional potential 
management actions are noted. 

Before proceeding with sub-regional evaluations and planning, several regional 
SWEM simulations and evaluations were performed which inform and bound the sub-
regional work.  These include:  regional existing conditions, planned improvements, STP and 
stormwater LOT reductions, and pastoral loading conditions.  Loading assumptions for the 
regional SWEM simulations have been described in other HEP documents that are 
downloadable from the HEP website.  Many additional sub-regional SWEM simulations 
have since been performed and are described herein.  

In addition to embarking on regional SWEM simulations before sub-regional 
evaluations were initiated, several other efforts were completed that were necessary to 
identify loading reductions in sub-regional evaluations.  These include: 

• STP carbon and nitrogen removal technology performance and costing analyses by 
NJHDG and NYCDEP.  These are described in detailed reports prepared by 
NJHDG and NYCDEP contractors. 

• Best Management Practice (BMP) performance databases and literature review by 
HydroQual to define LOT carbon and nitrogen reduction percentages for 
stormwater.  The review is described in a HydroQual technical memorandum.  In 
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addition to LOT reductions, the review identified that there was insufficient 
justification in the national databases (i.e., the database was largely results of 
deliberate structures, the database didn’t include any results for NY/NJ Harbor 
watershed, etc.) to assume stormwater reductions as part of planned improvements.  
Accordingly, stormwater reductions were not considered in the planned 
improvements SWEM simulation.  At the recent request of the States (i.e., after 
previous Nutrient Work Group and Oversight Group approval of the technical 
memorandum and planned improvements SWEM simulation), this decision may be 
revisited at a later stage of the process with an additional planned improvements 
SWEM simulation.  Further evaluation of reductions resulting from the existing 
Municipal Separated Storm Sewer Systems (MS4) program by EPA staff and 
HydroQual has identified 5% reductions for nitrogen and 10% reductions for carbon 
as reasonable expectations for the existing MS4 program.  The basis for these 
reductions is an EPA review of the EPA Office of Wastewater Management 
October 1999 report, Economic Analysis of the Final Phase II Storm Water Rule and 
HydroQual calculations.  The EPA review identified TSS removals of 50% (i.e., 20% 
to 80%).  Nitrogen in stormwater is 21% particulate so the reduction for nitrogen 
becomes 50% x 21% x 1/2 the drainage area, or 5%.  The 5% stormwater nitrogen 
reduction, as a result of legislative requirements already in place, is consistent with 
the LOT nitrogen reduction specified at 20% (i.e., with LOT effort, MS4 reductions 
can be increased fourfold).  Carbon in stormwater is 50% particulate so the 
reduction becomes 50% x 50% x 1/2 the drainage area, about 10% and consistent 
with/a little high compared to the LOT reduction set at 15%. 

• HydroQual review of CSO Long Term Control Planming (LTCP) reports submitted 
to EPA by several NJ CSO communities for CSO reductions of nitrogen and carbon 
attainable by technologies considered in the various LTCPs.  These numbers may be 
revised at a later date at EPA/States’ discretion as additional LTCPs become 
available.  Further discussion of the CSO analysis is provided below since formal 
documentation is not otherwise available. 

Based upon an analysis of influent to effluent removal efficiencies for a number of 
CSO technologies (CDS process, Swirl Vortex, and ballasted flocculation) extracted from 
Village of Ridgefield Park, New Jersey, and North Bergen Municipal Utilities Authorities 
Long Term Control Plan (LTCP) reports and performance criteria contained in Jersey City 
Municipal Utilities Authority's(JCMUA) report, for the Actiflo process, Densa-Deg process, 
and CDS Floc-Sep process, HydroQual recommended that HEP adopt 75% removal for 
total nitrogen and 60% removal for total organic carbon removal efficiencies as the 
definition of achievable CSO reductions for purposes of SWEM TMDL sub-regional 
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planning simulations. As additional LTCP reports become available to HydroQual from 
EPA, these definitions can be revised if necessary for final TMDL SWEM simulations. 

For total nitrogen, the CDS Process, Swirl Vortex, and Ballasted Flocculation 
processes are shown with removal efficiencies for nitrogen of at least 75% based on several 
data points for each. Accordingly, 75% removal is recommended for defining LOT 
achievable CSO reductions in SWEM sub-regional simulations. It is noted that, based on the 
performance criteria reported by JCMUA, the Actiflo and Densa-Deg processes would not 
achieve nitrogen reductions (i.e., less than 10%) and the CDS Floc-SEP would achieve only 
40% reduction. Figure I-1 displays these data.  

For total organic carbon, the CDS Process, Swirl Vortex, Actiflo Process, Densa-
Deg Process, and CDS Floc-Sep Process all are reported to support a BOD removal of at 
least 60%. Accordingly, 60% removal is recommended for defining achievable LOT CSO 
reductions in SWEM sub-regional simulations. It is noted that Ballasted Flocculation would 
consistently support only a 30% removal of BOD. Figure displays these data. 

Since the recommendations for total nitrogen and total organic carbon removals are 
both supported by the CDS Process and Swirl Vortex results, it is reasonable to assume for 
SWEM sub-regional simulation purposes that the recommended LOT achievable CSO 
reductions for total nitrogen and total organic carbon can be applied simultaneously. 
HydroQual was given EPA's approval to proceed with these CSO removals in sub-regional 
TMDL planning SWEM simulations. These removals were applied to 100% of the CSO 
volume in selected sub-regions.  In future simulations, these removals may be applied to 
some fraction of the CSO volume if it is believed that some of these technologies are already 
being implemented and would be "new" only to a portion of the sewershed or if it is not 
intended to attempt these technologies everywhere, or if these technologies handle only a 
portion of the total CSO volume. State/EPA preferences in this regard would need to be 
communicated before TMDL planning is finalized. 
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SECTION 2 

2 HACKENSACK RIVER SUB-REGIONAL TMDL PLAN 

2.1 DISSOLVED OXYGEN STANDARDS AND CRITERIA IN THE 

HACKENSACK RIVER 

The waters of the Hackensack River below the Oradell Dam include three New 
Jersey surface water classifications, SE1, SE2, and SE3.   

The SE3 waters in the Hackensack River near its confluence with Newark Bay are 
represented by a single lateral/longitudinal grid cell with ten depth layers in SWEM.  The 
dissolved oxygen standard for SE3 waters is greater than 3 mg/L.  The SE3 standard is 
similarly protective as New York’s acute standard and slightly more protective than the 
federal marine dissolved oxygen criterion for juvenile and adult survival, (i.e., 24-h average > 
2.3 mg/L) and less protective than the federal marine dissolved oxygen criterion for larval 
recruitment (i.e., specified durations of 24-h average dissolved oxygen between 2.3 and 4.8 
mg/L).   

The SE2 waters in the Hackensack River include a reach from the confluence with 
Overpeck Creek (approximately mile 11.4) downstream to the SE3 waters.  Several SWEM 
grid cells, each with ten depth layers, represent the SE2 waters.  SE2 waters are required to 
have dissolved oxygen greater than 4 mg/L.  While the federal marine dissolved oxygen 
criteria for larval recruitment allow for excursions below 4 mg/L on a 24-h average basis (a 
relief from current requirements for SE2 waters), they also restrict the duration of time 
dissolved oxygen below 4.8 mg/L on a 24-h average basis may occur (more restrictive than 
current requirements for SE2 waters).  Similarly, the NY chronic standard is more restrictive 
than the SE2 standard.  The NY acute standard, greater than 3 mg/L, is less restrictive. 

The SE1 waters of the Hackensack River include those between the Oradell Dam 
and the confluence with Overpeck Creek.  This reach corresponds to from the Oradell Dam 
to approximately mile 11.4.  The SE1 waters include eight SWEM lateral/longitudinal 
segments, each with ten depth layers.  SE1 waters are required to have dissolved oxygen at 
or above 4 mg/L and no 24-h average less than 5 mg/L.  The SE 1 standard is more 
stringent than all portions of the federal marine dissolved oxygen criteria and the NY acute 
and chronic standards. 

Along with other information to be described below, Figure 2-1 depicts the spatial 
extent of the SE1, SE2, and SE3 reaches of the Hackensack River as represented in SWEM. 
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2.2 CURRENT CONDITIONS STANDARDS ATTAINMENT IN THE 

HACKENSACK RIVER 

Overall, both measurements (e.g., 1994-95 SWEM sampling, NJHDG sampling since 
2003, etc.) and modeling results show that water quality standards for dissolved oxygen 
associated with SE1, SE2, and SE3 surface water classifications are largely not attained under 
current nitrogen and carbon loading conditions.  Figures 2-1 and 2-2 show days of non-
attainment of the NJ standards for current loadings as calculated by SWEM for 1988 and 
1989 hydrodynamic conditions.  Calculated violations are occurring more than half of the 
time (i.e., greater than 200 days, off the color scale which stops at greater than 80 days) at 
some locations.  

