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1 INTRODUCTION 
Hyder Consulting (UK) Ltd (Hyder) has been commissioned by the Isle of Man Government, 
Department of Transport, Harbours Division, (DoT), to undertake a hydraulic modelling 
assessment to investigate the potential flood risk impact on the River Sulby due to the proposed 
development of Ramsey Marina. 

Ramsey Harbour is located on the north-western coast of Isle of Man (NGR: 245190, 494540). 
A site location map is provided in Figure 1-1. 

 

Figure 1-1 Site Location Plan 
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Hyder undertook a desk based assessment in January 2009 (Hyder, 2009) to assess the 
potential impact of two marina design options, these were Option 10 (impoundment across 
River Sulby) and Option 8 (impoundment located off line from the River Sulby). The assessment 
determined that the Option 10 design would reduce the River Sulby flood flow conveyance and 
thus potentially result in an increase in water levels within the harbour and River Sulby thus 
increasing fluvial flood risk. The desk based assessment concluded that hydraulic modelling 
should be undertaken to quantify the impact of the Option 10 marina impoundment on River 
Sulby flood risk. 

Ramsey Harbour 
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2 SCOPE OF WORKS 
The hydraulic modelling study has been undertaken to quantify the potential impact of the 
Option 10 marina impoundment on the River Sulby flood risk using HEC RAS modelling 
software.  

2.1 Objectives 

The objectives of the flood study are as follows: 

�  Prepare a baseline hydraulic model of the lower reach of the River Sulby. 

�  Use the model to predict the existing (baseline) River Sulby flood water levels under a 
range of tidal and fluvial conditions 

�  Use the model to investigate the impact of three potential impoundment design options 
on River Sulby flood water levels under a range of tidal and fluvial conditions. 

2.2 Tasks 

In order to achieve the study objectives the following tasks were undertaken: 

�  Site visit to inspect the river channel & structures, identify potential flood water flow paths, 
specify potential additional topographical survey data that may be required and identify 
vulnerable assets. 

�  Collection of topographical survey data available from previous studies undertaken on 
this section of the Sulby River. 

�  Consultations to collect relevant data and historical flood information 

�  Hydrological modelling, applying current best practice methodologies to derive design 
flood flows, incorporating an appropriate allowance for climate change. 

�  Modify the existing Bullen Consultants Ltd (BCL) 1D River Sulby hydraulic model for use 
in the current study. 

�  Model runs to define baseline flood risk for an appropriate range of river flows and tidal 
conditions.  

�  Model runs to define flood risk for three marina tide gate designs for an appropriate range 
of river flows and tidal conditions. 

�  Map flood extents. 

�  Preparation of a Flood Risk Impact Assessment report. 
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3 BACKGROUND 

3.1 Desk Based Assessment Study 

Two potential marina design options were investigated in the Hyder desk based study to assess 
their potential impact on the River Sulby flood risk (Hyder, 2009). The marina designs 
investigated were Option 8 which would have a water retention gate between the boat builders 
yard and the Old River Road thus creating a marina area north of the main River Sulby channel, 
and Option 10 which would have a water retention gate under the existing swing bridge along 
the line of the River Sulby. 

The Option 10 marina impoundment location is shown in Figure 2-1. 

 

Figure 3-1 Ramsey marina development– Option 10 imp oundment location 
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The study concluded that, as the Option 10 marina design would narrow the existing harbour 
channel, there would be reduced flood flow conveyance over the 12 m wide tidal gate compared 
to baseline conditions thus potentially resulting in increased water levels within the harbour and 
River Sulby thereby increasing flood risk. 

The report recommended that numerical modelling was undertaken to confirm the impact of the 
Option 10 marina and quantify the potential flood risk impacts. It was also recommended that 
the marina design should be amended to ensure that there is no reduction in the fluvial flow 
conveyance currently available thus ensuring that flood risk would not be increased above 
baseline conditions.  

 

Option 10 

Impoundment location 

River Sulby 

Ramsey Bridge 
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3.2 Catchment Description 

The River Sulby is the largest river on the Isle of Man, stretching approximately 16 km from its 
source in the mountains around Tholt y Will down to Ramsey Harbour on the coast. The Block 
Eary and Sulby reservoirs were constructed in the upper Sulby catchment to provide water 
supply and hydroelectric power. These reservoirs provide a degree of flow regulation in the 
River Sulby and may also provide flood flow attenuation. The degree of flood flow attenuation 
would depend on the water levels and the operation of the reservoirs at the time of the storm 
event. 

There are a number of structures along the modelled section of the River Sulby. These include 
two bridges (footbridge and Ramsey Road Bridge) and one weir (named Ramsey weir for the 
purposes of this report) which is located immediately downstream of Ramsey Bridge. 

The River Sulby upstream of Ramsey Bridge has a low gradient (0.0007 m/m) and is relatively 
slow flowing. The river channel is on average between 10 – 20 m wide and has few rocks or 
vegetation with bed material consisting predominantly of gravel and silt. The Glen Auldyn 
stream joins the River Sulby immediately upstream of the footbridge (NGR 244140, 495040).  

The tidal limit is indicated on Ordnance Survey maps to be at the footbridge and the BCL report 
states that the impact of extreme tide levels extends approximately 4 km upstream from 
Ramsey Harbour. Therefore, in the study area the River Sulby is tidally affected.  

The area downstream of Ramsey weir forms Ramsey Harbour. The crest height of Ramsey weir 
is 1.02 mD02 (BCL, 2002). Ramsey weir will be overtopped at high water during both spring and 
neap tides. 

