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4
4.9
4.9.1

HYDRAULIC MODEL DETAILS
RAHENY MODEL
General Hydraulic Model Information

(1) Introduction:
The Eastern CFRAM Flood Risk Review (IBE0600Rp0001_Flood Risk Review) highlighted Raheny as an
Area for Further Assessment based on a review of historic flooding and the extents of flood risk
determined during the Irish Coastal Protection Strategy and Preliminary Flood Risk Assessment..
The Raheny AFA is located on the north Dublin Bay coastline, with North Bull Island located to its east.
Raheny is at the downstream extent of the Santry River, which has been designated has an HPW. The
frontage of Raheny AFA is dominated by the Clontarf and James Larkin Roads, with the Causeway Road
crossing to North Bull Island mid way along the AFA (Figure 4.9.1).
Although there has been no recorded coastal flooding of properties, the Raheny AFA was identified, by the
FRR and the HA09 Inception Report (IBE0600Rp0008_HA09_Inception Report), as having coastal flood
risk. A low level wall present along the seaward side of Clontarf and James Larkin Roads has not been
defined as an effective defence under CFRAM and so has not been included in the model. Therefore the
seafront has been identified as being at potential coastal flood risk from extreme still water level
inundation. The AFA is sheltered from the wave climate by the North Bull Island, therefore on agreement
with OPW, wave overtopping will not be considered in this study.
The Raheny coastal flood inundation model has been prepared in isolation from the Santry HPW model
which deals with fluvial flooding and as such this report deals with the coastal flood risk modelling.
The Raheny coastal flood inundation model has been combined into a larger model covering the entire
coastal frontage of Dublin Bay, this allows any interaction between specific study areas and intermediate
areas of flooding to be accounted for. The objective of the modelling in this AFA is to ascertain if any
properties are at risk of flooding due to coastal still water level inundation and the extent of flooding which
will

occur

along

the

Clontarf

and

James

Larkin

Roads.

The

HA09

Hydrology

Report

(IBE0600Rp0016_HA09_Hydrology Report) provides information on the coastal water levels used during
the inundation modelling.

Further detail on the determination of the tidal curves used during the

inundation modelling is presented in Section 4.9.3 (5).
2D modelling has been undertaken in ICM to examine coastal inundation flood risk in Raheny AFA. A
number of catchments in the Greater Dublin area have legacy drainage network models constructed in
Infoworks CS. The OPW and RPS selected ICM use within Dublin AFA to allow better representation of
culverted river networks and enable better utilisation of, and future integration with, the existing sewer
network models. ICM also provides a very stable 2D modelling regime for coastal inundation modelling,
therefore ICM models (driven by a MIKE21 coastal model) were used for Dublin Bay coastal AFAs to
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provide a consistent approach throughout the Greater Dublin area, facilitating integration with existing
models.
(2) Model Reference:

HA09_RAHY10

(3) AFAs included in the model:

Raheny

(4) Primary Watercourses / Water Bodies (including local names):
Dublin Bay
(5) Software Type (and version):
(a) 1D Domain:

(b) 2D Domain:

(c) Other model elements:

Infoworks ICM

Infoworks ICM v5 Flexible Mesh

N/A

4.9.2

Hydraulic Model Schematisation

(1) Map of AFA Extents:
Includes Ordnance Survey Ireland data reproduced
under OSi Licence number EN
0021014/OfficeofPublicWorks. Unauthorised
reproduction infringes Ordnance Survey Ireland
and Government of Ireland copyright.
©Ordnance Survey Ireland 2014

Figure 4.9.1: Raheny Model Overview
Figure 4.9.1 illustrates the modelled extent of Raheny AFA within Dublin AFA.

As coastal flooding

assessment has been undertaken there are no river centre lines or HEP locations applicable.
(2) x-y Coordinates of River (Upstream extent): NA
2.3 km

(3) Total Modelled Coastline Length:

IBE0600Rp00027
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0 km

(4) 1D Domain only Watercourse Length:

0 km

(5) 1D-2D Domain
Watercourse Length:

(6) 2D Domain Mesh Type / Resolution / Area:

Flexible Triangular / 1-25m2

(7) 2D Domain Model Extent:

Santry HPW (flood risk
from this watercourse
has

been

assessed

under the Santry AFA)

