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Summary 
 
 
Bridlington Harbour and Marina development 
 
Hydrodynamic modelling study, Phase 2 
 
Report EX6064 
December 2009 
 
Bridlington Harbour Commissioners (BHC), Yorkshire Forward (YF) and East Riding of 
Yorkshire Council (ERYC) are working in partnership on the development of the existing 
harbour and provision of new marina facilities at Bridlington. The proposed developments 
include construction of a new outer tidal basin on the southern side of the existing harbour and 
conversion of the existing harbour basin into a marina with water impounded at half-tide level.  
 
HR Wallingford have carried out the first phase of hydrodynamic model studies (see Reference 
1), in order to help optimise the layout of the proposed development. This report describes the 
Phase 2 modelling where HRW have been commissioned to model wave disturbance for three 
further proposed layouts, Scheme 5, Scheme 6 and Scheme 7.  
 
The new proposed harbour layouts have been modelled using the ARTEMIS wave disturbance 
model.  Incident waves, each expected to occur 10 times, on average, per year have been 
simulated for a range of offshore wave directions or local wind conditions.  A more extreme 10 
year wave was also tested together with period-scanning runs to investigate the possible 
resonant response of each layout.  
 
Scheme 7 appears to be the best layout tested.  The modelling has demonstrated that: 
 
• The overlap of the proposed main north pier extension in Scheme 7 is sufficient to ensure 

wave conditions in the harbour entrance and approaches are similar to the existing situation. 
The section of rock revetment on the outside of the new south pier is also considered useful 
to reduce reflected waves in the approaches.  To be effective at high tide, the rock here 
should extend to at least 2m above MHWS. 

• The head of the southern main pier should be as small as possible to reduce reflections 
across the entrance. 

• The north pier extension does not significantly affect wave conditions on the coast to the 
north of the harbour.  Extending the harbour to the south effectively shifts the pattern of 
waves on the beach to the south of the harbour by the equivalent distance.  The small spur 
breakwater and stepped revetment near the root of the new southern pier are considered 
worthwhile to reduce the impact of waves running along the southern pier, reduce the 
likelihood of overtopping and help prevent erosion of the beach in the corner. 

• Scheme 7 incorporates rock revetments on the western side of the new tidal basin and in the 
area between the existing crane wharf jetty and the north pier.  These features are essential 
for wave dissipation. 

 
Scheme 6 is predicted to experience significantly worse wave conditions due to greater wave 
reflection across the entrance and a more rectangular basin that leads to standing wave effects. 
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1. Introduction 
1.1 BACKGROUND 

Bridlington Harbour Commissioners (BHC), Yorkshire Forward (YF) and East Riding 
of Yorkshire Council (ERYC) are working in partnership on the development of the 
existing harbour and provision of new marina facilities at Bridlington. 
 
HR Wallingford have carried out the first phase of hydrodynamic model studies (see 
Reference 1) in order to help optimise the layout of the proposed development with 
regard to potential wave disturbance and sedimentation within the new harbour and 
adjacent waters and foreshore. 
 
These first phase studies have comprised wave disturbance modelling and a desk top 
review of potential sedimentation for a range of 4 scenarios (Scheme 1a, Scheme 2a, 
Scheme 3a and Scheme 4a). The findings of these first phase studies were presented to 
BHC, YF, ERYC and their maritime consultants on 7 April 2009 and were further 
discussed by the partnership and project team on 22 April 2009. 
 
As a consequence, HR Wallingford were commissioned to carry out a staged second 
phase of studies to investigate wave disturbance for further layouts.  Initially  Schemes 
5 and 6 were modelled.  Following a meeting on 11 June 2009 to discuss the results for 
these layouts, a revised Scheme 7 was suggested by the project partners for further 
testing. 

1.2 SCOPE OF WORK 
This Scope of Work describes the second phase of the hydrodynamic study and is 
concerned soley with wave disturbance modelling.  
 
The Stage 2 scope involves reporting on wave disturbance issues with detailed comment 
and specific advice on wave conditions, potential consequences, mitigation and 
improvement measures with regard to: 
 
• The configuration of the new harbour entrance and approaches from open sea, with 

consideration for open boats and yachts. 
• The optimum configuration of the new southern main pier. 
• The optimum configuration of the new extension to the existing North Pier. 
• The potential implications of the north pier extension including wave effects on 

the North Beach. 
• The requirements for internal rock revetments or spending beaches within the tidal 

sections of the harbour. 
• The nature and configuration of the edge structures to the reclaimed area adjacent 

to the spa foreshore including the possible introduction of a short ‘spur 
breakwater’, with a view to minimising wave impacts on the operability of the new 
land areas and the stability of the south beach. 

