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1. Introduction 

Atkins is performing a study for NNB GenCo, which builds on a previous scoping study [1], to inform the 
selection of the Sizewell C (SZC) platform height and any associated external barriers. The study aligns with 
the development of the coastal flooding safety case to ensure that the nuclear safety risk from the hazard is 
acceptable and as low as reasonably practicable (ALARP). This main phase of the work is entitled ‘SZC 
Coastal Flooding ALARP Phase 2’. An updated basis of assessment for the SZC Coastal Flooding ALARP 
Phase 2 study [2] was issued in September 2014 to capture the key areas that had been developed or 
confirmed since the scoping study and following the production of NNB GenC s work pecification [3] and 
Atkins’ offer [4] for the main phase of work. 

This report presents an analysis of extreme flood levels adjacent to the SZC site  order to in rm the selection 
of appropriate platform level options and associated external barriers fo  the ALAR  asses ment recognising 
the protection required against the coastal flooding hazard and account ng for climate ch ge up to the credible 
maximum. It should be noted that the present flood levels analysis s under aken specifically to support the 
ALARP assessment and associated decision-making on the SZC platform height  NNB GenCo / EDF will 
present further analysis of coastal flooding and coastal change as nec sary to support the development and 
substantiation of the formal coastal flooding safety case. 

The main focus of this report is the prediction of the still flood water levels which could arise on the lower-lying 
land (known as Sizewell Belts) adjacent to the north and west of the SZC site as a result of tidal overflow and 
overtopping of the shoreline dune/bank frontage to the north an  outh of the Sizewell power station sites (A, 
B and C). The still flood water levels to the north and west of the SZC site are analysed using a TUFLOW 
model. Sea conditions (still water levels and waves) with a 1 000 year return period are taken as input to the 
flood levels analysis accounting for the joint prob bility of the p enomena. The performance of the modelled 
barriers is described in relation to potential platfo m levels.  

A second objective of this report is to inform the s ection of t e SZC platform level which would satisfy the 
‘dry site concept’ (i.e. without any external iers). A  d cribed in the basis of assessment report [2], the 
SZC platform level would have to be ab e the evel of significant wave run-up for the ‘dry site concept’ to be 
fulfilled. The definition of ‘dry site concept’ wa  carefully reviewed at the basis of assessment stage [2] to 
ensure consistency with Internationa  Atomic Energy Agency (IAEA) safety guide IAEA-SSG-18 [5] and the 
consultation version of the new Safety A e sment Principles (SAPs) [6A] being developed by the Office for 
Nuclear Regulation (ONR)1. The o g al scop  of this study was to define a single dry site platform level above 
significant wave run-up for cred ble ma mum cli ate change. Further to a workshop in November 2014, NNB 
GenCo requested that Atkins also defi e a dry-site platform level for reasonably foreseeable climate change 
[7]. The platform level for this dditional option is evaluated in the present report but not reflected in the overall 
options tables to reduce editing. 

The order of the rep t refle s the dr ing direction of the coastal flooding process and associated wave 
propagation from off hore to o shore culminating in the overland flood modelling. This allows the coastal inputs 
and boundary cond ions fo  the overland flood modelling to be progressively defined from sea conditions 
through shoreline geom rphology to tidal overflow and overtopping into the onshore flood pathways. While the 
overland flooding is strong y driven by sea conditions, the modelling also takes reasonable account of 
coincident flu i l flows and high groundwater conditions. 

  

                                                   
1 Issue 02 update: the formal version of the 2014 SAPs has now been published [6B]. The clauses on the dry 
site concept are the same as in the consultation version. 
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2. Philosophy and Basis of Assessment 

This section sets out the basis of assessment for the flood levels analysis and the underpinning nuclear safety 
principles for coastal flooding protection at SZC. 

2.1. Coastal Flooding Safety Case Principles 
As set out in the scoping study report [1], the basis of assessment for the flood lev l  analysis has followed a 
clear set of safety case principles for coastal flooding protection, consistent w th those dopted for Hinkley 
Point C (HPC). The principles are in line with the following regulatory guidanc  and requirem nts published by 
the ONR, the Environment Agency (EA) and the IAEA: 

[5] Meteorological and Hydrological Hazards in Site Evaluation for Nu lear Ins llations 
International Atomic Energy Agency, Specific Safety Guide SSG 18, Novembe  20 1 

[8] Safety Assessment Principles for Nuclear Facilities2 
Health & Safety Executive, 2006 Version, Revision 1 (update  February 2008) 
 

Including the latest consultation version: 

[6A] CI’s Fukushima Reports Rec. IR-5: SAPs Review: Response Form 
SAPs Text Editor, Civil Engineering and External Hazards, Ma  2014 
http://www.onr.org.uk/consultations/2014/saps/civil engineering nd-external-hazards-text.pdf 

[9] Technical Assessment Guide – External Hazards 
Health & Safety Executive, T/AST/013 Issue 4  uly 011 

[10] Joint Advice Note 
Principles for Flood and Coastal Risk Man gement 
Office for Nuclear Regulation and Environment Agency, Version 3, April 2013 

The principles collated here are also align d th NNB nCo’s interpretation of the regulators’ Joint Advice 
Note [10] as documented in [11]. 

