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Aims and 
Objectives 

for this 
Workshop

• Introductions – to the project and to each 
other

• Understand the project issues and your 
views about them

• Identify any additional data

• Anything else?
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Introductions

Project Team

• East Suffolk Council

• Coastal Partnership East

• Royal HaskoningDHV 

Blyth Estuary Partnership
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Introduction to the project

Continue the stakeholder led approach, informed by data

 WORKSHOP 1 - Understand your issues and local interactions TODAY

 Task - Condition of structures – inspection, consider options

 Task  - Metocean survey – enhance baseline data for modelling

 WORKSHOP 2 – Use local knowledge to make sure the baseline and approach to 
modelling is right

 Task - Modelling – informed by these discussions, the existing data and potential options

 WORKSHOP 3 – review modelling results against your experience

 Task - Finalise modelling

 Task - Recommendations for management approach

 Task - Investment plan

 WORKSHOP 4 – conclusions and recommendations
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13 November 2019

Project 
Objectives

To develop a realistic investment plan to 
inform future funding needs and decisions 
relating to prioritisation of works and the 
interrelation of processes:

• Understand the hydrodynamic regime of 
the harbour and estuary

• Understand the condition, performance 
and usability of the harbour structures

• Understand the impacts of the flood risk 
management strategy on the harbour

• Investigate options that achieve a 
satisfactory wave climate for mooring

• Develop an Investment Plan

Anything else?



13 November 2019

The 
Investment 

Plan

Cost of future capital and maintenance works 
for ongoing viability of the Harbour

o Navigation to / from / within the Harbour 
and safe mooring

o Coast protection 
o Flood defence
o Management of flood risk in the estuary

• Short (20 years) & medium (20-50 years) terms

• Each strategic scenario

• Allow for risk and uncertainty

• Justify cost assumptions
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Decision pathway example
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What are 
the key 

issues 
(general)?

Points for discussion:

• Condition of the harbour structures

• Constraints on use of the harbour (waves, tides, 
sediment, usability)

• Management approach for the wider estuary –
how this impacts on the harbour

Anything else?
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Condition of 
the Harbour 

Structures

Objective - assess options for improvement 
to develop Investment Plan

Understand condition of structures and 
what is possible:

• South Pier

• South Training Arm

• North Pier

• Knuckle

• North Wall

• Estuary banks

• Other structures?
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Capital works 1990
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Constraints 
on use of 

the harbour

Waves, tides & navigation issues

• Narrow entrance limits surge penetration, 
but confines ebb flow

• Low powered vessels struggle against strong 
ebb tide

• Standing waves form during onshore winds

• Easier to navigate entrance on low tide

• Gaps in South Pier help with navigation

• Tidal currents more consistent than in 1980s

• Increasing tidal prism could mean that the 
entrance wouldn’t be navigable

• Increased flows could result in scour that 
destabilises the entrance structures.  

Any other key issues or information?
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Video –
harbour

entrance
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Constraints 
on use of 

the harbour

Sediment

• Concentrated flows through entrance 
channel keep it clear

• Sediment blockage in the past (e.g. 1987), 
but not for last 20 years

• Shoal bank opposite North Wall affects 
hydrodynamics

o Swells build over bank

o Acts as baffle to break waves

o Influence of flows and sediment from 
Dunwich Creek? 

Any other key issues?
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Constraints 
on use of the 

harbour

Use of the North Wall

 Shallow water, inaccessible to vessels >40ft

 Swell during easterly and south-easterly winds 
limits use

 Poor fendering, and boat fenders lost 
between piles

 Overhanging concrete abutment risks damage

 Mooring bollards needed

 Alignment has reduced channel width by 2m

 Restricted width for turning

Anything else?
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Constraints 
on use of the 

harbour

Initial questions:

• Are wave and tidal conditions at the N Wall a 
significant constraint for mooring?  Or is the 
main issue the form of construction?  

• How have the wave and tidal conditions at the 
N Wall got worse with the new wall?  

• How does flow through South Pier affect 
conditions at the North Wall?

• Interactions of physical processes at shoal bank

• Why have currents become more consistent?

• Reduced sediment – increased tidal flows? 

• Observed changes in tidal flows since 
embankment breaches? 
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Constraints 
on use of 

the harbour

Discussion - Aspirations for future conditions

• Accommodate vessels up to 70m, 3m draft

• Reduce wave height by 50%

• Ebb current <3.5 knots

• Flood current <2.5 knots

• Maintain self-clearing channel

• Modify form of construction of N Wall

Anything else?
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Future use 
of the 

Harbour 

What might happen in the future?
• Embankment breach
• Climate change 
• Increasing tidal prism and flow rates?
• Further constraints on navigation
• More scour, risk of undermining and failure of 

Harbour entrance structures
• Retreat of dunes (Denes and Walberswick)
• Loss of use of harbour
• Flooding / erosion of Southwold and 

Walberswick

Management Policies and Relevant Studies
• EA Strategy
• SMP
• Marsh Sedimentation Report
• BEP proposals
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13 November 2019

Outcomes & 
Next steps

• Comments on this workshop

• What the Project Team will do next
o Condition survey of structures –

January
o Bathymetric survey, current 

measurements, sediment samples  -
Feb/March TBC

• Next workshop
o Options
o Proposed approach to modelling



Southwold Harbour Study

Stakeholder Workshop 2

13 July 2020



Agenda

Welcome 13.30

Aims and Objectives for this workshop 13.35

Feedback on shared information 13.40

Progress with wave and tidal modelling, 
including discussion of results 13.50

BREAK 14.30

Condition of harbour structures 14.35

Options for South Pier 14.45

Issues / options for performance & 
use of harbour 15.00

Conclusions & Next Steps 15.20

FINISH 15.30



Welcome

• Local residents and harbour 
users, including Blyth Estuary 
Partnership representatives

• Project team (ESC, CPE, RHDHV)



Aims and 
Objectives 

for this 
Workshop

1. Share findings from the baseline 
modelling

2. Confirm the issues to be addressed by 
the management strategy

3. Explore options for the harbour
structures



Feedback on 
shared 

information

• GIS

• Modelling approach

• Any other comments?



Baseline 
wave 

modelling

• How the model was developed

• Results of baseline modelling

• DISCUSSION - your observations



Offshore data to nearshore
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Wave transformation results



Wave transformation results



Wave transformation results



Wave transformation results



Wave transformation results



Wave transformation results



Wave transformation results



Wave transformation results



Wave transformation results



Wave conditions in the outer harbour
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Wave conditions in the outer harbour
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Wave conditions in the outer harbour
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Wave conditions in the outer harbour
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Wave conditions in the outer harbour
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Wave conditions in the outer harbour
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Wave conditions in the outer harbour
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Wave conditions in the outer harbour
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Wave conditions in inner harbour



Wave conditions in inner harbour



Tidal model 
development

• Regional model update and calibration

• Local model around the project area, 
nested within the large-scale model

• Calibration against survey data

• Validation against December 2013 event



Regional model
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Regional model
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Regional model
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Local model
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Local model
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Local model
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Local model
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Local model
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Calibration against survey
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Calibration against survey
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Calibration against survey
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Calibration against survey
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Calibration against survey



Calibration against survey



December 2013 – flood extent
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December 2013
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Conclusions 
from 

baseline 
modelling

• Based on discussions, are we comfortable 
with the representation of wave conditions?

• Tidal model well calibrated against survey 
data

• Tidal model shows what happened during 
the December 2013 event



BREAK • 5 min comfort break!



Issues to 
address

Objective - assess options for 
improvement of harbour and 
develop Investment Plan

 Primary concerns

Condition of structures and risk of failure.

Considering future scenarios for estuary & 
potential impacts (e.g. flooding).

 Secondary issues

Performance and usability - improve 
conditions for navigation and moorings



Risk of 
failure of 
harbour

structures

Within the Harbour (N Wall, Dunwich Creek)

 Not currently at risk of failure – secondary 
issues relating to performance / usability

North Pier

 Not currently at risk of failure

 Limited change in condition since works in 
1990s.

