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EXECUTIVE SUMMARY 

The Office of Public Works (OPW) is currently undertaking a national programme of six river 

Catchment-based Flood Risk Assessment and Management (CFRAM) Studies, in line with the 

European Directive on the Assessment and Management of Flood Risks (2007/60/EC) and Irish Law 

(Statutory Instrument No. 122 of 2010) and to deliver on core components of the 2004 National Flood 

Policy. 

RPS were commissioned to undertake the North Western – Neagh Bann Catchment Flood Risk 

Assessment and Management (CFRAM) Study).  The objective of this report is to describe the 

hydraulic analysis undertaken within the Erne Catchment – Unit of Management 36 (UoM36).  It 

details the development of the hydraulic models used to gain an understanding of the Study area’s 

flood response and mechanisms to assess both flood risk and determine flood risk management 

solutions.  

UoM36 includes five Areas for Further Assessment (AFAs).  The model conceptualisation process 

resulted in a total of five models for flood risk analysis within UoM36.  The hydraulic analysis utilised 

computational modelling software informed by detailed topographical survey information (channel 

sections, in-channel/flood defence structures, bathymetric and floodplain), combined with hydrological 

inputs (riverine inflows and sea levels) and water-level control parameters (such as channel-

roughness), to determine flood hazard.  

The principal modelling software package used is the MIKE FLOOD software shell which was 

developed by the Danish Hydraulics Institute (DHI).  This provides the integrated and detailed 

modelling required at a river basin scale and provides a 1-/2- dimensional interface for all detailed 

hydraulic model development thus enabling seamless integration of fluvial and coastal models in the 

AFAs for which this is required.  

Key flood events, where available, were used in the calibration of each model whereby the model was 

reviewed in order to make sure historic flooding is accurately represented.  The principal model 

parameters that were reviewed and amended during the model calibration process are: 

• Bed and floodplain roughness coefficients; 

• Structure roughness and head loss coefficients; 

• Timing of hydrographs; 

• Magnitude of hydrographs; 

• Incorporation of additional survey information (e.g. additional cross-sections or missed 

structures). 

The calibrated models were used to simulate present day and future flood hazard conditions for events 

with a range of annual exceedance probabilities (AEP).  There are inherent assumptions, limitations 

and uncertainty associated with hydraulic modelling, which are detailed for each hydraulic model 

within this Report.  There were no defence failure scenarios required.  Sensitivity tests have been 
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conducted for each model.  The parameters selected for the sensitivity analysis were dependent on 

the specific model but generally included:   

• roughness coefficients 

• critical structure coefficients 

• flow inputs 

• operation of dynamic structures 

• downstream boundary conditions 

• representation of buildings in 2D model domain 

• timing of tributaries 

• flow volume 

A series of flood extent, zone, depth, velocity and risk-to-life maps known collectively as flood hazard 

maps were generated based on the model results.  The outputs from the hydraulic assessment will 

inform the subsequent stages of this study - the models will be used to simulate potential options, 

facilitating the appraisal of possible flood risk management actions and measures. 
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1 INTRODUCTION 

1.1 BACKGROUND TO STUDY AREA 

The Office of Public Works (OPW) commissioned RPS to undertake the North Western – Neagh Bann 

Catchment Flood Risk Assessment and Management (CFRAM) Study in March 2012. The North 

Western – Neagh Bann CFRAM Study was the sixth and last catchment flood risk management study 

to be commissioned in Ireland under the EC Directive on the Assessment and Management of Flood 

Risks 2007, as implemented in Ireland by SI 122 of 2010 European Communities (Assessment and 

Management of Flood Risks) Regulations 2010. 

The North Western International River Basin District (IRBD) covers an area of approximately 12,320 

km² with approximately 7,400 km² of that area in the Republic of Ireland.  Ireland’s portion of the 

district includes two Units of Management (UoMs); UoM 01 (Donegal) and UoM36 (Erne) which takes 

in all of County Donegal as well as parts of Leitrim, Cavan, Monaghan, Longford and Sligo. There is 

historical evidence of a high level of flood risk within certain areas of the district, with significant 

coastal and fluvial flooding events having occurred in the past. 

The Neagh Bann IRBD covers an area of 8,120 km
2
 with approximately 2,010 km

2
 of that area in the 

Republic of Ireland. The Irish portion represents one single Unit of Management, UoM 06 (Neagh 

Bann) which takes in parts of counties Louth, Meath, Cavan and Monaghan. 

This hydraulic report describes UoM36 which covers an area of 2,742 km
2
 and includes the majority of 

County Cavan as well as areas of counties Leitrim, Monaghan, Longford, Donegal and Sligo (adjoining 

areas within Northern Ireland are not assessed as part of the CFRAM programme, although the 

hydrological contributions from these areas are accounted for in the hydrological and hydraulic 

analyses).  UoM36 is predominantly rural, with the largest urban areas being Cavan town and 

Ballyshannon. The fertile soils of the Erne basin are capable of supporting intensive agriculture.  

Within UoM36 there are five Areas for Further Assessment (AFA). These are: Cavan Town and 

Ballyconnell in County Cavan, Bundoran & Tullaghan in County Donegal, Ballinamore in County 

Leitrim and Ballybay in County Monaghan. There are no Individual Risk Receptors identified for further 

assessment within UoM36.   

The full list of AFAs within UoM36 is shown in Table 1.1 and Figure 1.1, which also describe the 

associated flood source, fluvial and/or coastal, requiring assessment under the CFRAM Study. 
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Table 1.1: Fluvial and Coastal Flood Risk at each AFA 

AFA Fluvial Risk Coastal Risk 

Bundoran and Tullaghan   

Ballyconnell  - 

Ballinamore  - 

Ballybay  - 

Cavan  - 

 

As indicated by Table 1.1, the principal source of flood risk within UoM36 is fluvial flooding. One AFA 

(Bundoran and Tullaghan) has been identified as requiring integrated analysis to include coastal 

flooding.  

 
 

Figure 1.1: UoM36 AFA Locations and Extents 

1.2 OBJECTIVE OF THIS HYDRAULICS REPORT 

The objective of this report is to set out the work undertaken, and its conclusions, for the surveys and 

hydraulics analysis as defined within Section 7.8 of the Generic (Stage 1) Project Brief (Ref 

2149/RP/002/F, May 2010), hereafter termed “the Stage 1 Project Brief”.  The report will detail any 

assumptions made, including the need for such assumptions and their justification, supporting 

discussion and appended information as necessary.   
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UoM36 includes 5 AFAs, (refer to Table 1.1) which has required the development of five separate 

models for  flood risk analysis  (Bundoran & Tullaghan has been combined in a single AFA with one 

model due to their proximity) This report has been structured so that each model is reported on in a 

detailed and concise tabulated manner within Chapter 4.  This approach enables the systematic and 

transparent reporting of every aspect of the hydraulic modelling process, detailing the work that has 

been undertaken with justification and assumptions clearly stated for each individual model. This 

avoids unnecessary repetition of generic information relating to all models or UoM36 as a whole.  

Such information is provided within Chapters 1 to 3 to set the scene for the hydraulic analysis and 

provide ample background information. 

The modelling referenced in detail for each of the AFAs under Chapter 4 includes the following topics: 

 General Hydraulic Model Information 

 Hydraulic Model Schematisation 

 Hydraulic Model Construction 

 Sensitivity Analysis 

 Hydraulic Model Calibration and Verification 

 Hydraulic Model Assumptions, Limitations and Handover Notes 

This provides an easily accessible single source of reference for each AFA in terms of specific model 

inputs, approaches and outputs which can be readily utilised in future. 

The report does not aim to provide a first principles explanation of hydraulic modelling theory, nor is it 

intended as a guidance document on how modelling software works.  
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2 DATA COLLECTION 

2.1 BACKGROUND 

The process of data collection for the North Western – Neagh Bann CFRAM Study as a whole has 

been ongoing since Project Inception and is detailed in the North Western – Neagh Bann CFRAM 

Study, UoM36 Inception Report (IBE0700Rp0004, 2013), hereafter termed “The Inception Report”. 

Data specific to hydraulic analysis is described as follows. 

2.2 HYDROLOGICAL DATA 

2.2.1 Fluvial Hydrological Data 

The availability of hydrometric data within UoM36 is detailed in the North Western - Neagh Bann 

CFRAM Study UoM36 Hydrology Report (IBE0700Rp0009, 2014), hereafter termed “The Hydrology 

Report”.  In general UoM36 can be considered to be a well gauged catchment, having 12 gauging 

stations with flow data located directly on (or just upstream of) each of the five models.  All five fluvial 

models therefore include watercourses which are gauged - see Figure 2.1. Hydrometric data is not 

available for many smaller modelled tributaries. 

Four out of the five models contain stations which have: 

1. An FSU rating classification indicating confidence in the rating at Qmed; or 

2. Been subject to rating review through hydraulic modelling such that confidence in the rating at 

Qmed is achieved (refer to Hydrology Report for full details on methodology and results of 

rating review analysis). 

The existing hydrometric data has been utilised as much as possible to inform hydrological analysis 

and the subsequent derivation of:  

1. Historical flood event peak flows and hydrographs – those used for hydraulic model input / 

boundaries and calibration of each model are detailed in the Inception Report and Chapter 4 

of this report, Section 4.1.5 to Section 4.5.5 respectively. 

2. Design flows and hydrographs for the required present day Annual Exceedance Probabilities 

(AEPs) ranging from 50% to 0.1% and future scenarios. 

There is good availability of meteorological data, both daily and hourly within and in close proximity to 

UoM36. These provide the high temporal resolution data needed for driving the rainfall runoff model 

that has been undertaken at station 36150.  This hydrometric station is located just upstream of a 

modelled reach on Model 3 (Ballybay) and given that it was not rated under FSU and had also been 

specified for CFRAM Rating Review it was considered that rainfall runoff (NAM) modelling would be of 

benefit. Elsewhere, the good availability of A1 and A2 stations already provides high confidence in flow 

data such that there is no need for additional hydrological modelling. The results of the CFRAM Study 

rating review for Station 36150 did not prove significant in terms of change to the original gauged 
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AMAX series.  Refer to Hydrology Report for full details of hydrological analysis and design flow 

estimation for both gauged and ungauged catchments. 

In order to facilitate model calibration, the recorded stage-discharge relationship at each hydrometric 

gauging station has been used (up to its reliable limit) to inform the modelled stage-discharge 

relationship at that location.  The integration of hydrological and hydraulic analysis is at the core of the 

methodology undertaken in this Study in arriving at final hydraulic modelling outputs.  This is 

discussed further in Section 3.3.6 and detailed per AFA/model under Chapter 4. 

 

Figure 2.1: Hydrometric Data Availability in UoM36 

2.2.2 Tidal Data 

The Hydrology Report (Section 6.2) discusses the use of tidal data within the Study. This data has 

been taken from the Irish Coastal Protection Strategy Study (ICPSS) and is discussed further in 

Section 3.4 of this report.  

2.2.3 Rainfall Data 

Trials undertaken within the Eastern CFRAM Study area demonstrated that there were benefits to be 

had by using gauge adjusted radar, as opposed to using rain gauge data only, to drive rainfall runoff 

models.  A review of the extents of the radar coverage available found that there was some coverage 

of the North Western – Neagh Bann Study area from the Met Office radar at Castor Bay and the Met 

Éireann radar at Dublin Airport.  However, as the Study area is generally well gauged and there is 
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already high temporal resolution rainfall data from the hourly gauges in close proximity to the 

potentially benefitting catchments, processing of the radar records into gauge adjusted, gridded and 

catchment aggregated time series was not considered necessary for UoM36. 

Full details of rainfall data analysis and associated hydrological modelling are provided in the Inception 

Report and Hydrology Report. 

Rainfall data has also been used as direct input to integrated run-off / hydraulic models in UoM36 in 

cases where the statistical based and catchment run-off based hydrology approach was deemed to be 

unrepresentative of catchment performance. For design events, Depth Duration Frequency (DDF) 

Model outputs from the OPW Flood Studies Update (FSU) Work Package 1.2 have been extracted 

from the FSU DDF gridded data for mid catchment grid points to derive rainfall depths in millimetres 

for each design AEP. For each design event a range of rainfall sums representing different depth / 

duration combinations for the relevant AEP (frequency) were applied to the rainfall run-off component 

of the integrated catchment hydrological / hydraulic model to ascertain the critical storm duration for 

flood mapping.  These sums were distributed to summer and winter Flood Studies Report (FSR) storm 

profiles as appropriate. Full details of this approach are included in the Hydrology Report, Chapter 4. 

2.3 TOPOGRAPHICAL SURVEY DATA 

2.3.1 Channel and Structure Survey Data 

The most significant aspect of data collection since the inception stage of the North Western - Neagh 

Bann CFRAM Study has been the capture of channel and structure survey data to provide cross-

section and long-section information (x, y, z spatial coordinates) of river channels and banks, on-line 

channel structures (bridges, weirs, sluices, etc.) and flood defences (walls, embankments, etc.). This 

information is necessary for the development of hydraulic models of the High Priority and Medium 

Priority Watercourses (HPW and MPWs) within UoM36. 

JBA Consulting commenced the preparation of documentation to procure a channel and cross-section 

survey contract for most of the area within UoM 01 on behalf of the OPW as part of a pre-contract 

national survey management programme.  RPS were subsequently tasked with procuring a survey 

contractor to complete UoM 01 and also to prepare contract documents for the required channel and 

cross-section surveys within UoM 06 and 36.  Due to the emerging timescales and proximity of the 

works, these contracts were merged in mid-2012 under one contract to provide the full survey 

requirements on the three Units of Management within the North Western and Neagh Bann CFRAM 

Study area. This survey contract (known nationally as SC7) encompassed the full channel cross-

sections, details of hydraulic structures and a geometric survey of defences for UoM 01, 06 and 36.   

