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ABSTRACT

Bellais, Kaylyn, C., M. S., University of South Alabama, May 2022. Adaptation
Strategies to Mitigate Impact of Sea Level Rise on a Freshwater Aquifer Supply on a
Barrier Island. Chair of Committee: Stephanie Patch, Ph.D., P.E.

Adaptation strategies are used to reduce vulnerability in response to storms and sea-
level rise (SLR). An adaptation tipping point for a barrier island is said to exist when an
adaptation strategy fails. Previous studies have applied statistics to identify adaptation
tipping points and construct adaptation pathways as a function of quantity of SLR. This
study is focused on Alligator Lake and Oleander Pond on the barrier island Dauphin Island,
AL,; a site residents and community leaders identified as vulnerable to saltwater intrusion
under future SLR conditions. Therefore, the purposes of this study are to numerically
simulate impacts of a storm and SLR scenarios on a barrier island freshwater aquifer,
evaluate the effectiveness of adaptation strategies to prevent seawater contamination via
overtopping as sea levels rise, and develop an adaptation pathway for protecting the
freshwater supply under future climate scenarios. XBeach was used to simulate
morphological changes to the region near Alligator Lake and Oleander Pond with merged
DEM and Lidar data. SLR scenarios (0.40 m, 0.53 m, 0.66 m, 0.75 m, 1.00 m, 1.26 m, and
1.93 m) were simulated with Hurricane Nate hydrodynamic conditions. Overtopping

occurred at 1.26 m and 1.93 m of SLR. An adaptation pathway was created with four

adaptation strategies and seven SLR scenarios.
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CHAPTER |

INTRODUCTION

This thesis will review barrier island response to sea-level rise, hydrodynamic
processes, saltwater intrusion of coastal aquifers, adaptation strategies, and adaptation
tipping points. The study site will be introduced describing geographical features,
Hurricane Nate storm conditions, and current adaptation strategies. A methodology will
describe the model, grids, and plots used to simulate tides and total water levels. The
results will include initial, peak, and final water levels, dune crest elevations, and initial,
final, and change in bathymetry. The effectiveness of the adaptation strategies will be
discussed by comparing the adaptation strategies to one another and previous work. An
adaptation pathway will be developed from comparisons. This thesis will conclude with
the main findings (water levels and dune crest elevations), adaptation strategy

effectiveness, and construction of the adaptation pathway.

1.1 Barrier Island response to sea-level rise

Sea-level rise (SLR) is primarily driven by ocean thermal expansion and input
from melting land glaciers and terrestrial water bodies (IPCC, 2007). SLR disrupts tidal
ranges, current velocities, and circulation (French, 2008; Hall et al., 2013; Leorri et al.,
2011; Valentim et al., 2013). Rapid rates of SLR cause coastal environments such as
barrier islands to transition from shoreline retreat to flooding (Donoghue, 2011). The

duration of the transition period is determined by sediment supply and subsidence. Moore



et al. (2010) suggest that because of SLR or reduced sediment accretion, barrier islands
move onshore, disintegrate during storms because of sediment deficiency and lack of
higher elevations, or submerge to become marine sedimentary features. If SLR is absent,
a barrier island does not exist because the back barrier fills with sediment transported by
a connecting water body (e.g. river) (Beets and van der Spek, 2000; Nienhuis & Lorenzo-
Trueba, 2019). Moderate SLR allows marsh and tidal flats to exist on the backside of the
island, and island stability is achieved by onshore migration which occurs during storms
and tides bringing in cross-shore deposits from the seaward side. No SLR and moderate
SLR do not impact the back barrier in the same way because the sediment discharge from
a river would differ due to time and sediment volume compared to overwashed sediment
brought in by a storm from the seaside. Higher SLR is a hazard to barrier islands since
less area exists above the water surface (Nienhuis and Lorenzo-Trueba, 2019). If
sediment supply fails to properly supply barrier islands, the island will drown in place
(Mellet and Plater, 2018; Rodriguez et al., 2001). Barrier islands that do not adjust to
SLR may submerge because of lower bed elevations or reduce in island width because of
shoreline retreat and narrowing (Ciarletta et al., 2019; Lorenzo-Trueba & Ashton, 2014;

Miselis & Lorenzo-Trueba, 2017).

1.2 Hydrodynamic and morphodynamic processes

Storm occurrence determines barrier island stability with respect to SLR (Houser
& Hamilton, 2009). Duran and More (2013) suggest that areas with large established

dune systems are at risk for major deformation and irreversible equilibrium states because



they rely on beach and vegetation recovery. The foredune serves as the major line of
defense for a barrier island, and its ability to protect is limited to excursion (tides + storm
surge + wave runup) (Houser and Hamilton, 2009; Morton, 2002; Nott, 2006; Sallenger,
2000; Thieler and Young, 1991). Wave runup is the vertical distance waves reach on the
beach (Bertin et al., 2018) driven by setup or swash (Stockdon et al., 2006). When
excursion is greater on the seaward side versus the back barrier side of the island, storm
overwash carries sediment to the back barrier side (Carruthers et al., 2013; Donnelly et
al., 2006). Runup overwash results during high tides leaving small tapering deposits, and
inundation overwash results from barrier submergence leaving cross-shore deposits 100-
1000 m wide (Donnelly, 2006; Sallenger, 2000). Overwash events collectively cause
landward expansion which creates conditions necessary for barrier islands to sustain SLR
over geologic time (Leatherman, 1983). Long-term overwash events are not well
bounded, and their connection to current overwash events is unclear (Carruthers et al.,
2013; Donnelly et al., 2006; Lazarus, 2016; Rodgers et al., 2015). Unconfined long-term
overwash events have yielded barrier island overwash models that depend on geometry

and rollover rather than individual storms.

1.3 Saltwater intrusion of coastal aquifers

Breached coastal areas, inundation, and saltwater intrusion of coastal aquifers
occur as successive events (Elsayed, 2017). Breaching facilitates onshore flooding by
allowing seawater to transport through channels toward land. Transported seawater could

then potentially seep down into groundwater (Yang et al., 2013). However, breaching and



flooding occur within days while saltwater intrusion may occur over several years.
Breaching is driven by immense overtopping (Kanning et al., 2007; Vorogushyn et al.,
2009). Chang et al. (2011) proposed that SLR would induce pressure on the seaside of an
aquifer causing the water table elevation to rise. SLR impacts on coastal aquifers were
observed by analyzing the position of a salt wedge in a confined and unconfined aquifer.
Numerical outputs from SEAWAT, a coupling software used for 3D groundwater
transport of nonuniform density (Guo and Bennett, 1998), showed that a steady-state salt
wedge in a confined aquifer will be unaffected by SLR for constant, continuous recharge.
In a shortened simulation, the salt wedge position for the confined aquifer initially
contaminated the aquifer but did return to its original location. The salt wedge position
for an unconfined aquifer did not return to its original location since water is able to flow
at deeper depths within the aquifer. Although the salt wedge positions differed for the
confined and unconfined aquifer, model outputs showed that SLR elevated both aquifers
and that upward forcing can reduce long-term saltwater intrusion affects. Remediation
strategies to coastal breaching, flooding, and saltwater intrusion of coastal aquifers
include budgeting for coastal aquifer pollution in flood risk, designing drainage systems
that account for overtopping, and managing susceptible areas without the use of open

channels and open wells since they would facilitate contamination (Elsayed, 2017).

1.4 Adaptation strateqgies

An adaptation strategy to SLR and the resulting saltwater intrusion may

individually incorporate or combine planned retreat, accommodation, and protection



(Bijlsma et al., 1996). Examples of planned retreat, accommodation, and protection
include acquiring land, increasing the height of houses, and beach nourishment
(Doberstein et al., 2019 adapted from Tyler, 2015). An effective adaptation strategy uses
multiple adaptation approaches which are customized to meet the requirements of a
vulnerable area and attempt to lessen implementation constraints (Klein et al., 1999).
Adaptation strategies are also characterized according to reactive or anticipatory
adaptation (Burton, 1997; Klein and Tol, 1997; Smit, 1993; Smit et al., 1999). Reactive
adaptation follows climate change conditions, and anticipatory adaptation precedes
climate change conditions. However, reactive and anticipatory adaptation are sometimes
indistinct from the other, especially in a persistent, evolving system. Adaptation can be
autonomous or planned. Autonomous adaptation occurs in the absence of a decision-
maker, and planned adaptation operates under carefully organized instruction. Although
natural systems respond with reactive and autonomous adaptation, planned and
anticipatory adaptation may enhance autonomous adaptation such as making area

available for planned retreat or beach nourishment.

