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Abstract 
• Quantify and predict the benefit to oceanfront structures of non-

traditional dune system using a cross-shore model and synthetic design-
storm approach 

• Balance of accuracy, precision, physical process against computation time 
and data collection requirements 

• Leverage existing and ongoing data sources 

• Determine zones with associated risk levels 

• Truth test the approach by hindcasting vs observed damages during 
Hurricane Sandy  

• Motivation: 

• Provide methodology to look at spatial and temporal variations in the risk 

• Demonstrate the benefit of a beach nourishment and dune expansion using 
synthetic design storms to NJ coastal towns 
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Presentation Outline 
I. Introduction/Background 

Project Location, Existing Approaches, Available Data 

II. Implemented Methodology 

Damage Mechanisms, establishing criteria 

III. Results 

IV. Conclusions 

V. Next Steps 

 

 



 

Federal project (USACE) 
Study area extends 
from Manasquan Inlet 
to Barnegat Inlet 
 
Diverse variety of 
foundation construction  
• Slab on Grade 
• CMU Block 
• Pile 

 
• 197 Oceanfront structures 
 
 
(USACE, 2002) 

USACE Proposed 
Project Limits 
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I. Introduction 
 Project Location 

Toms River 



I. Introduction/Background 

Existing Methods 
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• Property specific analysis  

• Manasquan Inlet to Barnegat Inlet Feasibility Study (June 2002, USACE) 

• Storm Damage Reduction Benefit Report (USACE) 

• Wise, R.A., and K.D., Watson (2010)  

• Modelling multi-hazard hurricane damages on an urbanized coast with a 
Bayesian Network approach 

• van Verseveld, van Dongerern, Plant, Jager, den Heijer (2015) 

• All approaches utilize a cross-shore model (“LHI” or damage mechanism) 
to predict damage 

 

 

  

 

 

 

 

 



I. Introduction/Background 

• 2012-14 NSF study: Comparison of  Hurricane Sandy 
Impacts in Three New Jersey Coastal Communities 
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• Observed damages to structure 

• Damage reports 

• Photographs 

• Damage ratings for individual 
properties 

 

 



I. Introduction/Background 

Damage Mechanisms 

7 

• Inundation, overtopping, erosion and wave attack 

 

 

  

 

 

 

 

 



II. Methodology 

Established Methodology – Erosion Failure Criteria  

8 

Black – Initial Profile 
Red – Post-storm Profile 



II. Methodology 

Established Methodology – Erosion Failure Criteria  
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II. Methodology 
 Bay Head, NJ  
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II. Methodology 
 Mantoloking, NJ  



• Erosion shoreward limited by the 
seawall 

• Results were not representative of 
damages observed in Hurricane 
Sandy 

• Need to capture Overtopping 

• Owen (1980) 

• Estimate Overtopping 
 
 

Limitations 
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II. Methodology 
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II. Methodology 
 Model Response Bay Head, NJ  

Initial Profile  - Black 
 
Profile Response – Red 
 
Maximum Water 
Elevation – Green 
 
Maximum Significant 
Wave Height – Blue 
 
Modeled profile 
response for 100-year 
storm 
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II. Methodology 
 Time Series 



15 

III. Results – Hindcast Hurricane Sandy 



• Landward limit of the 
0.5-ft erosion line for 50-
year storm 

 

Without Dune or Beachfill  

With Seawall  
(w/out Beachfill) 

With Project 

(w/ Seawall and Beachfill) 

 

Erosion Analysis 

16 

III. Results 



• Overtopping without 
beachfill 

• Structures still at risk 
without beachfill 

• Need both dune and 
beachfill working 
together 

• 50-year storm 

 

Overtopping 
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III. Results 



III. Results 

Analysis of Protective Benefit  
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74% vs 67% 
Walling (2015) 
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IV. Conclusions  
• Methodology has reasonable skill in hindcasting damage zones when 

compared to observations   

• 12 of 13 (92.3%) Severely Damaged in Bayhead 1st row during Hurricane Sandy 

• 3 of 4 (75%) for Severely Damaged in 2nd row 

• Flexible enough to account for the beach nourishment and various dune 
core materials 

More Generally: 

• Further demonstrates use of impermeable cores in dunes can successfully 
help mitigate hazards but not alone; overtopping can control (Basco 
1999, Irish 2013, Walling 2014, 2015) 

• Must work with a sufficiently healthy beach  
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V. Next Steps….  

• XBeach 

• Comparison of models 

• 1D & 2D 

• Account for effects of hard structures in dune erosion/overwash (Nederhoff, 
2014) 

• Generally 

• Include Mantoloking 

• Account for sea level rise and long term erosion rates 

• Utilize ongoing beach profiles 

• Run on annual/semi-annual basis; track temporal and spatial variations - feeder 
beaches 
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