 Stable bathymetry since 1990s – not 
currently at risk of undermining
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North Pier



North Pier

 2020 survey

 Comparison with previous surveys (2013 to 2020)

 Comparison with previous surveys (2013 to 2015)
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Bathymetry



Risk of 
failure of 
harbour

structures

South Pier

 Structure at greatest risk of failure

 Limited change in condition and risk of 
failure since 1990s

 Length C has failed, although not collapsed 
– can’t take design load

 Wave impact could cause collapse – just 
hasn’t happened yet



Failed section of South Pier
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Failed section of South Pier
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Risk of 
failure of 
harbour

structures

South Pier

 Structure at greatest risk of failure

 Limited change in condition and risk of 
failure since 1990s

 Length C has failed, although not collapsed 
– can’t take design load

 Wave impact could cause collapse – just 
hasn’t happened yet

 The structure could last another 15-20 
years or more if Length C was repaired.

 Depends on erosion in front of piles.



South Pier – form of construction

54

+2.7m AOD approx.

-8.5m AOD approx.

-3.5m AOD approx.



South Pier

 2020 survey

 Comparison with previous surveys (2013 to 2020)

 Comparison with previous surveys (2013 to 2015)
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Bathymetry



Options for 
South Pier?

1. Do Nothing

2. Do Minimum

3. Sustain

4. Replace

a) Like for like

b) Solid, vertical pier

c) Rock armour breakwater



Do Nothing

Baseline case, assumes no future intervention

 Structural condition allowed to deteriorate

 High risk of failure of S Pier in short term

(Possible undermining of and failure of N Pier longer term)

 Unable to use harbour once S Pier has failed

 Impacts on coast to north and south

 Doesn’t meet objectives

 Include for financial comparison
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Do Minimum

Reactive option, minimum level of intervention

 Structural condition allowed to deteriorate

 High risk of failure of S Pier in short term

(Possible undermining of and failure of N Pier longer term)

 Repair structures when failure occurs

 Failure allowed, so repairs likely to cost more 

 Impacts on harbour operation, safety risks

 No improvement in structural or harbour conditions

 Doesn’t meet objectives

 Include for financial comparison
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Sustain

Proactive approach, sustain the existing structure 
for as long as possible

 Replace Section C of South Pier

 Patch repairs to whole structure

 Monitor channel bed level, toe piling when needed

 Monitor condition of other structures, repair as needed
and replace before end of life

 Addresses immediate failure risk

 Further works to S Pier may be needed in ~20 years

 Monitoring needed to optimise timing of further works 
and associated investment

 Potential to sustain existing structure for ~50 years

 Doesn’t improve harbour conditions without other works
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Replace

 Replace South Pier 

 Like-for-like

 Vertical walled solid pier

 Sloping breakwater – concrete or rock

 Significant investment required

 Immediate vs longer-term option?

 Could improve conditions – reduced reflection in channel

 Option to realign harbour mouth
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Like-for-like replacement

 Aim to sustain existing conditions

 Design to address risk of continued erosion

 High cost / difficult operation to remove
existing structure

 Option to realign harbour mouth
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Vertical solid pier

 Concrete caissons or vertical sheet piles

 Design to address risk of continued erosion

 Likely to result in increased wave reflection 
without other measures

 High cost / difficult operation to remove
existing structure

 Option to realign harbour mouth

 Could increase width of channel
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Concrete or rock armour breakwater

 Reduced wave reflection, improved channel conditions

 Design to address risk of continued erosion

 Cut down existing structure, use as toe to new 
breakwater, avoid full removal

 Lower cost than other replacement options

 Option to realign harbour mouth

 Constraints on full realignment options

 Could optimise crest level to allow wave transmission
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Discussion

 Replace: like-for-like vs rock breakwater

 Realignment of harbour mouth



Issues & 
options re. 

Performance 
&  Usability

Improve conditions for navigation and 
moorings

Reduce wave heights by 50%?

 Shoal bank

 Wave baffles

 Dunwich Creek entrance 

 Modifications to North Wall



Shoal bank / wave baffles
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Dunwich Creek

67



North Wall 
options

 Options to reduce wave heights at wall?  
Particular issue from E / SE swell

 Wave baffles

 Revetment to inner section of S Pier?

 Modify form of construction

 Fendering

 Overhanging crest

 Mooring bollards



Outcomes & 
Next steps

• What we will do next
o Confirm future scenarios and options 

to be modelled
o Progress modelling of options
o Consider Investment Plan timeline

• Next workshop
o Results of options modelling
o Preferred solution



Southwold Harbour Study

Stakeholder Workshop 3

20 October 2020



2

Welcome

 Local residents and harbour users

 Project team (ESC, CPE, RHDHV)

 Apologies 
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Agenda

Welcome & Agenda 13.00

Aims & objectives for this workshop 13.05

Approach to options modelling 13.25

Wave modelling results 13.35

Tidal modelling results 13.55

Discussion of findings 14.25

Conclusions & Next Steps 14.45

FINISH 15.00



4

Aims and 
Objectives 

of this 
Workshop

 Share and discuss findings from the 
options modelling

 Review the potential next steps
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Approach to 
options 

modelling

 Wave model - with options for harbour 
structures, based on the long-list assessment

 Tidal model - future scenarios for estuary 
management

 Sensitivity to climate change

 Surge event (2013)
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Water level 
scenarios

 Wave modelling

o 1:1 year present day return period water level

o Water level increase with climate change has limited 
impact on wave conditions for this scenario (TBC)

 Tidal model - Present Day

o 24th February 2020 – calibration against survey

o 1.49mOD water level at harbour mouth

o Approx. 0.4m surge on MHWS

 Climate change to 2070

o Based on UKCP18 RCP2.6 (50%) – low emissions 
(TO BE CHECKED)

o 4.7mm/yr SLR (MSL), no acceleration

o 50 years SLR added to 24th February conditions 

o 2.04mOD water level at harbour mouth

o Approx. present-day 1:1 year return period
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Water level 
scenarios

 2013 event

o Water level of 3.1mOD at harbour mouth

o Present day return period of ~1:100

o Return period reduces to 1:5 - 1:25 
with 50 years SLR

 Very high – UKCP18 RCP8.5 (95%)

o 7-14mm/yr SLR (MSL), accelerating

o Currently applied to 2013 event (worst case)

o Water level >2m higher than 2020 conditions, 
3.59mOD at harbour mouth



8

2

2.5

3

3.5

4

4.5

0 50 100 150 200 250 300 350 400 450 500

W
at

er
 L

ev
el

 (m
AO

D
)

Return period (years)

Extreme Water Levels, Lowestoft, 2070

RCP2.6 (5%) RCP2.6 (50%) RCP2.6 (95%) RCP8.5 (5%) RCP8.5 (50%) RCP8.5 (95%)



9

2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

4

0 10 20 30 40 50 60 70 80 90 100

W
at

er
 L

ev
el

 (m
O

D
)

Return period (years)

Extreme Water Levels, Lowestoft, 2070

RCP2.6 (5%) RCP2.6 (50%) RCP2.6 (95%) RCP8.5 (5%) RCP8.5 (50%) RCP8.5 (95%)

2013 event = 3.0mOD



10

Wave 
modelling 

options

 Present Day

 Rock breakwater

 Rock breakwater with concrete baffles

 Rock breakwater with revetment

 Do Nothing – failure of outer part of S Pier
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Present Day

North Pier:
Concrete ‘SHED’ revetment, 
vertical upper face

South Pier: 
Impermeable structure, 
vertical face

Permeable structure, 
‘windows’ in piles

Background wave conditions are 
for the present-day harbour 

layout, waves from 120 degrees
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Rock breakwater

North Pier:
Concrete ‘SHED’ revetment, 
vertical upper face

South Pier: 
Rock breakwater, built 
using existing structure to 
form breakwater toe.

No change to channel width

Background wave conditions are 
for a rock breakwater to replace 

the S Pier, waves from 120 degrees
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Rock breakwater + baffles

North Pier:
Concrete ‘SHED’ revetment, 
vertical upper face

Concrete baffles added to 
vertical wall

South Pier: 
Rock breakwater, built 
using existing structure to 
form breakwater toe.