1.5 Adaptation tipping points

Adaptation tipping points (ATPs) are instances when management strategies can
no longer fulfill their intended outcomes because of changing environmental factors
(Kwadijk et al., 2010). Adaptive policies should account for time and a system’s response
to current change to gauge future conditions and conditions leading up to the future

(Yohe, 1990). The ATP approach incorporates time (Walker et al., 2013) and considers



the circumstances that cause a plan to reach its threshold rather than trying to anticipate a
climate scenario (Kwadijk et al., 2010). ATPs exist within the ATP approach, which
focuses on planning for the implementation of adaptation strategies; thus an ATP
indicates when a new adaptation strategy is needed within the approach. Adaptation
pathways (APs) are selected avenues that provide outcomes for a system susceptible to
climate change and use gradual tiers activated when a shift in circumstances occurs
(Haasnoot et al., 2013; Kwadijk et al., 2010; Parson & Karwat, 2011; Ranger et al., 2013;
Walker et al., 2013; Wise et al., 2014). Therefore, APs are activated by ATPs (Kwadijk et
al., 2010; Ranger et al., 2013; Walker et al., 2013; Wise et al., 2014). The AP approach is
time based (Walker et al., 2013) and branches from the ATP approach by using alternate
plans when a tipping point occurs (Figure 1) (Haasnoot et al., 2011; Haasnoot et al.,

2012).

Small ships

Medium ships

Current policy
Small dredging

Large dredging

’\, t + t oo

0 10 70 80 90 vsre 100

© Transfer station to new policy amm Policy effective In all scenarios
) Adaptation Tipping Point of a policy (Terminal) = = Palicy not effective in Wp scenario

Figure 1. An adaptation pathway was created for low flow management showing
adaptation strategies with respect to time (Haasnoot et al., 2012).



Ramm et al. (2018) previously constructed an AP for Lakes Entrance, Australia
with adaptation strategies being a function of use-by year, which is the predicted time
that an ATP will take place (Haasnoot, et al., 2015), and ATPs being associated with SLR
magnitudes. ATPs were determined from scenario discovery which uses a statistical
approach. However, we explore adaptation strategies as a function of SLR magnitude
using XBeach similar to Smallegan et al. (2017) who develop an AP for Bay Head, New
Jersey. The AP itself is an indicator of time because the amount of SLR, which
determines when an adaptation strategy should be put into place, is inherently dependent

on water level increases over time.

1.6 Study purpose

The purpose of this study is to determine the vulnerability of a freshwater aquifer
to overtopping and overwashing as sea levels rise by (1) exploring Hurricane Nate and
SLR impacts at Dauphin Island, Alabama near Alligator Lake and Oleander Pond
(aquifer site) through numerical modelling (Xbeach), (2) simulating adaptation strategies
to increase the resilience of the aquifer to SLR impacts, and (3) developing an adaptation
pathway in response to simulated adaptation strategies. The background and study site

will follow in Chapter I1.



CHAPTER I

BACKGROUND AND STUDY SITE

2.1 Geomorphology

Dauphin Island is a barrier island with an area of 16 km? (3,954 acres) (Ellis et al.,
2018) and is located off the coast of Mobile County, Alabama (AL) with universal
transverse mercator (UTM) coordinates 16 R 392981 m E 3347483 m N (Figure 2)
(Google Earth Pro, 2022). Geologic events reveal the island’s formation/transformation
over time and can be used to assess present-day island vulnerability/resilience. Geometry
of the east end is attributed to Pleistocene erosion and uplifting and Holocene strand
plains (Otvos, 1970). Island thinning on the west end is driven by longshore current and
overwash (Otvos, 1970; Riggs et al., 1995). Core samples collected from Cedar Key and
Little Dauphin Island (connected to the east end of Dauphin Island) reveal normal
grading (coarse to fine sediment) indicating washover (Ellis et al., 2018). Sediment
between Graveline Bay (located on the back barrier side of the east end of Dauphin
Island between Lafitte Bay and Bayou Aloe) and Dauphin Island suggest variable
influences from storms and human impacts. Ellis et al. (2018) do not state which human
impacts direct sediment transport in the cross-shore direction, but perhaps there are lack
of data that point to a specific event(s). Estuarine sediment in marshes may also result
from wave propagation in the Mississippi Sound during storms. Present-day sediment
transport, driven by southeast wind and waves, primarily occurs in the longshore
direction from east to west (Byrnes et al., 2013). The east end experiences longshore

transport reversals, but the reversals do not largely influence overall transport.



Undeveloped

west end

Figure 2. Dauphin Island is located off the coast of Mobile County, AL (orange box)
(Google Earth Pro, 2022). The undeveloped west end (purple box) is the western most
part, the developed west end (gold box) is the central part of the island, and the east end
(pink box) is the eastern most part.

2.2 Wind, waves, and water levels

Dauphin Island has a south facing beach, and winds typically blow out of the
southeast (USACE-ERDC, 2014a) driving waves toward shore in the north to northwest
direction (USACE-ERDC, 2014b). Tides at Dauphin Island are diurnal with winter
months experiencing lower tides than summer months due to tides following mean sea
level (MSL). To illustrate this, according to the average seasonal cycle from Dauphin
Island tide gauge 8735180, MSL is -0.113 in January while MSL is 0.132 in September
(Figure 3) (NOAA-TC, 2022a). The current rate of relative sea level rise at Dauphin

Island is 4.13 +/- 0.59 mm/yr (NOAA-TC, 2021). Measured wind, wave, tides, storm



surge, and SLR parameters are of interest because they will be used as inputs in coastal

numerical models as discussed later in this document.
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Figure 3. The average seasonal cycle shows MSL from Dauphin Island tide gauge
8735180 (NOAA - TC, 2022a).

2.3 Dauphin Island aquifers

Kidd (1988) recognizes the deep sand (bottom aquifer), the shallow sand (middle
aquifer), and the water-table (top aquifer) as freshwater aquifers for Dauphin Island, AL
(Figure 4). The deep sand aquifer is Miocene age and extends 152 m below sea-level
(Chandler and Moore, 1983). The lower portion of the shallow sand aquifer is Miocene
age and extends 46 — 152 m below sea-level while the upper portion of the shallow sand
aquifer is Pleistocene age and extends 15 — 46 m. The shallow sand aquifer is overlain by
9 m of clay (O’Donnell, 2005). The water-table aquifer includes the Gulfport Formation
of Otvos (Pleistocene age) and is overlain by Holocene sand (Luttrell et al., 1981). The

water-table aquifer has a depth of approximately 13 m (O’Donnell, 2005). Elevated

10



chloride levels in the deep sand aquifer make it unsuitable for human consumption.
Therefore, the shallow sand and water-table aquifers provide the most readily available
freshwater (Petty, 2011). The aquifers are supplied by a freshwater lens that overlies
saltwater because of lower density, water-table elevation, low permeability layers, and

slow spreading with saltwater. The lens is supplied by precipitation.

N
GULF SOUND

SEALEVEL f— — — — — — — — — —

ater-table aquife

ALTITUDE, IN FEET

, _Shallow sand aquifer 1 il

0 0.5 1 1.5 2
DISTANCE, IN MILES

Vertical scale greatly exaggerated.