3.3 Historical Flooding and Previous Modelling Study 

There have been a number of significant River Sulby flood events. In response to these flood 
events Bullen Consultants Ltd was commissioned by the DoT in 2002 to undertake a Strategic 
Study of the River Sulby (BCL, 2002). As part of this study BCL undertook hydrodynamic 
modelling of the River Sulby to assess the flood risk during a range of return period storm 
events and tidal boundary conditions.  

The conclusions from the BCL report are summarised below; 

�  The River Sulby flow characteristics are affected significantly by the upstream and 
downstream boundary conditions (i.e. the level of water in Sulby Reservoir and the tide 
level at Ramsey). 

�  The impact of tide levels extends approximately 4 km upstream from Ramsey. 

�  High tide levels can cause flooding in the Ramsey and Poyll-dooey areas. This risk is 
likely to increase in the future due to climate change. 

When the 100 year fluvial flood flow was routed through the model using Mean Sea Level (MSL) 
as the downstream boundary limited flooding was predicted to occur along the lower section of 
the River Sulby, with no flooding predicted along the bottom 1 km stretch of the river. However, 
when the model was run using extreme tidal levels as the boundary condition, flooding was 
predicted to occur along almost the entire lower section of the river.  

It should be noted that hydrological methods have been updated since the BCL study. 
Compared to the flows used in the BCL study the new methods that have been applied in this 
study have resulted in a significant increase in the flood flow estimates (see Section 5). 
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3.4 Flood Defences 

There are no formal fluvial flood defences along the modelled reach of the River Sulby. 

3.5 Proposed Marina Design Options 

The marina design option considered in this modelling study is proposed to have a water 
retention gate located at the entrance to the harbour in the vicinity of the currently existing swing 
bridge. The tide gate would impound the tide and the River Sulby flow maintaining a minimum 
water level of 0.22 mD02 upstream of the gate, thus creating a marina. 

The entrance channel to Ramsey Harbour at the location of the proposed impoundment is 
approximately 35 m wide and is bounded on the southern side by the harbour wall and an 
embankment along the northern side (Photo 3-1). 

a) 

 

b) 

 

Photo 3-2 Proposed Ramsey Marina impoundment locati on 
a) Photo taken looking upstream to harbour entrance  
b) Photo taken from the northern side of the harbou r looking south 

 

Harbour wall Embankment Harbour Entrance 

Embankment 

Harbour Entrance 
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No detailed design drawings were available for the three proposed marina impoundment 
options, therefore, it has been necessary to make a number of assumptions regarding the 
impoundment design. For the purposes of the modelling study it has been assumed that there 
would be an abutment wall 1 m thick constructed across the harbour entrance to the 12 m wide 
tide gate. For Options 2 and 3 it has been assumed that the current embankment located on the 
north side of the harbour entrance would be maintained. It is understood that the tide gate weir 
crest height would be set at MSL which is 0.22 mD02 at Ramsey. 

The scenarios modelled in this study were; 

�  Baseline – Existing conditions at Ramsey Harbour. 

�  Option 1  – Tide gate abutments to the 12m wide tide gate are constructed to tie into 
existing road levels (i.e. 4.5 mD02). 

�  Option 2  – Tide gate abutments are constructed 1 m above tide gate level (i.e. 
1.22 mD02). 

�  Option 3  - Tide gate abutments are constructed 0.5 m above tide gate level (i.e. 
0.72 mD02). 

The three design options are shown in Figure 3-1. 



Ramsey Marina—River Sulby Flood Risk Impact Assessment       
Hyder Consulting (UK) Limited-2212959 Page 7
 

 

 

a) 

 

b) 

 

c) 

 

Figure 3-1 Diagrams showing the proposed marina imp oundment design options 
a) Option 1 
b) Option 2 

c) Option 3 
������������
�
������
����
��
����
���������������� ������������
���
���
����� �
��������
�����
����
�������
���
���
����������������  ��
��������� 
�������  

 



 Ramsey Marina—River Sulby Flood Risk Impact Assessment
Page 8 Hyder Consulting (UK) Limited-2212959
 

 

4 METHODOLOGY 

4.1 Site Inspection 

A detailed inspection of the River Sulby catchment was carried out by a Senior Modeller in 
March 2009. The inspection enabled the characteristics of the river catchment to be confirmed 
and potential flooding mechanisms investigated.  

4.2 Consultation and Data Collation 

In order to gather the information required to assess the flood risk a number of data sources 
were reviewed and consultations were undertaken. These are detailed in Table 4-1. 

Table 4-1 Data sources and consultations 

Organisation Data received 

DoT, The Harbours Division Ramsey Marina design 

DoT, The Harbours Division Ramsey Harbour bathymetry data 

DoT, Cartographic Division Datum conversion factor from Ordnance Datum Local to Douglas 02 

Bullen Consultants Ltd ISIS 1D River Sulby Model 

DoT, Drainage Division Digital Terrain Mapping (DTM). 

Admiralty Tide Tables Tide levels at Ramsey 

 

4.3 River Sulby ISIS Model 

In 2002, BCL constructed a hydraulic model of the entire main reach of the River Sulby 
extending from Sulby Reservoir to Ramsey Harbour. This model, constructed using ISIS 
software, has been made available for use in this study. 

4.4 Digital Terrain Model Data 

The cross section data obtained from the existing ISIS model did not cover the full extent of the 
River Sulby floodplain in the study area. In order to extend the model cross sections DTM 
(Digital Terrain Model) data supplied by DoT were used to supplement the topography in these 
areas.  

