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1. Introduction

1.1 Overview

AECOM has been commissioned by East Devon District Council (EDDC) to provide an update to the 2015 Beach
Management Plan (BMP) for Exmouth, Devon. This document outlines the baseline coastal processes in and
around the area of interest through a data review exercise involving the collation of all available information on this

dynamic frontage to inform updating of the BMP. The Study Area extends from the Mamhead Slipway in the west
to the eastern end of the beach near Orcombe Point, as presented in Figure 1-1.
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°
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Figure 1-1. Map of the Exmouth Beach Study Area (frontage shown in red).
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1.2 Objectives and Structure

This report provides details of the coastal processes within and surrounding the Study Area. A considerable amount
of academic and industry research into the coastal processes at Exmouth has previously been undertaken, and
this report is not intended to be an exhaustive summary of this work. Instead, this report focuses on summarising
the key findings from the research that are of most relevance to the BMP study area. The report is structured as

follows:

1) Introduction

2) Hydrodynamics — a summary of the tide conditions, extreme water levels, sea level rise, wave conditions

3) Geology and Sediment Dynamics — a summary of the regional geology, geomorphology, sediment dynamics
within the area

4) Coastal Flood and Erosion Risk — a summary of the coastal flood and erosion risk along the frontage

5) Beach Management Practices — a brief overview of historic and current beach management practices

6) Conclusions

7) References.
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2. Water Levels, Wind and Waves

2.1 Tides
2.1.1 Water Levels

The Exe Estuary is the focal point of the frontage at Exmouth with naturally formed navigation channels (Exmouth
Approaches) through which tidal flows are exchanged. Reference water levels from the Admiralty TotalTide (ATT,
2023) software for Exmouth Marina are presented in Table 2-1. Based on these reference water levels, the estuary
itself is classified as meso-tidal with a mean spring tidal range of 3.6 m. In addition, there is also an active tide
gauge present at Exmouth Marina which is managed by the Environment Agency. Predicted tidal signals for
Exmouth Marina from ATT (2023) are presented in Figure 2-1 and Figure 2-2. These provide an annual tidal signal
and a 15-day spring/neap cycle, respectively.

Table 2-1. Reference water levels for Exmouth Marina. Source: ATT (2023).

Tidal Plane Description Level relative to datum

m CD m OD
Highest Astronomical Tide (HAT) 4.40 2.57
Mean High Water Springs (MHWS) 4.00 2.17
Mean High Water Neaps (MHWN) 2.80 0.97
Mean Sea Level (MSL) 2.13 0.30
Mean Low Water Neaps (MLWN) 1.40 -0.43
Mean Low Water Springs (MLWS) 0.40 -1.43
Lowest Astronomical Tide (LAT) 0.00 -1.83
m OD to m CD conversion +1.83

—Exmouth Docks

25

1.5

0.5

01/0
-0.5

Surface Elevation (m OD})

-1

-2

Figure 2-1. Predicted tidal water level at Exmouth Marina for 2023. Source: ATT (2023).
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Figure 2-2. Predicted tidal water level at Exmouth Marina for a 15-day spring/neap tidal cycle. Source: ATT
(2023).

2.1.2 Tidal Currents

Peak tidal currents in the deeper channels are in the region of 1 m/s, with current speeds locally enhanced due to
the presence of sand banks and the constrained mouth of the estuary where current speeds can reach up to 3 m/s
on a spring tide (Atkins/Halcrow, 2013). Key features that interact and influence the tidal currents are outlined in
Figure 2-3.

Pole Sands Maer RN

Orcombe Rocks

Figure 2-3. Key outer estuary features that interact and influence the tidal currents at Exmouth.
Source: Google Earth.
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There is limited published work characterising the tidal flow field at Exmouth, but given the geomorphological
features present at the mouth of the Exe Estuary (as discussed in following chapters), the following points can be
made:

. The main body of tidal propagation and fluvial outflow is through the navigational channel. The channel is
relatively low maintenance in terms of the requirement for dredging, indicating the presence of fast currents
since there is no large-scale build-up of sediment within the channel. Despite these governing flood and ebb
currents maintaining depths within the channel, the position of the channel is subject to migration. This
requires the Approaches to be surveyed every 6 months (CH2M Hill, 2015) allowing the navigational buoys
to be suitably placed. This in turn allows the Harbour Authority to keep up to date on the migration of the
channel.

. There are a number of natural features that are in close proximity to the narrow navigation channel including
Orcombe Rocks, Maer Rocks, and Pole Sands. Several tidal eddies are induced off the main channel (see
green annotation in Figure 2-4) as the tidal currents interact with these features over rapidly changing
bathymetric gradients. These eddies are localised and provide some variation to the generic sediment
pathways, with some sediment circulated back onto the beach.

. The tidal volume is exchanged through the narrow estuary mouth which temporarily enhances the speed of
these currents. Although both flood and ebb currents are of similar magnitudes, the Exe Estuary is classified
as ebb dominant (CH2M Hill, 2015), with currents being the main driving force behind the local sediment
transport, as highlighted by Figure 2-4.

[ ATy =

""" ﬁ Annualtranpsort across section(m3)
— Cross section locations
— Ruocks
o——

Accretion
Errosion i

,7, i Jg A bha B

¢ High flow velocitie: 3
SN throuah low waterghy

* + ,channel on ebb tide.\

FodURL \‘\
¥ RN

ERRRRAR

Complex 2 dimensional flo
patterns due to rock outcrops,
Some sediment from ebb flo
. out of estuary recirculated

Figure 2-4. Modelled tidal current vectors at the outer estuary of the Exe, with sedimentation (pink and
blue) and tidal eddies (green) arrows. Source: CH2M Hill (2015).
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2.2 Extreme Water Levels

2.2.1 Storm Surge

Storm surges result from the passage of low-pressure systems passing through the English Channel which elevate
the water surface above predicted astronomical tide levels. Storm surges often coincide with increased levels of
wave activity, leading to an increased risk of coastal erosion and/or overtopping of sea defences. It is therefore
important to have an appreciation of how extreme water levels vary across the Study Area. An example of how
storm surge can elevate water levels at Exmouth is presented in Figure 2-5. This is an example of a surge event
presented in the Exmouth Flood Modelling Study Report (Halcrow, 2011b) which shows a peak surge of
approximately 1.5 m.

In addition, the South-West Coastal Monitoring (SWCM) 2022 annual tide report at Exmouth Marina (SWCM,
2022a) provides the observed annual extreme and annual surge maxima from 2016 — 2022. These values are
presented in Table 2-2.

Tide and Surge Curves

Exmouth From Devon Tidal Flood Zone, ADB and Flood Risk Area
Improvements study by Royal Haskoning

40 This curve has been 200%
constructed assuming the \
peak of the surge is
coincident with the highest
astronomic tide

30 - - 150%

100%

50%

Level (mAOD)
5
Ratio of Surge

0.0

75 o

2.0 -100%
Time (Hours)

Exmouth Base Tide Curve - - - - - [Exmouth Combined Tide and Surge

Surge Shape |

Figure 2-5. Water levels during a simulated storm surge event at Exmouth. Source: Halcrow, 2011b,
Appendix B.
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Table 2-2. Annual maxima water-levels at Exmouth Marina tide gauge. Source: SWCM, 2022a.

