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PREFACE 
 
The modeling work reported here is one of several efforts undertaken in connection with 
the Contamination Assessment and Reduction Project (CARP).  CARP is a landmark 
project bringing together federal, state and non-government partners in a determined 
effort to better understand and reduce contamination within the New York/New Jersey 
Harbor Estuary.  This contamination has led to environmental harm and economic 
hardships.  In particular, dredging and disposal activities connected to port activities were 
severely curtailed in the early 1990’s as dredging managers and regulators struggled with 
finding management options for handling contaminated dredged material.  While 
dredging has since proceeded, the costs have escalated to 10 to 30 times previous levels, 
largely because of  sediment contamination.  Other negative impacts continue to plague 
the system, including fish advisories and substandard water quality, which are impeding 
the recovery and utilization of many of the estuary’s natural resources.  
 
Through workgroup deliberations in connection with the Dredged Material Forum and 
the NY/NJ Harbor Estuary Program (HEP), a general plan was developed to address the 
problem of continued contamination of sediments requiring dredging.  The operative 
management questions included: Which sources of contaminants need to be reduced or 
eliminated to render future dredged material clean?  Which actions can yield the greatest 
benefits? And, which actions are necessary to achieve the 2040 targets recommended in 
the Dredged Material Management Plan for the Harbor?  CARP was initiated to address 
these questions.  The primary funding mechanism for CARP was the 1996 Joint 
Dredging Plan for the Port of New York and New Jersey, an agreement between the 
States of New York and New Jersey that was funded by the Port Authority of New York 
and New Jersey (Port Authority).  Additional funds were obtained from the New Jersey  
Department of Transportation (NJDOT), the Empire State Development Corporation, The 
U.S. Army Corps of Engineers, the Hudson River Estuary Management Program, HEP, 
and the Hudson River Foundation.  
 
The specific objectives of the CARP are to:  

1. Identify and quantify sources of contaminants of concern to the NY/NJ 
Harbor Estuary from a dredged material standpoint;  

2. Establish baseline levels of contaminants of concern in water, sediments, and 
biota; 

3. Determine the relative significance of contaminant inputs in controlling the 
concentrations of those contaminants in water, sediment and biota: 

4. Forecast future conditions in light of various contaminant reduction scenarios; 
5. Take action to reduce levels of contaminants of concern in water, sediments, 

and fish tissue.  
 
CARP is a unique partnership of governmental and non-governmental entities whose 
activities have been guided by a management committee composed of representatives 
from the U.S. Environmental Protection Agency, U.S. Army Corps of Engineers, New 
Jersey Department of Environmental Protection (NJDEP), New York State Department 
of Environmental Conservation (NYSDEC), NJDOT, Empire State Development 



Corporation, Port Authority, Environmental Defense and the Hudson River Foundation.  
NYSDEC and NJDEP completed objectives 1 and 2 above through a comprehensive data 
collection (sampling and testing) program, which represents about 90% of the $32 
million total funding for CARP.  It was the consensus of the CARP Management 
Committee that mathematical modeling tools were needed to help understand the results 
of the data collection program and the fate and transport of contaminants through the 
Harbor.  These models provide a means for integrating data in a mass balance framework 
such that relationships between loadings and contaminant concentrations in water, 
sediment and biota can be evaluated and quantified. Moreover, these models can provide 
the predictive capacity that managers and scientists need to assess the consequences of 
existing contaminant loads and potential remedial actions.  The modeling work 
performed by HydroQual, Inc., therefore addresses Objectives 3 and 4 above, and 
represents about 10% of the total funding for CARP.   
 
The major focus of CARP has been on an objective evaluation of the fate and transport of 
contaminants throughout the entire NY/NJ Harbor Estuary system.  The CARP 
Management Committee hopes that its work will lead to action to reduce both ongoing 
and historic contamination.  The CARP Management Committee includes representatives 
of federal and state government agencies and is therefore mindful of the various 
regulatory programs that are in place to address contaminant issues.  Consequently, since 
the inception of CARP, agencies on the Committee have made comments and 
recommendations to make CARP as relevant as possible to these programs.  However, 
the CARP data collection and modeling efforts were not designed specifically to comply 
with the requirements of any particular regulatory program.  CARP products, particularly 
the modeling results, will no doubt provide important new information for these 
programs to consider, but further data collection and model refinement may be necessary 
to suit the scale and requirements of any particular program.  And it is only those charged 
with regulatory responsibilities that can judge whether CARP products comply with their 
requirements. 
 
Given the vast complexities of the entire estuary and the processes that affect 
contaminant fate and transport, modeling of this system has been a great technical 
challenge.  From the initiation of CARP, it was understood that the modeling would be 
limited in some aspects because of scientific uncertainties in fully understanding all of 
the relevant processes.  To ensure that the model components would be state-of-the-
science upon completion, a Model Evaluation Group (MEG) was established at the outset 
of the project. Experts in organic and inorganic geochemistry, hydrodynamics, sediment 
transport and contaminant modeling were solicited to be members of the MEG.  The 
MEG’s first responsibility was to be part of the team to select a modeling contractor.  It 
then has met repeatedly over the past five years, reviewing and commenting on the 
acceptability of modeling concepts and formulations to reproduce estuarine processes, 
including the review of model validation and hindcast results.  The comments and 
suggestions of the MEG have been addressed by HydroQual, Inc., and a summary of the 
responses are included in this report.  In addition, the MEG has provided comments and 
guidance on the future use and application of the modeling products.   
 



While some model components have been verified, refined and successfully used in other 
venues, other components were newly designed for this project.  The CARP modeling 
has elements that could be considered applied science and engineering, while others 
would be better characterized as research and development.  The MEG has generally 
found that the CARP modeling effort has advanced the understanding of contaminant 
behavior in the estuary and does a very credible job of characterizing the relationships 
between contaminant loadings and concentrations in the environment. 
 
