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1

Introduction and project background

1.1

General discussion of issues and project approach

West of Wales Shoreline Management Plan identifies significant concerns over the medium to long term
sustainability of defence at Fairbourne. There is a clear need to maintain existing defences and reduce
flood risk to the area over the short term and this remains the starting point for management. However,
primarily due to climate change, any major increase in protection, specifically with respect to dealing with
the potential increase in groundwater levels, flooding from rivers, flooding arising from failure or
overtopping of the rear embankment or failure and overtopping of the front facing sea defences may drive
management down an unsustainable route, ever more reliant on defences and the continuing commitment
for funding. This could lead to significant residual risk and the possibility of a catastrophic failure and
flooding should the standard of defence be exceeded. For these reasons the intent of the Shoreline
Management Plan (SMP) is to move away from defence over the next 40 to 60 years, with the
consequential need for relocation. There is little or no opportunity for adaptation, in the traditional
meaning, in terms of defence or local protection to property, with no opportunity for roll back of the
community. This makes Fairbourne different to many other areas facing similar increasing risk from
flooding and erosion. If not defended, the village as a whole would be lost.
The SMP is a high level document setting policy for flood and coastal erosion risk management. In
undertaking the assessment of future flood risk, the SMP recognised significant areas of uncertainty, not
least associated with the actual rise in sea level and the frequency and intensity of rainfall. From this
perspective, the SMP made an initial assessment based on sea level rise, rather than on time scales. In
taking this approach, the SMP assessed the likely response needed when faced with different levels of
sea level rise. Based on the range of climate change projections set out in UK CIP09, the different
increase in sea level were equated to potential years when such increases might realistically be
anticipated. This basic approach is set out in Figure 1.1 considering the different aspects of risk.

Figure 1.1 Change in risk with impact of Climate Change related to sea level rise scenarios.
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The SMP concluded that, across all sources of flood risk related to sea level rise, there was likely to be a
step change in management approach and in the residual level of risk associated with continued
management at the point in time associated with 0.5m sea level rise. It was accepted that should climate
change occur more slowly, then the point in time for change in management might be delayed. However,
based on the 1m sea level rise over the next 100 years, there is the strong likelihood that major works
would be required to improve defences by 2066. Given that investment in defences would need to take
account of further and future change in sources of flooding, consideration would need to be given to
improving defences to a standard necessary to address 1m plus sea level rise.
It was, therefore, considered that 0.5m sea level rise should be taken as being the limit threshold for
continued defence with the intent that before that threshold was reached actions were put in place such
that there would no longer be the need for defence.
A planning horizon for change was taken as 40 years based on the base year of 2014.
Subsequent development of the SMP policy, through the Fairbourne Adaptation Project (Fairbourne
Moving Forward -FMF) has been working towards development of a master plan, taking this policy
forward. As part of this development process it was recognised that further investigation would be required
considering in more detail the baseline assumptions made in the SMP.
This further work aims to build upon:
 The information provided by the SMP and developed subsequently as part of the general project,
 Information contained within various studies that were undertaken in parallel with the work of the
SMP (specifically the appraisal reports undertaken in developing the improvements to the
embankment and fluvial system through Fairbourne)
 The assessment reports of damage during the 2014 storms and the subsequent appraisal of
options for Friog Corner.
 The on-going beach monitoring for the area.
 The investigation of ground water instigated in response to issues raised by the SMP.
This work, led by the FMF technical group, considers the main areas of flood and coastal erosion risk,
namely:
 The rear tidal embankment (associated with tidal and overtopping risk).
 The fluvial and ground water systems (associated with potential increase in ground water, the
impacts of this on the fluvial system and the potential for tidal locking and the increased pluvial
input).
 The coastal defence (in terms of geomorphological change, the increase in water levels and storm
conditions associated with failure and overtopping risk). Specific attention has been given to the
area around Friog in terms of local management.
These elements of work are being drawn together so as to provide a more detailed examination of:
 The current conditions and levels of risk.
 The change in risk over the short to medium term and the potential need for works during the
planning horizon of 40 years.
 The change in risk over the longer term testing and clarifying the assumptions made within the
SMP.
These elements of work are being developed as technical notes covering each area of risk with the
intention that each work stream will inform the overall risk management strategy within the wider project.
This technical note is prepared in relation to the embankment to the rear of the village.
16 May 2017
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1.2

Scope and Structure of this Technical Note

This technical note focusses on and draws together information specific to the embankment to the rear of
the village. Modelling was undertaken of the flood risk in 2011 (Fairbourne Flood Risk Management
Scheme PAR 2011 EAW.) as part of the appraisal of works to improve the condition and standard of
protection provided by the embankment. This appraisal also examined the economic justification for these
improvement works, establishing baseline information on potential damages and benefits of undertaking
the scheme that is now in place.
The appraisal and scheme was approved by NRW and by Welsh Government prior to investing the
scheme. The appraisal period looked forward 100 years in terms of its assessment of potential damages
and costs. This technical note, therefore, uses the information provided within the 2011 PAR) as the best
available information on the present day risk and potential risk economics.
Where appropriate, however, the technical note also applies the principles set out in the new “Accounting
for residual uncertainty: updating the freeboard guide - SC120014” (Defra, WG, NRW and EA 2017) in
considering the present day risks and future risks. Specifically, the technical note reassesses the Ultimate
limit state standard of protection (uSOP), now and in the future, taking account of uncertainties and the
potential wave overtopping from within the estuary.
From this, the note re-assesses the change in standard provided by the defence over the next forty years,
identifying how this change might influence the development of the FMF project and management needs
over this period of time. In addition, based on the same approach, the note examines how risk might
continue to change beyond the forty year horizon, examining the sensitivity of this time period in terms of
any possible opportunity gains and in testing the baseline assumptions made within the SMP.
The Technical Note is set out in the following format.
 This initial section provides the background and scope of the technical note (Section 1).
 The baseline conditions are discussed in Section 2, considering present day conditions and
anticipated change in source and pathway conditions in the future. This section concludes with an
assessment of the standard of protection provided by the existing defences now and into the
future.
 Section 3 sets out the typical works that might be required to maintain the existing standard,
providing an outline cost profile into the future.
 The implications and conclusions are presented in Section 4.
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2

Review of Present Condition and Change in Risk Over Time

2.1

Review of information taken from the Fairbourne PAR 2011

2.1.1

General.