The key principles used to define the sis of assessment for the present flood levels analysis are as follows: 

1. Design basis coastal flooding events hould be conservatively predicted at a return period of 10,000 
years allowing for uncerta nty. 

2. The design basis coas al floodin  conditions should account for all phenomena contributing to high sea 
water levels and waves (includ ng appropriate combinations of high astronomical tides, storm surge and 
waves) with rational treatm t of joint probabilities. A similar approach should be taken to account for 
interactions with he  forms o  flooding (pluvial, fluvial and groundwater). 

3. All potential m chanism  and pathways by which the coastal flooding hazard could affect the site should 
be identified nd evaluated in order to demonstrate the sufficiency and adequacy of the coastal flooding 
protection. 

4. The effects of “reason bly foreseeable” climate change (see definition in Section 2.2) over the lifetime 
of the ta n should be included in the design basis for the original build of the coastal flooding protection 
in a pre autiona y ner. 

5. The effec  of credible maximum” climate change (see definition in Section 2.2) over the lifetime of the 
station shou d be evaluated for the design of the coastal flooding protection and should either (1) be 
included in th  design basis for the original build in a precautionary manner, or (2) be shown to be 
feasibly accommodated using a managed adaptive approach. 

6. The effects of coastal change (offshore, inshore and onshore) on the coastal flooding hazard should be 
identified and evaluated. Coastal change may be long-term or sudden (e.g. progressive or driven by the 
extreme coastal flooding event itself). The coastal change scenarios and erosion allowances should 
account for the effects of climate change at the appropriate level (reasonably foreseeable or credible 
maximum). 

                                                   
2 Issue 02 update: the formal version of the 2014 SAPs has now been published [6B]. The clauses relevant 
to coastal flooding and the dry site concept are the same as in the consultation version. 

AP
PR

O
VE

D

























 UK PROTECT 

Sizewell C Coastal Flooding ALARP Phase 2 | Flood Levels Analysis 
 

 

Atkins | 5134299/301/001 | Issue 02 | April 2015 Page 19 of 60 

 UK PROTECT 

and extreme storm-driven topographical change are derived to be applied as adjustments to the coastal 
boundary in the TUFLOW overland flood model (Section 4.3). The allowances for storm-driven topographical 
change account for extreme sea conditions at 10,000 year return period and different allowances are 
considered for each climate change scenario (present-day, reasonably foreseeable and credible maximum). 

The present-day shoreline bank topography is visible on the LiDAR map shown in Figure A.1 and a selection 
of cross-shore profiles are shown in Figure 7. The highest bank along the Minsmere frontage has a general 
crest level of 4m AOD to 5m AOD increasing to 6m AOD locally south of Minsmere Sluice and decreasing to 
a minimum of 3m AOD locally along part of the northern Minsmere frontage. At Sizewell Gap, the two main 
banks are roughly parallel with the higher landward bank having a crest level of about 6m AOD and the 
seaward dune bank having a crest level of about 4m AOD. 

The banks are understood to be generally well vegetated (down to typically 3m AOD on the seaward side) 
[26]. The sediment forming the dune banks and upper beach is generally gravel-dominated, overlain with wind-
blown sand at the surface [26]. The sediment forming the lower beach (below about MLWS) and longshore 
bars is sand-dominated [26].  

4.1. Long-Term Shoreline Change 
The potential long-term changes to the dune banks over the timescale to 2110 have been reviewed with 
reference to the Shoreline Management Plan 2 (SMP2) for Suffolk [29], the coastal trends report for Suffolk 
produced by the EA [30], and CEFAS report TR223 on shoreline variability trends in Sizewell Bay [26]. 

The Suffolk SMP2 [29] identifies that the 'Minsmere floodplain' (PDZ4, MIN12.2-3) to the north of the SZC site 
is planned for managed realignment across all epochs. Detailed inspection indicates that the intention is to 
allow natural transition of cliffs/shingle banks (with the sluice remaining) rather than large-scale set-back of 
defences. The future estimates of shoreline change provided in Suffolk SMP2 (Appendix C Tables 3.13 and 
3.14 of [29]) are wide-ranging with the following upper and lower projections of dune toe movement to 2105: 

• North end of Minsmere frontage (near Minsmere Cliffs) (S1B1) 10m to 75m recession 
           in both scenarios 

• South Minsmere frontage (south of sluice) (S1B4) 10m to 26m recession 
 in ‘no active intervention’ scenario 
 26m to 77m recession 
 in ‘with present management’ scenario 
(It is noted that the greater extent of erosion quoted in Suffolk SMP2 for the ‘with present management’ 
scenario is counter-intuitive and only occurs at four out of about 60 coastal chainage locations) 

• Sizewell Gap (towards SZA) (S1B6)     10 to 25m recession 
           in both scenarios 

It is noted that the SMP2 projections account for sea level rise of 1m (±20%) in line with Defra (2006) [31] 
which is the cause of some of the difference between the upper and lower projections. 

The EA coastal trends report for Suffolk [30] identifies the following rates of shoreline change (between MLWS 
and MHWS contours) based on recent monitoring campaigns since 1991: 

• North end of Minsmere frontage (near Minsmere Cliffs) (S1B1) 
Mean trend is 1.3m/yr erosion with slight beach steepening. 

• North Minsmere frontage (north of sluice) (S1B2) 
Slight accretion trend to 2000 followed by a significant erosion trend of 3m/yr to 2010 with no beach 
rotation. 