Figure 4.9.2: 2D Model Domain and Topography
Figure 4.9.2 illustrates the modelled extents in the Raheny area. The ground elevation (based on LiDAR
data used to generate 2D flexible mesh) is shown to provide an overview of the modelled area
topography.
(8) Survey Information
2m resolution LiDAR of the entire modelled area was used to generate the 2D domain computational
flexible mesh. The vertical accuracy of the LiDAR is quoted as 0.2m RMSE which was considered
satisfactory for model application. A comparison of topographical survey levels along James Larkin Road
and the LiDAR data for the same area was undertaken. The comparison indicated a good agreement
between the datasets with level differences of between 0mm and 30mm found at the locations
investigated.
The LiDAR data was augmented during the meshing process with the OSI building layer dataset to
integrate the building footprints into the model. The buildings are represented in the computational mesh
as porous polygons with a porosity value set to zero, allowing no flow to pass through them. No other
amendments were made to the computational mesh.
IBE0600Rp00027
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No additional survey information was required to undertake the still water level inundation modelling.
(9) Survey Issues:
No Survey Issues

4.9.3

Hydraulic Model Construction

(1) 1D Structures in the 1D domain:

NA

(2) 1D Structures in the 2D domain:

NA

(3) 2D Model structures:

NA

The 2D flexible mesh is generated using the Shewchuk Triangle meshing functionality which produces
Delaunay triangulations. Mesh triangles are aggregated into mesh elements if the triangle size is smaller
than the minimum element size defined in the mesh properties. The maximum triangle area was set at
25m2 with a minimum element area of 1m2, inspection of the mesh confirmed that topographical features
were being suitably defined in the 2D mesh.
A vertical wall boundary condition was applied to the 2D domain in the Dublin Bay model. This boundary
condition was selected to ensure there was no reduction in water levels at the edge of the shoreline
portion of the model.
The introduction of the coastal water levels to the 2D domain was achieved via a 2D boundary line applied
along the shoreline line extent of the model. The 2D boundary line was set to operate as a head - time
boundary with the time series data described above applied. The head time boundary information as
described in Section 4.9.3 (5) was applied along the foreshore with the level change causing water to flow
into and out of the 2D domain.
(4) Defences:
None
The Clontarf Dollymount Scheme flood defence and cycleway, from the Wooden bridge to the causeway,
will have wall defence levels of 4.25m and embankment flood defence levels of 4.45m Malin. The scheme
is due for construction in 2014-2015. These defences have not been included in the Raheny model at this
stage.
Coastal Water Level Boundary

(5) Model Boundaries

Outputs from the Irish Coastal Protection Strategy Study (ICPSS) have resulted in extreme tidal and storm
surge water levels being made available around the Irish Coast for a range of Annual Exceedance
Probabilities (AEPs). The locations of the relevant AFAs and ICPSS nodes for Dublin Bay are shown in
Figure 4.9.3. The associated AEP water levels for each of the nodes are contained in Table 4.9.1 following
the location diagram. Node NE19 was used to inform the peak levels for the time varying coastal water
level boundaries included in the inundation model for Raheny as it provided slightly more conservative
IBE0600Rp00027
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values than NE21 over the CFRAM Study design event range and is in reasonable agreement with
observed or estimated levels from a previous Dublin City Council study at this location. For additional
detail on the determination of the water levels generated during the ICPSS project reference should be
made to the ICPSS technical report (Irish Coastal Protection Strategy Study Phase 3 - North East Coastal,
Work Packages 2, 3 & 4A - Technical Report).
Wave overtopping risk was assessed and not found to have significant influence and therefore was not
included in this model. The modelled flood extents are based solely on inundation due to peak water level
values extracted from the ICPSS data, applied to time varying tidal profile data as described below.

Figure 4.9.3: ICPSS Node Locations (IBE0600Rp0016_HA09 Hydrology Report_F01)

IBE0600Rp00027
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Table 4.9.1 : AEP Water Levels for ICPSS nodes
AEP (%)

