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1 Introduction 

This technical note has been prepared to support the preparation of the Site 
Validation Exercise that forms Change Request Nr. 4 as part of the Jersey Future 
Hospital Scheme. 

The four options being reviewed as below: 

Option A -  Dual Site Options 

Option B - Overdale Hospital Site, 100% New Build Option 

Option C - Existing General Hospital, 100% New Build Option 

Option D - Waterfront Site, 100% New Build Option 

These four options are associated with three sites as detailed in Figure 1 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Site Locations 

The risk of flooding is primarily from extreme tidal events casing wave 
overtopping of the sea defences and flood water collecting in the lower areas of St 
Helier.  
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The Overdale site is located at high ground and there will be no risk of flooding 
from wave overtopping. Therefore for the purposes of this report, the Overdale 
site has not been considered further. 

This report provides the findings as the outcome of a review of the available 
information.  It also recommends further work that is recommended to be 
undertaken as part of the next design stages.  This will inform the next stages’ 
design progression including completion of a comprehensive Flood Risk 
Assessment should one of options A, C or D be considered as the preferred 
option. 
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2 Scope of Study 

This report is based on previous flooding assessments Arup have undertaken in 
2011 for commercial developments in this area of St Helier. In addition, a Digital 
Terrain Map (DTM) of the area has been supplied by the States which has been 
used to create a 2D surface and plot contours. 

The report does not review the risk of flooding from: 

 Sewer Flooding 

 Overland pluvial flooding 

 Groundwater flooding 

 Flood risk to basements 

 Fluvial Flooding 

It should be noted that the Overdale Hospital site will need to be assessed for the 
above mentioned flood risks. 
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3 Wave overtopping 

Drawings of the coastal wall structures were obtained from TTS in 2011(Appendix 
A) which were used to analyse the wave overtopping. 

The EurOtop, “Wave Overtopping of Sea Defences and Related Structures: 
Assessment Manual” was used to derive wave overtopping volumes. This is 
standard industry guidance for predicting the magnitude of wave overtopping and 
provides methods for determining the overtopping discharges for given met-ocean 
conditions on standard wall structure types. 

The assessment considers the probability of an extreme tide and wind generated 
wave occurring simultaneously. 

Four structures were considered to be vulnerable to wave overtopping that could 
reach the sites: 

 Vertical sea wall running along Victoria Avenue (Type 1) 

 Slipway to the south of Victoria Park (Type 2) 

 Concrete terrace sea wall adjacent to Les Jardins de la Mer (Type 3) 

 Rock armour revetment to the south of the terraced wall section. (Type 4) 

The location of these different wall types is shown in the figure 2 below. This figure 
also shows the wave direction that was considered within this analysis. A wave 
direction of approximately 230° allows waves to enter St Aubins Bay and reach 
Victoria Avenue without obstruction, resulting in the maximum wave overtopping 
potential. 
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Figure 2 - Wall section locations 

3.1 Victoria Avenue (Type 1) 

The Victoria Avenue wall, reproduced in Appendix A, is a steeply sloped masonry 
structure with a curved lower section. Along some sections there is a stepped toe. 
Figure 3 below is a photograph of this wall type. 

 
Figure 3 - Wall Type 1 photograph 

Type 1 

Type 2 

Type 4 

Type 3 

Critical 
wave 
direction 
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The wall geometry was taken from the drawing provided by TTS with the crest of 
the wall at +9.1mOD and the toe at +2.0mOD. 

Figure 4 below is an image from the BBC Jersey news website taken during the 
March 2008 floods showing the wave overtopped volume discharging into Victoria 
Avenue. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - Overtopped discharge down Victoria Avenue (BBC Jersey) 

 

Figure 5 below shows the partial collapse of the flood defences following the 

2014 storms. 

 

 

 
 

Figure 5 – Partial collapse of defences in 2014 storms 
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3.2 Slipway (Type 2) 

Figure 6 below shows a photograph of the slipway, wall Type 2. 