EXPLANATION
[="Y] HOLOCENE SAND, SILT, AND CLAY
HOLOCENE SAND
GULFPORT FORMATION (PLEISTOCENE)
CLAY (PLEISTOCENE)
[] SAND (PLEISTOCENE)

Figure 4. A generalized south-north hydrologic section of Dauphin Island is shown
(modified from Otvos, 1985) (Kidd, 1988). Note that the deep sand aquifer is not
depicted.
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2.4 Historic storm impacts

Hurricanes Frederic, Ivan, and Katrina have greatly altered Dauphin Island
through breaching, overwash, erosion, and rollover (Steyer et al., 2020). Specifically,
Frederic resulted in washover deposits on the west end while the east end incurred minor
damage because of a sizeable dune system fronting it (Halper and Schroeder, 1990;
Parker et al., 1981). Ivan created channels at the west end, and Katrina widened a channel
also the west end (undeveloped section) (Froede, 2008; Winstanley, 2013). Pelican-Sand
Island protected the east end of Dauphin Island during Ivan at the expense of near total
dune erosion (Winstanley, 2013). Katrina eroded dunes and beach at the undeveloped
section on the west end while the east end experienced minor impacts (Froede, 2008).
Pelican-Sand Island also migrated to the northwest. Pre- Ivan and Katrina breaches have
recovered over decades because of sediment transport from Mobile Pass ebb-tidal delta
(Byrnes et al., 2010; Morton, 2008). Katrina Cut (the largest breach) was filled during the
summer of 2010 to the spring of 2011 with a sand-tight rubble mound structure (Webb et
al., 2011). During Hurricane Nate (October 8, 2017) at 3:50 a.m., wind speeds reached
16.2 m/s producing 5 m wave heights according to station 42012 at water depth of 25.9 m
(NOAA-NDBC, 2017) (Figure 5). Tides and storm surge at 3:48 a.m. were 1.014 m and
0.724 m (NAVD88) according to the Dauphin Island tide gauge 8735180 (NOAA-TC,

2017).
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Figure 5. Wave height (H), peak wave period (Tp), and wave direction (6) were
measured from NOAA data buoy station 42012, and excursion (1) was measured from
Dauphin Island tide gauge 8735180 during Hurricane Nate. The red line was the extent of
the storm in which morphodynamic change was observed on the west end while the blue
line was the duration of the complete the storm.

2.5 Armoring, sediment transport, and nourishment strategies

Previous strategies for Dauphin Island include armoring Fort Gaines with riprap
on the east end, placing groins on the southeast end, installing retaining walls on the
northeast end, placing riprap at the western fishing pier, and building berms on the west
end in response to Hurricane Georges, Tropical Storm Isadore, and Hurricanes Ivan and
Katrina (Steyer et al., 2020). Emergency berms were built on the west end in 2007 as an
attempt to armor homes facing the Gulf side (Froede, 2010). However, the berms over-
steeped the shoreline and were eroded by Hurricane Gustav in 2008, and Federal

Emergency Management Agency (FEMA) forwent funding because of the lack of homes
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in the area. During the 2010 Deepwater Horizon oil spill, riprap was placed at the Katrina
breach to avert oil from the Mississippi Sound. The riprap was subject to be removed by
summer of 2011 per an emergency permit, but a permanent permit was also applied for
during the time of construction to allow the structure to remain in place (Webb et al.,
2011). Newer strategies for the east end of Dauphin Island have included converting

groins to breakwaters and constructing a pocket beach.

2.6 Proposed nourishment and land acquisition strategies

The Alabama Barrier Island Restoration Assessment Monitoring and Adaptive
Management plan includes ebb tidal shoal, gulf beach, back barrier and marsh
restoration, and land acquisition as ecosystem restoration measure types for Dauphin
Island (Steyer et al., 2020). The ebb tidal shoal restoration measure type aims to attenuate
wave impacts on the east end, nourish the beach and tidal flat, and mitigate land loss
using 3.4 million cubic meters (4.4 million cubic yards) of sand southeast of Pelican
Island for longshore sediment transport. The ebb tidal shoal restoration measure type also
intends to nourish and build Sand Island and Pelican shoal systems with 3.3 million cubic
meters (4.3 million cubic yards) of sand. The gulf beach restoration measure type focuses
are nourishing beaches and building dunes for the east end, west end, and Katrina Cut
and deconstructing the Katrina Cut structure. The east end will use 917,466 cubic meters
(2.2 million cubic yards) of sand for the beach and dunes, and fencing will be placed
along with flora for the dunes. Six million cubic meters (7.8 million cubic yards) of sand,

flora, and fencing will be used for the west end, Katrina Cut, and dune restoration after
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225 houses are purchased based on homeowners willing to sell their homes. The back
barrier and marsh restoration measure type intends to rebuild intertidal and back barrier
flat habitat, expand back barrier meadow and wetland habitats, and aid marsh response to
SLR by nourishing 31 of the 2010 inactive borrow pits with 214,458 cubic meters
(280,500 cubic yards) of fill. Implementation of living shorelines is also proposed to help
with marsh restoration. Various acreage throughout Dauphin Island is desired to reduce
development impacts to the island. Currently (winter of 2022), the east end is in the
stakeholder engagement and design phase, and construction is expected to take place by
summer of 2023 (Town of Dauphin Island, 2022a). The project for the west end has not
begun, but investigations and stakeholder engagement will begin by summer of 2022

(Town of Dauphin Island, 2022Db).

2.7 Study site

Alligator Lake (16R 395344 m E 3346671 m N) has an estimated surface area of
0.0119 km? (2.94 acres) and is about 154 m from the shoreline (Figure 6) (Google Earth
Pro, 2021). Oleander Pond, located east of Alligator Lake (16R 395580.61 m E
3346681.81 m N), is about 135 m from the shoreline and has an estimated surface area of
0.0215 km? (5.31 acres). The depth of the lake and the pond is approximately one meter,
and a 6 m dune system fronts the lake and west side of the pond while a 3 m dune system
fronts the east side of the pond. The lake and pond are the study site and are of interest
because they are potentially at risk of being contaminated by saltwater; this study

specifically focuses on saltwater contamination through overtopping and overwashing.
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Saltwater would not only contaminate the lake and pond but potentially contaminate the
water-table aquifer since it is the shallowest aquifer at 13 m (O’Donnell, 2005) and may
rely on recharge from the lake and pond (USGS, 2021). Eight wells providing freshwater
on the east end of Dauphin Island exist approximately 11 m deep into the water-table
aquifer with four wells (numbers 10, 20, 30, and 40) installed in 1990 and four additional
(well numbers 50, 60, 70, and 80) installed in 1992 (Caldwell, 1996). Well #80 is
approximately 334 m from Alligator Lake and may also be at risk of saltwater intrusion.
The adaptation measure types, specifically the gulf beach measurement type from the
Alabama Barrier Island Restoration Assessment Monitoring and Adaptive Management
Plan, may benefit the study site since dune building will take place on the east end
(Steyer et al., 2020). Increasing the elevation and width of the dunes could reduce the
chances of dune overtopping and overwashing, and in turn reduce the likelihood of

saltwater intrusion into the aquifer by those processes.
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300m

Figure 6. The high-resolution portion of the model domain (pink box) is shown including
Alligator Lake and Oleander Pond (Google Earth Pro, 2021). The full model domain
extends to the west, east, and offshore to a depth of 25.9 m to correspond to the depth at
which waves were measured.
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CHAPTER Il

METHODOLOGY

3.1 XBeach

XBeach is a hydrodynamic and morphodynamic model that simulates changes to
sand beaches by storms (Hoonhout, 2015). Hydrodynamic operations include short and
long wave transformations, wave setup, unsteady currents, and inundation.
Morphodynamic operations include sediment transport by suspended loads and bed loads,
dune collapsing, overwash, and breaching. XBeach computes coupled 2D horizontal
equations for wave propagation, flow, sediment transport and bottom changes, and
spectral wave and flow boundary conditions. The model also applies shallow water
equations such as the mass balance and momentum balance equations using a finite
volume approach. XBeach uses a world coordinate system with the x-coordinate in cross-
shore direction and the y-coordinate in the longshore direction. The model requires a
curvilinear grid and can use local coordinates relative to world coordinates based on an
origin and an orientation for a rectangular grid. The grid uses an offset/alternating
approach with bed levels, water levels, water depths and concentrations designated at cell

centers and velocities and sediment transport designated at cell nodes.

