


Figure 3.10 Salinity distribution for S4: a) before, b) during, c) 1 year after, d) 5 years after, e) 10
years after, and f) 20 years after with saline plumes forming in the shallow portion of the ocean
boundary (x = 117 to 340 m). Note that longitudinal dispersivity was increased in the surface
domain for this simulation.
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Figure 3.11 a) Time series of the freshwater volume for all four storm surge scenarios, b) grey
portion of graph in (a) showing freshwater volume recovery between 140 to 180 days for S1, S2, ,
S3, and S4. Changes in freshwater volume are effectively negligible for S1, S2, and S3, while S4

has a more prolonged effect.
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3.3.3 Changes in aquifer recharge
The resulting steady-state (1000 years) hydraulic head and relative salt

concentration distributions for all three changing recharge scenarios are shown in Figures
3.12 and 3.13, respectively, and freshwater volumes are shown in Figure 3.14. For R1,
decreasing the recharge (P-ET) value to 370 mm/year (from the original value of 512
mm/year) resulted in hydraulic heads in OB1 and OB2 decreasing to 0.9 (-25%) and 1.74
(-22.7%) metres, respectively, and caused the hydraulic gradient between the wells to
decrease to 0.0041. The saltwater wedge moved inland by approximately 160 metres,
which resulted in slight well salinization for the well closest to the shore (increased to
560 mg/L, Figure 3.21b), and the freshwater volume decreased to 42,195 m* (8% decline
from initial conditions). For R2, changing the recharge rate to 413 mm/year also resulted
in decreased hydraulic heads in the observation wells. OB1 and OB2 heads decreased to
0.98 and 1.89 metres, respectively, and the hydraulic gradient decreased to 0.0044. The
saltwater wedge moved 100 metres landward, and the steady-state freshwater volume
decreased to 43,476 m® (5.2% decline). For R3 (increased recharge scenario), hydraulic
heads at OB1 and OB2 increased to 1.29 and 2.41 metres, respectively, and the saltwater
wedge moved seaward by 20 metres. The freshwater volume increased to 46,616 m*

(1.64%).
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Figure 3.12 Hydraulic head distribution at steady state for a) R1 (370mm/yr), b) R2 (413mm/yr), ¢)
R3 (556 mm/yr); d) hydraulic head for OB1 and OB2. Locations for observation wells OB1 and

OB2 are shown as blue and orange triangles, respectively.
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Figure 3.13 Salinity distribution at steady state for R1 (with 50% isocontour taken as the interface
and shown by black dashed line), and interface positions for R2 (purple dashed line), R3 (green
dashed line showing effects of increased recharge), and initial conditions (white dotted line) based

on the 50% isocontour. Blue squares represent pumping wells.
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Figure 3.14 Time series of the freshwater volume for the R1, R2, and R3 scenarios. Model outputs
were only taken at 100, 500, and 1000 years, and lines between these points indicate mean trends

for these intervals.

3.3.4 Impacts of coastline erosion

Steady-state hydraulic head distributions for the lower and higher erosion rate
scenarios are shown in Figures 3.15 and 3.16, respectively. As the coastline was moved
further inland, hydraulic heads decreased and the saltwater wedge moved further inland
(Figures 3.17, 3.18, and 3.19¢). Hydraulic head for OB1 ranged from 0.53-1.12 metres
(Figure 3.16d), and 1.75-2.25 metres for OB2 (Figure 3.16d). Although there was an
overall decrease in heads at the observation wells, the hydraulic gradient between OB1
and OB2 increased slightly for all seven scenarios (0.0054-0.006) and would increase as
more erosion occurred. The saltwater wedge position moved 10 — 110 metres inland and

moved linearly between each steady-state period (for a single erosion rate). As expected,
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the freshwater volume decreased as the shoreline was moved further inland (Figure
3.19b). Freshwater volumes ranged from 45,803 — 41,909 m? (up to 8.6% decrease from
baseline scenario) between all erosion scenarios, and also decreased linearly with

increased volume of eroded coastline (Figure 3.19b).