1.3 REPORT STRUCTURE 
The remainder of this report is structured as follows. Chapter 2 presents the wave 
impacts for the three new Schemes.  Conclusions arising from this study are reported in 
Chapter 3. 
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2. Wave disturbance modelling 
2.1 INTRODUCTION 

The wave modelling study was carried out using the same ARTEMIS wave disturbance 
model as used in the Phase 1 studies (see Reference 1). The ARTEMIS model 
represents the transformation of random waves including the following effects: 
 
• Wave refraction and shoaling 
• Wave diffraction 
• Partial reflections from for example the breakwaters and quays 
• Energy dissipation due to depth-limited wave breaking and seabed friction 
• Wave resonance effects 

2.2 PROPOSED LAYOUTS 
Both Scheme 5 and Scheme 6 produced by the partners’ marine consultants draw on the 
findings of the earlier studies by combining key advantages identified from the earlier 
models and then modifying them to take account of the specific operational 
requirements and aspirations of BHC and ERYC which were discussed and agreed at a 
meeting held in Bridlington on 22 April 2009. Scheme 7 is a revision of Scheme 5, 
derived by the project partners following a meeting on 11 June 2009. 
 
These three proposed layouts: Schemes 5, 6 and 7, are shown in Figures 2.1, 2.2 and 
2.3. These are extracted from drawings ‘Ip1509~Wallingford_May_2009_e.dwg’ 
(Schemes 5 and 6) and ‘Ip1509~Wallingford_June'09_e.dwg’ (Scheme 7) supplied by 
Wheeler Trevitt Consultants Ltd.  The origins of these cases, together with the principal 
changes made, are briefly described below. 
 
• Scheme 5:  This option is shown in Figure 2.1 and combines Schemes 2a and 3a, 

which were tested in Phase 1, but also extends the main body of the proposed tidal 
basin to the south.  In addition, rock slopes have been introduced in front of some 
walls both inside and outside the harbour, and the North Pier extension slightly 
increased in length.  The proposed new sea-wall east of the Spa has changed from 
a vertical wall to a stepped revetment. 

 
• Scheme 6:  This option is shown in Figure 2.2. The layout of the new southern 

main pier develops the alignment tested as Scheme 1a in Phase 1.  Again, the main 
body of the proposed tidal basin has been extended south, but the new main 
southern pier has also been rotated clockwise about its root.  In addition the 
proposed new pier head is marginally further east and the proposed extension to 
the North Pier has been modified to give a wider harbour entrance.  A small spur 
breakwater has been added to the seaward limit of the new sea wall east of the Spa. 

 
• Scheme 7: This option is shown in Figure 2.3. Based on the results of Schemes 5 

and 6, this layout is a revision of Scheme 5, where the main changes are as 
follows: 
− The new Pier Head has been reduced in size, but will still allow HGVs, rigid, 

articulated and draw-bar, to turn in a single movement. 
− The eastern end of the proposed buildings on the new fish quay has been 

slightly curtailed. 
− The gap between the new Pier Head and the existing South Pier has been 

increased by 10m to 45m (147 ft). 



Bridlington Harbour and Marina Development   
Hydrodynamic modelling study, Phase 2 

 

EX 6064 3  R. 3.0 

− As a consequence of reducing the size of the new Pier Head, but leaving the 
harbour entrance at 45m, it was necessary to widen the harbour throat slightly 
from 35m to 36m (118 ft). 

− The proposed new Fish Quay has been widened from 10m to 12m in order to 
improve the approach to the Pier Head for HGVs. The widening has been 
done on the inner, on harbour, face to the pier. 

− The quay width of the Stepped Offset has also been widened from 10m to 
12m on the seaward face as agreed, consequently moving the rock slope a 
little nearer to the proposed harbour mouth. 

− A breakwater, as Scheme 6, has been included at the eastern end of the 
stepped revetment that fronts the South Beach. 

− The bunkering berth on the new Main Pier has been widened to assist with 
both traffic and vessel movement. 

− Possible new bed contours within the Tidal Basin have been added to the 
drawing. These contours are an initial attempt at providing deeper water 
along the new Main Pier and up to half tide gate. They have been included at 
this stage because the changing depth of water in the Tidal Basin will slightly 
modify wave response. 

− The Chart Datum (0.0m) bed contour at the harbour mouth has also been 
amended since it will be necessary to dredge out the Canch where it crosses 
the new entrance. 

− As a consequence of modifying the bed contours of the Tidal Basin, the rock 
slope under the internal pier dividing the impounded water basin from the 
tidal basin has been amended to match the proposed dredge levels. 