3.2 General grid and model setup

Merged digital elevation model (DEM) (OCM Partners, 2022a) and light
detection and ranging (LIDAR) 2016 data (OCM Partners, 2022b) projected in UTM

coordinates were obtained from Office for Coastal Management Partners and used to
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create a model domain. The DEM and LiDAR data represent bathymetry and topography
for the study site (Posey, 2021). The resolutions of the DEM and LIDAR data were one
meter and ten meters. The horizontal and vertical accuracies of the bathymetric DEM
data are a function of depth (d). The horizontal accuracy of the bathymetric DEM data

was 3.5 + 0.05d m. The shallow and deep -water vertical accuracies for bathymetric

DEM data were v/0.202 + 0.0075d?m and ¥0.302 + 0.013d? m. The horizontal and
vertical accuracies of the topographic LIiDAR data were one meter and 19.6 cm. A grid
with 524 cells in the x direction and 766 cells in the y direction containing Alligator Lake
and Oleander Pond was created using MATLAB code (MATLAB, 2019) (Figure 7). The
grid was rotated by 90 degrees to accommodate a south-facing beach for Dauphin Island.
To reduce computational time, the grid resolution, which refers to the grid cell spacing,
was set to vary spatially, with high-resolution used at and in the nearshore region of
Alligator Lake and Oleander Pond and low resolution used at the offshore region and at
the lateral boundaries. High, middle, and low resolutions within the grid were spaced one
meter, twenty meters, and fifty meters, respectively. The grid is spatially varying with
higher resolution in front of Alligator Lake and Oleander Pond while lower resolution
exists at the lateral boundaries and in the offshore direction. The offshore depth of the
grid was set to 25.9 m, corresponding to the depth of National Oceanic and Atmospheric
Administration (NOAA) data buoy station 42012 (NOAA-NDBC, 2017a) Specifically,
the DEM and LiDAR data were used at an elevation of -4.5 m, corresponding to where
the depth levels off (Figure 8). The elevation was artificially extended -25.9 m using a
slope of 1/100 to reduce computational speed while still allowing XBeach to transform

waves to the nearshore. Spectral wave data during Hurricane Nate from this buoy were
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applied as the offshore boundary wave conditions in XBeach (Figure 3), and XBeach
simulated onshore wave transformations. The waves recorded from data buoy station
42012 are likely not fully representative of waves that propagate from south of Dauphin

Island because the waves from the data buoy are likely affected by the ebb tidal delta.
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Figure 7. Bathymetry (color bar) is in meters with Alligator Lake to the west behind a
dune system of approximately 6 m and Oleander Pond (U-shaped). Note that the offshore
depth (25.9 m) is not shown in this grid although waves were simulated from this depth.
Vertical streaks at the top of Alligator Lake and Oleander Pond are connecting tributaries
displayed in the grid because they matched the minimum elevation used to identify the
lake and pond within the topography dataset; the lake and pond were set to -2 m so that
XBeach would recognize the lake and pond as water.
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Figure 8. Dauphin Island is shown with respect to the location of NOAA data buoy
station 42012. Note that this is the current location of the data buoy deployed at depth of
23.5 m; the depth of the data buoy during Hurricane Nate was 25.9 m.

The facua parameter affects sediment transport and allows wave skewness and
asymmetry directed flows to be specified at once (Hoonhout, 2015) Although the default
for the facua parameter is 0.1, this parameter was set to 0.01 because it was most
representative of sediment transport at Dauphin Island (Posey, 2021). Land elevations
and bathymetry were simulated with a bed file estimating Alligator Lake and Oleander
Pond at elevation of -2 m using North American Vertical Datum of 1988 (NAVD88).
This estimated elevation was used so that XBeach would recognize the lake and pond as
water rather than land. Manning’s roughness coefficient was used as a model input to
represent friction losses due to land cover or water. Roughness coefficient values from

Passeri et al. (2018) were used for open water (n = 0.022), bare land (n = 0.03), and
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estuarine forested wetland (n = 0.15) to create a land cover/water text file for the grid.
MATLAB code was used to create the text file to represent land cover and water for the

grid (MATLAB, 2019).

3.3 Adaptation strategies

The existing condition adaptation strategy is routine beach nourishment to
preserve beach profiles as they erode and evolve due to SLR (Figure 9). Cross-shore
profiles were plotted through Alligator Lake (Transect A: 395325 m E) and the west
(Transect B: 395600 m E) and east (Transect C: 395600 m E) side of Oleander Pond to
represent elevations and compare bed level changes within the grid (Figure 10). Each
cross-shore transect was drawn through the lake and the pond at locations with the

narrowest beach width. It was assumed that profiles remained constant with SLR.
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Figure 9. (a) Initial bathymetry (color bar) is in meters with Alligator Lake to the west
behind a dune system of approximately 6 m and Oleander Pond (U-shaped) to the east for
existing condition including Transects A, B, and C (green, red, and yellow lines). (b)
Manning’s roughness coefficients (color bar) were used to represent land cover (n = 0.03
and n = 0.15) and water (n = 0.022) for existing condition.
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Figure 10. From Transects A, B, and C, the cross-shore profiles (green, red, and yellow
lines) are plotted as elevation with respect to cross-shore distance for existing condition.
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A second 524 x 766 grid was created to represent a beach nourishment with a
larger sediment volume as an adaptation strategy to SLR instead of routine maintenance.
The grid used the same domain and range as the existing condition adaptation strategy.
Initial bathymetry for increased beach width (Strategy 1) revealed that the highest
elevation exceeded six meters and existed in front of Alligator Lake to the west side of
Oleander Pond (Figure 11). Lower elevations at approximately three meters were present
in front of the right side of Oleander Pond. Strategy 1 simulated in this study was taken as
an average value from a range of widths being considered by a coastal engineering firm
to nourish the east end of Dauphin Island. The beach width was extended to 70 m (B.
Webb, personal communication, November 11, 2021) while the beach elevation remained
at 1 m. The beach was set to a slope of 0.06 (approximately 1:17) to avoid a vertical drop
from the beach to the nearshore region. This slope was used instead of a steeper slope
(approximately 1:10) because the grid resolution required a gentler slope to represent a
realistic beach slope for Dauphin Island. The extended beach was accounted for by
changing existing water (n = 0.022) to bare land (n = 0.03) (Figure 12). Cross-shore
profiles were plotted through Transects A, B, and C to represent elevations and compare
bed level changes within the grid (Figure 13).

A third 524 x 766 grid for increased beach elevation and increased width
(Strategy 2) was created using the same domain and range for the grid with existing
condition adaptation strategy. Initial bathymetry for Strategy 2 revealed that the highest
elevation exceeded six meters and existed in front of Alligator Lake to the left side of
Oleander Pond (Figure 11). Lower elevations at approximately three meters were present

in front of the right side of Oleander Pond. The beach elevation used for this adaptation
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strategy was adapted from an engineering firm that intends to implement this elevation
for the berms on the east end of Dauphin Island. The beach width was extended to 70 m
while the beach elevation was raised to 1.83 m (B. Webb, personal communication
November 11, 2021). Manning’s roughness coefficient for the raised and widened beach
was changed from n = 0.022 (open water) to n = 0.03 (bare land) to account for additional
sand where water previously existed (Figure 12). Cross-shore profiles were plotted
through Transects A, B, and C to represent elevations and compare bed level changes
within the grid (Figure 13). Strategy 3 intends to increase the elevation of the beach and
dunes and increase the beach width but was not simulated in this study. However, it was

included in the AP for the study site.
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Figure 11. Initial bathymetry (color bar) is in meters with Alligator Lake to the west
behind a dune system of approximately 6 m and Oleander Pond (U-shaped) to the east
including Transects A, B, and C (green, red, and yellow lines) for (a) existing condition,
(b) Strategy 1, and (c) Strategy 2. Positive values represent land while negative values
represent water.
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Figure 12. Manning’s roughness coefficients (color bar) were used to represent land
cover (n =0.03 and n = 0.15) and water (n = 0.022) for (a) existing condition, (b)
Strategy 1, and (c) Strategy 2.
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Figure 13. Cross-shore profiles were plotted as elevation with respect to cross-shore
distance for (a) Transect A, (b) Transect B, and (c) Transect C for existing condition
(black line), Strategy 1 (pink line), and Strategy 2 (blue line).
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3.4 Grid for land cover change around Alligator Lake and Oleander Pond

A fourth model setup was created to represent changing land cover around
Alligator Lake and Oleander Pond. Land cover change around the lake and pond was not
an adaptation strategy but was simulated to determine the impact vegetation around the
lake and pond has on inundation extent. The land cover change around Alligator Lake
and Oleander Pond was accounted for by changing the roughness coefficient of 0.15
(estuarine forested wetland) to 0.03 (bare land) for the Manning’s grid (Figure 14). The
elevation grid used for the existing condition adaptation strategy was used for land cover
change around the lake and pond. Initial bathymetry for land cover change around
Alligator Lake and Oleander Pond revealed that the highest elevation exceeded six meters
and existed in front of Alligator Lake to the west side of Oleander Pond. Lower
elevations at approximately three meters were present in front of the east side of Oleander

Pond. The beach elevation was one meter.
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Figure 14. Manning’s roughness coefficients (color bar) were used to represent land
cover (n =0.03) and water (n = 0.022) for land cover change.