No change to channel width

Concrete baffles added to 
inner section of South Pier

Background wave conditions are 
for a rock breakwater + concrete 
baffles, waves from 120 degrees
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Rock breakwater + revetment

South Pier: 
Rock breakwater, built 
using existing structure to 
form breakwater toe.

No change to channel width

Rock revetment added to 
inner section of South Pier

North Pier:
Concrete ‘SHED’ revetment, 
vertical upper face

Background wave conditions are for a 
rock breakwater + revetment up to 

Dunwich Creek, waves from 120 degrees
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Wave 
modelling 

results

• Results for each option

• Objectives re. wave conditions:
• Minimise disturbance in entrance channel

• Max 0.5m at North Wall

• Comments / discussion
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Present Day: 1 year, 30 deg
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Present Day: 1 year, 120 deg
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Present Day: 1 year, 180 deg
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Breakwater: 1 year, 30 deg
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Breakwater: 1 year, 120 deg



21

Breakwater: 1 year, 180 deg
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Breakwater + Baffles: 1 year, 180 deg
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Breakwater + Revetment: 1 year, 180 deg
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Reduced S Pier: 1 year, 30 deg
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Reduced S Pier: 1 year, 120 deg
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Reduced S Pier: 1 year, 180 deg
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Wave 
modelling 

results

• Rock breakwater makes a significant difference

• Wave heights typically ~0.5m at the N Wall 
(1:1 return period, worse-case than typical tide)

• Baffles or revetment would improve the conditions, 
but not significantly

• Other works to Dunwich Creek area would have 
limited additional benefit

• Shorter breakwater has less of an effect than 
expected.  Baseline model may be over-estimating 
wave heights (no comments at last workshop)?

• Significant impact of rock breakwater on wave 
heights; could optimise breakwater length if this 
would have other benefits (e.g. flow rates).  
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Tidal 
modelling 
scenarios

• Present Day

• Do Nothing

• Raise embankments

• Raise N banks, S banks can be 
overtopped

• Present day + failure of outer part of 
S Pier

28
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Tidal 
modelling 

results

• Results for each option

• Comparison against objectives:
• Minimise flood risk to the wider area

• Minimise flood risk to Blackshore

• Flow in entrance channel <3.5 knots

• Minimise scour risk

• Comments / discussion 
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30

2020: Present-day estuary defences – flood extent
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2020: Present-day estuary defences – water levels
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2020:  Do Nothing - All embankments failed (undefended) – flood extent
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2020: Raise estuary defences – flood extent
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2020: Raise N banks, S banks overtopped – flood extent
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2020: Present day estuary defences, reduced S Pier – flood extent



36

2013 event - Present-day estuary defences – flood extent + water levels



37

2013 event - All embankments failed (undefended) – flood extent
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2013 event – Comparison with EA Strategy 1% (1:100) Flood Extent 2009
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Comparison with East Anglian Coastal Modelling (JBA) 2019: Undefended scenario, present day
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Comparison with East Anglian Coastal Modelling (JBA) 2019: Defended scenario, present day
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2013 event - Present-day estuary defences – flood extent. 
Assumptions re. level of N banks will be checked and compared with JBA model. 
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2013 event:  Raise estuary defences – flood extent



43

2013 event: Raise N banks, S banks overtopped – flood extent



44

2070 with 0.6m SLR from 2002 conditions – Present day defences – flood extent
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2070 with 0.6m SLR from 2002 conditions : Present-day estuary defences – water levels
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2070 with 0.6m SLR from 2002 conditions: All embankments failed (undefended) – flood extent
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2070 with 0.6m SLR from 2002 conditions: Raise estuary defences – flood extent
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2070 with 0.6m SLR from 2002 conditions: Raise N banks, S banks overtopped – flood extent
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2070 with 2m SLR from 2002 conditions: Present day defences – flood extent
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2070 with 2m SLR from 2002 conditions: Present day defences – water levels
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2070 with 2m SLR from 2002 conditions: All embankments failed (undefended) – flood extent
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2070 with 2m SLR from 2002 conditions: Raise estuary defences - flood extent
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2070 with 2m SLR from 2002 conditions: Raise N banks, S banks overtopped – flood extent
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Tidal 
modelling –

flood extents

 Present day and 2013 event – results as 
expected, validates model set up

 RCP2.6 (+0.6m) no flooding to 
downstream areas, although increased 
risk upstream of A12

 1:100, RCP8.5 (+2m) – extensive 
flooding with present day defence levels

 Delay works to estuary defences
depending on actual sea level rise
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Tidal 
modelling –
water levels

 Comparison of water levels in the 
channel

 Consider flood risk to the Blackshore



Output locations for maximum water levels and current speeds
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2020: Present-day estuary defences – water levels
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2020: All embankments failed (undefended) – water levels
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2020: Present day estuary defences, reduced S Pier – water levels
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2013 event: Present-day estuary defences – water levels
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2013 event: All embankments failed (undefended) – water levels



62

2013 event: Raise estuary defences – water levels
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2013 event: Raise N banks, S banks overtopped – water levels
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2013 event: Present day estuary defences, reduced S Pier – water levels
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2070 with 0.6m SLR from 2020 conditions: Present-day estuary defences – water levels
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2070 with 0.6m SLR from 2020 conditions: All embankments failed (undefended) – water levels
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2070 with 0.6m SLR from 2020 conditions: All embankments failed (undefended) – water levels
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2070 with 0.6m SLR from 2020 conditions: Raise estuary defences – water levels
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2070 with 0.6m SLR from 2020 conditions: Raise N banks, S banks overtopped – water levels
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2070 with 0.6m SLR from 2020 conditions: Present day estuary defences, reduced S Pier – water levels
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Tidal 
modelling –
water levels

 For the 2013 event, water levels at 
Blackshore would have been 200mm higher 
if defences were raised.  

 Allowing flooding of marshes reduces flood 
risk to the Blackshore

 Allowing overtopping of only south banks 
gives a slight improvement compared to 
present day defence levels

 Shorter breakwater brings a slight 
improvement

 2013 event shows these trends more 
strongly, emphasises entrance channel 
constraint
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Tidal 
modelling –

flow rates

 Maximum flow rate in the channel during the 
modelled tidal cycle

 Key issue is flow rate in entrance channel –
for navigation (<3.5 knots) and scour
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2020: Present-day 
estuary defences
– flow rates (m/s)
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2020: All embankments 
failed (undefended)
- flow rates (m/s)
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2020: Raise estuary 
Defences
– flow rates (m/s)
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2020: Raise N banks,
S banks overtopped
- flow rates (m/s)
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2020: Present day 
estuary defences, 
reduced S Pier
- flow rates m/s
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2070 with 0.6m SLR 
from 2020 conditions: 
Present day defences
– flow rates (m/s)
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Point name
Coord

Chainage
2070 RCP2.6 50% - flow rate (knots) 2070 RCP2.6 50% - 2020 (% of 2020)

x y E0 E1 E2 E3 H1 E0 E1 E2 E3 H1
1 650589.35 274654.97 0 2.74 2.72 2.76 2.76 2.77 3% 1% 3% 3% 2%
2 650514.59 274722.30 100 2.83 2.98 2.86 2.90 3.00 2% 2% 2% 2% 2%
3 650429.40 274774.28 200 2.94 4.81 2.98 2.92 2.62 9% 37% 9% 8% 2%
4 650343.21 274825.04 300 2.97 4.48 2.99 2.81 2.96 8% 34% 8% 8% 8%
5 650262.46 274884.60 400 2.84 4.49 2.90 2.85 3.08 5% 22% 6% 5% 6%
6 650179.89 274941.34 500 2.89 4.37 2.87 2.93 2.99 4% 22% 5% 4% 5%
7 650094.48 274993.96 600 2.73 3.72 2.64 2.68 2.76 2% 11% 0% 0% 2%
8 650001.26 275031.31 700 2.53 3.54 2.40 2.48 2.61 6% 20% 6% 5% 6%
9 649918.05 275085.46 800 2.35 3.39 2.33 2.33 2.38 13% 32% 12% 12% 12%

