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Memorandum 

To: Lynn Bocamazo 

From: Rafael Canizares 

Date: September 11, 2015 

Subject: Numerical Modeling of Breach Open at Old Inlet 

Project: Fire Island to Montauk Point, NY 

Contract: W912BU-10-D-0002, Task Order No. 0020 

CC: Santiago Alfageme, Rob Hampson, Steve Couch 

 

1.0 INTRODUCTION 

Moffatt & Nichol (M&N) is contracted to provide engineering and numerical modeling 
services to the U.S. Army Corps of Engineers (USACE) in support of the Fire Island to 
Montauk Point (FIMP) General Re-valuation Report (GRR). Under Contract No. W912BU-
10-D-0002, and Task Order No. 20, M&N performed additional numerical modeling 
simulations to validate the integrity of the previously completed modeling efforts and 
examine the applicability of the numerical model to the post-Hurricane Sandy breach open 
conditions at Old Inlet. 

A detailed description of the overall FIMP numerical modeling approach is provided in 
USACE (2007). A brief overview of the modeling approach is provided below. 

The numerical modeling strategy for FIMP addresses a comprehensive list of physical 
processes (wind conditions, barometric pressure, astronomic tide, wave conditions, and 
morphologic response, and localized wind and wave setup) by merging hydrodynamic, 
wave, and sediment transport models. The result is a description of storm surge elevations 
throughout the project for input into the economic analyses, coastal engineering design, 
environmental studies, and final alternative selection. 

The modeling method (Figure 1) consisted of four (4) process models: 1) WAVAD (i.e., 
WISWAVE) was applied to determine extreme storm wave conditions; 2) ADCIRC 
simulated the ocean and nearshore, outside the surf zone, storm water levels; 3) SBEACH 
was used to estimate pre-inundation dune lowering; and 4) the Delft3D model suite was 
used to compute the bay water levels under storm conditions, taking into account the 
contribution of storm surge, waves, winds and the contribution of overwash and/or 
breaching. 

The focus of this task order was the Delft3D model suite, specifically the hydrodynamic 
and wave models, and the applicability of the numerical model to the post-Hurricane 
Sandy breach open conditions at Old Inlet. The following tasks were completed under 
Task Order No. 20 and are documented in this memorandum: 

¶ Re-validation of model to breach closed conditions 
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¶ Validation of model to breach open conditions at Old Inlet (Task 1) 

¶ Impact on tides of breach open conditions at Old Inlet (Task 2c) 

¶ Impact on storm tides of breach open conditions at Old Inlet (Task 2a) 

¶ Stage frequency curves representing breach open conditions at Old Inlet (Task 2b) 

The sections below will show that the breach open conditions at Old Inlet have a very 
small effect (up to 1 inch) on daily tidal fluctuations and small storm tides, but could have 
a large effect (up to 22 inches) on storm tides during severe Hurricanes and Norôeasters. 

 
Figure 1: FIMP Modeling Framework 
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2.0 HYDRODYNAMIC MODELING 

2.1 Validation to Breach Closed Conditions 

In the years since the previous FIMP modeling work was completed new versions of the 
Delft3D software have been released and the wave model has been updated (SWAN 
instead of HISWA). As part of this task M&N updated the FIMP models to latest versions 
of the Delft3D software, requiring revised wave grids and reformatting wave boundary 
conditions. M&N repeated the original model validation to verify that the new modeling 
software produces very similar results to those obtained with the previous version. 
Simulations of combined hydrodynamics, waves, and winds were performed for model 
validation. 

