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Background 
 
Storm surge barriers may be able to protect harbors and minimize flooding, property damage, and loss of 
life during large storms. These barriers typically span the opening to a harbor or river mouth and include 
gates that are only closed when storm surges are expected. However, the barriers reduce water flow and 
tidal exchange, which in turn can affect water quality and ecological processes. It is important to 
understand these effects to allow the U.S. Army Corps of Engineers and others to make better-informed 
decisions regarding potential storm-surge barrier placement. 
 
Two studies of this topic are currently underway in the New York metropolitan area, an area with highly 
valuable and vulnerable coastal infrastructure: 
 

1) The U.S. Army Corps of Engineers (USACE), states of New York and New Jersey, and New 
York City are partnering under the Harbor and Tributaries Focus Area Feasibility Study (HATS) 
to evaluate surge barriers and other options to manage coastal storm risks.  
 

2) NOAA’s National Estuarine Research Reserve Science Collaborative (NERR-SC) funded a 
“Catalyst” project led by Stevens Institute with the following goals: (1) to facilitate development 
of a collaborative research agenda that can help interested parties better understand potential 
barrier effects on nearby estuaries, and (2) to undertake targeted research in close collaboration 
and with information-sharing among scientists and key end-users such as the U.S. Army Corps 
of Engineers and its partners. The project team is conducting modeling and analyses of the 
physical influences of surge barriers and host a series of workshops to synthesize and share 
information. 

 
Analyses in both studies so far have only focused on the influence of surge barrier infrastructure on 
estuary physical conditions when gates are open, during normal conditions. However, periodic gate 
closures intended to prevent flooding can also have an aggregate impact on estuary conditions, and this 
impact will increase if the frequency of closure increases with sea level rise.   
 
A March 2019 Scoping Session workshop for the NERR-SC project including about 25 stakeholder 
organizations (e.g., the USACE, New York City, New York State Department of Environmental 
Conservation, New Jersey Department of Environmental Protection) met to discuss additional research 
needs related to this topic; the participants ranked the needs in terms of their importance and interest 
levels. This NYSERDA-funded project will address two of those top-ranked research needs; others will 
be addressed through existing funds from NERR-SC.  



Objectives 
 
The Contractor will use an existing computational estuary model to simulate and evaluate estuary 
physical conditions during and after gate closure for a range of gate closure frequencies and durations. 
Computational modeling of estuary circulation and storm tides will be performed using the three-
dimensional Stevens Estuarine and Coastal Ocean Model (sECOM). sECOM can be used on the 
NYHOPS model domain (New York Harbor Observing and Prediction System) as is done operationally 
(http://stevens.edu/maritimeforecast) and in many prior academic publications.  
 
This research will result in a better understanding of the relationship between estuary changes and 
closure frequency will help better understand potential influences of surge barriers on estuarine physical 
and ecological conditions. Moreover, this research could help the USACE work backward to determine 
an appropriate maximum frequency for gate closures, which would also help determine the required 
elevation (and cost) of on-shore residual risk/high frequency measures. 
 
Task 1:  Create surge barrier model DEMs with open and closed gate configurations 

 
The Contractor shall utilize the sECOM model on the NYHOPS grid and modify the estuary bathymetry 
(i.e., the digital elevation model, DEM) to create two new DEMs. One DEM shall represent a closed 
barrier system at Verrazzano Narrows, where closed surge barrier elements in the model are represented 
in the DEM as elevated wall-like obstructions (10 meters above sea level), completely blocking flow.  A 
second DEM shall represent a barrier system that has its gates open but still obstructs flow due to fixed 
infrastructure; this DEM shall have a 50-60% gated flow area (cross-sectional area open to flow, as a 
percentage of the unobstructed natural system) to match the USACE designs from their Interim Report. 
The existing NYHOPS DEM shall be used as a third case, the “control” with which to compare model 
results from the two experimental cases. Upon discussion with NYSERDA and the PAC, all DEMs may 
have closed gates all the time at Throggs Neck, which will negligibly affect the Hudson River estuary 
conditions but may greatly reduce the complexity of the simulations. 
 