The specific tasks undertaken, all of which will relate to the building of hydraulic models were: 

 Establishment of suitable survey control along the survey areas; 

 Survey of river channel cross-sections, at prescribed locations within the survey areas; 

 Survey of relevant structures identified within the survey areas; 
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 Survey of identified flood defences within the survey areas; 

 Delivery of outputs as appropriate to the nature of the survey; 

The raw survey data was provided electronically in the following formats: 

 ISIS input format (also compatible with ICM); 

 MIKE input format;  

 Cross-section XYZ format; 

 Left & Right Bank Only XYZ format: This includes integrated cross-section crest levels, flood 

defence crest levels and any intermediate bank levels surveyed between cross-sections, 

provided in a separate XYZ file for each bank; 

 GIS shapefiles of surveyed watercourse centrelines and channel cross-sections with 

populated attribute tables showing Reach IDs, chainages, and coordinate data; 

 AutoCAD drawings; 

 Georeferenced site photographs and videos;  

 Digital metadata. 

Specific details of the survey data received can be found under Chapter 4.  The survey contract for 

SC7 comprised eight pre-defined work packages, of which three work packages related to UoM36. 

The surveys were carried out by Murphy Surveys Ltd between 25
th
 January 2013 and 17

th
 July 2013.  

Incoming survey data was received and quality checked using the following process: 

 Cross references of data i.e. cross-section crest levels against long section levels at the same 

point. 

 Reviewing cross-section locations to assess significant changes in channel width and 

coverage of structures (this step was largely completed at the site visit / specification stage of 

the contract). 

 Reach lengths compared with mapped distances & water levels flowing downstream. 

 Completeness of structure details, including structure length, skew angle and, if appropriate, 

the soffit levels. 

 Verification that cartographic elements such as land use and fence / wall heights and types on 

the drawings are present, consistent and correct. 

 All data delivered was opened within its appropriate software. For example, an MIKE11 file 

was opened in the MIKE software to check compatibility as well as data quality. 

 Photographs and videos were assessed for quality and labelled correctly. 

 The photographs were reviewed for hydraulically significant features (such as overtopping 

points, walls, trash screens, pipe crossings and blockages) and the section drawing checked 

to ensure such features were represented 
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 If any of the above did not fulfil the specified deliverables then it was returned to the surveyor 

for correction. 

All survey data used within each AFA/Model are listed within Chapter 4, including digital data folder 

structure, file names, folder references; any survey issues identified (survey queries) and details of 

survey query resolution. The details are provided under the relevant AFA/Model within Chapter 4 

(Sections refer 4.1.2 to 4.5.2, Item (8) respectively for each of the 5 models).   

The survey issues identified within UoM36 are summarised as follows: 

 Ballinamore: Some cross-sections were extended based on the NDHM across the floodplain 

where LiDAR was not available. This applies to sections on the Kildorragh watercourse and 

the Ballyconnell Canal. 

 Bundoran and Tullaghan:  The coastal bathymetry required additional scatter data along the 

approximate contour lines displayed on Admiralty charts of this area. This improved mesh 

interpolation and ensured that the mesh was representative in this area. A number of cells had 

to be manually edited to allow the downstream extent of the Drowes River to connect to the 

Bathymetry dataset.  

 ‘Glass Walls’ within the Ballybay, Ballyconnell and Cavan models:  Glass walls can occur 

along the 1D only reaches of a model when the simulated water level exceeds the surveyed 

ground level at the extent of the cross-section.  This may result in an artificially high simulated 

water level as the full extent of the cross-section is not represented within the model.   Where 

‘glass walls’ have been identified during model construction, the relevant cross-sections have 

been extended based on LiDAR (where available) or the NDHM (Section 2.3).  This process 

was conducted using ArcGIS to generate an ASCII file (based on LiDAR and NDHM data).  

This file was used as a Digital Elevation Model and was imported, along with a copy of the 

model, to MIKE 2014.  This version of the software has a tool which allows cross-sections to 

be extended to a defined point (where the ‘glass wall’ effect no longer occurs) without 

intersecting other cross-sections.  Further detail on the reaches where cross-sections were 

extended is provided for the relevant models in Chapter 4. 

Digital Survey Data is also provided as an accompaniment to this report. 

Raw survey data has not been converted for the purposes of the CFRAM Study since its provision was 

already in the format compatible with direct import to hydraulic modelling software. 

2.3.2 Floodplain Survey - LiDAR 

The Stage 1 Project Brief indicated that the OPW would supply the results of a floodplain survey by 

May 2012; however delivery of some of the processed floodplain survey information was delayed until 

July 2012 due to weather issues during the fieldwork period.  This survey utilised airborne laser 

scanning technology (LiDAR - Light Detection and Ranging).  The Inception Report has already 

discussed how RPS provided input into the required coverage of this survey.  On receipt of the LiDAR 

information, RPS reviewed and validated the extent of its spatial coverage.  This was efficiently 

performed via the superimposition of multiple ESRI ArcGIS shape-files of the data. This methodology 
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allowed for rapid visualisation and subsequent identification of any geographical inadequacies.  If 

supplied LiDAR information was found to contain insufficient coverage of AFAs (areas designated for 

two-dimensional modelling); then these areas were targeted for rectification and additional LiDAR or 

alternative datasets requested.  Figure 2.1 illustrates the extent of LiDAR coverage in UoM36 in 

relation to the modelled watercourses.  

The DTM derived from the received LiDAR data was assumed to meet the vertical accuracy as 

specified in the Stage 1 Project Brief - 0.2m RMSE. Given the quality of the received surveys, 

additional manipulation or post-processing work was not required for the LiDAR data at HA level. 

Where localised post-processing work has been undertaken at an AFA/Model level, the details have 

been provided under Chapter 4. 

 
 

Figure 2.2: Extent of LiDAR Coverage in UoM36 

2.3.3 Coastal Bathymetry/Floodplain Data 

Within UoM36 bathymetric data was required only for the Bundoran & Tullaghan model as this AFA is 

the only one within UoM36 located within the area of tidal influence.  Details of coastal floodplain and 

bathymetry data used in this model are included under Chapter 4. 

Some of the bathymetry information used in the models was obtained from INFOMAR survey data, a 

joint venture between the Geological Survey of Ireland (GSI) and the Marine Institute, supplemented 

with Admiralty Chart data, as digitally supplied by C-Map of Norway – see Table 2.1. 
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Table 2.1: Bathymetric datasets used in each model 

Model Bathymetric datasets used 

Bundoran & Tullaghan  Admiralty Chart data (C-Map) 2009/2010 

 

The OPW LiDAR data provided as part of this study were used to provide specific information for 

inshore and coastal areas. Before use in the Bundoran & Tullaghan models the OPW LiDAR data 

were trimmed to the Ordnance Survey Ireland (OSI) High Water Mark, in order to remove areas 

containing water level elevations, rather than bare earth data.  

RPS processed and quality checked all bathymetric data to ensure its suitability for use within the 

modelling systems, consistently ensuring that any model interpolation processes produced valid 

meshes which were representative of the input data.  This was a manual process where the modeller 

inspected the model bathymetry files to ensure that the relevant features were adequate represented 

within the model.  Where relevant, buffers were used between adjoining datasets in order to ensure a 

smooth transition, and additional interpolated data was included in locations where data was 

unavailable. Bathymetry data at boundary locations and transition areas between 1D and 2D model 

components was also edited where necessary is order to prevent boundary drying and achieve model 

stability. The datum of bathymetric datasets was checked and it was verified that levels between 

adjacent datasets were consistent. The data, having been checked, was deemed appropriate for use 

in the models.  

2.3.4 Other Digital Elevation/Terrain Models 

As detailed in the Inception Report, the OPW provided National Digital Height Model (NDHM) (5m 

resolution IfSAR) data covering UoM36 in its entirety at the project outset. 

In addition to this data, the OPW also provided hydrologically-corrected Digital Terrain Model data 

(hDTM).  These datasets, which are presented in a 20m resolution, covered the entire spatial extent of 

UoM36 and are hydrologically correct.     

On receipt of this information, RPS reviewed the datasets in order to check for adequate project areal 

coverage.  As the xyz data had already been converted into ESRI Grid files, no further post-processing 

was required for geographical data visualisation. Where localised post-processing work has been 

undertaken at an AFA/Model level, the details have been provided in Chapter 4. 

2.4 DEFENCE ASSET DATABASE 

The locations of some of the North Western – Neagh Bann CFRAM Study area’s known flood defence 

assets were identified within the Study Brief provided by OPW.  However, no flood defence assets 

were identified within UoM36.   

The identification and geometric survey of non-AFA and AFA flood defence assets was included as a 

contract deliverable in the SC7 channel and cross-section survey contract, however no flood defence 
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assets were identified by the survey contractor to be located within UoM36 and none were identified 

during further consultation with the study’s progress group members. 

2.5 LAND USE DATA 

The Environmental Protection Agency (EPA) GIS Dataset “Coordination of Information on the 

Environment” known as CORINE was provided at the project outset (7th June 2011 from OPW) for the 

most recent version in 2006 (500m grid resolution). The CORINE Land Cover (CLC) is a map of 

environmental landscape based on interpretation of satellite images. There are five broad levels of 

land use classification: 

1. Artificial Surfaces 

2. Agricultural Areas 

3. Forest and semi-natural areas 

4. Wetlands 

5. Water Bodies 

These categories are further broken down into 44 classes of specific land use and were provided as a 

GIS polygon shapefile covering the North Western – Neagh Bann CFRAM Study area. This data was 

used in the hydraulic modelling phase to define catchment roughness parameters as detailed in 

Section 3.3.4.  
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3 HYDRAULIC MODEL METHODOLOGY  

3.1 INTRODUCTION 

Hydraulic analysis is a critical part of a CFRAM study. The objective of hydraulic analysis is to gain a 

detailed understanding of the Study area’s flood response and mechanisms to assess both flood risk 

and determine flood risk management solutions. The accuracy of the models representing existing 

conditions in terms of flood level, depth, extent and flow velocity allows the possible benefits of flood 

options to be meaningfully assessed, allowing the appropriate actions/decisions to be taken. To 

achieve such accuracy; detailed hydraulic modelling analysis of historic flood events, and estimation of 

design and future flood level, depth, velocity and extent conditions, has been undertaken for each 

AFA.  This analysis takes account of factors influencing in-stream flow and water level, such as the 

effect of lake and floodplain retention and control structures. 

The principal modelling software package that has been used is the MIKE FLOOD software shell (refer 

to Section 3.3.1), which was developed by the Danish Hydraulics Institute (DHI). This provides the 

integrated and detailed modelling required at a river basin scale and provides a 1-/2-dimensional 

interface for all detailed hydraulic model development.  By adopting MIKE FLOOD a series of fully 

dynamically linked 1-dimensional/2-dimensional models have been developed, thereby incorporating a 

degree of flexibility into the extent of coverage of the 1-dimensional and 2- dimensional elements 

within each area. The MIKE FLOOD software shell comprises MIKE11 for 1-dimensional modelling 

(fluvial applications) and MIKE21 for 2-dimensional modelling (fluvial and coastal applications), thus 

enabling seamless integration of fluvial and coastal models in the AFAs for which this is required.  

The subsequent sections of this Chapter describe the overall conceptualised models and detail the 

key aspects of the modelling software package used including model inputs, how channel structures 

are represented and model parameters selected.  The integration of hydraulic analysis with previously 

undertaken hydrology analysis is also outlined, with AFA specifics provided where relevant under 

Chapter 4. 

3.2 MODEL CONCEPTUALISATION  

The Inception Report, Chapter 5 and the Hydrology Report, Chapters 4 and 6.1 outline the hydraulic 

model conceptualisation process which resulted in five hydrodynamic models in total. AFA specific 

model conceptualisation, including modelling software used is detailed under Chapter 4 of this report 

and summarised in Table 3.1 below.   

All HPW’s have been modelled as 1D-2D, with MPW’s normally modelled as 1D only.  The number 

and boundaries of the models have been largely chosen due to modelling practicalities such as having 

one 2D mesh per model and therefore one AFA per model and where possible such that gauge 

stations separate models and therefore can be used to directly calibrate flow estimations on both 

models.  MIKE FLOOD software has been selected for all of the models within UoM36.  
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Table 3.1: UoM36 Model Conceptualisation 

Chapter 4 
Reference 

AFA 
Fluvial 
Risk 

Coastal 
Risk 

Fluvial 
Model 

Software 

Coastal 
Model 

Software 
Comments 

4.1 
Ballinamore  - 

MIKE 
FLOOD 

- - 

4.2 
Ballyconnell  - 

MIKE 
FLOOD 

- - 

4.3 
Ballybay  - MIKE 

FLOOD 

- - 

4.4 
Cavan  - MIKE 

FLOOD 

- - 

4.5 

Bundoran & 

Tullaghan 
  MIKE 

FLOOD 

MIKE 
FLOOD 

Single model 

 

Figure 3.1 illustrates the extent of fluvial models and also the AFA locations.    

The Ballyconnell model comprises the Woodford River from the downstream limit of the Ballinamore 

model and continues downstream through Ballyconnell and on to Upper Lough Erne.  Cavan town is 

located at the upstream end of the River Erne, which flows into Upper Lough Erne (a cross-border 

lake).  Downstream of Upper Lough Erne is Lower Lough Erne (in Northern Ireland) and Assaroe Lake 

(Republic of Ireland) before the River Erne discharges to the Atlantic Ocean at Ballyshannon. 

The downstream boundary conditions of the Ballyconnell and Cavan models (which flow into Upper 

Lough Erne in Northern Ireland) have been represented by water levels.  This approach was adopted 

as a hydraulic model of Erne catchment within Northern Ireland was not available.   

