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1 Introduction  
Jeremy Benn Associates Ltd (JBA Consulting) is tasked with developing a number of technically 
viable concept solutions to address still water level flooding in harbour environments and wave 
overtopping in open coast environments, at seven harbours and coastal sites across the Isle of 
Man, on behalf of the Department of Infrastructure (DoI).  The seven sites are listed below and 
visually represented in Figure 1-1. 

¶ Castletown 

¶ Douglas 

¶ Laxey 

¶ Ramsey 

¶ Peel 

¶ Port St Mary 

¶ Gansey 

 

Figure 1-1: Location of study sites 

This Design Input Statement (DIS) provides details of the key assumptions and methodology that 
will be used for the concept design development for the new coastal and harbour defences.   

The study will be supported by individual technical notes prepared for each proposed design 
option.  These notes will list all the assumptions for each concept design and record the design 
methodology and decision making process in detail.  These will be issued as part of the final 
deliverables package. 

1.1 Study aim  

The primary aim of the study is to undertake an investigation to develop a number of concept 
solutions to reduce the risk posed by coastal processes to the hinterland, at seven sites across 
the Isle of Man.  Within each of the seven sites, the risk mechanism can be split into two primary 

Contains Ordnance Survey data  
© Crown copyright and database right 2014 
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risks, the still water level flood risk and the wave overtopping risk.  These two risk mechanisms 
are broadly defined as: 

Still Water Level (SWL)  flooding occurs where the water level exceeds the defence crest level 
(commonly the top of the quay / harbour walls) and water inundates the hinterland.  The water 
level at any given time is a function of the astronomic and atmospheric components.  The 
astronomic component of the still water level is predominately driven by the tidal cycles, while the 
atmospheric conditions include the effects of low pressure and local wind driven set-up contributing 
to increased water levels. 

Wave Overtopping  occurs where waves run up the face of the coastal defence.  Where the wave 
run-up exceeds the defence crest level, water will pass over the crest and inundate the hinterland.   

The seven sites and their coastal risk mechanisms are provided in Table 1-1. 

Table 1-1: Study sites and coastal risk mechanisms 

Site  Risk  

Castletown SWL and Wave Overtopping 

Douglas SWL and Wave Overtopping 

Laxey SWL and Wave Overtopping 

Ramsey SWL and Wave Overtopping 

Peel SWL and Wave Overtopping 

Port St Mary Wave Overtopping 

Gansey Wave Overtopping 

 

At each site a number of technically viable solutions to reduce the risk posed by coastal processes 
will be considered.  The number and type of options proposed will vary on a site by site basis, 
decided based on the technical feasibility, engineering judgement, environmental impact, cost and 
consideration of the long term vision and key criteria determined by the project stakeholders.  A 
maximum total of 42 options will be developed covering all the study sites. 

1.2 Outline of overall pro ject methodology and key objectives  

The project will follow several stages of assessment, development, design, modelling and 
refinement as described below.  Each of these stages is discussed in detail within the methodology 
description in Section 3. 

It is proposed that the project is structured as follows: 

1. Design Input Statement , (this report) which describes the assumptions and methodology 
of the project. 

2. Data collection,  which includes the collection of existing hydrodynamic, topographic and 
environmental data. 

3. Numerical modelling,  where wave transformation and wave overtopping modelling will 
be undertaken. 

4. Concept engineering design,  where the options to reduce coastal risk will be designed 
and refined based on wave overtopping calculations and predicted extreme water levels. 

5. Cost assessment,  which will assess the construction costs for each of the options 
proposed. 

6. Options appraisal and selection,  which will review the four overtopping options, 
considering technical viability, cost, environmental impacts and stakeholder interests 
using a Multi Criteria Analysis process   

1.3 Structure of this report  

In addition to this introductory chapter the Design Input Statement includes the following chapters: 

¶ Chapter 2 (Design input criteria)  describes the assumptions for the design life, ultimate 
limit state, climate change, overtopping limits, tidal water levels, extreme water levels, 
currents, waves and joint probability assessments.  