Erosion scenario E100U had the most pronounced effects on hydraulic heads,
freshwater volume, and saltwater wedge position, as it had the largest amount of coastline
eroded (Figure 3.19c). However, it also produced the highest hydraulic gradient (0.006)
compared to the other erosion scenarios. The erosion scenarios at 75 and 100 years led to
slight salinization of the pumping well closest to the shoreline. The maximum
concentration at the pumping well is 1400 mg/L under a 100-year erosion scenario (90
cm/year), which is 1150 mg/L above the maximum acceptable concentration for drinking

water (250 mg/L) in Canada (Health Canada, 2020).
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Figure 3.15 Steady-state hydraulic head distributions for (a) E25L, (b) ESOL, and (c) E100L; d)
hydraulic heads for OB1 and OB2. Locations of observation wells OB1 and OB2 are shown as blue

and orange triangles, respectively.
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Figure 3.16 Steady-state hydraulic head distributions for (a) E25U, (b) ESOU, (c) E75U, and (d)
E100U; e) hydraulic head for OB1 and OB2. Locations for observation wells OB1 and OB2 are

shown as blue and orange triangles, respectively.
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Figure 3.17 Steady-state salinity distributions for (a) E25L, (b) ESOL, and (c) E100L. Black dashed
line indicates the initial shoreline position, and the white line indicates the initial interface position.

Blue squares represent pumping wells.
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Figure 3.18 Steady-state salinity distributions for (a) E25U, (b) ES0U, (c) E75U, and (d) E100U.
Black dashed line indicates the initial shoreline position, and the white line indicates the initial

wedge position. Blue squares represent pumping wells.
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Figure 3.19 a) Steady-state freshwater volumes, b) freshwater volume per volume of eroded
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3.3.5 Combined impact scenario

Combining the impacts of reduced recharge and an eroded coastline had the most
significant impacts on the aquifer based on changes in hydraulic head, freshwater
volume, and salinity. The hydraulic head and relative salinity distribution for the
combined impact scenario is shown in Figure 3.20a and 3.20b. Hydraulic heads at OB1
and OB2 decreased to 0.43 (-64%) and 1.33 (-41%) resulting in a hydraulic gradient of
0.0044 (Figure 3.20c). The saltwater wedge moved inland by 290 metres, and the
freshwater volume reduced to 38,463 m? (-16%). The movement of the interface inland
caused a salinity increase to 11,200 mg/L (Figure 3.21b) at the first pumping well, and
6,195 mg/L at the second pumping well, which are both well above the Health Canada

drinking water standard of 250 mg/L.
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Figure 3.20 a) Steady-state hydraulic head distribution for the combined scenario, with
OB1 and OB2 shown as blue and orange triangles, respectively; b) relative salt
concentration with pumping wells shown as blue squares, white dotted line showing
initial wedge position for initial conditions, and black vertical dotted line showing the
original shoreline position; and c) hydraulic head comparison at observation wells
between initial conditions and the combined scenario.
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interface, for all simulations in this study. Note that negative values in b) represent a saltwater
wedge position that is further inland than the first pumping well (therefore salinizing the well to a
value over the 1% concentration threshold).
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CHAPTER 4. DISCUSSION