The DTM data were obtained at a 20 m grid size resolution which may potentially reduce the 
accuracy of the extended cross sections. Quality assurance checks were undertaken which 
showed good relationship between the surveyed data and the DTM data in areas of overlap 
which provides confidence in the use of the DTM data for the modelling purposes. 

4.5 Hydrological Assessment 

Flow estimates for the River Sulby were derived in accordance with the Flood Estimation 
Handbook (FEH) (IH, 1999). The FEH details the current best practice methodologies for 
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estimating design flood event magnitude in the UK and IoM. Details of the hydrological 
assessment are provided in Section 5. 

4.6 Hydraulic Assessment 

The assessment of fluvial flood risk was made using a one dimensional hydraulic model, 
constructed using HEC-RAS software (US Army Corps of Engineers, version 4.0). The key 
channel cross section and structure data were abstracted from the existing BCL ISIS model, 
DTM and Ramsey Harbour bathymetry data. A hydrodynamic (un-steady state) model was used 
to replicate the hydraulic conditions within the River Sulby channel and floodplain. The details of 
the hydraulic assessment are provided in Section 6. 

4.7 Flood Mapping 

MapInfo GIS (Geographical Information System) software has been used, in conjunction with 
the Vertical Mapper tool, to define the River Sulby fluvial flood extent. This was undertaken 
using the flood level predictions from the hydraulic model and the DTM data supplied by the 
client. Once defined, flood extents were analysed by the hydraulic modeller and the maps were 
refined based on site observations and using all available ground level data sources. The flood 
extents have been overlaid onto OS mapping and Google Earth images. 

The flood maps of the River Sulby catchment have been produced for the baseline conditions 
and the three proposed marina impoundment design options. 
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5 HYDROLOGICAL ASSESSMENT 

5.1 Flood Estimation Methodology 

The BCL study used the Flood Studies Report (FSR) statistical method to generate design flood 
flow estimates for the Sulby River and its tributary the Glen Auldyn stream. 

This method encompassed generating an estimate of the index flood (Qbar) from a series of 
mapped catchment characteristics and deriving higher return period flood flows using a series of 
growth factors from a curve selected according to geographical region. Region curve 10 was 
applied across the whole of the Isle of Man.   

The FSR method was superseded as the accepted best practice method for UK flood flow 
estimation by the methodologies detailed in FEH, which could be fully applied to catchments on 
the Isle of Map following release of Version 2 of the FEH CD-ROM in 2006 (CEH, 2006) and 
completion of HOST soils mapping for the Island (WHS, 2006). 

From experience of comparing numerous FEH flood growth curves generated for catchments 
across the Isle of Man and the FSR region curve, the former curves are generally steeper, 
resulting in higher flow estimates for corresponding return period flood events. 

Two alternative methods for estimating peak flood flows were applied and compared; the FEH 
statistical pooling group method and the Revitalised Flood Hydrograph (ReFH) method; these 
are described below. 

5.2 FEH Statistical Method 

The FEH statistical method involves estimation of the index flood event (QMED) defined from 
catchment descriptors and adjusted where possible by data transfer from a suitable gauged 
site(s). A flood growth curve is then defined which represents a statistical relationship between 
the relative magnitudes of high return period flood events and the QMED index flood. However, 
the ‘growth curve’ is site specific and is defined from statistical analysis of a pool of annual 
maxima data from a collection of catchments selected for their hydrological similarity to the 
subject catchment. 

5.3 Revitalised Flood Hydrograph Method 

The ReFH method generates estimates of flood events by routing a design rain storm event of a 
given return period through a hydrological model. The losses component of the model is used to 
estimate the fraction of rainfall that is turned into direct runoff during the rainstorm event. Direct 
runoff is then routed using unit hydrograph convolution. Finally, baseflow is added to obtain the 
total runoff.  

The hydrological model is defined by catchment descriptors which are obtained from the FEH 
CD-ROM for UK and IoM catchments. 

5.4 Adopted Design Flows 

A comparison of the peak River Sulby and Glen Auldyn flows estimated using both FEH and 
ReFH methodologies are given in Tables 5-1 and 5-2, respectively, for a range of return period 
flood events. 
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Table 5-1 River Sulby peak flow estimates 

River Sulby Peak Flow (m 3/s) Return Period 
(Years) 

Annual percentage 
probability of 
occurrence FEH  ReFH 

2 50% 50.0 56.7 

5 20% 65.7 74.0 

10 10% 77.5 87.8 

25 4% 95.1 105.7 

50 2% 110.1 122.3 

100 1% 128.8 142.3 

 

Table 5-2 Glen Auldyn peak flow estimates 

River Sulby Peak Flow (m 3/s) Return Period 
(Years) 

Annual percentage 
probability of 
occurrence FEH  ReFH 

2 50% 14.8 11.6 

5 20% 19.4 15.4 

10 10% 22.9 18.5 

25 4% 28.1 22.5 

50 2% 32.7 26.2 

100 1% 38.1 30.8 

 

It can be noted from Tables 5-1 and 5-2 that the ReFH produces higher peak flow estimates for 
the River Sulby than the FEH method, whereas, the opposite is true for the Glen Auldyn stream. 