The Bundoran and Tullaghan model is a standalone model, with the modelled watercourses 

discharging into the Atlantic Ocean.   
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Figure 3.1: UoM36 Modelled Watercourses and AFAs 
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3.3 FLUVIAL MODELLING  

3.3.1 Fluvial Model Software – MIKE FLOOD 

The MIKE FLOOD modelling system (refer to Section 3.3.1) was utilised for five models, the details of 

which are included under Chapter 4. 

MIKE FLOOD is a software shell comprising the following two components: 

 A 1-dimensional river model (MIKE11 HD) to describe the flow in linear rivers and channels 

 A 2-dimensional model (MIKE21 HD) to describe the free surface flow in the river floodplain. 

 

MIKE FLOOD integrates the one-dimensional model and the two-dimensional model into a single, 

dynamically coupled modelling system. This enables the best features of both model types to be 

utilised, whilst at the same time avoiding many of the limitations of resolution and accuracy 

encountered when using either model separately.  

The integration of MIKE11 and MIKE21 is provided by a series of lateral links, on both the left and right 

banks.  Each lateral link allows a string of MIKE21 cells to be laterally linked to a defined reach in the 

MIKE11 model.  These links are used to simulate overflow from the river channel onto a floodplain.  

MIKE FLOOD provides options to adjust the parameters associated with each link including friction, 

weir coefficient, calculation type and source of flooding i.e. water transfer occurs when the water level 

exceeds the highest of the MIKE21 cell level or the marker level in MIKE11.  These parameters are set 

as the default values unless otherwise specified in Chapter 4.   

Standard links may also be used, where one or more MIKE21 cells are linked to the end of a MIKE11 

river branch.  These links are used to connect the MIKE21 grid / mesh into a broader MIKE11 network.  

The third main type of link is the structure link which is used to simulate structures within the MIKE21 

model (instead of the MIKE11 model).  These links can be used to simulate structures which are 

remote from the river but convey water when flooding occurs. 

The 1-D hydrodynamic models constructed within UoM36 comprise a Simulation Editor file which 

contains details of the simulation and provides a link to other MIKE11 editor files. For each hydraulic 

model created, the simulation editor has the following input files: 

 A Network Editor file (see example given by Figure 3.2) containing the location of the river 

channel and any branches and details of hydraulic structures on the river (weirs, culverts, 

bridges etc.) in the tabular view; 

 A Cross-Section Editor file containing all river channel cross-sectional information;   

 A Boundary Editor file (see example given by Figure 3.2) containing all boundary conditions 

applied to the model including an upstream input discharge hydrograph for each watercourse, 

a specified downstream boundary and a number of point / distributed discharge hydrographs 

along the length of the river; 
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 A Hydrodynamic Editor file containing details of the hydrodynamic parameters adopted in the 

simulations.  

 

Figure 3.2: Example MIKE11 Network Editor File 

 

Figure 3.3: Example Boundary Editor File 

 

The input files for the 2D- MIKE21 models are the topography file and the resistance file – further 

details provided in Section 3.3.3 and Section 3.3.4 respectively. 

 

3.3.2 In Channel Structures  

In-channel structures have been incorporated through the network file (tabular view).  The geometry of 

irregular shaped culverts and bridges are normally defined by 'Cross-Section DB', with regular shaped 

culverts defined as being circular or rectangular.  The 'Cross-Section DB' and Level-Width options 

have both been employed when installing weirs. 
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In terms of model stability, the MIKE software developers (DHI) advise that culverts are more stable 

than bridge structures in MIKE and that culverts (and weirs to allow overtopping of the structure) 

should be inserted as a proxy for bridges when possible. There is no difference between defining the 

geometry of the culvert in the model or using a cross-section in the cross-section file (Cross-section 

DB).  DHI also recommend using a series of closed cross-sections to represent long culverts instead 

of a structure in the network file, as this approach more accurately represents frictional effects. 

3.3.3 2D Domain Topography 

The files used in the MIKE21 models to define the floodplain are based on the LiDAR and DTM data 

supplied for the North Western - Neagh Bann CFRAM Study (refer to Section 2.3.2, 2.3.4, and 

Chapter 4). A mesh was created from the provided LiDAR data to ensure the accurate assessment of 

2D out of bank flow.  For flexible mesh models, the resolution varies from typically 5m
2
 in areas where 

greater detail is required e.g. roads to greater than 100m
2
 in areas requiring less detail e.g. rural 

areas.  For classic (or rectangular) grid models, the resolution has been set to 5m
2
 (unless specified 

otherwise in Chapter 4) as this resolution provides sufficient detail to meet the requirements of this 

study, for the majority of floodplain features.  Where there are features that play an important part of 

the flooding regime which cannot be represented with this resolution, then they have been explicitly 

modelled within the 2D domain.  Further details are provided within Chapter 4, where this approach 

has been adopted.  

Building footprints were defined by a GIS file extracted from national vector mapping and the relevant 

cells blocked out or assigned zero porosity to force water to flow around them. A paper on this topic 

prepared by Engineers Australia, Water Engineering in February 2012
1
 informed the decision on 

adopting this approach.  It is acknowledged that in reality buildings would provide an element of flood 

storage thus marginally reducing the overall flood extents but there is uncertainty as to the actual 

volume they would store. Therefore it was considered that preventing flood flows through buildings 

was a more conservative approach and would ensure flood extents are not underestimated. Details of 

the bathymetry files used and how they are applied in each relevant model are provided under 

Chapter 4.  

 

3.3.4 Roughness Coefficients 

Roughness coefficients for cross-sections and structures within 1D river models are taken from the 

CIRIA (1997) Culvert design guide (see Table 3.2 and Table 3.3).  Through site visits, photographs 

and videos included within the topographical survey information, an appropriate Manning's n value is 

selected for each cross-section and structure by the modeller.  These initial Manning's n values may 

be amended (within normal bounds) to facilitate achieving model calibration.  

                                                      

 

1
 Australian Rainfall and Runoff, Revision Project 15,  Two Dimensional Simulations in Urban Areas, 

Representation of Buildings in 2D Numerical Flood Models 
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Table 3.2: Manning's n Values for Normal Channels and Floodplains (CIRIA 1997) 

Type of Channel and Description Manning’s n value 

Minimum         Normal         Maximum 

Natural Streams (top width at flood stage <30m)    

Clean, straight stream    

     -full stage, no rifts or deep pools, 0.025 0.030 0.033 

     -as above, but more stones and weeds. 0.030 0.035 0.040 

Clean, winding stream    

     -some pools and shoals, 0.033 0.040 0.045 

     -as above, but some weeds and stones, 0.035 0.045 0.050 

     -as above, lower stages, more ineffective slopes 

sections, 

0.040 0.048 0.055 

     -as above but more stones. 0.045 0.050 0.060 

Sluggish reaches, weedy deep pools. 0.050 0.070 0.080 

Very weedy reaches, deep pools, or floodways with 

heavy stands of timber and underbrush. 

0.070 0.100 0.150 

Mountainous streams, no vegetation in channel, banks 

usually steep, trees and brush along banks submerged 

at high water levels 

   

     -gravel bed with cobbles and few boulders, 0.030 0.040 0.050 

     -cobble bed with large boulders. 0.040 0.050 0.070 

Floodplains (examples only)    

Pasture, no brush    

     -short grass, 0.025 0.030 0.035 

     -high grass. 0.030 0.035 0.050 

Cultivated areas    

     -no crop, 0.020 0.030 0.040 

     -mature row crops, 0.025 0.035 0.045 

     -mature field crops. 0.030 0.040 0.050 

Brush    

     -scattered brush, heavy weeds, 0.035 0.050 0.070 

     -light brush and trees, in winter, 0.035 0.050 0.060 

     -light brush and trees, in summer, 0.040 0.060 0.080 

     -medium to dense brush, in winter, 0.045 0.070 0.110 

     -medium to dense brush, in summer, 0.070 0.100 0.160 
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Table 3.3: Manning's n Values for Culverts (CIRIA 1997) 

Barrel, wall and joint description Manning’s n value 

    Minimum             Normal            Maximum 

Concrete pipe    

     -good joints, smooth walls 0.011 0.012 0.013 

     -good joints, rough walls 0.014 0.015 0.016 

     -poor joints, rough walls 0.016 0.0165 0.017 

Concrete box    

     -good joints, smooth walls 0.012 0.0135 0.015 

     -good joints, rough walls 0.014 0.015 0.016 

     -poor joints, rough walls 0.016 0.017 0.018 

Metal pipe    

     -68mm x 13mm corrugations 0.022 0.0245 0.027 

     -100mm x 20mm corrugations 0.022 0.0235 0.025 

     -127mm x 25mm corrugations 0.025 0.0255 0.026 

     -153mm x 50mm corrugations 0.033 0.034 0.035 

     -200mm x 55mm corrugations 0.033 0.035 0.037 

     -spiral rib metal pipe, good joints 0.012 0.0125 0.013 

Concrete    

     -trowel finish 0.011 0.0125 0.014 

     -float finish 0.013 0.0145 0.016 

     -unfinished 0.014 0.017 0.020 

Brick    

     -glazed, good condition 0.011 0.014 0.017 

     -cement, mortar, good condition 0.012 0.015 0.018 

     -poor condition 0.022 0.026 0.030 

 

The selection of roughness values used for the 2D domains has been based on the CORINE land use 

dataset (Section 2.5).  This is the best land use dataset currently available, covering Ireland at a 

consistent resolution meaning it is available for all 2D model extents within the CFRAM Study Area.  

This automates the approach applied in the Dodder Pilot CFRAMS and Skibbereen FRAMS.  The 

modeller may edit the roughness coefficients during model calibration where it is deemed necessary 

and can be justified.  The CORINE dataset comprises of 44 different land use types - each of these 

were reviewed by Senior RPS Modellers and assigned an appropriate Manning's n and M value 

(Manning’s ‘M’ is the inverse of the commonly used Manning’s ‘n’ number).  The CORINE shapefile 

incorporating Manning's values was converted allowing it to be imported into the hydraulic modelling 

software.  The values selected are shown in Table 3.4. 
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Table 3.4: CORINE Description and corresponding Manning's Values  

CORINE - Description Manning's Value 

n M 

Continuous urban fabric 0.011 91 

Discontinuous urban fabric 0.045 22 

Industrial and commercial units 0.014 71 

Road and rail network 0.013 77 

Sea ports 0.014 71 

Airports 0.013 77 

Mineral extraction sites 0.03 33 

Dump 0.05 20 

Construction sites 0.04 25 

Green urban areas 0.03 33 

Sport and leisure facilities 0.03 33 

Non-irrigated arable land 0.035 29 

Permanently irrigated land 0.03 33 

Fruit trees and berries plantations 0.07 14 

Pastures 0.035 29 

Annual crops associated with permanent crops 0.035 29 

Complex cultivation patterns 0.04 25 

Land principally occupied by agriculture with significant 
areas of natural vegetation 

0.06 17 

Agro-forestries 0.06 17 

Broad-leaved forests 0.07 14 

Coniferous forests 0.06 17 

Mixed forests 0.065 15 

Natural grassland 0.035 29 

Moors and heathlands 0.045 22 

Transitional woodland scrub 0.06 17 

Beaches, dunes, sand 0.025 40 

Bare rocks 0.02 50 

Sparsely vegetated areas 0.025 40 

Burnt areas 0.025 40 

Inland marshes 0.025 40 

Peat bogs 0.06 17 

Salt marshes 0.03 33 

Salines 0.03 33 

Intertidal flats 0.02 50 

Stream courses 0 0 

Water bodies 0 0 

Coastal lagoons 0 0 

Estuaries 0 0 

Sea and ocean 0 0 
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3.3.5 Other Parameters  

The MIKE21 models provide a facility for specifying the depth at which the model cells are identified as 

wet or dry.  The drying depth is the minimum water depth allowed in a cell or element before it is taken 

out of the calculation.  The flooding depth is the depth at which the cell or element will be entered into 

the calculation.  This removes very shallow depths of water from the flood maps, leading to better 

representation of the flood extents.  The drying depth is set at 0.02m and the flooding depth is set at 

0.03m.  

In MIKE21, the value for eddy viscosity is normally defined as 0.02(x^
2
/T) where x represents the 

mesh resolution and T is the timestep interval.  The eddy viscosity value can be amended beyond this 

calculated value (within normal bounds) in order to facilitate model stability. 

RPS has endeavoured to ascertain the operating controls of dynamic structures, where this is 

relevant.  If this has not been possible, RPS has assumed that all structures are fully open, unless 

otherwise specified under Chapter 4. 

The selection of the timestep varies for each model.  For 1D models, the normal range is between 1 

second and 5 seconds.  Generally, the timestep selected for the 2D model is the same as the 1D 

model, unless otherwise specified under Chapter 4.   

The first MIKE models constructed in UoM36 used the current software version at that time - MIKE 

2011, consequently RPS have constructed all MIKE FLOOD Rectangular mesh models throughout 

UoM36 using this software version to maintain consistency. 

3.3.6 Integration of Fluvial Hydrological Analysis with Hydraulic Modelling  

The hydrological analysis for UoM36 was completed prior to the hydraulic analysis phase of the report 

and had the overall objective of providing hydrological input files (boundary conditions) in terms of 

design flows and hydrographs for each hydraulic model, and also flood event calibration data (as 

derived from hydrometric data recorded for past flood events).  The hydrology report documented the 

methodology, process and outputs and also identified areas where further detail and analysis would be 

undertaken at the hydraulic analysis stage of the CFRAM Study.  The core aspect of this is integration 

of hydrology analysis and hydraulic modelling to achieve final design flows as discussed in Section 

3.3.6.  There are also specific aspects of the hydrology which require further review as part of the 

hydraulic modelling and these are addressed later in this section. 