Annual Maxima Annual Surge Maxima
Year Value (m OD) Value (m)
(surge)
2016 2.71 (0.37) 0.92
2017 2.54 (0.23) 0.70
2018 2.77 (0.41) 0.75
2019 2.85 (0.30) 0.72
2020 2.73 (0.21) 0.81
2021 2.69 (0.48) 0.82
2022 2.61 (0.39) 0.76

2.2.2 Environment Agency CFB Dataset

The Environment Agency Coastal Flood Boundary (CFB) dataset update was published in 2018 (Environment
Agency, 2018). This dataset is an update from the 2011 dataset which includes extreme water levels for estuaries,
as well as for the open coastal locations. This dataset describes the extreme sea levels for 16 different annual
probabilities of exceedance. Table 2-3 shows the Annual Exceedance Probabilities (AEP) for the nearest locations
to Exmouth (see locations in Figure 2-6). The base year for this data is 2017 and return periods range from 100%
Annual Exceedance Probability (1:1 year return period equivalent) to 0.01% AEP (1:10,000 year return period
equivalent). These latest CFB water levels are marginally but consistently larger (+ 0.02 — 0.07 m) than the levels
presented in the 2015 Exmouth BMP (CH2M Hill, 2015).

2.2.3 Sea Level Rise

The UK Climate Projections 2018 (Met Office, UKCP18) dataset provides a range of sea level rise (SLR) estimates
based on different emission scenarios. The UKCP18 information comes under four Representative Concentration
Pathways (RCP), which capture the assumptions in each scenario and the differences in the predicted increase in
temperature which are referred to as: RCP2.6, RCP4.5, RCP6.0 and RCP8.5.

The Environment Agency publishes advice upon how FCERM projects should use this guidance (Environment
Agency, 2020, available at gov.uk website https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-
and-strategies-climate-change-allowances). The latest available advice, released in July 2021, is to use the
RCP8.5 70™ percentile for design purposes and use RCP8.5 95" percentile as a sensitivity test to consider more
serious events and adaptability. The RCP8.5 pathway represents, “...a world in which global greenhouse gas
emissions continue to rise. Itis a potential future where the nations of the world choose not to switch to a low-carbon
future”, under which we could expect to experience an increase in global mean surface temperature of 4.3°C (Met
Office, 2018). A progressive range of the SLR values for the RCP8.5 70" and 95™ percentiles at Exmouth are
presented in Table 2-4. Table 2-5 shows the projected extreme water levels in the future, considering the RCP9.5
70th percentile sea level rise projection for the isolated CFB chainage locations of 4836 and 4838. These values
are relative to a baseline year of 2017.

Table 2-3. Extreme sea levels for selected points from the CFB dataset (Environment Agency, 2018)

Extreme Sea Levels (m OD) for given Return Period
Location . . . . .
linl 1in10 1in 50 1in 100 1in 200
(100% AEP) (10% AEP) (2% AEP) (1% AEP) (0.5% AEP)
4836 2.76 3.03 3.20 3.27 3.34
4838 2.76 3.03 3.20 3.27 3.34
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Figure 2-6. Location of CFB locations used to represent extreme water-levels at Exmouth (green markers).
Source: Environment Agency, 2018.

Table 2-4. Predicted values for SLR based on UKCP18 for the RCP8.5 future scenario.

Sea Level Rise (m)
Year 70th %ile 95th %ile
2024 0.15 0.20
2061 0.43 0.55
2095 0.80 1.05
2111 1.00 1.33
2124 1.16 1.57
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Table 2-5. Extreme sea levels at CFB chainage locations 4836 and 4838 considering the UKCP18 RCP8.5
70" percentile sea level rise projections.

Extreme Sea Levels (m OD) for given Return Period

Location lin1 1in 10 1in 50 1in 100 1in 200
(100% AEP) | (10% AEP) (2% AEP) (1% AEP) (0.5% AEP)
4836 CFB Baseline 2.76 3.03 3.20 3.27 3.34
2024 2.91 3.18 3.35 3.42 3.49
2061 3.19 3.46 3.63 3.70 3.77
2095 3.56 3.83 4.00 4.07 4.14
2111 3.76 4.03 4.20 4.27 4.34
2124 3.92 4.19 4.36 4.43 4.50
4838 | CFB Baseline 2.76 3.03 3.20 3.27 3.34
2024 2.91 3.18 3.35 3.42 3.49
2061 3.19 3.46 3.63 3.70 3.77
2095 3.56 3.83 4.00 4.07 4.14
2111 3.76 4.03 4.20 4.27 4.34
2124 3.92 4.19 4.36 4.43 4.50

2.3 Wave and Wind Conditions

2.3.1 Wind Climate

The 2022 SWCM annual report for the Exmouth Meteorological Station (SWCM 2022b) provides the latest wind
rose (Figure 2-8) derived from measurements (see Figure 2-7 for location) which displays a dominance from the
north-west, but more importantly, from the south and south-easterly sectors. Although this is a relatively short
timeframe, the winds that are portrayed have the potential to influence waves and surface currents and ultimately
influence sediment pathways at Exmouth since the frontage is more exposed at these direction sectors.

A wind rose based on the European Centre for Medium-range Weather Forecasts (ECMWF) hindcast dataset,
extracted just offshore of Exmouth (see Figure 2-7) is presented in Figure 2-9 (ABPmer, 2018). The long-term trend
at Exmouth is shown to experience significant wind speeds from every directional sector, but the prevailing sectors
are south-west and west from 1979 — 2018.
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Figure 2-7. Wind extraction locations. Source: Google Earth.
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Figure 2-8. Wind climate at Exmouth Meteorological Station. Source: SWCM, 2022b.

AECOM
10



Exmouth Beach Management Plan Exmouth Council
Project number: 60717806

Wind Speed

Location: (m/s)
003.33W, 50.60N N

> 16
NW NE
14 to 16
12to 14
10to 12
E 8 to 10
6to8

4106

2to4d

Oto?2

w

© ABPmer 2018
Data ID:wndspd_nsb_4m_50p60N_003p33W

Figure 2-9. Wind climate at Exmouth from 1979-2018. Source: (ABPmer, 2018).
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2.3.2 Wave Climate

Due to the southward facing orientation of the frontage at Exmouth, wind-waves from the south and south-east
direction sectors with fetch lengths within the English Channel, are of a higher significance when compared to
swell-waves (Halcrow, 2011). This is due to swell-waves from the south-west that are driven in across the Atlantic,
are dampened through shallow water transformational processes such as diffraction as they interact with headlands
further west before arriving at Exmouth. This results in the swell-waves from the west and southwest not having
direct approach with Exmouth frontage. When waves arrive at the Exmouth frontage, regardless of their origin, the
presence of Pole Sands, along with the additional ebb-delta sandbars, help to dissipate wave energy that
approaches the Exmouth frontage. This limits the penetration of wave energy into the estuary, contributing to
sediment deposition around the estuary mouth (Atkins/Halcrow, 2013).