4.1 Discussion on numerical modelling findings

4.1.1 Calibrated model

The calibrated model matched freshwater lens geometry as inferred from the
measured electrical conductivity profile at the shoreline and extended beyond the depth
of confidence (through which no saltwater was detected) for the profile at the wellfield.
Although the resulting hydraulic heads at each observation well fell within the range of
observed heads, the resulting hydraulic gradient was 2 to 2.5 times higher than what is
observed on average between 2013 and 2017. As the water flux to the ocean, which is the
product of hydraulic conductivity and gradient based on Darcy’s law, is imposed by the
recharge boundary conditions and is thus similar among the different calibration runs, the
high hydraulic gradient suggests our calibrated model may have a horizontal hydraulic
conductivity that is too low. It is important to note that K varies by over 12 orders of
magnitude (see Figure 2.2; Freeze and Cherry, 1979), and thus having a K that is 2 to 2.5
times lower (than what the measured hydraulic gradient would suggest for a given flux)
still represents a reasonably constrained groundwater model. Furthermore, a recent
comprehensive study that investigated calibration techniques for coastal groundwater
models demonstrated that calibrating to the freshwater lens geometry (as was done in this
study) is more robust than calibrating to heads given how the freshwater lens
simultaneously amplifies (see Ghyben-Herzeberg equation, Eq. 1.1 in this thesis) and

filters hydraulic head signals (Pavlovskii et al., 2022).
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The discrepancy between the hydraulic gradients may also be due in part to the
assigned van Genuchten parameters, which are responsible for infiltration and affect how
much water the unconfined aquifer, and subsequently, the confined aquifer receives.
Another aspect of the model which may have contributed to the differences in hydraulic
heads is the hydraulic conductivity distribution arising from layering or the presence of
fractures. Based on the Jacques Whitford (2007) report, the mudstone layer was
considered the aquitard for this study; however, the presence of cementation can reduce
hydraulic conductivity, which can change how much water moves into the confined
aquifer. The hydraulic conductivities in the upper and lower aquifers were chosen to
represent a bulk hydraulic conductivity that fell within reported values; however, the
fracture density is high in the upper parts of the aquifer and decreases with depth, and can
therefore affect the hydraulic conductivity at varying depths. Separating the sandstone
into multiple units with varying hydraulic conductivities may better reproduce the
hydraulic heads while maintaining the freshwater lens thickness, but consideration of
further heterogeneous effects in the model parameterization was challenging due to a lack
of detailed multi-depth hydraulic characterization such as would be possible via multiple

packer tests (Bliss and Rushton, 1984).

4.1.2 Impacts of SLR

The SLR climate change scenarios demonstrate that the magnitude of increased
sea level during the 90-year period (and therefore the SLR rate) is important, with the
effect of land-surface inundation being particularly important. As the sea level increased

over the 90-year period (2010 to 2100), the saltwater wedge toe moved further inland and
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reduced the freshwater volume. SLR1 and SLR2 yielded similar freshwater volumes,
whereas SLR3 resulted in a much smaller freshwater volume. Under the SLR1 and SLR2
scenarios, the unconfined aquifer was hydraulically resistant as the bathymetry for a large
portion of the sea boundary has a shallow slope (Walther et al., 2017). This may also be
due to the coastline, which is almost vertical in the transition zone from the beach, and
thus lower rates of SLR do not extend far onshore. After a certain limit is reached (e.g.,
the sea level under SLR3), the freshwater volume decreases significantly as a much larger
portion of the shore is inundated. This suggests that an aquifer response to SLR is not
always proportional to the perturbation but may also be characterized by threshold
response behaviour (Webb and Howard, 2011). Scenario SLR3 also resulted in the largest
increase in hydraulic heads in the unconfined aquifer, which increased exfiltration to the

surface domain, particularly in areas with a local topographic depression.

Similar to the findings of Watson et al. (2010) and Morgan et al. (2015), hydraulic
heads re-equilibrated relatively fast, at approximately 100 years (i.e., 10 years after sea
level stopped rising), whereas the more inertial saltwater wedge only established a new
steady-state position after approximately 500 years (see Figures 3.4 and 3.5a). Also,
similar to the findings of Morgan et al. (2015), no overshoot was observed throughout the
simulation period for each scenario due to the short re-equilibration period and the
relatively low hydraulic conductivity of the confined aquifer. However, testing a range of
hydraulic conductivities for the confined aquifer should be done to better assess the

potential for overshoot to occur and how the presence of a confining layer would affect it.