3.5 SLR scenarios

Hurricane Nate water levels were obtained from Dauphin Island tide gauge
8735180 (NOAA-TC, 2017), and wave conditions were obtained from NOAA data buoy
station 42012 (NOAA-NDBC, 2017). Sweet et al. (2017) projected global mean sea level
(GMSL) rise scenarios for 2100 (low, intermediate-low, intermediate, intermediate-high,
high, and extreme) which include 0.30 m, 0.50 m, 1.0 m, 1.5 m, 2.0 m, and 2.5 m. The
SLR scenarios used in this study were adapted from Sweet et al. (2017) to represent
relative SLR at Dauphin in Island in year 2100 which include 0.40 m, 0.53 m, 0.66 m,
0.75m, 1.00 m, 1.26 m, and 1.93 m. The current mean sea level (MSL) at Dauphin Island
is 0.016 m relative to NAVD88 (NOAA-TC, 2022b). The SLR scenarios were

superimposed on Hurricane Nate water levels (Figure 15). Water levels from Hurricane
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Nate without SLR were simulated to compare with simulations using Hurricane Nate

water levels and superimposed SLR scenarios.
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Figure 15. SLR scenarios were superimposed onto Hurricane Nate water levels from the
Gulf of Mexico. No SLR (bottom red line) were actual water levels from Hurricane Nate
while 1.93 m of SLR (top red line) was the maximum amount of SLR simulated in this
study.

3.6 Inundation, total water levels, and cross-shore bathymetry

The total water levels simulated with XBeach were configured into an animation
with bed elevations to determine areas within the model domain that submerged and
areas that remained emergent (Figure 16a). A hydrograph animation with time (hr) as the
x-axis and total water levels (m, NAVD88) as the y-axis was used to determine the
timestep that peak water levels occurred (Figure 16b). An animation of cross-shore
bathymetry and total water levels was used to determine if dune overtopping and erosion

of the dune crest occurred (Figure 16c). In this study, it was inferred that saltwater
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contaminated the lake and pond if dune overtopping occurred. Each animation was

observed for no SLR and SLR scenarios at Transects A, B, and C.
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Figure 16. (a) The timestamp of total peak water levels (color bar) and bathymetry at
Transect C shows areas that became inundated. Areas in white are emergent. (b) The
timestamp of the hydrograph shows the timestep (red line) that peak water levels (blue
line) occurred for Transect C. (c) The timestamp of cross-shore bathymetry (black line)
and total water levels (blue line) is shown during peak water levels for Transect C. Note
that these animations are shown for the existing condition adaptation strategy at 1.93 m
of SLR.
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CHAPTER IV

RESULTS

Model outputs for Hurricane Nate conditions and the sea level rise (SLR)
scenarios were compared to determine if overtopping and topographic changes occurred
near Alligator Lake and Oleander Pond. Saltwater intrusion in Alligator Lake may be
estimated depending on the length and width of a breach and runup elevation. While
breaching can occur due to overtopping (Kanning et al., 2007; Vorogushyn et al., 2009),
breaching was not a concern in this study because of the beach width at the study site.
Dune overtopping is a concern since total water levels could exceed the dune crest
elevations armoring Alligator Lake and Oleander Pond. Erosion and deposition were
quantified by taking the difference between pre-storm and post-storm bed elevations.

Elevation and water level data along three transects (A, B, and C) were extracted
from the grids to compare difference in water levels with respect to dune elevations.
Initial, peak, and final water levels were recorded by visual inspection as the maximum
point at or near the dune from combined cross-shore bathymetry (initial and final) and
total water level animations in MATLAB. The hydrographs were used to verify when the
peak water levels occurred. Initial and final dune crest elevations were recorded by visual
inspection as the maximum elevation of the dune. Water levels and dune crest elevations
were obtained for each grid (existing condition, Strategy 1, Strategy 2, and land cover
change around Alligator Lake and Oleander Pond) at no SLR and SLR scenarios (0.40,

0.53, 0.66, 0.75, 1.00, 1.26, and 1.93 m).
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4.1 Adaptation strategies

For the existing condition adaptation strategy, no overtopping occurred at
Alligator Lake (Transect A), and the final dune crest elevation was 6.05 m for all SLR
scenarios. SLR of 0.00 m yielded the lowest peak water levels at 2.21 m while 1.93 m of
SLR yielded the highest peak water levels at 4.26 m for Transect A (Table 1). At
Transect B (west side of Oleander Pond), 0.00 m of SLR yielded lowest peak water levels
at 2.08 m while 1.93 m of SLR yielded the highest peak water levels at 3.79 m (Table 2).
Overtopping occurred at (Transect B) 1.93 m of SLR at the 3.75 hr timestep, indicating
saltwater intrusion of Oleander Pond. The final dune crest elevation at 1.93 m of SLR
was 3.65 m. At Transect C (east side of Oleander Pond), 0.00 m of SLR vyielded the
lowest peak water levels at 2.07 m while 1.93 m of SLR yielded the highest peak water
levels at 3.65 m (Table 3). Overtopping occurred at 1.26 and 1.93 m of SLR at the 3.75 hr
timestep, indicating saltwater intrusion of Oleander Pond at a lower SLR scenario for this
transect. The final dune crest elevations at 1.26 and 1.93 m of SLR were 3.04 m and 2.97

m.
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Table 1. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect A for each SLR scenario (existing
condition adaptation strategy).

Initial Dune Time Step of Peak Final Dune
SLR Scenario Crest Overto pin Water Crest
(m) Elevation (hrr;p . Levels Elevation
(m) (m) (m)
0.00 6.05 . 2.21 6.05
0.40 - - 2.55 B
0.53 - _ 2.85 -
0.66 2.98
0.75 - - 3.05 -
1.00 _ 3.28 _
1.26 - 3.47
1.93 - 4.26 -

Table 2. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect B for each SLR scenario (existing
condition adaptation strategy).

) Initial Dune Time Step of Peak Final Dune
SLR Scenario Cres.t Overtopping Water Cres_t
(m) Elevation (hr) Levels Elevation
(m) (m) (m)
0.00 414 2.08 414
0.40 — . 2.52 —
0.53 — - 2.64 _
0.66 — - 2.87 -
0.75 — - 2.93 -
1.00 — - 3.22 --
1.26 - - 3.28 -
1.93 4.14 3.75 3.79 3.65
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Table 3. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect C for each SLR scenario (existing
condition adaptation strategy).