At Exmouth there are limited measurements of the local wave climate with the only representative wave dataset is
recorded 3.5 km south of Exmouth by the Dawlish Directional Waverider Buoy, as deployed by SWCM (see Figure
2-10 for the location of the buoy and hindcast extraction). Wave data has been captured and reported by this buoy
between 2010 and 2022. The data from this buoy is presented as a wave rose (Figure 2-11). Here, the south/
south-east dominance of the wave climate is demonstrated, with the largest waves and most frequent direction
sector being from the 165° to 180°. This dominance from the south/south-east sector is reassured by a longer-term,
modelled hindcast wave rose in Figure 2-12. This shows a similar distribution and dominance from the south and
south-east sectors, with the hindcast dataset spanning from 1979 to 2018, indicating the dominance shown by the
wave buoy is well captured and represents the long-term wave climate at Exmouth. The location of the hindcast
extraction is compared to the position of the wave buoy which shows the hindcast extraction to be to more exposed
to waves from easterly sectors which is portrayed in the hindcast wave rose. Although the hindcast provides an
insight to the long-term trends of the wave climate at Exmouth, the model is of a coarse resolution that will not pick
up local artefacts in the wave climate that the in-situ wave buoy will, hence the Dawlish Buoy provides a more
accurate representation of the local wave climate.
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Figure 2-10. Location of the Dawlish Directional Waverider Buoy and modelled hindcast extraction (green
circle). Source: Google Earth.
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Figure 2-11. Offshore wave height recorded by the Dawlish Directional Wave Buoy for 2010 to 2022.
Source: SWCM, 2022c.
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Figure 2-12. Hindcast wave climate at Exmouth from 1979-2018. Source: (ABPmer, 2018).
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2.3.3 Extreme Waves

The SWCM annual 2022 Dawlish Wave Buoy report (SWCM, 2022c) provides an insight to the frequency of storm
activity at Exmouth based on the Dawlish wave buoy data from 2010 to 2022. It shows that in an average year,
there are typically 3-4 storms that impact on the beach, with 2014 and 2019 shown to be highly energetic years
with more storms and of larger magnitudes. These years are in contrast to 2022 which is shown to consist of smaller
storm events, as shown in Figure 2-13. The storm threshold given for this analysis is 2.63 m, which is equivalent
to a 4-in-1 year wave event, as determined using the calculated Return Periods (RP) in Table 2-5 based on the
wave buoy data.

There are small differences between the significant wave heights (Hs) for the higher return periods presented in
Table 2-6. This indicates that waves become depth limited as their magnitudes increase, likely due to the presence
of bathymetric features, such as Pole Sands. These ebb delta features cause incident waves to shoal and break,
limiting their development. This depth limitation is also outlined in Table 2-7 where Joint Probability (JP) extreme
waves and water-levels at Exmouth are presented (Atkins/Halcrow, 2013). The values show that despite increasing
water levels, the extreme wave heights are limited in magnitude. This is depth limitation is again recognised in
Dawlish Warren Adaptive Pathways report (Atkins, 2021).

Storms at Dawlish during 2022
Storm alert threshold is Hs = 2.63
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Figure 2-13. Measured storm events at the Dawlish Wave Buoy. Source: SWCM (2022c).
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Table 2-6. Significant wave heights for different annual exceedance probabilities (AEP) and return periods
for Exmouth BMP frontage SWCM (2022b).

AEP Return period Significant wave height (Hs) (m)
400% 0.25 2.63
100% 1 3.52
20% 5 4.40
10% 10 4.74
5% 20 5.05
2% 50 5.43
1% 100 5.70

Table 2-7. Joint probability extreme water levels and wave heights at Exmouth (Atkins/Halcrow, 2013).

Joint Probability Wave Heights (m) by AEP (%) and Return Period (1 in X years)
Extreme 100% 20% 10% 5% 2% 1% 0.5% 0.1%
Water-Level (1:1) (10:1) (1:10) (1:20) (1:50) (1:100) (1:200) (1:1000)

(m OD)
1.84 2.20 2.24 2.30 2.32 2.34 2.35 2.36 2.39
1.99 2.20 2.24 2.30 2.32 2.35 2.35 2.36 2.39
2.14 2.15 2.20 2.30 2.32 2.34 2.35 2.36 2.39
2.29 2.12 2.16 2.28 2.31 2.33 2.35 2.36 2.39
2.44 2.08 2.13 2.25 2.28 2.32 2.34 2.35 2.39
2.59 1.98 2.08 2.19 2.25 2.29 2.32 2.34 2.37
2.74 2.04 2.15 2.21 2.27 2.30 2.33 2.36
2.82 2.00 2.12 2.17 2.24 2.28 2.31 2.35
2.90 2.09 2.12 2.19 2.24 2.28 2.34
297 2.05 2.09 2.15 2.20 2.25 2.33
3.06 2.05 2.12 2.16 2.22 2.31
3.13 2.06 2.12 2.16 2.28
3.20 2.08 2.13 2.25
3.27 2.09 221
3.46 2.12

2.3.4 Climate Change Allowances

The Environment Agency Adapting to Climate Change: Advice for Flood and Coastal Erosion Risk Management
Authorities (Environment Agency, 2018) gives percentage change allowances for extreme wave heights for two
different epochs. Wave heights may change due to changes in water depth as a result of sea level rise (SLR) and
the frequency, duration and severity of storms and winds is also expected to change in the future (Environment
Agency, 2018). Table 2-8 shows the uplift allowances that should be used for waves over the next 100 years due
to climate change. The 2018 guidance states that there are large uncertainties in these values with changes in
wave period and direction likely to be small and harder to establish thus such effects would need to be investigated
through sensitivity testing.

Table 2-8. Recommended national precautionary sensitivity ranges for offshore wind speed and wave
height (Environment Agency, 2018).

Applies around all the English coast 1990 to 2055 2056 to 2115
Offshore wind speed +5% +10%
Extreme wave height +5% +10%
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3. Geology and Sediment Dynamics
3.1 Regional Geological Setting

The underlying geology is influential on flood and erosion risk, with varying permeability and rock hardness acting
as controlling factors. At Exmouth, the hardness of the rock (resistance to erosion) has played a role in influencing
both the evolution and shape of the estuary. The Exe Estuary is classified as a ‘spit-enclosed, drowned river valley’
(Environment Agency, 2010), which has infilled with sediment from the Exe River Valley through sea levels rising,
inundating the valley during the Holocene marine transgression. This results in the Exe Estuary providing a limited
amount to the sediment budget of the coastal system.

The 2015 Exmouth BMP (CH2M Hill, 2015) outlines that the Study Area is underlain predominately by sedimentary
breccias, siltstones, sandstones and mudstones of transitional Permo-Triassic geological age. Overlying the
Permo-Triassic bedrock within the Study Area are a variety of unconsolidated superficial or ‘drift’ deposits. These
deposits are dominated by ‘Tidal Flat Deposits’ that generally consist of sand and gravels of Quaternary geological
age. The BMP also highlights that there are several geological designated sites close to the defined Study Area.
These support important geomorphological and geological features, that include:

The coastline between Orcombe Point and Otter Cove at Straight Point in the Study Area (see Figure 3-1) lies
partially within the western extent of the Dorset and East Devon (Jurassic Coast) UNESCO World Heritage
Site (WHS), administered by the UNESCO World Heritage Committee. This WHS is recognised for its
important geological formations from the Triassic, Jurassic and Cretaceous periods, fossils, geomorphology,
history of science, ongoing research, and aesthetic beauty.

. Exe Estuary SSSI comprises:

0 Orcombe Rocks (also part of the Jurassic Coast WHS and designated as a Regionally Important
Geodiversity Site (RIGS)), which display an excellent coastal section in the sandstones, siltstones and
mudstones of the Permian Exmouth formation. The site is also important for understanding Late Permian
environments, and is also of general geomorphological importance for the study of sedimentation
processes; and

o Dawlish Warren comprises a complex double sand spit formation which, although partially modified by
man, represents a classic geomorphological landform of national importance. This feature is formed of
sand and the area contains key features of geological interest that has been the subject of considerable
scientific research.
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Figure 3-1. Regional geological features. Source: Google Earth.