10 649846.47 275156.49 900 2.21 3.17 2.21 2.20 2.24 11% 28% 11% 10% 11%
11 649779.40 275230.59 1000 2.23 3.22 2.21 2.21 2.25 14% 26% 15% 14% 14%
12 649716.29 275308.45 1100 2.21 3.05 2.13 2.21 2.24 10% 21% 9% 11% 10%
13 649650.36 275383.94 1200 2.04 2.93 2.04 2.04 2.08 9% 18% 9% 9% 9%
14 649581.39 275456.68 1300 2.24 3.23 2.26 2.24 2.29 6% 23% 6% 6% 6%
15 649511.58 275528.58 1400 2.54 3.53 2.56 2.54 2.58 11% 26% 11% 11% 10%
16 649441.52 275600.24 1500 2.36 3.40 2.38 2.35 2.41 6% 22% 7% 6% 7%
17 649384.13 275682.37 1600 2.14 3.41 2.15 2.15 2.17 5% 37% 5% 5% 5%
18 649351.39 275777.07 1700 1.65 2.91 1.68 1.66 1.68 10% 45% 10% 9% 10%
19 649310.60 275869.80 1800 1.55 2.28 1.56 1.55 1.57 7% 28% 6% 6% 6%
20 649220.73 275904.08 1900 1.80 2.50 1.81 1.81 1.84 8% 20% 8% 7% 8%
21 649022.63 275912.96 2100 1.70 2.30 1.70 1.69 1.73 9% 13% 9% 9% 9%
22 648826.39 275937.35 2300 1.73 2.35 1.73 1.73 1.76 8% 15% 9% 8% 8%
23 648647.76 276021.18 2500 1.88 2.37 1.88 1.87 1.91 7% 2% 7% 7% 7%
24 648517.55 276170.37 2700 1.70 2.24 1.71 1.70 1.73 5% 2% 5% 5% 5%
25 648393.18 276324.90 2900 2.04 1.89 2.04 2.03 2.07 10% -7% 10% 9% 10%
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2070 with 0.6m SLR 
from 2020 conditions: 
Raise estuary defences
– flow rates (m/s)
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2070 with 0.6m SLR 
from 2020 conditions: 
Raise N banks, 
S banks overtopped
– flow rates (m/s)
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2070 with 0.6m SLR 
from 2020 conditions: 
Present day estuary 
defences, reduced S Pier
– flow rates (m/s)
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2070 with 0.6m SLR 
from 2020 conditions: 
All embankments 
failed (undefended)
– flow rates (m/s)
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2013 event: 
Present-day estuary 
Defences
– flow rates (m/s)
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Point name
Coord

Chainage
2013 event - flow rate (knots) 2013 event - 2020 (% of 2020)

x y E0 E1 E2 E3 H1 E0 E1 E2 E3 H1
1 650589.35 274654.97 0 2.50 2.53 2.50 2.51 2.51 -12% -12% -14% -12% -14%
2 650514.59 274722.30 100 2.64 2.95 2.62 2.68 2.72 -10% 2% -13% -10% -14%
3 650429.40 274774.28 200 4.07 5.56 3.93 3.82 3.21 99% 114% 86% 80% 49%
4 650343.21 274825.04 300 3.90 4.83 3.79 3.54 3.63 80% 86% 71% 69% 62%
5 650262.46 274884.60 400 3.87 6.28 4.04 4.35 4.52 83% 137% 92% 118% 107%
6 650179.89 274941.34 500 3.78 6.08 3.81 4.23 4.19 71% 135% 76% 98% 93%
7 650094.48 274993.96 600 3.38 5.77 3.43 3.83 3.82 51% 141% 59% 83% 80%
8 650001.26 275031.31 700 3.27 5.61 3.03 3.43 3.43 72% 175% 67% 88% 77%
9 649918.05 275085.46 800 3.03 4.83 2.90 2.86 2.87 88% 170% 76% 74% 68%

10 649846.47 275156.49 900 3.09 4.63 2.69 2.77 2.82 107% 170% 68% 76% 78%
11 649779.40 275230.59 1000 3.32 4.64 2.70 2.97 3.01 136% 159% 78% 104% 101%
12 649716.29 275308.45 1100 3.57 4.16 2.93 3.21 3.25 153% 125% 96% 119% 117%
13 649650.36 275383.94 1200 3.52 3.72 2.89 3.17 3.20 171% 97% 105% 135% 134%
14 649581.39 275456.68 1300 3.54 3.73 2.95 3.23 3.24 131% 82% 75% 102% 98%
15 649511.58 275528.58 1400 3.62 3.65 3.12 3.33 3.33 113% 59% 68% 87% 82%
16 649441.52 275600.24 1500 3.63 3.83 3.21 3.35 3.37 124% 72% 87% 99% 96%
17 649384.13 275682.37 1600 3.06 4.09 2.93 2.90 2.87 97% 125% 83% 80% 76%
18 649351.39 275777.07 1700 2.73 3.84 2.61 2.59 2.56 158% 177% 138% 138% 131%
19 649310.60 275869.80 1800 2.53 3.49 2.42 2.35 2.31 144% 186% 125% 118% 109%
20 649220.73 275904.08 1900 2.52 3.59 2.34 2.37 2.34 99% 142% 77% 80% 72%
21 649022.63 275912.96 2100 2.67 2.94 2.50 2.51 2.49 138% 86% 118% 118% 110%
22 648826.39 275937.35 2300 2.35 2.58 2.36 2.31 2.28 91% 49% 94% 87% 79%
23 648647.76 276021.18 2500 2.47 2.77 2.56 2.50 2.47 80% 37% 88% 84% 74%
24 648517.55 276170.37 2700 2.54 2.51 2.67 2.58 2.54 111% 28% 124% 116% 106%
25 648393.18 276324.90 2900 3.00 2.24 3.20 3.07 3.01 121% 19% 141% 127% 116%
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2013 event: 
All embankments 
failed (undefended)
– flow rates (m/s)
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2013 event: Raise 
estuary defences
– flow rates (m/s)
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2013 event: Raise 
N banks, S banks 
Overtopped 
– flow rates (m/s)
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2013 event: Present day 
estuary defences, 
reduced S Pier
– flow rates (m/s)
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Tidal 
modelling –

flow rates

 Do Nothing (undefended) scenario: 

o Faster flow rates in entrance channel than all 
other options due to larger tidal prism

o Lower rates upstream due to flooding

 Raising only N banks increases flow rates in 
entrance channel but less of an impact than 
Do Nothing

 Raising all embankments reduces the tidal 
prism and therefore flow rate 

 Reducing the length of the South Pier allows 
water out quicker

o Faster flow rates at entrance

o Reduced flow rates upstream

o Not as much benefit for flow rates as expected

 For more extreme conditions (2013 event, 
climate change), trends are emphasised.
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Tidal 
modelling –

flow rates

 With climate change (+0.6m water level)

o Only floods for Do Nothing (undefended) scenario

o Increase in flow rates due to limited increase in 
tidal prism (channel only)

o Flow rate only exceeds 3.5 knots for Do Nothing

o Conditions manageable with present day 
defences
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Tidal 
modelling –
comparison 

of options

Do Nothing (undefended)
 Bad for flooding
 Bad for flow rates

Raised defences
 Good for wider flooding
 Bad for flooding at Blackshore
 Good for flow rates

Raise N banks only, allow S to overtop (SMP)
 Addresses flood risk to properties
 Better for flow rates than Do Nothing
 Better for Blackshore than raising all defences

Present day defence levels
 With limited SLR, conditions are manageable
 Monitor to optimise timing of interventions
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Discussion 
of options 
modelling 

results

 Rock breakwater preferred solution for S Pier

o Other solutions in inner harbour wouldn’t have 
much impact on wave conditions

o May need timber fendering

o Dredge shoal bank so N Wall can be used?

o Design landward end of breakwater to minimise
impact on dunes

o Design toe to address scour risk

o Design crest level for overtopping

o Further optimise channel width and alignment of 
mouth?
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Discussion 
of options 
modelling 

results

 Low CC scenario:

o MHWS conditions are manageable with present 
day defence levels

o What return period event would cause overtopping?

o What frequency of overtopping is manageable?

o Criteria for needing to change management 
approach?