• Central Minsmere frontage (near sluice) (S1B3) 
Highly variable at all levels within a slowly accreting trend of 0.5m/yr with no beach rotation. 

• South Minsmere frontage (south of sluice) (S1B4) 
Moderate erosion trends at all levels. An accelerated rate of erosion is evident from 2001, giving a mean 
erosion trend of 1.3m/yr. 

• Sizewell Gap (towards SZA) (S1B6) 
Profile shows erosion to 1999/2000 followed by a period of accretion to 2010, resulting in no overall 
trend.  
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More detailed analysis of local shoreline change from a range of data sources is provided in CEFAS report 
TR223 [26]. It is evident that the patterns of shoreline change are complex both temporally and spatially with 
considerable variation between near-term and longer-term historical trends. Prior to 1925, there was persistent 
and spatially coherent erosion to the north of Minsmere Sluice and accretion to the south of Minsmere Sluice. 
This trend reversed during the period 1925 to 1940 and the shoreline change rates become more spatially and 
temporally variable. The shoreline trends since 1992 are summarised as follows with reference to [26] (from 
north to south): 

• A strong erosional trend is apparent from the south of Minsmere Cliffs to the former Coney Hill, north 
of Minsmere Sluice (maximum erosion rate of 2.5 m/yr). As described in [26], part of this frontage was 
severely affected by storms in 2006 and 2007 when waves breached the frontal dune ridge and 
partially overtopped the secondary earth embankment behind. Improvements to this defence have 
since been made by the Environment Agency as part of the Minsmere Sea Defence Scheme. 

• Minsmere Sluice continues to act as a ‘hard point’ and, while shoreline change rates fluctuate near the 
sluice, the net trend is accretional. 

• A strong erosional trend is apparent from about 500m south of Minsmere sluice to just north of the 
SZC site (maximum erosion rate of 1.7 m/yr). 

• The SZC site lies between an eroding area to the north and an accreting/stable area to the south. The 
central part of the SZC frontage currently experiences low shoreline change rates but the erosional 
zone over south Minsmere extends as far as the ‘northern mound’ directly to the north-east of the SZC 
site.  

• There is seaward movement of the beach along the frontage of the existing power station sites (SZB, 
SZA) which is greatest in front of SZB (maximum 2.1 m/yr). 

• The shoreline position at Sizewell Gap has been relatively stable although losses in beach volume 
occurred following storm events in 1993 and 1996. 

Closer inspection of the shoreline change data (post-1992) for the Minsmere catchment frontage (Table 8 and 
Figures 13-16, 33, 34 of [26]) indicates mean recession rates in the order of 1 to 1.5 m/yr over a length of 
about 1km for each of the two erosion zones to the north and south of the sluice. The available shoreline 
profiles (S1B2 for north Minsmere, S1B4 for south Minsmere (Figures 33, 34 of [26])) both show about 20m of 
recession of the upper beach and seaward dune face from 1992 to 2007. The profiles indicate that the dune 
banks have experienced net erosion based on the observation that recession of the seaward face is not 
matched by roll-back on the landward side of the dunes. As would be expected, these recession rates are in 
close agreement with that in the EA coastal trends report for Suffolk [30] and in reasonable agreement with 
the upper projections from Suffolk SMP2 [29]. 

If the recession and erosion trends of the Minsmere shoreline experienced over the last 20 years were to 
continue for some decades into the future, the volume of the dunes would be substantially reduced and the 
residual dune banks would be less stable, generally lower and more susceptible to direct overflow, overtopping 
and breach in severe storms. It is acknowledged in CEFAS report TR223 [26] that under the present shoreline 
management strategy, erosion to the north of the SZC site could expose parts of the northern site boundary 
to the sea during the lifetime of the power station. As discussed in CEFAS report TR223 [26], the future pattern 
of shoreline change along the Minsmere frontage is uncertain as it is sensitive to several variable and 
interacting factors including offshore sandbank morphology, inshore wave climate and longshore sediment 
transport. 

A simple and reasonably conservative scenario is adopted in the present study for the purpose of estimating 
the future sea defence performance of the shoreline banks. The assumed scenario, which covers the lifetime 
of SZC to 2110, gives greater weight to recent trends and is characterised by: 

• Net recession of the upper beach and seaward face of the dune banks by 50m to 75m along the 
majority of the Minsmere catchment frontage. It is assumed that recession on the seaward side of the 
dunes is not accompanied by roll-back of the landward side resulting in significant loss of dune width 
and volume. It is accepted that the structure of Minsmere Sluice may continue to act as a hard point 
promoting more stable or accretional shoreline conditions for several hundred metres to either side. 

• No significant change to the upper beach, dune banks and landward bank at Sizewell Gap. 

A further geomorphological scenario involving the formation of a Minsmere tidal inlet was considered for 
inclusion in the overland flood modelling by Atkins in consultation with CEFAS and NNB GenCo. However, it 
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was deduced that the presence of a Minsmere tidal inlet would not promote significantly greater overland 
flooding of Sizewell Belts in an extreme coastal flooding event. The reasons for this are that: 

• Even without the formation of a tidal inlet or breach / over-wash of the shoreline banks, there would be 
flooding of the lower Minsmere catchment as a result of the hydraulic connectivity through the crag 
strata between the sea and the groundwater / surface water system. Long-term groundwater / surface 
water levels would be higher than at present due to mean sea level rise and would be further elevated 
as a result of the initial storm surge build-up. The groundwater / surface water conditions assumed in 
the overland flood modelling before arrival of the coastal flood event are described in Section 7.1. 