2.3 PLANNED IMPROVEMENTS STANDARDS ATTAINMENT IN THE 

HACKENSACK RIVER 

Benefits to standards attainment in the Hackensack River resulting from planned and 
in-progress improvements (e.g., Upper Passaic River P TMDL, LIS TMDL, Jamaica Bay 
Plan, North Bergen STP outfall relocation, etc.) were evaluated with SWEM.  SWEM 
projects broad non-attainment of standards in the Hackensack River when planned 
improvements to nitrogen and carbon loadings are taken into consideration.  Figures 2-3 and 
2-4 show days of non-attainment of the NJ standards for planned improvements loadings as 
calculated by SWEM for 1988 and 1989 hydrodynamic conditions.  As calculated, violations 
are still expected to occur more than half of the time (i.e., greater than 200 days, off the 
color scale which stops at greater than 80 days) at some locations.  

2.4 DETERMINING IMPROVEMENTS AFTER LOADING REDUCTIONS 

TO STANDARDS ATTAINMENT IN THE HACKENSACK RIVER 

Nitrogen and carbon loadings reductions in the Hackensack River were evaluated in 
several increments.  Four SWEM simulations were devoted to evaluating Hackensack River 
loading reductions.  The Hackensack River loading reductions considered with planned 
improvements system-wide completed include: 

• LOT reductions for all (i.e., system-wide) stormwater nitrogen and carbon and N-
targeted LOT reductions for all STPs except for C-targeted reductions at the Bergen 
County Utilities Authority (BCUA) and Secaucus Municipal Utilities Authority 
(SMUA) facilities.  (This run was first used in concert with the previous regional 
LOT simulation to understand the receiving water differences between removing 
carbon vs. nitrogen at BCUA and SMUA.  Three subsequent runs were focused 
strictly on loading reductions within the Hackensack River).   
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• LOT reductions for Hackensack River stormwater nitrogen and carbon and C-
targeted LOT reductions for the Bergen County Utilities Authority (BCUA) and 
Secaucus Municipal Utilities Authority (SMUA) facilities. 

• LOT reductions for Hackensack River stormwater nitrogen and carbon and both C-
targeted and N-targeted LOT reductions for the BCUA and SMUA facilities 
(simulation requested by EPA, requires formal confirmation from the NJHDG 
consultant that simultaneous C-targeted and N-targeted LOT is possible.  The 
consultant agreed verbally that the two technologies could be combined and that 
effluent quality would be similar to the projections for each implemented singularly.) 

• LOT reductions for Hackensack River stormwater nitrogen and carbon and both C-
targeted and N-targeted LOT reductions for the BCUA and SMUA facilities and 
LOT Hackensack River CSO reductions for both nitrogen and carbon. 

It is noted that none of these simulations attain water quality standards so that the 
order in which these loading reductions were considered becomes somewhat of a moot 
point.  Pushing all of the loadings to LOT reductions doesn’t attain standards.  This situation 
doesn’t require the preliminary TMDL planning to consider cost effectiveness of one loading 
reduction vs. another for attaining fishable/swimmable standards since fishable/swimmable 
standards are not attained. 

STPs represent the largest point source category on the Hackensack River and 
stormwater represents the largest nonpoint source category so these were evaluated first.  
LOT STP reductions for BCUA and SMUA were defined by costing reports developed by 
the dischargers (NJHDG).  It was confirmed that simultaneously implementing N-targeted 
and C-targeted LOT at BCUA and SMUA is feasible and would produce similar effluent 
characteristics as projected for each alone.  If this preliminary plan progresses, it would be 
necessary to ensure compatibility of LOT technologies and to attain costs and final effluent 
numbers for the two technologies in combination.  For MS4 LOT stormwater reduction 
percentages, a literature review prepared by HydroQual and reviewed/approved by the 
Nutrient Workgroup was used.  For LOT CSO reductions, LTCP information provided by 
Village of Ridgefield Park, New Jersey, and North Bergen Municipal Utilities Authorities 
Long Term Control Plan (LTCP) reports and performance criteria contained in Jersey City 
Municipal Utilities Authority's (JCMUA) report were used. 

Standards attainment was tracked for the incremental loading reductions considered.  

2.4.1 System-Wide Stormwater and STP LOT Results 

SWEM results indicated that either C-targeted LOT or N-target LOT at BCUA and 
SMUA in conjunction with stormwater LOT would greatly improve attainment of water 
quality standards as compared to planned improvements loadings.  On a volume weighted 
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basis, SWEM calculated non-attainment approached 112 days for the Hackensack River 
based on system-wide planned improvements loadings.  Going to system-wide LOT 
reductions for stormwater and STPs, regardless of whether C-targeted or N-targeted LOT 
was implemented for BCUA and SMUA, would reduce the non-attainment to either 38 or 
26 days.  Since neither of these cases produced standards attainment, choosing between C-
targeted (lower cost) or N-targeted (higher cost) LOT reductions at BCUA and SMUA was 
not necessary at this stage of planning. 

Under regional (i.e., system-wide) LOT reductions for stormwater and STPs, 
attainment of the SE3 dissolved oxygen standard (> 3 mg/L) are projected for 1988 and 
1989 hydrologic conditions in the SE3 reach of SWEM.  In the SE2 waters, dissolved 
oxygen is calculated by SWEM to fall below 4 mg/L under system-wide stormwater and STP 
LOT loading conditions from 8 to 70 days under 1988 hydrology and from 0 to 23 days 
under 1989 hydrology, depending upon location within the SE2 reach.  If the SE2 waters 
had the SE3 waters dissolved oxygen standard of greater than 3 mg/L, nonattainment under 
1988 hydrologic conditions would range from 0 to 47 days depending upon location and 0  
to 13 days of nonattainment under 1989 hydrologic conditions.  Under 1989 hydrologic 
conditions, the strict dissolved oxygen standard associated with SE1 waters is practically fully 
attained in the Hackensack River SE1 waters under system-wide LOT reductions for 
stormwater and STPs.  Unfortunately, under 1988 hydrologic conditions and system-wide 
LOT loading reductions for stormwater and STPs, there is nonattainment up to 47 days in 
the most downstream SE1 waters of the Hackensack River, closest to the SE2 reach.  As 
additional loading reductions and other measures are explored, the SE1 waters may be 
brought into full attainment of the SE1 standard.  While no decisions regarding standards 
changes have been made for any scenario or area by NJDEP, if the federal marine dissolved 
oxygen criteria protective of larval recruitment and juvenile and adult survival were to be 
applied in SE1 waters, the SE1 waters would be in full compliance with the exception of a 
single grid cell closest to the SE2 reach.    

Results of the regional LOT reductions for stormwater and STPs SWEM simulation 
provided a preliminary indication that LOT reductions for stormwater and STPs as well as 
CSOs and possibly other actions would be required for standards attainment in the 
Hackensack River.  This was further verified by SWEM simulations looking at loading 
reductions within the Hackensack River proper. 

2.4.2 Hackensack River Specific LOT Reduction Results 

Reduction simulations focused solely on Hackensack River loadings were pursued.  
Planned Improvements system-wide were run in combination with LOT C and N reductions 
for Hackensack River stormwater, C-targeted LOT at BCUA and SMUA and both C-
targeted and N-targeted LOT at BCUA and SMUA.  Similar to the simulations that looked 
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at system-wide STP and SW LOT reductions, calculated days of non-attainment in the 
Hackensack River on a volume weighted basis were 42 days and 27 days for each of the two 
runs.  An additional simulation was performed which added in LOT reductions for CSOs in 
the Hackensack River.  Calculated non-attainment on a volume weighted basis is 19 days 
when CSO LOT reductions are also considered.  These results are depicted as a bar diagram 
in Figure 2-5. 

Results on Figure 2-5 suggest that greatest benefits are realized when moving 
between planned improvements loadings and LOT loadings for stormwater and STPs.  
Additional limit of technology treatment at BCUA and SMUA and LOT treatment at CSOs 
produces relatively smaller benefits for the entire volume of the River.   

Figures 2-6 and 2-7 show the calculated days of non-attainment for individual grid 
cells for LOT reductions for Hackensack River stormwater and C-targeted LOT at BCUA 
and MCUA and system-wide planned improvements.  The calculated non-attainment in the 
worst grid cells as shown on Figures 2-6 and 2-7 is greater than 70 days (i.e., 107 days) with a 
few grid cells at or close (less than 10 days) to attaining standards.  Attainment is better for 
1989 hydrodynamics than for 1988 hydrodynamics.   

 Figures 2-8 and 2-9 show the calculated days of non-attainment for individual grid 
cells for the aggregate of LOT reductions for Hackensack River stormwater, STPs (dual 
targets), and CSOs and system-wide planned improvements.  The calculated non-attainment 
in the worst grid cell as shown on Figures 2-8 and 2-9 is less than 60 days with several grid 
cells at or close (less than 10 days) to attaining standards.  Attainment is better for 1989 
hydrodynamics than for 1988 hydrodynamics.  In the SE1 reach, which has the most 
stringent standard, calculated violations under the aggregate sub-regional LOT reductions 
and regional planned improvements are less than 30 days in the worst grid cell and less than 
10 days in other grid cells.  It is likely that a less stringent alternative standard such as SE2 
(SWEM projects less than 10 days of violation) or federal larval recruitment (SWEM projects 
no days of violation) would be met in the SE1 waters under the LOT loading conditions.  
Calculated days of nonattainment in the SE2 reach for the aggregate LOT loading reductions 
are below 60 days in all grid cells and below 40 days in most grid cells.  The SE3 reach grid 
cell complies with the SE3 dissolved oxygen standard based on SWEM results.  Based on 
SWEM calculations, it is unlikely that a stricter standard, SE2 or federal larval recruitment, 
could be attained in this reach for aggregate sub-regional LOT reductions and system-wide 
planned improvements. 