Model performance was evaluated using the comprehensive data set collected for the 
FIMP project in 2003 that is representative of breach closed conditions, but including 
measurements of flow through Fire Island and Moriches inlet. The model performance to 
reproducing the tidal propagation through the inlets and throughout the bays is evaluated 
by comparing the observed and modeled tidal constituents as presented in Figure 2. In 
addition, Figure 3 presents the comparison of simulated and observed flow through Fire 
Island Inlet and Moriches inlet. Finally, simulated and measured water levels were also 
compared during the Blizzard of 2003, and are presented in Figure 4. Conclusions of the 
model performance are: 

¶ The model accurately reproduces the flow through the inlets (Fire Island and 
Moriches) for the calibrated model parameters and the right bathymetric conditions  

¶ The model accurately reproduces the tidal propagation in the Bays and the 
exchange between Great South Bay and Moriches Bay 

¶ The model reproduces quite accurately the effect of winds and waves during a 
storm and the propagation of the storm surge through the existing inlets. 
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Figure 2: Breach Closed Tidal Constituent Analysis 
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Figure 3: Observed and Modeled Flow through Fire Island and Moriches Inlets 
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Figure 4: Blizzard of 2003 Observed and Modeled Water Levels 

 

2.2 Validation to Breach Open Conditions 

In order to evaluate the performance of the numerical model (Delft3D) in simulating breach 
open conditions, 2-year model simulation, Nov 1st 2012 to Nov 1st 2014, was performed 
with a new model bathymetry capturing the breach open conditions at Old Inlet. Regular 
observations by SUNY Stony Brook, aerial photos and bathymetric surveys, captured the 
dynamic nature of the breach at Old Inlet. After the formation of the breach during 
Hurricane Sandy (October 29th, 2013) the breach grew rapidly for the several months 
before breach growth slowed. A fixed model bathymetry was used to simulate the breach 
open conditions at Old Inlet rather than trying to model the evolution of the breach 
morphology. The surveyed conditions at Old Inlet from June of 2014 are used in the 
revised model bathymetry (Figure 5). The breach open conditions from June of 2014 are 



 

Appendix A4 ï Numerical Modeling of Old Inlet Breach Opening 
FIMP Reformulation Study ï Final GRR                                                                                                             February 2020 

10 

representative of the majority of the conditions during the 2-year simulation, however the 
modeled breach size could lead to an overestimation of the effects of the breach during 
the first months when the breach was rapidly growing. The June 2014 model bathymetry 
was also chosen to be consistent and allow comparison with the ongoing modeling efforts 
by the USGS (van Ormond et al. 2015). 

 
 

Figure 5: Aerial of Old Inlet Breach on June 24, 2014 
(http://po.msrc.sunysb.edu/GSB/) and Model Bathymetry 

Hydrodynamic model boundary conditions for the 2-year validation simulation were 
specified as water levels consisting of astronomical and residual (surge) components. 
Astronomical water levels were obtained from the Oregon State University TPXO global 
model, East Coast of the USA model of 1/30° resolution. Residual water levels were 
extracted from measured water levels at NOAA Station 8518750 The Battery, NY. Waves 
were not included in the 2-year simulation. 

Observed water levels are available at several stations in Great South Bay from SUNY 
Stony Brook, United States Coast Guard, and USGS. SUNY Stony Brook data at Bellport 
and Tanner Park, USCG data at Fire Island Inlet, and USGS data Lindenhurst (USGS 
01309225) was available for model validation. Reported water levels, referenced to a 
vertical datum, are available from the NOAA station at Lindenhurst. The available data 
from SUNY Stony Brook and USCG is pressure readings which M&N converted to water 
depth fluctuations based on the atmospheric pressure at Long Island MacArthur Airport 
(METAR KISP). The SUNY and USCG data was demeaned and assumed to be relative 
to local Mean Sea Level (MSL).  

A harmonic analysis of the observed and modeled tidal constituents was performed at 
these four stations as shown in Figure 6. A relatively long period of uninterrupted data 
collection is required for the harmonic analysis. The most suitable time period for the 
harmonic analysis was a two month period January 1st 2014 to March 1st 2014. 