• As sea levels rise above about 3m AOD during an extreme coastal flooding event, tidal overflow of the 
Minsmere frontage would increasingly dominate landward flow through a tidal inlet (predicted to be in 
the order of 100m wide at its narrowest point [32]). Potential lowering of the Minsmere frontage during 
an extreme coastal flooding event is examined in Section 4.2. 

• The TUFLOW model results presented in Section 8.4 show that peak overland flood levels attained in 
an extreme coastal flooding event are not particularly sensitive to the initial water levels across the 
Minsmere catchment.  

• A tidal inlet would aid the drain-back of overland floodwater to the sea at times of low astronomical tide 
and as the storm surge abates. Hence, the assumption of a tidal inlet could have had a non-
conservative effect on calculated peak overland flood levels. 

4.2. Response to Extreme Storms 
A number of methods for predicting and quantifying dune and beach erosion are identified in the scientific 
literature (CIRIA Beach Management Manual [33], United States Coastal Engineering Manual [34] and Pye et 
al, 2007 [35]). The present study applies the following two methods to assess the extreme storm response of 
the shoreline banks along the Minsmere frontage and at Sizewell Gap: 

• The method of Vellinga (1986) [36] and subsequent extensions and amendments (noted in Van Rijn, 
2013 [37]). The Vellinga (1986) equation4 provides a means of predicting the storm response of sand 
dunes in terms of a re-configured profile seaward of the crest. The method is intended for sand dunes 
rather than shingle barriers or beaches. 

• The Bradbury method (2000 [38], 2005 [39]) provides a means of predicting breach of a shingle barrier 
beach. Breach is defined as the short-term lowering of the barrier crest with wave induced over-
washing. The method accounts for the effective inertia of the barrier under wave attack based on the 
freeboard and cross-sectional area above the still water level. 

The two methods are regarded as complementary for the assessment of the Minsmere frontage and Sizewell 
Gap because of the intermediate gravel / sand composition of the dunes and beach sediment. For the Vellinga 
method, an intentionally coarse particle size of 0.5mm (moderately coarse sand) was selected which is 
considered to be towards the upper end of the model validity for sand dunes. Both methods were applied to a 
set of present-day cross-shore profiles provided by NNB GenCo [40] for the Minsmere frontage and Sizewell 
Gap subject to a range of 10,000 year return period sea conditions (water level and wave combinations) taken 
from the offshore joint probability analysis (Section 3.2). 

4.2.1. Vellinga Method Results 
A selection of results from the Vellinga method for present-day sea conditions and cross-shore profiles are 
shown in Figure 7. 

Even with present-day cross-shore profiles and sea conditions (no climate change), the Vellinga method 
predicts significant storm response with erosion and partial flattening of the seaward facing dunes. The degree 
of penetration and flattening along the Minsmere frontage depends on the local breadth of the dune system in 
the cross-shore direction and whether there is a second bank to the rear of the seaward dune. Where the 
seaward dune bank is narrow (less than about 30m cross-shore dimension above 3m AOD), the results 
suggest almost complete loss of the bank crest above about 3m AOD. Where the seaward bank is broad 
(greater than about 50m cross-shore dimension above 3m AOD), the results suggest about 20m of erosion of 
the seaward face tapering from the crest down to about 1m AOD. The predicted erosion is greatest on the 
upper part of the dune and typically about 1m loss of crest height is predicted. The method incorporates volume 
balance and shows the material eroded from the dune bank and upper beach being re-deposited on the lower 

                                                   
4 The Vellinga (1986) equation is also referred to as the ‘empirical DUROS+ method’. 
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foreshore below 1m AOD. At Sizewell Gap, the method predicts flattening of the lower seaward bank with the 
higher rear bank remaining intact. 

The storm response predicted by the Vellinga method for future 10,000 year return period sea conditions 
incorporating reasonably foreseeable has been briefly assessed for comparison with the present-day results. 
As expected, the response is even more severe with typically an additional 15m to 20m of erosion cut into the 
dune crest. The response to credible maximum climate change has not been calculated as the pattern is 
already clear and the degree of overflow would probably exceed the validity range for the Vellinga method. At 
Sizewell Gap, the future extreme storm erosion accounting for climate change is predicted to reach the 
seaward face of the higher rear bank resulting in about 1m loss of crest height to a level of about 5m AOD. 

The combined effect of long-term recession of the Minsmere frontage (50m to 75m, Section 4.1) followed by 
extreme storm response has not been explicitly calculated. In is estimated that this degree of long-term 
recession would leave the majority of the Minsmere frontage with narrow dune banks having a total cross-
shore dimension above 3m AOD of less than 30m. Applying the above Vellinga results suggests that the 
subsequent extreme storm response over the majority of the Minsmere frontage would result in complete loss 
of the bank crest above about 3m AOD with present-day sea conditions and above about 2m AOD with future 
sea conditions (reasonably foreseeable or credible maximum). 