2.3 MODEL COASTLINE 
The coastlines of each of the three versions of the proposed layout have been extracted 
from Wheeler Trevitt drawings: ’Ip1509~Wallingford_May_2009_e.dwg’ (Figures 2.1 
and 2.2 – Schemes 5 and 6), and ’Ip1509~Wallingford_May_2009_e.dwg’ (Figure 2.3 – 
Scheme 7), while the coastline either side of the harbour has been taken from C-MAP 
digital Admiralty Chart data, as in the Phase 1 study. 
 
For each of the three versions of the proposed layout, the locks into the half-tide marina 
were modelled as closed in order to examine ‘worst case’ wave conditions within the 
outer part of the existing harbour.  It is understood that – as part of the operation of the 
marina – it will be the intention to allow periods of free flow through the lock either 
side of high water.  These periods may vary throughout the tidal cycle (springs/neaps) 
and will be dependant, among other things, on retained water levels, current speeds 
through the lock and siltation considerations.  It is suggested that these issues might be 
given further consideration should the design be progressed. 

2.4 MODEL BATHYMETRY 
The bathymetry for the model is based on Shoreline Surveys Ltd survey drawings 
J035/01 and J035/02 (from the Drawings provided by Bridlington Harbour 
Commissioners). Outside of the survey area, data for the model was supplemented with 
bathymetry data from CMAP digital Admiralty Charts in the vicinity of Bridlington. 
This bathymetry file was used as a base for the new bathymetries, where spending 
beaches with a slope of 1:40 had to be added. 
  
Figures 2.8 to 2.11 show the overall bathymetry of the model for the existing and 
proposed schemes.  
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2.5 REFLECTION COEFFICIENTS 
The reflection properties of the boundaries of Bridlington Harbour have been 
represented in the ARTEMIS model by assigning an appropriate reflection coefficient 
(Cr) to each of the different boundary types.  A reflection coefficient of 1.0 indicates 
that all the incident wave energy will be reflected, while a lower reflection coefficient 
indicates that some wave energy will be dissipated. 
 
For each of the layouts, the reflection coefficient of every vertical or near vertical 
seawall within the model domain was set to 0.96.   
 
The reflection coefficients of the rock armoured slopes were calculated using methods 
developed at HR Wallingford, (Allsop, 1990), which take into account the type of 
construction and slope of the boundary as well as the incident wave conditions. The 
reflection coefficients vary depending on the wave condition.  
 
For Schemes 5 and 7, the stepped revetment (with an average slope of 1:2.67) near the 
beach at the root of the new southern pier has been given a reflection coefficient 
equivalent to a smooth slope twice as steep to account for the additional reflections 
from the vertical sides of the steps. 
 
Schemes 5 and 7 incorporate a rock armoured slope on the outside of part of the south 
pier.  It extends to 2m above MHWS so that the wave impact is on the rock slope and 
not on the wall behind.  If the rock is placed to a lower level, increased reflections 
would occur.  The sensitivity to this could be tested at a later stage if required. 

2.6 INCIDENT WAVE CONDITIONS 
The model was tested with the same four incident wave conditions as in the Phase 1 
studies representing operational conditions from a range of directions. This allows direct 
comparison against the results in the Phase 1 report for the existing harbour layout and 
the previously tested 4 layouts. Nearshore wave conditions were taken from the 
previous study (see Reference 2). These wave conditions are listed below (Table 2.1): 
 
Table 2.1 Incident wave conditions at the ARTEMIS boundary 

Condition Hs (m) Tm(s) Tp (s) Dir (°N) 
10 in 1 year swell from 90°N offshore† 2.3 5.3 6.9 91‡ 
10 in 1 year swell from 150°N offshore† 1.9 4.9 6.3 133‡ 

10 in 1 year local wind from South 1.6 4.0 5.1 155 
1 in 10 year swell from 150°N offshore* 4.1 7.1 9.2 131 
 

† As derived by Posford Duvivier (Reference 3) 
‡ Calculated by HR Wallingford for previous study (Reference 2) 
• Estimated by HR Wallingford based on Posford Duvivier (2000) for previous study (Reference 2 

2.7 WATER LEVEL 
All runs were carried out with a still water level equivalent to Mean High Water Springs 
(MHWS) of 6.1 m above CD. 
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2.8 MODEL RESULTS 
2.8.1 Summary of results 

Results from the ARTEMIS modelling have been presented in terms of colour contour 
plots of significant wave heights throughout the model area. Wave conditions have also 
been tabulated at selected locations shown in Figures 2.4, 2.5, 2.6 and 2.7.  These 
locations were agreed with Wheeler Trevitt Consultants Ltd as being areas of interest 
for harbour users.   