The hydraulic analysis for each AEP/Model is very much integrated with the fluvial hydrological 

analysis as outlined in the Hydrology Report and in Figure 3.3.  The hydrological analysis produced 

boundary input and intermediate check files for each hydraulic model. In most cases, these files 

consisted of design hydrographs for each AEP as defined at every Hydrological Estimation Point 

(HEP) in the model.  Lateral inflow hydrographs were also provided between HEPs to ensure any 

interim contributing catchment areas were not missed, and to provide a form of flow balancing moving 

downstream.  These hydrographs were simulated in the hydraulic model as the first step in the 

integration of hydrological and hydraulic analysis.   
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Figure 3.4: Fluvial Hydrology Process Flow Chart (refer to UoM36 Hydrology Report) 
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Building on Phase 2 as shown in Figure 3.3 hydrological analysis was revisited using the following 

hierarchical approach: 

1. Fluvial Joint Probability (refer to Hydrology Report Section 6.3.1) - the initial assumption of the 

same frequency conditions in both watercourses at confluence points is tested against the 

guidance in FSU WP 3.4 “Guidance for River Basin Modelling” whereby the AEP in the 

tributary watercourses is reduced based on:  

 gauged data where available on both watercourses or; 

 based on the AREA, FARL and the distance between the centroids of both 

catchments (see Table 13-1, FSU WP 3.4). 

2. Lateral inflows may also be subject to minor adjustment. These flows have been scaled based 

on the total catchment flow to that point and as such some adjustment may be appropriate. 

3. Where the sum of the flows does not achieve the peak flow for the required AEP at the check 

point then the modeller may refer the model back for hydrology design flow estimation review 

and / or hydrological re-analysis. Where this is the case the catchment descriptors will initially 

be checked and further checks on the appropriateness of the adjustment factor and growth 

factor / pooling group may also be considered. 

4. Alternative hydraulic modelling techniques may be considered for urban catchments requiring 

rainfall based hydrological data input rather than flow based inputs derived from statistical 

analysis. 

 

The details and justification for this approach are supplied in the Hydrology Report and is referred to 

here as an example of the integrated approach that has been taken between hydrology and 

hydraulics.  The approach ensures that modelled flows are ‘anchored’ to the design flows at each HEP 

throughout the entire catchment.  HEPs have been located at intermediate points along the channel 

and at the interface between models such that the total flow in one model is tied to the inflow in the 

next model downstream such that both are tied to the hydrological estimate. Where there is a large 

discrepancy between the total flow at the downstream boundary of a model and the hydrological 

estimate, this is investigated further to ascertain if the modelled flow or the hydrological estimate is 

truly reflective of the catchment flow conditions. Where it is deemed that the model is capturing 

something that the hydrological estimates are incapable of, such as hydraulic attenuation due to a 

structure, then the modelled flows are used as the upstream boundary for the model downstream.  

Alternatively, it may be the case that the modelled flows are not truly reflecting a catchment feature, 

such as the attenuating effect of a lake represented within a 1D only model. In this instance the 

hydrological estimate is retained as the upstream boundary to the model downstream. Consequently, 

this approach ensures that the flood maps are representative of the stated annual exceedance 

probability.   

All cases in which application of the aforementioned hierarchal approach were undertaken as part of 

the hydraulic analysis phase are detailed within Chapter 4 as appropriate. 
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3.4 COASTAL MODELLING 

3.4.1 Overview 

In order to facilitate the computational modelling for the Bundoran & Tullaghan coastal AFA, a similar 

approach was taken as for the inland, fluvially-dominated areas. However, some major differences 

included the addition of coastal boundaries and coastal bathymetry and the consideration of joint 

probability between fluvial and tidal components. 

Firstly the coastal area was reviewed in order to ascertain if the tidal component was influential to the 

cause of flooding in the area. Where this was the case, the decision was made whether to utilise 

flexible or rectangular mesh, depending on the topography of the area and the extents and position of 

those areas likely to flood. In order to make this judgement, a thorough review of available LiDAR 

information was undertaken.  Taking into account the worst possible coastal water level to be 

considered within this study, the 0.1% AEP HEFS, those coastal areas with elevations below the 

corresponding water level, with a direct flood path from the sea, would most likely be coastally 

inundated.  Areas where coastal inundation was identified as a potential issue were modelled using 

MIKE21, in order to allow the complex two dimensional overland flow paths to be satisfactorily 

resolved.    

A fully functioning tidal inundation model was developed for coastal AFAs.  It was important to ensure 

a representative tidal model was achieved, with water moving freely and realistically throughout the 

model domain.  The floodplain and buildings were also included in the model. 

A bed roughness map was produced for all models, using the CORINE dataset.  Coastal bed 

resistance values were taken as a Manning's M value of 30m(1/3)/s, which was adjusted in the 

calibration and sensitivity analysis as necessary.   

3.4.2 Coastal Modelling Software – MIKE21 

The computational modelling was undertaken using MIKE21, as discussed in Section 3.4.2  To 

adequately represent the variable bathymetry and topography, the model mesh for Bundoran & 

Tullaghan was a 5m rectangular mesh.  

3.4.3 Coastal Model Boundaries 

Coastal model boundaries were established and are detailed under Section 4.1.3(5). Boundaries were 

located in an appropriate position offshore for the ICPSS levels to be considered representative of 

extreme total water levels at that location.  The ICPSS water levels are total water levels, comprising 

tidal and surge components which together yield a joint probability event of a particular AEP.   

Using information from the Admiralty Tide Tables, RPS established a tidal water level half-way 

between the Mean High Tide and Mean High Water Springs (MHWS).  This was considered 

appropriate as a significant tidal event, as MHWS was considered too extreme when assessed in 

conjunction with extreme surge events.  From this level, the resultant magnitude of the surge 

component required to produce the total water level for the relevant AEP was deduced. 
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Temporally varying water levels have been used to represent the coastal boundaries where relevant in 

UoM36. The inclusion of a temporal element within any detailed assessment of tidal flood risk is a very 

important consideration due to the relatively rapid variation in even extreme tidal events associated 

with the normal astronomical tidal cycle. In general, this limits the duration of defence exposure and 

over-topping and consequently is an important consideration in establishing the volume of water that 

can enter vulnerable areas. RPS’ experience with detailed modelling of coastal flooding has indicated 

that it is seldom sufficient to simply model a single tidal cycle, as extreme tidal surges often persist 

over multiple tidal cycles. Consequently the most onerous tidal flooding is normally a result of the 

accumulation of flood waters entering the area over multiple tidal cycles. 

The position of the boundaries and their associated bathymetry and tidal regime at Bundoran & 

Tullaghan facilitated a simplified approach, which involved scaling a sine curve to the appropriate 

magnitude and frequency to determine the tidal component of the boundary.  

Using information from the ISTM, as well as observed extreme events where available, RPS have 

established that a typical profile of a surge event could be adequately represented in this study by a 

positive sine curve of 48 hours duration. Each sine curve was scaled appropriately to achieve a surge 

residual of the relevant magnitude. 

The relevant tidal curve was combined with the appropriate residual surge profile to obtain the total 

combined water level time series as required for the relevant AEPs.  It was assumed that the peak of 

the surge would coincide with the peak of the tide at the boundary locations. 

Each time series includes a number of tidal cycles, with one preceding the onset of the surge event to 

assist in developing stable conditions within the models, prior to modelling the onset and progression 

of inundation during the surge event. 

3.4.4 Coastal Simulations, Joint Probability and Sensitivity 

Upon development of a completed and successfully calibrated model, relevant simulations were 

undertaken in order to determine the worst case scenario flooding for each AEP.  

As a starting point, RPS reviewed both coastal dominated and fluvial dominated scenarios for each 

AFA, combining low probability events from one source, with a more frequently occurring 50% AEP 

event from the other before joint probability was considered further.   

As such, coastal events of 10%, 0.5% and 0.1% AEP were combined with a fluvial event of 50% AEP 

in order to produce joint return periods of 10%, 0.5% and 0.1% AEP for a coastal dominated scenario.  

Conversely, fluvial events of 10%, 1% and 0.1% AEP were combined with a coastal event of 50% AEP 

for joint return periods of 10%, 1% and 0.1% AEP for a fluvial dominated scenario. 

Sensitivity tests were undertaken for the principal parameters used within the model to identify the 

degree of variability within the model output associated with the model inputs. This included variation 

in the joint probability and temporal variations, along with parameters such as eddy viscosity and bed 

resistance.  In the Bundoran & Tullaghan AFA, relative timing between fluvial and coastal peaks was 

critical in the determination of flood extents, and in general it was assumed the events from both 
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sources would peak together at the location affected most by both fluvial and coastal flooding.  As 

such, timings were adjusted and using an iterative approach, the worst case flood outlines, for a 

particular combination of events, were established. 

3.4.5 Wave Overtopping 

The only location within UoM36 where the OPW has provided joint return period combinations of wave 

heights and water levels under the CFRAM programme in accordance with Section 2.26 of the Stage II 

Project Brief was Tullaghan.  Subject to clarification of the requirements of the over-topping analysis 

from OPW, RPS proposes to use the approach presented in the “Wave Overtopping of Sea Defences 

and Related Structures – Assessment Manual” (EurOtop) to assess the over-topping risk and hence 

flood hazard for this AFA. 

The “Wave Overtopping of Sea Defences and Related Structures - Assessment Manual", published in 

2007, has an author team comprising experts in the field of overtopping from several European 

countries.  This “European Overtopping Manual” presents the latest techniques and approved 

methods for establishing overtopping hazards and flooding for an extensive range of structure types. 

Currently this approach is recognised within Europe as best practice on the analysis and/or prediction 

of wave overtopping for flood defences attacked by wave action. 

In parallel with this manual, an online Calculation Tool (EurOtop) has been developed to assist the 

user through a series of steps to establish overtopping predictions for embankments, dikes, rubble 

mound structures and vertical structures. The following features are available via the online tool: 

 Calculation of mean overtopping discharge, overtopping volumes and number of overtopping 

waves.  

 Calculation flow velocity and flow depths of waves overtopping sloping structures.  

 Provision of information and support for required data input.  

In order to determine the flood hazard associated with overtopping RPS have calculated overtopping 

rates for relevant coastal structures under a range of combined tidal levels and wave heights of known 

joint return period using the EurOtop application. The results of this exercise enables the critical 

structure/overtopping rate/event combination for the frontage to be identified.  

The temporal variation in overtopping rate for the frontage is subsequently determined using EurOtop 

to analyse the performance of the critical structure, under the critical wave conditions and a range of 

tidal levels associated with a generic storm profile derived from a combination of the normal 

astronomical tidal profile and an appropriate sinusoidal surge profile with a duration of 48 hours. The 

instantaneous overtopping rates resulting from this analysis were combined to create boundary 

“hydrographs” that can be applied to the coastal flood models at the locations of the overtopping 

defences to facilitate simulation of the flood pathways and flood extents resulting from overtopping of 

the defences. The results of the coastal modelling were then combined with the output of the direct 

tidal inundation mapping to establish the coastal flood hazard maps. 
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It should be noted that the methods and tools provided by EurOtop assist in establishing preliminary 

predictions for overtopping discharges for the structure types discussed in the EurOtop manual. They 

are not intended to be used for detailed design or assessment of structures subject to wave 

overtopping. It is recommended that detailed design or assessment of any structure should use 

hydraulic and physical model testing to verify the overtopping discharges where this is practicable. 

3.5 HYDRAULIC MODEL CALIBRATION 

3.5.1 Overview 

The use of flood event data draws on the historic data analysis undertaken at the Inception Stage of 

the CFRAM Study (refer to the Inception Report) whereby key flood events were identified for use in 

the calibration of each model.  The following aspects contributing to model calibration were also 

discussed in the hydrology report, with further details provided below. 

Specific details on the use of past flood event data for model calibration is provided under Chapter 4 

per AFA/Model.  Generally, the principal model parameters that are reviewed and amended during the 

model calibration process are identified below: 

 Bed and floodplain roughness coefficients; 

 Structure roughness and head loss coefficients; 

 Timing of hydrographs; 

 Magnitude of hydrographs; 

 Incorporation of additional survey information (e.g. additional cross-sections or missed 

structures). 

The choice of parameter that should be adjusted in order to calibrate the model will depend on the 

desired output i.e. whether there is too much or too little flooding in a particular area of the model.  The 

chosen parameter may require adjustment locally at a particular structure or reach of watercourse or 

globally affecting the entire model.  The decision is based on the experience of the modeller and can 

be an iterative process until selection of the right combination of parameters (within acceptable 

bounds) generates a flood extent which represents the flooding mechanisms in the AFA. 

3.5.2 Rating Review of Hydrometric Stations 

In UoM36 there are three stations specified for rating review through hydraulic modelling as shown in 

Table 3.5.  The full methodology and results and impacts of the rating review analysis are included in 

the Hydrology Report.  From a hydraulic modelling perspective the outcomes of the rating reviews 

were identified in the Hydrology Report as having a potentially high impact on the associated hydraulic 

model calibration since this depends on the upper limits of a gauge rating i.e. observed historical flood 

event flow data.  This could be changed based on the results of rating reviews i.e. if significant 

uncertainty is identified in the current rating and it is deemed appropriate to revise it using the CFRAM 

Study hydraulic analysis rating curve. Table 3.5 identifies the stations for which significant uncertainty 

with the current rating was identified by the rating review. 
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Table 3.5: Hydrometric Station Rating Reviews 

Station 
Number 

Station 
Name 

Final Station Rating 
Quality Classification 

AFA/HPW 
Model 

Significant Uncertainty 
Identified in current 

rating 

36027 Bellaheady 
No current rating (previously 

A2) 
Ballyconnell (2) n.a. 

36031 Lisdarn A2 Cavan (4) No 

36150 
Shantonagh 

Bridge 
Not rated under FSU Ballybay (3) No 

 

As indicated by Table 3.5, no stations have showed significant uncertainty with the current rating. 