The Project Appraisal Report considered both fluvial flooding and the potential risk due to tidal flooding
over the larger area from Fairbourne through to Arthog. In undertaking the present review of information
provided in the PAR, the focus has been on the area protected directly by the rear embankment to the
village. The alignment and extent of the embankment, together with the principle area of protection and
properties within this area, is shown in Figure 2.1.

Rear Embankment

Figure 2.1. Embankment and Protection Area.

16 May 2017

EMBANKMENT TECHNICAL NOTE

WAT9Y1204R001F0.1

7

Open

The core problem identified within the PAR was with respect to the condition and integrity of the
embankment rather than the level of the embankment with respect to present day water levels. The PAR
concluded that under a Do Nothing situation“….it is likely that the tidal defences will breach in the short term. The risk will increase with time as the
defences further deteriorate and degrade. A breach would lead to flooding of up to 430 properties within
Fairbourne, during a 1 in 200 (0.5%) AEP flood event. The onset of flooding would be sudden and without
warning and could result in loss of life to an area that has a high proportion of elderly residents, as well as
only one principal escape route from the village.”
The PAR notes that this is in line with the higher level assessment made as part of the SMP2 study.

2.1.2

Economics and Benefits (damages avoided)

The flood damages were calculated using the Multi Coloured Manual and the Green Book (HM Treasury
2003). These documents were used in combination with the current FCERM Appraisal Guidance and
supporting documents. The benefit assessment included the flood damages for residential and nonresidential properties, including direct and associated indirect, intangible damages and emergency
services costs. No additional flood damages were estimated for key infrastructure and risk to life.
Flood damages and benefits for the tidal and fluvial aspects were calculated separately and those
determined for the Tidal system are recorded in Tables 2.1 below. The flood damages for Do Nothing
were calculated using the water levels generated by modelling the effects of Do Nothing. The maximum
flood damages were used, in terms of “write-off” and capped values. A 100 year appraisal period was
adopted for the main analysis. The benefits of Do Minimum were purely the damages avoided by
continuing maintenance of the tidal embankments. For the tidal aspects, the maintenance was considered
to potentially delay the onset of failure and subsequent effects of Do Nothing.
Table 2.1 Summary of PV Damages and Benefits (£k) – Tidal (current situation)
Damage (PVd)
Option T1 – Do Nothing
Option T2 – Do
Minimum
Option T3 – Strengthen

Damage Avoided

Benefits (PVb)

70,044

0

0

60,830

9,214

9,214

27

70,017

70,017

This identified that strengthening the existing tidal embankments would provide benefits of £70,017k. (The
£27k residual damages are the properties at Mawddach Crescent). These residual flood damages also
excluded any resultant damages that might occur during very extreme events and assume that the
probability of a breach is zero. They assumed there are no residual flood damages due to overtopping
from very extreme flood events. Assuming that the tidal defences do not breach, the hydraulic modelling
showed that Fairbourne has a 1 in 200 (0.5%) AEP Standard of Protection . This work did not specifically
consider the risk of wave overtopping, but incorporated a general freeboard allowance in allowing for this.
The appraisal costs were considered in year 1 and year 50.
Various sensitivity tests were undertaken including increasing property threshold levels and undertaking
an analysis based on a reduced appraisal period of 50 years. In neither case did these sensitivities affect
the justification of the proposed scheme. In the first, threshold levels, while potential benefits decreased
marginally, the main benefits were still seen as in reducing the risk of a tidal breach. This highlighted the
influence of avoiding property right off, rather than reducing progressive flooding frequency.
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The approach taken in considering a 50 year appraisal period allowed for additional costs in year 20 of
£2.1M and accepting increased discounted damages of £170k. It is unclear from the appraisal how these
damages were assessed.

2.1.3

Scheme Delivery

The scheme was delivered in 2013, in line with the outline design presented in the PAR of the preferred
option. The adjusted alignment of the strengthened embankment is shown in Figure 2.1. In general the
alignment followed that of the original embankment, varying only in two places where it was considered
sensible and effective to set back the line of the defence.
Cross sections based on a comparison of Lidar data (prior to the scheme in 2003), during and after
construction (2013 and 2014) are presented below in Figure 2.2 for sections shown on Figure 2.1.

Figure 2.2. Previous and improved
embankment profiles.

The works undertaken raised the embankment slightly in areas to a typically consistent level of 5.2m OD
with a crest width of 5m. Where necessary the front and rear slopes were constructed to a gradient of 1 in
2 and the overall width of the embankment was increased as appropriate to achieve this standard
geometry.

2.2

Discussion and review of data and residual uncertainties

The new Defra guidance on residual uncertainty (Defra 2017) sets out a structure manner for assessing
the performance of existing defence assets. While this guidance primarily focusses on the re-assessment
of physical processes (replacing the former guidance on freeboard), the structured approach is considered
16 May 2017

EMBANKMENT TECHNICAL NOTE

WAT9Y1204R001F0.1

9

Open

a useful framework for examining both present day uncertainties in terms of the actual standard of
protection provided now by the embankment, alongside examining future change in that standard with sea
level rise.
The approach recommends moving away from judgements regarding the ‘correctness’ of previous
assumptions from the design of existing defences. Instead the appraisal of existing defences should be
based on assessing the system as it is today.