3.2 Geomorphology

The sediment dynamics and natural processes within the Study Area are dictated by a frequent and varying
combination of tidal currents, wave action, storm events and freshwater run-off (Environment Agency, 2010). All
these factors contribute to the migration of littoral sediment in and out of the estuary and ultimately play a role in
the historical evolution of Exmouth’s mobile geomorphological features (mudflats, saltmarsh, tidal deltas,
sandbanks, approach channel). The main components at the mouth of the estuary are highlighted Figure 3-2
including:

. Tidal deltas: Pole Sand (ebb) and Bull Hill Bank (flood).

. Dawlish Warren Spit. This is an active sand spit on the western shore of the Exe Estuary and is approximately
2 km long. The western and central parts of the spit have exhibited a net landward rollback into the estuary,
principally via erosion on the seaward face. The eastern (distal) end is very dynamic, exhibiting cycles of
accretion and erosion.

. The Exmouth frontage including the main approach channel, Exmouth Beach, Dawlish Spit, The Maer and
Maer Rocks. The resort and historical port and Marina of Exmouth are built on Exmouth Spit, a small spit
which has grown into the mouth of the estuary.

. Exmouth Beach is a relatively steep sandy beach on the east bank of the estuary mouth. The beach extends
approximately 3 km east from Exmouth Marina. Towards the eastern section of the beach is The Maer, a relict
dune foreland, now converted to grassland for recreational use. Maer Rocks forms a resistant shore platform
of Permian sandstone beds and is influential on tidal currents and sediment transport.

. The Maer itself was previously an intertidal area, which was reclaimed after the construction of the sea wall
and is now used for recreational purposes. The sand dunes on the seaward side of the road at this location
were lost as a result of a series of major storms in 2014.
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Figure 3-2. Location of the geomorphological features at Exmouth. Source: Google Earth.

3.3 Sediment Dynamics
3.3.1 Sediments

The sediments located around the mouth of the Exe Estuary system vary from mixed sand and gravel in the beach
and nearshore banks to sandy in the nearshore, sub-tidal and offshore areas. As part of developing the Exmouth
BMP (CH2M Hill, 2015), sediment samples were taken from Pole Sands and the navigation channel. This
assessment found a median grain size (Dso) for the sediment in the range from 0.24 mm (sand) to 11 mm (gravel).
The grab sample locations are presented in Figure 3-3. The summary of results in Table 3-1 demonstrates that the
grain size varied from site to site, with only few locations showing a good agreement (S1 & S2 and S9 &S10).

T PO e
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Figure 3-3. Grab sample locations (S1 - S10). Source: CH2M Hill, 2015 - Appendix F.
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Table 3-1. Summary results from the collected grab samples. Source: CH2M Hill, 2015 - Appendix F.

Sample Location General Description Median Particle Size, Dso (mm)
S1 Light brown slightly clayey SAND with a little fine gravel. 0.24
S2 Light brown slightly silty SAND with some f-m gravel. 0.32
S3 Dark brown slightly silty very sandy gravel. 6.50
S4 Multi-coloured sandy gravel. 11.00
S5 Light brown slightly clayey very sandy gravel. 3.20
S6 Light brown slightly clayey sand with much f-m gravel. 0.40
S7 Light brown slightly clayey sand with a little fine gravel. 0.28
S8 Black silty very sandy gravel. 6.50
S9 Light brown slightly clayey sand with a little f-m gravel 0.32
S10 Light brown slightly clayey sand with a little f-m gravel. 0.32

3.3.2 Sediment Transport

An understanding of the various and complex coastal and estuarine processes (erosion, transportation, and
deposition) in and around the Study Area is vital to develop a deeper understanding of both the sensitivity and
dominant factors that influence coastal processes. Longshore drift results in net sediment transport from east to
west (Environment Agency, 2013) whilst ebb flows from the estuary move sediment in the opposite direction along
the western section of the beach and also carry sediment further offshore. Any sediment that is transported offshore
is eventually reversed through wave action back towards Pole Sands. Wave action is also the driving force behind
the net onshore and longshore movement from Pole Sands towards Dawlish Warren (Atkins/Halcrow, 2013).
Transport patterns along the eastern section of the beach are further complicated by the formation of eddies as a
result of tidal currents passing around rock outcrops.

A visual perspective of the driving mechanisms behind the various sediment pathways are presented in Figure 3-4.
This highlights that the sediment in the Study Area is heavily influenced by the ebb tidal action, which is the only
mechanism taking sediment out to sea/away from the frontage. Otherwise, a mixture of flood tidal transport, aeolian
transport and refracted wave energy are responsible for the local redistribution of sediment along Exmouth frontage
and the surrounding flood and ebb geomorphological features.

A general overview of the net sediment exchange at key areas across the outer Exe Estuary is outlined in
Figure 3-5. This conceptual model is based on collated quantifiable information spanning from the 1990’s to near
present day and therefore can be conceptually considered for the future period of coastal processes and SLR of
approximately +0.15 m (2030-2040 for the UKCP18 RCP8.5 5!-95™ percentile) (Atkins, 2021). This budget model
demonstrates that there are no significant trends of accretion along Exmouth Beach with notable volume variability,
with The Maer section of the beach showing to be in a net erosional state. These trends are outlined and confirmed
in Section 3.4 (Beach Level Change).

The three main components that influence the Study Area (open coast and the inner and outer estuary) are shown
in more detail below.
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Figure 3-4. Summary of sediment transport mechanisms around the mouth of the River Exe. Source: Atkins, 2021.
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Figure 3-5. Conceptual model of the sediment budget of the outer Exe Estuary, with net sediment exchange (m3/ year). Source: Atkins, 2021.
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3.3.3 Open Coast Sediment Dynamics

Adjacent sections of the coastline to the Study Area have been considered since they will play a part in the sediment
dynamics at the Study Area. The ‘open coast’ extent of Exmouth to the east of the BMP Study Area, as assessed
by Atkins/Halcrow (2013), stands between Straight Point to Orcombe Rocks (see

Figure 3-6). This stretch of coastline is composed of sandstone cliffs with an intertidal platform that is overlaid by a
sandy beach.

The SCOPAC Sediment Transport Study (New Forest District Council, 2017) outlines that this length of the coast
is eroding at a rate of 0.5 m/year, with the cliffs to the east providing up to 30,000 m3/year to the sediment budget
through erosional processes. Amore detailed analysis of available LiDAR data indicated that only the initial 10-15 m
of the cliff face is active in terms of erosional processes, equating to a semi-permanent store of up to
10,000 m3/year. This is consistent with the volumes from Posford Duvivier (1998) that estimated a westward
net-drift of 10-15,000 m3/year and is therefore considered to provide the most reliable estimate of the drift rate. No
other data covering this section of the coastline is available but it is reasonable to suggest that there is a net
westward drift of sediment entering the western limit of the Study Area , providing the mechanism that allows beach
volumes to accrete. This is captured and presented in Section 3.4 (Beach Level Change).
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Figure 3-6. Outer estuary boundary. Source: Google Earth.