¶ Chapter 3 (Methodology)  describes the proposed methodology for numerical wave, 
hydrodynamic and overtopping modelling, engineering design, environmental 
assessment, cost assessments, options appraisals and final reporting.  
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2 Design input criteria  
This section describes the input conditions for the design of all coastal defence options to ensure 
clarity and transparency in the methods of the design. 

2.1 Datum  

All elevation/depth measurements used throughout the project will be quoted to the GPS datum 
known as 'Douglas02'. 

The conversion from Chart Datum to Douglas02 for the seven ports, provided by the DoI, are 
shown in Table 2-1. 

Table 2-1: Tidal conversions from chart datum to Douglas02 

Site  Chart datum to Douglas 02 conversion  

Castletown1 -3.87m 

Douglas -3.77m 

Laxey1 -3.94m 

Ramsey -3.94m 

Peel -3.30m 

Port St Mary -3.32m 

Gansey2 -3.32m 

2.2 Design life  and level of protection  

The European Wave Overtopping Manual (EurOtop)3 acknowledges the interrelationship between 
the design life and level of protection, providing the following guidance for selecting these design 
standards: 

Table 2-2: Recommended design life and standard of protections 

Hazard type and r eason  Design life (years)  Level of protection (1 in X)  

Temporary or short term measures 1-20 5-50 

Majority of coast protection 30-70 50-100 

Flood defences protecting large areas 
at risk 

50-100 100-10,000 

Special structure, high capital cost 200 Up to 10,000 

Nuclear power stations - 10,000 

 
In practice, these return periods and design lives are considered too short.  UK national guidelines 
now suggest that a level of protection of between 1 in 200 and 1 in 1000-year protection should 
be adopted for all new defences.  This level of protection is often referred to as the design storm 
event, which is adopted throughout this document.   

The selected design standards adopted for all conceptual design options will be as follows: 

¶ Target design life for all elements will be 100 years 

¶ Design storm event will be the 1 in 200-year event. 

2.3 Climate change  

By selecting a design life of 100 years, it is important to factor in the predicted effects of climate 
change.  It is proposed that the latest UK Climate Projections (UKCP09) are used to determine 
climate change allowance for: 

¶ Still water levels; 

¶ Wind driven waves; and 

¶ Swell waves. 

                                                      
1 Admiralty Chart Datum to Douglas 02 Datum is approximate, calculated proportionately between two nearest ports 
2 The Port St Mary conversion will be applied for Gansey as it does not have a unique conversion factor 
3 Pullen, T., Allsop, W., Bruce, T., Kortenhaus, A., Schuttrumpf, H & van der Meer, J (2007) 'Wave overtopping of sea 

defences and related structure: Assessment manual'.  Accessed from www.overtopping-manual.com 



 

 
 

2014s1358 - Design Input Statement - v1 0 4 
 

Within UKCP09 estimates for sea level rise are provided under low, medium and high emissions 
scenarios.  Within the three scenarios the estimate is further refined by 5th, 50th and 95th percentile 
confidence ratings.  In simple terms this should be interpreted as the relative likelihood of the 
projected change being at, or less than, the given change.  For this study it is proposed that the 
medium emissions scenario is considered and that the 95th percentile confidence rating is used.  
This gives a projected sea level rise of 650mm by the year 2115 for Castletown, Douglas, Laxey, 
Port St Mary and Gansey.  Whereas Ramsey and Peel have a 2115 projected sea level rise of 
640mm. 

UKCP09 acknowledges the difficulty in predicting changes in wind speeds over the next 100 years 
and concludes that there will be a negligible increase in wind speed.  Therefore, the wind driven 
wave component of the numerical modelling will have no direct increase in wave intensity due to 
climate change.  However, as a result of the increased still water levels from relative sea level rise, 
there will be an indirect increase in wind driven wave height.  As a result of the larger depth of 
water at the coastal defence toe, larger waves will be able to travel inshore before breaking 
creating a higher intensity wave climate in the year 2115.   

For changes in swell waves, UKCP09 gives a prediction of the change in annual maximum wave 
height for the year 2115 of up to 1.0m for the UK.  It should be noted that wave height increases 
could be limited by the water depth at the study location and therefore the full 1.0m increase is not 
applicable for all scenarios.  It is proposed that the 1.0m allowance is applied to offshore swell 
wave conditions, which will be subject to wave transformation modelling to determine the change 
in wave height at each individual site.   