Results for all of the Hackensack River loading reduction scenarios in terms of 
attainment of multiple standards and criteria are included in Appendix 1, sections A to G. 
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2.5 POTENTIAL NON-TREATMENT OPTIONS FOR THE HACKENSACK 

RIVER 

In lieu of adopting alternative fishable/swimmable standards or interim target 
standards or for purposes of meeting the least stringent fishable/swimmable or existing 
standard, EPA/NJDEP may elect to evaluate one or more non-treatment option for the 
Hackensack River such as outfall relocation or Use Attainability Analysis considerations.  
These options have not yet been evaluated in this stage of TMDL planning.   

2.6 HACKENSACK RIVER LOADING REDUCTIONS TO BE CARRIED 

FORWARD TO PASSAIC RIVER/NEWARK PLANNING EVALUATION 

In summary, loading reductions within LOT that would attain water quality 
standards in the Hackensack River were not identified.  Accordingly, it is not possible to 
proceed with a fishable/swimmable Hackensack River in the evaluation of other sub-
regions.  Evaluation of the Passaic River/Newark Bay sub-region, as well as subsequent sub-
regions, shall proceed with the Hackensack River loading reduction case of regional planned 
improvements and LOT reductions for Hackensack River stormwater nitrogen and carbon 
and both C-targeted and N-targeted LOT reductions for the BCUA and SMUA facilities and 
LOT Hackensack River CSO reductions for both nitrogen and carbon.    

2.7 ADDITIONAL BENEFITS TO THE HACKENSACK RIVER FROM 

LOADING REDUCTIONS IN OTHER SUB-REGIONS 

After the completion of preliminary TMDL plans for the Hackensack River and the 
other sub-regions, it is anticipated that full compliance will not be attained in the 
Hackensack River.  Results for all sub-regional plans in combination are presented on 
Figures 6-2 and 6-3 and in Appendix 1Q.  In the SE1 reach, which has the most stringent 
standard, calculated violations under the aggregate sub-regional LOT reductions and regional 
planned improvements are less than 20 days in the worst grid cell and less than 1 day in most 
other grid cells.  It is likely that a less stringent alternative standard such as SE2 (SWEM 
projects less than 10 days of violation) or federal larval recruitment (SWEM projects no days 
of violation for all locations except a single grid cell for 1989 hydrodynamics) would be met 
in the SE1 waters under the LOT loading conditions.  Calculated days of nonattainment in 
the SE2 reach for the aggregate LOT loading reductions are below 51 days in all grid cells 
and below 40 days in most grid cells.  The SE3 reach grid cell complies with the SE3 
dissolved oxygen standard based on SWEM results.  Based on SWEM calculations, stricter 
standards, either SE2 or federal larval recruitment, could be attained in this reach for 
aggregate sub-regional LOT reductions and system-wide planned improvements. 
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SECTION 3 

3 PASSAIC RIVER/NEWARK BAY SUB-REGIONAL 
TMDL PLAN 

3.1 DISSOLVED OXYGEN STANDARDS AND CRITERIA IN THE PASSAIC 

RIVER 

The waters of the Passaic River and Newark Bay include two New Jersey surface 
water classifications, FW2-NT/SE2 and SE3.  The FW2-NT/SE2 waters extend from 
Dundee Dam down to the confluence with the Second River (approximately mile 8.1).  The 
SE3 waters include the Passaic River below the confluence with the Second River and 
Newark Bay.  Salinity conditions in the Passaic River FW2-NT/SE2 waters are such that the 
no 24-h average less than 5 mg/L  portion of the FW2-NT/SE2 dissolved oxygen standard 
is enforceable at all times.  The specification of the FW2-NT/SE2 standard is dissolved 
oxygen greater than 4 mg/L and 24-h average dissolved oxygen greater than 5 mg/L.  The 
specification of the SE3 standard is greater than 3 mg/L.    Along with other information, 
Figure 3-1 shows the spatial extent of the FW2-NT/SE2 and SE3 reaches.   

3.2 CURRENT CONDITIONS STANDARDS ATTAINMENT IN THE 

PASSAIC RIVER AND NEWARK BAY  

Overall, both data (e.g., 1994-95 SWEM sampling, NJHDG sampling since 2003, 
etc.) and modeling results show that the water quality standards for dissolved oxygen 
associated with the FW2-NT/SE2 and SE3 surface water classifications are not fully attained 
under current conditions outside of the FW2-NT/SE2 waters.  Model results are shown on 
Figures 3-1 and 3-2.  The FW2-NT/SE2 standard is practically met (full to less than 2 days 
non-compliance) and affords a higher level of fishable/swimmable protection than the 
federal marine criteria for larval recruitment.  For SE3 waters, in the Passaic River and 
Newark Bay, nonattainment is more severe with the worst occurring in Newark Bay. 

3.3 PLANNED IMPROVEMENTS STANDARDS ATTAINMENT IN THE 

PASSAIC RIVER AND NEWARK BAY 

Implementation of Planned Improvements loadings (as mentioned in the 
Introduction and Hackensack River sections of this document and fully described in a stand-
alone technical memorandum),  which includes the completion of the phosphorus TMDL 
for the Upper Passaic River above Dundee Dam, is projected to improve dissolved oxygen 
standards attainment below Dundee Dam in SE3 waters.  In fact, Planned Improvements 
are enough to fully attain standards in the FW2-NT/SE2 waters and almost fully attain 
standards in the SE3 waters of the Passaic River (i.e., less than 10 days of non-attainment in 
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a few grid cells).  Even with Planned Improvements loadings, however, the SE3 waters of 
Newark Bay include nonattainment up to 30 days at the worst location.  These results are 
shown on Figures 3-3 and 3-4.  Similar results are also shown in Figures 3-5 and 3-6 where a 
less optimistic version of the Upper Passaic River phosphorus TMDL (i.e., highest potential 
nitrogen loading condition from the Upper Passaic River) was implemented. 

Accordingly, a TMDL is not needed for the FW2-NT/SE2 waters of the Passaic 
River.  Since the FW2-NT/SE2 dissolved oxygen standard is the most stringent of the 
available fishable/swimmable standards and criteria, no consideration of alternative 
fishable/swimmable standards and criteria is required. 

Another factor in fully attaining water quality standards in the Passaic River and 
Newark Bay is the development of a plan for the Hackensack River that will approach 
attainment of the applicable water quality standards for dissolved oxygen in the Hackensack 
River.  As shown previously on Figures 2-8 and 2-9, only a small number of grid cells in the 
lower Passaic River and extreme northern end of Newark Bay barely (i.e. less than 10 days 
under 1988 hydrologic conditions) violate the SE3 standard when LOT loading reductions 
are implemented in the Hackensack River.  These violations are not calculated under 1989 
hydrologic conditions. 

3.4 DETERMINING IMPROVEMENTS AFTER LOADING REDUCTIONS 

TO STANDARDS ATTAINMENT IN THE PASSAIC RIVER AND 

NEWARK BAY 

The SE3 waters of the Lower Passaic River and Newark Bay do not include any 
direct STP discharges. The PVSC STP often associated with this sub-region actually 
discharges to the Upper New York Bay and will be considered as part of the planning for the 
Hudson River and Upper New York Bay sub-region (refer to Section 6).  Since there are no 
STPs discharging to the SE3 waters of the Lower Passaic River and Newark Bay, and since 
this area is mainly served by combined sewers rather than a separated sewer system, LOT 
CSO reductions in the Passaic River and Newark Bay (in addition to the Planned 
Improvements system-wide and LOT reductions in the Hackensack River) were evaluated 
with a SWEM simulation.  These SWEM results are presented in Figures 3-5 and 3-6.  LOT 
CSO reductions for the Passaic River and Newark Bay improved standards attainment in 
SE3 waters, but the calculations don’t show full compliance in the strictest sense.  Minor 
non-attainment was calculated in three grids cells ranging from 0.5 to 1.3 days.  Further, a 
stricter fishable/swimmable standard such as SE2 or federal larval recruitment, would not be 
attained.   

Based on a regional SWEM simulation examining system-wide reductions to STPs, 
and stormwater, it is unlikely that reducing stormwater in the Passaic River and Newark Bay 
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would produce strict attainment of the SE3 standard at these locations, but would come 
extremely close.  This was confirmed with a SWEM simulation including planned 
improvements in waters outside the Hackensack River, Passaic River, and Newark Bay, LOT 
reductions for STPs, stormwater, and CSOs in the Hackensack River, and LOT reductions 
for CSOs and stormwater in the Passaic River and Newark Bay.  SWEM results show that 
only three grid cells, one in the Passaic River and two in Newark Bay, would each barely 
violate the SE3 standard for 0.63, 0.83, and 0.17 days, respectively.     Imposing a stricter 
fishable/swimmable standard, such as the NJ-SE2, would likely result in compliance for ten 
grid cells and non-compliance in eleven grid cells.  The highest expected non-compliance 
would be 16 days.  For a fishable swimmable standard such as the federal criterion for larval 
recruitment, the entire Passaic River with the exception of a single grid cell would be in 
attainment with non-attainment of up to 37 days in four Newark Bay grid cells.  