 
 Lock Entrance the area in the existing harbour south of the new lock. 
 Main Basin the main body of tidal water in the new basin. 
 East Wall the wall forming the extreme eastern end of the new basin. 
 New Fish Quay the inner face of the east end of the new southern pier from the 

East Wall as far as the knuckle. 
 South Wall the inner face of the new southern pier west of the knuckle 

including the stepped offset. 
 Entrance the area between the existing South Pier and the north end of 

the East Wall 
 Harbour Throat the area of reduced width between the south end of the Coode 

Extension and the east side of the new pier end. 
 Harbour Entrance the area just west of the southern end of the new extension to 

the North Pier. 
 

These locations were compared to (cf) their equivalents in the existing harbour:- 
 
 Lock Entrance cf   the east side of Crane Wharf Jetty. 
 Main Basin  cf   both sides of Chicken Run Jetty and the North Side. 
 East Wall  cf   the South Pier adjacent to the Ferry Steps. 
 New Fish Quay cf   the existing Fish Quay. 
 South Wall  cf   the South Pier between the Fish Quay and the Offshot. 
 Entrance  cf   the area north of the east end of the South Pier. 
 Harbour Throat cf   between the end of the South Pier and the North Pier. 
 Harbour Entrance cf   the area just west of the Coode Extension. 
 

Wave heights were averaged over a circle of radius 10m to give a representation of the 
conditions to which a small fishing boat would respond. These circles are shown in 
Figures 2.4, 2.5, 2.6 and 2.7. 
 
Table 2.2 shows coordinates of the centres of the circles where wave conditions have 
been extracted. Note that the locations are not the same for each layout (except in 
Scheme 5 and Scheme 7) but are representative of the same area relative to the 
structures. 

Table 2.2 Location of model data extraction points 

Existing Scheme 5 Scheme 6 Scheme 7 Refer- 
ence Location X Y X Y X Y X Y 

1 Lock Entrance 518661 466495 518674 466448 518674 466448 518674 466448
2 Main Basin 518512 466512 518465 466347 518517 466339 518465 466347
3 East Wall 518675 466427 518657 466351 518664 466320 518657 466351
4 New Fish Quay 518612 466426 518605 466346 518642 466294 518605 466346
5 South Wall 518530 466418 518466 466274 518516 466274 518466 466274
6 Entrance 518693 466455 518670 466386 518679 466368 518670 466386
7 Harbour Throat 518722 466418 518718 466367 518725 466343 518718 466367
8 Harbour Entrance 518718 466371 518714 466266 518747 466260 518714 466266
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The results of the model runs for the three new versions of the proposed harbour are 
presented as colour contour plots of significant wave height and compared against the 
results previously run for the existing layout in the following Figures: 
 
• Figures 2.12 to 2.15 for 10 in 1 year swell from 90°N offshore. 
• Figures 2.16 to 2.19 for 10 in 1 year swell from 150°N offshore. 
• Figures 2.20 to 2.23 for 10 in 1 year local wind waves from 180°N offshore.  
• Figures 2.24 to 2.27 for 1 in 10 year swell from 150°N offshore.  

2.8.2 10 in 1 year swell from 90°N offshore wave condition 
Figure 2.12 shows the results for the existing harbour, subject to 10 in 1 year waves 
from the East.  The North Pier provides a good degree of shelter and the harbour is 
relatively calm for this condition.  Wave heights are typically in the range Hs = 0 – 
0.4m, rising to Hs = 0.4 – 0.8m as waves run along the inside of the North Pier. 
 
Figures 2.13, 2.14 and 2.15 show the results for each version of the new proposed 
layouts. The wave conditions within the new basin for Schemes 5 and 7 are generally 
calmer than those experienced in the existing harbour for the existing layout. Scheme 6 
shows higher waves (between 0.4m and 0.8m) within the basin, and also at the harbour 
entrance and harbour throat. 
 
Schemes 5 and 7 (Figures 2.13 and 2.15) provide greater shelter from easterly waves 
within the entrance area because of a greater overlap of the North breakwater. These 
two schemes also provide better shelter to the area near the lock at the entrance to the 
new half-tide basin. Waves around the stepped revetment area on the outside of the new 
South pier are lower in Scheme 7 because of combination of the spur breakwater 
stopping wave energy coming straight from 90°N and the stepped revetment.   
 
Within the harbour the main difference between Schemes 5 and 7 is the wider entrance 
to the new southern basin and the changed shape of the new Pier Head.  This allows 
slightly more wave energy into the new basin for Scheme 7, giving increases in wave 
heights at the New Fish Quay, although waves are still well within operational limits for 
this condition. 

2.8.3 10 in 1 year swell from 150ºN offshore wave condition 
The 10 in 1 year waves from 150°N offshore for the existing layout (Figure 2.16) give 
somewhat greater disturbance in the harbour.  Wave heights in the range Hs = 0.2 – 
0.6m extend over most of the harbour, rising to Hs = 0.6 – 0.8m alongside the Fish 
Market and as high as Hs = 0.6 – 1.2 along the inside of North Pier. 
 