2.4 Metocean data 

The metocean data is used to form the input conditions within the numerical wave transformation 
model.  The three boundary conditions required to consider the hydrodynamic conditions for an 
analysis of the coastal flood and overtopping risk are as follows: 

¶ Extreme water levels 

¶ Extreme wind speeds 

¶ Extreme swell waves. 

The source of the data and methodology for their incoporation into the numerical model is explored 
below. 

2.4.1 Tidal data  

The only A-class tide gauge is at Port Erin.  The transformed astronomic tide levels for Douglas, 
Ramsey, Peel and Port St Mary have been extracted from the United Kingdom Admiralty Office 
Total Tide4 software, which contains worldwide tidal information for over 7,000 ports and 3,000 
tidal streams.  The astronomic tide levels are shown in Error! Not a valid bookmark self-
reference..   

Table 2-3: Tide levels for secondary ports in the Isle of Man 

Location  
Douglas  
(mD02) 

Ramsey  
(mD02) 

Peel 
(mD02) 

Port St Mar y 
(mD02) 

Chart Datum Correction to D02 -3.77 -3.94 -3.03 -3.32 

Highest Astronomical Tide (HAT) 4.03 4.26 2.67 3.47 

Mean High Water Springs (MHWS) 3.13 3.46 2.17 2.87 

Mean High Water Neaps (MHWN) 1.63 1.96 1.27 1.77 

Mean Still Water Level (MSL) 0.02 0.22 -0.12 0.22 

Mean Low Water Neaps (MLWN) -1.37 -1.64 -1.53 -1.43 

Mean Low Water Springs (MLWS) -2.97 -3.04 -2.63 -2.53 

Lowest Astronomical Tide (LAT) -4.07 -3.74 -3.23 -3.13 

                                                      
4 The United Kingdom Hydrographic Office Admiralty Total Tide software 



 

 
 

2014s1358 - Design Input Statement - v1 0 5 
 

2.4.2 Extreme water levels  

The extreme water levels around the Isle of Man have been adopted based on the Environment 
Agency Coastal flood boundary conditions for UK mainland and islands project5, which developed 
a consistent set of design sea levels for Scotland, England and Wales.  The project analysed tide-
level data for Class A water level gauges around the UK and undertook a statistical analysis to 
produce estimates of extreme water levels.   

The point used for this project is located at Port Erin. Other ports located around the Isle of Man 
have used the JBA Coastal flood boundary data model, to interpolate the values around the Isle 
of Man, based on Port Erin extreme water levels. This dataset uses 50 years of tidal gauge data. 
Table 2-4 provides the estimate for high water extremes at each site, including sea level rise for 
the year 21156. 

Table 2-4: Extreme water levels for Isle of Man 

Return 
Period 
(year) 