3.5.3 Use of NAM modelling flow outputs 

Full details of the use of hydrological rainfall run-off (NAM modelling) are provided in the Inception and 

Hydrology Reports.  The overall objective was to provide an additional layer of simulated flow data at 

gauging stations where an augmented AMAX series was of potential benefit to the core statistical 

based hydrology analysis in determining design flows for each model (refer to Figure 3.3).  Another 

potential benefit of the rainfall runoff models was identified in that a further layer of simulated 

hydrometric data would be available for calibration of the hydraulic models. Events which may be 

outside the continuous flow record period of the gauge would now be available through the simulated 

time series flow data at hydrometric stations where NAM modelling was undertaken. No continuous 

level information is available as the models are spatially dimensionless (i.e. they are not hydraulic 

models with inputted topographical survey information) but the simulated flow information could 

potentially be used to replicate the recorded flood extents for historic events not previously captured. 

This potential benefit was utilised in the hydraulic modelling calibration of the Ballybay AFA as 

summarised in Table 3.6 and detailed under Chapter 4. 

Table 3.6: Use of Simulated Flow Trace (NAM outputs) at Hydrometric Stations for 

Hydraulic Model Calibration 

Hydrometric Station Model 

Simulated Flow 
Trace used for 
flood event 
calibration? 

36150 Ballybay (3) Yes 

 

3.5.4 Consultation Activities  

Consultation activities which occurred from early to late 2015 on the draft flood maps included: 

 Consulting with the relevant Local Authority representatives during the development of the draft 

flood mapping; 
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 Holding a series of Public Consultation Days, including a dedicated Elected Member briefing 

session, to outline the flood mapping process and to elicit feedback on the draft flood maps; 

 Holding a workshop with the members of the North Western – Neagh Bann CFRAM Study 

Stakeholder Group to outline the flood mapping process and to elicit feedback on the draft flood 

maps; 

 Uploading the draft flood maps to the project website and inviting feedback on the draft flood 

maps. 

Further details on the above consultation activities are contained within the Draft Flood Mapping 

Phase Summary Report (IBE0700Rp0016_Mapping Phase Summary Report_D01).  

A formal consultation on the draft flood maps was launched by Mr. Simon Harris T.D., Minister of State 

at the Department of Public Expenditure and Reform with special responsibility for the Office of Public 

Works, under SI 122 of 2010. This consultation occurred between 20
th
 November 2015 and 23

rd
 

December 2015. The draft flood mapping was available for viewing within an online mapping tool and 

was also put on display at Local Authority offices.  The SI consultation provided a mechanism for 

Technical Objections under SI 122 of 2010.  

All of the submissions, observations, comments and technical objections received in relation to the 

consultations activities described above were taken on board during the finalisation of the flood 

mapping.  Further details on where the submissions received resulted in amendments to the hydraulic 

analysis are available in Chapter 4.   

3.6 HYDRAULIC MODEL SENSITIVITY AND PERFORMANCE  

3.6.1 Sensitivity Analysis 

Sensitivity tests have been conducted for each model.  The parameters selected were dependent on 

the specific model but generally included those listed below.  The model output for each sensitivity 

model simulation was compared with the verified model, with further details and a discussion on the 

sensitivity of the selected parameter given in the relevant section of Chapter 4.     

 Roughness coefficients: Completed for all models.  This involved adjusting the roughness 

coefficients within the 1D and 2D model domains to the upper and lower bounds as defined in 

Guidance Note 22. 

 Critical structure coefficients: Completed for models containing a critical structure which is 

likely to have a significant impact on local receptors.  The factor determining the energy loss 

occurring for flow through the structure was increased.  For MIKE models, this parameter is 

dimensionless, with a recommended maximum value of 0.9 (as per discussions with DHI 

Software Managers). 

 Flow inputs: Completed for all models.  The outputs from the assessment of the sensitivity and 

uncertainty in the hydrological analysis (see Hydrology Report, Chapter 8) have been 

converted into a score for each model. This score has been used to derive factorial 
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adjustments to the peak flow estimates as per the range of adjustments set out in Guidance 

Note 22. 

 Operation of dynamic structures: Completed for models where the operation of a dynamic 

structure could potentially have a significant impact on local receptors.  The operation of the 

structure was assumed to be the opposite of the operation assumed in the design simulations 

for this sensitivity simulation. 

 Downstream boundary conditions: Completed for all models where the downstream boundary 

could potentially impact on simulated water levels within the AFA.  The water level generated 

from the 1% MRFS AEP event replaced the current scenario water level boundary in this 

sensitivity simulation. 

 Representation of buildings in 2D model domain:  Completed for models where the 

representation of buildings could potentially have a significant impact on local receptors.  This 

includes AFAs where flow paths are being blocked by the presence of buildings.  The 2D 

model topography is based on LiDAR information only (with buildings ‘unblocked’), and the 

roughness of the building footprint increased (Manning’s n of 0.3) in this sensitivity simulation.  

 Timing of tributaries:  Completed for models where the total discharge of the tributary and the 

main river is greater than the discharge simulated under the ‘Flow Input’ simulations described 

above.  The timing of the hydrograph of the tributary was moved by 10% of the overall 

duration in this sensitivity simulation.   

 Flow Volume:  Completed for models where it was concluded that there was high uncertainty 

associated with the hydrological analysis (see Hydrology Report, Chapter 8).  The flow volume 

was increased by a factor of 2 for this sensitivity simulation.  

Note that where the sensitivity to a parameter is not discussed within Chapter 4, then a sensitivity 

analysis was assessed as not being required for that parameter, for that particular model. 

3.6.2 Model Performance 

Details of the performance of each model, including a review of any significant instabilities, are 

provided within each ‘Summary of Calibration’ section in Chapter 4.   A mass balance check has also 

been carried out on the 1% AEP model to ensure that the total volume of water entering and leaving 

the model at the upstream and downstream boundaries balances the quantity of water remaining in 

the model domain at the end of a simulation.  As a general rule of thumb, mass errors should be less 

than 2%. If the mass error is greater than 2%, the cause and location of the mass error within the 

model schematisation should be identified and the consequence of this error assessed and 

improvements to the model considered.  If the mass error is greater than 5%, then it suggests that the 

model schematisation is not robust and needs to be reviewed (Environment Agency, 2010).  For MIKE 

2011 models, this is a manual calculation completed using Microsoft Excel.  For MIKE 2012 models, 

the software can generate the mass balance automatically.   
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3.7 FUTURE SCENARIOS 

The OPW does not have a specific policy for the design of flood relief schemes but has produced a 

draft guidance note ‘Assessment of Potential Future Scenarios for Flood Risk Management’ (OPW, 

2009). The document gives guidance on the allowances for future scenarios based on climate change 

(including allowing for the isostatic movement of the earth’s crust), urbanisation and afforestation. 

Table 1 from the guidance has been adapted for the purposes of this study to take into account 

catchment specific effects which were used in the hydrology analysis as the basis for the design flow 

adjustment for the mid-range (MRFS) and high end (HEFS) future scenarios (refer to Hydrology 

Report, Section 7.5). 

The future potential changes which may affect the outputs of the CFRAM Study were identified and 

described in the Hydrology Report under the following headings: 

 Climate Change 

 Afforestation 

 Land Use and Urbanisation 

 Arterial Drainage 

 Geo-morphology 

The allowances applied to design flows and coastal boundary conditions for climate change (extreme 

rainfall depths, flood flows and mean sea level rise); urbanisation; and afforestation are shown in 

Table 3.7 and detailed in the Hydrology Report.   

Table 3.7: UoM36 Allowances for Future Scenarios (100 year time horizon) 

 MRFS HEFS 

Extreme Rainfall Depths + 20% + 30% 

Flood Flows + 20% + 30% 

Mean Sea Level Rise + 500mm + 1000mm 

Urbanisation UAF³ of 1.22 

Urban W.C. UAF
4
 of 2.5 

UAF³ of 2.06 

Urban W.C. UAF
4
 of 2.5 

Afforestation 
- 1/6 Tp¹ 

- 1/3 Tp¹ 

+ 10% SPR² 

Note 1: Reduce the time to peak (Tp) by one sixth / one third: This allows for potential accelerated run-

off that may arise as a result of drainage of afforested land 

Note 2: Add 10% to the Standard Percentage Run-off (SPR) rate: This allows for increased run-off 

rates that may arise following felling of forestry 

Note 3: UAF (Urban Adjustment Factor) applied to ‘greenfield’ flow estimates.  
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Note 4: UAF (Urban Adjustment Factor) for small urban tributaries within AFA extents assume 85% 

urbanisation. Assessed on a case by case basis. 

The climate change allowances are applied to all models. Urbanisation and afforestation allowances 

are applied on a case by case basis as required, the factors themselves having been derived during 

the hydrology analysis by looking at historic urbanisation growth indicators and estimating appropriate 

growth factors for MRFS and HEFS.  The outputs of future scenarios modelling for each AFA/HPW are 

used to assess the sensitivity of the AFA to future change within Chapter 8 of the UoM36 Preliminary 

Options Report (IBE0700Rp0019).   

The potential effect of Arterial Drainage was considered for the watercourses and their contributing 

catchments in UoM36.  Watercourses in three AFAs (Ballinamore, Ballyconnell and Cavan), as well as 

the Ballinamore Ballyconnell Canal, were identified by the OPW as having been subject to arterial 

drainage schemes (see Inception Report, Section 7.4.4).  There is no evidence to suggest that these 

watercourses would be subject to further arterial drainage works.  Consequently, additional 

hydrological analysis to account for further arterial drainage works has not been considered.  

Geo-morphological changes ultimately apply to the performance of flood risk management options and 

as such, this will be considered further and reported on in the next stage of the CFRAM Study. 

3.8 FLOOD HAZARD MAPPING APPROACH 

Along the 1D only model reaches (MPWs), MIKE software creates flood extents by interpolation of 

water levels at the defined cross-sections, and within the extent of the cross-sections only.  For some 

models, this can result in an irregular, unnatural flood extent.  The appearance of the flood extent for 

these reaches can be improved by incorporating a digital elevation model e.g. the National Digital 

Height Model (NDHM) into the HD parameters file of the MIKE11 model.  During generation of the 

model outputs, the calculated water level at each cross-section is projected onto the NDHM, following 

the relevant contour and creating a smoother flood extent boundary.  This approach has been taken 

for all models except where otherwise stated in Chapter 4.  Due to the lesser accuracy of the NDHM, it 

has only been used along MPWs where LiDAR information is not available.  Within the 2D model 

domains, only LiDAR information has been used.    

Flood mapping utilises ArcGIS to present the results of the hydrodynamic models on background 

mapping and to derive a series of flood hazard maps in support of the CFRAM Study. ArcGIS version 

10.0 is utilised for the production of all AFA mapping.  Before commencing the mapping, the raw 

outputs of the hydraulic models are checked and cleaned to remove outliers and islands which are not 

connected to the fluvial or coastal flooding mechanisms.   

The approach for the generation of flood maps from the output files of MIKE FLOOD Classic Grid 

(rectangular mesh) models involves the use of the Statistics tool from the MIKE Zero toolbox. The 

maximum parameter (e.g. depth) is extracted from the dfs2 results file generated by populating the 

'Maps' tab within the HD Parameters file in MIKE11. This file covers both the 1D and 2D model 

domains. The maximum dfs2 output file is opened in ArcGIS (using a dfs2 Plug-in) and converted to a 
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grid raster format which is reclassified as a singularity and subsequently converted to a shapefile 

showing the flood extent.  

For MIKE FLOOD Flexible Mesh models, the above process is repeated but the 'Maps' results file 

covers the 1D domain model domain only.  A separate process using Data Extraction FM (within MIKE 

Zero) is required to extract the maximum parameter from the flexible mesh results output (dfsu file).  

The Mike2Shp tool in the MIKE Zero toolbox is used to convert this file to a shape file, which gives the 

maximum level within each element of the mesh for that model simulation.  It is edited in ArcGIS to 

remove values below 0.02m to provide the best representation of the flood extent.  A raster file is 

created based on the maximum levels to generate a depth map of the floodplain.  Both results files 

described above are then combined to generate the flood map covering both the 1D and 2D model 

domains.  

Before finalising each flood map, any necessary post-processing of the flood extents is completed.  

This includes removing bridges which aren’t overtopped during the flood event from the flood extent.  

This is required as the output from the MIKE software does not make a distinction between the in-

channel structures which overtop and those that do not (assuming all in-channel structures are 

flooded). 

The approach outlined above is used to generate flood extent, zone depth and velocity maps as all of 

the required information is contained within the model output files. The flood extent map also includes 

peak level and flow information, extracted from the model, and a benefitting area (as defined in the 

OPW Guidance Note 33) where defences are present.  MIKE ECOLab is used to generate the risk to 

life maps, based on the maximum combination of velocity and depth reached within the model results 

file. 

3.9 ASSUMPTIONS, LIMITATIONS AND UNCERTAINTY 

There are inherent assumptions, limitations and uncertainty associated with hydraulic modelling which 

are beyond the scope of this report.  The assumptions, limitations and uncertainty which are specific to 

each individual model are discussed in detail under Chapter 4.  Each issue is discussed, with the 

requirement for the assumption justified.  The issues addressed will include:   

 schematisation decisions regarding out-of-bank flow routes; 

 culvert/bridge schematisation (including skew angle considerations); 

 sweetening flow assumptions; 

 comments and notes throughout to reflect data sources; changes to parameters from default; 

 explanation of parameters used that are outside of the expected ranges; and 

 any other atypical assumptions made. 