2.2.1

Examination of the present Risk System

The PAR (2011) clearly identifies that the principal risk is associated with failure or substantial breach of
the existing structure. In effect the risk occurs should a situation arise where the embankment has failed
allowing tidal inundation.
Serviceability Standard of Protection
In terms of the Serviceability limit state Standard of Protection (sSoP), this may be examined from that
aspect of a breached defence causing flooding to the village. It may be taken that following a substantial
breach, water levels within the area currently protected would rise in line with the extreme water levels
within the estuary. The degree of flooding, as identified in the PAR, would depend on the extent and
persistence of a breach.
In this, extreme water levels have been taken from the NRW/ EA water level boundary data set, corrected
from the base year of 2008 to current levels (2017) as set out in Table 2.2.
Typical breach conditions assume an initial breach width of 50m, 200m and full persistent breaches
occurring along the embankment. A basic assessment has been carried out assuming that exposure to
flooding under any water level condition would be for 0.5hrs with an average velocity of 2m/sec. The
discharge volume has then been distributed over the potential flood area, based on Lidar ground levels.
This approach aims to provide a simple assessment of the sensitivity of flood risk. Hinterland flood levels
for each breach condition are shown in Table 2.2.
Table 2.2. Present day (2017) extreme water levels
Annual Exceedance Probability 1:X (% AEP)
1 in 100
MHWS
1 in 1 (T1) 1 in 10 (T10)
(T100)
Base year 2008
2.65
3.48
3.83
4.13
Correction to 2017
2.7
3.53
3.88
4.18

1 in 200
(T200)
4.22
4.27

(based on CP09 high 95% scenario)

Breach Condition
50m wide breach
200m wide breach
Full persistent breach
Note:

2
2.3
2.7

2.3
2.95
3.53

Typical Flood levels
2.35
3.15
3.88

2.45
3.35
4.18

2.5
3.45
4.27

i) all levels given in m OD
ii) depth of flooding under breach conditions assumes breach development to a base level of 2.4m OD.

Figure 2.3 shows the progressive, present day flood outline (using a basic projection of flood water levels).
The figure also includes a typical cross section of the area highlighting the slight increase in land levels in
the area of the village (which range from 2mAOD to 3mAOD). This is reflected in the extent of flooding
and potential flood risk to properties indicted in the flood extent plots.
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It may be seen that under a T10 event with a minor breach, flooding starts to occur to the village. Under a
T200 event, significant areas of the village are inundated. Under a more major breach condition it might be
anticipated that the village would be inundated to a depth of 0.2m to 0.3m under a T10 event. Under a
persistent breach condition flooding to the village would occur over a MHWS tidal condition with the
potential for up to 1.5m depth of flooding under a T200 event.
The analysis is in line with the more detailed modelling of a limited breach condition in determining that
under a breach condition there would be regular flooding to property, justifying the economic write off
valuation, and that, under such a condition there would be widespread flooding with a T200 event. The
analysis equally shows that the Serviceability limit state Standard of Protection (sSoP) is critically
dependent on the Ultimate limit state Standard of Protection (uSoP) provided by the embankment. The
uSoP represents the on-set of failure of the embankment. The present day uSoP is examined in the
following section.
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Local breach condition

Major breach condition

Full breach condition

Figure 2.3. Sensitivity of flooding with respect to breach condition.
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Ultimate limit Standard of Protection.
At present, following improvements to the embankment, the consistent crest level is set at 5.2m OD. In
comparison with extreme water levels set out in Table 2.2 it may be seen that this crest level is around 1m
above the T200 extreme water levels. With the generally increased width of the embankment there is a
very low level of risk associated with failure under present day still water level conditions.
Despite the significant protection provided by the Ro Wen Spit at the mouth of the estuary in terms of
offshore waves, there is, however, a significant fetch length (potentially in excess of 1.5km of open water)
between the embankment and the Barmouth side of the estuary.
While it is recognised that the development of waves across this fetch will depend critically on wind
direction associated with extreme water levels, the potential for wave run up needs to be considered in
assessing the actual protection provided by the embankment. This wave climate crucially, also depends
on water depth across the wave generation fetch and as such wave heights are likely to increase under
more extreme conditions. Wave heights have been determined based on the standard shallow water
forecasting curves set out in The Shore Protection Manual. These typical wave heights and wave periods
are presented in Table 2.3.
Table 2.3. Potential wave exposure
Wind speed
m/sec
Beaufort
Water depths
1.5m (equivalent to 3m OD water level)
3m (equivalent to 4.5m OD water level)
Note:

i) wave heights in metres

9
5

15
7

27
10

37
12

0.2 (1.5)
0.2 (1.5)

0.3 (1.75)
0.4 (1.75)

0.5 (2)
0.75 (2)

0.75 (2.5)
1 (2.5)

ii) wave period (sec) shown in brackets.

Run-up levels based on the geometry of the embankment are shown for different present day return
period water levels in Table 2.4, based on the wave height values from Table 2.3.
Table 2.4. Run-up levels.
Wind speed
m/sec
Beaufort
Water levels
MHWS
2.7m OD
T1
3.53m OD
T10
3.88m OD
T50
4.09m OD
T100
4.18m OD
T200
4.27m OD

9
5

15
7

27
10

37
12

3.0
3.9
4.2
4.5
4.5
4.6

3.2
4.1
4.4
4.8
4.9
5.0

3.2
4.4
4.8
5.4
5.5
5.6

3.4
4.8
5.2
5.5
5.6
5.7

Based on this analysis, there is the potential for significant wave overtopping of the embankment under
more extreme joint probabilities of water levels greater than a 1 in 50 year associated with wind speeds
from a more north-westerly sector above Beaufort Scale 10 (with locally generated wave height of 0.75m
to 1m).
While this would generate potentially widespread overtopping, the direct impact of flooding is likely to be
small. Taking a typical flood level of 2.5m OD (start of flooding to village) there would need to be in the
3
order of 350,000m volume of water. Taking the full length of the embankment of 1950m and assuming
average overtopping would occur over 1.5hr period, then the average discharge required to fill the area to
the critical flood level would be in the order of 33 l/sec/m.
16 May 2017
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However, based on values quoted in the EurOtop manual, average flow rates in excess of 10 l/sec/m
might result in damage and potential failure of the back face of the embankment. It is, therefore, probable
that damage would occur to the crest and back face of the embankment before direct flood damages
would happen.
An assessment has been made of the average discharge based on the run-up levels set out in Table 2.5.
Table 2.5. Assessment of overtopping discharge
Wave height 0.75m
Run-up level
Discharge
l/sec/m
T50
4.09m OD
5.4m OD
4.5
T100
4.18m OD
5.5m OD
8
T200
4.27m OD
5.6m OD
13