) Initial Dune Time Step of Peak Final Dune
SLR Scenario Cres.t Overtopping Water Cres.t
(m) Elevation (hr) Levels Elevation
(m) (m) (m)
0.00 3.05 — 2.07 208
0.40 _ - 2.46
0.53 . o 2.63
0.66 . - 2.75
0.75 . - 2.80
1.00 . - 2.97
1.26 - 3.75 3.17 3.04
1.93 - 3.75 3.65 2.97

For Strategy 1, no overtopping occurred at Alligator Lake (Transect A), and the
final dune crest elevation was 6.05 m for all SLR scenarios. SLR of 0.00 m yielded the
lowest peak water levels at 2.08 m while 1.93 m of SLR yielded the highest peak water
levels at 4.09 m for Transect A (Table 4). At Transect B (west side of Oleander Pond),
0.00 m of SLR yielded the lowest peak water levels at 2.01 m while 1.93 m of SLR
yielded the highest peak water levels at 3.79 m (Table 5). Overtopping occurred at
(Transect B) 1.93 m of SLR at the 3.75 hr timestep, indicating saltwater intrusion of
Oleander Pond. The final dune crest elevation at 1.93 m of SLR was 3.76 m. At Transect
C (east side of Oleander Pond), 0.00 m of SLR yielded the lowest peak water levels at
2.02 m while 1.93 m of SLR yielded the highest peak water levels at 3.61 m (Table 6).
Overtopping occurred at the 3.75 hr timestep, indicating saltwater intrusion of Oleander
Pond at a lower SLR scenario for this transect. The final dune crest elevations at 1.26 and

1.93 m of SLR were 3.05 and 2.96 m.
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Table 4. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect A for each SLR scenario (Strategy 1).

SLR Initial Dune Time Step of Peak Final Dune
Scenario Cres.t Overtopping Water Cres.t
(m) Elevation (hr) Levels Elevation
(m) (m) (m)
0.00 6.05 - 2.08 6.05
0.40 - - 251 N
0.53 - i 2.63 -
0.66 2.85
0.75 " - 2.96 N
1.00 - _ 3.26 -
1.26 3.43
1.93 - - 4.09 N

Table 5. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect B for each SLR scenario (Strategy 1).

SLR Initial Dune Time Step of Peak Final Dune
Scenario Cres.t Overtopping Water Cres_t
(m) Elevation (hr) Levels Elevation
(m) (m) (m)
0.00 4.14 - 2.01 4.14
0.40 - . 2.49 -
0.53 - . 2.61 .
0.66 - _ 2.70 _
0.75 - 2.82 _
1.00 - - 3.22 _
1.26 - — 3.23 _
1.93 - 3.79
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Table 6. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect C for each SLR scenario (Strategy 1).

SLR Initial Dune Time Step of Peak Final Dune
Scenario Cres.t Overtopping Water Cres.t
(m) Elevation (hr) Levels Elevation
(m) (m) (m)
0.00 3.05 . 2.02 3.05
0.40 - - 2.41 -
0.53 - - 2.55 —
0.66 - - 271 -
0.75 -- - 2.77 _
1.00 - - 2.94 .
1.26 -- 3.75 3.14 3.05
1.93 - 3.75 3.61 2.96

For Strategy 2, no overtopping occurred at Alligator Lake (Transect A), and the
final dune crest elevation was 6.05 m for all SLR scenarios. SLR at 0.00 m yielded the
lowest peak water levels at 1.91 m while 1.93 m of SLR yielded the highest peak water
levels at 4.03 m for Transect A (Table 7). At Transect B (west side of Oleander Pond),
0.00 m of SLR yielded the lowest peak water levels at 2.01 m while 1.93 m of SLR
yielded the highest peak water levels at 3.80 m (Table 8). Overtopping occurred at
(Transect B) 1.93 m of SLR at the 3.75 hr timestep, indicating saltwater intrusion of
Oleander Pond. The final dune crest elevation was 3.79 m. At Transect C (east side of
Oleander Pond), 0.00 m of SLR yielded the lowest peak water levels at 2.04 m while 1.93
m of SLR yielded the highest peak water levels at 3.61 m (Table 9). Overtopping
occurred at 1.26 and 1.93 m of SLR at the 3.75 hr timestep, indicating saltwater intrusion
of Oleander Pond at a lower SLR scenario for this transect. The final dune crest

elevations at 1.26 and 1.93 m of SLR were 3.04 and 2.93 m.
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Table 7. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect A for each SLR scenario (Strategy 2).

SLR Initial Dune ~ Time Step. of Peak Final Dune
Scenario Crest Overtopping Water Crest
(m) Elevation (hr) Levels Elevation
(m) (m) (m)
0.00 6.05 - 1.91 6.05
0.40 - - 2.52 -
0.53 - - 2.60 -
0.66 - - 2.83 -
0.75 - -- 2.95 --
1.00 . -- 3.23 -
1.26 N - 3.38 -
1.93 — 4.03 -

Table 8. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect B for each SLR scenario (Strategy 2).

SLR Initial Dune Time Step of Peak Final Dune

Scenario Cres.t Overtopping Water Cres't
(m) Elevation (hr) Levels Elevation

(m) (m) (m)

0.00 4.14 _ 2.01 4.14
0.40 - — 2.50 -
0.53 - - 2.63 —
0.66 - - 2.80 _
0.75 - - 2.93 _
1.00 - — 3.25 _
1.26 . — 3.19 _
1.93 _ — 3.80
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Table 9. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect C for each SLR scenario (Strategy 2).

SLR Initial Dune Time Step of Peak Final Dune
. Crest . Water Crest
Scenario . Overtopping .
(m) Elevation (hr) Levels Elevation
(m) (m) (m)
0.00 3.05 -- 2.04 3.05
0.40 --
-- 2.38 -
0.53 -- - 2.57 _
0.66 - _ 2.77 -
0.75 -- - 2.79 --
1.00 -- -- 2.95 -
1.26 - 3.75 3.13 3.04
1.93 - 3.75 3.61 2.93

For the existing condition adaptation strategy, final bathymetry for no SLR
yielded the same elevations as initial bathymetry except at the beach where elevations
and width decreased (Figure 17). Change in bathymetry revealed 0.5 m of deposition in
the nearshore zone (395412 m E 3346388 m N), and -0.5 m of erosion at the beach
(395396 m E 3346451 m N) (Figure 18). A larger magnitude of deposition occurred in
front of Alligator Lake and the west side of Oleander Pond (0.5 m) than the east side of
Oleander Pond (0.4 m). Deposition extent was 23 m, and erosion extent was 68 m in front
of the east side of Oleander Pond. Deposition was present around the perimeters of the
lake and pond, especially at the north end of Oleander Pond.

For Strategy 1, final bathymetry for no SLR yielded the same elevations as initial
bathymetry except at the beach where elevations and width decreased (Figure 17).
Change in bathymetry revealed 0.5 m of deposition in the nearshore zone (395412 m E
3346388 m N), and -0.5 m of erosion at the beach (395396 m E 3346451 m N) (Figure

18). Strategy 1 yielded a greater magnitude of deposition (0.5 m) and greater extent and
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continuation of deposition (51 m) in front of the east side of Oleander Pond. Less extent
of erosion (44 m) occurred in front of the east side of Oleander Pond compared to
existing condition adaptation strategy. Deposition was present around the perimeters of
the lake and pond, especially at the north end of Oleander Pond.

For Strategy 2, final bathymetry for no SLR yielded the same elevations as initial
bathymetry except at the beach where elevations and width decreased (Figure 17).
Change in bathymetry revealed 0.5 m of deposition in the nearshore zone (395412 m E
3346388 m N), and -0.5 m of erosion at the beach (395396 m E 3346451 m N) (Figure
18). Strategy 2 yielded a greater extent of deposition (74 m) in front of the east side of
Oleander Pond compared to existing condition and Strategy 1. Erosion extent was
slightly greater (50 m) than Strategy 1 but still less than existing condition. Deposition
was present around the perimeters of the lake and pond, especially at the north end of
Oleander Pond. More investigation is needed to determine the cause of this sediment

transport in the lake and pond.
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Figure 17. Final bathymetry for no SLR was plotted for (a) existing condition, (b)
Strategy 1, and (c) Strategy 2 including Transects A, B, and C (green, red, and yellow
lines). Positive values represent land while negative values represent water.
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Figure 18. Change in bathymetry for no SLR was plotted for (a) existing condition, (b)
Strategy 1, and (c) Strategy 2 including Transects A, B, and C (green, red, and yellow
lines). Positive values represent deposition while negative values represent erosion.
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4.2 Land cover change around Alligator Lake and Oleander Pond

For changing land cover around Alligator Lake and Oleander Pond, no
overtopping occurred at Alligator Lake (Transect A), and the final dune crest elevation
was 6.05 m for all SLR scenarios. SLR of 0.00 m yielded the lowest peak water levels at
2.16 m while 1.93 m of SLR vyielded the highest peak water levels at 3.81 m for Transect
A (Table 10). At Transect B (west side of Oleander Pond), 0.00 m of SLR vyielded the
lowest peak water levels at 2.17 m while 1.93 m of SLR yielded the highest peak water
levels at 3.81 m (Table 11). Overtopping occurred at (Transect B) 1.93 m of SLR at the
3.75 hr timestep, indicating saltwater intrusion of Oleander Pond. The final dune crest
elevation at 1.93 m of SLR was 3.76 m. At Transect C (east side of Oleander Pond), 0.00
m of SLR yielded the lowest peak water levels at 2.17 m while 1.93 m of SLR yielded the
highest peak water levels at 3.42 m (Table 12). Overtopping occurred at 1.00, 1.26, and
1.93 m of SLR at the 3.75 hr timestep, indicating saltwater intrusion of Oleander Pond at
a lower SLR scenario for this transect. The final dune crest elevations at 1.00, 1.26, and

1.93 m of SLR were 3.05, 2.99, and 2.34 m.
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Table 10. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect A for each SLR scenario (land cover
change).