Task 1 Deliverables: 

 Map images of each DEM, with corresponding DEM data (latitude, longitude, depth) in CSV 
format 

 
Task 2: Develop estuary modeling capability to close surge barrier gates  

 
The Contractor shall develop computer code that enables modification of the sECOM model’s DEM 
during a model simulation, to represent opening and closing surge barrier gates. This process is currently 
not possible with the sECOM model. The likely approach will be to have the model stop, save present 
conditions data to file, then the code will modify the data for the raised cells, and restart the simulation.  
A similar approach will be used for opening gates. Assuming only the Verrazano and Arthur Kill 
barriers are used, this approach will require three separate model simulations for a typical flood 
simulation—one for the initial open-gate flow, another for the closed-gate period, and a third one for the 
open-gate flow after the flood event has passed.  
 
 
 



Task 2 Deliverables: 
 A brief written description of the approach to modeling the opening and closing of the barrier 

gates 
 
Task 3: Numerical estuary circulation modeling 
 
The Contractor shall simulate and evaluate estuary physical conditions during and after gate closure for 
a range of gate-closure frequencies (e.g., one isolated occurrence or once per month) and durations (e.g., 
one day or three days). Table 1 describes the set of 9 experimental scenarios that shall be simulated; any 
changes to the listed scenarios shall first be reviewed and approved by NYSERDA: 
 
 
Table 1: Set of model experiments  
 
Storm event Number of closures Simulation duration Model DEM(s) 
Tides only – no flood 0 3 months open gates 
Tides only- no flood 0 3 months control (NYHOPS) 
Tides only- no flood 1 3 months open/closed gates 
Tides only- no flood 3 3 months open/closed gates 
1-day flood 0 3 months control 
1-day flood 1 3 months open/closed gates 
1-day flood 3 3 months open/closed gates 
3-day flood 0 3 months control 
3-day flood 1 3 months open/closed gates 
3-day flood 3 3 months open/closed gates 

 
Task 3 Deliverables, all to be included in the Final Report (Task 6): 

 List and description of final experimental modeling scenarios 
 Brief written description of modeling results 

 
Task 4: Data analysis of model results 

 
The Contractor shall analyze the results of the surge barrier closure experiments alongside the control 
simulations, to quantify the effects of closure on estuary physical conditions. Physical parameters to be 
evaluated shall include salinity, stratification, and salt intrusion; other parameters may also be assessed, 
upon discussion with NYSERDA and the PAC. The Contractor shall create plots and maps to 
demonstrate the results of the simulations and analyses. The Contractor shall identify any significant 
changes to the estuary caused by the modeled closures and shall determine the frequency and duration of 
closures that cause such changes. 
 
Task 4 Deliverables: 

 Descriptions of the results of the simulations and subsequent analyses, as well as graphical 
representations of the results, to be included in the Final Report (Task 6) 

 
 
 



Task 5:  Study and quantify the potential for trapped water river flooding 
 
Intense rain and storm surge often occur simultaneously in coastal storms and could potentially affect 
the risk of river flooding behind a closed surge barrier. The Contractor shall use modeling and historical 
datasets of river and coastal flooding for the Hudson-Raritan to better understand this potential problem.  
 
The Contractor shall use the NYHOPS model to simulate the potential rise in water levels behind a 
barrier when the gates are closed for an extended period of time (e.g., 3-5 days). The Contractor shall 
simulate a minimum of six (6) historical storms to produce a relationship between trapped water volume 
and water level/flooding. The Contractor shall then use this relationship to identify other historical 
storms that would have produced flooding from trapped river water. 
 
The Contractor shall analyze the results to estimate the likelihood (e.g., percent of events, return period) 
of trapped river water volume that would be sufficient to cause flooding under future sea level and storm 
scenarios. Should time and resources permit, and upon discussion with NYSERDA, the Contractor may 
also consider the potential for climate change to cause more intense storm-driven precipitation and 
streamflows in the future, perhaps as a sensitivity analysis with possible high-end streamflow increases 
(e.g., 20%). 
 
Task 5 Deliverables, to be included in the Final Report (Task 6): 

 Scatterplots showing coastal flood water levels and trapped river water levels 
 Estimated likelihood of future flooding from trapped river water 

 
 