mD02 Castletown  Peel Laxey  Ramsey  Port Erin  
Port St 
Mary 

Douglas  

1 

2014 

3.48 3.17 4.22 4.16 3.14 3.35 3.98 

2 3.57 3.26 4.30 4.25 3.23 3.44 4.07 

5 3.68 3.38 4.39 4.36 3.34 3.55 4.18 

10 3.76 3.46 4.51 4.45 3.42 3.63 4.27 

20 3.84 3.54 4.60 4.53 3.49 3.71 4.35 

25 3.87 3.56 4.68 4.56 3.51 3.73 4.37 

50 3.95 3.64 4.71 4.64 3.59 3.81 4.45 

75 3.99 3.68 4.79 4.68 3.63 3.85 4.50 

100 4.02 3.71 4.81 4.71 3.65 3.88 4.53 

150 4.06 3.75 4.87 4.75 3.69 3.92 4.57 

200 4.09 3.78 4.89 4.78 3.72 3.94 4.60 

250 4.11 3.80 4.92 4.81 3.74 3.97 4.63 

300 4.13 3.81 4.94 4.82 3.75 3.98 4.64 

500 4.18 3.86 5.00 4.87 3.80 4.03 4.70 

1,000 4.25 3.92 5.04 4.94 3.85 4.09 4.76 

10,000 4.44 4.09 5.29 5.13 4.01 4.26 4.97 

1 

2115 

4.12 3.81 4.86 4.80 3.79 4.00 4.62 

2 4.21 3.90 4.95 4.90 3.87 4.09 4.71 

5 4.33 4.02 5.04 5.01 3.98 4.20 4.83 

10 4.41 4.10 5.16 5.10 4.06 4.28 4.91 

20 4.49 4.18 5.24 5.18 4.14 4.36 5.00 

25 4.52 4.21 5.33 5.21 4.16 4.38 5.02 

50 4.60 4.28 5.35 5.28 4.23 4.46 5.10 

75 4.64 4.32 5.43 5.33 4.27 4.50 5.15 

100 4.67 4.35 5.46 5.36 4.30 4.53 5.18 

150 4.71 4.39 5.51 5.40 4.34 4.57 5.22 

200 4.74 4.42 5.53 5.43 4.37 4.59 5.25 

250 4.76 4.44 5.56 5.45 4.38 4.61 5.27 

300 4.78 4.46 5.58 5.47 4.40 4.63 5.29 

500 4.83 4.50 5.64 5.52 4.44 4.68 5.34 

1,000 4.90 4.56 5.69 5.59 4.50 4.74 5.41 

10,000 5.09 4.74 5.94 5.78 4.66 4.91 5.62 

2.4.3 Extreme winds  

Extreme design wind conditions will be calculated using the British Standard BS63997 which 
provides estimates of hourly wind speeds during the course of a ten hour storm event with a 
standard 50-year return period.  Using published information several factors will be applied to the 
50-year hourly wind speed to account for altitude, direction and seasonality, and a number of return 
period factors applied to calculate the extreme design wind conditions for each location.  The 
extreme design wind speed formula is: 

Ὗ  ὟὛὛὛὛὛ  

                                                      
5 Coastal flood boundary conditions for UK mainland and islands, Project: SC060064/TR2: Design sea-levels.  Environment 

Agency, Feb 2011. 
6 Coastal Flood Boundary Conditions for UK Mainland and Islands, 2011 
7 British Standard, 1997, BS 6399-2 Loading for buildings ï Part 2: Code of practice for wind loads 
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Where UD is the design wind speed (m/s), Ub is the 50-year basic hourly wind speed (m/s), Ὓ is 

an altitude factor, Ὓ is a factor to account for the wind direction (e.g. south-westerly winds tend to 
be stronger than north-easterlies over the England and Wales), Ὓ is a factor to adjust for different 

return periods, Ὓ is a factor to convert hourly wind speed to a more appropriate duration for the 

water body under study and Ὓ  is an over-water speed-up factor to account for the effect of 
reduced friction as wind travels over water.   

Each of the factors listed above have been assessed for the Isle of Man coastline and are 
summarised in Table 2-5. 

Table 2-5: Variables for the design wind speed formula and there method of calculation 

Variable  Method of calculation  

Ub ï 50-year basic 
hourly wind speed 
(m/s) 

Use BS6399 estimates. 

Sa ï altitude factor This remains constant.  A value of 1 x 1.001 was used. 

Sd ï directional factor Three directional sectors have been used, including, West, North West, 
North, North East and Easterly conditions.  A table in BS6399 defines the 
values for England and Wales8. 

Sp ï probability factor A table in BS6399 defines the probability factor for each return period. 

Sf ï duration factor A duration factor of 1 has been applied, which is associated with hourly 
wind durations.  This is the standard wind duration used for longer fetch 
length generated waves.   

Sw ï over water 
speed-up factor 

Over water speed-up values have been based on the It will be assumed 
that over a generalised area, all locations will have an average fetch 
above 10km therefore a constant value of 1.31 will be used at all locations 
for this factor.  Due to the reduction in friction of wind on water compared 
to land the wind speed is increased by this factor. 

 

The fetch length is dependent on the exposure of each geographic area to the open sea and the 
length over which wind can blow towards the shoreline.  Fetch lengths were manually determined 
using a Geographic Information System (GIS) for the three longest fetch lengths at each location, 
as shown in Figure 2-1.   

 

                                                      
8 McConnell K (1998) Revetment systems against wave attack ï A design manual. 






