The comparison of modeled and observed water level during the norôeaster of November 
2012, 1 month after Hurricane Sandy, is shown in Figure 7. Despite the uncertainty in the 
model bathymetry, boundary conditions, and not considering the effect of waves, the 

http://po.msrc.sunysb.edu/GSB/
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model accurately reproduces the tidal propagation and storm surge propagation in Great 
South Bay. The differences between the modeled and observed water levels during 
November 2012 are consistent with those shown by van Ormandt et al. (2015). The model 
generally over predict the maximum water elevation which could be a consequence of 
performing the simulations with a larger cross section at the breach than the one that 
existed during that data period. 

 

 

 

  

  

Figure 6: Breach Open Tidal Constituent Analysis 
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Figure 7: Nov 2012 Observed and Modeled Water Levels with Breach Open 
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2.3 Impact on Tides of Breach Open 

2.3.1 Impact on Astronomical Tide 

In order to assess the impact of the breach open conditions at Old Inlet on tides and small 
storm tides the 2-year validation simulation, Nov 1st 2012 to Nov 1st 2014, was repeated 
with breach closed conditions. A comparison of the calculated M2 tidal constituent and 
Mean High Water (MHW) was performed to characterize the effect of the breach on tides 
in Great South Bay. A summary of the results is provided in Table 1. The absolute changes 
in inches and relative changes in percent of the M2 tidal constituent and MHW are shown 
in Table 2. The changes to the tide at Fire Island, Tanner Park, and Bellport are all 
relatively small (less than 4%) or 0.4 inches. However, the change at Lindenhurst is much 
greater, and shows an increase of up to 1 inch in the amplitude of the M2 tidal constituent 
and MHW. These results are consistent with van Ormondt et al. (2015) which showed a 
relatively large increase (15%) in the amplitude of the M2 tidal constituent at Lindenhurst 
and only minor increase (2%) in the M2 tidal constituent at Bellport. 

Table 1: Observed and Modeled Tidal Datums 

Tidal Datum Observed 
Modeled  

Breach Open Breach Closed 

Fire Island 

MHW (ft) 0.921 0.892 0.885 

MSL (ft) 0.000 0.000 0.000 

MLW (ft) -0.946 -0.893 -0.886 

Tanner Park 

MHW (ft) 0.799 0.801 0.774 

MSL (ft) 0.000 0.000 0.000 

MLW (ft) -0.765 -0.802 -0.775 

Bellport 

MHW (ft) 0.545 0.493 0.499 

MSL (ft) 0.000 0.000 0.000 

MLW (ft) -0.526 -0.493 -0.498 

Lindenhurst 

MHW (ft) 0.624 0.566 0.476 

MSL (ft) 0.000 0.000 0.000 

MLW (ft) -0.597 -0.567 -0.476 

Table 2: Impact to Tides of Breach Open at Old Inlet 

Station 
Absolute Change (inches) Percent Change 

M2 MHW M2 MHW 

Fire Island 0.09 0.09 0.9% 0.8% 

Tanner Park 0.33 0.33 3.5% 3.5% 

Bellport -0.08 -0.07 -1.3% -1.2% 
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Station 
Absolute Change (inches) Percent Change 

M2 MHW M2 MHW 

Lindenhurst 1.07 1.09 19.0% 19.0% 

2.3.2 Impact on Small Storm Tides 

The impact of the breach open conditions at Old Inlet on storm tides (i.e. tides plus storm 
surge) during relatively small storm events was also evaluated from the 2-year model 
simulation. Figure 8 shows an example of the modeled storm tides during a two small 
storm events during December of 2012. It is apparent from Figure 8 that peak storm tides 
at Lindenhurst and Bellport were a 1 to 3 inches higher with the breach open during these 
small storm events. The effects of the breach during the 2-year simulation were quantified 
by performing a linear regression analysis of the twice-daily high water levels (including 
storm surge). The results of the analysis, Figure 8, indicate that there was an increase in 
the peak water levels at Lindenhurst and a slight decrease in the peak water levels at 
Bellport.

 

Figure 8:  Dec 2012 Modeled Water Levels With and Without Breach 

Figure 9: Linear Regression of Twice Daily High Water Levels 




