Results for all of the Passaic River and Newark Bay loading reduction scenarios in 
terms of attainment of multiple standards and criteria are included in Appendix 1, sections H 
and I. 

3.5 POTENTIAL NON-TREATMENT OPTIONS FOR THE PASSAIC 

RIVER AND NEWARK BAY 

Non-Treatment Options are not needed for the FW2-NT/SE2 waters of the Passaic 
River which fully attain fishable/swimmable standards with Planned Improvements.  In lieu 
of adopting alternative fishable/swimmable standards or interim target standards or for 
purposes of meeting the existing SE3 standard, EPA/NJDEP may elect to evaluate one or 
more non-treatment option for the SE3 waters of the Passaic River and Newark Bay.  
Options may be considered in tandem with options for the adjacent Hackensack River.  
These options have not yet been evaluated in this stage of TMDL planning. 

3.6 PASSAIC RIVER AND NEWARK BAY LOADING REDUCTIONS TO BE 

CARRIED FORWARD TO RARITAN RIVER/BAY PLANNING 

EVALUATION 

In summary, loading reductions within LOT that would attain water quality 
standards in the Passaic River and Newark Bay were practically identified (i.e., subject to 
tolerance of tenths of a day of violations at a few locations).  However, for the SE3 waters, 
the standards that would be practically attained are not considered fishable/swimmable.  
Accordingly, it is not possible to proceed with a fishable/swimmable Passaic River/Newark 
Bay in the evaluation of other sub-regions.  Evaluation of the Raritan River/ Bay sub-region, 
as well as subsequent sub-regions, shall proceed with the Passaic River/Newark Bay loading 
reduction case of regional planned improvements and LOT reductions for Passaic 
River/Newark Bay CSO and stormwater nitrogen and carbon and with the Hackensack 
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River loading reduction case of LOT reductions for Hackensack River stormwater nitrogen 
and carbon and both C-targeted and N-targeted LOT reductions for the BCUA and SMUA 
facilities and LOT Hackensack River CSO reductions for both nitrogen and carbon.   

Results on Figures 3-9 and 3-10 suggest that greatest benefits for the Passaic River 
and Newark Bay are realized when moving between baseline and planned improvements 
loadings and LOT treatment in the Hackensack River.  Additional LOT treatment for 
stormwater and CSOs in the Passaic River/Newark Bay produces relatively smaller benefits 
for the entire volume of the Passaic River/Newark Bay.  Technical arguments could be 
made that planned improvements and LOT actions in the Hackensack River are sufficient 
for current standards attainment. Given that Planned Improvements and Hackensack River 
actions alone would not result in a fully fishable/swimmable Passaic River/Newark Bay,   
LOT treatment for stormwater and CSOs in the Passaic River/Newark Bay were carried 
forward to subsequent sub-regions. 

3.7 ADDITIONAL BENEFITS TO THE PASSAIC RIVER AND NEWARK 

BAY FROM LOADING REDUCTIONS IN OTHER SUB-REGIONS 

After the completion of preliminary TMDL plans for the Hackensack River, Passaic 
River, Newark Bay, and all the other sub-regions, it is anticipated that full compliance will be 
attained in the Passaic River and Newark Bay with the exception of two grid cells under 
1988 hydrodynamic conditions.  Results for all sub-regional plans in combination are 
presented on Figures 6-2 and 6-3 and in Appendix 1Q.  Loading reductions within LOT that 
would attain water quality standards in the Passaic River and Newark Bay were practically 
identified (i.e., subject to tolerance of tenths of a day of violations at only two locations 
under 1988 hydrodynamic conditions).  However, for the SE3 waters, the standards that 
would be practically attained are not considered fishable/swimmable.  For all sub-regional 
plans in combination, calculated non-attainment of the stricter fishable/swimmableSE2 
standard in the SE3 waters is limited to less than ten days for a few locations under 1988 
hydrodynamics.  Calculated non-attainment of the stricter fishable/swimmable federal larval 
recruitment criteria in SE3 waters is limited to less than twenty days for a few locations in 
Newark Bay only under 1988 hydrodynamics.    
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4.3 PLANNED IMPROVEMENTS STANDARDS ATTAINMENT IN THE 

RARITAN RIVER AND RARITAN BAY 

Implementation of Planned Improvements loadings (as mentioned in the 
Introduction and Hackensack River and Passaic River/Newark Bay sections of this 
document and fully described in a stand-alone technical memorandum) is projected to only 
slightly improve dissolved oxygen standards attainment over current conditions in the 
Raritan River.  As tabulated in Appendix 1B and shown on Figures 4-4 and 4-5, calculated 
violations in the Raritan River of FW2-NT and SE standards are up to 70 days (as compared 
to 83 under current conditions).  In Raritan Bay, for planned improvements loading 
conditions, violations of the enforceable SE1, I, SA, and SB standards are always below 50 
days (as compared to 60 under current conditions). 

4.4 DETERMINING IMPROVEMENTS AFTER LOADING REDUCTIONS 

TO STANDARDS ATTAINMENT IN THE RARITAN RIVER AND 

RARITAN BAY 

Evaluation of the Raritan River/ Bay sub-region, as well as subsequent sub-regions, 
proceeded with the Passaic River/Newark Bay loading reduction case of regional planned 
improvements and LOT reductions for Passaic River/Newark Bay CSO and stormwater 
nitrogen and carbon and with the Hackensack River loading reduction case of LOT 
reductions for Hackensack River stormwater nitrogen and carbon and both C-targeted and 
N-targeted LOT reductions for the BCUA and SMUA facilities and LOT Hackensack River 
CSO reductions for both nitrogen and carbon.  In addition, some adjustments were made to 
the upstream dissolved oxygen coming over the Fieldville Dam.  Short of being in a position 
to quantify the load over the Dam that might result from on-going TMDLs upstream of the 
Dam, the most recent data collected by the NJHDG were used to improve current loading 
estimates for upstream dissolved oxygen (i.e., summertime dissolved oxygen measurements 
at this location were previously lacking).   

Additional loading conditions evaluated for the Raritan River and Raritan Bay, 
incrementally added in, include: 

• plus LOT CSO and SW reductions in Raritan River and Bay  

• plus LOT STP (N-targeted) reductions at Middlesex County and Oakwood Beach 
STPs 

• plus C-targeted LOT STP reductions at Middlesex County and Oakwood Beach 
STPs 
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4.4.1 Raritan River/Bay Improvements Resulting from Upstream Actions 

Results for loadings conditions including the Hackensack River and Passaic River 
and Newark Bay preliminary TMDL plans with adjustments to the dissolved oxygen loading 
over Fieldville Dam and already planned improvements elsewhere are tabulated in Appendix 
1J and are displayed on Figures 4-6 and 4-7.  Generally, the calculated results for standards 
attainment, although in non-attainment, are much improved compared to those for already 
planned improvements loadings, especially in the FW2-NT reach of the River.  1989 
hydrodynamic conditions are more severe for the SE1 reach of the Raritan River and Raritan 
Bay than 1988 hydrodynamic conditions. 

Under these loading conditions, calculations for the FW2-NT reach of the Raritan 
River practically attain the standard for 1988 hydrodynamics (less than 2 days non-
attainment) and fully attain the standard for 1989 hydrodynamics.  Since FW2-NT is the 
more stringent fully fishable/swimmable standard for dissolved oxygen as compared to 
federal criteria and other NY and NJ standards for the Harbor, consideration of less 
stringent standards is not applicable.  A caveat to this conclusion is that SWEM’s tracking of 
standards attainment does not eliminate supersaturated records from calculations of 24-hr 
averages used to determine standards attainment as stipulated by NJDEP for FW2-NT.  
Eliminating supersaturated records from the calculation could slightly worsen attainment.  
This would need to be checked before finalizing sub-regional TMDL plans since SWEM 
results show that supersaturation occurs in this reach of the River.  It is noted that based on 
calculations, the FW2-NT reach would fully attain the federal marine dissolved oxygen 
exposure/duration criterion for larval recruitment.  Under these loading conditions, the SE1 
reach of the Raritan River does not attain standards.  Calculated non-attainment approaches 
70 days.  

Throughout much of Raritan Bay, including the SE1 waters, non-attainment (up to 
50 days) is calculated for the various applicable standards under loadings conditions 
including the Hackensack River and Passaic River and Newark Bay preliminary TMDL plans 
with adjustments to the dissolved oxygen loading over Fieldville Dam and already planned 
improvements elsewhere.  For the NY I waters, calculated non-attainment is limited to less 
than 20 days.  For the NY SA waters, calculated non-attainment is limited to less than 30 
days.  For the NY SB waters, attainment is calculated. 