 Preferred option would then be to raise 
N Banks only, allowing overtopping into 
Tinkers / Robinsons at reinforced spillways

 Optimise timing of interventions 

 Needs monitoring against defined trigger points
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Outcomes & 
Next steps

 What we will do next
o Address any comments / issues with this 

modelling

o Analysis of climate change scenarios to define 
trigger points for monitoring

o Agree any further scenarios to be modelled 
(optimization)

o Confirm costing of options for Investment Plan

o Develop Investment Plan timeline

 Next workshop
o Any additional modelling results

o Proposed Investment Plan
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Comments /
questions (1)

The following comments and questions were raised 
during the meeting.  These issues will be addressed in 
the next workshop or the project report.

1. Details of climate change scenarios considered to 
be provided (slides 6-7).  Further analysis of 
climate change scenarios to be completed.

2. Connection of any new breakwater to the beach 
needs to be designed to achieve a seal – so 
beach/dune material isn’t sucked into the harbour
(slides 12-14). Comment to be added to options 
assessment tables.

3. Comments made on the impact of the width of the 
entrance channel on flood risk.  Model results 
show that the constrained entrance slows the ebb 
tide (flow out of the estuary), increasing water 
levels and flood risk to the Blackshore.  A wider 
entrance channel would allow more wave 
penetration, but maximum tidal are lower 
(compare slide 60 with 64).
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Comments /
questions (2)

The following comments and questions were raised during 

the meeting.  These issues will be addressed in the next 

workshop or the project report.

4. Comments made on the impact of the width of the 

entrance channel on flow rates.  An increased 

entrance channel volume would reduce flow rates.  

Further assessment of this issue may be possible as 

part of additional optimization modelling, if agreed with 

the Council.    

5. Comments made on whether a rock breakwater could 

cause the same issues for navigation of the entrance 

channel as led to the windows being  created in the 

South Pier.  Transmission through the S Pier was 

included in the baseline model, but it is difficult to 

analyze this issue in detail without complex 3D 

modelling.  Reducing the crest level of sections of the 

breakwater to allow some overtopping could address 

this issue.  It may be possible to assess this as part of 

any optimisation modelling.  
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Comments /
questions (3)

The following comments and questions were raised 

during the meeting.  These issues will be addressed in 

the next workshop or the project report.

6. Overtopping will damage embankments which 

would need to be repaired. Reinforced spillway 

approach would be preferred (slide 94).

7. Sedimentation Study – marsh accretion could 

reduce tidal prism and associated flow rates 

(additional analysis to be completed to compare 

future tidal prism).

8. Could a simple surge barrier solution be modelled? 

Response given that barrier options would have a 

high cost and be difficult to implement.  This option 

will be added and reviewed in the long-list of 

options.  

9. Important to address risks and uncertainties 

associated with any decisions made in setting out 

the Investment Plan.

98



Southwold Harbour Study

Stakeholder Workshop 4

23 February 2021



2

 Welcome & Agenda 11.30

 Aims & objectives for this workshop 11.35

 Issues raised following last workshop 11.40

 Sensitivity to marsh level (tidal prism) 11.45

 Sensitivity to entrance channel width 12.00

 Transmission through South Pier 12.25

 Tidal barrier solutions 12.45

 Next Steps 12.55

 FINISH 13.00

Agenda



3

Aims and 
Objectives 

of this 
Workshop

 Address issues raised after last meeting

 Review the next steps
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Summary of 
issues raised

1. Sensitivity to marsh level (tidal prism)

2. Sensitivity to width of entrance channel

3. Maintaining transmission through South Pier

4. Tidal barrier options

5. Flood risk to the Blackshore

6. Spillway option

Anything else?
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Sensitivity
to marsh 

sedimentation 
(water levels, 

flow rates)

 Water levels and flow rates in the channel 
depend on the tidal prism (volume of water in 
the estuary).  Tidal prism depends on:
 Sea level rise - will increase tidal prism

 Marsh levels – sedimentation will reduce tidal prism

 Sedimentation will offset sea level rise

 Modelling to date assumed no future increase in 
marsh levels 
 Worst case scenario for harbour

 Sensitivity testing for marsh sedimentation:
 Marsh level raised 300mm

 Feb 2020 and 2013 water level conditions
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Sensitivity of water level to marsh level

Scenario:
Present-day defences
Present-day marsh levels
February 2020 water levels
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Sensitivity of water level to marsh level

Scenario:
Present-day defences
Marsh levels +300mm
February 2020 water levels
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Sensitivity of water level to marsh level

Scenario:
Difference in water level: +300mm marsh level 
compared to present day levels
Present-day defences, February 2020 water levels
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Sensitivity of flow rate to marsh level

Scenario:
Present-day defences
Present-day marsh levels
Feb 2020 water levels
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Scenario:
Present-day defences
Marsh levels +300mm
Feb 2020 water levels

Sensitivity of flow rate to marsh level
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Sensitivity of flow rate to marsh level

Scenario:
Difference in flow rate : +300mm marsh level compared 
to present day levels
Present-day defences, February 2020 water levels
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Scenario:
Present-day defences
Present-day marsh levels
2013 surge event

Sensitivity of water level to marsh level
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Sensitivity of water level to marsh level

Scenario:
Present-day defences
Marsh levels +300mm
2013 surge event
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Sensitivity of water level to marsh level

Scenario:
Difference in water level: +300mm marsh level 
compared to present day levels
Present-day defences, 2013 surge event
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Sensitivity of flow rate to marsh level

Scenario:
Present-day defences
Present-day marsh levels
2013 surge event
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Scenario:
Present-day defences
Marsh levels +300mm
2013 surge event

Sensitivity of flow rate to marsh level
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Sensitivity of flow rate to marsh level

Scenario:
Difference in flow rate : +300mm marsh level compared 
to present day levels
Present-day defences, February 2020 water levels
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Sensitivity
to marsh 

sedimentation 
(water levels, 

flow rates)

 Results: Higher marsh levels reduce flooding 
and flow rates
 With flooding (e.g. 2013 conditions):

o Higher marsh levels have less impact on water 
levels and flow rates

 Without flooding (e.g. Feb 2020 conditions):

o Water levels slightly higher for higher 
marsh levels

o Flow rates are reduced

 Further tests needed to confirm how much 
sedimentation offsets sea level rise
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Sensitivity 
to width of 

entrance 
channel

 Previous model results for wider entrance:
 Lower water levels upstream than with existing 

harbour entrance

 Results and input conditions checked; different 
assumptions had been applied

 Revised model results - little difference 
between short pier and existing entrance

 Tidal model for solid South Pier:
 Upstream water levels / flow rates lower 

than for present-day conditions 

 Higher flow rates within the entrance channel 
(navigation impacts)

 Wave model for solid South Pier:
 More wave disturbance within channel 

(all wave directions)

 Worse for waves from North East 
(benefit of ‘windows’ in South Pier)



20

Sensitivity of water level to channel width

Scenario:
Present-day defences 
(estuary & harbour)
2013 event



21

Sensitivity of water level to channel width

Scenario:
Present-day defences (estuary)
Short South Pier
2013 event
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Sensitivity of water level to channel width

Scenario:
Present-day defences (estuary)
Solid South Pier
2013 event
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Comparison – variation in water level along channel
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Sensitivity of flow rate to channel width

Scenario:
Present-day defences 
(harbour entrance & estuary)
2013 event
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Sensitivity of flow rate to channel width

Scenario:
Present-day defences (estuary)
Short South Pier
2013 event
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Sensitivity of flow rate to channel width

Scenario:
Present-day defences (estuary)
Solid South Pier
2013 event
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Comparison – variation in flow rate along channel
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Scenario:
Present-day harbour 
entrance
1-year return period 
wave conditions
Waves from 30 deg