Elevation (m) to OD Malin for a Range of AEP
NE_17

NE_19

NE_20

NE_21

NE_22

NE_23

50

2.52

2.44

2.42

2.46

2.46

2.43

20

2.65

2.57

2.54

2.58

2.58

2.55

10

2.75

2.67

2.63

2.67

2.67

2.64

5

2.85

2.77

2.73

2.76

2.76

2.74

2

2.98

2.90

2.85

2.88

2.88

2.86

1

3.08

3.00

2.94

2.97

2.97

2.95

0.5

3.18

3.11

3.04

3.06

3.07

3.04

0.1

3.41

3.34

3.26

3.27

3.28

3.25

A representative tidal profile for the Raheny Coastal Frontage was extracted from a tidal model of Dublin
Bay for a 70 hour period. The tidal model of Dublin Bay is part of a wider Irish Sea tidal model. As such the
model is driven by global tidal predictions which are propagated into Dublin Bay, the model has been
calibrated to all relevant tide gauge data including the Dublin Port gauge at Alexandra Basin.
A normalised 48 hour surge profile was scaled based on the difference between the peak water level
extracted from the tidal profile and the target extreme water level from the table above. The scaled surge
profile was then appended to the tidal profile, with coincident peaks, to achieve a representative combined
tidal and storm surge profile for the required AEP events, this calculation is detailed below.
ICPSS Extreme Water Level - Peak Astronomical Tide Level = Peak Surge Value
Peak Surge Value x Normalised 48Hr Representative Surge Profile = Scaled Surge Profile
Astronomical Tide Profile + Scaled Surge Profile = Extreme Coastal Water Level Profile
It should be noted that the peak water level values quoted in Table 4.9.1 included an allowance for the
affect of seiching in Dublin Bay. Figure 4.9.4 below illustrates the tidal profile, storm surge profile and
resultant combined water level profile.
The water level profile was applied to the entire coastal frontage of the Raheny model area as a level
boundary, varying with time along the seaward edge of the 2D domain. The 2D Boundary followed the
foreshore in the Raheny area, the application of the oscillating water level to this boundary allows the
model to simulate the ingress and egress of the coastal water levels.

IBE0600Rp00027
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Raheny Tide and Surge Profiles
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Figure 4.9.4: Raheny 0.5% AEP Water Level Profiles
Figure 4.9.4 illustrates the 0.5% AEP water level profile applied to the Raheny coastline. The low water
values of the profile have been cut-off due to the Dublin Bay tidal model drying out at the location where
the profile was extracted. When the surge profile is appended to the dry cell values at low tide an
incorrect value is produced, however, as these values do not impact on the results of the model, no further
adjustment has been made.
(6) Model Roughness:
(a) In-Bank (1D Domain)

Minimum 'n' value: N/A

Maximum 'n' value: N/A

(b) MPW Out-of-Bank (1D)

Minimum 'n' value: N/A

Maximum 'n' value: N/A

(c) MPW/HPW Out-of-Bank

Minimum 'n' value: 0.030

Maximum 'n' value: 0.045

(2D)

(Inverse of Manning's 'M')

(Inverse of Manning's 'M')

IBE0600Rp00027
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Santry HPW - flood risk
from this watercourse has
been

assessed

under

Santry AFA (section 4.10)

Figure 4.9.5: Raheny AFA 2D Roughness
Figure 4.9.5 illustrates the roughness values applied within the 2D domain of the Raheny computational
model. Roughness in the 2D domain was applied based on land type areas defined in the Corine Land
Cover Map with representative roughness values associated with each of the land cover classes in the
dataset.
(d) Examples of In-Bank Roughness Coefficients
NA

4.9.4

Sensitivity Analysis

To be completed.
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4.9.5

Hydraulic Model Calibration and Verification

(1) Key Historical Floods (from IBE0600Rp0008_HA09 Inception Report_F02) unless otherwise
specified):
(a) Oct 2011

The floods that hit Dublin, Wicklow and parts of Kildare in October 2011 resulted from
extremely heavy rainfall. The floods, which resulted in the deaths of two people,
affected mainly the city, south Dublin and Wicklow. The Santry River caused flooding
in Raheny Village, due to this being the flood mechanism the event was not suitable
to undertake calibration of the coastal flood modelling.

(b) June 1993

Widespread flooding occurred across Dublin, Kildare and Wicklow as a result of
prolonged rainfall beginning on Friday 11 June and lasting for over two days.
Traffic had to be diverted in Raheny as a result of the Main Coast Road closing at St.
Anne’s Park, whilst Howth was without electricity for a time as a result of a power-cut.
The source of flooding during this event is most likely to be pluvial, and again, due to
the flood mechanism, this event was not suitable to undertake calibration of the
coastal flood modelling.

As the above events are related to fluvial and pluvial flooding mechanisms they are not comparable with
the results of the coastal modelling described in this chapter.
ICPSS flood outlines were used to compare the maximum possible extents. Although comparison of the
modelled extents with the ICPSS extents does not provide a reliable calibration method, it does provide
supporting information on whether the model is over-predicting flood extents. As would be expected the
different DTM datasets being used to generate the flood extents, resulted in small areas of additional
flooding present in the CFRAMS modelled flood extents when compared to the ICPSS mapping. The
ICPSS flood areas can therefore not be taken as an absolute maximum extent but rather an indicative
guide and the overall comparison is in agreement supporting verification of the model.