One of the more challenging issues that the CARP Management Committee addressed 
was the development of realistic contaminant reduction scenarios to use as an illustration 
of the model’s capability.  As the modeling activities progressed, it became increasingly 
clear that legacy contamination of sediments was a dominant feature in controlling levels 
of contaminants in the system.  Since two large-scale sediment remediation projects 
(namely the Hudson River Superfund and Lower Passaic River Superfund projects) were 
being developed, it made sense to include these projects in our initial CARP scenario 
analyses.  While neither project is fully defined as yet, the model scenario gives a 
glimpse of the potential for these sites (remediated or not) to influence sediment and 
water quality in the Harbor over the long term.  
 
The completed modeling components should not only be viewed as management tools, 
but as research tools from which fuller understandings of the fate and transport of 
contaminants can be gleaned.  In addition, it is the hope of the CARP Management 
Committee that this modeling work serve as a foundation from which more advanced 
models can be developed and applied to new and emerging management issues.   
 
 

  
 
Dennis J. Suszkowski, Ph.D. W. Scott Douglas 
Hudson River Foundation NJ Dept. of Transportation 
Co-chair, CARP Management Committee Co-chair, CARP Management Committee 
 



 

LLEGAL NOTICE  
 

This report is copyright © 2007 and published by the Hudson River Foundation for Science and 
Environmental Research, Inc., (Foundation) and The Port Authority of New York and New Jersey 
(Port Authority) and all rights are reserved by both of them. 
 
The Foundation and the Port Authority authorize and encourage the reproduction and use of this 
report and the data and other information contained herein in connection with the study and 
dissemination of information concerning the environment undertaken by or at the direction or on 
behalf of governmental or non-profit organizations.  Any commercial use of this report is expressly 
prohibited without the prior written consent of the Foundation and the Port Authority. 
 
While the authors attempted to use reasonable care in the preparation of the report, the Foundation, 
the Port Authority, and HydroQual, Inc., make no representation or warranty with respect to the 
accuracy or completeness of the information, data and analyses contained in this report, and any 
person using the same does so at their own risk. 
 
 



i

CONTENTS

EXECUTIVE SUMMARY

CONCLUSIONS

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

2.0 CARP HYDRODYNAMIC MODEL SETUP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1 HYDRODYNAMIC FEATURES OF THE NY/NJ HARBOR ESTUARY . . . 2-1
2.2 FEATURES OF THE CARP COMPUTATIONAL GRID . . . . . . . . . . . . . . . 2-2
2.3 CARP HYDRODYNAMIC SUB-MODEL FORCINGS . . . . . . . . . . . . . . . . . . . 2-7

3.0 CARP HYDRODYNAMIC MODEL SKILL ASSESSMENT . . . . . . . . . . . . . . . . . . . . . 3-1
3.1 SKILL ASSESSMENT USING CARP HYDRODYNAMIC DATA   . . . . . . . . 3-1
3.2 SKILL ASSESSMENT USING NOAA TIDE GAUGE DATA . . . . . . . . . . . 3-14
3.3 SKILL ASSESSMENT USING PVSC SALINITY AND 

TEMPERATURE DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18
3.4 SKILL ASSESSMENT USING MERI TEMPERATURE AND 

SALINITY DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18
3.5 SKILL ASSESSMENT USING NYCDEP SALINITY AND 

TEMPERATURE DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18
3.6 SKILL ASSESSMENT USING CTDEP SALINITY AND 

TEMPERATURE DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-35
3.7  MODEL-DATA CORRELATION ANALYSES . . . . . . . . . . . . . . . . . . . . . . . . 3-35

4.0 LINKAGES TO OTHER CARP SUB-MODELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.1   GENERAL INFORMATION PASSED TO CARP SUB-MODELS . . . . . . . . . 4-1
4.2   SPECIFIC INFORMATION SHARED WITH CARP SUB-MODELS . . . . . . 4-1

APPENDIX 1 SWEM HYDRODYNAMICS PAPER
APPENDIX 2 TEMPORAL VARIATION OF RIVER DISCHARGES ENTERING THE

CARP MODEL
APPENDIX 3 ADDITIONAL SKILL ASSESSMENT USING CARP HYDRODYNAMIC

DATA
APPENDIX 4 SKILL ASSESSMENT USING NOAA TIDE GAUGE DATA
APPENDIX 5 SKILL ASSESSMENT USING PVSC DATA
APPENDIX 6 SKILL ASSESSMENT USING MERI DATA
APPENDIX 7 SKILL ASSESSMENT USING NYCDEP DATA
APPENDIX 8 SKILL ASSESSMENT USING CTDEP DATA
APPENDIX 9 MODEL EVALUATION GROUP (MEG) FINAL HYDRODYNAMIC

REVIEW COMMENTS AND HYDROQUAL RESPONSE



ii

FIGURES

Figure Page

2-1a.  Computational grid for the CARP model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
2-1b.  Harbor view of the CARP model computational grid. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2-1c.  Hudson River view of the CARP model computational grid. . . . . . . . . . . . . . . . . . . . . . 2-5
2-2.  Bathymetric features incorporated into the CARP model computational grid. . . . . . . . . 2-6
2-3.  Location map for meteorological data stations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-11
2-4a.  1998-1999 meteorological data applied for model forcings. . . . . . . . . . . . . . . . . . . . . . . 2-12
2-4b.  1999-2000 meteorological data applied for model forcings. . . . . . . . . . . . . . . . . . . . . . . 2-13
2-4c.  2000-2001 meteorological data applied for model forcings. . . . . . . . . . . . . . . . . . . . . . . 2-14
2-4d.  2001-2002 meteorological data applied for model forcings. . . . . . . . . . . . . . . . . . . . . . . 2-15
2-5.  Gaging station locations from which USGS flow records were obtained for 

model input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-18
2-6.  Temporal variation of river water temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-19
2-7.  Comparison of Hudson River flow for the various CARP model years. . . . . . . . . . . . . 2-21
2-8a.  Location map of wastewater treatment plants included in the CARP model 