 
Figure 6 - Wall Type 2 - slipway 

The slipway has a width of 10m, a maximum slope angle of approximately 5% and 
a crest height of +8.0mOD. The surface is made up of blocks, resulting in a 
reduction factor to account for the increased surface roughness. 

3.3 Terrace Revetment (Type 3) 

Drawings of this wall section were received from TTS, reproduced within 
Appendix A. This wall structure is made up of a sloped revetment of terraced blocks 
placed on a rock filter layer and central rubble core. The toe of the wall is supported 
on a line of sheet piles driven to rock level. A photograph of this section of wall is 
shown in the figure 7 below. 

 
Figure 7 - Wall Type 3 

From the drawings provided by TTS the crest level and slope angle were determined 
to be 9.7mOD and 1:2 respectively.  
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3.4 Rock Armour Revetment (Type 4) 

Drawings of this section of wall was received from TTS and are reproduced in 
Appendix A. This section of wall is a rock revetment type structure with a double 
layer of 2 to 3 tonne rock armour placed on a stone rubble core. A photograph of 
the structure is shown in Figure 8 below. 

 
Figure 8 - Wall Type 4 

From the drawings provided by TTS the crest level and slope angle were determined 
to be 9.7mOD and 1:2 respectively. 
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4 Wave Overtopping Discharges 

The overtopping assessment is included in Appendix B.  The critical section of wall 
for wave overtopping is the vertical wall along Victoria Avenue. This vertical wall 
geometry produces the largest overtopping volumes compared to the more sloped 
sections of the other wall types. The vertical wall along Victoria Avenue is also the 
only wall type subject to perpendicular head-on wave impact which significantly 
increases the overtopping volumes. 

4.1 Boundary Assessment 

To determine the overtopping volumes across three scenario bounds the following 
assumptions have been varied. This is to allow a range of values to be presented. It 
is worth noting that the empirical formulae used to determine wave overtopping 
volumes can never accurately model the complex wave, structure interactions that 
take place during an overtopping event for a given set of met-ocean conditions. As 
such they are intended as a guide to the order of magnitude. 

For the lower bound approach the current day water levels have been used. This 
acts to increase the free-board at the wall structure reducing the overtopping 
volume. A probabilistic approach has also been adopted which uses a lower 
confidence factor to assess the resulting discharge volumes. 

For the upper bound approach the predicted future water levels and a deterministic 
approach were adopted. The increased water levels will act to reduce the free-board 
of the wall structures increasing overtopping. Using a deterministic approach 
applied a higher confidence factor within the discharge volume determination, 
increasing the resulting volumes by almost a factor of 2. 

The middle bound overtopping volumes were calculated as an average of the upper 
and lower bounds.  

The overtopping volumes from the calculations in Appendix B seem to be high 
given that reported flooding is less frequent than the figures would suggest.  This is 
especially the case for the middle and upper bound figures.  It should be noted that 
the HR Wallingford Study (Jersey Coastal Management Study 1991) produced even 
higher figures for a similar section of sea wall further to the West along Victoria 
Avenue. 

This apparent anomaly can possibly be explained by:- 

 Localised flooding from wave overtopping at Victoria Avenue is unreported 
because it is short lived and no sensitive structures are affected. 

 Part of the overtopped water usually flows into the local storm drainage 
network and where possible back into the sea 

 Historic overtopping would have been less frequent because sea levels are 
rising. 
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5 Flood routes and levels assessment 

Figure 9 below illustrates the principal flow routes from the overtopping source.  
The key points to note are as follows:- 

 There is a ‘flood hump’ in the region of the Gloucester Street and Esplanade 
junction. This is at a level of +7.4mOD and as such will act to block surface 
water from travelling down Esplanade and Gloucester Street until it is 
overtopped. This hump will cause the backing up of water behind it during 
a flood event.  

 Once flood waters overcome the above flood hump, water will pass down 
Gloucester Street, Seaton Place and the Esplanade. The area is relatively 
low lying so the flood water will pond in this area and begin to spread over 
a wider area. 

 Flood water will then continue up Castle Street and Commercial Street to 
the North East and South East respectively. 