IBE0600Rp00027
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Figure 4.9.6: Comparison of Raheny Modelled 0.1% AEP Draft Flood Extents and ICPSS 0.1% AEP
Flood Extents
(2) Post Public Consultation Updates:
Following informal public consultation and formal S.I. public consultation periods in 2015, no model
updates were required for Final issue.
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(3) Standard of Protection of Existing Formal Defences:
Currently no defences are present within the study area. The Clontarf Dollymount Flood Defence and
Cycleway Scheme is due to commence construction in 2015. The scheme will provide defence levels of
4.25m and 4.45m AOD Malin for defence walls and embankments respectively. In the Raheny area the
scheme will run from the Wooden Bridge to the Causeway Road.
(4) Gauging Stations:
NA
(5) Other Information:
None

4.9.6

Hydraulic Model Assumptions, Limitations and Handover Notes

(1) Hydraulic Model Assumptions:
(a) Please refer to Section 3.4 for general assumptions using the InfoWorks ICM modelling software.
(b) It is assumed that all informal and formal defences are effective.
(c) It is assumed that the water level generated by the ICPSS for NE19 provides a representative value
for the Raheny AFA.
(d) Still water levels on either side of the Causeway Road have been assumed to be the same.
(e) It has been assumed that flow from the Santry River will not significantly affect coastal water levels.
(2) Hydraulic Model Limitations and Parameters:
(a) On the basis of flood risk assessment and historical evidence, coastal inundation is modelled whilst
flooding caused by wave run-up and overtopping is not.
(b) Tidal effects along the Santry River have not been included in this model, these are assessed by the
Santry River Hydraulic Model Section 4.10.6.
(c) Default values have been retained for all simulation parameters as historical datasets are limited
resulting in no specific data to justify defining such parameters.
(d) A 10 second timestep has been defined in the run scheduler dialog, however as there are no 1D
elements within the model the run timestep is dynamic, based on the requirements of the 2D calculations.
(e) Other than buildings only floodplain structures which were specifically identified as being formal or
informal effective defences were considered for inclusion in the model. No such defences were identified
within the Raheny AFA.
Hydraulic Model Parameters:
2D Domain
Timestep (seconds)
IBE0600Rp00027
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Timestep Stability Control

0.95

Maximum Velocity

10m/s

Theta

0.9

Inundation Mapping Depth Threshold

0.01m

(3) Design Event Runs & Hydraulic Model Handover Notes:
(a) There were no stability issues during the Design Event Runs
Error! Reference source not found. provides an overview of the modelled water levels throughout the
Raheny AFA and Figure 4.9.7 presents the locations of where the levels were extracted.
Table 4.9.2: Overview of Modelled Water Levels Throughout Raheny AFA
Location

Ground Elevation
(mAOD)

10% AEP (mAOD)

0.5% AEP

0.1% AEP

(mAOD)

(mAOD)

1

3.29

NA

NA

3.34

2

2.81

NA

2.89

3.34

3

2.69

NA

2.73

3.34

4

3.23

NA

NA

3.34

5

2.89

NA

NA

3.19

6

2.13

2.67

3.11

3.34

7

3.04

NA

NA

3.32
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Figure 4.9.7 Flood Elevation Locations and 0.1% AEP Flood Plain
(b) Flooding of the main coast road (James Larkin Road) is predicted during the 0.5% AEP and 0.1% AEP
events between the Causeway Road and Mount Prospect Avenue, as shown in Figure 4.9.8. During the
0.5% AEP event depths of approximately 100mm are predicted by the model. During the 0.1% AEP event
depths of up to 350mm are predicted.
(c) During both the 0.5% AEP event and 0.1% AEP event flooding is predicted in a small low lying portion
of St Ann's Park adjacent to James Larkin Road, between the Naniken River and Mount Prospect Avenue,
as shown in Figure 4.9.8.
(d) A short section of James Larkin Road between its junctions with Foxes Lane and Howth Road is also
predicted to be flooded during the 0.1% AEP event, as shown in Figure 4.9.8.
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Howth Road

Foxes Lane

Naniken River

Causeway Road

Mount Prospect Avenue

Figure 4.9.8 Flood Extents
(4) Hydraulic Model Deliverables:
ICM Transportable Database.
Please see Appendix A.1 for a list of all GIS files provided with this report.
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(5) Quality Assurance:
Model Constructed by:

Andrew Sloan

Model Reviewed by:

Andrew Jackson

Model Approved by:

Grace Glasgow
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Appendix A.1

GIS Deliverables - Hazard

Flood Extent Files (Shapefiles)
Coastal
E36EXCCD100F0
E36EXCCD010F0
E36EXCCD001F0
Flood Zone Files (Shapefiles)
E36ZNA_CCDF0
E36ZNB_CCDF0

Flood Depth Files (Raster)
Coastal
E36DPCCD100F0
E36DPCCD010F0
E36DPCCD001F0
Flood Velocity Files (Raster)
E36VLCCD100F0
E36VLCCD010F0
E36VLCCD001F0

Water Level (Shapefiles)
Coastal
E36NCCDF0

Flood Defence Files (Shapefiles)
N/A

GIS Deliverables - Risk
Specific Risk - Inhabitants (Raster)
Coastal
E36RICCD001F0
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