Sensitivity of wave conditions to channel form
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Scenario:
Solid South Pier
1-year return period 
wave conditions
Waves from 30 deg

Sensitivity of wave conditions to channel form
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Scenario:
Difference in wave 
height for present-day 
entrance channel 
compared to a solid 
South Pier

1-year return period 
wave conditions
Waves from 30 deg

Sensitivity of wave conditions to channel form



Scenario:
Present-day harbour 
entrance
1-year return period 
wave conditions
Waves from 120 deg

Sensitivity of wave conditions to channel form
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Scenario:
Solid South Pier
1-year return period 
wave conditions
Waves from 120 deg

Sensitivity of wave conditions to channel form
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Scenario:
Difference in wave 
height for present-day 
entrance channel 
compared to a solid 
South Pier

1-year return period 
wave conditions
Waves from 120 deg

Sensitivity of wave conditions to channel form



Scenario:
Present-day harbour 
entrance
1-year return period 
wave conditions
Waves from 180 deg

Sensitivity of wave conditions to channel form
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Scenario:
Solid South Pier
1-year return period 
wave conditions
Waves from 180 deg

Sensitivity of wave conditions to channel form
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Scenario:
Difference in wave 
height for present-day 
entrance channel 
compared to a solid 
South Pier

1-year return period 
wave conditions
Waves from 180 deg

Sensitivity of wave conditions to channel form
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Sensitivity 
to width of 

entrance 
channel

 Conclusions:
 Little difference in conditions comparing a 

short pier to the existing harbour entrance

 For a more constrained entrance channel:

o Upstream water levels / flow rates lower

o Higher flow rates within entrance channel

o More wave disturbance within channel

o Higher waves within harbour due to waves 
from North East 

 Objectives for new harbour structures:
 Maintain conditions for navigation

 Address impacts of increasing tidal prism

Discussion – benefit of ‘windows’ in South Pier
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Option to 
narrow the 

entrance 
channel?

 Proposed ‘pinch point’ with flap valves:

 Technically possible, could reduce upstream 
water levels

 Constraints:

o Impacts on navigation, from increased 
flows in entrance channel, and from the 
narrowed section itself

o Scour risk due to high flows

o Substantial structure needed, high cost

o Operational concerns for large flap valves 
in marine environment
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 Options considered:
1. Concrete frame structure (as existing)

2. Piled channels through breakwater – rejected

3. Sections of breakwater with a lower crest level 
to allow overtopping– rejected

4. Box culverts through breakwater

 Optimise position, level, alignment

 Align to minimise wave penetration

 Modelling - compare with present conditions

 Culverts at inner end of breakwater:

o Could help drain a surge event

o Risk of scour 

o Increase in flow into harbour

 Discussion of options

Maintaining 
transmission 

through 
South Pier
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 Tidal barrier across channel, upstream of 
Lifeboat Station

 Reduce tidal flood risk to estuary & Blackshore

 Substantial structure, high cost

 No need for works to estuary embankments

 Works still required to: 
 Harbour entrance structures 

 Seaward defences (embankments, dunes)

 Blackshore (depending on operational conditions)

 Significant operational and maintenance 
requirements

 Risk of flooding upstream if there are high 
fluvial flows when barrier is closed

Tidal barrier 
options
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 Radial barrier:
 Similar to Thames Barrage

 Rotates up from channel bed into closed position
 Cost £50-70 million
 To be included in Investment Plan, combined 

with works to harbour structures and possibly 
works to the Blackshore 

 Vertical lifting gate (rejected):
 Could be lower cost than radial barrier

 Not best practice due to visual impact and safety 
concerns, therefore rejected

Tidal barrier 
options
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 Rising gate (rejected):
 Higher cost that than radial barrier

 Slow to operate, increased risk of fluvial flooding

 Floating barrier (rejected):
 River and tidal currents can make deployment of 

a floating barrier very difficult

 The barrier itself can generate disruptive flows 
that interfere with its operation 

 Will take up space in the channel when not in use

 Risk that fluvial flows / water pressure from 
upstream will unseat the barge

 Cannot be opened / closed on a rising tide, 
increasing the risk of fluvial flooding

Tidal barrier 
options
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Flood Risk to 
Blackshore

 We have completed an initial review of the 
issues and possible options

 Discuss your aims and constraints

 We will then develop and price the options

 To be included in the Investment Plan
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Flood Risk to 
Blackshore

 We have completed an initial review of the 
issues and possible options

 Discuss your aims and constraints

 We will then develop and price the options

 To be included in the Investment Plan
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 Scope extended to consider spillway option:

 Embankments protect against ‘normal’ events

 Reinforced spillway(s) - overtopping happens at 
a known location on extreme events 

 Reduces risk of embankment failure

 Review a range of spillway dimensions:

 Performance (flood extent & depth in marshes, 
likely impact on water levels)

 Cost sensitivity (embankment height)

 Discuss results at next meeting

 Tidal model to assess water levels and flow 
rates for preferred arrangement

 Include in Investment Plan

Spillway 
option
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Next steps

 Next meeting:
 Flood risk to Blackshore

 Spillway option

 Further work on those issues

 Develop Investment Plan
 Finalise cost estimates (harbour structures, 

estuary defences, Blackshore)

 Confirm timelines

 Monitoring & maintenance

 Meeting to share draft Investment Plan

 Reporting

 Cost-benefit analysis

 Anything else?
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Response to 
questions and   

comments

 Further information to be provided on the 
impact of sedimentation on flood risk and 
flow rate, to include model animations.  

 We will contact Archer and Marcus directly 
for information about the benefits of the 
windows through the South Pier.

 Option to constrict harbour entrance (with 
flap valves) may need to be considered 
further e.g. if spillway option doesn’t work.

 Options to address flood risk to consider full 
length of harbour, not just Blackshore.  
Resilience options to be considered.  

 Previous option to construct sill at Bailey 
Bridge to be checked.  
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Aims and 
Objectives 

of this 
Workshop

 Address issues raised after last meeting

 Input into development of spillway option

 Review the next steps



4

Your 
comments 

on sensitivity 
to marsh 

sedimentation

 “the assumption that sea level will rise but marsh levels 
won’t increase gives us the worst-case scenario for the 
future harbour conditions…this is factually incorrect”

 “Flooding is the biggest risk to the future of the Harbour 
and … is currently being made worse by increasing 
sedimentation. Since the 1950s the tidal prism has 
been reducing leading to increased flooding risk in the 
harbour.”

 “The breaching of the embankments / walls after the 
1953 floods increased the floodplain again preventing 
silting up at the harbour entrance but this is now 
declining due to silt deposition in the marshes.”



5

Further review 
of marsh 

sedimentation 
issues

 Issues to be addressed:
 Assumed sedimentation
 Impact of sedimentation on flood levels
 Impact of sedimentation on flows

 What we have modelled:
 Marsh levels +300mm, +600mm
 Present day defences, Do Nothing, 

Raised embankments
 Feb 2020, Dec 2013 water levels
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Impact of 
sedimentation 

on water levels 
and flows

 An increase in marsh levels doesn’t push peak flood 
levels up by the same volume

 By locally pushing up water levels, the volume of the 
tide entering the estuary is reduced, which can 
reduce peak flood levels again

Net impact on peak flood levels is not simple to 
predict, depends on:
 dimensions of the estuary 
 ratio between depth, width and length of 

channels and floodplains
 tide and surge levels
 influence of the dynamics and inertia of the water

 Processes are captured by the modelling software, 
modelling shows what the impacts are for Southwold

 Animation – illustration of flow in the estuary
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Assumptions 
for future 

marsh levels

 Sedimentation study (Pye, 2019):
 Average sedimentation (1943-2019) = 6 mm/yr
 Average sedimentation (2008-2019) = 3 mm/yr

(marsh levels have reduced in places)
 Average SLR (1964-2018)                     = 3 mm/yr
 Projected SLR (2019-2069)          = 3 - 10 mm/yr
 UKCP Scenario RCP4.5 (50%)               = 6 mm/yr
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Assumptions 
for future 

marsh levels Acceleration in rate of 
SLR since 2010?
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Assumptions 
for future 

marsh levels
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Assumptions 
for future 

marsh levels

 Sedimentation study (Pye, 2019):
 Average sedimentation (1943-2019) = 6 mm/yr
 Average sedimentation (2008-2019) = 3 mm/yr

