
Methods

Adaptation Strategies to Mitigate Morphological Damage on Dauphin Island 
Benji Delaney and Stephanie Smallegan, Ph.D., P.E.

UNIVERSITY OF SOUTH ALABAMA

DEPARTMENT OF CIVIL, COASTAL, AND ENVIRONMENTAL ENGINEERING

The American Shore and Beach Preservation Association (ASBPA) 2021 National Coastal Conference

Introduction

On October 7, 2017, Hurricane Nate made landfall as a

Category 1 hurricane near Gulfport, Mississippi located

90 km west of Dauphin Island (Figure 1). At the storm’s

peak intensity, sustained winds were around 41 m/s as the

storm traveled across the Gulf of Mexico at a speed of 13

m/s. The storm surge in Gulfport peaked at 1.9 m and

measured a water level of 1.0 m above mean higher high

water at Dauphin Island.

Dauphin Island is one of the barrier islands in the

Alabama-Louisiana barrier island chain located 6.5

kilometers off the coast of Mobile County, Alabama

(Figure 2). Dauphin Island is home to about 1200

permanent residents along with seasonal vacationers.

In 2010, the catastrophic event of the Deepwater Horizon

Oil spill occurred. With the threat of oil contamination, a

sand barrier was constructed on the Gulf side of Dauphin

Island. Due to the urgency and budget, the sediment was

mined from private properties, with the consent of the

owners, to construct the sand barrier. While the sand

barrier prevented overwashing that would allow oil to

deposit on the island and in the Mississippi Sound, the

sand that was mined, created small ponds along the north

side of the island near the west end beach known as the

borrow pits (Figure 3).

The 2D bathymetric grid used in the simulations was

developed using the 2016 LiDAR survey for topography

and Danielson Digital Elevation Model (DEM) for

bathymetry (Office for Coastal Management 2016) (Figure

6a).

Xbeach, a two-dimensional numerical model that simulates

the impacts of beach erosion, overwash, inland flooding,

and barrier rollover and breaching. Using Hurricane Nate’s

hydrodynamics in figure 4, the calibrated XBeach model

will be used to simulate closed beach access points (BAP)

filled with sand, vegetation, and gravel; beach widened 150

m; and borrow pits filled, shown in figure 6 a-d. The

alternative grids will then be analyzed under four different

sea level rise (SLR) scenarios (figure 5).

To analyze the results, the following equation (1) will be

used to calculate the volume of sediment above 0.0 m of

elevation, National American Vertical Datum of 1988

(NAVD88), at the borrow site area:

𝑉 𝑚3 = 𝑦1
𝑦2
𝑥1
𝑥2±∆𝑧𝑏 𝑑𝑥 𝑑𝑦 (1)

• ±∆𝑧𝑏 is either the positive or negative values of ∆𝑧𝑏
• Evaluated for the high resolution area of Borrow Pits 

study site

o 𝑥1 = 3346800 m 

o 𝑥2 = 3347530 m

o 𝑦1= 387970 m 

o 𝑦2= 388700 m

Figure 2: Satellite imagery showing Dauphin Island, red rounded rectangle showing the 

borrow pit site (Google Earth Pro 2021) 

Figure 3: Satellite imagery showing borrow pit site (Google Earth Pro 

2021)

Figure 1: Hurricane Nate’s path, red rounded rectangle showing Dauphin Island (Google Earth Pro 2021) 

Figure 5: Water levels: gulf  side and sound sideFigure 4: Hurricane Nate hydrodynamics 
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Results

From observation, figures 7 a-c show the deposition

and erosion above 0.0 m elevation (NAVD88). The

current grid of Dauphin Island erodes 12% at the

selected site with no SLR. The current grid continues to

erode through each SLR scenario.

The three alternative grids that contain closed BAPs

erode 19% at the selected site with no SLR. The three

closed BAP grids continue to erode through each SLR

scenario.

The grid containing filled borrow pits, erode 16% at the

selected site with no SLR. This grid continues to erode

through each SLR scenario.

The grid containing the widened beach, is the only grid

with deposition. At current sea levels, the location

accumulates less than 1% of sediment. Through each

SLR scenario, sediment deposition continues to

increase with a maximum deposition of 14.5% at a

water level of 1.93 m.

Figure 6a: Existing condition of Dauphin Island Figure 6b: Alternative grid of Dauphin Island with closed BAP Figure 6c: Alternative grid of Dauphin Island with a widened 

beach

Figure 6d: Alternative grid of Dauphin Island with filled borrow 

pits

Figure 7a: Volume Analysis of Current Grid and Closed BAPs Figure 7b: Volume Analysis of Widened Beach Figure 7c: Volume Analysis of Filled Borrow Pits

In conclusion, widening the beach is the

only alternative that aids with erosion

during tropical cyclones. Closing the BAPs

and filling in the borrow pits will conduct

more erosion during all levels of SLR

compared to the current condition.

As sea levels rise, potential threats of

island overtopping occur. When Island

overtopping occurs, the island feels

minimum effects of wave energy due to the

island submerged underwater. This is

demonstrated during the SLR scenario of

1.93 m in table 1 and figure 8, with a

maximum erosion of 5% from each grid.
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Table 1: Change in sediment volume

Column1 No SLR 0.53m SLR 0.66m SLR 1.26m SLR 1.93m SLR

Open BAP -11.94% -17.83% -16.89% -10.75% -2.38%

Closed BAP with sand -19.02% -21.58% -21.82% -14.93% -4.36%

Closed BAP with gravel -19.02% -21.60% -21.60% -15.65% -5.05%

Closed BAP with vegetation -19.02% -21.60% -22.15% -15.50% -4.84%

Widened beach 0.11% 0.60% 1.83% 8.97% 14.53%

Filled borrow pits -15.82% -15.10% -14.36% -8.84% -2.27%

Change in Sediment Volume

Figure 8: Change in sediment volume