4.4.2 Raritan River/Bay Improvements Resulting from Upstream Actions and 

CSO/SW LOT   

Results for loadings conditions including the Hackensack River and Passaic River 
and Newark Bay preliminary TMDL plans with adjustments to the dissolved oxygen loading 
over Fieldville Dam, LOT reductions for Raritan River and Bay CSO and stormwater, and 
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already planned improvements elsewhere are tabulated in Appendix 1 and are displayed on 
Figures 4-8 and 4-9. 

Under these loading conditions, up to 70 days of non-attainment are calculated for 
the SE1 waters of the Raritan River.  Adding the CSO and stormwater reductions do not 
bring calculations for Raritan Bay SE1, I, or SA waters into attainment.  Calculations for 
Raritan Bay I waters come closest to attainment with less than 20 days of non-attainment 
remaining for these loading conditions. 

4.4.3 Raritan River/Bay Improvements Resulting from Upstream Actions, 

CSO/SW LOT, and STP N-Targeted LOT   

Results for loadings conditions including the Hackensack River and Passaic River 
and Newark Bay preliminary TMDL plans with adjustments to the dissolved oxygen loading 
over Fieldville Dam, LOT reductions for Raritan River and Bay CSO and stormwater, N-
targeted LOT reductions for Raritan Bay STPs, and already planned improvements 
elsewhere are tabulated in Appendix 1 and are displayed on Figures 4-10 and 4-11.  Under 
these loading conditions, days of non-attainment calculated for the SE1 waters of the Raritan 
River are reduced to less than 40 days.  Calculated standards non-attainment in Raritan Bay 
SE1 waters is up to 50 days.  Calculated non-attainment in Raritan Bay is less than 10 days 
for I waters and less than 30 days for SA waters.   

4.4.4 Raritan River/Bay Improvements Resulting from Upstream Actions, 

CSO/SW LOT, STP N&C-Targeted LOT   

Results for loadings conditions including the Hackensack River and Passaic River 
and Newark Bay preliminary TMDL plans with adjustments to the dissolved oxygen loading 
over Fieldville Dam, LOT reductions for Raritan River and Bay CSO and stormwater, N and 
C-targeted LOT reductions for Raritan Bay STPs, and already planned improvements 
elsewhere are tabulated in Appendix 1 and are displayed on Figures 4-12 and 4-13.  Under 
these loading conditions, days of non-attainment calculated for the SE1 waters of the Raritan 
River remains at less than 40 days.  Calculated standards non-attainment in Raritan Bay SE1 
waters remains up to 50 days.  Calculated non-attainment in Raritan Bay is less than 10 days 
for I waters and less than 30 days for SA waters.   

Under these loading conditions, calculations for the SE1 waters of the Raritan River 
show that less stringent NJ standards, SE2 and SE3 would not be fully met either; but, 
alternative fishable/swimmable standards and criteria such as NY chronic and EPA larval 
recruitment are fully met in all segments except for one segment for 1989 hydrodynamic 
conditions (i.e., 1 of 33 segments has 14 days of non-attainment).  Calculations for the SE1 
waters of Raritan Bay do not attain the federal larval recruitment criterion.  Calculations for I 
waters show that class I waters meet alternative fishable standards, including the NYS 
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chronic and the federal larval recruitment criterion.  Calculations for SA waters almost attain 
the federal larval survival criterion.  

4.5 POTENTIAL NON-TREATMENT OPTIONS FOR THE RARITAN 

RIVER AND RARITAN BAY 

Based on SWEM results, non-treatment options are not needed for the FW2-NT 
and SB waters of the Raritan River and Raritan Bay which fully attain fishable/swimmable 
standards with preliminary TMDL plans for the Hackensack River, Passaic River, and 
Newark Bay; updated Fieldville Dam dissolved oxygen loadings; and Planned Improvements 
elsewhere.  In lieu of adopting alternative fishable/swimmable standards or interim target 
standards or for purposes of meeting the existing SE1, I, and SA standards in the Raritan 
River and Raritan Bay, EPA/NJDEP/NYSDEC may elect to evaluate one or more non-
treatment option for these waters.  Options may be considered in tandem with options for 
the Hackensack and Passaic Rivers and Newark Bay.  These options have not yet been 
evaluated in this stage of TMDL planning. 

4.6 RARITAN RIVER AND RARITAN BAY LOADING REDUCTIONS TO 

BE CARRIED FORWARD TO KILLS PLANNING EVALUATION 

In summary, loading reductions within LOT that would fully attain water quality 
standards in the Raritan River and Raritan Bay were not identified for all locations.  In some 
cases, sections of the River and Bay would attain fishable/swimmable dissolved oxygen 
standards within LOT nitrogen and carbon loading reductions.  It is not possible to proceed 
with an entirely fishable/swimmable Raritan River/Raritan Bay in the evaluation of other 
sub-regions.  Evaluation of the Kills sub-region, as well as other subsequent sub-regions, 
shall proceed with the Raritan River/Raritan Bay loading reduction case of: 

• Regional planned improvements.  

• Revised Raritan River head-of-tide dissolved oxygen loading reductions. 

• LOT reductions for Raritan River/Raritan Bay STP, CSO and stormwater nitrogen 
and carbon.  

• LOT reductions for Hackensack River stormwater nitrogen and carbon and both C-
targeted and N-targeted LOT reductions for the BCUA and SMUA facilities and 
LOT Hackensack River CSO reductions for both nitrogen and carbon. 

• LOT reductions for Passaic River/Newark Bay CSO and stormwater nitrogen and 
carbon. 

 Results presented on Figures 4-14 and 4-15 suggest that the greatest benefits to 
current standards attainment in the Raritan River were realized when the upstream dissolved 
oxygen boundary condition was adjusted and with LOT nitrogen reductions to STPs in 
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Raitan Bay. For Raritan Bay, it was not clear that a particular loading reduction was more 
successful than another in terms of standards attainment. Technical arguments could be 
made for omitting LOT reductions for CSO, SW, and STP carbon from a final plan for the 
Raritan River/Bay, but since these waters did not fully achieve fishable/swimmable for any 
of the loading conditions tested, these elements were included in the preliminary plan. 

4.7 ADDITIONAL BENEFITS TO THE RARITAN RIVER AND RARITAN 

BAY FROM LOADING REDUCTIONS IN OTHER SUB-REGIONS 

After the completion of preliminary TMDL plans for the Hackensack River, Passaic 
River, Newark Bay, Raritan River, and Raitan Bay and all the other sub-regions, it is 
anticipated that standards will not be fully attained in the Raritan River and Raritan Bay.  
Results for all sub-regional plans in combination are presented on Figures 6-2 and 6-3 and in 
Appendix 1Q.  Loading reductions within LOT that would fully attain water quality 
standards in the Raritan River and Raritan Bay were not identified for all locations.  In some 
cases, sections of the River and Bay would attain fishable/swimmable dissolved oxygen 
standards within LOT nitrogen and carbon loading reductions (i.e., FW2-NT, portions of 
SE1, I, SB, portions of SA).     
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SECTION 5 

5 ARTHUR KILL/KILL VAN KULL SUB-REGIONAL TMDL 
PLAN 

5.1 DISSOLVED OXYGEN STANDARDS AND CRITERIA IN THE 

ARTHUR KILL/KILL VAN KULL 

The Arthur Kill and Kill van Kull are shared waters having two New York and two 
New Jersey classifications and dissolved oxygen standards.  The dissolved oxygen levels 
mandated by the standards in each State are identical in the Arthur Kill and Kill van Kull so 
that applying either State’s standards in the Kills leads to the same conclusions.  The New 
Jersey dissolved oxygen standards are greater than 3 mg/L in SE3 waters and greater than 4 
mg/L in SE2 waters.  The SE3 waters include the majority of the Kills with SE2 waters 
located at the edges of the Kills near Raritan Bay and the Upper Bay as shown on Figure 5-1.  
The dividing point between Arthur Kill SE2 and SE3 waters is the Outerbridge Crossing.  
The SE3 waters of the Arthur Kill, the Elizabeth Reach, extend from the Outerbridge 
Crossing to Elizabethport/Bergen Point, Bayonne.  The SE2 waters of the Arthur Kill, the 
Perth Amboy reach, extend from the Outerbridge Crossing to Ferry Point, Perth 
Amboy/Wards Point, Staten Island.  The New York dissolved oxygen standards like the 
New Jersey standards are greater than 3 mg/L (SD waters) and greater than 4 mg/L (I 
waters).  The New York classifications are shown on Figure 5-2.  The New Jersey SE3 and 
NY SD waters are collocated.  Similarly, the New Jersey SE2 and NY I waters are also 
collocated.  None of the applicable standards in the Kills are as protective as New Jersey 
SE1, New York SA/SB chronic, or the federal larval recruitment standards and criteria.  