SLR Initial Dune Time Step of Peak Final Dune

Scenario Cres.t Overtopping Water Cres.t
(m) Elevation (hr) Levels Elevation

(m) (m) (m)

0.00 6.05 . 2.16 6.05
0.40 - — 2.37 —
0.53 - - 2.51 -
0.66 - - 2.70 -
0.75 - - 2.93 -
1.00 - - 3.14 -
1.26 _ _ 3.25 _
1.93 — 3.81

Table 11. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect B for each SLR scenario (land cover
change).

SLR Initial Dune Time Step of Peak Final Dune
Scenario Cres.t Overtopping Water Cres't

(m) Elevation (hr) Levels Elevation

(m) (m) (m)

0.00 - 2.17 4.14

0.40 — 2.46 -

0.53 _ 2.60 - -

0.66 - 2.73 - _

0.75 - 2.63 -

1.00 - 2.81 -- -

1.26 -- 3.12 -

1.93 - 3.77 - N
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Table 12. Peak water levels and dune crest elevations were obtained from
bathymetry/water level animations from Transect C for each SLR scenario (land cover
change).

Initial Dune Time Step of Peak Final Dune
SLR Scenario Crest Overto pin Water Crest
(m) Elevation (hrr))p . Levels Elevation
(m) (m) (m)
0.00 3.05 -- 2.17 3.05
0.40 -- _ 2.66 --
0.53 - N 2.76 -
-- 2.78 -
0.66 --
0.75 -- -- 2.88 -
1.00 -- 3.75 3.05 3.05
1.26 -- 3.75 3.12 2.99
1.93 -- 3.75 3.42 2.34

For changing land cover around Alligator Lake and Oleander Pond, final
bathymetry for no SLR vyielded the same elevations as initial bathymetry except at the
beach where elevations and width decreased (Figure 19). Change in bathymetry yielded
the same deposition and erosion patterns as existing condition. A larger magnitude of
deposition occurred in front of Alligator Lake and the west side of Oleander Pond (0.5 m)
than the right side of Oleander Pond (0.4 m). Deposition extent was 23 m, and erosion
extent was 68 m in front of the east side of Oleander Pond. Deposition was present

around the perimeters of the lake and pond, especially at the north end of Oleander Pond.
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Figure 19. (a) Initial, (b) final, and (c) change in bathymetry were plotted for land cover
change around Alligator Lake and Oleander Pond including Transects A, B, and C
(green, red, and yellow lines). Positive values for initial and final bathymetry represent
land while negative values represent water. Positive values for change in bathymetry
represent deposition while negative values represent erosion.
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4.3 Water level and dune crest elevation comparisons

Peak water levels from XBeach outputs were plotted with SLR scenarios for
existing condition, Strategy 1, Strategy 2, and land cover change around Alligator Lake
and Oleander Pond (Figure 20). The plots were used to determine adaptation strategy
effectiveness in reducing inundation by overtopping. From Transect A, Strategy 2 yielded
the lowest peak water levels (1.91 m) at no SLR while land cover change around
Alligator Lake and Oleander Pond yielded lowest water peak levels for all other SLR
scenarios. From Transect B, Strategies 1 and 2 yielded the lowest peak water levels (2.01
m) at no SLR. Land cover change around Alligator Lake and Oleander Pond yielded the
lowest peak water levels at all other SLR scenarios except at 0.66 m of SLR with
Strategy 1 yielding the lowest peak water levels. From Transect C, Strategy 1 yielded the
lowest peak water levels (2.02 m) at no SLR. All other SLR scenarios yielded the lowest
peak water levels from Strategies 1 or 2 except at 1.93 m of SLR with land cover change

around Alligator Lake and Oleander Pond yielding the lowest peak water levels (3.42 m).
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Figure 20. Peak water levels were plotted with SLR for existing condition (purple bar),
Strategyl (gold bar), Strategy 2 (pink bar), and land cover change around Alligator Lake
and Oleander Pond (blue bar) for Transects A, B, and C. Note that land cover change
around Alligator Lake and Oleander Pond is not an adaptation strategy.
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Final dune crest elevations from XBeach outputs were plotted with SLR scenarios
(2.00, 1.26, and 1.93 m) for existing condition, Strategy 1, Strategy 2, and land cover
change around Alligator Lake and Oleander Pond (Figure 21). Other SLR scenarios were
not plotted since no overtopping occurred. The plots were used to determine adaptation
strategy effectiveness. From Transect A, final dune crest elevations remained the same
(6.05m) at 1.00 m, 1.26 m, and 1.93 m of SLR for all adaptation strategies and land
cover change. From Transect B, final dune crest elevations remained the same (4.14 m) at
1.00 mand 1.26 m of SLR. At 1.93 m of SLR, existing condition adaptation strategy
yielded the lowest final dune crest elevation at 3.65 m. From Transect C, land cover
change around Alligator Lake and Oleander Pond yielded the lowest final dune crest

elevation at 2.34 m.
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Figure 21. Final dune crest elevations were plotted with SLR for existing condition
(purple bar), Strategy 1 (gold bar), Strategy 2 (pink bar), and land cover change around
Alligator Lake and Oleander Pond (blue bar) for Transects A, B, and C. The horizontal
black line indicates the initial dune crest elevation. Note that land cover change around
Alligator Lake and Oleander Pond is not an adaptation strategy.
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CHAPTER V

DISCUSSION

5.1 Island impacts

No SLR yielded deposition in the nearshore zone for Alligator Lake and Oleander
Pond (the study site) for the existing condition, Strategy 1, Strategy 2, and land cover
change around Alligator Lake and Oleander Pond. Posey (2021) also found that
deposition occurred in the nearshore zone at 0.53 m of SLR for the borrow pits
(developed West end) of Dauphin Island. This suggests that similar sediment transport
mechanisms occurred at the East and West end of Dauphin Island on the Gulf of Mexico
side. At 0.66 m of SLR, the study site did not yield dune overtopping or dune crest
erosion while Posey (2021) observed total dune destruction. SLR of 1.26 and 1.93 m
yielded dune overtopping at Oleander Pond for the existing condition, Strategy 1, and
Strategy 2, thus resulting in contamination to the pond while Posey (2021) observed
washover deposits on the back barrier side for the developed west end at 1.26 and 1.93 m
of SLR. Overtopping occurred at Oleander Pond because total water levels exceeded
dune crest elevations. Although island overwash on the back barrier side did not occur on
the east end compared to the west end, it can be inferred that the east and west ends will
likely be impacted at 1.26 m of SLR or greater through saltwater contamination and
overwash, respectively. The east end cannot be completely compared to the work that
Posey (2021) conducted since water levels were not simulated on the back barrier side of

east end although back barrier water levels were simulated for the west end. Wave runup
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likely differed between the east and west end because of different elevations on the island

and differences in swash or set up.