 At the junction of Esplanade and Castle Street flood flows will not pass this 
point until overtopping a ridge in the road at approximately +7.25m OD.  
Beyond this level, water will pass down towards the marina and the southern 
entrance to the underpass of the La Route de la Liberation. 

 
Figure 9 – Principal Flow Routes and Key Levels 

Appendix B summarises the conclusions of the wave overtopping assessment.  

The following variables were altered to determine lower and upper bound 
overtopping volume rates across the different wall types. The middle bound was 
the average of the upper and lower bounds. 
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Lower bound 

 Current day water levels were used (i.e. no allowance for climate change) 

 A 10% reduction in wave height was allowed for wave transformation 
inshore 

 A reduced correlation between maximum extreme water levels and wave 
heights was used (approximately 0.5). Ie. an extreme wave event of return 
period 50 years was combined with an extreme water level with return 
period 25 years. 

A probabilistic assessment was used. This relates the fit of the empirical wave 
overtopping model to the recorded data. Using the probabilistic tools 50% of the 
recorded data points exceed the model prediction and 50% fall below the 
predicted values. 

Upper bound 

 Future (50 year) water levels were used. 

 No wave height reduction was allowed for – to allow for possible wave 
concentration. 

 A correlation of 1.0 between extreme water levels and wave heights was 
assumed. Such that the combination of events with the same return period 
was considered, i.e. a 50 year return period wave event was combined with 
a 50 year water level event. 

Table 1 below reproduced from Appendix B, indicates the volumes of flood water 
likely to be overtopped for varying return periods and lower to upper bound 
conditions. 

 

Return Period 1 year 10 year 20 year 50 year 100 year 

 
Volume Volume Volume Volume Volume 

Bound [m³] [m³] [m³] [m³] [m³] 

Lower 3,850 21,500 33,500 56,000 135,000 

Middle 11,425 62,250 96,250 155,500 257,000 

Upper 19,000 103,000 159,000 255,00 379,000 

Table 1 – Wave overtopping volumes 

SK-TI-001 shows the depth contours obtained from the Digital Terrain Model at 
0.5m intervals ranging from 6m OD to 8.50m OD. 
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A 3D surface of the contours has been created and draped over the DTM surface 
to calculate the storage volume contained below each contour interval. Table 2 
below indicates the calculated storage volumes available. 

Depth Interval m Storage Volume m3 

6.00 – 7.0 3,540 

6.00 – 7.50 74,130 

6.00 – 8.0 177,740 

6.00 – 8.50 392,330 

6.00 – 9.00 638,960 

Table 2 – Storage volumes available 

Comparison of predicted flood volumes in table 1 with the available storage 
volumes in table 2 indicates that based on the simplified assumption that all flood 
water will be evenly stored within the low lying areas, the flood levels are 
unlikely to rise above 8.50m OD. 
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6 Conclusions 

The available information, which is some 4 years old, indicates that in extreme 
tidal and wave events, the sea defences are likely to be overtopped and flood parts 
of St Helier.  In the absence of comprehensive hydraulic modelling and 
calculations to latest data sets which will be undertaken at subsequent design 
stages, the significant difference in volumes, for a 1 in 100 return period in the 
upper bound, between the depth intervals 6.00-8.50m and 6.00-9.00m provides 
reassurance that the 8.50m OD flood levels remain appropriate. 

Minor flooding is likely to occur in a 1 year event. 

If flood levels were to reach 8.50m OD, the impact on the two proposed sites can 
be assessed as follows: 

6.1 Waterfront Site 

The Waterfront site would be flood free as it is at or above 9.00m OD. However. 
The means of access/egress would be flooded to a maximum depth of some 2.5m. 

Options have been considered to provide a flood free access to the site.  For the 
purposes of this study a proposal of the following has been allowed for at this 
early stage: 

 a strengthening and raising of the sea wall. 

 relocation of the tidal protection hump further to the north west to prevent 
potential flooding and enable a new at-grade junction arrangement to be 
provided. 
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Figure 10 – Waterfront Access Initial Proposals 

  

Relocate tidal protection hump

Indicative location of existing sea
wall.  Strengthen and raise sections
indicated

Notes

Indicative potential location for
proposed slip way tidal protection
measures. Possible solutions
include the following, which would
be used when the flood risk is high.