From analysis of the results of this hydrological analysis and previous studies undertaken on the 
IoM it is considered that the ReFH method generally produces overly conservative flood flow 
estimates. The ReFH method has not been calibrated for any catchments in the IoM, it is also 
acknowledged that for certain types of catchments, including upland catchments in the Lake 
District, and North Wales which share some similar characteristics to the headwater of the River 
Sulby catchment, the ReFH model produces over estimates of flood flows.   

The ReFH derived flows for the River Sulby are considered overly conservative, therefore, the 
FEH statistical method was adopted for this study.  

5.4.1 Flow Hydrographs 

Time-varying hydrographs were required for the upstream boundary conditions in the dynamic 
hydraulic model. The FEH methodology does not produce flood hydrographs, therefore, the 
ReFH method was used to develop the flood hydrographs. The hydrographs were then scaled 
using the ratio of the peak flows produced by the FEH and the ReFH methods.  

The flow hydrographs were increased by 20%, to take account of climate change, in line with 
Acclimatise (2006). The resulting 100 year + CC flood hydrographs estimated for the River 
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Sulby and Glen Auldyn stream for a catchment critical storm duration are illustrated in Figure 5-
1.  

It can be seen from Figure 5-1 that the peak flow for the Glen Auldyn stream does not coincide 
with the peak flows from the River Sulby, this is due the differences in catchment characteristics 
(e.g. catchment size and slope) resulting in a quicker catchment response for the Glen Auldyn 
stream. 
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Figure 5-1 River Sulby and Glen Auldyn stream 100 y ear + CC flood hydrographs 

 

5.4.2 Tidal Conditions 

MHWS and low water tidal conditions were used as the downstream boundary conditions in the 
hydraulic modelling. The tidal water levels at Ramsey have been taken from Admiralty tide 
tables and converted to Douglas 02 datum (Table 5-3). 

Table 5-3 Tidal levels at Ramsey 

Tidal Condition Water Level 
(mD02) 

Mean High Water Spring 
(MHWS) 

3.46 

Mean High Water Neap 
(MHWN) 

1.96 

Mean Low Water Spring 
(MLWS) 

-3.04 

Mean Low Water Neap 
(MLWN) 

1.64 

Mean Sea Level (MSL) 0.22 
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6 HYDRAULIC ASSESSMENT 

6.1 Model Overview 

A schematic of the hydraulic model used in the assessment is provided in Appendix B, Figure 
B1. The model extent has been defined to cover the area potentially impacted by the Ramsey 
Marina development.  

The model consists of a 2.5 km reach of the River Sulby with the downstream boundary at the 
harbour entrance and the upstream boundary located approximately 1.8 km upstream from 
Ramsey Bridge. The Glen Auldyn stream has been included in the model as a lateral inflow at 
the location of its confluence with the River Sulby. 

The baseline hydraulic model has been constructed using channel cross section topography 
and bridge and weir data obtained from the BCL ISIS model. The model cross sections were 
extended, using DTM data supplied by DoT, to include the entire active floodplain. The 
modelled reach incorporates 24 channel and floodplain cross sections, two bridges and one 
weir. 

6.2 Model Scenarios 

Table 6-1 outlines the scenarios that were investigated to determine the potential impact of the 
three proposed Ramsey Marina development designs. 

Table 6-1 Model scenarios 

 Description Return Period 
Fluvial Flood 

Tidal 
Conditions 

1 Baseline 100 year + CC Low Water 

2 Baseline 100 year + CC MHWS 

3 Option 1 Tide Gate Design 100 year + CC Low Water 

4 Option 1 Tide Gate Design 100 year + CC MHWS 

5 Option 2 Tide Gate Design 100 year + CC Low Water 

6 Option 2 Tide Gate Design 100 year + CC MHWS 

7 Option 3 Tide Gate Design 100 year + CC Low Water 

8 Option 3 Tide Gate Design 100 year + CC MHWS 

 

6.3 Roughness Coefficients 

The resistance to flow in a channel or over a floodplain is defined in the hydraulic model by the 
use of a roughness coefficient, Manning’s number, otherwise known as Manning’s ‘n’. The 
Manning’s ‘n’ roughness coefficients applied to the modelled channels and floodplains have 
been estimated from site visit observations and published values (Chow, 1959).  

An average Manning’s ‘n’ value of 0.035 was chosen for the River Sulby channel. This is 
characteristic of a natural channel that is clean, straight with no rifts or deep pools but with some 
stones and weeds. The majority of the floodplain consists of pasture and agricultural land 
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together with urban areas in the lower section of the catchment at Ramsey. An average 
Manning’s ‘n’ value of 0.035 was chosen for the River Sulby floodplain which is characteristic of 
pasture land with high grass and is considered to represent a conservative estimation for urban 
areas. 

6.4 Boundary Conditions 

The flow hydrographs detailed in Section 5 have been applied at the upstream model boundary 
and at the location of the Glen Aulden confluence. The phasing of the two catchment flows is 
based on the natural response of the catchments. In order to achieve improved model stability, 
a ‘normal depth’ has been used as the downstream boundary condition to represent low tide 
conditions. To simplify the modelling a constant water level corresponding to MHWS at Ramsey 
was used as the downstream boundary condition for the MHWS scenarios. 

6.5 Bridge and Weir Equations 

The bridges were represented using a combination of the pressure/weir method and the 
momentum method. Areas upstream and downstream of the bridge structures were modelled 
with permanent ineffective flow areas where the bridge structure was considered to be 
obstructing the flood flow. 

The tide gate was modelled as a sharp crested weir using the Kindsvater-Carter equation and 
Ramsey weir was modelled as a broad crested weir. 

