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1 Introduction

11 Purpose

It is recognised that the entrance to the Deben Estuary and the associated coast to north and south is
complex both in terms of the way in which the different processes interact and in terms of the way in which
this impacts on specific sections of the coast.

Over the last two to three decades, especially as we have built on the
developing monitoring data set, we have improved our understanding of
these issues. It has been possible to identify the critical factors influencing
the behaviour of the system (the underlying geomorphology, the open coast
sediment drift, wave action and the function of the estuary flows). To a
degree, this allowed us to develop a generalised concept model in
explaining the overall response. Even so, we recognise that in detail there
are still many areas of uncertainty.

The SMP2 (Suffolk SMP2 Sub-cell 3c i Suffolk Coastal District Council 2010) recommends a high level
policy for Hold the Line. However there is still scope at a detailed level to adapt. Indeed, within this policy,
there is likely to be the need to adapt in allowing for future change in the estuary and throughout the
entrance area. The policy within the SMP recognises this while aiming to maintain the control imposed by
the estuary mouth. From a broader perspective, how this is achieved depends on the way in which the
lower part of the inner estuary is managed; given the potential for increased flows should areas be opened
to flooding. If defences continue to provide protection to these areas, sea level rise will increase flows
through the entrance. Estuary behaviour will also depend on management decisions being made with
respect to Felixstowe Ferry and the area further south in the area of the golf course and this also depends
on the future influence of sea level rise. Critical to the overall management of the area is the way in which
change may alter the estuary regime and future behaviour of the Knolls system. These longer term issues
are being developed through the Deben Estuary Partnership Group (DEP), supported by the Environment
Agency and Suffolk Coastal District Council (SCDC).

In the shorter term it is necessary to deal with immediate issues and concerns but with a view to how this
might influence future management.

Over recent years there has been concern over the deterioration of defences along the Bawdsey Manor
frontage and along the section of defence within the mouth of the estuary to the south of the Bawdsey
Quay. Management of these areas have to be considered within the broader context of management of
the wider area. This study, commissioned by SCDC, aims to review the current available data, with the
intent:

1 To update the developing understanding of the overall estuary mouth system.

1 Examine the particular impact changes within the system historically have had on the section of
sheet piling along the eastern side of the estuary mouth.

1 Examine, as far as possible from existing data, the changes that have occurred along the
Bawdsey Manor frontage, with particular reference to understanding longer terms trends of beach
loss.

1 Combine the above in a general review of the implications for management based on the present
intent of management set out in the SMP2 and in taking forward further investigations and
management of the Bawdsey Peninsular.

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 1
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This study aims to advance the understanding of the area and highlight, in broad terms, how different
elements of management may be critical to overall management, within the agreed intent of the SMP2.
The study, aims to assist in the various decision making processes.

1.2 Report Structure

The following sub-section (Section 1.3) provides a general overview of change within the estuary. Section
2 develops on this, discussing the general information on coastal processes and moving on to look in
more detail as to the specific changes that have occurred in the behaviour of the Estuary Entrance area.

Section 3 discusses more specifically the two areas of concern identifying changes that have occurred.
This draws upon information on historic and more recent changes and links this through to the broader
trends over the wider area. This section draws together the conclusions with respect to individual sections
of defence.

Section 4 discusses the implications in terms of management and makes recommendations for immediate
and longer term actions, highlighting key aspect of risks and critical uncertainty. Reference is made
Bawdsey Manor Implementation report (2003 SCDC) considering how recommendations fit within this
improved understanding.

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 2
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1.3 Overview of Estuary Behaviour

A general location plan is shown as Figure 1.1 identifying key features referred to in this report and
showing also the overall topography of the area. The area is described within three different zones as
indicated within the figure.

estuary
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Figure 1.1 Location Plan

1.3.1 General Context

The wider valley of the estuary is formed between two areas of higher ground, at Bawdsey Manor and at
North Felixstowe (Figure 1.1).

In the nearshore area there are a range of banks, influencing and influenced by the development of the
coast (Burningham and French - CERU 2014), as shown in Figure 1.2.