Sound/Bight view.  Facility identifications are included in Table 2-4. . . . . . . . . . . . . . . 2-22
2-8b.  Location map of wastewater treatment plants included in the CARP model - 

Harbor view.  Facility identifications are included in Table 2-4. . . . . . . . . . . . . . . . . . . 2-23
2-9.  Temporal profile of modeled effluent temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-28
2-10a.  Temporal profiles of various freshwater inputs (i.e., wastewater, CSO, and 

stormwater) for 1998-99 on a regional basis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-29
2-10b.  Temporal profiles of various freshwater inputs (i.e., wastewater, CSO, and 

stormwater) for 1999-2000 on a regional basis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-30
2-10c.  Temporal profiles of various freshwater inputs (i.e., wastewater, CSO, and 

stormwater) for 2000-2001 on a regional basis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-31
2-10d.  Temporal profiles of various freshwater inputs (i.e., wastewater, CSO, and 

stormwater) for 2001-2002 on a regional basis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-32
3-1.  CARP hydrodynamic sampling locations and sampling periods. . . . . . . . . . . . . . . . . . . . 3-2
3-2a.  Model and data comparisons for water elevations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3
3-2b.  Model and data comparisons for water elevations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4
3-3a.  Model and data comparisons for temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5
3-3b.  Model and data comparisons for temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6
3-4a.  Model and data comparisons for salinity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7
3-4b.  Model and data comparisons for salinty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8
3-5.  Model and data comparisons for velocity, Newark Bay Station 1. . . . . . . . . . . . . . . . . . . 3-9
3-6.  Model and data comparisons for velocity, Newark Bay Station 3. . . . . . . . . . . . . . . . . . 3-10
3-7.  Model and data comparisons for velocity, Kill Van Kull Station. . . . . . . . . . . . . . . . . . 3-11
3-8.    Model and data comparisons for velocity, Arthur Kill Station. . . . . . . . . . . . . . . . . . . . 3-12
3-9.  Model and data comparisons for velocity, Perth Amboy Station. . . . . . . . . . . . . . . . . . 3-13
3-10a.  Station map of data available from other programs for CARP model skill assessment. 3-15
3-10b.  Harbor view station map of data available from other programs for CARP 

model skill assessment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-16
3-11.  Selected Model and data comparisons for water elevations. . . . . . . . . . . . . . . . . . . . . . . 3-17



iii

FIGURES (Continued)

Figure Page

3-12a.  Comparison of data with model results (hourly) for surface and bottom temperature in 
Passaic River - Upstream (P1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19

3-12b.  Comparison of data with model results (hourly) for surface and bottom salinity in 
Passaic River - Upstream (P1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-20

3-13a.  Comparison of data with model results (34 HLP) for surface and bottom temperature at 
Passaic River - Downstream (P1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-21

3-13b.  Comparison of data with model results (34 HLP) for surface and bottom salinity at 
Passaic River - Downstream (P1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-22

3-14a.  Comparison of data with model results (hourly) for surface and bottom temperature in 
Hackensack River (M4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-23

3-14b.  Comparison of data with model results (hourly) for surface and bottom salinity in 
Hackensack River (M4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-24

3-15a.  Comparison of data with model results (34 HLP) for surface and bottom temperature at 
Hackensack River (M4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-25

3-15b.  Comparison of data with model results (34 HLP) for surface and bottom salinity at 
Hackensack River (M4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-26

3-16a.  Comparison of data with model results (hourly) for surface and bottom temperature at 
Lincoln Tunnel (N4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-27

3-16b.  Comparison of data with model results (hourly) for surface and bottom salinity at 
Lincoln Tunnel (N4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-28

3-17a.  Comparison of data with model results (34 HLP) for surface and bottom temperature at 
Lincoln Tunnel (N4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-29

3-17b.  Comparison of data with model results (34 HLP) for surface and bottom salinity at 
Lincoln Tunnel (N4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-30

3-18a.  Comparison of data with model results (hourly) for surface and bottom temperature in 
Kill van Kull (K2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-31

3-18b.  Comparison of data with model results (hourly) for surface and bottom salinity in 
Kill van Kull (K2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-32

3-19a.  Comparison of data with model results (hourly) for surface and bottom temperature in 
Kill van Kull (K2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-33

3-19b.  Comparison of data with model results (hourly) for surface and bottom salinity in 
Kill van Kull (K2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-34

3-20a.  Correlation analysis for temperature.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-36
3-20b.  Correlation analysis for temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-37
3-21.  Correlation coefficients for temperature and salinity. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-38
3-22a.  Correlation analysis for salinity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-39
3-22b.  Correlation analysis for salinity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40



iv

TABLES

Table Page

2-1 Listing of Tributary Rivers included in the Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-16
2-2 River Flow Statistics for the Model Input for each of the 4 years (cms) . . . . . . . . . . . . 2-17
2-3 Monthly Average Flows (cms) Hudson River, NY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20
2-4 Sewage Treatment Plant Flow Statistics (cms) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24
3-1 Tabulation of Correlation Coefficients.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-41



EXECUTIVE SUMMARY

An existing calibrated, validated, and peer-reviewed three dimensional hydrodynamic circulation model

of the NY/NJ Harbor, Sound, and Bight System, the System-Wide Eutrophication Model (SWEM), has

been adopted as the Contamination Assessment and Reduction Project (CARP) hydrodynamic model.