3.10 DELIVERABLES 

As an accompaniment to this report, the following deliverables are provided: 
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 All survey digital data files; 

 Digital hydraulic model files; 

 Defence Asset Database; 

 Digital copies of the GIS-format and Print-ready format Flood Hazard Maps. 
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4 MODEL SPECIFIC DETAILS 

The following sections provide the specific details of each model within UoM36: 

4.1 BUNDORAN AND TULLAGHAN 

4.2 BALLYCONNELL 

4.3 BALLINAMORE 

4.4 BALLYBAY 

4.5 CAVAN 
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4 HYDRAULIC MODEL DETAILS 

4.1 BUNDORAN & TULLAGHAN MODEL 

Name Local Authority Unique ID SSA Status Date 

Bundoran Donegal 354928 AFA Final 06/01/2017 

4.1.1 General Hydraulic Model Information 

(1) Introduction: 

The NWNB CFRAM Flood Risk Review (2011s5232 NW&NB CFRAM FRR Report_Final_v2.0) highlighted 

Bundoran & Tullaghan as an AFA for coastal and fluvial flooding, along with flooding from ‘mechanism 2 

wave overtopping’, based on a review of historic flooding and the extents of flood risk determined during 

the PFRA.  

 

Bundoran town (County Donegal) and Tullaghan village (County Leitrim) are two coastal urban centres 

represented by Model 5.  Fluvial flood risk emanates from several small coastal watercourses that flow 

through the AFA extent before reaching Donegal Bay, all of which are included in Model 5. These are 

divided into Model 5a, 5b and 5c. 

Model 5a 

Bundoran is directly affected by two watercourses. The smaller watercourse flows through Drumacrin 

townland and through the north of Bundoran town before meeting Donegal Bay at Bundoran Strand. It has 

a total catchment area of 1.9km
2
 and constitutes Model 5a which is ungauged. 

Model 5b 

The larger watercourse in Bundoran is the Bradoge River which has a catchment area of 36km
2
 where it 

meets Donegal Bay within Bundoran town. Model 5b is ungauged.  

Model 5c 

The largest of the Models is the Drowes River and tributaries which have fluvial flood risk potential for 

Tullaghan. It flows from Lough Melvin which is a large lake (21km
2
 in area) within County Leitrim. The total 

catchment area of the Drowes River where it meets Donegal Bay is 261km
2
.   

The HEPs and associated sub-catchments of the Bundoran and Tullaghan model are shown in Figure 

4.1.1. 

There are two hydrometric stations located on the Drowes River upstream of the Model extent with flow 

data available.  Station 35029 (Mullanaleck Bridge) is not rated under FSU.  Station 35071 (Lareen) has 

an FSU classification of A2 with a Qmed of 26.29m
3
/s based on 31 years of AMAX data. The latter station 

has been used as a pivotal site in the adjustment of initial Qmed estimates of HEPs representing the 
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Drowes River within Model 5c. 

The resulting estimated Qmed values for the various HEPs within Model 5 are shown in Table 4.5 of the 

Hydrology Report (IBE0700Rp0009_UoM36 Hydrology Report).  There are several ungauged HEPs within 

Model 5 that have not had their initial FSU Qmed estimates adjusted using a pivotal site. As previously 

discussed, the predominant reason for this is that a review of all pivotal site options (seven geographically 

close, and seven hydrologically similar) revealed no clear trend for upwards or downwards adjustment. 

Furthermore the use of the geographically closest station (35071) was also ruled out on the basis that its 

flow is heavily attenuated (Lough Melvin) and is therefore unsuitable for data transfer to HEPs not on the 

River Drowes with similar FARL conditions. It should also be noted that many of the FSU catchment 

descriptors for model 5 which represent cross border catchments emanating in Northern Ireland did not 

consider significant portions of the catchment which are located across the border. In particular the 

majority of the Drowes River / Lough Melvin catchment is contained within Northern Ireland yet the 

contributing area of the catchment contained within Northern Ireland has not been considered within the 

calculation of the FSU catchment descriptors. As such catchment descriptors required for the Study 

catchments have either been re-calculated (such as FARL) or borrowed from adjacent catchments where 

appropriate. 

The pivotal sites located within Model 5c serve as gauged data check points during the hydraulic 

modelling phase. As previously discussed, they ensure the observed flows are being simulated by Model 

5c at these locations and the inflows from upstream HEPs are revisited if necessary to achieve this.  

All reaches were identified as HPW and were modelled 1D-2D using the MIKE suite of software. In the 

1D/2D area the rising water levels spill onto the 2D domain from the 1D cross sections. This occurs at 

bank markers set per cross section in the MIKE 11 software. The markers are generally set at the highest 

point of the river bank. 

(2) Model Reference: HA36_BUND5 

(3) AFAs included in the model: BUNDORAN & TULLAGHAN 

(4) Primary Watercourses / Water Bodies (including local names): 

Reach ID            Name 

3626A                 DROWES RIVER TRIB 1 

3626M                DROWES RIVER 

3627M                TULLAGHAN 

3628M                SRUHANNAFULLA 

3629M                BRADOGE RIVER 

3630M                DRUMACRIN 
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(5) Software Type (and version): 

(a) 1D Domain:  

MIKE 11 (2011) 

(b) 2D Domain:  

MIKE 21 - Rectangular Mesh 

(2011) 

(c) Other model elements: 

MIKE FLOOD (2011) 

4.1.2 Hydraulic Model Schematisation 

(1) Map of Model Extents:  

 

Figure 4.1.1: Map of Model Extents 
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Figure 4.1.2: Detail of AFA Extents 

The maps in Figure 4.1.1 and Figure 4.1.2 illustrate the extent of the modelled catchment, river centre line, 

HEP locations and AFA extents as applicable. The Bundoran and Tullaghan catchment contains 5no. 

Upstream Limit HEP, 4no. Downstream Limit HEP, 2no. Intermediate HEPs and 2no. Tributary HEPs.  

The catchment does not contain any Gauging Station HEPs. 

(2) x-y Coordinates of River (Upstream extent): 

River Name x y 

3626A DROWES RIVER TRIB 1 179483.19 358414.46 

3626M DROWES RIVER 182720.10 356841.49 

3627M TULLAGHAN 178929.02 356956.24 

3628M SRUHANNAFULLA 183781.02 357907.33 

3629M BRADOGE RIVER 183804.52 358730.73 

3630M DRUMACRIN 183833.10 359491.07 
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(3) Total Modelled Watercourse Length: 15.5km 

(4) 1D Domain only Watercourse Length: 0km (5) 1D-2D Domain 

Watercourse Length: 

15.5km 

(6) 2D Domain Mesh Type / Resolution / Area: Rectangular/5m/39.4km
2
 

(7) 2D Domain Model Extent: 

Figure 4.1.3 illustrates the modelled extents and the general topography of the catchment. 

 

 

Figure 4.1.3: 2D Domain Model Extent 

 

The elevation of the LiDAR data was altered on the DFS2 file in a small area for Draft Final mapping.  The 

location of the edited area is highlighted in Figure 4.1.4. The N15 road bridge which crosses the Drowes 

River was removed from the original LiDAR data set as shown in Figure 4.1.5. The bridge structure 

modelled in the 1D extent restricts the flow and causes flooding upstream of the bridge. The water on the 

floodplain was able to flow alongside the river and through the bridge at the low topography resulting in 

unrealistic flood extents in the area. Photographs confirm there is flow path around the structure. 
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Figure 4.1.4: Area of Bathymetry Requiring Edits 

 

Figure 4.1.5: Detail of Edits Required to Bathymetry 

The bathymetry data was manually edited by extending the bridge level to the river channel to accurately 

represent the onsite conditions, as shown in Figure 4.1.6. 

 

  

N15 Road 

Drowes River 

Low topography allowing 

flooding to move to other 

side of the bridge 

Area of 

Edit 
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Figure 4.1.6: Detail of Edits Made to Bathymetry 

Figure 4.1.7 below shows an overview drawing of the model schematisation. Figure 4.1.8 and Figure 4.1.9 

show detailed views. The overview diagram covers the model extents, showing the surveyed cross-section 

locations, AFA boundary and river centre line. It also shows the area covered by the 2D model domain. 

The detailed areas are provided where there is the most significant risk of flooding. These diagrams 

include the surveyed cross-section locations, AFA boundary and river centre. They also show the location 

of the critical structures as discussed in Section 4.1.3 (1), along with the location and extent of the links 

between the 1D and 2D models.  

Drowes River 

N15 Road 

Topography edited to 

represent bridge meeting 

the river channel 
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Figure 4.1.7: Overview Drawing of Model Schematisation 

 

Figure 4.1.8: Detailed Area of Model Schematisation showing Critical Structures 
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Figure 4.1.9: Detailed Area of Model Schematisation showing Critical Structures 

Wave Overtopping Model 

Figure 4.1.10 illustrates the extents of the specific 2D domain used during the wave overtopping runs to 

analyse ‘mechanism 2 wave overtopping’ flooding in the Bundoran and Tullaghan AFA. There is one 

ICWWS CAPO Prediction Location applicable to the coast line as labelled and shown as a red line in 

Figure 4.1.10. It should be noted that this model area is considerably smaller than the overall model for 

analysing fluvial and ‘mechanism 1 tidal’ flooding since the area of interest is much more localised. 

 

Figure 4.1.10: 2D Wave Overtopping Model Extents 

ICWWS CAPO Prediction Location 
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(8) Survey Information 

(a) Survey Folder Structure: 

First Level Folder Second Level Folder Third Level Folder 

Murphy_NW36_M05_WP5_3626A_V1_130

424 

Bundoran & Tullaghan 

Murphy: Surveyor Name 

NW36: NWNB CFRAM Study Area, 

Hydrometric Area 36 

M05: Model Number 05 

3626A: River Reference 

WP5: Work Package 5 

V1: Version 

130424: Date Issued (24
th
 APR 2013) 

 

V0_20130412_Ascii  

V0_20130412_GIS Flood_Plane_Photos_and_Shap

efile 

Structure_Register 

Surveyed_Cross_Section_Lines 

Watercourse_Register 

V0_20130412_Other FP Photos 

Photos (Naming 

convention is in the 

format of Cross-Section 

ID and orientation - 

upstream, downstream, 

left bank or right bank) 

 

(b) Survey Folder References: 

Reach ID  Name File Ref.  

3626A            DROWES RIVER TRIB 1 Murphy_NW36_M05_WP5_3626A_V1_130424 

3626M           DROWES RIVER Murphy_NW36_M05_WP5_3626M_V1_130424 

3627M           TULLAGHAN Murphy_NW36_M05_WP5_3627M_V1_130424 

3628M           SRUHANNAFULLA Murphy_NW36_M05_WP5_3628M_V1_130424 

3629M           BRADOGE RIVER Murphy_NW36_M05_WP5_3629M_V1_130424 

3630M           DRUMACRIN Murphy_NW36_M05_WP5_3630M_V1_130424 
 

The coastal bathymetry of Donegal Bay was predominantly represented using Admiralty Chart data for the 

area, as digitally supplied by C-Map of Norway and INFOMAR. 

(9) Survey Issues: 

There are no survey issues for Bundoran & Tullaghan. 

The coastal bathymetry required additional scatter data along the approximate contour lines displayed on 
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Admiralty charts of this area. This improved mesh interpolation and ensured that the mesh was 

representative in this area. A number of cells had to be manually edited to allow the downstream extent of 

the Drowes River to connect to the Bathymetry dataset.    

Survey information used to describe beach slopes to calculate wave overtopping discharges was received 

as part of the ICWWS survey undertaken at Tullaghan in September 2013. 

4.1.3 Hydraulic Model Construction 

(1) 1D Structures (in-channel along 

modelled watercourses):   

See Appendix A 

Number of Bridges and Culverts: 32 

Number of Weirs: 3 

Drumacrin River floods during all AEP events upstream of the long culvert 3630M00069I (the upstream 

face as shown in Figure 4.1.11) located at chainage 1254.514. The culvert restricts the flow significantly 

and causes high water levels upstream. The flood extents of the 0.1% AEP event show some houses are 

affected but most of the area flooded is fields. 

 

Figure 4.1.11: Culvert 3630M00069I 

Flooding occurs along the Bradoge River in the upstream extent.  This is partly due to a road bridge where 

the N15 crosses the river. The culvert 3629M00184I, (located at chainage 890.2) and shown in Figure 

4.1.12 is restrictive and causes flooding upstream of the bridge. Water levels do not reach sufficiently high 

levels to affect the N15 road - mostly fields are affected by flooding during the 1% and 0.1% AEP events.   
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Figure 4.1.12: Culvert 3629M00184I 

Flooding occurs during all AEP events at the lower extents of the River Bradoge. There are two bridges at 

the downstream extents. Bridge 3629M00037D as shown in Figure 4.1.13 (located at chainage 2331.7) 

has the most restrictive impact on the water levels.   

 

Figure 4.1.13: Bridge 3629M00037D 

There is significant flooding from the Drowes River. Water levels increase upstream of bridge 

3626M00078D (at chainage 4254.5), as shown in Figure 4.1.14. Flooding occurs during all AEP events 

but is restricted by the N15 road which is raised. 
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Figure 4.1.14: Bridge 3626M00078D 

(2) 1D Structures in the 2D domain 

(beyond the modelled watercourses): 

Number of Bridges and Culverts: 32 

Number of Weirs: 3 

(3) 2D Model structures: Number of Bridges and Culverts: 0 

Number of Weirs: 0 

(4) Defences:  

Type Watercourse Bank Model Start Chainage 

(approx.) 

Model End 

Chainage (approx.) 

N/A No known formal or informal defences. 

(5) Model Boundaries - Inflows: 

Full details of the flow estimates are provided in the Hydrology Report (IBE0700Rp0009_UoM 36 

Hydrology Report). The fluvial and coastal boundary conditions implemented in the model are shown 

below in Figure 4.1.15 and Figure 4.1.16.   
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Figure 4.1.15: MIKE 11 Boundary File 

 

Figure 4.1.16: MIKE 21 Boundary File 

The duration of base flow was increased on the fluvial hydrographs to ensure peaks of the hydrographs 

coincided with the peak of the coastal boundaries. Therefore creating the worst case scenario of flooding 

extents.  
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Figure 4.1.17 shows the 5 Upstream Limit HEP hydrographs.  