It may be seen that, in the area of the Deben, there is a general widening of the nearshore platform (down
to 5m Chart Datum) which tends to increase in width further south towards Felixstowe.

Effectively at the broader scale, the coastline to north and south of the valley has a standard orientation
(between the mid-section area of the Bawdsey cliffs and the inflection of the southern shore at the Dip,
north of the Cobbolds Point headland) but with northern shoreline slightly set back, the Deben estuary
being formed with a shallow embayment.

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 3
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This step in the coast becomes more pronounced at the more local scale such that the southern shoreline
is some 500m in advance (to the south) of the end of the Bawdsey peninsular, with the Felixstowe Ferry
frontage running north south on the eastern side of the estuary.

«Whiting
.

»

General alignment
Bawdsey of the shoreline

Cutler

Shipwash/

Alignment of the-
estuary shoreline

in relation to the
broader alignment |

——————————
. - - . we I tf

Figure 1.2 Nearshore bathymetry and hinterland topography, showing orientation of the coast.

Enclosure of the Deben Estuary marshes dates back to Roman times and there is evidence of the

existence ofthe Ki ngdés Fl eet walls (on the eastern side of the
to 1500. It is difficult to judge from historical maps exactly the degree and time scale over which this

enclosure may have influenced the tidal volume (prism) flowing into and out of the estuary. However, quite

clearly there has been increased fixity in the shape of the inner estuary, with the final meander tending to

push over towards the eastern bank running down along the face of high ground to the area of Bawdsey

Manor. The mouth of the estuary runs in a north south, with the main channel continuing in this direction to

the sea.

Possibly associated with changes within the estuary, but also with the significant volume of sediment
moving in past times along the Suffolk coast, the wider valley entrance of the Deben has infilled with the
extension of a dune ridge (now the feature upon which lies the hamlet of Felixstowe Ferry) developing
from the south. From the northern side a secondary spit has infilled the estuary mouth from the Bawdsey
side (as indicated in the inset of Figure 1.2).

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 4
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This overall position of the shoreline and within the mouth has become increasingly fixed over time as
shown in Figure 1.3, comparing maps from 1884, 1904 and 1927 (and with the present day (2015).
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Figure 1.3 Comparison of historic maps.
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The developing changes occurring over the last century are discussed more fully later but key points are
highlighted below to provide an overall context:

1884
il

While there are defences evident within the inner estuary, by 1884, there appears to have been
little protection at the mouth or to the shoreline around the outer estuary.

At the northern end of the estuary mouth, on the western side, there is a distinct spit forming into
the inner estuary, with the shoreline further south tending to belly out (to the east) into the main
north south channel running along the Felixstowe Ferry frontage.

Within the inner estuary the Horse bank (Horse Sands) is well aligned to the northern spit, forming
almost as a banner bank within the wider inner estuary.

Although there is evidence of shoals beyond the southern end of the main outer estuary channel
these tend to sit within the limits of the southern foreland.

By 1904, the shape of the western outer shoreline changes, still building out towards the southern
foreland but developing a more significant curve running through to the northern point of the
western side of the estuary mouth. The ferry had been repositioned at this northern point.
Associated with this shift of the outer estuary channel, in a westerly direction, along the central
section of the Felixstowe Ferry frontage, there was the first sign of defence, attempting to control
erosion of the shoreline in this location.

However, what is also seen over the early part of the 20" century is the apparent growth westward
of the southern foreland, effectively re-emphasising the curve in the outer channel.

Early defences had been constructed in the form of groynes to the Bawdsey Manor frontage, in
apparent response to the loss of intertidal foreshore since 1884. Records indicate that a
substantial groyne system had been put in place between the Manor and the estuary by
1892.(Phil Hadwen et al - Pictures from the Past, 1990)

Within the inner estuary, there had been a slight shift in the position of Horse Sands and a
corresponding movement of the low water mark on the eastern bank of the inner estuary, tending
to suggest a link with the alignment of the outer channel and the increased pressure, further
developing the outer curve of the final meander of the inner estuary.