Figures 2.17, 2.18 and 2.19 show the results for each version of the proposed layouts. 
Again Schemes 5 and 7 shows generally calmer conditions within the basin, whereas 
conditions within Scheme 6 are clearly worse. 
 
For waves from this 150°N, wave reflections occur between the head of the new Main 
Pier and the North Pier extension, causing a worsening of wave conditions in the basin 
entrance especially for Scheme 6.  Wave energy entering the harbour from 150°N or 
diffracted by the North Pier Extension, is then reflected from the existing south wall and 
the inner part of the North Pier Extension and spreads into the basin because of the 
width of the entrance (larger than in Schemes 5 and 7), causing higher wave heights. 
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As for the 90°N waves, the main difference within the harbour between Scheme 5 and 
Scheme 7 is slightly greater wave energy penetrating into the new basin through the 
wider entrance in Scheme 7. 
 
Waves around the stepped revetment on the outside of the new South pier are lower in 
Scheme 7 because of the combined effect of the spur breakwater sheltering this area and 
the stepped revetment, while in Scheme 5 waves reflect directly from the revetment.  

2.8.4 10 in 1 year wind from 180ºN wave condition 
The pattern of wave disturbance resulting from the 10 in 1 year wind from the South is 
shown in Figure 2.20 for the existing layout.  Despite having the smallest incident wave 
height tested, this gives a similar pattern of disturbance to that for offshore waves from 
150°N, however noticeably greater disturbance is predicted alongside the Fish Market, 
where Hs = 0.8 – 1.0m. 
 
Figures 2.21, 2.22 and 2.23 show the results for each version of the proposed layouts. 
Again, the wave conditions within the proposed new basin are calmer than those within 
the existing harbour for Schemes 5 and 7, while Scheme 6 is clearly worse. 
 
In each of the three schemes, the short period waves reflect backwards and forwards in 
the entrance, giving confused patterns of standing waves in the entrance and in the outer 
harbour area towards the new lock. Scheme 6 shows the same problem as in the 10 in 1 
year swell from 150ºN condition in that the reflected waves penetrate into the new 
basin. 
 
Due to the widening of the entrance and changing the shape of the Pier Head in Scheme 
7, slightly more wave energy spreads into the basin, whereas in Scheme 5 it keeps 
reflecting between the Pier Head and the south breakwater of the existing harbour, and 
so worsens the access to the tidal basin. 
 
Waves around the stepped revetment on the outside of the new South pier are roughly 
the same in Schemes 5, 6 and 7, with very slightly lower waves at the lee side of the 
spur breakwater in Scheme 7. 

2.8.5 1 in 10 year swell from 150ºN offshore wave condition 
Figure 2.24 shows the results for the existing harbour, subject to 1 in 10 year waves 
from 150ºN. For this extreme wave condition, waves of up to 2m penetrate along the 
inside of the North Pier.  The waves are of longer period than the 10 in 1 year waves 
from 150 °N and set up some standing wave patterns across the harbour to the Fish 
Quay giving values of Hs within the basin between 0.6m to 1.25m. 
 
Figures 2.25, 2.26 and 2.27 show the results for each version of the proposed layouts. 
Figure 2.27 shows that Scheme 7 gives the most sheltered wave conditions near the 
entrance to the new basin and also in the harbour entrance, whereas Scheme 5 gives 
calmer conditions at the outer harbour near the new lock. 
 
Figure 2.25 shows that standing waves are set up across the narrower part of the basin, 
driving a response in the rest of it.  The rock slope acts to reduce the standing waves in 
the basin, resulting in significant wave heights lower than 0.4 m in the majority of the 
basin for Scheme 5. There is less concentration of wave energy reflecting across the 
wider entrance of Scheme 7, due to the new configuration of the Pier Head, that reduces 
reflections between the south breakwater of the existing harbour and the East Wall; 
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however the wider entrance allows slightly more wave energy to penetrate along the 
northern side of the new basin in Scheme 7. 
 
Scheme 6 (Figure 2.26) shows the same problem as with  10 in 1 year swell from 
150ºN, but even more enhanced because of the higher incident wave height. 
 
The behaviour of waves around the stepped revetment on the outside of the new South 
pier is the same as for the other condition from 150ºN, but with higher wave heights due 
to the extreme incident wave condition, therefore Scheme 7 is the most effective at 
protecting this area from wave attack. 

2.8.6 Probe points 
Tables 2.3, 2.4, 2.5 and 2.6 show data extracted from the 10m radius circles shown in 
Figures 2.4, 2.5, 2.6 and 2.7.  The percentage difference in wave height between results 
for each of the layouts and the equivalent location in the existing harbour (see 
Section 2.8.1) is shown in Tables 2.7, 2.8 and 2.9.   
 