 

Figure 4.1.17: Upstream Inputs 

The upstream boundaries of the Bundoran and Tullaghan catchment are located at HEP 

35_4230_U_RARPS, 35_4241_U_RA, 35_2665_U_RARPS, 35_195_1_RA and 35_2282_U_RA. The 

model node ID'S at the locations are 3630M00194J, 3629M00270, 3628M00370, 3626M00500 and 

3627M00205 respectively.  Open inflows were applied at the nodes. 

 

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 ICPSS nodes along with the relevant AFA locations are shown 

in Figure 4.1.18. The associated AEP water levels for each of the nodes are contained in the table 

following the location diagram.  

 

The coastal boundary for this model is at Donegal Bay, therefore the values for node NW11 (see Figure 

4.1.18 and Table 4.1.1) were used for the still water inundation modelling in Bundoran and Tullaghan. 
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Figure 4.1.18: ICPSS Node Locations (IBE0700Rp0009_UoM36 Hydrology Report) 

Table 4.1.1: ICPSS AEP Total Water Levels for Relevant Model Nodes 

ICPSS Node AFA / HPW 

Annual Exceedance Probability (AEP) % 

2 5 10 20 50 100 200 1000 

Highest Tidal Water Level to OD Malin (m) 

NW10 

Bundoran & Tullaghan 

2.54 2.68 2.78 2.88 3.00 3.10 3.20 3.42 

NW11 2.56 2.71 2.81 2.91 3.04 3.14 3.24 3.47 

 

A representative tidal profile for Donegal Bay was generated based on Admiralty Tide Table data for 

Mullaghmore, County Sligo. A normalised 48 hour surge profile was scaled based on the difference 

between the peak water level of the generated tidal profile and the target extreme water level from Table 

4.1.1 above. The scaled surge profile was then appended to the tidal profile to achieve a representative 

combined tidal and storm surge profile for the required AEP events. Figure 4.1.19 below illustrates the 

tidal profile, storm surge profile and resultant combined water level profile. The water level profile was 

applied as a level boundary to the North-Western edge of the 2D domain. 
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Figure 4.1.19: Tide and Surge Profiles 

Wave Overtopping Model 

In order to simulate ‘mechanism 2 wave overtopping’ flooding at the Bundoran and Tullaghan AFA, data 

from the ICWWS was used including peak shoreline water levels and wave heights, periods and directions 

for each AEP event. The location at Tullaghan for which this data was calculated is shown in Figure 4.1.20 

An example of this data for the Bundoran and Tullaghan AFA is shown below in Table 4.1.2. 
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Figure 4.1.20: ICWWS CAPO Tullaghan Prediction Location and Topographic Survey 

Table 4.1.2: ICWWS CAPO Tullaghan Wave Climate and Water Level Data 

Prediction Location Reference: Tullaghan_Location A 

Bed Level 0.26m OD Malin 

  
Combined Wave Component 

AEP WL (OD Malin) Hm0 (m) Tp (s) MWD (°) 

     
0.1% 2.33 1.48 17.59 355 

0.1% 2.44 1.53 17.60 355 

0.1% 2.54 1.58 17.38 355 

0.1% 2.68 1.64 17.07 354 

0.1% 2.88 1.72 16.56 354 

0.1% 3.10 1.80 15.86 353 

In order to calculate the overtopping discharge rate for each scenario at various locations along the 

shoreline, the PC Overtopping calculator tool outlined by the EurOtop manual was used. There are 

limitations to applying this method to beach slopes as opposed to flood defence structures as per its 

designed purpose. Any modelling assumptions and limitations are discussed in Sections 4.1.6 (1) and 

Section 4.1.6 (2). 

There are no actual structures to overtop at Tullaghan. Generally the land rises gradually up to the crest of 

the naturally formed beach berm, except at the northern and southern extents of the beach where the 

backshore is more cliffed. Beach slopes described by the surveyed levels (see Figure 4.1.20) were 

ICWWS CAPO Tullaghan 

Prediction Location 

Profile 8 

 

Profile 1 

 

Profile 3 

 

Profile 5 

 

Profile 9 

 

Profile 7 

 

Profile 6 

 

Profile 2 

Profile 10 

 

Profile 4 
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entered into the calculator as 'structures'. For the purpose of the overtopping calculations, the crest level 

of the 'structure' was taken as the highest elevation along each surveyed beach profile.  

There were 10 beach profiles surveyed each corresponding to a change in the nature or character of a 

profile for a particular stretch of coastline. Where these differences were observed, the ICWWS location 

was subdivided accordingly into 9 sections to describe the overtopping discharge for that section. One 

beach profile, Profile 8, was not used as Profile 9 was sufficient in representing that stretch of coastline, 

see Figure 4.1.20.   

The largest calculated discharge rate out of the six possible combinations of water levels and wave 

heights, periods and directions was used for each design AEP event for each section. The sections that 

were included in the wave overtopping model are shown in Figure 4.1.21. It should be noted that when the 

peak discharge rate was less than 0.03l/s/m, no further analysis was required.  

Even with this conservative approach, the discharge rate computed was still below the threshold, thus 

ruling out Section 1 from any further analysis and subsequent modelling. Discharge rates for Section 9 

were also ruled out due to this threshold for the 10% AEP event. All other locations returned discharge 

rates above this threshold.  

Once the discharges for simulation were ascertained, a water level profile was produced using predicted 

tidal heights from Mullaghmore to calculate the discharge rate across the tidal cycle. This is because the 

rate determined by EurOtop was specific to the peak water level only. A storm duration of 12 hours 

beginning and ending at low-water was assumed. The discharge rate profile was then scaled based on the 

length of the exposed shoreline in order to produce a discharge profile in m
3
/s. Some example discharges 

for a given wave condition are presented in Table 4.1.3 and an example discharge curve is presented in 

Figure 4.1.22. 

Due to the presence of the Drowes River and its tributary within the model domain two open boundaries 

were included where they enter the sea. This was to allow water overtopping the adjacent berms to leave 

the model via those channels. A third open boundary was included in the western edge of the model to 

allow water overtopping there to leave the model when rising water levels exceeded elevations in the cells 

touching the boundary along the coastline, see Figure 4.1.21.  
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Figure 4.1.21: Tullaghan Modelled Wave Overtopping Locations 

Table 4.1.3: Peak Wave Climate and associated Discharges for Modelled Sections 

Section AEP WL (OD Malin) Hm0 (m) Tp (s) 
MWD 

(°) 
Discharge 

Rate (l/s/m) 
Discharge 

(m
3
/s) 

6 10% 2.680 1.542 13.700 354 0.122 0.009 

6 0.50% 3.100 1.757 14.674 353 1.688 0.118 

6 0.10% 3.100 1.799 15.862 353 3.070 0.215 
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Figure 4.1.22: Discharge Profiles at Section 6 for 10%, 1% and 0.1% AEPs 

(6) Model Boundaries – 

Downstream Conditions: 

Water level boundaries were applied in MIKE 11 at the downstream cross 

sections of each river where they discharge into Donegal Bay. It should be 

noted these boundaries are 'dummy' water level values. A minimal 

constant water level was applied to each cross section. The water levels 

are set only slightly higher than the lowest bed levels and remain the 

same for all AEP runs. The water level is only used as a setup parameter 

and has no effect on the final water levels which vary in time based on the 

water level in each watercourse and the tidal influence of Donegal Bay, as 

discussed in Section 4.1.3 (5). 
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(7) Model Roughness: 

(a) In-Bank (1D Domain) Minimum 'n' value: 0.045 Maximum 'n' value: 0.070 

(b) MPW Out-of-Bank (1D) Minimum 'n' value: 0.045 Maximum 'n' value: 0.070 

(c) MPW/HPW Out-of-Bank  

(2D) 

Minimum 'n' value: 0.020 

(Inverse of Manning's 'M') 

Maximum 'n' value: 0.059 

(Inverse of Manning's 'M') 

 

Figure 4.1.23: Map of 2D Roughness (Manning's n) 

The map shown in Figure 4.1.23 illustrates the roughness values applied within the 2D domain of the 

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. Roughness coefficients are discussed in Section 3.3.4. Null Manning's n values on inland water 

bodies were corrected to Manning's n of 0.033. Any values seaward of the high water were also taken as 

0.033 unless otherwise specified.   
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(d) Examples of In-Bank Roughness Coefficients 

Drowes - 3626M00396_UP 

 

Figure 4.1.24: Manning's n = 0.045  

Natural stream - clean, winding, some stones and 

weeds. 

Drumacrin - 3630M00167_UP 

 

Figure 4.1.25: Manning's n = 0.070  

Sluggish Reaches - Weedy, deep pools. 

Bradoge - 3629M00009D_DN 

 

Figure 4.1.26: Manning's n = 0.050 

Natural stream - clean, winding, additional stones. 

Shuhannafulla - 3628M00348 

 

Figure 4.1.27: Manning's n = 0.045 

Natural stream - clean, winding, some stones and 

weeds. 

4.1.4 Sensitivity Analysis  

A number of sensitivity simulations have been completed in accordance with Guidance Note 22. The 

purpose is to assess the sensitivity and impact of the 1% AEP fluvial or 0.5% AEP coastal hydraulic 

models within the AFA boundary by adjusting various parameters. The following sensitivity analysis model 

simulations have been carried out: 
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a) Channel roughness increased to upper bound values and flood plain roughness decreased to 

lower bound values – The change in channel and floodplain roughness values resulted in minimal 

increases in flood extents within the AFA boundary, as shown in Figure 4.1.28. The Bundoran and 

Tullaghan fluvial model therefore has low sensitivity to roughness parameters. The increase in 

flood extents results in a high impact on receptors, as approximately 3 additional buildings are 

affected which is a 100% increase compared to the design event. 2 of the properties are located in 

the Armada Cottages Estate and one is located on the R202 affected by the Bradoge River. 

 

Figure 4.1.28: Comparison between 1% AEP Design Event and 1% AEP Sensitivity 1D/2D 

Roughness Event 

b) Downstream boundary increase – The downstream boundary of the 0.5% AEP costal design 

event was changed to the water level generated from the 0.5% AEP coastal mid-range future 

scenario. The Bundoran and Tullaghan model has 4 downstream boundaries which are tidally 

influenced. Changing the downstream boundary conditions has a notable influence on water 

levels at the lower extents of the Drowes River and the Drumacrin River from the downstream 

boundaries to Ch 4959 and Ch 1245 respectively. Both rivers are HPWs within the AFA. The 

downstream boundary increase also affects water levels in the Drowes River Tributary 1 up to Ch 

217; however this is a MPW reach. Table 4.1.4 below identifies cross sections where there is a 

significant increase in water level as a result of downstream boundary sensitivity analysis. While 

flood levels have increased there is little change in flood extents, as shown in Figure 4.1.29. The 

Bundoran and Tullaghan coastal model therefore has a low sensitivity to downstream boundary 

increase and there is no impact on receptors. 



North Western – Neagh Bann CFRAM Study UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.1-25  F05 

Table 4.1.4: Cross Sections Sensitive to Downstream Boundary Increase 

Chainage Sensitivity WL (mOD) Design WL (mOD) Difference (m) 

DROWES RIVER  4958.75 2.459 2.923 0.464 

DROWES RIVER  4984.49 2.455 2.922 0.467 

DRUMACRIN  1244.51 10.812 11.228 0.416 

DRUMACRIN  1254.51 10.672 11.222 0.55 

DRUMACRIN  1300.00 10.167 11.218 1.051 

DRUMACRIN  1400.00 9.058 10.209 1.151 

DRUMACRIN  1500.00 7.95 9.098 1.148 

DRUMACRIN  1600.00 6.848 7.88 1.032 

DRUMACRIN  1700.00 5.774 6.546 0.772 

 

 

Figure 4.1.29: Comparison between 0.5% AEP Coastal Design Event and 0.5% AEP Sensitivity 

Water Level Boundary Event 

c) Increase in flow – The 1% AEP sensitivity flows were used to assess the sensitivity of the fluvial 

model to inflows. The Bundoran and Tullaghan model was assessed as having moderate/high 

uncertainty/sensitivity and factors of 1.14 or 1.29 were applied to design flows for the sensitivity 

simulation. Figure 4.1.30 shows that the Bundoran and Tullaghan model is moderately sensitive to 

increased inflow parameters which results in an increase to flood extents. These changes have a 

high impact on receptors as approximately 29 additional buildings are affected which is a 967% 
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increase on the design event. The additional properties affected are generally located in the 

Armada Cottages and Doran Park areas being affected by flooding from the Drumacrin River.  

 

Figure 4.1.30: Comparison between 1% AEP Fluvial Design Event and 1% AEP Fluvial Sensitivity 

Flow Event 

d) Afflux/Head loss at key structures – A simulation was carried out on key structures to view if flood 

extents were sensitive to the structure input parameters. Structure 3630M00069 on the Drumacrin 

River was reviewed. The Bundoran and Tullaghan model has shown it has no sensitivity to 

parameter changes on the structure as there were little to no change in flood extents and there is 

no impact to receptors as shown in Figure 4.1.31.  
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Figure 4.1.31: Comparison between 1% AEP Fluvial Design Event and 1% AEP Sensitivity Head 

Loss 1 Event 

Table 4.1.5 summarises the outcomes of the above sensitivity simulations or evaluations, channel and 

floodplain roughness, downstream boundary condition, increase in model inflows and head loss at key 

structures have been considered for the Bundoran and Tullaghan model. Of these parameters, the model 

is most sensitive to an increase in inflows and 1D/2D roughness parameter adjustments. The model is 

less sensitive to the other parameters, with the resulting analysis identifying relatively minor increases in 

flood extents and no impact on receptors within the AFA. Generally, the Bundoran and Tullaghan model 

can be considered to have low to moderate sensitivity to changes in model parameters however even the 

small increase in flood extents can have high impacts to receptors. 