1. Stop Logs

2. Waterwall
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6.2 Existing General Hospital 

The existing hospital site would generally remain flood free, although there is a 
risk that some basements could be flooded. However, with careful management of 
the proposed basement thresholds and the provision of flood gates, the hospital 
can remain flood free and operational. 

Access/egress to the site will be available from the higher ground to the north and 
east but the south western routes onto Gloucester Street and Newgate Street may 
be inundated. 

7 Proposed Further Work 

To provide a more robust assessment of flood risk for the proposed hospital sites, 
it is recommended that the additional information is collated and the study 
extended as described below: 

1. Update the overtopping assessment model to incorporate the latest 

requirements and recommendations on climate change. 

2. Undertake Lidar survey of the low lying areas below 9.50m OD contour 
with a 2.0m grid and accuracy of +- 150mm. 

3. Undertake topographical survey to complement the Lidar survey and 
accurately determine the level of flood defences, kerb lines and any 
obstructions to flood routes. 

4. Undertake 2D hydraulic modelling using Tuflow or MIKEFLOOD 
software package to determine flood plain extent and depth and velocity of 
flood water. 

5. Assess impact of sewers, including the flood tunnels on the surface 
flooding. 

6. Assess impact of flooding from other sources such as pluvial, fluvial and 
groundwater. 



 

 

Figures 
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A1 Drawings of Sea Walls 
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B1 Overtopping Analysis 
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D1 Overtopping Parameters 

D1.1 Victoria Avenue 
The figure shows the standard vertical wall type from EurOtop has been assumed 
to be representative of this section of wall. 

 
Figure D1 - Representation of Wall Type 1 

It has been assumed that the toe, if present, will have a relatively small effect on 
the wave overtopping regime along this section of wall. We have witnessed 
physical model testing of a similar shaped wall which demonstrated that this is a 
robust assumption. 

Considering the wave direction shown in Figure 1 in the main report, the waves 
have been assumed to hit this stretch of wall head on so no obliquity has been 
considered. Based on an assessment of the levels along Victoria Avenue a wall 
length of 100m of Wall Type 1 has been considered to drain to the east towards 
the site. 

D1.2 Slipway 
The slipway has been modelled as a standard simple slope structure from EurOtop 
to determine the wave overtopping volume as show in the figure below.  

 
Figure D2 - Representation of Wall Type 2 
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For this section of wall an incident wave obliquity of 45° has been considered. 
Given the relatively shallow slope of the slipway and narrow extent, it does not 
contribute significantly to the total overtopping discharge along the complete 
length of defences being considered.  

D1.3 Terrace Revetment 
This is an uncommon form of wall construction and as such is not represented 
directly within the EurOtop manual. However a reasonable estimation of the 
expected levels of overtopping discharge can be made by applying the outline 
geometry of this wall section to a standardised typical wall section from EurOtop. 

The standard section show below has been used to represent wall Type 3. 

 

Figure D3 – Representation of Wall Type 3 

The use of this standard wall type gave us the flexibility to manipulate the slope 
material properties to represent the terraced steps that would be expected to cause 
significant wave breaking, reduce wave run-up and therefore limit wave 
overtopping. 

The slope material reduction factor has been set to a relatively low level of 0.45 
which provides a representation of the degree to which the wave energy will be 
disrupted by the terraced blocks. 

This wall section has been determined to be 140m in length and an incident wave 
obliquity of 45° has been assumed. 

 

D1.4 Rock Armour Revetment 
This is a common wall construction type and geometry, and the representative 
section below has been used to assess its wave overtopping volume potential. 
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Figure D4 - Representation of Wall Type 4 

The slope material reduction factor has been set to a value of 0.55, based on a 
standard reduction coefficient value for two layer rock armour structures. 