Table 2.3 Hs (m) at probe points from Existing layout 

 
Reference Location Wave cond 1 

Hs (m) 
Wave cond 2 

Hs (m) 
Wave cond 3 

Hs (m) 
Wave cond 4 

Hs (m) 

1 Lock Entrance 0.25 0.49 0.54 0.76 
2 Main Basin 0.17 0.36 0.33 0.35 
3 East Wall 0.16 0.35 0.42 0.61 
4 New Fish Quay 0.19 0.41 0.47 0.45 
5 South Wall 0.18 0.31 0.33 0.57 
6 Entrance 0.22 0.47 0.46 0.81 
7 Harbour Throat 0.56 0.79 0.81 1.56 

Existing 
layout 

8 Harbour Entrance 1.23 1.79 1.44 2.68 
 
Table 2.4 Hs (m) at probe points from Scheme 5 

 
Reference Location Wave cond 1 

Hs (m) 
Wave cond 2 

Hs (m) 
Wave cond 3 

Hs (m) 
Wave cond 4 

Hs (m) 

1 Lock Entrance 0.14 0.36 0.42 0.51 
2 Main Basin 0.07 0.14 0.16 0.19 
3 East Wall 0.14 0.31 0.36 0.59 
4 New Fish Quay 0.11 0.19 0.30 0.42 
5 South Wall 0.08 0.14 0.18 0.29 
6 Entrance 0.17 0.41 0.67 0.65 
7 Harbour Throat 0.37 0.59 0.65 1.18 

Scheme 
5 

8 Harbour Entrance 1.23 1.76 1.45 2.75 
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Table 2.5 Hs (m) at probe points from Scheme 6 

 
Reference Location Wave cond 1 

Hs (m) 
Wave cond 2 

Hs (m) 
Wave cond 3 

Hs (m) 
Wave cond 4 

Hs (m) 

1 Lock Entrance 0.14 0.37 0.30 0.71 
2 Main Basin 0.19 0.37 0.52 0.68 
3 East Wall 0.28 0.59 0.51 0.96 
4 New Fish Quay 0.25 0.58 0.52 0.93 
5 South Wall 0.19 0.45 0.47 0.72 
6 Entrance 0.36 0.64 0.77 1.09 
7 Harbour Throat 0.44 0.94 0.83 1.50 

Scheme 
6 

8 Harbour Entrance 1.30 1.84 1.55 2.93 
 
Table 2.6 Hs (m) at probe points from Scheme 7 

 
Reference Location Wave cond 1 

Hs (m) 
Wave cond 2 

Hs (m) 
Wave cond 3 

Hs (m) 
Wave cond 4 

Hs (m) 

1 Lock Entrance 0.16 0.32 0.30 0.60 
2 Main Basin 0.09 0.13 0.18 0.32 
3 East Wall 0.12 0.31 0.49 0.43 
4 New Fish Quay 0.15 0.25 0.26 0.39 
5 South Wall 0.09 0.17 0.19 0.26 
6 Entrance 0.17 0.36 0.46 0.56 
7 Harbour Throat 0.39 0.62 0.64 1.20 

Scheme 
7 

8 Harbour Entrance 1.26 1.76 1.44 2.70 
 
Table 2.7 Difference in Hs – Scheme 5 / Existing layout 

  Scheme 5 / Existing layout  

Reference Location 
Wave cond 1 
Diff Hs (%) 

Wave cond 2 
Diff Hs (%) 

Wave cond 3 
Diff Hs (%) 

Wave cond 4 
Diff Hs (%) 

1 Lock Entrance -46% -26% -23% -33% 
2 Main Basin -59% -62% -52% -45% 
3 East Wall -15% -10% -15% -4% 
4 New Fish Quay -40% -53% -36% -7% 
5 South Wall -57% -55% -46% -49% 
6 Entrance -23% -14% 48% -20% 
7 Harbour Throat -34% -25% -20% -24% 
8 Harbour Entrance 1% -2% 1% 3% 

 
Table 2.8 Difference in Hs – Scheme 6 / Existing layout 

  Scheme 6 / Existing layout 

Reference Location 
Wave cond 1 
Diff Hs (%) 

Wave cond 2 
Diff Hs (%) 

Wave cond 3 
Diff Hs (%) 

Wave cond 4 
Diff Hs (%) 

1 Lock Entrance -44% -24% -44% -7% 
2 Main Basin 11% 3% 61% 96% 
3 East Wall 70% 69% 21% 56% 
4 New Fish Quay 31% 41% 11% 107% 
5 South Wall 6% 45% 44% 26% 
6 Entrance 62% 35% 70% 35% 
7 Harbour Throat -21% 19% 2% -4% 
8 Harbour Entrance 6% 3% 7% 10% 
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Table 2.9 Difference in Hs – Scheme 7 / Existing layout 