(marsh levels have reduced in places)
 Average SLR (1964-2018)                     = 3 mm/yr
 Projected SLR (2019-2069)          = 3 - 10 mm/yr
 UKCP Scenario RCP4.5 (50%)               = 6 mm/yr

 Historically, tidal prism has been reducing since 
1953 breaches

 Future sedimentation could keep pace with SLR, 
but from recent data:
 Sedimentation may be slowing
 SLR may be accelerating
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Impact of 
marsh level on 

water levels

 What we have modelled:
 Marsh levels +300mm, +600mm
 Present day defences, Do Nothing, 

Raised embankments
 Feb 2020, Dec 2013 water levels

 Historic sedimentation rate (6 mm/yr):
 Breached marshes 300mm higher by 2070
 Peak flood levels in harbour:

 +3cm (Feb 2020 conditions)
 +4cm (Dec 2013, raised embankments)

 Increase in sedimentation rate (12 mm/yr):
 Breached marshes 600mm higher by 2070
 Peak flood levels in harbour:

 +5cm (Feb 2020 conditions) 
 +7cm (Dec 2013, raised embankments)

 Impact on peak flood levels order of magnitude 
less than increase in marsh levels, not sensitive 
to tidal conditions
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Sensitivity of peak flood level in harbour to marsh level

Scenario:
Present-day defences (embankments not raised)
Present-day marsh levels
February 2020 water levels
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Scenario:
Present-day defences (embankments not raised)
Marsh levels +300mm
February 2020 water levels

3cm increase in peak flood level compared 
to present day marsh levels

Sensitivity of peak flood level in harbour to marsh level
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Scenario:
Present-day defences (embankments not raised)
Marsh levels +600mm
February 2020 water levels

5cm increase in peak flood level compared 
to present day marsh levels

Point 12

Sensitivity of peak flood level in harbour to marsh level
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Scenario:
Embankments raised (no overtopping / flooding)
Present-day marsh levels
December 2013 water levels

Sensitivity of peak flood level in harbour to marsh level
AS18



Slide 16

AS18 Correct figure to be added
Amy Savage, 30/03/2021
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Scenario:
Embankments raised (no overtopping / flooding)
Marsh levels +300mm
December 2013 water levels

4cm increase in peak flood level compared 
to present day marsh levels

Sensitivity of peak flood level in harbour to marsh level
AS19



Slide 17

AS19 Correct figure to be added
Amy Savage, 30/03/2021
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Scenario:
Embankments raised (no overtopping / flooding)
Marsh levels +300mm
December 2013 water levels

7cm increase in peak flood level compared 
to present day marsh levels

Point 12

Sensitivity of peak flood level in harbour to marsh level
AS20



Slide 18

AS20 Correct figure to be added
Amy Savage, 30/03/2021
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Scenario:
Present-day defences (embankments not raised)
Present-day marsh levels
2013 surge event

Sensitivity of water level to marsh level
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Sensitivity of water level to marsh level

Scenario:
Present-day defences (embankments not raised)
Marsh levels +300mm
2013 surge event
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Impact of 
marsh level on 

peak flood 
levels

 What we have modelled:
 Marsh levels +300mm, +600mm
 Present day defences, Do Nothing, 

Raised embankments
 Feb 2020, Dec 2013 water levels

 Historic sedimentation rate (6 mm/yr):
 Breached marshes 300mm higher by 2070
 Peak flood levels in harbour:

 +3cm (Feb 2020 conditions)
 +4cm (Dec 2013, raised embankments)

 Increase in sedimentation rate (12 mm/yr):
 Breached marshes 600mm higher by 2070
 Peak flood levels in harbour:

 +5cm (Feb 2020 conditions) 
 +7cm (Dec 2013, raised embankments)

 Impact on peak flood levels is ~10% of increase 
in marsh levels, not sensitive to flood conditions
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Estuary hydrodynamics

-1.500

-1.000

-0.500

0.000

0.500

1.000

1.500

2.000

2/23/20 7:12 2/23/20 9:36 2/23/20 12:00 2/23/20 14:24 2/23/20 16:48 2/23/20 19:12 2/23/20 21:36 2/24/20 0:00 2/24/20 2:24 2/24/20 4:48 2/24/20 7:12

W
at

er
 L

ev
el

 (m
 O

DN
)

February 2020 conditions, present-day defences
Present day marsh levels

Point 3 Point 12 Point 20 Point 30 Point 40 Point 50



24

Estuary hydrodynamics
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Sensitivity of water level to marsh level

No impact on water level at harbour mouth

7cm increase in peak flood level in harbour

Water level rises earlier 
at marshes due to 
higher marsh levels

Water level at marshes doesn’t 
reach the downstream level
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Impact of 
marsh level on 

flow rate

 Flow rate in entrance channel is important for 
navigation and risk of scour to structures

 For historic sedimentation rate (6 mm/yr):

 Marsh level 300mm higher by 2070

 Maximum flow rates in entrance channel:
 -14% (Feb 2020 conditions)
 -3% (Dec 2013, raised embankments)

 Flow rates for marsh level 600mm higher
 -35% (Feb 2020 conditions) 
 -6% (Dec 2013, raised embankments)

 For higher marsh levels, less water fills the 
estuary in a tidal cycle, which reduces flow rates

 Marsh sedimentation could benefit the 
entrance structures, but with risk of siltation of 
the channel
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Sensitivity of flow rate to marsh level

Scenario:
Present-day defences
Present-day marsh levels
Feb 2020 water levels
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Scenario:
Present-day defences
Marsh levels +300mm
Feb 2020 water levels

Sensitivity of flow rate to marsh level

14% reduction in flow rates in entrance 
channel compared to present day marsh levels
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Scenario:
Present-day defences
Marsh levels +600mm
Feb 2020 water levels

Sensitivity of flow rate to marsh level

35% reduction in flow rates in entrance 
channel compared to present day marsh levels

AS22
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AS22 Add resluts for Dec 2013 conditions, raised embankemtns
Amy Savage, 30/03/2021
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Sensitivity of flow rate to marsh level

Point 12

Point 3

Point 20
Point 30

Point 50
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Sensitivity of flow rate to marsh level
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Scenario:
Raised embankments
Present day marsh levels 
Dec 2013 water levels

Sensitivity of flow rate to marsh level
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Scenario:
Raised embankments
Marsh levels +300mm
Dec 2013 water levels

Sensitivity of flow rate to marsh level

3% reduction in flow rates in entrance channel 
compared to present day marsh levels
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Scenario:
Raised embankments
Marsh levels +600mm
Dec 2013 water levels

Sensitivity of flow rate to marsh level

6% reduction in flow rates in entrance channel 
compared to present day marsh levels
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Summary -
impact of 

marsh 
sedimentation

 We are considering the potential range in future 
marsh levels

 Without sedimentation: 
 SLR will increase the tidal prism
 Higher flow rates in entrance channel 

(keeps channel clear but may increase scour)
 Worst-case for design of structures

 With sedimentation:
 Peak flood levels in the harbour increase slightly
 Upstream flood extents reduce slightly
 Flow rates reduce, risk of siltation of entrance channel
 Reduction in flow rate likely to be offset by SLR

 Additional checks needed for combined impacts 
of sedimentation and SLR
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Discussion 
of spillway 

option

 Aims for this session:
 Introduce the spillway option
 Recap of overall results of modelling
 Benefits / constraints of spillway option
 Potential locations and dimensions
 Next steps for assessment of this option

 Discussion:
 Share your thoughts on this option e.g. 

type of spillway, location, size
 Feedback on proposals for modelling
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 What is a spillway?
 Embankments protect against ‘normal’ events
Reinforced spillway(s) - overtopping happens 

at a known location on extreme events 
Reduces peak flood levels and risk of 

embankment failure upstream
Controlled sluice gate or passive spillway 

(to be discussed further)