Contrary to the findings of prior numerical modeling studies and studies with

analytical solutions for confined aquifers under SLR conditions (Shi et al., 2018; Werner
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et al., 2012), there was a shift in toe position after a rise in sea level, even with the
presence of a confining layer. This is due to upward flow from the confined aquifer into
the unconfined aquifer as the sea level rose, which resulted in a slight decrease in
hydraulic gradients under each SLR scenario. The resulting rise in hydraulic heads in the
confined aquifer did not match the magnitude of SLR in contrast with model results for
other confined aquifers (e.g., Chang et al., 2011). These results may be explained by the
fact that the confining layer for previous studies has mainly been placed along the top of
the domain, which would not allow for upward flow from the confined aquifer. In
contrast, in the present study, the confining unit was at z = -8 m, up to 15 metres below
ground surface. Also, in this study, the confining layer thickness is small relative to the
size of the domain (0.6 m), and the current hydraulic conductivity value assigned to the
aquitard was not low enough to fully confine the lower aquifer, resulting in a reduced

“lifting effect” compared to model results by Chang et al. (2011).

4.1.3 Impact of storm surges

Storm surges had only a small impact on the hydraulic head distribution and an
insignificant impact on the salinity distribution along the cross-section. During the storm
surge, the height of the sea level for S1, S2, and S3 scenarios was not large enough to
inundate much of the land surface due to the steep topography at the edge of the
shoreline. This prevented any saline plumes (e.g., saltwater fingering, see Post and
Houben, 2017) from forming in the unconfined aquifer or migrating to deeper parts of the
subsurface. The saltwater wedge did not shift throughout all simulations due to the head

and flow field re-equilibrating quickly. This also resulted in a small decrease in
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freshwater volume, which was able to recover to the original volume within a year. Under
S4, although there was land-surface flooding, the lack of saline plumes forming in the
upper aquifer (except at the shallow ocean boundary) may be due to the unsaturated zone
properties, which could prevent downward migration. Also, under such a large surge,
hydraulic heads in the upper aquifer increased enough to fully saturate the subsurface
close to the shore. This resulted in significant exfiltration at the ground surface close to

the shore.

The findings of S1, S2, and S3 have several differences from other overtopping studies
for multiple reasons. Firstly, the height of the surge applied was small relative to the
overall topography compared to other studies for other small islands such as the study by
Anderson and Lauer (2008), who used a surge height of three metres, Yang et al. (2013)
which used a surge height of 8.5 metres, and Liu and Tokunaga (2019) who used a surge
level of 15 metres. The storm surges considered in these previous studies were for
typhoons and tsunamis, while the present study considered smaller but typical surges
experienced for post-tropical storms in Prince Edward Island (Jardine et al., 2021). For
S4, for which more of the land surface was inundated, the hydraulic conductivity of the
upper aquifer was lower by almost two orders of magnitude than that in Yang et al.
(2013), and Paldor and Michael (2020), for example. Lower hydraulic conductivities
would reduce the amount of infiltration occurring during a storm event (Yang et al.,
2014). Also, the subsurface became fully saturated as hydraulic heads in the upper aquifer
increased significantly. This resulted in a large exfiltration at the land surface close to the

shore.
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Secondly, other studies have also used recurring storm overtopping events to
observe the wedge shift and transition zone thickness in response to multiple incidents of
flooding (Anderson and Lauer, 2008; Paldor and Michael, 2020). For example, Paldor
and Michael (2020) used recurrence periods between 10 to 80 years. Such an analysis is
beyond the scope of this thesis, which simulated a single overtopping event, and the flow
field was able to re-equilibrate within a year. These studies showed that recurrence of
storms may result in higher salinity levels in the upper parts of an aquifer, and may cause
a redistribution of the flow field resulting in a shift in the saltwater wedge. Therefore,
implementing recurring storm surges in the groundwater model could provide a more
realistic scenario for a small island in a future climate scenario with more intense coastal

storms.