The main limitations of the Vellinga method for the present application are (i) that it is intended for sand dunes 
(rather than gravel / shingle) and (ii) that it applies volume-balance to the seaward face and does not cover 
the erosive effect of overtopping and overflow on the landward side. The first of these factors is expected to 
make the results pessimistic for gravel-dominated banks as coarser material promotes greater stability. The 
second factor suggests that the method may underestimate the degree of erosion and flattening where the still 
water level approaches or exceeds the dune crest. Given the recorded response of the Minsmere frontage to 
much smaller storms [26], the results on balance appear to be reasonable and not too pessimistic. 
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(a) North Minsmere frontage (north of sluice), 267000 N, near section S1B2 
 

(b) Central Minsmere frontage (near sluice), 266000 N, near section S1B3 
 

(c) South Minsmere frontage (south of sluice), 265000 N, near section S1B4 
 

(d) Sizewell Gap (towards SZA), 262869 N, near section S1B6 

Figure 7. Results of Storm Response Dune Profile Analysis (Vellinga method, 1986) 

4.2.2. Bradbury Method Results 
The results of the Bradbury analysis for present-day sea conditions and cross-shore profiles are shown in 
Figure 8. Output points below the threshold lines (lower barrier inertia / lower wave steepness) indicate a 
predicted breach of the barrier beach for that cross-shore profile. The further the points lie below the threshold 
line, the greater the degree of predicted over-wash breaching and associated recession / lowering of the 
residual crest. 

The Bradbury results are in broad agreement with the Vellinga method results. Breach is predicted for all of 
the assessed profiles along the Minsmere frontage (for all joint probability combinations of waves and still 
water levels). Breach is marginally predicted at Sizewell Gap but to a much lesser extent. Over half of the joint 
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5. Tidal Overflow, Wave Run-Up and 
Overtopping 

This section summarises the coastal inputs and boundary conditions applied in the overland flood modelling 
for the Minsmere frontage and Sizewell Gap based on the sea conditions (waves and still water levels) 
described in Section 3 and the shoreline topography described in Section 4. The relative contribution of wave 
overtopping and direct overflow is considered. Scoping calculations demonstrate that direct overflow 
dominates wave overtopping where the still water level exceeds the shoreline crest level by a metre or more. 

The wave run-up levels calculated on the seaward slope to the east of the SZC site are presented in Section 
5.3. 

5.1. Minsmere Frontage 
Even with present-day conditions (no climate change or long-term recession), the shoreline crest height along 
the Minsmere frontage allowing for storm response (from about 2.5m to 4m AOD) is considerably less than 
the peak of the tide curve (5.20m AOD). By inspection of the present-day tide curve (Figure 1), the still water 
level exceeds 3.5m AOD for 7 hours, 4.5m AOD for 4.25 hours and 5.0m OAD for 2 hours. Given the degree 
and duration of exceedance, it is evident that direct overflow dominates wave overtopping along the Minsmere 
frontage in present-day conditions. The dominance of direct overflow is even more pronounced in future 
conditions where the still water levels are greater and the predicted shoreline crest level is lower. As a result, 
the boundary condition along the Minsmere frontage in the TUFLOW model is defined directly by the tide 
curves (stage-time boundary) and no additional input due to wave overtopping is applied. 

5.2. Sizewell Gap 
With present-day conditions (no climate change), the majority of shoreline crest height at Sizewell Gap (about 
6m AOD) is greater than the peak of the tide curve (5.20m AOD) although close inspection of the LiDAR data 
suggests short sections which are as low as 5m AOD. Hence, little direct overflow is predicted. Accounting for 
the joint probability of waves and water levels, maximum flow-rates from wave overtopping are calculated 
(EurOtop [24] Equation 5.9) to be in the order of 0.01 m3/s/m near the peak of the tide curve. This flow-rate is 
negligible in comparison to the corresponding overflow rates along the Minsmere frontage and would not 
contribute significantly to overland flood levels across Sizewell Belts. As a result, no additional input due to 
wave overtopping at Sizewell Gap is applied in the TUFLOW model. 

For reasonably foreseeable future conditions, the crest height at Sizewell Gap allowing for storm response 
(5m AOD) is exceeded by still water level (tide curve peak of 5.95m AOD) by up to 1m for a duration of 5.5 
hours. Hence, direct overflow would dominate wave overtopping at Sizewell Gap in the predicted future 
conditions (reasonably foreseeable and credible maximum). The boundary conditions at Sizewell Gap in the 
TUFLOW model are defined directly by the tide curves (stage-time boundary) and no additional input due to 
wave overtopping is applied. 

5.3. Run-Up on Seaward Slope to the East of SZC 
The wave run-up on the seaward slope to the east of SZC has been calculated using the Van der Meer method 
[24] for all joint probability combinations of waves and still water levels at 10,000 year return period (present-
day, reasonably foreseeable and credible maximum – see Figure 2). The gradient and roughness of the 
seaward slope and toe are assumed to be similar to those of the preferred concept design option for the sea 
protection embankment (Option 2.1 in [15], as shown in Figure 9). The inputs to the Van der Meer run-up 
calculation are presented in Table 7: 

The results of the run-up calculation are presented in Table 8. It should be noted that, in accordance with 
convention, the calculated run-up levels are nominally those that would be exceeded by 2% of waves for the 
sea state at the peak of the tide curve. The selection of the dry site platform level (above the run-up level) for 
credible maximum (and reasonably foreseeable) climate change is presented below with a margin to allow for 
control of overtopping and reasonable variation in the key input parameters. 

