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Scituate, Massachusetts

• Tidal Inundation

• Surges and Wave 
Set-up

• Wave Attack

Storms

USACE Shore Protection Program PolicyUSACE Shore Protection Program Policy
Protect Shorefront Development and Sensitive 
Environmental Resource Areas from:



Protect Shorefront Development and Sensitive 
Environmental Resource Areas from:

• Storm Induced Shoreline Erosion

• Wave Run-up and Overtopping



Monmouth Beach, New Jersey
October 1991

Other Coastal Forces

• Long-Term Erosion

• Tidal Currents

• Sea Level Rise

Melting glacier

Protect Shorefront Development and Sensitive 
Environmental Resource Areas from:
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Meet National Economic Development 
Requirements:

• Consistent with Protecting Nation’s Environment

• Environmental Sustainability/Operating Principles

Gulf of Mexico, Pensacola, Florida
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Prior to 1986

•Beach Erosion Control
•Shore/Shoreline Protection
•Hurricane/Hurricane Wave Protection
•Storm Protection

After 1986

Hurricane and Storm Damage
Reduction

Recreation (incidental only)

•Recreation
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Six-Step 
Method

Risk-Based 

Life-Cycle

Approach
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• Conditions Always Changing

• Exposure – open ocean, bays,          
estuaries, streams 

• Types of Shores – sandy beach, 
flats, bluffs, rocky, tidal 
wetlands

•Shoreline History

• Type and Density of Development

• Sediment Availability/Borrow Area

• Coastal Processes Evaluation
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Data Collection Data Collection –– Based on Based on 
Methodology RequirementsMethodology Requirements

Example: From equation governing shoreline 
change

$$



• Water level gages (NOAA, 
USGS, Corps, other)

• Current meter & ADCP
• Wave gages (NDBC, 

Corps, other)
• Aerial photographs
• Beach profiles
• Bathymetric and 

topographic surveys 
(acoustic, lidar, sled, etc.)

• Meteorological gages
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• Corps WIS database for 
wave characteristics

• ADCIRC 2001 tidal 
constituents database

• NOAA tidal predictions
• Forecast and hindcast

models (i.e. NCEP)
• National Hurricane Center 

database  
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Sediment Budget &Sediment Budget &
Shoreline Change AnalysisShoreline Change Analysis

• Shoreline Position & Beach Profile database 
development

• Volumetric beach change analysis
• Integration of theoretical transport rates & 

beach change analysis
• Incorporating Inlet Dynamics
• Developing comprehensive sediment budget
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Offshore wave
model output points

Nearshore wave
model input points

Regional Grid 250 x 50 m2
Local Grids 25 x 10 m 2

Inlet Grids 20 x 10 m 2
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Shoreline Change,  Planform Evolution
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Westhampton Beach 1995
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Alternative 0

 

Alternative 0
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WATER LEVELS (STORM SURGES)



Erosion Simulations
Storm Induced Erosion Modeling: Storm Induced Erosion Modeling: SBEACHSBEACH
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CrossCross --shore Sand Transportshore Sand Transport
Overwash & Breaching ImpactsOverwash & Breaching Impacts

• Ongoing Procedure 
Development

• Integration of 
Hydrodynamics & 
Sediment Transport
– Storm Modeling

– With-Project Analysis
– Quantification of 

Project Impacts



Storm and Erosion Economic Storm and Erosion Economic 
ImpactsImpacts

• Damage to Buildings, Including the Structure, Conte nts, & 
Costs for Cleanup, Temporary Housing, Car Damage, e tc.

• Public Emergency Response Cost

• Infrastructure Damage (Roads, Utilities, Bulkheads,  
Seawalls, Breach Closure, etc.)

• Flood Insurance Administration Costs

• Loss of Land 
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• Seawalls

• Bulkheads

• Revetments

• Buried Seawalls

• Levees

• Floodwalls
Galveston, Texas
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• Dunes and Berms

• Breakwaters

• Groins

• T-Groins

Long Island, New York
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• Sediment Management & Bypassing
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Sources of Sand (suitable grain size, color, and 
pollution-free):

• Beaches

• Shoals

•Navigation Channels      

•Offshore Borrow Areas

•Upland Sources
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National Economic Development

Environmental Quality/Ecosystem Restoration

Regional Economic Development

Other Social Effects



Evaluation FrameworkEvaluation Framework
• Delineate Study 

Area
• Define the 

Problem
• Select Planning 

Reaches
• Establish 

Frequency 
Relationships

water level

wave level  
erosion/accretion

• Inventory Properties

• Nearshore Values 
used for value of land 
lost

• Develop Damage-
Frequency 
Relationships

• Calculate Expected 
Annual Damage and 
Benefits (w/o & w/ 
project)



Life Cycle Storm Damage ApproachLife Cycle Storm Damage Approach

1. Structure 
Inventory

2. Depth
Damage 
Functions

3. Inundation
Damage
Functions

4. Storm Recession 
Damage 
Functions

5.  Wave Attack
Damage 
Functions

6. Storm Generation
(Annually)

- From Coastal Analysis

8. Structure 
Existence 

7. Storm Response
Surge, Waves, Erosion

10. Planform Response
- Beach Recovery
- Dune Change
- Long-term Erosion

9. Structure
Impact

(Max Damage)

11. Repeat Annually 
For Evaluation Period

APPLIED
OVER

MULTIPLE
LIFECYCLES

Equivalent
Annual 

Damages
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1. Land loss and physical damages

2. Reduce maintenance cost to existing protection 
works

3. Reduce emergency costs
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4. Increased recreational use/reduced overcrowding

Coney Island, New York



�)
��
�
����
�
�������������,��)
��
�
����
�
�������������,�
�-����
��-����
� ..  ���� ���
���
�
���� ���� ���
���
�
����
5. Change in cost associated with navigation
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6. Use of unemployed or underemployed labor

7. Changes in shore process and equilibrium 
conditions
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8.  Prevention of loss of historic and scenic 
assets

Montauk Point, New York 
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9.  Accretion or erosion of adjacent shores
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10. Changes in floodplain development

11. Changes to wetlands

12. Changes to water quality and ecology in vicinity  
of   construction activities



Optimized for:

• Storm Damage Reduction

• Land Loss Prevention

• Cost and Benefit Category Allocation

• Project Design and Implementation
- Must be cost efficient
- Must consider engineering, 
economic & environmental 
criteria
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Needs and ProblemsNeeds and Problems

• No standardized model 
to estimate storm 
damages

• The benefits and costs of 
protection are highly 
uncertain

• Coastal processes 
predictions are uncertain



• Event based Monte Carlo Model
• Plausible storm suite, shoreline response, 

economics, management measures
• Life-cycle Approach—50 Year Future
• Uncertainty in Model

Variables
• Integrate Coastal 

Engineering with
Economics

• Compute Life-cycle
Costs and Benefits

BeachBeach --fxfx



Planning & Evaluation Features  Planning & Evaluation Features  

• Nourishment strategies

– Planned
– Emergency

– Environmental windows
• Armoring Policies

• Rebuilding Policies
• Non-structural Policies 



Frequency Distribution of Damages
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Mobilization / 
Placement Costs
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THANK YOU!THANK YOU!

Bill CurtisBill Curtis
Associate Technical DirectorAssociate Technical Director
Coastal & Hydraulics LaboratoryCoastal & Hydraulics Laboratory William.R.Curtis@usace.army.milWilliam.R.Curtis@usace.army.mil