Wave height 1m
Run-up level
Discharge
l/sec/m
5.5m OD
7
5.6m OD
12
5.7m OD
32

Damage could potentially occur to the embankment under the higher wave height combined with the T100
water level. More typically initial damage might occur on a T200 water level and 0.75m wave height, with
an increased risk of failure and possibly direct flood impact damage to the village if a 1m wave were
generated across the estuary.
In conclusion, the existing embankment is considered to have both an sSoP and uSoP in the order of
return period of 1 in 200.

2.2.2

Change in Risk with Sea level Rise.

In this assessment sea level rise (SLR) has been considered in terms of level change rather than in terms
of years. This, in line with the approach taken by the SMP, removes the uncertainty in terms of the basic
physical processes. The uncertainty in terms of timescale as to when a certain level might be reached can
be considered independently, considering this within the framework for management of the risk and
consequence.
Addressing the range of sea level rise, four different values have been considered: 0.25m, 0.5m, 0.75m
and 1m. The base year for the assessment is taken as 2008 (the base year defined within the EA/NRW
boundary conditions – extreme water levels).
The base return period water levels are shown in Table 2.6 below, together with return period levels taking
account of SLR defined above. It should be noted that the T200 water level with 1m SLR exceeds the
level of the embankment. Therefore, in taking this SLR range the full range of potential outcomes are
included.
Table 2.6. Return period water levels with SLR
Return
2008 base
Present day 0.25m SLR
period
(mOD)
(mOD)
(mOD)
MHWS
2.70
2.65
2.90
T10
3.88
3.83
4.08
T50
4.09
4.04
4.29
T100
4.18
4.13
4.38
T200
4.27
4.22
4.47

16 May 2017

EMBANKMENT TECHNICAL NOTE

0.5m SLR
(mOD)
3.15
4.33
4.54
4.63
4.72

0.75m SLR
(mOD)
3.40
4.58
4.79
4.88
4.97

WAT9Y1204R001F0.1

1m SLR
(mOD)
3.65
4.83
5.04
5.13
5.22

14

Open

The initial assessment is made in terms of the uSOP.
With sea level rise overtopping will become more frequent. Taking the same approach as earlier in the
report it was found that wave heights under different wind conditions varied little from those presented in
Table 2.3. These results are therefore taken to apply in determining run-up levels, as set out in Table 2.7.
Table 2.7. Variation in run-up level with Sea Level Rise
SLR
0.25m
0.5m
7
10
12
5
7
10
12
force 5
Wave
height
range (m)

MHWS
T10
T50
T100
T200
Note:

0.30.4

0.50.75

0.75m

1m

5

7

10

12

5

7

10

12

0.751.0

0.2

0.30.4

0.50.75

0.751.0

0.2

0.30.4

0.50.75

0.751.0

0.2

0.30.4

0.50.75

0.751.0

0.2

3.2

3.4

3.5

3.8

3.5

3.7

3.9

4.2

3.8

3.9

4.2

4.5

4.0

4.2

4.5

4.9

4.4

4.6

4.9

5.2

4.6

5.2

5.5

5.4

5.0

5.6

5.9

6.2

5.4

5.9

6.2

6.4

4.7

4.8

5.2

5.4

4.8

5.4

5.7

5.6

5.6

5.9

6.1

6.4

5.8

6.1

6.4

6.6

4.7

5.2

5.2

5.5

5.2

5.5

5.8

5.7

5.7

5.9

6.2

6.6

5.9

6.2

6.6

6.9

4.8

5.3

5.3

5.6

5.3

5.6

5.8

5.8

5.8

6.0

6.3

6.6

5.9

6.3

6.6

7.0

i) Levels in metres OD.
ii) force relates to wind force in Beaufort scale

With 0.25m SLR, overtopping might start to occur under a 0.75m wave height associated with a T100
event. With 0.5m SLR, overtopping would occur with very modest wave action on a T200 event and there
is the potential for overtopping on a T10 event with more severe wave conditions. Progressing through to
0.75m SLR and there would be quite severe overtopping on a T50 water level condition under all wave
conditions. Clearly with 1m SLR any wave action would result in overtopping for events potentially below
the T10 water level.
Figure 2.4 presents the change in overtopping rates based on different water levels compared to different
wave heights.
A structural damage threshold level of 10 l/sec/m is taken and this is shown on the graph in Figure 2.4.
This effectively defines the uSoP condition levels.
Based on previous assumptions of average discharge along the full 1.95 km of embankment it is also
possible to determine critical water levels of flooding to the village associated with direct influence of
overtopping (assuming the embankment does not fail). These sSoP levels are shown on the graph for:
 33 l/sec/m – flood level 2.5m OD (on set of flooding to village)
 66 l/sec/m – flood level 2.9m OD (flooding to the whole area of the village)
 156 l/sec/m – flood level 3.7m OD (average flood depth of 1m throughout the village).
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uSoP level
sSoP level – onset of flooding
sSoP level – full impact on village
sSoP level – 1m flood depth