The model has been applied continuously for four consecutive water years: 1998-99, 1999-2000, 2000-

01, and 2001-02.  The development of  requisite model forcings and inputs for these water years is

described in detail.  A skill assessment of the model calculations for the four water years as compared

to observed physical oceanographic data (water elevations, velocity currents, temperature, and salinity)

produced favorable results.  The CARP hydrodynamic circulation sub-model is suitable for driving

calculations of other CARP sub-models (i.e., suspended sediment transport, nutrient and organic carbon

fate and transport, contaminant fate and transport, and bioaccumulation).



CONCLUSIONS

• The previously calibrated, validated, and peer-reviewed CARP hydrodynamic sub-model is

appropriate for application under 1998-99, 1999-2000, 2000-01, and 2001-02 conditions.

Comparisons between available measured data and model calculations are quite reasonable

overall.

• In some instances, there are disagreements between model calculations and observed data

which are likely related to model imperfections including improper accounting for salt marsh

areas along the Hackensack River, limited grid resolution in Newark Bay, and model

bathymetry in the Arthur Kill and Kill van Kull which does not track changes in channel

depths due to dredging ongoing during the CARP data collection period.

• Much of the available CARP physical oceanographic data are concentrated in the water years

2000-01 and 2001-02.  The model skill assessment would benefit from additional model and

data comparisons for the 1998-99 and 1999-00 water years to the extent that, unknown to

HydroQual,  such data exist.    Data collected between 1998 and 2000 now available to

HydroQual  from several agencies have been utilized in the skill assessment.

• The CARP hydrodynamic sub-model provides sufficient detail on transport and dispersion

to support calculations by other CARP sub-models (e.g., contaminant fate and transport

model, sediment transport/organic carbon model).

• The CARP hydrodynamic sub-model is amenable to application on an even more finely

resolved computational grid than the CARP computational grid as may be warranted to

support future modeling efforts within the region.
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SECTION 2.0 

CARP HYDRODYNAMIC MODEL SETUP
�

/��
���(����
���������
���%�
�����
���(���������	
���&����&������
�%'�����5��/�������

��C��������
�����������C��
�����������������
�������
���%��5� �	�
��(���������
�����
���(�����������

�%
����������������&����&�������������
�������� !" #�$��%����
����&5

���� ����	��
��
�����������	������
��
������	���������

 �>�!��@�$��%���� 4���� 2
����� ������ ���� ����  �>�!��@������� ���� ������ ���� ��
�

�A���
����&�����
��������>����
��������>����5�� ������
�(�(��
�������(���
������%����(�%��
����������

����
���������
�������&������&�������
�����5��#�&�������>�����.?9<������������(�����
��������������

�����>���������&����&�����
�����>�����C�����&�������
�������������.;+;������������&�.?9*
5��	���������

����
��������
������%��������������
���������.?9*J
5��	����(�����
������
��

�������������������������

���� �>�!��@�����������
��������������
����>����
���&�%����������������
��&���������������.?;.�5

,������A(�������
�������
��&������5���.?;<�I����>�������5��.?;<�I�#�&����.?;<����������������>��������

������������������������������5����
����(�����������&
�
���������
��&���������������.?;.��������
��&

������������.?9+��������
��&������ �������.?9?������(���������5��.?;=���$��������5��.?;*��������&��

�����5��.?;)���
�>�����
������������'%������
�����
�������(�
��.?=?�������
��((�������������������������
���

���������������������������������� �>�!��@��������
���
����>�
�>�����������>�����������
��������������&

)����.*���"
�>���������������
(��������������������)<*�***���%��������
�(���
�����5��/����������

�������
���������&�������
�������������������������
�������������������������
��>������(��5��/��
����>

�
��������%&���������
�����
���������
��(������((��A������&�)���".**�@���������
�����%���@��(��
���%�&

�������������
��������������������
����5��

����������
� ��� ���� ����'����� ����� ������������ ��� ���� ������� 	�������� ������ ����� %���

����������%&�����%����������������.?;*���������
��

���
�%
�C�����&�%&�����%��������-�&��.?;<�5

/��������������
��������������������'�����
������
���������
�>�
����������(��
������������7����������

�
������(��������������������������������������������������������
������������ �>�!��@������5�����������

��
����
�����%
��������
���(������%&�7�������������5���.?;;��������
��>����������&'��@���������
���������
�

��>�&
�(��
��������������
�����%���@5�/��������
��&(�����&��((������������
�(����
������

�
������
����



2-2

>����������(�������������
��(��>�������������K%��@>���
�K��((�
������������������������������
��������>

����
������
�>����>�������
�������
��(��>������������������
��(�������&����>����&�����������%&�����(����
5

���������
��(����
�����(���������&�(��������������
����

'
���������
����������������
��������������������

�
������������
��(�������
���������������������
�����������
5��

6�����
����
�����
�������������%������(�������%������������������������� �>�!��@�����������

%��������������%&�$��������5��.?;*������$�(@��
�����6���������.?;8��.?;9���
������
����&�����������&

�������������������&��C��������((�����5��6�
(��������
��(�����&���������((��������

�������&�
����������

���� ����� 
������� ���������� ���&�� ���� ����
�������
� >���� �%��� ��� ��(����� ���� ������ �������
� ��� ���

������������������
���
(��
�����>�����������5�	��������������'�����
��������������������
��������
�����

>��@����-�&������5��.?;<��'����
�����>����&5������%��������7��(������.??*��
�������������
�����

��������������� �>�!��@��������������������
��
��������>����
�%&�����
�������������(��������������

���(�����%��>���� �>�!��@�����������4����2
����������5��/����'�����
�������&����&�����������


�����
��������4����2
������������������� �>�!��@��������������
��%������(������%&�������F������5

�.??+��������������������5��.??+�����
(�������&5��

���� ���������	������������	������
	
�����
�

/����	
���&����&������
�%'���������(��������������������
� �>�!��@�$��%����4���

2
�������������������� �>�!��@��������������(����&�� �>�#��
�&���� �����@��������
��
�����2
����

�
�
��>�����,������)'.�5�����������(������
�����������������(����������������������� �>�!��@' �>

#��
�&�$��%��� ����� ���� ����$��
���
����� ���� 
��>�� ���,�����
�)'.%�����)'.��� ��
(�������&5� �/��

���(��A�%���&����&����������������������
�
��>�����,�����
�)')5��/���������������,������)'.����


���������������������������>������
������������������������������
���������
��������&�@��������
���� �>

!��@������5��/���������������������
����������������&��
5



2-3

,������)'.�5  Computational grid for the CARP model.
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,������)'.%5��Harbor view of the CARP model computational grid.
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Table 2-2.  River Flow Statistics for the Model Input for each of the 4 years (cms)
1998-1999 1999-2000 2000-2001 2001-2002

River # Mean Maximum Minimum Mean Maximum Minimum Mean Maximum Minimum Mean Maximum Minimum
1 Hudson River1 1358000 291.16 1774.79 72.00 512.94 2599.88 148.81 395.86 2719.29 72.10 323.42 1652.45 74.92

1357500/1335754
2 Hackensack River 1378500 0.94 158.01 0.00 0.88 14.41 0.01 1.01 32.85 0.01 0.03 0.28 0.00
3 Passaic River 1389500 19.24 319.98 0.91 26.86 88.92 3.85 23.21 126.01 1.84 5.63 57.20 0.18
4 Saddle River 1391500 2.05 51.54 0.15 2.92 19.85 0.79 2.55 26.48 0.57 1.52 15.72 0.37
5 Raritan River 1403060 26.73 1727.33 2.92 24.14 202.75 3.77 28.49 256.27 3.09 12.21 207.28 2.78
6 South River+Lawrence Brook 1404054/14040503 3.77 67.27 0.01 3.86 22.15 1.04 5.15 41.96 1.38 2.62 27.41 0.72
7 Normans Kill2 1359750 2.45 12.99 1.27 3.37 12.18 1.69 2.74 16.14 1.29 1.89 9.50 1.29
8 Moordener Kill 1359750 0.48 2.52 0.25 0.65 2.36 0.33 0.53 3.14 0.25 0.37 1.84 0.25
9 Esopus Creek 1364500 6.37 141.02 0.16 11.98 245.51 1.53 8.59 148.38 0.34 3.75 42.48 0.23
10 Rondout Creek+Wallkill River 1367500/1371500 31.64 532.92 1.42 50.50 541.98 9.18 37.39 557.84 2.35 19.16 237.30 2.04
11 Wappinger Creek 1372500 10.72 104.71 0.20 18.91 97.53 3.95 13.29 132.83 0.35 5.72 73.60 0.41
12 Croton River 1375000 9.45 300.16 0.20 16.29 63.15 2.55 12.73 94.01 1.95 1.36 34.83 0.57
13 Sawmill River 1376500 0.75 18.77 0.18 1.17 4.08 0.32 0.95 5.99 0.29 0.25 2.33 0.20
14 Bronx River 1375000 1.17 37.00 0.03 2.01 7.78 0.31 1.57 11.59 0.24 0.17 4.29 0.07
15 Navesink River + Shrewsbury River3 1407500 1.64 32.08 0.00 1.77 20.42 0.00 2.24 66.14 0.00 0.19 12.47 0.00
16 Catskill River4 1364500/1371500 27.93 442.56 0.60 48.22 598.89 7.79 35.47 524.26 1.49 16.86 189.58 1.11
17 Norwalk River 1209700 1.44 25.26 0.05 1.34 11.02 0.14 1.18 12.60 0.09 0.78 9.49 0.08
18 Housatonic River + Naugatuck River 1205500/1208500 80.14 647.32 4.79 104.65 455.33 6.82 82.69 448.26 5.04 46.23 321.96 4.62
19 Quinnipiac River 1196500 5.73 73.91 0.96 6.52 65.41 2.24 5.97 59.18 1.59 2.99 24.44 1.13
20 Connecticut River 1184000 397.70 2160.57 73.62 566.34 2265.34 126.29 430.08 2712.75 59.75 382.85 2041.64 44.17
21 Thames River5 1122500/1127000 48.69 311.49 1.78 56.58 328.76 6.74 49.63 417.39 5.35 28.41 211.81 3.43
22 Manasquan River + Shark River 1408029/1407705 3.86 61.66 0.82 3.66 28.39 0.90 4.03 65.62 1.10 2.07 19.13 0.64
23 Metedeconk River + Toms River 1408120/1408500 16.54 101.57 4.95 18.49 42.34 7.77 19.23 98.00 5.00 11.20 32.47 4.07
24 Westeconk River6 + Mullica River7 1409400/1408500/   

1410000/1409500/   
1410150 30.23 184.26 10.13 34.11 100.57 14.90 34.49 128.60 11.67 19.18 65.69 9.05

25 Great Egg Harbour River + Tuckahoe River 1411300/1411000 21.70 95.81 5.41 25.10 134.18 11.80 24.94 87.25 7.55 13.69 43.08 3.97