AP
PR

O
VE

D







 UK PROTECT 

Sizewell C Coastal Flooding ALARP Phase 2 | Flood Levels Analysis 
 

 

Atkins | 5134299/301/001 | Issue 02 | April 2015 Page 28 of 60 

 UK PROTECT 

• Dry site level for reasonably foreseeable climate change:  10.5m AOD 

• Dry site level for credible maximum climate change: 15m AOD 

6. Model Area and Onshore Topography 

The model area for the overland flood analysis covers the Minsmere and Sizewell Belts catchments up to a 
level exceeding the peak tide level (8.32m AOD), as indicated in Figure A.1.1. 

The model topography is selected to be representative of the permanent SZC development during operation 
of the power station. The general model terrain is taken from filtered LiDAR survey data provided by NNB 
GenCo [25]. The received LiDAR data set is a composite of several surveys flown since 1999 with different 
resolutions (2m, 1m and 0.5m). 

The SZA and SZB sites are incorporated in the model at their current levels from the LiDAR data. It is noted 
that the SZA and SZB safety cases will ensure adequate protection of the SZA and SZB sites from coastal 
flooding over their appropriate lifetimes which may be exceeded by the 2110 end-of-life climate change 
timescale adopted in this report for SZC. The SZC site (defined by the raised site plot plan area [41]) is set at 
a high level above the modelled flood levels. 

The levels of the access road and adjoining land along the eastern part of Goose Hill will be a function of the 
platform level. It is assumed that the level of the access road where it meets the permanent bridge is the same 
as the platform level option being considered. Details of the planned permanent (post-construction) topography 
along the eastern part of Goose Hill (for a 6.4m AOD platform level) were not available from NNB GenCo at 
the start of the flood levels analysis. It was agreed with NNB GenCo at the time that a simplified method could 
be used to define the levels between the permanent access bridge and the 10m AOD contour on Goose Hill. 
Three variants of the developed Goose Hill topography were generated each with a near-uniform gradient 
along the line of the access road to suit platform levels at 6.4m AOD5, 7.5m AOD and 8.5m AOD (Figure A.1.5). 
It is noted that this method gives higher topography levels (relative to the platform level) along the east end of 
Goose Hill (within about 750m of the access bridge) than does the construction plot plan [42] (relative to a 
6.4m AOD platform level). 

7. Onshore Hydrological Conditions 

While the overland flooding is predominantly driven by the extreme sea conditions, the modelling also accounts 
for the effect of coincident fluvial flows and groundwater / surface water conditions. 

Minsmere and Sizewell Belts are low-lying with ground levels less than 1m AOD over the majority of their area. 
The topography is shown in Figure A.1.1. Fluvial flows from the small surrounding catchments are channelled 
through a series of watercourses to outfall through the barrier beach at Minsmere Sluice. 

Minsmere Sluice is included in the TUFLOW model based on a simple representation of the internal levels, 
cross-sections and lengths for the outfalls taken from the previous reinstatement works drawings [43] and the 
recent refurbishment drawings [44]. Partial landward flow is permitted during high tides to reflect the design of 
the refurbished sluice which replicates the seawater leakage of the old sluice. The modelling shows that 
operation of the sluice has no effect on overland flooding driven by extreme sea conditions as the flow-rates 
are so small. The results of the present assessment are therefore not sensitive to the long-term operation of 
the sluice (or otherwise). 

7.1. Groundwater and Surface Water Conditions 
The hydrology of Minsmere and Sizewell Belts is strongly influenced by the hydraulic connectivity between the 
groundwater / surface water system and the sea through the highly permeable crag deposits which underlie 

                                                   
5 In this case, the lower end of the smoothed topography was modelled at 6.5m AOD rather than 6.4m AOD. 
This difference has a negligible effect on the overland flood modelling as the associated TUFLOW runs had 
Goose Hill shoulder closed or the northern flood pathway either fully open or fully closed. 
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to be conservative, the fluvial inputs are based on a rainfall event of 10 year return period. A rainfall event 
duration of 6 hours is assumed in keeping with frontal rainfall and the anticipated response time for the 
moderately small catchment area (78 km2). 

The total rainfall (mm) over the catchment was taken from the Flood Estimation Handbook Depth-Duration-
Frequency model [46] and the flow-rate hydrographs (m3/s versus time) for the watercourses feeding into the 
model area were calculated using the Revitalised Flood Estimation Hydrograph (ReFH) method [47]. An 
allowance of +20% was added for climate change to 2110 in line with the change factor case in [13]. The total 
10 year return period rainfall over the 6 hour event was calculated to be 35.5mm and was uniformly applied. 

The peak hydrograph flow-rate for the dominant Yoxford catchment (about 85% of total) was found to be about 
10 m3/s occurring about 16 hours after the start of the rainfall event within an overall hydrograph duration of 
48 hours. The timing of the hydrograph inputs to the TUFLOW model gave peak fluvial flows during the 
shoulder tide on the rising storm surge. The total volume of the fluvial hydrograph flows is three or four times 
greater than the volume of direct rainfall on the model floodplain area. In other words, the maximum flood 
effect of direct rainfall and fluvial flows combined is to increase overland flood levels by about 0.15m 
(conservatively neglecting all drainage). It is evident that rainfall and fluvial inputs have a negligible effect on 
the overland flood levels in comparison to the tidal inputs. 