5.2 Adaptation strategies

Discussion of adaptation strategies in this section is only described for Transect C
(east side of Oleander Pond) since this location has the lowest dune elevations and
experienced the most overtopping. At 1.00 m of SLR, Strategy 1 and existing condition
did not yield overtopping, and the final dune crest elevations were 3.05 m. At 1.26 m of
SLR, Strategy 1 and existing condition yielded overtopping, and the final dune crest
elevations were 3.05 and 3.04 m. At 1.93 m of SLR, Strategy 1 and existing condition
yielded overtopping, and final dune crest elevations were 2.96 and 2.97 m. The greater
extent of erosion and deposition from Strategy 1 compared to existing condition is likely
a result of larger sediment volume available for transport. Perhaps, the additional sand
from Strategy 1 was transported to the existing beach increasing the erosion and
depositional extent. The deposition at the north end of Oleander Pond is likely sediment
deposited from the tributary.

At 1.00 m of SLR, Strategy 2, Strategy 1, and existing condition did not yield any
overtopping, and the final dune crest elevations were 3.05 m. At 1.26 m of SLR, Strategy
2, Strategy 1, and existing condition yielded overtopping, and the final dune crest
elevations were 3.04, 3.04, and 3.05 m. At 1.93 m of SLR, Strategy 2, Strategy 1, and
existing condition yielded overtopping, and the final dune crest elevations were 2.93,

2.96, and 2.97 m. The greater extent of erosion and deposition from Strategy 2 compared
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to Strategy 1 may have resulted from larger sediment volume available for transport. The
deposition at the north end of Oleander Pond is likely sediment deposited from the

tributary.

5.3 Land cover change around Alligator Lake and Oleander Pond

Land cover change around Alligator Lake and Oleander Pond was not an
adaptation strategy in this study, but loss of vegetation was simulated to determine the
potential impacts that could occur to the lake and pond. Although land cover change
around Alligator Lake and Oleander Pond and existing condition adaptation strategies
yielded the same changes in bathymetry for transect C (east side of Oleander Pond), land
cover change around Alligator Lake and Oleander Pond resulted in the lowest final dune
crest elevations. This indicates that the vegetation surrounding the lake, pond, and the
dune systems trap sediment which is similar to Fernandez-Montblanc et al. (2020) who
found that vegetation hindered overwash and sediment deposits behind the dunes.
Therefore, this suggests that vegetation does lessen storm impacts and could be simulated
as another adaptation strategy by vegetating the berms and dunes at the study site or other

areas on the island.

5.4 Adaptation pathway

Transect C (east side of Oleander Pond) was considered in developing the
adaptation pathway since the dunes at this location were most vulnerable to overtopping.

At no SLR, Strategy 1 resulted in less erosion in front of the east side of Oleander Pond
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than existing condition and Strategy 2. At 1.0 m of SLR, no adaptation strategies resulted
in erosion of the dune crests or overtopping. Smallegan et al. (2017) suggest that routine
beach nourishment for Bay Head, NJ is effective at 0.2 m of SLR. At 1.26 m of SLR,
overtopping occurred for all adaptation strategies, but Strategy 1 did not result in erosion
of the dune crest. At 1.93 m of SLR, all adaptation strategies resulted in overtopping and
similar final dune crest elevations. Smallegan et al. (2017) found that among existing
condition, routine beach nourishment, and beach and dune nourishment of a barrier island
in Bay Head, NJ, beach and dune nourishment produced the least amount of maximum
vertical erosion at 1.0 m and 2.2 m of SLR. Pre and post storm island volumes were not
calculated in this study but would better quantify how much erosion is occurring at the
dunes. Smallegan et al. (2017) simulated nourishment on the back barrier side of the
island. Adaptation strategy effectiveness depends on the objectives defined and can differ
based on the nature of a study site. This study focused on evaluating adaptation strategy
effectiveness against overtopping and overwash rather than breaching.

Simulating storm water levels and SLR were used to determine when ATPs were
reached and if alternate adaptation strategies were needed. An AP was then constructed
with SLR as the x-axis and adaptation strategies as the y-axis. The adaptation pathway
was constructed with respect to transect C (east side of Oleander Pond) since this area
had the lowest dune elevations and was most at risk of overtopping (Figure 22).
However, the adaptation pathway is representative for both Alligator Lake and Oleander
Pond. No adaptation strategy is activated from 0 to 1 m of SLR, and an ATP is reached
for SLR exceeding 1 m. Strategy 1 (increase beach width) is skipped and Strategy 2

(increase beach elevation and increase beach width) is activated from 1 to 2 m of SLR,
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and an ATP is reached for SLR exceeding 2 m. At 2 m of SLR or greater, Strategy 3
(raise dune and beach elevations; increase beach width) is activated although it was not
simulated in this study. This AP is aimed to further engage and inform stakeholders.
Including this AP in a risk management plan may aid policy makers in decision making
for the east end of Dauphin Island. However, further study such as simulating the
adaptation strategies with additional storms and island evolution to SLR is needed to
make recommendations as to which adaptation would be the most effective against a

certain amount of SLR.

Adaptation Pathway

— Preferred pathway

Strategy effective
No Adaptation EY

--- Strategy ineffective
Tipping point

Strategy 1 O New strategy

* No Adaptation — Existing condition

* Strategy 1 —increase beach width

* Strategy 2 —increase beach elevation;
increase beach width

* Strategy 3 —raise dune and beach
elevations; increase beach width

Strategy 2

Strategy 3

0 0.50 1.00 oU 2.00
1.26 1.93

SLR (m)

Figure 22. Adaptation strategies were plotted with respect to 0.00, 1.00, 1.26, and 1.93 m
of SLR. SLR values in gray were not simulated but shown as a demonstration. Note that
Strategy 3 was not simulated in this study.
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Limitations to the AP are that the adaptation strategies were simulated with a
numerical model XBeach which could introduce uncertainties with boundary conditions,
parameters, and governing equations (Rutten et al., 2021). Uncertainties could introduce
risk or hazard to computational outputs. The model used in this study was calibrated for
west end because of lack of data for the east end. Only one storm (Hurricane Nate) was
used in this study; other storms would potentially yield different results because of wave
heights, tides, and storm surge. The superposition of SLR scenarios onto Hurricane Nate
water levels is likely inaccurate since they do not interact linearly creating a bathtub
approach. The bathtub approach assumes that each SLR scenario is no different than
storm surge, thus simulating a storm with elevated water levels. The cross-shore profiles
simulated in this study were assumed constant with SLR. However, this does not
represent existing condition which continuously nourishes the beach profile as it evolves
with SLR. Pre and post storm island volumes were not calculated for the study site but
would give better estimates of sediment transport and thus adaptation strategy
effectiveness. XBeach was not coupled with a subsurface model so the extent of
groundwater contamination is unknown. The volume of seawater caused by overtopping
in Oleander Pond was not calculated but would determine if remediation strategies
needed to be implemented. Cost estimates were not included in this pathway which is
necessary for stakeholder decision making. This AP was created for the east end of
Dauphin Island which has different elevations and beach width compared to the west end
of Dauphin Island. Therefore, this adaptation pathway may not apply to the same extent

for other areas of Dauphin Island or other barrier islands.
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Future work for this adaptation pathway could include a cost-benefit analysis,
sensitivity analysis using data for the east end, validation of results, and island volume
calculations, calculating seawater volume from overtopping in Oleander Pond, and

coupling XBeach with a subsurface model.
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CHAPTER VI

CONCLUSION

Limitations to this study such as using a bathtub approach and assuming constant
cross-shore bathymetry with SLR hinder the accuracy of the results. From the three
transects (A, B, and C), dune crest elevations were the lowest at Transect C (east side of
Oleander Pond), causing it to be the most vulnerable to saltwater intrusion. Overtopping
occurred at 1.26 and 1.93 m of SLR for existing condition, Strategy 1, Strategy 2, and
land cover change around Alligator Lake and Oleander Pond for Transect C. At 1.26 m of
SLR, Strategy 1 yielded the lowest dune crest erosion while existing condition yielded
the lowest dune crest erosion at 1.93 m SLR. An adaptation pathway was created for
Alligator Lake and Oleander Pond incorporating three simulated adaptation strategies
(existing condition, Strategy 1, and Strategy 2) and one non-simulated adaptation strategy

(Strategy 3).
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