Notes
  1  If the Hudson River flow at Green Island is unavailable, the flow is calculated using the flow records for the Mohawk River and the Hudson River at Lock #1 near Waterford.
  2  The Normans Kill flow is calculated using the Moordener Kill flow.
  3  Calculated using drainage areas ratios with the Swimming River flow record.
  4  Calculated by summing the Wallkill River and Esopus Creek Flows.
  5  Calculated by summing the Shetucket River and Quinebaug River flows.
  6  The Westeconk River is ungauged.  Flows were calculated based on Toms River flows corrected for drainage area.
  7  Calculated using Mullica River, Oswego River, Batso River and Bass River flows.
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,������)';%5��Location map of wastewater treatment plants included in the CARP model - Harbor view. 
Facility identifications are included in Table 2-4.
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Table 2-4.  Sewage Treatment Plant Flow Statistics (cms)

1998-1999 1999-2000 2000-2001 2001-2002
Number Facility Max Min Mean Max Min Mean Max Min Mean Max Min Mean

1 26th Ward 6.133 2.004 2.571 6.046 1.936 2.502 5.520 0.000 2.402 6.222 1.834 2.364
2 Bow ery Bay 14.984 2.733 4.906 15.334 2.760 5.018 12.268 2.864 5.086 11.611 2.576 4.606
3 Coney Island 8.236 2.906 4.315 8.325 2.814 4.197 7.974 0.000 4.191 9.113 2.692 4.014
4 Hunts Point 12.705 3.071 5.187 12.268 2.988 5.105 9.201 2.933 4.882 15.334 2.600 4.508
5 Jamaica 8.762 2.161 3.525 8.762 2.190 3.580 7.448 0.000 3.708 8.149 1.962 3.213
6 New tow n Creek 28.014 7.231 10.161 27.163 6.871 9.831 24.097 7.463 10.498 27.163 7.100 10.008
7 North River 14.897 3.776 6.359 14.239 3.531 6.045 14.020 3.205 5.473 15.334 3.287 5.582
8 Oakw ood Beach 3.768 0.975 1.308 3.505 0.975 1.317 3.505 0.000 1.308 3.505 0.975 1.303
9 Ow ls Head 10.734 2.797 4.897 10.778 2.666 4.749 10.384 2.666 4.702 10.515 2.507 4.430

10 Port Richmond 5.258 1.030 1.515 5.258 0.936 1.405 5.170 0.000 1.346 5.258 0.905 1.336
11 Red Hook 4.971 0.996 1.511 4.819 0.934 1.455 4.469 0.902 1.394 4.843 0.872 1.346
12 Rockaw ay 4.160 0.542 0.848 3.290 0.542 0.850 3.492 0.000 0.805 3.947 0.513 0.804
13 Tallman Island 5.476 1.449 2.392 5.696 1.420 2.366 5.476 1.557 2.555 5.520 1.336 2.229
14 Wards Island 23.220 5.067 8.779 23.659 4.753 8.349 21.030 4.596 8.033 20.811 4.436 7.750
15 Yonkers 3.505 3.154 3.312 3.505 3.154 3.312 3.505 3.154 3.312 3.505 3.154 3.312
16 Bergen County 3.254 2.542 2.905 3.254 2.542 2.906 3.254 2.542 2.905 3.254 2.542 2.905
17 Jnt Meeting Essex Union 2.900 2.163 2.523 2.900 2.163 2.523 2.900 2.163 2.523 2.900 2.163 2.523
18 Linden Roselle 0.633 0.464 0.535 0.633 0.464 0.536 0.633 0.464 0.535 0.633 0.464 0.535
19 Middlesex County 5.405 4.259 4.711 5.405 4.259 4.712 5.405 4.259 4.711 5.405 4.259 4.711
20 Passaic Valley 12.136 10.734 11.444 12.136 10.734 11.446 12.136 10.734 11.444 12.136 10.734 11.444
21 Rahw ay 1.264 0.998 1.100 1.264 0.998 1.101 1.264 0.998 1.100 1.264 0.998 1.100
22 Blind Brook 0.153 0.096 0.120 0.153 0.096 0.120 0.153 0.096 0.120 0.153 0.096 0.120
23 Cedarhurst 0.036 0.030 0.033 0.036 0.030 0.033 0.036 0.030 0.033 0.036 0.030 0.033
24 Haverstraw 0.240 0.143 0.184 0.240 0.143 0.184 0.240 0.143 0.184 0.240 0.143 0.184
25 Inw ood 0.048 0.000 0.043 0.000 0.000 0.000 0.000 0.000 0.000 0.048 0.044 0.046
26 New  Rochelle 0.670 0.499 0.588 0.670 0.499 0.589 0.670 0.499 0.588 0.670 0.499 0.588
27 Orangetow n SD#2 0.535 0.302 0.439 0.535 0.302 0.439 0.535 0.302 0.439 0.535 0.302 0.439
28 Ossining 0.311 0.223 0.263 0.311 0.223 0.264 0.311 0.223 0.263 0.311 0.223 0.263
29 Peekskill 0.337 0.232 0.269 0.337 0.232 0.269 0.337 0.232 0.269 0.337 0.232 0.269
30 Port Chester 0.171 0.145 0.156 0.171 0.145 0.156 0.171 0.145 0.156 0.171 0.145 0.156
31 Rockland County SD#1 0.942 0.716 0.817 0.942 0.716 0.817 0.942 0.716 0.817 0.942 0.716 0.817
32 Stony Point 0.044 0.036 0.039 0.044 0.036 0.039 0.044 0.036 0.039 0.044 0.036 0.039
33 Mamaroneck 0.767 0.434 0.591 0.767 0.434 0.591 0.767 0.434 0.591 0.767 0.434 0.591
34 Great Neck Village 0.048 0.036 0.042 0.048 0.036 0.042 0.048 0.036 0.042 0.048 0.036 0.042
35 Great Neck SD 0.114 0.101 0.108 0.114 0.101 0.108 0.114 0.101 0.108 0.114 0.101 0.108
36 Port Washington 0.118 0.110 0.114 0.118 0.110 0.114 0.118 0.110 0.114 0.118 0.110 0.114
37 Glen Cove STP 0.201 0.185 0.193 0.201 0.185 0.193 0.201 0.185 0.193 0.201 0.185 0.193
38 Bel Grave 0.060 0.055 0.057 0.060 0.055 0.057 0.060 0.055 0.057 0.060 0.055 0.057
39 Oyster Bay 0.052 0.037 0.044 0.052 0.037 0.044 0.052 0.037 0.044 0.052 0.037 0.044
40 Edgew ater 0.166 0.107 0.130 0.166 0.107 0.130 0.166 0.107 0.130 0.166 0.107 0.130
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1998-1999 1999-2000 2000-2001 2001-2002
Number Facility Max Min Mean Max Min Mean Max Min Mean Max Min Mean