3.3.4 Outer Estuary Sediment Dynamics

The outer estuary is composed of the various bedforms that lie between Dawlish Warren and Exmouth Beach
including Dawlish Warren Spit, The Approach Channel, Exmouth Beach, Bull Hill Sands and Pole Sands. The
combination of these features protects both the Exe Estuary and Exmouth frontage providing significant protection
from wave action, coastal surges and other coastal processes (Environment Agency, 2013).

Atkins/Halcrow (2013) summarises findings from a number of studies (New Forest District Council, 2017; Halcrow,
2008; and Halcrow/Environment Agency, 2010), with the general consensus that coastlines either side of the sand
spits act as sediment sources to the outer estuary system. It is thought there is no direct supply of sediment from
Dawlish Warren to Exmouth due to the presence of the Exe Estuary ebb tidal delta. However, there is likely to be
an indirect source of sediment through the various sandbanks and delta features that are located in the outer
estuary. This exchange is dictated by and dependent on both the tidal currents and wave action adding to the
complexity of the outer estuary system.

Local sediment transport is also described in the Lyme Bay and South Devon Shoreline Management Plan (Posford

Duvivier, 1998a). From Orcombe Point, the westward net potential transport reduces from 15,000 m3/year to
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4,500 m3/year near The Maer. Opposing this, the eastward gross potential drift from Langstone Rock is predicted
to be 8,400 m3/year, which reduces towards the mouth of the estuary to 1,100 m®/year at the distal end of Dawlish
Warren. The various locations referred to are identified in Figure 3-7.

Pole Sands is a key feature in the Outer Estuary and plays a crucial role in protecting the frontage from wave
action. Historically, this ebb-delta has been estimated to grow in volume on average 10,000 m3/year. However,
there have been more recent marginal erosional trends with an estimated reduction in volume of 700 m3/year
(Atkins/Halcrow, 2013).
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Figure 3-7. Outer Estuary reference locations. Source: Google Earth.

Figure 3-8 and Figure 3-9 present depth contours in the outer estuary derived from bathymetric surveys from
March 2023 by Exmouth Harbour Authority (Harbour Authority, 2023), against a background navigation chart from
2021. Major changes resulting from analysis of key changes are annotated on the figures. The more recent
0 m CD contour is shown in yellow, the -1 m CD contour in light blue and the -2 m CD contour in dark blue.

In Figure 3-8, it is shown that the northern bank of the Approach Channel has receded back towards the shoreline,
evidenced by the new position of the 0 m CD contour. This is coupled with the ‘Double Ledge’ feature no longer
drying. Both of these points indicate a loss of material which is in contrast to the extended drying patches on the
opposite side of the channel. It is uncertain if this is associated with natural migration of the channel or separate
depositional and erosional processes.

Figure 3-9, an overview of the southern extent of Pole Sands is provided where this section of the bar is shown to
be eroding. Although erosional trends are shown, these are in contrast to the advances presented in Figure 3-8
which suggests a migration and/or rotation of the sandbar. This is inconsistent with claims of a general erosional
trend as made by (Atkins/Halcrow, 2013) with the suggested rotation more aligned with historical documentation of
Dawlish Warren Spit. It is suggested that erosion to the south of Pole Sands has been caused by recent increases
in storm wave activity resulting in a re-distribution of sediment to the east of Pole Sands. As a result both flood and
ebb tidal currents within the approach channel have increased leading to erosion of lower intertidal sediments.
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3.3.5 Inner Estuary Sediment Dynamics

The inner estuary is composed of mud and sand flats with these features acting as temporary stores for both sands
and gravel sediments whereas the mudflats act as a sink with these features shown to accrete over time. Although
the inner estuary is classified as a sediment store with a general trend of accretion, the rates of sedimentation were
believed to have previously slowed by an order of magnitude from 40,000 m3/year to 4,000 m3/year
(Atkins/Halcrow, 2013).

The River Exe is thought to be the main sediment source to the inner estuary (New Forest District Council, 2017),
contributing an estimated 1,900 m3/year to the intertidal area of the inner estuary. In addition, another 1,000 m3/year
is transported likely through tidal currents from the outer to inner estuary, adding to the volume of the flood-delta
known as Bull Hill Banks (CH2M Hill, 2015).

Figure 3-10 shows outer estuary coverage from March 2023 survey work completed by the Harbour Authority
(Harbour Authority, 2023) against a backdrop of the chart based on 2021 surveys. Major changes resulting from
this analysis have been annotated onto the figure. Again, the new 0 m contour is given in yellow, the new -1 m CD
contour is given in light blue, and the new -2 m CD contour is given in dark blue. Here it is shown that the Bull Hill
bank is eroding, with the new 0 m contour receding back up-stream which entails that the volume lost exceeds the
1,000 mé/year thought to be added to the bank as tidal currents transport sediment from the outer to the inner
estuary as discussed in (CH2M Hill, 2015).
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Figure 3-10. Inner Estuary, 2023 survey annotations. Source: Harbour Authority, 2023.

3.4 Beach Level Change

To assist with the analysis of changes in beach morphology, the Study Area has been divided into 4 sections to
help identify trends at different locations along the frontage, as identified in Figure 3-11.

Routine beach profile monitoring has been completed along the BMP frontage since 2007 under the South-West
Regional Coastal Monitoring Programme (SWRCMP). Through the analysis of these transects, measured at set
positions, it is possible to identify trends in beach volumes across the frontage.

Figure 3-12 presents the beach profile analysis from 2007 to 2013 (Plymouth Coastal Observatory (PCO), 2013)
at The Maer and Queens Drive. This presents a net loss in beach volume at The Maer and lesser levels of erosion
at Queens Drive. In comparison, the results from over-lapping beach transects spanning the period from 2007 to
2022 (PCO, 2022) are presented in Figure 3-13. This captures more recent increases of beach material at Queens
Drive (blue transect lines), with The Maer still shown to be eroding (red transect lines).
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Similarly, Figure 3-14 presents the beach profile analysis from 2007 to 2013 (PCO, 2013) for the Esplanade and
Beach Gardens sections. The Esplanade is shown to be stable with slightly accreting levels whereas Beach
Gardens shows erosion, particularly towards The Maer section. Overlapping transects for the period 2007 to 2022
(PCO, 2022) are presented in Figure 3-15. Similar trends are presented when compared to the previous analysis
for the period 2007 to 2013 with stability and accretion evident at the Esplanade and increasing levels of erosion
from Beach Gardens to The Maer.

The PCO beach transect data is combined with the corresponding LIDAR datasets and summarised as spatial
elevation difference plots, as presented in Figure 3-16 and Figure 3-17. These plots highlight that the eastern and
western extents of the frontage (Queens Drive and the Esplanade) are stable with accreting trends. This is in
contrast to the central sections (Beach Gardens and The Maer) which display a consistent trend of erosion. Despite
the areas of erosion, the beach profile analysis concluded that the net sediment balance between 2007 and 2022
above Mean Low Water Spring (MLWS) is 114.974 m3 (PCO, 2022), which equates to a 22% increase.