4.1.4 Changes in aquifer recharge

Changes in aquifer recharge resulted in among the largest impacts on the hydraulic
head and salinity distributions for all simulations. Reducing the recharge resulted in the
largest shifts in the saltwater wedge (up to 160 m), some of the largest reductions in
freshwater volume (up to -8%), and salinization of the first pumping well to a chloride
level above the threshold for drinking water (Health Canada, 2020). This is similar to the
findings of White and Falkland (2010) and Briggs et al. (2021) who found that droughts
or decadal climate oscillations rendered certain small-island aquifers unusable, as the
freshwater lens thickness decreased. Reducing the recharge also reduced the hydraulic
gradient more than the SLR scenarios, for example, which had incorporated land-surface

inundation. This is generally in agreement with most studies that evaluate the influence of
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changes in recharge on a small island in comparison to other climate change stressors like
SLR (Ketabchi et al., 2016; Chui and Terry, 2012; Carretero et al., 2013). An earlier
study conducted in Atlantic Canada also demonstrated that recharge has a more
significant effect on aquifer salinity than SLR (Green and MacQuarrie, 2014). In this
study, a 19-28% reduction in recharge (R2 and R1, respectively) resulted in freshwater
volume reductions of 5-8%, which is an attenuated response in comparison to the

findings of Holding and Allen (2015a).

4.1.5 Erosion impacts

Coastline erosion results in significant impacts on hydraulic head and salinity
distributions and freshwater lens volumes. This was due to the overall decrease in land
area available for recharge which in turn reduced the freshwater flux through the
subsurface. However, although there was an overall decrease in hydraulic heads
throughout the aquifer system, the hydraulic gradient increased between observation
wells OB1 and OB2. This may be attributed to the method in which erosion was
simulated. The shoreline is a vertical boundary, and with increased erosion, the vertical
length of the shoreline boundary is increased. This would likely increase exfiltration and

decrease hydraulic heads at locations close to the shoreline.

Compared with the reduced recharge scenarios, coastline erosion did not result in
as large of an impact on freshwater volumes and saltwater wedge positions, except for
scenarios with high erosion rates at later times (after 75 and 100 years of erosion, see
Figure 3.21). Erosion also resulted in less saltwater intrusion, based on the position of the
freshwater-saltwater interface (Figures 3.17 and 3.18). Similar to the reduced recharge
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scenarios, there was an overall decrease in hydraulic head due to a reduction in
freshwater input. However, since the geometry of the shoreline and overall domain
impacted the hydraulic gradients in the erosion scenarios, the magnitude of the landward
saltwater wedge shift was smaller than that under reduced recharge. However, the
transition zone widened as more erosion occurred, which resulted in the first pumping
well exceeding 1% salinity (Figure 3.21b), with some scenarios reaching 1150 mg/L
above the Canadian drinking water standard. Although the freshwater lens is not as
sensitive to erosion as recharge, there are still significant long-term implications for
freshwater availability due to erosion alone. It is also important to note that erosion
effectively shifts the seawater boundary condition closer to the well field (Figures 3.17

and 3.18).

4.1.6 Combined climate change impacts

The combination of reducing recharge by 28% on an eroded coastline (90cm/yr
rate after 100 years), as expected, had the largest impacts on the freshwater volume and
salinity. This resulted in the largest drop (up to 64% decrease) in hydraulic heads
throughout the aquifer. The hydraulic gradient was reduced to the same value as in R2, in
which recharge was decreased by 19%. The same drop in the hydraulic gradient as in R1
(28% recharge reduction) was not achieved due to the concurrent erosion increasing the
gradient. However, the extent of the ocean boundary increased, and therefore the overall
effect was significant aquifer salinization and an inland shift of the saltwater wedge. This
caused the first two pumping wells to become salinized up to 11,200 mg/L, which is well

above the drinking water threshold, rendering them unusable for domestic purposes. The
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freshwater volume also had the largest decrease (-16%) out of all simulations. These
results have important implications for quantifying risks imposed on groundwater

resources by future climate and thus for informing proactive groundwater management.