6.6 Model Sensitivity Analysis 

Model sensitivity tests were undertaken to determine the level of model uncertainty associated 
with key model parameters, namely the input flows, applied Manning’s roughness coefficients 
and downstream boundary conditions.  

6.6.1 Input Flows 

The sensitivity of the model to fluvial flow estimates was investigated by varying the 100 year + 
CC flows used in the baseline model by ± 20%. A summary of the model input flow sensitivity 
analysis results is given in Table 6-2. 

Table 6-2 Input flow sensitivity analysis - Water l evel change from baseline 

Model Scenario Average Water 
Level Change 
(m) 

Maximum Water 
Level Change 
(m) 

Baseline, MHWS, +20% input flow +0.10 +0.24 

Baseline, MHWS, -20% input flow -0.07 -0.21 

Baseline, Low Water, +20% input flow +0.21 +0.31 

Baseline, Low Water, -20% input flow -0.21 -0.27 

 

Input flows are predicted to have a significant impact on River Sulby water levels along the 
entire modelled reach upstream of Ramsey Bridge during both MHWS and low water tidal 
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conditions. However, water levels in the harbour are only predicted to be significantly impacted 
during low water conditions. 

The results of the sensitivity analysis shows that a 40% variation in input flow results in a 
potential variation in water levels of up to 0.58 m during low water conditions and 0.45 m during 
MHWS tidal conditions. 

It is considered that the most appropriate flows have been adopted for use in the model 
applications. The input flows are predicted to impact flood water levels, however, the purpose of 
the study is to assess the relative impacts of the three design options therefore the flows used 
will not have a significant impact on the overall assessment. 

6.6.2 Manning’s ‘n’ 

To reflect the potential change in catchment roughness values throughout the year due to 
vegetation growth the Manning’s ‘n’ values were varied using the upper and lower range in 
published values appropriate for the channel and floodplain cover throughout the model extent. 
A summary of the model Manning’s ‘n’ sensitivity analysis results is given in Table 6-3. 

Table 6-3 Manning’s ‘n’ sensitivity analysis - Wate r level change from baseline scenario 

Model Scenario Average Water 
Level Change 
(m) 

Maximum Water 
Level Change 
(m) 

Baseline, MHWS, High Manning’s ‘n’ 
(Channel 0.04 and floodplain 0.05) 

+0.06 +0.14 

Baseline, MHWS, Low Manning’s ‘n’ 
(Channel 0.03 and floodplain 0.03) 

-0.04 -0.12 

Baseline, Low Water, High Manning’s ‘n’ 
(Channel 0.04 and floodplain 0.05) 

+0.08 +0.18 

Baseline, Low Water Low Manning’s ‘n’ 
(Channel 0.03 and floodplain 0.03) 

-0.11 -0.20 

 

The results of the Manning’s ‘n’ sensitivity analysis show that both the MHWS and low water 
scenarios are relatively sensitive to the Manning’s ‘n’ values used. The range of ‘n’ values used 
in the sensitivity analysis was predicted to result in variation in maximum water levels of up to 
0.38 m. 

Average Manning’s ‘n’ values, appropriate to the channel and floodplain type have been used in 
the model applications as these are considered most appropriate for the impact assessment 
study. Whilst the Manning’s ‘n’ values are predicted to impact flood water levels, as stated 
previously, the purpose of the study is to assess the relative impacts of the three design options 
therefore the values used will not have a significant impact on the overall assessment. 

6.6.3 Tidal Boundary Conditions 

The Acclimatise report, commissioned by the Isle of Man Government in 2006 (Acclimatise, 
2006), provides estimated sea level rise for the 2020s, 2050s and 2080s. A conservative 
estimate of potential sea level rise for a 60 year design life was interpolated from these figures. 
This corresponded to a predicted 0.448 m potential increase in sea level rise by 2070. 
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The sensitivity of the models to the downstream water levels was investigated by adding the 
predicted change in sea level due to climate change (i.e. 0.448 m) to the MHWS water level.  

The increased MHWS tidal boundary water level is predicted to result in increased River Sulby 
water levels along the lower model reach with impacts extending approximately 700 m upstream 
of Ramsey Bridge. There was no significant impact on the peak River Sulby water level 
upstream of this point. The maximum increase in River Sulby water level predicted by the model 
was 0.45 m which is equivalent to the increased MHWS water level due to climate change. 

The sensitivity analysis showed that the relative impact of the marina impoundment decreased 
when sea levels were increased. 

6.7 Assumptions and Limitations 

1 The accuracy of the model is dependant on the spacing and the reliability of the model 
cross section topography. The topographical data has come from a number of sources 
which could potentially result in reduced accuracy. The model has been constructed 
using surveyed topography data obtained from the BCL ISIS model and DTM data 
supplied by the client. The ISIS data was obtained to OD datum which required 
conversion to Douglas 02 to tie in with other data sources. The conversion factor from OD 
to Douglas 02 varies spatially across the island, however, only a single conversion factor 
was available for the study location and this has been used in the assessment. The DTM 
data was obtained at a relatively coarse scale (20 m grid) which may potentially reduce 
the accuracy of the floodplain cross sections. Quality assurance checks were undertaken 
on the DTM data which showed a relatively good relationship between the surveyed data 
and the DTM data in areas of overlap. This provided confidence in the use of the DTM 
data for the modelling purposes. 

2 The DTM data has been used to map the predicted flood water extents. The accuracy of 
the flood maps are limited by the relatively coarse DTM grid cell size therefore the flood 
extent maps are indicative only. 