8. Overland Flood Modelling 

8.1. Model Software and Set-Up 
The overland flood model has been built in TUFLOW Classic (version TUFLOW.2013-12-AC). A fixed grid 
model forms the basis of the main two dimensional (2D) model domain. The TUFLOW analysis software is 
designed to solve the free-surface flow equations to simulate tidal and overland flood propagation 
(www.tuflow.com). Dynamic linking is provided between one dimensional (1D) elements and the 2D digital 
elevation model to allow accurate integrated representation of linear hydraulic features such as watercourses, 
culverts and narrow weirs. TUFLOW is a well-established industry standard software that has been 
benchmarked by the Environment Agency [48]. 

The present TUFLOW model uses a 10m fixed grid for the 2D terrain generated from LIDAR data [25]. Trial 
model runs confirmed the suitability of this grid size with respect to accuracy, stability and run times. 

Adjustments to the 2D topography for the SZC development are described in Section 6. Modifications to the 
model for the representation of flood barriers (and any associated openings) are described in Section 8.2. 

1D elements are introduced in the TUFLOW model to represent: 

• Minsmere Sluice outfalls with flow direction control 

• V-notch fluvial opening through Northern Flood Barrier (see Section 8.2) 

8.2. Representation of Flood Barriers in Model 
In accordance with Table 4, the following two flood barriers are represented in the relevant model runs for the 
control of still water levels in Sizewell Belts adjacent to the SZC site (see Figure A.1.3): 

• The Northern Flood Barrier (between the Northern Mound and Goose Hill) limits ingress into Sizewell 
Belts via the northern flood pathway. 

• The Southern Flood Barrier (at Sizewell Gap) prevents ingress into Sizewell Belts via the southern 
flood pathway. 

Both barriers were represented in the TUFLOW model by deactivating a continuous line of 2D cells along the 
crest position (indicated by white colouring on maximum flood level maps in Appendix B). This prevented any 
overflow or through-flow except where specific openings were trialled. The representation of the Northern 
Flood Barrier accounting for openings is described below. The position of the deactivated cells used to 
represent the effect of the Southern Flood Barrier is shown in Figure A.1.6. It should be noted that the 
positioning and geometry of the barrier features in the TUFLOW model is simplified and approximate. It is 
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nevertheless sufficiently accurate to represent their hydraulic performance. Further consideration will be given 
to barrier positioning and alignment in the developed definition of the options in the ALARP assessment. 

The Northern Flood Barrier comprises the following three openings which are variously open or closed in the 
different TUFLOW model runs (see Figure A.1.3): 

• V-notch opening for fluvial channel. 
This was modelled as a 1D open culvert element representing the geometry shown in Figure A.1.4. 
For model runs where the V-notch channel was closed to prevent overland flows from the sea into 
Sizewell Belts, a one-way (e.g. flap) valve was placed on the opening as fluvial flows could not be 
obstructed in normal conditions. 

• Opening for BLF road near abutment to Northern Mound. 
This was modelled by manually lowering the 2D terrain level along the line of the road where the 
barrier abuts the northern flank of the Northern Mound. The invert level of the BLF road opening was 
simply taken as 6.4m AOD in all TUFLOW model runs. This is slightly conservative where higher 
platform level options are being considered as this part of the BLF road would be close to the platform 
level. 

• Based on the developed topography of Goose Hill, the shoulder of Goose Hill at the north-west end of 
the barrier would remain open above the level of the platform being considered unless the crest of the 
barrier is specifically extended to close the opening. 
For model runs where the shoulder of Goose Hill was closed, a continuous line of 2D cells were 
deactivated extending to a level on Goose Hill above the maximum flood levels. 
It is noted that the developed topography levels adopted in the TUFLOW model along the east end of 
Goose Hill (Section 6) are higher (relative to platform level) than those indicated in the construction 
plot plan [42] (relative to a 6.4m AOD platform level). This point should be accounted for when 
interpreting the results of the TUFLOW modelling with this flow path open. 

8.3. TUFLOW Model Runs 
Two sets of TUFLOW model runs were performed: 

• Series 1 Without any flood barriers 
  With present-day conditions 
  With reasonably foreseeable conditions at end-of-life (2110) 
  With credible maximum conditions at end-of-life (2110) 

• Series 2        With various combinations of flood barriers and openings in the Northern Flood Barrier 
            With credible maximum conditions at end-of-life (2110), only (as explained in Section 2.6). 

The model runs are listed and the results presented in Section 8.4 with reference to the outputs shown in 
Appendix B and Appendix C. 

8.4. TUFLOW Model Results 
The following forms of TUFLOW model output were extracted for each model run: 

• Maximum flood level maps (Appendix B). 

• Maximum flow velocity maps (reviewed by Atkins, not presented in report). 

• Flood level and velocity time histories at selected output points identified in Figure 10. 
Points 1, 2, 3 and 4 are within Sizewell Belts. 
Point 5 is to the north of the Northern Mound on the seaward side of Northern Flood Barrier position. 