Whilst this wall section extends to the tip of Elizabeth Harbour, a length of 50m 
has been considered where overtopped water is likely to drain towards Esplanade. 
An incident wave obliquity of 45° has been assumed. 

D2 Met-Ocean Conditions 

The met-ocean conditions for the site have been derived from existing reports 
completed by HR Wallingford (HRW).  

The wave conditions were extracted from HRW Report EX5964 (2009) for a 
point offshore of the site. HRW computed the near-shore wave height within St 
Aubins Bay which showed a reduction in the wave height in the order of 10%. 
However the nearshore location HRW considered was away from the more 
complex geometry to the eastern end of the bay around the slipway which could 
act to concentrate wave activity, increasing the wave heights.  

HRW have derived a relationship between the mean wave period, Tm, and 
offshore wave height, Hs, in their report HRW EX4020 (2001). This relationship 
was determined for wind generated waves propagating in a similar direction to 
those that will affect our site and has been used to determine wave periods for this 
analysis. 

It was determined that for spectral waves the effect of wave transformation 
inshore considering wave shoaling, white capping and bed friction would possibly 
result in an increase in low frequency wave energy, resulting in an increase in 
wave period. As such a change in the wave period has not been used for the wave 
overtopping assessment. 

The water levels derived within HRW Report EX5255 (2006) have been updated 
to give current day (2011) and future (2059) water levels, considering climate 
change. The combination of extreme water level and wave height event has been 
considered as discussed in Section D3. 
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D3 Overtopping Output 

Three confidence bounds (upper, middle and lower) for the wave overtopping 
volume were calculated to take into account the uncertainties involved within 
wave overtopping discharge determination.  

The following variables were altered to determine lower and upper bound 
overtopping volume rates across the different wall types. The middle bound was 
the average of the upper and lower bounds. 

Lower bound 

 Current day water levels were used (i.e. no allowance for climate change) 

 A 10% reduction in wave height was allowed for wave transformation inshore 

 A reduced correlation between maximum extreme water levels and wave 
heights was used (approximately 0.5). i.e. an extreme wave event of return 
period 50 years was combined with an extreme water level with return period 
25 years. 

 A probabilistic assessment was used. This relates the fit of the empirical wave 
overtopping model to the recorded data. Using the probabilistic tools 50% of 
the recorded data points exceed the model prediction and 50% fall below the 
predicted values. 

Upper bound 

 Future (50 year) water levels were used. 

 No wave height reduction was allowed for – to allow for possible wave 
concentration.  

 A correlation of 1.0 between extreme water levels and wave heights was 
assumed. Such that the combination of events with the same return period was 
considered, i.e. a 50 year return period wave event was combined with a 50 
year water level event. 

 A deterministic assessment was used. Using the deterministic design tools 
returns values as the mean value plus one standard deviation, allowing for 
model uncertainty. 

The following table has the results of the wave overtopping analysis for return 
periods up to 100 years at the different bounds. 

Return Period 1 year 10 year 20 year 50 year 100 year 

 Volume Volume Volume Volume Volume 

Bound [m³] [m³] [m³] [m³] [m³] 

Lower 3,850 21,500 33,500 56,000 135,000 

Middle  11,425 62,250 96,250 155,500 257,000 
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Upper 19,000 103,000 159,000 255,00 379,000 

Table D1 - Wave overtopping volumes 

Wave overtopping volumes for event return periods exceeding 100 years were 
calculated but they have not been included because of the significant wave 
overtopping volumes that resulted at lower return periods. 

As discussed in the main body of the report the resulting wave overtopping 
volumes have been assessed with respect to various drainage and water loss 
mechanisms to determine the final resulting wave overtopping volumes that could 
be expected at the site.  

D4 Robustness 

The EurOtop Manual is the most current and commonly used industry standard 
guidance for the derivation of wave overtopping discharges. The overtopping rates 
are calculated from empirically derived equations and should be regarded as being 
within, at best, a factor of 1 – 3 of the actual overtopping rate.  
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