5.2 CURRENT CONDITIONS STANDARDS ATTAINMENT IN THE 

ARTHUR KILL/KILL VAN KULL  

Data (e.g., 1994-95 SWEM sampling, NJHDG sampling since 2003, NYSDEP 
Harbor Survey data, etc.) and modeling results show that the SE3, SE2, SD, and I standards 
in the Kill van Kull are practically being met (less than 4 days of non-attainment calculated 
for the SE2/I reach and less than 1 day of non-attainment for the SE3/SD reach) under 
current loading conditions; however, these standards are not being met for current 
conditions in the Arthur Kill.  The modeling results are tabulated in Appendix 1 for the 
current/baseline loading conditions and are shown in Figures 4-2 and 4-3.  Violations of the 
enforceable SE3, SE2, SD, and I standards in the Arthur Kill are calculated as high as 29 
days. 



5-2 

 

5.3 PLANNED IMPROVEMENTS STANDARDS ATTAINMENT IN THE 

ARTHUR KILL/KILL VAN KULL 

Implementation of Planned Improvements loadings (as mentioned in the 
Introduction and Hackensack River, Passaic River/Newark Bay, and Raritan River/Bay 
sections of this document and fully described in a stand-alone technical memorandum) is 
projected to improve dissolved oxygen standards attainment over current conditions in the 
Arthur Kill/Kill van Kull.  As tabulated in Appendix 1 and shown on Figures 4-4 and 4-5, 
calculated violations in the Arthur Kill of SE3, SE2, SD, and I standards for Planned 
Improvements conditions are up to13 days (as compared to up to 29 days under current 
conditions). 

5.4 DETERMINING IMPROVEMENTS AFTER LOADING REDUCTIONS 

TO STANDARDS ATTAINMENT IN THE ARTHUR KILL/KILL VAN 

KULL 

Evaluation of the Arthur Kill/ Kill van Kull sub-region, as well as subsequent sub-
regions, proceeded with the Raritan River/Raritan Bay loading reduction case of: 

• Regional planned improvements.  

• Revised Raritan River head-of-tide dissolved oxygen loading reductions. 

• LOT reductions for Raritan River/Raritan Bay STP, CSO and stormwater 
nitrogen and carbon.  

• LOT reductions for Hackensack River stormwater nitrogen and carbon and both 
C-targeted and N-targeted LOT reductions for the BCUA and SMUA facilities 
and LOT Hackensack River CSO reductions for both nitrogen and carbon. 

• LOT reductions for Passaic River/Newark Bay CSO and stormwater nitrogen 
and carbon. 

 Additional loading conditions evaluated for the Arthur Kill/Kill van Kull, 
incrementally added in, include: 

• plus LOT STP (N-targeted) reductions at Port Richmond, Linden Roselle, Joint 
Meeting, and Rahway STPs 

• plus C-targeted LOT STP reductions at Port Richmond, Linden Roselle, Joint 
Meeting, and Rahway STPs 

• plus LOT reductions for Kills CSOs and stormwater 
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5.4.1 Arthur Kill/Kill van Kull Improvements Resulting from Upstream Actions 

Results for loadings conditions including the Hackensack River, Passaic River and 
Newark Bay, and Raritan River/Bay preliminary TMDL plans with already planned 
improvements elsewhere are tabulated in Appendix 1 and are displayed on Figures 4-6 and 
4-7.  Generally, the calculated results for standards attainment in the Kill van Kull warrant 
no further action beyond planned improvements and upstream actions.  Both the SE2/I and 
SE3/SD reaches of the Kill van Kull fully meet the federal fishable/swimmable criterion for 
larval recruitment as well as the enforceable standards (a few grid cells have calculated non-
attainment of less than tenths of a day for 1989 hydrodynamic conditions).  Further, the 
results are indicative that SE3/SD waters could attain higher SE2/I dissolved oxygen.  For 
the Arthur Kill, upstream actions and planned improvements result in non-attainment of less 
than 10 days in both the SE3/SD and SE2/I reaches.  The Arthur Kill results suggest 
consideration of additional loading reductions both for full attainment of enforceable 
standards and for progress toward higher standards and fishable/swimmable goals.     

5.4.2 Arthur Kill/Kill van Kull Improvements Resulting from Upstream Actions 

and LOT STP Reductions  

There are several STPs that discharge to the Kills including: Port Richmond, Linden-
Roselle, Rahway, and Joint Meeting.  LOT nitrogen reductions at these facilities were 
evaluated in concert with preliminary TMDL plans for LOT loading reductions in the 
Hackensack, Passaic, and Raritan Rivers and Newark and Raritan Bays with Planned 
Improvements elsewhere.  These loadings resulted in calculations of non-attainment up to 7 
days in the SE3/SD and SE2/I reaches of the Arthur Kill.  LOT carbon reductions for the 
Kills treatment plants were also added, also resulting in calculations of non-attainment up to 
7 days in the SE3/SD and SE2/I reaches of the Arthur Kill.  In both STP reduction cases, 
there are numerous grid cells in the SE3/SD and SE2/I reaches that are fully achieving the 
enforceable SE3/SD and SE2/I standards as well as the fishable/swimmable federal larval 
recruitment criteria.  In some cases, results in the SE3/SD reach could attain SE2/I 
standards.  These are results are presented in Appendices 1N and 1O and on Figures 5-3 to 
5-6.       

5.4.3 Arthur Kill/Kill van Kull Improvements Resulting from Upstream Actions 

and LOT STP, CSO, and SW Reductions  

LOT reductions for CSOs and stormwater discharging to the Kills were added to the 
loading reductions previously considered.  These results are included in Appendix 1P and are 
shown on Figures 5-7 and 5-8.  Under full LOT loading reductions for the Hackensack, 
Passaic, and Raritan Rivers, Newark and Raritan Bays, and the Kills,  non-attainment up to 6 
days in the SE3/SD and SE2/I reaches of the Arthur Kill was calculated.  There are 
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numerous grid cells in the SE3/SD and SE2/I reaches that are fully achieving the 
enforceable SE3/SD and SE2/I standards as well as the fishable/swimmable federal larval 
recruitment criteria.  At some locations, results in the SE3/SD reach could attain SE2/I 
standards. 

Figure 5-9 shows a summary of calculated standards attainment in the Kills for 
several loading conditions.  The results suggest that LOT nitrogen reductions to STPs are 
more effective than LOT carbon reductions at STPs or LOT reductions for CSOs and 
stormwater.    

5.5 POTENTIAL NON-TREATMENT OPTIONS FOR THE KILLS 

Based on SWEM results, non-treatment options are not needed for the SE2/I and 
SE3/SD waters of the Kill van Kull which fully attain fishable/swimmable standards with 
preliminary TMDL plans for the upstream sub-regions and Planned Improvements 
elsewhere.  In lieu of adopting alternative fishable/swimmable standards or interim target 
standards or for purposes of fully meeting the existing SE2/I and SE3/SD standards in the 
Arthur Kill, EPA/NJDEP/NYSDEC may elect to evaluate one or more non-treatment 
option for these waters.  Options may be considered in tandem with options for the 
Hackensack, Passaic, and Raritan Rivers and Newark and Raritan Bays.  These options have 
not yet been evaluated in this stage of TMDL planning. 

5.6 KILLS LOADING REDUCTIONS TO BE CARRIED FORWARD TO 

HUDSON RIVER PLANNING EVALUATION 

In summary, loading reductions within LOT that would fully attain water quality 
standards in the Kills were not identified for all locations.  In some cases, sections of the 
Kills, especially the Kill van Kull would attain fishable/swimmable dissolved oxygen 
standards within LOT nitrogen and carbon loading reductions.  It is not possible to proceed 
with an entirely fishable/swimmable Arthur Kill in the evaluation of other sub-regions.  
Evaluation of the Hudson River/Upper and Lower Bay sub-region shall proceed with the 
Kills loading reduction case of: 

• Regional planned improvements  

• Revised Raritan River head-of-tide dissolved oxygen loading reductions 

• LOT reductions for Kills STP, CSO, and stormwater nitrogen and carbon 

• LOT reductions for Raritan River/Raritan Bay STP, CSO and stormwater nitrogen 
and carbon  

• LOT reductions for Hackensack River stormwater nitrogen and carbon and both C-
targeted and N-targeted LOT reductions for the BCUA and SMUA facilities and 
LOT Hackensack River CSO reductions for both nitrogen and carbon 
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• LOT reductions for Passaic River/Newark Bay CSO and stormwater nitrogen and 
carbon 

5.7 ADDITIONAL BENEFITS TO THE KILLS FROM LOADING 

REDUCTIONS IN OTHER SUB-REGIONS 

After the completion of preliminary TMDL plans for the Hackensack River, Passaic 
River, Newark Bay, Raritan River, Raitan Bay, and Kills and all the other sub-regions, it is 
anticipated that standards will be fully attained in the Kill van Kull but not fully attained in 
the Arthur Kill.  Results for all sub-regional plans in combination are presented on Figures 
6-2 and 6-3 and in Appendix 1Q.  The Kill van Kull achieves current enforceable standards 
as well as several more stringent standards based on model projections of sub-regional plan 
results.  While the calculations suggest remaining non-attainment of current standards in the 
Arthur Kill, the calculations suggest that some reaches of the Arthur Kill will achieve the 
fishable/swimmable federal criteria for larval recruitment. 
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SECTION 6 

6 HUDSON RIVER/UPPER BAY/LOWER EAST RIVER 
TMDL PLAN 

6.1 DISSOLVED OXYGEN STANDARDS AND CRITERIA IN THE 

HUDSON RIVER/UPPER BAY 

The HEP portion of the Hudson River and Upper Bay (Piermont Marsh to 
Narrows) includes bi-State waters.  The New York waters include SB and I reaches.  The 
New Jersey waters include SE1 and SE2 waters.  For the SB waters, required dissolved 
oxygen levels between 3 and 4.8 mg/L are exposure/duration based and dissolved oxygen 
below 3 mg/L is not allowed.  For the I, SE1, and SE2 waters, dissolved oxygen above 4 
mg/L is required.  For SE1 waters, no 24-hr average below 5 mg/L is also required.  The 
location of these classifications are shown on Figure 6-1.  The dividing line for New Jersey 
SE1 and SE2 designations in the Hudson River is opposite the confluence with the Harlem 
River (roughly Englewood Cliffs, New Jersey).  This is also the same dividing line for the 
New York SB and I classifications.  The SE1 reach begins at the NY/NJ state line (roughly 
Rockleigh, New Jersey).  The SE2 reach continues south to the vicinity of Constable 
Hook/Bayonne and St. George, Staten Island. 