41 Hoboken 0.521 0.428 0.473 0.521 0.428 0.473 0.521 0.428 0.473 0.521 0.428 0.473
42 North Bergen Central 0.309 0.236 0.264 0.309 0.236 0.264 0.309 0.236 0.264 0.309 0.236 0.264
43 North Bergen Woodclif f 0.118 0.101 0.110 0.118 0.101 0.110 0.118 0.101 0.110 0.118 0.101 0.110
44 Secaucus 0.144 0.125 0.134 0.144 0.125 0.134 0.144 0.125 0.134 0.144 0.125 0.134
45 West New  York 0.456 0.291 0.394 0.456 0.291 0.394 0.456 0.291 0.394 0.456 0.291 0.394
46 USMA-West Point 0.088 0.068 0.077 0.088 0.068 0.077 0.088 0.068 0.077 0.088 0.068 0.077
47 Tow n of Cornw all 0.057 0.026 0.037 0.057 0.026 0.037 0.057 0.026 0.037 0.057 0.026 0.037
48 City of New burgh 0.346 0.241 0.278 0.346 0.241 0.278 0.346 0.241 0.278 0.346 0.241 0.278
49 City of Poughkeepsie 0.403 0.241 0.300 0.403 0.241 0.300 0.403 0.241 0.300 0.403 0.241 0.300
50 Greenw ich CT STP 0.421 0.260 0.332 0.421 0.260 0.332 0.421 0.260 0.332 0.421 0.260 0.332
51 Stamford CT 0.675 0.482 0.588 0.675 0.482 0.588 0.675 0.482 0.588 0.675 0.482 0.588
52 Huntington NY 0.079 0.060 0.070 0.079 0.060 0.070 0.079 0.060 0.070 0.079 0.060 0.070
53 Bayshore Region SA 0.390 0.323 0.354 0.390 0.323 0.354 0.390 0.323 0.354 0.390 0.323 0.354
54 Monmouth County Bayshore0.728 0.613 0.673 0.728 0.613 0.673 0.728 0.613 0.673 0.728 0.613 0.673
55 NE Monmouth SA 0.464 0.416 0.444 0.464 0.416 0.444 0.464 0.416 0.444 0.464 0.416 0.444
56 Long Branch SA 0.212 0.121 0.174 0.212 0.121 0.174 0.212 0.121 0.174 0.212 0.121 0.174
57 Ocean Tow nship SA 0.236 0.176 0.206 0.236 0.176 0.206 0.236 0.176 0.206 0.236 0.176 0.206
58 Asbury Park 0.134 0.113 0.124 0.134 0.113 0.124 0.134 0.113 0.124 0.134 0.113 0.124
59 Neptune Tow nship SA 0.276 0.184 0.214 0.276 0.184 0.213 0.276 0.184 0.214 0.276 0.184 0.214
60 S. Monmouth Regional SA 0.236 0.158 0.195 0.236 0.158 0.195 0.236 0.158 0.195 0.236 0.158 0.195
61 Ocean County UA Northern0.899 0.831 0.867 0.899 0.831 0.867 0.899 0.831 0.867 0.899 0.831 0.867
62 Ocean County UA - Central1.008 0.832 0.895 1.008 0.832 0.895 1.008 0.832 0.895 1.008 0.832 0.895
63 Ocean County UA - Southern0.407 0.210 0.272 0.407 0.210 0.272 0.407 0.210 0.272 0.407 0.210 0.272
64 Atlantic County UA 0.418 0.318 0.365 0.418 0.318 0.365 0.418 0.318 0.365 0.418 0.318 0.365
65 Cape May - Wildw ood 0.524 0.232 0.314 0.524 0.232 0.314 0.524 0.232 0.314 0.524 0.232 0.314
66 Ciba-Geigy 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
67 Long Beach 0.321 0.230 0.265 0.321 0.230 0.265 0.321 0.230 0.265 0.321 0.230 0.265
68 Bay Park 2.607 2.169 2.376 2.607 2.169 2.390 2.607 2.169 2.391 2.559 2.125 2.345
69 Law rence 0.055 0.049 0.052 0.055 0.049 0.052 0.055 0.049 0.052 0.055 0.049 0.052
70 Suffolk County Sw er Dist. 30.911 0.846 0.881 0.911 0.846 0.881 0.911 0.846 0.881 0.911 0.846 0.881
71 Cedar Creek 2.572 2.239 2.382 2.572 2.239 2.382 2.572 2.239 2.382 2.572 2.239 2.382
72 New  Canaan STP 0.074 0.034 0.052 0.074 0.034 0.052 0.074 0.034 0.052 0.074 0.034 0.052
73 Norw alk WPCF 0.736 0.491 0.588 0.736 0.491 0.588 0.736 0.491 0.588 0.736 0.491 0.588
74 Westport WPCF 0.080 0.057 0.066 0.080 0.057 0.066 0.080 0.057 0.066 0.080 0.057 0.066
75 Fairf ield Taow n Hall 0.399 0.272 0.329 0.399 0.272 0.329 0.399 0.272 0.329 0.399 0.272 0.329
76 Kings Park SCSD#6 0.031 0.023 0.027 0.031 0.023 0.027 0.031 0.023 0.027 0.031 0.023 0.027
77 Bridgeport Westside 1.205 0.857 0.972 1.205 0.857 0.972 1.205 0.857 0.972 1.205 0.857 0.972
78 Bridgeport Eastside 0.321 0.249 0.294 0.321 0.249 0.295 0.321 0.249 0.294 0.321 0.249 0.294
79 Stonybrook SCSD#21 0.109 0.077 0.094 0.109 0.077 0.094 0.109 0.077 0.094 0.109 0.077 0.094
80 Port Jefferson SCSD#1 0.035 0.023 0.031 0.035 0.023 0.031 0.035 0.023 0.031 0.035 0.023 0.031
81 Stratford WPCF 0.514 0.317 0.402 0.514 0.317 0.402 0.514 0.317 0.402 0.514 0.317 0.402
82 Milford-Beaver Brook 0.092 0.066 0.080 0.092 0.066 0.080 0.092 0.066 0.080 0.092 0.066 0.080