• Flow-rate time-histories and total flow volumes over selected output lines (Appendix C). 
Output lines were placed across flood pathways and openings in barriers. 
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8.4.2. Series 2 – With flood barriers 
The results of Series 2 are presented in Table 12, Section B.2 (Figures B.2.1 to B.2.6) and Appendix C. The 
peak flow-rates in Table 12 give an indication of the relative flows though each flood pathway and each opening 
in the Northern Flood Barrier. Further details of the flows and volumes with reference to the output time 
histories are given in Appendix C. 

A commentary on the results of Series 2 and the key deductions from each model run is provided in Table 12. 
As for Series B.1, the peak still water flood levels are very uniform (within a few centimetres) over the entire 
Sizewell Belts area except in the immediate vicinity of the openings in the Northern Flood Barrier. 
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Appendix A. Topography, Flood Pathways and Barriers 
A.1.1. Current Topography from LiDAR 
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Appendix C. TUFLOW Model Output Time 
Histories (with Barriers) 
Case numbering (2.1, 2.2 etc.) matches that in Appendix B. 

All outputs are for 10,000 year return period sea conditions with credible maximum climate change to 2110. 

C.1. Case 2.1 - Only Southern Flood Pathway Open 

Case description 

• 10,000 year return period, credible maximum climate change 
• Goose Hill developed topography tapered to 6.4mAOD 

• Northern flood barrier in place 
o V-notch channel closed 
o Goose hill shoulder closed 
o BLF road closed 

• Southern flood barrier omitted 

 

Key points and observations 

• The peak landward flow rate through Sizewell Gap is 683m3/s. 

• The total volume flowing landward through Sizewell Gap is 12,978,073m3. 

• The maximum flood level over Sizewell Belts matches the peak tidal level. 

• Flow velocities through Sizewell Gap reach 1.4m/s. 
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C.2. Case 2.2 - Only V-Notch Fluvial Channel in Northern Barrier 
Open 

Case description 

• 10,000 year return period, credible maximum climate change 
• Goose Hill developed topography tapered to 6.4mAOD 

• Northern flood barrier in place 
o V-notch channel open 
o Goose hill shoulder closed 
o BLF road closed 

• Southern flood barrier in place 

 

Key points and observations 

• The peak landward flow rate through the V-notch channel is 170m3/s. 

• Flow velocities through the V-notch channel reach 5.2m/s. 
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C.3. Case 2.3 - Only Shoulder of Goose Hill at Northern Barrier 
Open (tapered to 7.5m AOD at bridge) 

Case description 

• 10,000 year return period, credible maximum climate change 
• Goose Hill developed topography tapered to 7.5mAOD 

• Northern flood barrier in place 
o V-notch channel closed 
o Goose hill shoulder open 
o BLF road closed 

• Southern flood barrier in place 

 

Key points and observations 

• The peak landward flow rate over Goose Hill shoulder is 34m3/s. 

• The total volume flowing landward over Goose Hill shoulder is 72,526m3. 

• Flow velocities over Goose Hill reach 0.6m/s. 
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C.4. Case 2.4 - Only BLF Road through Northern Barrier Open 

Case description 

• 10,000 year return period, credible maximum climate change 
• Goose Hill developed topography tapered to 6.4mAOD 

• Northern flood barrier in place 
o V-notch channel closed 
o Goose hill shoulder closed 
o BLF road open 

• Southern flood barrier in place 

 

Key points and observations 

• The peak landward flow rate through the BLF road is 26m3/s. 

• The total volume flowing landward through the BLF road is 341,240m3. 

• Flow velocities through the BLF road reach 2.7m/s 
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C.5. Case 2.5 - Only Shoulder of Goose Hill (tapered to 7.5m 
AOD at bridge) and V-Notch Channel in Northern Barrier 
Open 

Case description 

• 10,000 year return period, credible maximum climate change 
• Goose Hill developed topography tapered to 7.5mAOD 

• Northern flood barrier in place 
o V-notch channel open 
o Goose hill shoulder open 
o BLF road closed 

• Southern flood barrier in place 

 

Key points and observations 

• The peak landward flow rate through the V-notch channel is 172m3/s. 

• The total volume flowing landward through the V-notch channel is 7,051,122m3. 

• Flow velocities through the V-notch channel reach 5.7m/s. 

• The peak landward flow rate over Goose Hill shoulder is 34m3/s. 

• The total volume flowing landward over Goose Hill shoulder is 120,858m3. 

• Flow velocities over Goose Hill reach 0.6m/s. 
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C.6. Case 2.6 - Shoulder of Goose Hill (tapered to 7.5m AOD), 
BLF Road and V-Notch Channel in Northern Barrier Open 

Case description 

• 10,000 year return period, credible maximum climate change 
• Goose Hill developed topography tapered to 7.5mAOD 

• Northern flood barrier in place 
o V-notch channel open 
o Goose hill shoulder open 
o BLF road open 

• Southern flood barrier in place 

 

Key points and observations 

• The peak landward flow rate through the V-notch channel is 173m3/s. 

• The total volume flowing landward through the V-notch channel is 7,051,122m3. 

• Flow velocities through the V-notch channel reach 5.7m/s. 

• The peak landward flow rate over Goose Hill shoulder is 34m3/s. 

• The total volume flowing landward over Goose Hill shoulder is 120,858m3. 

• Flow velocities over Goose Hill reach 0.6m/s. 

• The peak landward flow rate through the BLF road is 26m3/s. 

• The total volume flowing landward through the BLF road is 341,240m3. 
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