The dynamics of the sediment variability at Exmouth was discussed during AECOM’s site visit (October 2023).
During this visit it was highlighted by EDDC that it was previously possible to walk under the RNLI slipway, whereas
during the visit, there was limited clearance of approximately 1 m. This suggests a vertical variation in beach levels
of 2 m to 3 m over a period of weeks. This indicates high levels of beach variability over relatively short time frames
at Exmouth beach. This is again visible when comparing the transect results at Exmouth Beach at The Maer in
particular. The segment of Exmouth frontage that each of the transects is situated within is presented in
Figure 3-18. Cross-Sectional Area (CSA) comparisons at these transects spanning from 2007 to 2019 are
presented in Figure 3-19. Here, the Esplanade and Beach Gardens (transects 6a01800 to 01818) show a stable
beach with little variance over the timeframe. In comparison, The Maer (transects 6a01784 to 6a01800) shows
much greater levels of variation of beach volume, with a general eroding trend. This was then magnified during the
2013/14 winter storms with significant losses particularly at transects 6a10788 and 6a10792. Beach volumes at
The Maer are shown to never fully recover from the 2013/14 winter storms, even 5-years down the line in 2019
when the CSA comparisons finish. This is contrasted by stability and accretion to the east of the frontage at Queens
Drive (transects 6a01767 to 6a01784).

More recent beach profile datasets are summarised and compared in Table 3-2 prepared by the Environment
Agency (Environment Agency, 2021b) with the net value over the entire period added to provide a summary of
change over the period 2017-2021. These changes in beach volumes have also been formatted into a graph for
visual aid in Figure 3-20. The values provide annual variations across the frontage for the same sections as used
in the analysis of transect data. The net values in the right-hand column show there was a large increase in beach
volume over the 4-year period. This is consistent with what is presented in the 2007-2022 beach elevation change
plots which show significant levels of accretion to the eastern extent of the frontage at Queens Drive but to a lesser
extent within the Esplanade section. Beach Gardens is shown to be relatively stable with a slight erosional trend
and a net erosional again demonstrated within The Maer section.

The trends shown in each of these data sets allude to the same conclusion of stability and slight accretion at
Esplanade and Beach Gardens, erosion at The Maer and more recent periods of accretion at Queen’s Drive. These
factors align with the findings of Atkins (2021).
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Figure 3-11. The key segments of the Exmouth frontage. Source: CH2M Hill, 2015.
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Figure 3-13. Change in cross-sectional area for Exmouth BMP frontage (The Maer and Queens Drive,
2007 - 2022). Source: PCO, 2022.
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Figure 3-14. Change in cross-sectional area for Exmouth BMP frontage (Esplanade and Beach Gardens,
2007 - 2013) Source: PCO, 2013.
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Figure 3-15. Change in cross-sectional area for Exmouth BMP frontage (Esplanade and Beach Gardens,
2007 - 2022) Source: PCO, 2022.

\)’l" IChange in Elevation (m) Between G 'ﬁ?é’«; N
Baseline (25/05/2007) to o 2 ~°’ AR T consri; A
Full Survey (18/05/2022) D D ST O O UCO osservarony
I I I I |:| D[] D D I I I I I Aerial Photography from 2017
Model Extent EROSION NO CHaNGE ACCRETION [ s )]
Change in Elevation (m) 0 180 360

Figure 3-16. Topographic differences at Exmouth frontage (The Maer and Queens Drive, 2007 - 2022).
Source: PCO, 2022.
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Figure 3-17. Topographic differences at Exmouth (Esplanade and Beach Gardens, 2007 - 2022).
Source: PCO, 2022.

AECOM
31



Exmouth Beach Management Plan Exmouth Council
Project number: 60717806

Figure 3-18. PCO beach transect locations along Exmouth Beach. Source: Halcrow, 2013.
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Figure 3-19. PCO beach transects at Exmouth from 2007 to 2019. Source: Atkins, 2021.
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Table 3-2. Summary of beach volumetric exchange at Exmouth Volume Difference (m3).
Source: Environment Agency, 2021b.

Volume Difference (m®)
Frontage Position Area 2017-2018 | 2018-2019 | 2019-2020 2020-2021 Net
Eastern Extent Queens Drive 22223 -9405 20780 52743 86341
The Maer -8010 -7461 16420 -20750 -19801
Beach Gardens -1713 7115 -5068 -521 -187
Western Extent Esplanade 1397 3271 3957 -1154 7471
Net 13898 -6480 36089 30318
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Figure 3-20. Changes in beach volume changes along Exmouth. Volume sources: Environment Agency,
2021b.

3.4.1 2023 LIiDAR Comparison

A recent 2023 LiDAR dataset of the Study Area was provided for this assessment in conjunction with a series of
beach profiles along the frontage. These represent the most recent datasets with transects extracted at the location
of the 2023 beach profile together with data from the 2020 LiDAR survey (as presented in Figure 3-21). Comparison
of the datasets is used to provide an indication of how beach levels have changed in recent years, as presented in
Table 3-2. The transects are grouped into the same sections as presented in Figure 3-11 (boundaries shown in

white) for consistency. The comparison transects for this 2020 vs 2023 LiDAR assessment are presented in
Appendix B.
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Queens Drive

Figure 3-21. 2023 beach profile transects lines and white annotations. Source: Google Earth.

Esplanade

Transects 1 and 2 in Figure 3-21 represent the ‘Esplanade’ section of the frontage. Topographic levels taken from
the 2020 and 2023 LiDAR surveys along these transects are presented in Appendix B.1. These comparisons both
demonstrate a reduction in beach volumes between 2020 and 2023.

Beach Gardens

Transects 3 to 5 in Figure 3-21 represent the ‘Beach Gardens’ section of the frontage with data from the two LiDAR
surveys presented in Appendix B.2. The comparison shows a reduction in beach volume between 2020 and 2023
with significant loss across the whole profile evident for Transect 5.

The Maer

Transects 6 to 9 of Figure 3-21 represent ‘The Maer’ section with the two years of LIiDAR data presented in
Appendix B.3. Again, it is shown that there has been a reduction in beach volume during the period between the
surveys, noting that the apparent ridge along Transect 9 is the RNLI slipway rather than the natural beach.

Queens Drive

Transects 10 to 13 in Figure 3-21 represent the ‘Queens Drive’ section as presented in Appendix B.4. At the western
end (Transects 10 to 12), the beach is shown to have increased in volume since 2020 although at far east end
(Transect 13), beach levels are shown to have lowered.

From assessing the latest LIDAR (2023) dataset, it provides an insight to the current state of the beach at Exmouth
which generally shows volumes are reduced compared to 2020 values. The most recent SWCM annual Dawlish
Waverider report (SWCM, 2022c) indicates a reduction in significant wave heights between 2018 and 2022 (Figure
3-22), but with a corresponding increase in energy period (Figure 3-23), indicating an increase in peak wave period
(Tp). This increase in energy could be a contributing factor towards the loss of beach volume presented in the 2023
LiDAR dataset.
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Figure 3-22. Annual wave height exceedance at Dawlish Waverider. Source: SWCM, 2022c.
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Figure 3-23. Annual wave energy exceedance at Dawlish Waverider. Source: SWCM, 2022c.
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3.4.2 Storm Response

In addition to the routine beach profile surveys that are carried out every spring and autumn at pre-defined positions,
post-storm surveys are also undertaken to help understand beach response and recovery as a result of the rapid
re-distribution of beach material under such conditions. The post-storm surveys have been previously assessed
(Atkins/Halcrow, 2013) which highlight that storm events at Exmouth appear to result in the migration of sediment
in a cross-shore direction through wave induced erosion of the upper beach. Once suspended, the sediment is
transported further offshore by to the ebb dominant currents within the estuary (CH2M Hill, 2015). The cross-shore
transport of sediment was captured within a PCO post-storm survey (PCO, 2021), which presents a combination
of almost equal measures of both erosion and accretion due to four named storms in as many months during the
2020/21 winter period. From the seven profiles compared for consistency with the previous Autumn survey,
accretion was shown to outweigh erosion across the main beach slope, with erosion generally at the top of the
beach near the defences and below -0.55 m ODN. This is indicative of active cross-shore sediment transport, as
also concluded in the 2015 BMP (CH2M Hill, 2015).