4.2 Groundwater management on small islands

This study has highlighted new considerations needed for quantifying risks and
informing sustainable groundwater management on small islands. Past research has
focused on the impacts of SLR and coastal flooding (see reviews by Ketabchi et al., 2016
and Werner et al., 2017), which were also considered in this study. However, islands are
also vulnerable to erosion, which will impact not only the land surface available for
habitation, but also the freshwater volume available for use (Chesnaux et al., 2021).
Although wells that are placed inland may not experience significant salinization, wells
closer to shorelines may be salinized due to a combination of stressors including erosion.
This implies that small island communities will be required to reconsider well pumping
rates and placements in the long term, particularly along coastlines with historic erosion
issues. Small island aquifers that are not sufficiently confined will still experience a shift
in the saltwater wedge and a reduction of freshwater volume, especially if there are

fractures and other preferential groundwater flow conduits present in the subsurface.

The findings from this study also demonstrate that some island aquifers may not
experience high vulnerability to saltwater intrusion during storm surges, depending on the
nature (and height) of typical surges and the shoreline geometry and geology. In the case
of Lennox Island, the upper aquifer hydraulic conductivity was high enough to flush out
saline plumes in a small amount of time. Other small islands that have similar hydraulic
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conductivities and sufficient aquifer recharge may also be less vulnerable to salinization

from overtopping compared to other less studied saltwater intrusion threats (i.e., erosion).

Islands with similar geological and hydrogeological properties as Lennox Island
should consider focusing research efforts on the effects of erosion and recharge when
developing sustainable groundwater management plans, as these stressors may have the
largest effects on the groundwater availability, particularly when they are combined. SLR
is also an important factor to consider, as the interface may shift under projected
scenarios, due to a lack of pressurization in the confined aquifer. Although storm surges
were shown to not be critical saltwater intrusion drivers at this study site, other small-
island settings that are more low-lying, that have higher hydraulic conductivities in the
upper unit, or that experience greater surge heights may be extremely vulnerable to
downward saltwater intrusion following coastal flooding. It is important to note that there
may be a lag in perturbations between 2100 and steady-state conditions (e.g., Section
3.3.1, and Figures 3.4 and 3.5), indicating that conditions observed at 2100 may not
represent the “worst-case scenario”, and should be considered in groundwater

management policies.

4.3 Model limitations and recommendations

A number of model limitations and potential improvements should be considered
when interpreting the results of this investigation. Firstly, although it can be more
appropriate to calibrate the numerical model to geophysical data (freshwater lens
geometry) rather than hydraulic heads, it would be beneficial to have temporal hydraulic
head data at multiple locations throughout the island and at various depths. Such a
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monitoring network paired with slug or pumping test results could provide a better
understanding of the groundwater flow system on the island, and could provide insight
into any impacts on hydraulic head due to heterogeneity. Additionally, field
measurements of recharge over multiple years would have been helpful for assigning the
land surface boundary condition. Also, multiple resistivity profiles, particularly along the
chosen transect, would allow for a more complete understanding of the freshwater lens
thickness and thus more calibration targets, although this was not possible given the land

cover and building distribution.

Secondly, a comprehensive sensitivity analyses on the thickness and hydraulic
conductivity of the confining unit could be done to assess the overall impact of the
confining unit. This sensitivity analysis could be informed by borehole data at greater
depths and multiple locations to determine the uniformity of the confining unit. It is
important to note that individual model runs for this study often took more than one week
per run, and thus conducting a sensitivity analysis was not as trivial as it would be for a

more parsimonious model setup.

Thirdly, this study does not account for anthropogenic effects on groundwater
availability due to, for example, changing water demand from industrial expansion or
population growth on Lennox Island. Changes to pumping may influence how the
different stresses act on the aquifer, and considering the possibility that extraction rates
will increase may provide a more detailed understanding of the potential for saltwater

intrusion under changing climatic conditions.