  Scheme 7 / Existing layout 

Reference Location 
Wave cond 1 
Diff Hs (%) 

Wave cond 2 
Diff Hs (%) 

Wave cond 3 
Diff Hs (%) 

Wave cond 4 
Diff Hs (%) 

1 Lock Entrance -35% -34% -44% -22% 
2 Main Basin -49% -64% -46% -8% 
3 East Wall -29% -12% 17% -30% 
4 New Fish Quay -23% -41% -45% -15% 
5 South Wall -52% -46% -42% -54% 
6 Entrance -23% -25% 1% -31% 
7 Harbour Throat -30% -21% -21% -23% 
8 Harbour Entrance 3% -2% 0% 1% 

 

2.8.7 Period scanning results 
The results for the period-scanning runs examining the three new versions of the 
proposed harbour are presented in Figures 2.29, 2.30 and 2.31 as colour contour plots of 
wave amplification factors.  The equivalent results from the existing harbour are 
presented in Figure 2.28 for comparison.  The wave amplification factor is a measure of 
the degree of amplification (or damping) of wave heights at the specific wave period in 
question.  While there may be amplification of energy at a particular period, it does not 
follow that the whole energy spectrum of a wave with that mean or peak period is 
similarly amplified. 
 
The existing layout shows resonance, but this is mainly restricted to the inside of the 
North Pier or for longer wave periods (25-30 s).  
 
Scheme 5 shows a similar degree of potential resonance as the existing harbour with 
potentially strong resonance if there is any wave energy at periods of longer than 25 
seconds.  
 
Scheme 7 shows a higher degree of potential resonance than Scheme 5 for periods 
between 5 and 15 seconds, with potentially strong resonance if there is any wave energy 
at periods of longer than 21 seconds.  
 
In addition to the potentially strong resonance for longer wave periods, Scheme 6 shows 
potential resonant patterns for periods of 10 or 11 seconds both within the basin and the 
harbour entrance.  This is probably due to the more rectangular shapes of this layout.   
 

3. Conclusions 
Conclusions arising from this study are as follows: 
 
• Each of the new layouts provides good shelter from waves from 90ºN with wave 

conditions inside the new basin being similar to conditions presently experienced 
in the existing basin for Scheme 6. Schemes 5 and 7 show similar wave conditions 
in the same area, both of which are better than in the existing basin.  Waves at the 
Harbour entrance are similar to the existing and waves within the harbour throat 
are reduced from the existing layout due to the greater overlap of breakwaters. 

 



Bridlington Harbour and Marina Development   
Hydrodynamic modelling study, Phase 2 

 

EX 6064 11  R. 3.0 

• Waves from 150ºN and 180ºN penetrate more directly into the harbour. For waves 
coming from 150ºN wave reflections occur between the head of the new Main Pier 
and the North Pier extension, causing a worsening of wave conditions in the basin 
entrance for Scheme 6. Wave energy entering the harbour from 150°N or 
diffracted by the North Pier Extension, is then reflected from the existing south 
wall and the inner part of the North Pier Extension and spreads into the basin 
because of the width of the entrance (larger than in Schemes 5 and 7), causing 
higher wave heights. Within the Scheme 6 basin, due to the combination of the 
entrance width and the almost rectangular geometry of the harbour, wave 
conditions are clearly worse than in the existing and Schemes 5 and 7 layouts. 

 
• In general, wave conditions within the harbour and entrance are very similar in 

Scheme 7 and Scheme 5.  Due to the widening of the entrance and changing the 
shape of the Pier Head in Scheme 7, slightly more wave energy spreads into the 
new basin, whereas in Scheme 5 there is greater wave reflection across the 
narrower entrance to the basin, leading to worse conditions accessing the basin.  
Both Schemes 5 and 7 offer significantly more shelter than Scheme 6. 

 
• In the existing harbour, waves currently overtop the root of the South Pier.  The 

combined effect of the spur breakwater and stepped revetment in Scheme 7 more 
efficiently shelters the root of the new South pier adjacent to the beach in front of 
the Spa, although its effect lessens as the mean wave direction gets close to 180ºN. 
Wave conditions in this area are predicted to be lower than at the root of the 
existing South Pier, however it is still recommended that calculations of 
overtopping are carried to confirm the design of the proposed cross section in this 
area. 

 
Scheme 7 appears to be the best layout tested.  The modelling has demonstrated 
that: 
− The overlap of the proposed main north pier extension in Scheme 7 is 

sufficient to ensure wave conditions in the harbour entrance and approaches 
are similar to the existing situation. The section of rock revetment on the 
outside of the new south pier is also considered useful to reduce reflected 
waves in the approaches.  To be effective at high tide, the rock here should 
extend to at least 2m above MHWS. 