The recovery of the beach at Exmouth is thought to be encouraged by wave action from south and south-easterly
direction sectors, although this is based on data for a limited number of profiles. Regardless of the controlling
influences on beach recovery, it is a process that occurs over several months. During the severe 2013/14 winter
storms that the south coast of the UK endured, Exmouth took 6 months to recover 73% of the sediment lost during
the winter storm season (PCO, 2014). The volume of sediment lost during this storm season was severe and
exceeded the volume of sediment lost at Exmouth between 2007—-2013. This highlights that the beach system at
Exmouth has in the past been able to recover, however, it has been suggested that beach volumes might not fully
recover without proactive management (New Forest District Council, 2017). This is highlighted in the CSA
assessment (Figure 3-19) which demonstrates beach volumes at Exmouth Beach, in particular at The Maer, have
never fully recovered from the 2013/14 winter storms.

3.4.3 Future Shoreline Evolution

The future evolution of the shoreline at Exmouth is difficult to predict with certainty due to the complex dynamics of
the system, including interactions with processes related to the Exe Estuary. Despite net sediment gains along the
frontage over the period 2017 to 2021, as presented in Table 3-2, the BMP (CH2M Hill, 2015) predicts that even
with the re-distribution of material from beach recycling, there will be a reduction in beach material along the
frontage in the future. Indeed, the analysis of beach levels derived from recent LiDAR surveys (2020 and 2023)
suggests that this is the case with beach levels lowering along most of the frontage with the exception of the
Queens Drive section towards the eastern end of the Study Area.

Given that the vast majority of the Study Area is constrained by hard defences (seawall/promenade), under a ‘Do
Nothing’ scenario (which assumes no management), coupled with the predicted SLR, the beach area will reduce
as it is ‘squeezed’ by the hard defence line. This will significantly reduce the available area for amenity and
recreational use having a negative economic impact and gradually increase the risk of defence failure. Quantifying
the loss of beach area due to SLR at Exmouth is difficult due to variability in the beach profile and associated
slopes. However, for a 1 m rise in sea level, similar to that predicted for the period 2024 to 2124 (Table 2-4), the
average beach width could reduce by 50%, or more.

As SLR progresses, the increasing water levels have the potential to make the outer estuary features, such as Pole
Sands, less effective at protecting the frontage through dissipating wave energy by causing the waves to shoal and
break. This will result in more wave energy reaching Exmouth Beach, with the potential to increase both coastal
erosion and flood risk, leading to failure of the defences, loss of the promenade and, if allowed to continue, road
access would also be lost.

3.5 Summary
A summary of key findings from this section are provided below:

. Exmouth has a complex interaction of tidal (flood/ebb) features that are interlinked, making sediment
pathways hard to identify and quantify with any degree of certainty.

. The Pole Sands ebb delta plays a crucial role in damping wave action along the frontage.

. Both currents and wave action are important factors in terms of controlling local sediment transport.
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. The frontage at Exmouth is highly volatile with very changeable volumes of beach sediment, with marginal
indications of sediment accretion.

. The four segments of the frontage are under varying pressures which is displayed by their long-term trends.
Esplanade and Beach Gardens are generally stable with slight levels of accretion. The same can be said for
Queens Drive but with significant volumes of accretion displayed since 2016. The Maer is variable but is a
net erosional state.

. The volume of sediment that enters the Exmouth Study Area remains uncertain. It would be useful to be able
to quantify if sediment is constantly re-distributed around the Study Area or it has a finite source which would
promote beach recycling.

. Despite recent years presenting larger volumes of beach material (2020 and 2021), The Maer still experiences
a net loss of sediment and has never fully recovered from the 2013/14 winter events.

. The entire frontage is vulnerable to large storms, such as the 2013/14 winter events, that draw down beach
material that is subsequently transported initially cross-shore and before being transported offshore.

. Despite the most recent datasets displaying reduced beach volumes across the frontage, upon the latest
AECOM defence assessment (January 2024), beach levels are reported to be extremely high, contradicting
the reduced beach volumes trends outlined from assessing the 2023 LiDAR. This again displays how variable
the beach volumes are at Exmouth.

. More frequent monitoring is required to capture the true variability in beach levels before it is possible to make
reliable predictions of future, long-term trends.
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4. Coastal Flood & Erosion Risk
4.1 Coastal Flood Risk

The understanding of coastal flood risk across the Exmouth Beach frontage can be informed from the Environment
Agency flood mapping (available at https://flood-map-for-planning.service.gov.uk/). This highlights that much of the
frontage is classified as ‘Zone 3'. Locations in Flood Zone 3 have a high probability of flooding. This means in any
year land has a 1% or more chance of flooding from rivers or a 0.5% or more chance of flooding from the sea
which, as presented in Figure 4-1, accounts for the majority of the frontage.

This classification is highlighted by Atkins/Halcrow (2013) that refers to the Flood Risk Information System (FRIS)
dataset (tidal flood events from 1945 — 2008) which presents details of large tidal flood events at both Dawlish and
Exmouth.

Exmouth has historically experienced severe coastal flooding and has a range of heavily engineered key structures
to help mitigate the flood risk including tidal gates (see Figure 4-2) and embankments as outlined in the 2012
Mapping and Modelling Study (Mott MacDonald, 2012). Resulting from the construction of Exmouth Tidal Defence
Scheme, the Exmouth tidal Multi-Agency Flood Plan (Environment Agency, 2022) which has a trigger level of
3.27 m OD for a forecast water level resulting from a combination of tide and storm surge (Halcrow, 2011b). When
this threshold is forecasted to be met/exceeded it triggers the installed defences to become activated (e.g. tidal
gates are closed), to prevent any overtopped water accumulating and potentially flooding parts of Exmouth.
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Figure 4-1. Exmouth BMP frontage and associated flood risk. Source: Environment Agency
https://flood-map-for-planning.service.gov.uk.

AECOM
39


https://flood-map-for-planning.service.gov.uk/
https://flood-map-for-planning.service.gov.uk/

Exmouth Beach Management Plan Exmouth Council
Project number: 60717806

Figure 4-2. Tidal gate at Exmouth. Source: AECOM October 2023.

4.2 Coastal Erosion Risk

The 2018 National Coastal Erosion Risk Mapping (NCERM, 2018) suggests that there is no predicted erosion along
the frontage at Exmouth due to the hard defence line at Exmouth. This is however, assuming that the defences
currently in place are maintained and do not fail. If the defences were to fail, this would leave the whole frontage
at risk to coastal erosion. This is a different perspective to the 2015 BMP, in which only The Maer and Queens
Drive were presented to be at risk from coastal erosion. It should be noted that an update of the NCERM is due to
be published during 2024 based on an updated methodology, and that should be referred to once available.
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5. Beach Management Practices

An extensive historical list of applied beach management techniques has been provided by Atkins/Halcrow (2013),
dating back to the 1800's. This highlights that the frontage of Exmouth has always been a highly dynamic and
changeable frontage. The more recent beach management techniques that have been implemented along the
Exmouth Beach frontage are summarised below in Table 5-1.