3 The varying tidal boundary conditions at Ramsey harbour and the timing of the flood 
hydrograph will affect the resulting flood water levels. In order to simplify the marina 
impact assessment the modelling study has been undertaken with an assumed constant 
tidal water level rather than time varying water levels. Scenarios were run for both MHWS 
and low water tidal conditions to illustrate the potential impact of the flood event occurring 
during different tidal conditions.  

4 No detailed marina design drawings were available, therefore, a number of assumptions 
have been made regarding the tide gate and impoundment design (as detailed in Section 
3-5). The assumptions necessary for the purposes of the modelling study may result in 
the predicted flood water levels differing from actual water levels, however, the 
assumptions are considered appropriate for the purposes of assessing the potential 
impact of the three proposed marina impoundment design options. 

5 The impact of the marina impoundment has not been assessed under extreme tidal 
conditions. It is considered that the tidal conditions used in the study represent the worst 
case scenario in terms of relative impact of the marina on flood water levels. This 
assumption would appear to be confirmed by tide level sensitivity analysis that has been 
undertaken. 



Ramsey Marina—River Sulby Flood Risk Impact Assessment       
Hyder Consulting (UK) Limited-2212959 Page 17
 

 

7 TIDE GATE ASSESSMENT RESULTS 

7.1 Result Summary 

The following scenarios have been investigated using the 1D HEC RAS model  

1 Baseline – Existing conditions at Ramsey Harbour 

2 Option 1 – Tide gate abutments to the 12 m wide tide gate are constructed to tie into 
existing road levels (i.e. 4.5 mD02) 

3 Option 2 – Tide gate abutments are constructed at 1 m above tide gate level (i.e. 
1.22 mD02) 

4 Option 3 - Tide gate abutments are constructed at 0.5 m above tide gate level (i.e. 
0.72 mD02) 

The results of the hydraulic modelling study to determine the potential impact of three proposed 
impoundment designs for the Option 10 Ramsey Marina development are detailed below. 

The water levels predicted in each model scenario have been reported at a number of locations 
along the lower reach of the River Sulby (Figure 7-1). The peak water levels predicted by the 
model are given in Tables 7-1 and 7-2, together with the predicted change in water level from 
baseline conditions. 

 

Figure 7-1 Reported model result locations 
© Google 2009 

 

Maps showing the indicative flood extents for each marina impoundment design option, together 
with the baseline conditions, are given in Appendix A. 
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Longitudinal plots and cross section plots showing peak water levels for each marina 
impoundment design option together with baseline water levels are given in Appendix B. 

Table 7-1 100 Year plus climate change River Sulby water levels - Low water tidal boundary 
conditions. 

Peak Water Level (mD02) Cross 
Section 
Reference 

Location 

Baseline Option 1 Option 2 Option 3 

500 Ramsey Harbour 0.59 4.21 
(+3.62m) 

2.86 
(+2.27m) 

2.78 
(+2.19m) 

943 Approximately 160 m 
upstream of Ramsey Bridge 

3.79 4.45 
(+0.66m) 

3.79 
(No change) 

3.79 
(No change) 

1304 Approximately 500 m 
upstream of Ramsey Bridge 

4.31 4.69 
(+0.38m) 

4.31 
(No change) 

4.31 
(No change) 

1630 Approximately 850 m 
upstream of Ramsey Bridge 

5.28 5.28  
(No change) 

5.28 
(No change) 

5.28 
(No change) 

Note: Values given in brackets are the predicted change in water level from baseline conditions 

 

Table 7-2 100 Year plus climate change River Sulby flow - Mean High Water Spring tidal 
boundary conditions. 

Peak Water Level (mD02) Cross 
Section 
Reference 

Location 

Baseline Option 1 Option 2 Option 3 

500 Ramsey Harbour 3.50 4.59 
(+1.09m) 

3.66 
(+0.16m) 

3.66 
(+0.16m) 

943 Approximately 160 m 
upstream of Ramsey Bridge 

3.87 4.85 
(+0.98m) 

4.01 
(+0.14m) 

4.01 
(+0.14m) 

1304 Approximately 500 m 
upstream of Ramsey Bridge 

4.35 4.99 
(+0.64m) 

4.42 
(+0.07m) 

4.42 
(+0.07m) 

1630 Approximately 850 m 
upstream of Ramsey Bridge 

5.28 5.28 
(No change) 

5.28 
(No change) 

5.28 
(No change) 

Note: Values given in brackets are the predicted change in water level from baseline conditions 

7.2 Option 1 Marina Impoundment Design 

The results of the modelling study indicate that the Option 1 marina impoundment design would 
have a significant impact on River Sulby flood risk with the impact extending 1200 m upstream 
from the impoundment during both low water and MHWS tidal conditions.  

The model results presented in Tables 7-1 and 7-2 show that the marina impoundment is 
predicted to increase the River Sulby 100 year + CC flood water levels upstream of the harbour 
by up to 0.66 m during low water tidal conditions and 0.98 m during MHWS tidal conditions.  
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If the flood event coincides with MHWS tidal conditions it is predicted that water levels in the 
harbour would exceed the harbour wall heights potentially resulting in significant flooding 
around the harbour.  

The increased water levels are predicted to result in a significant increase in the flood extent 
compared to the baseline conditions (Drawings M1 and M2, Appendix A). 