Bringing this forward to the present day (and recognising the extreme variability within the Knolls,
discussed later): 2007

1

The westward development of the southern foreland tends to have
been shaved back, with the tendency for this foreland to develop more
to the east along the open coast. Associated with this, there is a more
north south orientation of the outer length of the main channel.

The tendency for the outer banks to form further towards the west,
following or causing the migration of the main channel against the
western shoreline and tending to create a slight discontinuity in relation
to the fixed orientation of the estuary mouth.

There are further changes in position of the Horse Sands and the
continued pressure on the eastern bank of the inner estuary north of
the Bawdsey Quay area.

Finally, it is noted that the southern extent of the Knolls tends to be further to the south, typically
extending beyond the influence of southern shoreline.

These issues and aspects of behaviour clearly influence management decisions generally but also more
specifically in terms of the two local areas in terms of the interaction between the Bawdsey Manor frontage

and the development history of the Knolls and in looking at the pressure and possible future development
of that pressure on the area of sheet piling south of Bawdsey Quay.

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 6



Open

s%oyal

HaskoningDHV

2 The Estuary

2.1

Tide levels are reported in the Admiralty Tide tables as set out in Table 2.1:

Coastal Processes

Table 2.1. Tide Levels

MLWS MLWN MHWN MHWS Spring range
Woodbridge Haven -1.43 -0.93 0.97 1.77 3.2
Bawdsey -1.43 -0.77 1.03 1.63 3.1

Extreme water levels are reported for the nearshore area as set out in Table 2.2.

Table 2.2. Extreme Water Levels

Return.perlodN 1 10 50 100 250 500 1000
(1 in An
Level m OD 2.67 3.14 3.51 3.69 3.94 4.14 4.36

Nearshore tidal currents are relatively low (SMP2) with flood flows down the coast (north to south) and
ebb flows running from the south to north. It is highlighted, therefore, that flow into the Deben estuary on
the flood in effect has to reverse direction to flow north through the estuary mouth. On the ebb flows out of
through the estuary mouth again have to turn towards the north to join the generally northward flow
against the shoreline.

Various assessments of wave climate have been made relevant to the specific area. Recent data, taken
from the CEFAS / EA Wavenet, shows a dominant easterly wave direction with significant wave energy
from the southeast (Mott MacDonald 2015) at Bawdsey Cliffs (Figure 2.1a). This data is derived from a
three year period 2006 to 2009. Data obtained at Felixstowe (Figure 2.1 b -2012) shows a greater bias to
the ENE and offshore data collected at West Gabbard (Figure 2.1 ¢ T since 2002) and at South Knock
(Figure 2.1d 7 since 2010) show significantly greater variation in the offshore area (Burningham and
French 2014).

N
a. Bawd%eyCliffs— " b. Felixstowe ¢. Wesl Gabbard
/ \\ ..
w7 N e NORTH . "
: 4
/ b
s / L LS
Felixstowe wan 5
w WEST Offshore
\\ d.  South Knock
A \\ s A
\ Oi-2 %n '
W \ ,/"/ SE SouTH ‘[5250; “
/ .
i < i
SSW \\/>/ssf -
S

Figure 2.1 Wave Climate Data.

Clearly in modelling inshore wave climates, as identified in the Southern North Sea Sediment Transport
Study (SNSSTS 2002) and reported within the SMP2, modelled inshore climates are highly dependent on
offshore climates used in any analysis. This has, in past studies, given rise to significant differences in
assessing sediment longshore drift. Typically studies have indicated a net southerly drift, while
recognising significant variation in gross movement to north and south. A recent study (Burningham and

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 7
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French 2014), suggests a weak northerly net movement along the Bawdsey Cliffs based on weighting
modelling of southerly and north-easterly wave directions.

Such an approach highlights the response of beaches to specific storm directions, demonstrating quite
clearly the sensitivity to offshore wave conditions and certainly suggesting that there may be greater
movement both to the north and south. The variation in wave climate may be a significant factor in driving
differential drift patterns at the shore.

Further complication is posed by the highly variable bathymetry of the local area, as demonstrated by the
wave pattern picked up by recent Lidar. This modification of wave direction is shown in the plots included
in Figure 2.2.