Table 5-1. Overview of historical beach management activity at Exmouth (Atkins/Halcrow, 2013).

Date Beach Management Description

1920 Construction of the promenade and seawall behind Maer Rocks and the upper cliff profile.

1970 Set of groynes added to the eastern extent of the beach.

1986 40,000 m® of material was dredged from the navigational channel — disposal site is
unknown.

1996 40,000 m? of material was dredged from the navigational channel — disposal site is
unknown.

2004 Failed length of seawall was fronted by rock armour as emergency works.

In addition to the above, beach lowering occurred in 2023 as a result of storm Ciaran in late October which resulted
in structural damage to a section of seawall adjacent to the Sideshore development. Emergency works were
therefore implemented to prevent further failure of the structure with work on the permanent repairs due to
commence in the spring of 2024.

The most recent Exmouth BMP (CH2M Hill, 2015) adds to this with the current beach management works
recommended at Exmouth, which have been in place since the 2015 BMP release. These are outlined below.

5.1 Structure Maintenance

Regular inspections to the existing sea defences (seawalls and groynes) are undertaken by EDDC and the
Environment Agency with a full structural inspection of the coastal defences carried out in 2015 Q3 (CH2M Hill,
2015). Upon finding any defects (such as the damage to the seawall during November 2023 — see Figure 5-1)
immediate repair works are suggested, and remedial works are to be undertaken where required. ‘Dip’
measurements are often taken to quantify the distance of drop from the seaward edge of the seawall crest to the
beach.
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Figure 5-1. Damage to the seawall at Exmouth. Source: EDDC, 2023.

5.2 Beach Monitoring

Ongoing beach profiles are conducted by SWCM at consistent transect lines. This is supplemented by LIDAR
flights, aerial photography (1-3 years) and semi-regular bathymetry surveys of the Exe Estuary and its immediate
coastal features. The bathymetric surveys are conducted once every 5 years (Environment Agency, 2021b), with
more frequent surveys of the navigation channel occurring every 6 months (CH2M Hill, 2015).

In addition to the recommendations from the 2015 BMP, other recommended beach management techniques are
outlined below.

5.3 Beach Recycling

Following from the recommendation of Atkins/Halcrow (2013), approximately 6,000 m® of beach sediment was to
be used to replenish the beach along the Exmouth frontage. This approach was recommended to be implemented
from 2020 to try and increase natural beach levels, but this is yet to be implemented.

5.4 Dredging

Regular dredging is required at Exmouth to help maintain the naturally migrating navigation channel that provides
access to Exmouth Marina. The target dimensions of the channel are 100-200 m width, with depths varying
from -12 m CD (Marina Entrance) to -1.5 m CD (East Maer Channel), (New Forest District Council (2017)). Posford
Duvivier (1998b) outlines that the average dredge volume is 500 m3/yr which is deposited seawards of Spey Point
so that it is not removed from the regional sediment system. Posford Duvivier (1998a and 1998b) also highlighted
that a sustainable approach would be to periodically recycle dredged material for local beach replenishment
activities. To do so, a new licensing consent would be required.
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6. Conclusion

This report provides details of the coastal processes within the Exmouth Beach Management Plan Study Area. A
summary of the key findings relevant to updating of the BMP are provided below:

Exmouth Beach is a dynamic frontage that is subject to the long-term influence of ‘coastal squeeze’ as a result
of sea level rise and the hard line of coastal defences along the frontage.

Increasing the temporal frequency of the current beach monitoring programme is required to help develop an
improved understanding of the dynamics of the system in both the short and long term.

The proximity of the navigation channel appears to have an important influence on beach levels. Monitoring
of the channel bathymetry and the position of the low water channel relative to the beach is therefore
considered to be important to help identify any trends and any potential correlation with observed beach
levels.

Although beach levels naturally vary, particularly at The Maer, beach volumes have not recovered from the
2013/14 winter storm events. This therefore supports the previous recommendations from the 2015 BMP for
beach recycling/recharging at Exmouth to help maintain beach levels.

It is possible that another severe winter storm period, similar to 2013/2014, could occur within the next
10-20 years. This would have a significant impact on beach volumes and provide a further set-back to the
ongoing, natural recovery process. Assuming no intervention, this probably provides an upper limit of the
timescale before the next major loss of beach volume which would have an adverse effect on both the coast
protection and amenity functions.

The groynes at the eastern extent of the frontage (Queen’s Drive) appear to be performing well and have
played a crucial role in the recent accretion of sediment and increased beach volumes at this section of the
frontage.

The current national coastal erosion risk projections do not provide any useful information in terms of future
trends under a ‘do nothing’ scenario under which the existing defences are allowed to fail. Further analysis is
therefore required to provide estimates of potential future erosion, as required to inform the economic
assessment.
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Appendix A

A.1 Data Review

This table includes the documentation/ data that were reviewed but not used to create this document,
supplementing the data sources listed as references.

Al Unused but reviewed datasets.

File Name Type Comment
1 | MetReport2022_Exm.pdf Meteorology Only 1-year worth of data reviewed so not
report possible to derive any long-term trends from this
dataset.
2 | SWSRO01A_StormRecoveryReport_2014.pdf Technical Addendum to the main report (Plymouth Coast
report Observatory, 2014) which was used in the study.

Some helpful LiDAR Figures are provided
showing beach change, but other Figures were
selected to represent this.

3 | TideReport_2022_Exm.pdf Survey Report | Survey report on a deployed tide gauge at
Exmouth Marina. Nothing to contribute to the
hydrodynamic assessment.

4 | TR086_Exmouth_TGcomparison_2018.pdf Technical Comparison of tide gauges at Exmouth Marina.
report Nothing to contribute to the hydrodynamic
assessment.
5 | East Devon District Council Aerial Photos Aerial photos | Aerial photos of the frontage from 1947 to 2010.

These provide a good overview of the study
area but it's not clear on the tidal state of each
picture which makes it hard to make true
comparisons between each of the images to
make assured comments on the change in
feature.

6 | Exmouth Asset Download Map.pdf Map Overview of the defence assets at Exmouth
providing no beneficial contribution to the
coastal processes assessment.

7 | Exe_Report_300396_001_RevC.pdf Technical Exe Estuary Mapping and Modelling Study. This
report is a HD TUFLOW flood risk assessment that
isn't relevant to a coastal processes
assessment.
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Appendix B LIDAR Comparisons
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B.1 Esplanade LIDAR Comparisons
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Esplanade LIDAR comparison for 2020 vs 2023 at Transect 1 (left) and Transect 2 (right).
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B.2 Beach Gardens LIDAR Comparisons
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Beach Gardens LIDAR comparison for 2020 vs 2023 at Transect 3 (left) and Transect 4 (right).
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Beach Gardens LIDAR comparison for 2020 vs 2023 at Transect 3 (left) and Transect 4 (right).
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B.3 The Maer LIDAR Comparisons
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Beach Gardens LIDAR comparison for 2020 vs 2023 at Transect 3 (left) and Transect 4 (right).
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The Maer LiDAR comparison for 2020 vs 2023 at Transect 8 (left) and Transect 9 (right).
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B.4 Queens Drive LIDAR Comparisons
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Queens Drive LIDAR comparison for 2020 vs 2023 at Transect 10 (left) and Transect 11 (right).
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Queens Drive LIDAR comparison for 2020 vs 2023 at Transect 12 (left) and Transect 13 (right).
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