7.3 Option 2 Marina Impoundment Design 

The Option 2 marina impoundment design is predicted to have a significantly lower impact on 
River Sulby flood risk than the Option 1 design, with no increase in flood water levels predicted 
upstream of the harbour when the flood coincides with low water tidal conditions. However, 
flood water levels are predicted to be increased upstream of the harbour during MHWS 
conditions with the impact extending 1200 m upstream from the impoundment. 

The model results presented in Table 7-2 show that Option 2 marina impoundment is predicted 
to increase the River Sulby 100 year + CC flood water levels upstream of the harbour by up to 
0.14 m during MHWS tidal conditions.  

Option 2 was predicted to result in a significant increase in water levels in the harbour, during 
low water conditions, with a peak water level of 2.86 mD02 which is a 2.27 m increase from 
baseline conditions. The peak water levels are not predicted to result in flooding around the 
harbour, however, there is a significant reduction in the freeboard (difference between the 
ground level and the design flood level) and, therefore, the flood risk may be increased during 
an extreme event. 

The flood extent mapping (Drawings M1 and M2, Appendix A) shows that Option 2 is not 
predicted to have a significant impact on the 100 year + CC flood extent during low water 
conditions and only a slight increase in flood extent during MHWS conditions. 

7.4 Option 3 Marina Impoundment Design 

The Option 3 marina impoundment design is predicted to have a very similar impact on River 
Sulby flood risk as Option 2. The only significant difference being a lower predicted water level 
within the marina during MHWS conditions for Option 3 compared to Option 2. 

The Option 2 and 3 flood extents are so similar that they would not be distinguishable in the 
flood maps therefore they are presented as a single layer in Drawings M1 and M2, Appendix A. 
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8 DISCUSSION 
A marina impoundment structure across the entrance to Ramsey Harbour would potentially 
result in an increase in River Sulby flood risk due to reduced flood flow conveyance across the 
structure compared to existing (baseline) conditions. Of the three potential marina impoundment 
designs assessed in this study, Option 1 would result in the greatest reduction in channel 
capacity as the existing channel width would be reduced from 35 m to 12 m. Options 2 and 3 
would allow flood flow to overtop the impoundment structure, therefore the reduction in flood 
flow conveyance is not as significant. 

An assessment of the River Sulby flood risk along the lower reach of the river is complicated by 
the combined effects of tidal conditions and fluvial flood flows. Flood water levels will be affected 
by the phasing of the flood event and tidal conditions, with flood levels expected to be greatest if 
the peak flood flow occurred during high tide conditions. In order to take into account the 
complex effects of the phasing of the flood event and tidal conditions whilst maintaining an 
efficient modelling approach, the impact of the proposed marina designs on River Sulby flood 
risk were assessed using both constant low water and MHWS tidal water level conditions.  

Sensitivity analysis was undertaken to investigate the potential impact of sea level change on 
the fluvial flood risk. This showed that whilst sea level rise was predicted to result in increased 
River Sulby flood water levels, the relative impact of the marina impoundment decreased. It is 
therefore considered that the MHWS conditions used in the assessment are suitable for 
assessing the impact of the marina development. 

The marina impact assessment was undertaken using the 100 year return period River Sulby 
design flow, including an allowance for increased river flows due to climate change.  

The modelling study showed that the reduced flow conveyance capacity across the Option 1 
impoundment structure would potentially result in a significant increase in River Sulby flood 
water levels thereby increasing the flood risk. The Options 2 and 3 impoundments were 
predicted to be overtopped during peak flow conditions. The higher flood flow conveyance 
across the impoundments was predicted to result in less impact on River Sulby water levels 
than the Option 1 design. The impacts of the Option 2 and 3 designs were predicted to be very 
similar with a significantly lower impact on flood risk than the Option 1 design.  

All the marina impoundment design options were predicted to increase water levels in the 
harbour. Increased water levels will result in a reduction in the freeboard thus potentially 
increasing flood risk during extreme flood events.  

From the topography data available it would appear that the elevation of the embankment along 
the northern side of the impoundment is generally lower than the walls around the rest of the 
harbour, therefore, flood water would be expected to overtop the embankment before water 
levels reached a level that would result in flooding around the harbour. If the marina 
development raised the embankment levels flood risk may be increased as this potential 
‘overflow’ route would be blocked. 

The northern embankment is currently overtopped in the MHWS scenario, if the embankment 
was raised the fluvial flood flow out of the harbour would be confined to the tide gate location 
potentially resulting in further increased water levels in the harbour. 

All the proposed marina impoundment designs are predicted to result in increased water levels 
compared to existing conditions. If it is determined that the predicted impacts are not acceptable 
further modelling could be undertaken to assess the impact of other design options. The impact 
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of the marina may potentially be reduced if the impoundment structure was lowered or widened 
(i.e. lower the northern embankment level to tide gate height), however, cost and engineering 
constraints may limit the feasibility of constructing a structure that would result in no significant 
impact on flood water levels.  

During flood events there is a risk that structures may become blocked by debris resulting in a 
reduction in flood flow conveyance. The marina impoundment would result in a narrowing of the 
channel which may increase the risk of a blockage occurring. Measures would be required to 
mitigate the risk of the marina impoundment structure becoming blocked during a flood. 
Potential mitigation measures may include implementing a flood warning system to mobilise 
personnel to site, having a regular inspection and maintenance schedule and providing suitable 
equipment for clearing blockages should they occur. 
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9 CONCLUSIONS AND RECOMMENDATIONS 

9.1 Conclusions 

�  1D hydraulic modelling has been undertaken to assess the impact of three potential 
marina impoundment designs on water levels along the lower reach of the River Sulby 
during the 100 year return period fluvial flood event, including a 20% allowance for 
climate change.  