Figure 2.4. Overtopping rates by water level and wave heights.
The difficulty now lies in relating a joint probability of wave height combined with specific water levels. This
is discussed below.
A wind force of Beaufort scale 7 from a northwest sector would generate a wave height potentially in the
order of 0.3m to 0.4m. It seems realistic to assume that a 0.3m wave height is highly likely, therefore, to
be generated by any extreme water level condition in excess of T10. In terms of potential failure, the uSoP
level might be exceeded on water levels in excess of 4.9m OD. With this wave height onset of flooding
(assuming no failure) would result from water levels in excess of 5.15m OD.
Wind speeds of Beaufort Scale 10 (storm force) might generate a wave height between 0.5m and 0.75m,
depending on water depth. While accepting that storms generating higher water levels tend to be
associated with winds from a more westerly direction, it is considered probable that conditions driving an
extreme water level in excess of T20 (typically as occurred in 1997 and 2014) might give rise to a sea
16 May 2017
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state within the estuary of 0.5m wave height. Below that return period water level (i.e less than T20),
under this probable scenario, it might be reasonable to expect a reduced wave height of 0.4m.
Based on this, water levels in excess of 4.6m OD, with an associated wave height of 0.5m would give rise
to potential failure conditions (uSoP). For a lower wave height of 0.4m (associated with water level events
below T20), this damage limit would be associated with a water level of around 4.75m. With a 0.5m wave
height, water levels in excess of 4.9m would exceed the serviceability (sSoP) condition for onset of
flooding, with water levels in excess of 5.1m resulting in widespread flooding to the village.
It should be noted that with a wave height of 0.5m, wave overtopping is not predicted to occur on water
levels less than 4.2m OD.
Wind speeds in excess of force 11 up to force 12 (Violent storm to Hurricane) are more exceptional. It
might reasonably be expected that such conditions could however be associated with T100 or T200 water
levels conditions but could be considered to be less likely on water levels less than T50. In effect,
therefore, wave height of 0.75m to 1m might be considered only to occur on very extreme conditions
above a T100 year level. Below the T50 water level, an exceptional wave height might be taken as 0.5m.
With a 0.75m wave the critical water level for damage would be in excess of 4.2m OD, with this water level
set lower for a 1m wave at a level of around 4.15m OD. A lower exceptional scenario (where water levels
are below T50) the threshold water level for structural damage might be set at 4.6m OD, as discussed
above.
Under these exceptional wave conditions, serviceability limits would be exceeded for onset of flooding at
4.5m OD and 4.3m OD for a 0.75m and 1m wave height respectively. Full flooding of the village might
occur with water levels between 4.75m and 4.55m, respectively. There is the potential for catastrophic
flooding under these wave conditions with water levels between 5.15m and 4.85m OD.

2.3

Summary of Standard of Defence

Accepting, that the above assessment is made on judgement (with an inevitable lack of data on joint
probabilities) it is still possible to provide an assessment of the change in standard of protection provided
by the existing embankment for incremental increases in sea level under different loading cases. This is
set out in Table 2.8.
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Probable loading
SoP

Upper loading
SoP

Lower loading
SoP

Probable loading
SoP

Upper loading
SoP

Lower loading
SoP

Probable loading
SoP

Upper loading
SoP

Lower loading
SoP

Probable loading
SoP

Upper loading
SoP

Present day
0.25m SLR
0.5m SLR
0.75m SLR
1m SLR

Lower loading
SoP

Table 2.8. Change in Standard of Protection with Sea Level Rise (related to possible wave heights).
SoP loading
Assuming no Failure
uSoP (potential failure)
assessment
sSoP (onset)
sSoP (full village)
sSoP (catastrophic)

T200
T200
T200

T200
T200
T75

T100
T75
T20

T200
T200
T200

T200
T200
T200

T200
T100
T100

T200
T200
T200

T200
T200
T200

T200
T200
T200

T200
T200
T200

T200
T200
T200

T200
T200
T200

T150
T20

T20
T5

T10
T2

T200
T100

T150
T50

T75
T20

T200
T100

T200
T50

T75
T20

T200
T150

T200
T75

T100
T25
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The different banding of SoP loading case scenarios recognises the uncertainties associated with the joint
probability of wave and water levels within the estuary. In effect this defines levels of “risk appetite” in
relation to the potential consequences. At present, with no further improvement to the embankment, the
risk to properties does critically depend on the integrity of the embankment and as discussed earlier
(Section 2.2.1) any degree of breach in the defence would have an immediate and severe impact on the
village. Clearly with sea level rise, the consequence of a breach would result in substantially increased
risk.
Taking a precautionary approach, given the critical vulnerability and the potential severity of the
consequence, it is considered appropriate to consider the uSoP loading case based on either the
probable or upper limit SoP (i.e. considering potentially higher wave heights) in assessing future
management. This could be examined in more detail through observation of wave conditions local to the
embankment.
At present the uSoP level is considered appropriate (as defined by the PAR). Under the probable
scenario, the level of protection is considered acceptable while sea level rise remains below 0.5m,
providing what might be considered a minimum standard (T75) up to the 0.5m SLR value. Under the
upper limit scenario, the uSoP is likely to reduce to a T75 with 0.25m SLR. Under this scenario it seems
probable that works would need to be carried out either to further raise defences or to protect critical
sections of the embankment that might be at risk from wave damage.

2.3.1

Timescales and Implications with respect to FMF masterplan.

The assessment above is based on potential sea level rise from 2008 (base date for extreme water
levels). This may be related to different sea level rise scenarios set out within UK CP09 (Lowe, J. A.,
Howard. et. al. 2009). The range of dates relative to the actual incremental rise in sea level rise is shown
in Table 2.9
Table 2.9. Sea Level Incremental rise in terms of years based on UK CP09.
UK CP09 scenarios
Med (95%)
High (50%)
High (95%)
SLR from 2008
0.25m
2052
2063
2045
0.5m
2086
2102
2074
0.75m
2115
2099
1m
2118

H++
2037
2054
2064
2074

The Fairbourne Project sets a planning horizon of 40 years (from 2014 and therefore 2054). Maintaining a
minimum SoP through to this date would, as recognised by the project, crucially depend on actual rates of
sea level rise. The potential management scenarios to achieve this are described in Table 2.10.
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Table 2.10. Management Scenarios.
Residual Risk assessment to maintain a minimum SoP (T75) to 2054
UK CP09

Med
(95%)
High
(95%)