Figure 2.2 Local modification of wave direction as a result of different configurations of the Knolls.

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 8



Open

S

Royal
HaskoningDHV

2.2 Conceptual behaviour of the outer estuary behaviour

Burningham and French (2006) set out a
- > il f:onc-epFuaI model of the outer gstuary, explaining
in principle changes observed in the bathymetry
(Figure 2.3). This identifies a three stage (or
state) process. State 1 exists where the up drift
shoals extend only down as far as the southern
?.EEEE‘.":::""’EE'EEE",:' foreland. As the shoals extend further they tend
to move the sea ward end of the channel to run

wave driven
littoral drift

ebb-jet
filling of

R
2

, ebijet void towards the southwest. This is State 2. As the up
cross-shors drifts shoals breach, a new southeast channel is
updrift shoal formed; State 3, as sown in the figure.
3 N
e ' A similar conceptual model was put forward in

Figure 2.3 Conceptual model  ¢opsidering the behaviour of the main banks and
axansonamaaversn 1 11€ KOS (Burningham the influence this has in relation to defences at
ofebbehannel  and French 2006) .

the southern extent of Felixstowe Ferry frontage
(Royal Haskoning 2008), describing a process of growth (States 1 and 2) and then breach (State 3).
Following from State 3, the down drift shoal attaches itself to the southern shoreline. This shoal changes
through a process of consolidation and attachment and gradually dispersing sediment to the south and
back through the estuary system, moving the whole system back to State 1. Following the breach in the
Knolls around 2003, the outer estuary has progressed again through State 1 and is at present (2016)
developing through State 2. This process is discussed in detail below.

2.3 Detailed Change

The cycle typically occurs over a period of 15 to 20 years, with the most recent breach condition occurring
around 2002 / 2003. This is set out in Burningham and French (2006) (Figure 2.4) and has been
subsequently developed by Burningham as part of the ICoast Study.

197281
.

Elevation (m OD)
2 2
@ Martelio Towers.

Ciland
MLWS delineated in white

Figure 2.4 Historic change in bathymetry (Burningham and French 2006).

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 9
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There are longer time steps between earlier plots included in Figure 2.4. As such there may have been
changes not noted in the record. In general, however, there appears to have been an extension of the

Knoll s system f urt he.inpartzuwar, b was notectleat durmgthele& g b of this
century (2003), the extension of the Knolls had reached further along the southern open coast than had
ever previously been reported.

It is suggested by this present study that this additional growth possibly started around 1950 but was then

fhi t  bbg thekntgjor event of 1953. During the period between 1953 and throught o t he | ate 1980¢
plots show significant growth attached to the north south orientated Felixstowe Ferry shoreline. Since

then, and as suggested earlier in discussion around the historical development (Figure 1.2), the main

channel has persistently set more directly against the north-south western frontage (the Felixstowe Ferry

frontage). This has resulted in progressive hardening of the defence line, particularly and more recently

along the southern end of this north south orientated section of the coast (in front of the Golf Course).

As further evidence of this, information based on air photographs have been used to complement the
analysis of bathymetric presented above.

1953.

Whi |l e an earlier sequence of severe storms during the
to 1953, the major event during that year (1953) gave rise to one of the highest water levels events
recorded within the North Sea. This was accompanied by severe wave action from the north east. It is
recorded that shingle beaches in many areas were overtopping spreading sediment fans inland. This
certainly occurred at Felixstowe Ferry, together with flooding of the Hamlet and areas of land behind. The
beach along the Bawdsey manor frontage was also reported to have been stripped. Figure 2.5a shows an
air photograph of the impact on the area and upon the Knolls. This image was taken within days of the
storm as part of the RAF Floodlight exercise.

It may be seen that all evidence of the upper
northern structure of the Knolls has been flattened
and, from the inset of the Bawdsey Manor, that the
sheet piled corner at the mouth of the estuary is
exposed. There is no distinct channel running south
but there is evidently a major deposition of sediment
along the southern section of the Felixstowe Ferry
frontage. There remains a relatively healthy beach
running further to the north on this western side of
the estuary.