�  River Sulby flood water levels will vary depending on the phasing of the flood hydrograph 
and tidal conditions. In order to investigate the potential impact of the fluvial flood event 
during varying tidal states, while maintaining an efficient modelling approach, the model 
scenarios have been run using constant low water and constant MHWS downstream 
water level boundary conditions. 

�  The model results indicate that the Option 1 marina impoundment design would 
potentially result in a significant increase in the River Sulby flood risk compared to 
baseline conditions.  

�  Option 2 and Option 3 marina impoundment designs are predicted to have very similar 
impacts on flood water levels, resulting in a slight increase in River Sulby flood risk 
compared to baseline conditions.  

�  The flood impacts for all three design options are predicted to be greatest when the flood 
event coincides with MHWS conditions. 

�  The impact extent of the Option 1 on River Sulby flood water levels is predicted to be the 
same during both MHWS and low water conditions, with increased water levels extending 
approximately 1200 m upstream from the tide gate. Options 2 and 3 are predicted to have 
similar impact extents as Option 1 during MHWS conditions, however, during low water 
tidal conditions they are not predicted to result in increased water levels upstream of 
Ramsey Bridge. 

9.2 Recommendations 

�  If it is determined that the impact of the proposed options on River Sulby flood risk is 
unacceptable further modelling could be undertaken to investigate whether an acceptable 
solution can be developed. The impact of the marina may potentially be reduced if the 
impoundment structure was lowered or widened. The marina development is predicted to 
reduce the freeboard level within the harbour. Therefore, it is recommended that the 
feasibility of engineering the northern embankment to provide a potential ‘overflow’ route 
is investigated to reduce the risk of flooding. 

�  During flood events there is a risk that structures may become blocked by debris resulting 
in a reduction in flood flow conveyance. The proposed marina impoundment options 
result in a narrowing of the channel which may increase the risk of a blockage occurring. 
It is recommended that measures are put in place to mitigate the risk of the marina 
impoundment structure becoming blocked during a flood event. Potential mitigation 
measures may include implementing a flood warning system so that personnel can be 
mobilised to site, having a regular inspection and maintenance schedule and providing 
suitable equipment for clearing blockages. 

�  The purpose of this investigation was to assess the relative impacts of three marina 
impoundment design options on fluvial flood risk. The assessment was undertaken using 
a combination of tidal and fluvial conditions that are considered suitable for assessing the 
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maximum potential increase in flood water levels from baseline conditions. Once a final 
marina design solution has been developed it is advisable that a detailed flood risk 
assessment is undertaken to quantify the potential flood risk under a range of coastal 
storm surge and fluvial flood events. 
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Figure B1 HEC RAS model extent 
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Figure B2 River Sulby cross section information – 1 00 year + CC peak water levels, low water 
tidal conditions 

 



Ramsey Marina—River Sulby Flood Risk Impact Assessment       
Hyder Consulting (UK) Limited-2212959 
 

 

0 100 200 300 400 500 600 700
0

2

4

6

8

10

Sulby model       Pl an:     1) BaseQ100low_tide    31/03/2009     2) Opt1 Q100 LW    31/03/2009     3) Opt 2 Q100 LW    31/03/2009     4) Opt3 Q100 LW    31/03/2009 

   RS = 943  

Station (m)

E
le

va
tio

n 
(m

)

Legend

WS Max WS - Opt1 Q100 LW

WS Max WS - BaseQ100low_tide

WS Max WS - Opt 2 Q100 LW

WS Max WS - Opt3 Q100 LW

Ground

Bank Sta

 

-100 0 100 200 300 400 500
-2

0

2

4

6

8

10

Sulby model       Pl an:     1) BaseQ100low_tide    31/03/2009     2) Opt1 Q100 LW    31/03/2009     3) Opt 2 Q100 LW    31/03/2009     4) Opt3 Q100 LW    31/03/2009 

   RS = 500  

Station (m)

E
le

va
tio

n 
(m

)

Legend

WS Max WS - Opt1 Q100 LW

WS Max WS - Opt 2 Q100 LW

WS Max WS - Opt3 Q100 LW

WS Max WS - BaseQ100low_tide

Ground

Bank Sta

 

Figure B2 (cont.) River Sulby cross section informa tion – 100 year + CC peak water levels, low 
water tidal conditions 
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Figure B3 Predicted 100 year + CC peak water levels  at the tidal impoundment structure - low 
tide conditions 
a) Option 1 

b) Option 2 
c) Option 3 
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Figure B4 River Sulby longitudinal profile – 100 ye ar + CC peak water levels, low water tidal conditio ns 

Tide Gate Ramsey Bridge Footbridge and Ford 
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Figure B5 River Sulby cross section information – 1 00 year + CC peak water levels, MHWS 
tidal conditions 
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Figure B5 (cont.) River Sulby cross section informa tion – 100 year + CC peak water levels - 
MHWS tidal conditions 
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Sulby model       Plan: Option 3 Q100 MHWS    16/04/2009 
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Figure B6 Predicted 100 year + CC peak water levels  at the tidal impoundment structure – 
MHWS tidal conditions 

a) Option 1 
b) Option 2 
c) Option 3 
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Figure B7 River Sulby longitudinal profile – 100 ye ar + CC peak water levels, MHWS tidal conditions 
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