H++

16 May 2017

Probable SoP loading case

No requirement for works to improve
embankment with the potential to extend the
planning horizon until 2086.
No requirement for works to improve
embankment with potential to extend the planning
horizon until 2074
Concern over SoP towards the end of the
planning horizon (around 2050) with potential
need to review and undertake local strengthening
works. Major works would be required to extend
the planning horizon.
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Upper SoP loading case

Concern over SoP around 2050 with potential
need to review and undertake local strengthening
works, with potential to extend planning horizon.
Requirement for works to strengthen or limited
raising of the embankment around 2045, with the
potential to extend planning horizon as a result,
typically to 2074.
Substantial works required to strengthen or raise
the embankment to achieve planning horizon.
Major works would be required to extend the
planning horizon
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3

Options for Improvement

Section 2 provided an assessment of both the existing conditions as well as considering, for different
residual risk scenarios, the potential requirement for works necessary to maintain a minimum SoP (T75)
over the project planning horizon. This section briefly describes the scope of works that might be required.
In addition, this section of the technical note assesses the scope of works that might be required to further
extend the life of the embankment substantially beyond the present planning horizon.

3.1

Works to Extend life to Existing Planning Horizon

As set out in Table 2.10, under the Upper loading case SoP, combined with UK CP09 Med 95% and High
95% sea level rise scenarios, there is likely to be the need for some improvement works within the existing
planning horizon. In the case of UK CP09 Med 95%, works are likely to be localised (local
strengthening), given that there is only the need to maintain an acceptable SoP over a few years.
In the case of the High 95% scenarios works might be required to raise the embankment over its full
length (full length improvements), given that the present planning horizon is some ten year beyond that
time that when the defence might become vulnerable. This assumes that towards the end of the planning
horizon a T75 SoP is acceptable.
In both cases, even though realistically works might extend the life of the structure beyond the planning
horizon, the approach taken is that of the typical Do Minimum to achieve the 40 year protection window.
Under the more extreme H++ climate change scenario, under the Probable SoP loading case, again, only
relatively minor localised works (local strengthening) might be required (equivalent to the Med 95%
scenario with a Upper loading case).
Should, however, a more precautionary approach be required based on the Upper loading case and the
UK CP09 H++ scenario, there would be far more substantive works required. Even under this situation,
however, the initial definition of works is based on works needed to “keep the defence going” rather than
considering more major works necessary to substantially increase the life of the defence beyond the
planning horizon.

3.1.1

Local Strengthening

In the case of the UK CP09 Med 95% (upper loading case) and H++ (probable loading case) works might
typically involve local strengthening to the embankment where there has been identified specific
weakness, most probably in terms of wave damage. In assessing the cost of this, it has been taken that
works might be, in total, to some 20% of the embankment. The design conditions for both situations are
shown in Table 3.1.
Table 3.1. Design Conditions to extend defence life to planning horizon 2054 with SoP T75.
UK CP09
Load case
Runup
Overtoppin
level
g discharge
scenario

Med
95%
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Water
level

case

Wave ht
(m)

m OD

l/sec/m

Response

4.37
upper

0.75

5.7
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Damage may be limited by an erosion
protection geotextile over crest and back
face up to an average discharge level of
50 l/sec/m.
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UK CP09
scenario

H++

Water
level

Load case

Runup
level

Overtoppin
g discharge

case

m OD

l/sec/m

Wave ht
(m)

Response
Damage may be limited by an erosion
protection geotextile over crest and back
face up to an average discharge level of
50 l/sec/m.

4.63
probable

0.5

5.5

12

An outline sketch of the improvement works is shown in Figure 3.1.
Figure 3.1. Outline of Geotextile
Geotextile

Quantities:
2
Sectional area /m = 12m
Length 20% of 1950m = 390m
2
Area of geotextile = 4680m
Estimated Cost = £150,000 - £200,000

Timing
Works might typically be required in 2050 to provide additional protection to extend life with a SoP of T75
through to 2055.

3.1.2

Full length Improvements

In the case of the UK CP09 High 95% (upper loading case) and H++ (upper loading case) more
substantial works would be required potentially over the full length of the embankment. The T75 SoP
upper loading case is likely to result in vulnerability over the whole area. Works might typically involve
strengthening of the embankment against wave damage and increasing the height of the embankment by
up to 1.3m. The design conditions for both situations are shown in Table 3.2.
Table 3.2. Design Conditions to extend defence life to planning horizon 2054 with SoP T75.
Runup
Overtopping
UK CP09
Load case

scenario

Water
level

High
95%

4.43

H++

4.63

level

discharge
present day

Wave ht
(m)

m OD

l/sec/m

upper

0.75 / 1

5.9

28 / 60

upper

0.75 / 1

6.1

50 / 100

case

Response
Potential onset of flooding to village
(sSoP exceeded). Embankment would
need to be raised by 1m.
Potential full flooding to village (sSoP
exceeded). Embankment would need to
be raised to by 1.3m.

An outline sketch of the improvement works is shown in Figure 3.2.
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Figure 3.2. Outline of sheet pile raising.
Quantities:
Geotextile2
Sectional area /m = 3m
Length = 1950m
2
Area of geotextile = 5850m
Piling4.5m long
Length = 1950m
Estimated Cost = £4,000,000 - £4,500,000
Timing
Works might typically be required in 2040 to provide additional protection to extend life with a SoP of T75
through to 2055.

3.2

Works to Extend life beyond Planning Horizon

The above works aim to provide an acceptable level of protection through to the present planning horizon.
This aims to provide an SoP of T75, in the expectation that the project is working towards no requirement
for continued defence beyond that point in time. This sub-section develops on this but considering the
works needed to maintain defence beyond the present planning scenario.
It has been identified above that, depending on the UK CP scenario and the approach taken in terms of
risk towards loading conditions, works might be required over the period between 2040 and 2050. If it
were decided now, that at this point in time more substantial works would be required then typically such
more major investment would look to extending the life up to the 100 year timeframe (2117). For
comparison it has been taken that at the end of that period it would still be necessary to provide an SoP of
T75.
The design criteria for such works are set out in Table 3.3. The table includes the nominal run-up level
together with the overtopping discharge for each condition based on the crest level of the existing
embankment.
Figure 3.3 provides in outline the typical improvement works that might be required to maintain a uSoP
equivalent to a T75 event in year 2117.
Table 3.3. Design Conditions to extend defence life to 2117 with SoP T75.
Runup
Overtopping
UK CP09
Load case

scenario

Med
95%

Water
level

case

level

discharge
present day

Wave ht
(m)

m OD

l/sec/m

Response
Raise embankment to a level of 6m.