6.2 CURRENT CONDITIONS STANDARDS ATTAINMENT IN THE 

HUDSON RIVER/UPPER BAY  

Data (e.g., 1994-95 SWEM sampling, NJHDG sampling since 2003, NYSDEP 
Harbor Survey data, etc.) and modeling results show that the SB and SE1 requirements for 
dissolved oxygen north of the confluence with the Harlem River are largely met with the 
exception of a few locations.  South of the confluence with the Harlem River, there is 
spatially broader calculated non-attainment of the I and SE 2 dissolved oxygen standards.  
The modeling results are tabulated in Appendix 1A for the current/baseline loading 
conditions and are shown in Figures 4-2 and 4-3. Calculated violations of the enforceable 
standards in the Hudson River/Upper Bay are as high as 50 days. 

6.3 PLANNED IMPROVEMENTS STANDARDS ATTAINMENT IN THE 

HUDSON RIVER/UPPER BAY  

Implementation of Planned Improvements loadings (as mentioned in the 
Introduction and Hackensack River, Passaic River/Newark Bay, Raritan River/Bay, and 
Kills sections of this document, and fully described in a stand-alone technical memorandum) 
is projected to improve dissolved oxygen standards attainment over current conditions in the 
Hudson River/Upper Bay.  As tabulated in Appendix 1B and shown on Figures 4-4 and 4-5, 
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Planned Improvements will bring the calculations into full/close to full attainment with 
standards for the SE1 and SB reaches (i.e., located above the confluence with the Harlem 
River).  Further, with Planned Improvements loadings, calculations of non-attainment in the 
SE2 and I water are largely restricted to 1989 conditions and are less than ten days. 

6.4 DETERMINING IMPROVEMENTS AFTER LOADING REDUCTIONS 

TO STANDARDS ATTAINMENT IN THE HUDSON RIVER/UPPER 

BAY 

Evaluation of the Hudson River/Upper Bay sub-region proceeded with the Arthur 
Kill/ Kill van Kull loading reduction case of: 

• Regional planned improvements  

• Revised Raritan River head-of-tide dissolved oxygen loading reductions 

• LOT reductions for Kills STP, CSO and stormwater nitrogen and carbon  

• LOT reductions for Hackensack River STP, CSO, and stormwater nitrogen and 
carbon 

• LOT reductions for Passaic River/Newark Bay CSO and stormwater nitrogen and 
carbon 

• LOT reductions for Raritan River/Raritan Bay STP, CSO and stormwater nitrogen 
and carbon   

Additional loading conditions evaluated for the Hudson River/Upper Bay, 
incrementally added in, include: 

• Low level reductions for Hudson River/Upper Bay STP nitrogen 

• LOT reductions for Hudson River/Upper Bay STP nitrogen 

• LOT reductions for Hudson River/Upper Bay STP carbon 

• LOT reductions for Hudson River/Upper Bay STP carbon and nitrogen 

• LOT reductions for Hudson River/Upper Bay STP, CSO and stormwater carbon 
and nitrogen 

Remaining loading reductions for the Hudson River/Upper Bay which were not 
evaluated in this analysis, but could be examined upon EPA/NYSDEC request, would be 
reductions to the lower East River STPs (i.e., Newtown Creek and Red Hook) loadings 
beyond those already mandated by the Long Island Sound Nitrogen TMDL and already 
considered here in Planned Improvements. 
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6.4.1 Hudson River/Upper Bay Improvements Resulting from Upstream Actions 

Results for loadings conditions including the Hackensack River, Passaic River and 
Newark Bay, Raritan River/Bay, and Kills preliminary TMDL plans with already planned 
improvements elsewhere are tabulated in Appendix 1P and are displayed on Figures 5-7 and 
5-8.  Generally, the calculated results for standards attainment in the SE2 and I waters of the 
Hudson River and Upper Bay are limited to non-attainment of under ten days for 1989 (i.e., 
not 1988) hydrodynamic conditions.  Although SE2 and I standards are considered 
fishable/swimmable, they are not as protective as federal marine criteria for larval 
recruitment or New Jersey SE1 standards or New York SB standards.  Accordingly, further 
loading reductions will be considered to eliminate the remaining calculated non-attainment 
of enforceable SE2/I standards under 1989 hydrodynamic conditions and to explore 
alternative fishable/swimmable standards. 

6.4.2 Hudson River/Upper Bay Improvements Resulting from Upstream Actions 

and Low Level STP Reductions  

The HEP portion of the Hudson River and Upper Bay receives directly treated 
effluent discharge from several STPs.  These include: Yonkers, North River, Owl’s Head, 
Passaic Valley, Hoboken, West New York, North Bergen, and Edgewater.  Low level 
nitrogen reductions at these facilities were considered with SWEM simulations.  The SWEM 
simulations also included the preliminary TMDL plan reductions in other Harbor areas (i.e., 
Hackensack River, Passaic River, Newark Bay, Raritan River and Bay, and Kills).  Low level 
nitrogen reductions, like LOT STP reductions were determined based on the costing 
analyses prepared by the NYCDEP and NJHDG.   

SWEM results show that SE1/SB and SE2/I standards would be fully met in the 
Hudson River with these low level STP nitrogen reductions and that only a few isolated 
locations in the Upper Bay would have five or less days on non-attainment.  These results 
are shown on Figures 6-2 and 6-3 and are tabulated in Appendix 1Q.  It is also noted that 
with the exception of one grid cell, federal larval recruitment criteria are met in the Hudson 
River and Upper Bay.  Pending EPA/State review, this is likely a plan for the Hudson 
River/Upper Bay.  Additional loading reductions were considered should EPA and the 
States wish to address the remaining calculated non-attainment.    

6.4.3 Hudson River/Upper Bay Improvements Resulting from Upstream Actions 

and LOT STP Reductions  

LOT reductions at the Hudson River/Upper Bay STPs were considered with SWEM 
simulations.  SWEM simulations were performed for LOT carbon and nitrogen effluents, 
both separately and in combination.  The SWEM simulations also included the preliminary 
TMDL plan reductions in other Harbor areas (i.e., Hackensack River, Passaic River, Newark 
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Bay, Raritan River and Bay, and Kills).  SWEM results show, similar to low level STP N 
reductions, that SE2/I standards are largely met.  These results are presented on Figures 6-4 
to 6-9 and Appendices 1R through 1T. 

STP LOT nitrogen reductions are slightly better than STP LOT carbon reductions 
for addressing the remaining non-attainment at a few locations in the Upper Bay: For 1988 
hydrodynamic conditions, STP LOT nitrogen reductions result in calculated full attainment 
whereas STP LOT carbon reductions leave one grid cell with less than one day of calculated 
non-attainment remaining.  For 1989 hydrodynamic conditions, calculations with STP LOT 
nitrogen reductions suggest two grid cells with less than two days of non-attainment and 
STP LOT carbon reductions suggest three grid cells with less than four days of non-
attainment.  Combining both types of STP LOT, does not produce a calculation of full 
attainment (i.e., less than two days of calculated non-attainment remaining) for two grid cells 
in 1989. 

6.4.4 Hudson River/Upper Bay Improvements Resulting from Upstream Actions 

and LOT Reductions  

One additional SWEM simulation was performed which combined LOT carbon and 
nitrogen STP reductions for the Hudson River and Upper Bay STPs with LOT CSO and 
stormwater reductions in the Hudson River and Upper Bay and with the preliminary TMDL 
plan reductions in other Harbor areas (i.e., Hackensack River, Passaic River, Newark Bay, 
Raritan River and Bay, and Kills).    As with the less aggressive loading reductions described 
in Sections 6.4.2 and 6.4.3, calculated non-attainment of minor magnitude (i.e., less than 2 
days) for an isolated location under 1989 hydrodynamics continues. These results are 
presented on Figures 6-10 to 6-11 and Appendix 1U. 