Table 2-4.  Sewage Treatment Plant Flow Statistics (cms) (Cont.)
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1998-1999 1999-2000 2000-2001 2001-2002
Number Facility Max Min Mean Max Min Mean Max Min Mean Max Min Mean

83 Derby WPCF 0.098 0.066 0.078 0.098 0.066 0.078 0.098 0.066 0.078 0.098 0.066 0.078
84 Shelton WPCF 0.114 0.081 0.094 0.114 0.081 0.094 0.114 0.081 0.094 0.114 0.081 0.094
85 Ansonia WPCF 0.129 0.068 0.091 0.129 0.068 0.091 0.129 0.068 0.091 0.129 0.068 0.091
86 Seymour WPCF 0.063 0.039 0.049 0.063 0.039 0.049 0.063 0.039 0.049 0.063 0.039 0.049
87 West Haven 0.372 0.258 0.313 0.372 0.258 0.313 0.372 0.258 0.313 0.372 0.258 0.313
88 East Shore 1.525 1.296 1.402 1.525 1.296 1.403 1.525 1.296 1.402 1.525 1.296 1.402
89 North Haven 0.184 0.110 0.137 0.184 0.110 0.137 0.184 0.110 0.137 0.184 0.110 0.137
90 Branford 0.188 0.155 0.170 0.188 0.155 0.170 0.188 0.155 0.170 0.188 0.155 0.170
91 New  London 0.447 0.267 0.344 0.447 0.267 0.344 0.447 0.267 0.344 0.447 0.267 0.344
92 Groton City 0.161 0.128 0.146 0.161 0.128 0.146 0.161 0.128 0.146 0.161 0.128 0.146
93 Groton Tow n 0.022 0.003 0.012 0.022 0.003 0.012 0.022 0.003 0.012 0.022 0.003 0.012
94 Montville 0.079 0.042 0.057 0.079 0.042 0.057 0.079 0.042 0.057 0.079 0.042 0.057
95 Norw ich 0.342 0.127 0.223 0.342 0.127 0.224 0.342 0.127 0.223 0.342 0.127 0.223
96 Arlington 0.166 0.118 0.135 0.166 0.118 0.135 0.166 0.118 0.135 0.166 0.118 0.135
97 Highland Falls 0.038 0.021 0.027 0.038 0.021 0.027 0.038 0.021 0.027 0.038 0.021 0.027
98 Cape May - Cape May 0.083 0.040 0.055 0.083 0.040 0.055 0.083 0.040 0.055 0.083 0.040 0.055
99 Cape May - Ocean City 0.252 0.102 0.149 0.252 0.102 0.149 0.252 0.102 0.149 0.252 0.102 0.149

Table 2-4.  Sewage Treatment Plant Flow Statistics (cms) (Cont.)
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SECTION 3.0 

CARP HYDRODYNAMIC MODEL SKILL ASSESSMENT
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SECTION 4.0 

LINKAGES TO OTHER CARP SUB-MODELS
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APPENDIX 1

SWEM HYDRODYNAMICS PAPER







































APPENDIX 2

TEMPORAL VARIATION OF RIVER DISCHARGES
ENTERING THE CARP MODEL
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APPENDIX 3

 ADDITIONAL SKILL ASSESSMENT 
USING CARP HYDRODYNAMIC DATA
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APPENDIX 4

SKILL ASSESSMENT
USING NOAA TIDE GAUGE DATA
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APPENDIX 5

SKILL ASSESSMENT
USING PVSC DATA
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APPENDIX 6

 SKILL ASSESSMENT 
USING MERI DATA
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APPENDIX 7

 SKILL ASSESSMENT 
USING NYCDEP DATA
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APPENDIX 8

 SKILL ASSESSMENT 
USING CTDEP DATA
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APPENDIX 9

MODEL EVALUATION GROUP (MEG)
FINAL HYDRODYNAMIC REVIEW COMMENTS

AND HYDROQUAL RESPONSE
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�""���'��In particular, HydroQual thanks Joe DiLorenzo who was the lead author of the MEG final
review comments for the CARP hydrodynamic model. 