Fourthly, no tidal signals were imposed on the seaward boundaries. This was
required for computational efficiency. However, it is generally understood that the tidal
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pumping induced by tidal boundary conditions tends to widen the transition zone, similar
to the effect of dispersion (Underwood et al., 1992). Therefore, accounting for tides could
result in slightly wider salinity transition zones and extend the simulated transition zone

further towards the well field in certain cases.

Finally, to better understand the impacts of climate change on the island, a 3D
model would be beneficial, especially when considering the effects of erosion. For
example, some parts of the shoreline may erode, but accretion may occur along other
sections. Also, the possibility of the confining layer not being present or changing in
thickness throughout the island would impact how the aquifer responds to climate change
stressors like SLR in different locations. This may have implications for determining the
risk of pumping wells becoming salinized. Moreover, the 2D profile that was chosen had
an abrupt increase in topography at the shoreline, which is not representative of the entire
island. The vulnerability of salinization due to overtopping may increase on some parts of
the island as they may have a more gradual topography at the shoreline, which would
allow for more extensive land-surface inundation (see Figure 2.8) for a given surge or
SLR scenario. Finally, a 3D model would be useful for proposing alternative well
placements on the island if the present locations were deemed to be in a high-risk location

given their relative proximity to the coast (Figure 2.1b).
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CHAPTER 5. CONCLUSIONS

This study investigated the potential for saltwater intrusion in a small-island,
confined aquifer in response to SLR, changing recharge, storm surge overtopping, and
erosion. Results of the climate change simulations show that the aquifer in this
investigation was mostly sensitive to changes in recharge and coastline erosion. These
climate change stressors resulted in the largest reductions in freshwater volume and
hydraulic head, and resulted in the largest inland shift of the freshwater-saltwater
interface. For example, the interface at z =-110 metres (bottom of domain) moved 110
and 160 metres inland for the scenarios representing the highest erosion and recharge

reduction, respectively.

The impacts of erosion have generally received less attention in the saltwater
intrusion literature but were a primary focus in this study. Although there was an overall
reduction in recharge to the aquifer due to a loss of land available, coastline erosion
caused an increase in the hydraulic gradient due to an increase in exfiltration at locations
close to the shoreline. This resulted in a smaller inland movement of the interface (e.g.,
10 to 110 m) compared to the reduced recharge scenarios, as these caused a decrease in

the hydraulic gradient.

SLR also caused a shift in the saltwater wedge (50 m at 110 m depth) and reduced
the freshwater volume (-3.46%). Although a confining unit was present, the lower aquifer
was not sufficiently confined to prevent upward flow into the upper aquifer, and thus the
confined aquifer was not able to pressurize enough to match the rise in sea level and

prevent saltwater wedge movement. Hydraulic heads were able to equilibrate within 10
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years after the sea level stopped rising, which resulted in a lack of modeled wedge
overshoot. Storm surges had little impact on the freshwater volume due to the limited
spatial extent of surface inundation during the storm events. This allowed for hydraulic
heads to re-equilibrate quickly and for any minimal salinization to be flushed quickly.
Under larger storm surges, the heads in the upper aquifer increased significantly,
resulting in a large amount of exfiltration and preventing downward migration of

saltwater plumes.

To better assess how this small-island aquifer and other hydrogeological systems
respond to climate change perturbations, temporal hydraulic head data throughout the
island and at multiple depths would help improve model calibration and assessment.
Also, more resistivity profiles would also provide a better picture of the thickness of the
freshwater lens throughout the island. Finally, geological data at greater depths and at
multiple locations would provide a better understanding of the hydraulic conductivity

distribution throughout the aquifer.

The climate change assessment done in this study highlights new risks that small
islands should consider when developing climate change adaptation strategies. In
particular, erosion is an overlooked factor in the decision-making process, even though it
may significantly impact potable groundwater availability in small islands, such as
Lennox Island, where the coastline erodes at a high rate. This study also provides insight
into how climate change stressors may affect an aquifer when considered in tandem, and

can provide better insight for decision makers.
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