Figures 6-12 and 6-13 present the results of all of the loading reduction options 
evaluated for the Hudson River/Upper Bay. These figures indicate that Planned 
Improvements and the sub-regional plans developed for the four edge-of-estuary/upstream 
sub-regions evaluated first are largely sufficient to address standards attainment in the 
Hudson River/Upper Bay. It is a policy decision as to whether or not the proposed low level 
STP N reductions (not shown on Figures 6-12 and 6-13) are included in the final TMDL. 
For informational purposes, Figures 6-12 and 6-13 also display results for several LOT 
options in the Hudson River/Upper Bay. 

6.5 POTENTIAL NON-TREATMENT OPTIONS FOR THE HUDSON 

RIVER/UPPER BAY 

Based on SWEM results, non-treatment options are not needed for the SE1/SB and 
SE2/I waters of the Hudson River and I waters of the Upper Bay which fully attain 
fishable/swimmable standards with preliminary TMDL plans for the upstream sub-regions, 
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low level nitrogen reductions at Hudson River/Upper Bay STPs and Planned Improvements 
elsewhere.  The SE2 waters of the Upper Bay are also expected to come very close to full 
attainment with these loading reductions. In lieu of accepting the model prediction as close 
enough in the Upper Bay SE2 waters or adopting alternative fishable/swimmable standards 
or interim target standards or for purposes of fully meeting the existing SE2 standards in the 
Upper Bay, EPA/NJDEP/NYSDEC may elect to evaluate one or more non-treatment 
option for these waters.  Options may be considered in tandem with options for the 
Hackensack, Passaic, and Raritan Rivers and Newark and Raritan Bays and the Kills.  These 
options have not yet been evaluated in this stage of TMDL planning. 

 



 

 

Insert Figure 6-1 
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Insert Figures 6-10 and 6-11 
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SECTION 7 

7 NEXT STEPS 

The sub-regional SWEM simulation results described in Sections 2.0 through 6.0 
provide a first comprehensive attempt to develop sub-regional TMDLs/WLAs/LAs for 
nitrogen and carbon for the NY/NJ Harbor within the limits of techology.  As indicated 
throughout the document, there is room for regulatory interpretation of the model results in 
some cases where calculated dissolved oxygen is only marginally in non-attainment and very 
significant additional loading reductions would be required to fully reach attainment.  The 
intended process being followed by EPA and the States allows for additional sub-regional 
SWEM simulations to be performed which incorporate stakeholder feedback regarding 
loading reductions.  The process also allows for several regional SWEM simulations to 
further confirm results of the final sub-regional TMDL plans ultimately adopted. 
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TABULATIONS OF DAYS OF NONATTAINMENT 



 

 

APPENDIX 1A 
 
 

TABULATIONS OF DAYS OF NONATTAINMENT 
BASELINE LOADING CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
PLANNED IMPROVEMENTS LOADING CONDITIONS 



 

 

APPENDIX 1C 
 
 

TABULATIONS OF DAYS OF NONATTAINMENT  
REGIONAL STP AND STORMWATER LOT LOADING 

CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
REGIONAL STP AND STORMWATER LOT LOADING 

CONDITIONS CARBON TARGETED LOT AT BCUA/SMUA 
VERSION 



 

 

APPENDIX 1E 
 
 

TABULATIONS OF DAYS OF NONATTAINMENT 
HACKENSACK RIVER STP AND STORMWATER LOT 

LOADING CONDITIONS CARBON TARGETED LOT AT 
BCUA/SMUA VERSION PLANNED IMPROVEMENTS 

ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HACKENSACK RIVER STP AND STORMWATER LOT 

LOADING CONDITIONS CARBON & NITROGEN 
TARGETED LOT AT BCUA/SMUA VERSION PLANNED 

IMPROVEMENTS ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HACKENSACK RIVER CSO, STP AND STORMWATER 

N&C LOT LOADING CONDITIONS PLANNED 
IMPROVEMENTS ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
PASSAIC RIVER/NEWARK BAY CSO LOT CONDITIONS 

HACKENSACK RIVER CSO, STP AND STORMWATER 
N&C LOT LOADING PLANNED IMPROVEMENTS 

ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 

CSO, STP & STORMWATER N&C LOT LOADING 
CONDITIONS PLANNED IMPROVEMENTS ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
RARITAN RIVER ADJUSTED HEAD-OF-TIDE 

DISSOLVED OXYGEN CONDITIONS HACKENSACK 
RIVER & PASSAIC RIVER/NEWARK BAY CSO, STP & 
STORMWATER N&C LOT PLANNED IMPROVEMENTS 

ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
RARITAN RIVER ADJUSTED HEAD-OF-TIDE 

DISSOLVED OXYGEN CONDITIONS RARITAN 
RIVER/BAY CSO & STORMWATER LOT HACKENSACK 

RIVER & PASSAIC RIVER/NEWARK BAY CSO, STP & 
STORMWATER N&C LOT PLANNED IMPROVEMENTS 

ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
RARITAN RIVER ADJUSTED HEAD-OF-TIDE 

DISSOLVED OXYGEN CONDITIONS RARITAN 
RIVER/BAY CSO & STORMWATER & STP-N LOT 

HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 
CSO, STP & STORMWATER N&C LOT PLANNED 

IMPROVEMENTS ELSEWHERE 
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TABULATIONS OF DAYS OF NONATTAINMENT 
RARITAN RIVER ADJUSTED HEAD-OF-TIDE 

DISSOLVED OXYGEN CONDITIONS HACKENSACK 
RIVER & PASSAIC RIVER/NEWARK BAY & RARITAN 

RIVER/BAY CSO, STP & STORMWATER N&C LOT 
PLANNED IMPROVEMENTS ELSEWHERE 



 

 

APPENDIX 1N 
 
 

TABULATIONS OF DAYS OF NONATTAINMENT KILLS 
STP N LOT HACKENSACK RIVER & PASSAIC 

RIVER/NEWARK BAY & RARITAN RIVER/BAY CSO, STP 
& STORMWATER N&C LOT PLANNED IMPROVEMENTS 

ELSEWHERE RARITAN RIVER ADJUSTED HEAD-OF-
TIDE DISSOLVED OXYGEN CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT KILLS 
STP N &C LOT HACKENSACK RIVER & PASSAIC 

RIVER/NEWARK BAY & RARITAN RIVER/BAY CSO, STP 
& STORMWATER N&C LOT PLANNED IMPROVEMENTS 

ELSEWHERE RARITAN RIVER ADJUSTED HEAD-OF-
TIDE DISSOLVED OXYGEN CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 

& RARITAN RIVER/BAY & KILLS CSO, STP & 
STORMWATER N&C LOT PLANNED IMPROVEMENTS 
ELSEWHERE RARITAN RIVER ADJUSTED HEAD-OF-

TIDE DISSOLVED OXYGEN CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HUDSON RIVER/UPPER BAY STP-N LOW REMOVAL 

HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 
& RARITAN RIVER/BAY & KILLS CSO, STP & 

STORMWATER N&C LOT PLANNED IMPROVEMENTS 
ELSEWHERE RARITAN RIVER ADJUSTED HEAD-OF-

TIDE DISSOLVED OXYGEN CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HUDSON RIVER/UPPER BAY STP-N LOT REMOVAL 

HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 
& RARITAN RIVER/BAY & KILLS CSO, STP & 

STORMWATER N&C LOT PLANNED IMPROVEMENTS 
ELSEWHERE RARITAN RIVER ADJUSTED HEAD-OF-

TIDE DISSOLVED OXYGEN CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HUDSON RIVER/UPPER BAY STP-C LOT REMOVAL 

HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 
& RARITAN RIVER/BAY & KILLS CSO, STP & 

STORMWATER N&C LOT PLANNED IMPROVEMENTS 
ELSEWHERE RARITAN RIVER ADJUSTED HEAD-OF-

TIDE DISSOLVED OXYGEN CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HUDSON RIVER/UPPER BAY STP-N&C LOT REMOVAL 

HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 
& RARITAN RIVER/BAY & KILLS CSO, STP & 

STORMWATER N&C LOT PLANNED IMPROVEMENTS 
ELSEWHERE RARITAN RIVER ADJUSTED HEAD-OF-

TIDE DISSOLVED OXYGEN CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
HACKENSACK RIVER & PASSAIC RIVER/NEWARK BAY 

& RARITAN RIVER/BAY & KILLS & HUDSON 
RIVER/UPPER BAY CSO, STP & STORMWATER N&C 

LOT PLANNED IMPROVEMENTS ELSEWHERE RARITAN 
RIVER ADJUSTED HEAD-OF-TIDE DISSOLVED OXYGEN 

CONDITIONS 
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TABULATIONS OF DAYS OF NONATTAINMENT 
PASTORAL LOADING CONDITIONS
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TABULATIONS OF DAYS OF NONATTAINMENT 
PASTORAL LOADING CONDITIONS RARITAN RIVER 

ADJUSTED HEAD-OF-TIDE DISSOLVED OXYGEN 
CONDITIONS 
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LOADING CONCENTRATION INFORMATION 