− The head of the southern main pier should be as small as possible to reduce 
reflections across the entrance. 

− The north pier extension does not significantly affect wave conditions on the 
coast to the north of the harbour.  Extending the harbour to the south 
effectively shifts the pattern of waves on the beach to the south of the harbour 
by the equivalent distance.  The small spur breakwater and stepped revetment 
near the root of the new southern pier are considered worthwhile to reduce 
the impact of waves running along the southern pier, reduce the likelihood of 
overtopping and help prevent erosion of the beach in the corner. 

− Scheme 7 incorporates rock revetments on the western side of the new tidal 
basin and in the area between the existing crane wharf jetty and the north 
pier.  These features are essential for wave dissipation. 
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Figure 2.1 Scheme 5 layout 
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Figure 2.2 Scheme 6 layout 
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Figure 2.3 Scheme 7 layout 
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Figure 2.4 Probe points for existing layout 
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Figure 2.5 Probe points for Scheme 5 
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Figure 2.6 Probe points for Scheme 6 
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Figure 2.7 Probe points for Scheme 7 
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Figure 2.8 Wave model bathymetry and extents, Existing layout 
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Figure 2.9 Wave model bathymetry and extents, Scheme 5 
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Figure 2.10 Wave model bathymetry and extents, Scheme 6 
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Figure 2.11 Wave model bathymetry and extents, Scheme 7 
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Figure 2.12  Wave disturbance in the existing harbour due to 10 in 1 year offshore waves 

from 90°N 
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Figure 2.13 Wave disturbance in proposed harbour in Scheme 5 due to 10 in 1 year 

offshore waves from 90°N 
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Figure 2.14 Wave disturbance in proposed harbour in Scheme 6 due to 10 in 1 year 

offshore waves from 90°N 
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Figure 2.15 Wave disturbance in proposed harbour in Scheme 7 due to 10 in 1 year 

offshore waves from 90°N 
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Figure 2.16 Wave disturbance in the existing harbour due to 10 in 1 year offshore waves 

from 150°N 
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Figure 2.17 Wave disturbance in proposed harbour in Scheme 5 due to 10 in 1   year 

offshore waves from 150°N 
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Figure 2.18 Wave disturbance in proposed harbour in Scheme 6 due to 10 in 1 year 

offshore waves from 150°N 
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Figure 2.19 Wave disturbance in proposed harbour in Scheme 7 due to 10 in 1 year 

offshore waves from 150°N 
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Figure 2.20 Wave disturbance in the existing harbour due to 10 in 1 year wind waves from 

180°N 
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Figure 2.21 Wave disturbance in proposed harbour in Scheme 5 due to 10 in 1 year wind 

waves from 180°N 
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Figure 2.22 Wave disturbance in proposed harbour in Scheme 6 due to 10 in 1 year wind 

waves from 180°N 
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Figure 2.23 Wave disturbance in proposed harbour in Scheme 7 due to 10 in 1 year wind 

waves from 180°N 
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Figure 2.24 Wave disturbance in the existing harbour due to 1 in 10 year offshore waves 

from 150°N 
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Figure 2.25 Wave disturbance in proposed harbour in Scheme 5 due to 1 in 10 year 

offshore waves from 150°N 
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Figure 2.26 Wave disturbance in proposed harbour in Scheme 6 due to 1 in 10 year 

offshore waves from 150°N 
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Figure 2.27 Wave disturbance in proposed harbour in Scheme 7 due to 1 in 10 year 

offshore waves from 150°N 
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Figure 2.28 Period scanning wave disturbance for the existing harbour layout  
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Figure 2.29  Period scanning wave disturbance for proposed harbour in Scheme 5 
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Figure 2.30  Period scanning wave disturbance for proposed harbour in Scheme 6 
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Figure 2.31  Period scanning wave disturbance for proposed harbour in Scheme 7 
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Appendix 1 Construction Design and Management 
Regulations (CDM 2007) 

 
 
The Construction (Design and Management) Regulations 2007 (CDM 2007) require 
consideration to be given in the design of a project to health and safety during 
construction, maintenance, cleaning and demolition of any works. It is essential that a 
competent designer and principal contractor are selected to undertake this work. It is 
also important to highlight and record the impacts of the works on health, safety and 
welfare which should feed into both the Health and Safety Plan and Health and Safety 
File. 
 
We note that this project consists of desk assessments and or modelling work which 
may be used by others in the design process. No design work has been undertaken by 
HR Wallingford and, in our professional opinion, there are no particular issues that 
should be drawn to the attention of a competent designer and principal contractor. It is 
assumed that the designer will review the information produced in this study when 
assessing the risks to those involved in the works. 
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