It is suggested that the normally tidally dominated
regime was, during this event, overwhelmed by wave
action and wave processes. This is supported by the
bathymetric plot for 1961 (Figure 2.4), that the storm
consolidated a large volume of sediment within the
area of the outer estuary. It is further suggested that
it then took over a decade for this sediment to be
reworked into the more typical tidally dominated
form.

Figure 2.5 1953 following the Great Storm.

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 10
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19606s to 1991
This pattern of reworking is shown in the series of air photographic images (Figure 2.6) below.

Undated

Figure 2.6. Reworking of the outer estuary between 1960s and 1991.
During this period, parti,therdisanIndicationtleatsedimers wat dd€ld s and

into the estuary on the western side, although being resisted by the ebb flow. Certainly, as shown in the
undated inset photographs in Figure 2.6, there was significant growth around the north end of the estuary

31 October 2016 DEBEN ESTUARY 2016 WATBB5647R001D01 11
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mouth during this period. Il ndeed, it was not unti.l t h e
undertaken along the northern section of the Felixstowe Ferry frontage as a result of more persistent
erosion in this area.
N£6|
Although rather indistinct, there is seen to be some
degree of a beach, parti mag e

(Figure 2.6), in front of the sheet piled wall south of
Bawdsey Quay. This is highlighted in the scanned
photograph, taken in 1988, following the
construction of the Tripod Terminal Groyne on the
western side of the mouth. This, again, highlights
the sensitivity of this frontage in relation to the main
shape of the outer (and inner) estuary channel.

In terms of the Bawdsey manor frontage, again

rather indistinctly shown on the images in Figure
2.6, there is some increase in the western end of
the beach bet we e n.HbWeged the grognesdfurtiedtd thednerth are exposed.

LOCATION SAnp 5 FONTAG DATE
CONNENTS _TRINO TREMmAL GROWE  NOE  EC0Yig

It might be argued that the estuary had moved from state 2 to state 3 (Figure 2.3) between 1981 and 1987
and this is proposed in Burningham and French (2006). This is further supported by an analysis of the ebb
delta volume and the ratio of sediment volumes in the banks to the up drift (Bawdsey) and down drift
(Felixstowe) side of the main channel (Figure 2.7). This plot usefully defines the typical 20 year cycle of
change and allows this to be compared to the shoreline response.
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Figure 2.7 Historical change in ebb tide delta and comparison of up drift and down drift volumes.

It may be seen that the next cycle works through to around 2002 and this is considered below.
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1992 to 2003
Around 1991 the EA monitoring programme started taken regular air photographs. These have been

examined and the waterline plotted (taken as a nominal mean low water). It is recognised that some
variation will be due to actual water levels at the time of the record on the following plots (Figure 2.8).
Plots are shown over short periods of time, progressively showing the change in base image. For
reference a control line has been included showing the extension of the line of the Bawdsey Quay
frontage, highlighting the degree to which the Knolls over the outer estuary extend west of this line. This
gives some indication of the pressure on the west shoreline and the degree of curvature of the channel.

Extension of Knolls 1992
<=

I
|
|
Extension of Knolls 1997 Extension of Knolls 1997
: <
|

|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
|
|
: <
|

Extension of
Knolls 2003

Figure 2.8 Comparison of miw 1992 to 2003

Initially in 1992 the northern section of the Knolls (the up-drift shoals) is relatively in line with the reference
line. The length of the banks stop short of the southern corner of the western shoreline (State 1, 1992). As
this develops, the banks extend further south, over lapping the southern foreland (1997 and 2003). As the
banks at the southerner push west, there is distinct erosion at the apex of the foreland (State 2).

As these southern banks squeeze against the shore (2001), the main channel reduces in width, with
further erosion of the shore and a more persistent channel starts to develop as shown in the figure (State
3). This channel develops further (2003) and the southern channel closes with the down drift shoal
attaching to the shore south of the Martello Tower. During the process there is some movement of
sediment north along the Felixstowe ferry frontage. It is difficult to determine the impact on the Bawdsey
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