4.86

probable

0.5

5.6

35

upper

0.75 / 1

6.3

85 / 160

Raise embankment to a level of 6.8m.

High
95%

5.04

probable

H++

6.46

upper
probable
upper
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0.5

5.9

60

Raise embankment to a level of 6.5m

0.75 / 1
0.5
0.75 / 1

6.5
7.5
8.2

125 /230

Raise embankment to a level of 7.1m

Exceeds
level

Raise embankment to a level of 7.4m
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Figure 3.3. Outline need for raised crest level to provide a T75 uSoP.
The volume of additional material per m run of embankment, together with an outline cost is presented in
Table 3.4. Typically, improvement works would need to be undertaken between 2040 and 2050
Table 3.4. Required volume of material and outline cost estimate.
Level
Volume
UK CP09
Load case
Outline cost estimate
scenario
WL
case
Wave ht
m OD
m3/m
probable
Med
4.86
0.5
6
55
£11,000,000 - £11,500,000
upper
95%
0.75 / 1
6.8
80
£15,500,000 - £16,000,000
probable
High
5.04
0.5
6.5
70
£14,000,000 - £14,500,000
upper
95%
0.75 / 1
7.1
90
£17,500,000 - £18,000,000
probable
H++
6.46
£19,500,000 - £20,000,000
0.5
7.4
100
upper
£25,000,000 - £25,500,000
0.75 / 1
8.1
125
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4

Implications and Conclusions

The Technical Note has built on the existing information provided in the SMP2 (and subsequently
developed as part of the Fairbourne Moving Forward –FMF project) and in re-examining information from
the Project Appraisal report (Fairbourne Flood Risk Management Scheme PAR 2011 EAW). This has
been developed further considering the residual risk and uncertainties in line with the approach
recommended by the new Defra guidance on residual uncertainty (Defra 2017).

4.1

Existing standards of protection

Definition
As set out in the PAR, there are two mechanisms that could result in flooding and flood damage to the
village:
 The risk of overtopping of the existing embankment (improved and strengthened in 2013/ 2014).
This assumes that the embankment does not fail and that the potential risk arises purely from
overtopping.
 The risk of failure of the embankment (a breach situation) where the area behind the embankment
is flooded as a result of water flowing through the embankment.
This has to be considered in terms of impacts. Clearly, from the analysis both undertaken in developing
the PAR and in the subsequent further analysis, carried out in developing this technical note, the concern
in relation to flooding has to be related to damages occurring in the village (the receptor) rather than in
relation directly associated with the defence or embankment (the flood pathway). However, these two
matters are obviously linked in that the performance of the embankment either in terms of overtopping or
in the situation where the embankment fails gives rise to very different levels of risk.
Failure of the embankment (due to overtopping and wash out) would give rise to tidal inundation, related
directly to tidal water levels. Overtopping (without failure of the embankment) and subsequence flooding to
the village is related to the rate of overtopping and the capacity of the hinterland to store water up to the
point where flooding starts to occur to the village (typically a level of 2.5m OD). This can be described in
terms of:




The flooding to the village – the Serviceability limit state Standard of Protection (sSoP), which
becomes critical at overtopping rates in excess of 33l/s/m or still water levels in the case of
different breach scenarios ranging from (for a minor breach) a T200 extreme water level event, to
a T1 extreme water level for a more major breach or persistent failure.
In relation to embankment failure - the Ultimate limit Standard of Protection (uSoP), where
overtopping flows rates in excess of 10l/s/m may give rise to crest and back slope failure.

Wave loading
Within the PAR, the design level for the embankment was set at 5.2m OD, allowing around 1m freeboard
in relation to the T200 present day extreme water level. The potential for wave overtopping was implicitly
allowed for within this freeboard.
The issue of wave overtopping has been considered further as part of the developing the technical note.
While the difficulty of establishing a joint probability is recognised, it is concluded that:
 it is highly likely that, during a major extreme water level condition (in excess of T10 water level),
waves of 0.3m to 0.4m would be generated across the open estuary.
 It is probable that wave heights of 0.5m would be generated on an extreme water level in excess
of T20 (0.4m for water level events below T20).
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That under exceptional conditions (associated with water levels in excess of T100) wave heights
between 0.75m and 1m might be generated.

Present day Standard of Protection
While more detail study (or measurement) might resolve better the potential wave climate to which the
embankment might be exposed, this assessment allows definition of a Lower wave loading condition, a
Probable wave loading and an Upper wave loading, for any extreme water level condition. This has
been used in assessing the present day uSoP – on set of failure, and sSoP on set of flooding through to
catastrophic flood condition to the village, assuming no failure of the embankment.
It is concluded that at present the embankment provides a standard of protection to the village of around a
T200 level (reduced to a T100 level under the upper wave loading case). The limiting scenario is based on
the uSoP. This accords well with the assessment made in developing the PAR and is in line with the
SMP2 assessment.