Spillway 
option
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 What is a spillway?
 Embankments protect against ‘normal’ events
Reinforced spillway(s) - overtopping happens 

at a known location on extreme events 
Reduces peak flood levels and risk of 

embankment failure upstream
Controlled sluice gate or passive spillway 

(to be discussed further)

 Include in design of raised embankments 
as ‘Safety valve’ OR

 Variation on ‘SMP’ scenario for estuary 
management 
 This is the scenario we are considering here

Spillway 
option
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 Do Nothing (undefended)

 Flood risk to Walberswick and Southwold

 Lower peak flood levels in harbour than 
other options (due to flooding elsewhere)

 Larger tidal prism

 Flow rates in entrance channel +60% 
compared to present day (Dec 2013 
conditions)

 Impact on navigation conditions
 Risk of erosion of channel bed, 

undermining of structures

Overview of 
modelling 

results:
Do Nothing
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SMP review of ‘unconstrained’ scenario:
“The integrity of [the harbour entrance structures] is 
strongly influenced by the tidal prism of the estuary…in the 
absence of control at the mouth, there would be an 
immediate response in the coast.”
“Abandoning defence of the marshes … would create a large 
increase in tidal volume.  This would impose considerable 
pressure on the structures at the mouth of the estuary.”
“if the defences within the inner estuary are abandoned, the 
most significant influence on the tidal prism would be the 
flooding of the Reydon Marshes. This would increase flow 
rates by some 50% within the harbour reach…Abandoning 
Tinkers Marsh would have a similar but smaller effect. 
Similarly, inclusion of Robinson’s Marsh would have less 
impact but would still increase flow at the harbour mouth.”

Overview of 
modelling 

results:
Do Nothing
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 Raised embankments

 No flood risk to wider estuary

 Increased peak flood levels in harbour 
(+200mm for Dec 2013 conditions)

 Smaller tidal prism
 Lower flow rates in entrance channel
 Less impact for navigation
 Greater risk of siltation of channel 

Overview of 
modelling 

results: 
Raised 

embankments
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 SMP policy scenario 
(raise North banks, realign some South banks)
 SMP policy aims to minimise future increases

in tidal prism and associated risk to harbour 
entrance

Review of 
modelling 

results so far
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 Modelling results for SMP scenario:
Addresses flood risk issues in wider estuary
Compared to ‘Do Nothing’:

Higher peak flood levels in harbour
Reduced tidal prism / flow rates

Compared to raised embankments:
 Lower peak flood levels in harbour
 Increased tidal prism / flow rates

Habitat impacts from flooding of marshes
Visual impact of permanently flooded 

marshes

Review of 
modelling 

results so far
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 Estuary options don’t address all issues
 Flood risk to Blackshore only solved with an expensive 

tidal barrier?
 Spillway is a ‘managed alternative’ to SMP scenario
 Controlled flooding of marshes, when peak flood 

levels need to be reduced on a surge tide
 May reduce peak flood levels and address other 

constraints

 Spillways don’t work on the open coast, 
can work on rivers
 Too close to the sea, will ‘suck in’ water
 More effective further inland
 Drop in water level at Blackshore in 2013 after breach 

- suggests a spillway it could work here
 Spill needs to happen at the right time to reduce

peak flood levels
 Modelling needed to determine if / how well a 

spillway could work

Benefits and 
constraints 

of a spillway
AS27
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AS27 Lidar data showing ground levels
Amy Savage, 30/03/2021
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 Compared to the SMP scenario:
 Less frequent flooding of marshes
Reduced flood risk to Blackshore / Harbour –

choose when sluice is opened for most benefit
 Smaller tidal prism, lower flow rates

 Other issues:
Will there be enough reduction in peak flood 

level? (may not work so close to the sea)
 Frequency & depth of flooding of marshes
Controlled sluice vs passive spillway

Benefits and 
constraints 

of a spillway
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 Automatically controlled sluice gate
 Low sill level
 Greater width more effective, but increases costs
 Benefits

 Greater impact on water levels than passive spillway
 Able to optimise performance - open the sluice to 

give the greatest reduction in peak water levels
 Direct drainage of flood water

 Constraints
 May need to raise embankment levels in places
 High cost
 Operational requirements
 Failure risk

 If a controlled sluice is not effective, it’s 
unlikely that a passive spillway would work

Controlled 
sluice
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 Not controlled by a gate, always open
 Higher sill level

 Can’t flood too often

 Won’t influence peak flood levels if too low

 Wider than a controlled sluice
 Benefits

 Lower cost

 Less operational requirements

 Less visual impact than closed sluice gate

 Constraints
 More frequent flooding of marshes

 Need to pump out flood water

 More embankment raising may be needed

Passive 
spillway
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 Less effective closer to the sea
 Upstream of Blackshore would be less effective 

for peak flood levels
 Opposite Blackshore properties

 Observed drop in water level here when 
embankments breached in 2013

 Best location for reduction in flood risk to 
properties, less benefit to harbour downstream 

 Maximum flood level on marshes is +1m ODN
(risk of flooding to Walberswick properties)

 Initial analysis shows this is possible

Spillway 
location and 
dimensions
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Spillway 
location and 
dimensions

E.g. 20m wide spillway at 2.2m ODN
Water level at 
Blackshore (mODN)

Flood level 
(mODN)

2.55 0.12
2.75 0.34
2.95 0.64
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 Initial assessment – could a spillway work?
 Tidal model to assess water levels, flow rates 

 Input conditions – scenario most likely to work

 Most effective arrangement - wide, controlled 
sluice opposite Blackshore

 Sluice opened ahead of peak of ‘steep’ surge tide

 Depending on results, review passive spillway 
option, sensitivity to SLR and marsh level

Next steps 
to assess 
spillway 

option
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 Cost estimate for various spillway options, 
complete cost estimates for all options

 Next meeting - discuss modelling results & costs

 If spillway option is possible and preferred, 
further analysis would be needed to optimise

 Cost / benefit analysis likely to be needed to 
conclude on a preferred option

Next steps 
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Next steps –
further 

modelling

 Requests for additional modelling runs:
 Embankment height for 0m / 1m flood depth

 Range of SLR scenarios, impact on flood levels

 Tidal model considers a range of input conditions
 Water levels from 1.4m to 3.6m, cover the range of 

future SLR scenarios

 Modelling of spillway option will include an 
additional water level

 We will interpret the results to answer your 
questions

52
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Summary of 
questions & 

comments

 As well as flooding, is the main risk from sea level rise the 
increase in flows at the harbour mouth that would endanger 
channel structures? Confirmed.

 Is navigation an issue in a 2013 flood event? The flow rates on an 
extreme event are more relevant for longer-term erosion or siltation 
of the channel rather than navigation.  Flow rates during ‘normal’ 
conditions (now and in the future) have been modelled to assess 
navigation impacts.  

 How much have banks been raised in the ‘raised embankments’ 
scenario? For this option it is assumed that the embankments are 
raised as much as is necessary to prevent overtopping / flooding.  
For comparison, slides have been added showing model results for 
the 2013 event conditions with present-day embankment levels.     

 Would flood water need to be pumped out from marshes?  
Currently drains via Walbersick Sluice.  Drainage requirements 
would need to be assessed in the spillway design.  Depends on the 
capacity of the sluice and how long it is acceptable for the marshes 
to be under water.  

 What effect would a spillway have on flow rates?  Whilst the tidal 
prism would be increased, the spillway would mean the timing of 
the outflow could be controlled, managing flow rates.  Flow rates 
will be assessed by the modelling.  

 Concerns raised over potential costs and timescales of a wider 
cost benefit analysis.  This could make decisions more difficult if 
wider issues are included.  Benefits may need to be assessed as 
well as costs in order to justify funding.  

 Comment on potential benefit of a tidal barrier or narrowed 
entrance, e.g. with flap valves as per previous discussions.  A tidal 
barrier option will be included in the Investment Plan.  

 Request made after meeting for modelling of a narrowed 
entrance with flap valves to discharge the ebb tide.  This proposed 
additional scope will need to be discussed with the Council.  
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