4.2

Future Scenarios for Protection and Management

4.2.1

Assessment based on change in Sea level

A similar approach has been taken in assessing the change in Standard of Protection under different sea
level rise conditions. It is concluded that:
0.25m Sea Level Rise
With 0.25m sea level rise, the T200 SoP would be maintained under the Probable wave loading case. This
would reduce for the Upper wave loading to T75 for the uSoP and T100 for the sSoP.
0.5m Sea level Rise
With 0.5m sea level rise the uSoP would be reduced, under the Probable wave loading case to a T75
standard (T20 in the case of the Upper wave loading). Should works be undertaken to reduce the risk of
embankment failure then the sSoP might remain at a T200 level under the Probable wave loading case
and a T100 level for the Upper wave loading.
0.75m Sea level Rise
With 0.75m sea level rise the uSoP would be reduced, under the probable wave loading case, to a T20
standard (T10 in the case of the Upper wave loading). It is unlikely that under these levels of overtopping
the embankment in its present firm would be sustainable without major reconstruction.
1m Sea level Rise
With 1m sea level rise the uSoP would be reduced, under the probable wave loading case, to a T5
standard (T2 in the case of the Upper wave loading). It is unlikely that under these levels of overtopping
the embankment in its present firm would be sustainable without major reconstruction.

4.2.2

Implications for Management

The above assessment has been used in considering under what circumstances and in relation to what
might be acceptable levels of risk how this would influence future management. This has been considered
in relation to forward predictions of the rate of sea level rise as set out in UK CP09, relating the need for
intervention or adaptive management to potential timescales.
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Adaptive Management
The baseline management approach is defined by the FMF project. While recognising the uncertainties
associated with sea level rise, the project has established a forty year planning horizon (from 2014 and
therefore 2054). The intention is to maintain at least a minimum agreed SoP over that planning horizon
and this clearly depends crucially on the actual rate of sea level rise.
In assessing the implications of this, the technical note works to a minimum SoP of T75, maintained
through to 2054. This SoP would need to be discussed through the project group.
Recognising also the residual uncertainty associated with potential variation in wave loading, this
assessment considers both the Probable and Upper wave loading cases. In effect, this provides a range
of uncertainty such that, in line with the principles set out in the residual uncertainty guide, this needs to be
considered in terms of acceptance of possible risk.
Taking this approach the technical note concludes that for the Probable wave loading case:
 Under a UK CP09 Medium and High 95% sea level rise scenarios, the existing embankment
would continue to provide at least a T75 SoP through to 2054, with the potential to meet this SoP
criteria through till 2086 (Med 95%) or 2074 (High 95%). Clearly there would be the need for ongoing maintenance.
 Under the UK CP09 H++ scenario, there would be concern over the SoP around year 2050 and
local strengthening might be required at a typical cost of £160,000.
Considering the Upper wave loading case, the situation is quite different:
 Under a UK CP09 Medium sea level rise scenario, the existing embankment would reach the T75
SoP in year 2050 and local strengthening might be required at a typical cost of £150,000 £200,000to maintain the standard through till 2054.
 Under a UK CP09 High 95% sea level rise scenario, which is considered the normal scenario for
strategic planning, the existing embankment would continue to provide at least a T75 SoP through
to 2045. More major works would then be required to extend the life of protection through to 2054
at an estimated cost of £4.0 - £4.5million. This might allow extension of the life of the structure
beyond the planning horizon, potentially through to 2074.
 Under the UK CP09 H++ scenario, the existing embankment would continue to provide a T75 SoP
through to approximately 2040 and major work would again be required. This might typically be in
the order of £4.0 - £4.5million but only extending the life of the structure through until 2054.
Sensitivity for Future Protection
The assessment has taken this further in considering in outline the implications for continuing
management of the embankment beyond 2054. Under this scenario, it has to be taken that more major
works would be undertaken beyond those discussed above. It has been taken that, for major investment,
the intent would be to maintain a minimum standard of defence through to 2117, and that such
improvements would be undertaken sometime between 2040 (the H++ scenario set out above) and 2070
(the Probable wave loading scenario for UK CP09 High 95%).
In considering the potential future costs in upgrading the embankment a full range of potential sea level
rise scenarios have been considered based on both the Probable and Upper wave loading case.
The following costs are estimated;
 UK CP09 medium 95% scenario costs are estimated to range between £11 – £11.5 million and
£15.5 - £16 million.
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UK CP09 high 95% scenario costs are estimated to range between £14 - £14.5 million and £17.5 £18 million.
UK CP09 H++ scenario costs are estimated to range between £19.5 - £20 million and £25 - £25.5
million.

4.3

Conclusions

The main conclusions of the technical note are summarised below:
 At present the Standard of Protection (SoP) is considered to have an Annual Exceedance
Probability of 0.5% (T200), potentially reducing to a T100 under exceptional wave conditions. The
typical failure mode would be as a result of structural damage to the embankment due to
excessive wave overtopping.
 In principle the assessment made in the SMP2 is valid in identifying that, around the level of 0.5m
sea level rise, significant improvements would be necessary purely to maintain a minimum
Standard of Protection (T75) to the village.
 There is a reasonable expectation that the existing embankment would continue to provide a
minimum SoP (to a T75 level) through to 2054 (the planning horizon of 40 years) without the need
for major works to improve the structure. This would critically depend on actual rates of sea level
rise and on the present assumptions as to wave loading.
 There is a significant cost risk that under more rapid sea level rise or more severe wave action
that works would be required between years 2045 and 2050 to sustain the defence at a typical
cost in the order of £160,000 but this cost might increase to £4.2 million under more extreme
scenarios.
 This risk needs to be considered in developing the master plan.
 Should works be required, there is potential scope for extending the planning horizon beyond 40
years but with an associated costs risk as set out above. This cost risk would need to be
considered in relation to other factors considered in developing the master plan.
In reviewing the assumptions made within the SMP2 as to the sustainability of extending the life of the
embankment defence the following conclusions are made.
 The costs to improve the embankment through to 2117 (end of epoch 3 in 100 years) range from
£11 million up to £25.5 million under different sea level rise scenarios.
 Based on the UK CP09 High 95% scenario, costs would be in the order of £14 million to £18
million. Works under this sea level rise scenario would be required typically in year 2045 to 2070.
 Beyond year 2117, costs would again increase potentially by the same order of magnitude in
order to address further and potentially accelerating sea level rise.
 In principle, it is concluded that the assessment undertaken by the SMP2 is valid in identifying that
continued defence to the area would become unsustainable.
All costs have been assessed at present day values with no allowance for inflation and no discounting.
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