Table 4.1.5: Sensitivity Summary 

Sensitivity Simulation Sensitivity Impact 

1% AEP Sensitivity 1D/2D Roughness Event  Low High 

1% AEP Sensitivity Water Level Boundary Event  Low Low 

1% AEP Sensitivity Flow Event Mod High 

1% AEP Sensitivity Head Loss 1 Event  Low Low 
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4.1.5 Hydraulic Model Calibration and Verification 

(1) Key Historical Floods (From IBE0700Rp0004_UoM 36 Inception Report unless otherwise 

specified):  

(a) SEP 1985 An Irish Times press article found during the historical review process indicated that 

flooding occurred in the Bundoran/Tullaghan area on 21
st
 September 1985 when 

52.8mm of rainfall was measured at Malin Head over a 24 hour period.  The article 

reported flooding on the Bundoran to Sligo road in several places, with some 

secondary roads reported to be impassable also.  However, the exact location of the 

flooding is not known. 

A design rainfall frequency event was derived based on rainfall data from the nearest 

gauge station, Bundoran Magheracar. Records show 43.7mm fell between the 20th 

and 21st of September 1985. Using this rainfall duration and depth information a 

design rainfall frequency was estimated using the FSU Depth Duration Frequency 

model (FSU WP 1.2 ‘Estimation of Point Rainfall Frequencies’). This gave a rainfall 

return period of 20.4% AEP. The rainfall return period does not necessarily correlate 

to a flood event of the same return period nor does it take into account any wave 

overtopping. 

The main route from Bundoran to Sligo is currently the N15 road which has been 

constructed since the above press article was written. It is considered that the report 

refers to an older coastal road which runs parallel to the N15. Figure 4.1.32 verifies 

that the flood extents reach the road during the 0.1% AEP event. It is thought the 

coastal road would have been under greater flood risk before the N15 was 

constructed. Both the Tullaghan and the Drowes Rivers are culverted below the N15. 

Flows are restricted and extensive flooding occurs from both rivers upstream of the 

culverts during each AEP event. As the road is raised the flooding is contained. 
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Figure 4.1.32: Detailed area of Fluvial Flooding Map 3 of 9  

Along with the uncertainty of the fluvial AEP event there is uncertainty of the flooding 

mechanism for this event. It is possible wave over topping was the cause of the road 

flooding. The wave overtopping model shows the old coastal road flooded during the 

0.5% and 0.1% AEPs events as shown in Figure 4.1.33. This is a different section of 

the road than that shown to flood in the fluvial mapping; no specific location 

information was reported for the event.    

 

 

Figure 4.1.33: Overtopping Model Results 

Raised N15 

Road 

 

Flooding on previous main 

route Bundoran to Sligo 

River Drowes 

 

River Tullaghan 

Raised N15 

Road 

 

Wave inundation 

on Old Road 



North Western – Neagh Bann CFRAM Study UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.1-30  F05 

Without further information on flood location, flow and water level data no calibration 

could be carried out on the event. The press article validates the flood extents on 

both the fluvial and wave overtopping models.   

(b) 0CT 1968 The historical review indicated the flooding that occurred in Bundoran and Tullaghan 

on 31
st
 October 1968 was caused by heavy rainfall. In Bundoran, the footbridge of the 

convent grounds to the church was under approximately 600mm of water. The brook 

flowed over the sea road for several hours.  

A design rainfall frequency could not be derived as the duration of the rainfall was not 

given. However there was 38.7mm recorded at the Bundoran Magheracar daily 

rainfall gauge. Using the FSU Depth Duration Frequency model (FSU WP 1.2 

‘Estimation of Point Rainfall Frequencies’) for a 24hr fixed duration calculates the 

rainfall event has a 34.5% AEP. Hourly data from the Malin Head rainfall gauge was 

viewed to see how long rainfall on the 31st October lasted at Malin Head. The hourly 

data checked did not show a significant rainfall event at Malin Head. Therefore given 

that the rainfall recorded at Bundoran is a daily sum the sub-daily duration and hence 

potential extreme frequency of the event is not known. The hourly sums recorded at 

Malin Head are too remote (115km away) from Bundoran to give an accurate 

indication of the frequency of the event at Bundoran. 

A church was identified in the area named 'Church of Our Lady Star of the Sea 

Bundoran'. It was found to have a small footbridge over the River Bradoge, however 

this is appears to be a modern clear span bridge (as shown in Figure 4.1.13) and 

may have been replaced since this report was written. In addition to the uncertainty 

surrounding the rainfall return period, there is uncertainty in how it correlates to fluvial 

flood return period. However within the modelled events (as shown in  

Figure 4.1.34) the church grounds and nearby road are flooded during the 1% and 

0.1% flood events but not flooded during the 10% event. This event in 1968 is the 

only recorded report of the location of flooding and given that it is the only such 

recorded instance in over 40 years it can be considered that the event somewhat 

validates the modelled flood events. 
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Figure 4.1.34: Detailed area of Map 9 of 9 

(c) JAN 1965 Information found on www.floodmaps.ie indicated that a flooding event occurred at 

Ballyconnell, Ballybay, Tullaghan and Bundoran in January 1965 following heavy 

rainfall. In the Bundoran and Tullaghan area, the Irish Times and Irish Independent 

reported flooding on the Bundoran to Sligo road.  However, the exact location of the 

flooding is not known. 

The flooding of former Bundoran to Sligo road is discussed above.  

Our Lady Star of the Sea 

Bundoran Church 

Footbridge Road Flooding 

http://www.floodmaps.ie/
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Summary of Calibration 

Model flows were checked against the estimated flows at HEP check points where possible to ensure the 

model is well anchored to the hydrological estimates. For example at HEP 35013_RA, the estimated flow 

during the 1% AEP event was 70.89m
3
/s (IBE0700Rp0009_UoM36 Hydrology Report, Appendix D) and 

the modelled flow was 72.94m
3
/s. Full flow tables can be found in Appendix A. It should be noted that the 

downstream HEPs 35_4230_3_RA, 35_4239_1_RA, 35_1000_1_RPS and 35_1056_2_RARPS are 

subject to tidal processes from Donegal Bay, so the model flow at this point is subject to both fluvial and 

coastal influences. 

 

A mass balance check has been carried out on the model to make sure that the total volume of water 

entering and leaving the model at the upstream and downstream boundaries balances the quantity of 

water remaining in the model domain at the end of a simulation. The mass error in the 1% AEP design run 

was found to be 1.58%, which is within acceptable limits. Mass errors should be less than 2%. If it is found 

to be greater than 2%, the cause and location of the mass error within the model should be identified. The 

consequence of the error would be assessed and improvements to the model considered. If the mass 

error is greater than 5%, then it suggests the model is not robust and needs to be reviewed (Ref: Fluvial 

Design Guide). The Bundoran and Tullaghan model is therefore considered robust and stable. 

 

Historical flood data for specific events is dated and the AFA may have developed since the comments 

were recorded. There are no active gauging stations within the model extent making the calibration of the 

model difficult. A partial verification exercise has been undertaken based on the data available, however 

due to the lack of information this model is poorly calibrated. 

(2) Post Public Consultation Updates 

Following informal public consultation and formal S.I. public consultation periods in 2015, some consultees 

indicated that flooding from the Drumacrin River should be more frequent and extensive than shown in the 

draft flood maps. The following updates to the model were applied.  

 The composition of long culvert 3630M00069I on the Drumacrin River was edited. Previously the 

most restrictive opening (surveyed downstream face of culvert) was applied to 2 of 8 internal cross 

sections. The final model files have the most restrictive opening applied to 7 of 8 internal cross 

sections. 

 General model updates were applied to refine model resolution and improve model stability. 

These changes resulted in increased flooding from the Drumacrin River as shown below in Figure 4.1.35. 

The model was updated and check flows recalculated with a revised set of flood hazard and risk mapping 

issued as Final to reflect this change. 
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Figure 4.1.35: Increased Flooding from the Drumacrin River 

(3) Standard of Protection of Existing Formal Defences: 

Defence 

Reference 

Type Watercourse Bank Modelled Standard 

of Protection (AEP) 

None 

(4) Gauging Stations: 

There are no gauging stations within the model extent.  
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(5) Comparison of Flows: 

Table 4.1.6 provides details of the flow in the model at most HEP intermediate check points. These flows 

have been compared with the hydrology flow estimation and a percentage difference provided. 

Table 4.1.6: Modelled Flows and Check Flows 

 
Peak Water Flows 

River Name & Chainage AEP Check Flow (m3/s) Model Flow (m3/s) Diff (%) 

DRUMACRIN 1886.45 10% 1.69 1.43 -15.38 

35_4230_3_RA 1% 2.94 2.07 -29.49 

 0.1% 4.98 2.50 -49.76 

RIVER_BRADOGE 2620.08 10% 11.10 11.30 +1.77 

35_4239_1_RA 1% 16.61 16.68 +0.41 

 0.1% 24.36 24.64 +1.14 

DROWES RIVER 1265 10% 36.15 37.36 +3.36 

35013_RA 1% 50.79 52.76 +3.89 

  0.1% 70.14 72.79 +3.77 

DROWES RIVER 4554.06 10% 38.90 39.07 +0.45 

35_4067_3_RARPS 1% 54.66 54.23 -0.80 

  0.1% 75.48 75.96 +0.64 

TULLAGHAN 1997.48 10% 2.96 1.39 -53.14 

35_2327_4_RA 1% 5.13 2.47 -51.77 

  0.1% 8.69 3.89 -55.22 

SRUHANNAFULLA 3034.09 10% 1.34 1.11 -17.31 

35_2665_6_RARPS 1% 2.32 1.70 -26.85 

  0.1% 3.94 2.51 -36.19 

DROWES RIVER 4971.62 10% 40.03 29.95 -25.19 

35_1056_2_RARPS 1% 56.25 41.45 -26.31 

 0.1% 77.67 56.31 -27.50 

The downstream checkpoints 35_4230_3_RA, 35_4239_1_RA, 35_1000_1_RPS and 

35_1056_2_RARPS are subject to tidal influences from Donegal Bay. The discharge at these HEP points 

in the model is a combination of fluvial and tidal components. As a result, it is not possible to reliably check 

the model flow at these points against the hydrological estimation as the hydrology only considers the 

fluvial component of flow at this location. 

The estimated and modelled flows at checkpoints 35013_RA and 35_4067_3_RARPS show good 

correlation with each difference lower than 10%.  

The checkpoint on the Tullaghan reach 35_2327_4_RA has large percentage differences between the 

model simulated flow and the check flow. This is due to the 1.7m pipe culvert at cross section 

3627M00010I. Modelled flow is lower than estimated flow downstream of the culvert as the flow is 

hydraulically restricted.  This has resulted in higher percentage differences between simulated and 

estimated check flows at this HEP. 

Finally the check point on the Sruhannafulla River at 35_2665_6_RARPS also has large percentage 

differences between flows. This is due to the extensive flooding on the Drowes River. The flooding is 
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slowing flow at the downstream extents as water is flooding into the Sruhannafulla reach. Secondly the 

flow measurement was taken upstream to avoid taking flooding from the Drowes River into the calculation. 

This means the full top up flow for the Sruhannafulla would not have been taken into account. 

(6) Other Information: 

Meeting minutes were recorded from a meeting with an Area Engineer on 17/11/05, reference is made to 

the Drowes River backing up and flooding a road due to spring tides but the exact location was not 

mentioned. Therefore these comments could not be used for verification but the flood extents do show the 

Drowes River has extensive flooding.  

Minutes from another meeting held on 13/01/06 state that a river overflows its banks every year after 

heavy rain upstream of a culvert section which is insufficient to cope with the volume of water. There is no 

further detail on which river or culvert is discussed and therefore could not be used for model verification. 

Also the tributary of the River Drowes overflows its bank every year after heavy rain. It is not known which 

tributary of the River Drowes is discussed but there is flooding on both the Sruhannafulla and Tullaghan 

reaches. 
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4.1.6 Hydraulic Model Assumptions, Limitations and Handover Notes 

(1) Hydraulic Model Assumptions:   

(a)   Edited timing of coastal and fluvial boundary inputs so that tidal surge peak corresponds roughly with 

all fluvial peaks.  

(b)  The in-channel roughness coefficients were selected based on normal bounds and were reviewed with 

use of photographs - it is considered that the final selected values are representative. 

(c)  Bathymetry data for sea bed level in Donegal Bay was filled in using a combination of C-Map of 

Norway and INFOMAR. 

(d)  The AFA boundary of the Bundoran and Tullaghan model (as shown in Figure 4.1.36) included a 

military base north of the main AFA. This area was not covered by LiDAR data but topography of the 

military base was checked against the National Digital Height Model. It was found there were no 

waterways or low topography areas which would create a risk of flooding. Therefore this additional AFA 

boundary was excluded from the model. 

 

Figure 4.1.36: AFA Boundary 

(2) Hydraulic Model Limitations and Parameters:   

(a) A 2 second time-step has been selected for Mike 11 and 21 setups for all run scenarios. 

(b) The delta factor is set at 0.85. 

(c) The lateral links within the model extent have an exponential smoothing factor of 0.8. 

AFA Bundoran & Tullaghan 

Additional AFA excluded 

from the model 
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(d) Standard links have been added to the model to connect the downstream extents of the Rivers which 

discharge into Donegal Bay. 

(e) Eddy viscosity has been set to 0.25 for all model runs. 

(f) The 2D grid size for the model is set to 5m resulting in cell size of 25m
2
.  

(g) The model calibration is limited by lack of historical data.  

(h) There is hydrological uncertainty in the model which is detailed in Chapter 8 of the UoM36 hydrology 

report (IBE0700Rp0009_UoM36 Hydrology Report). 

(i) There are minor instabilities on the River Bradoge. As water levels rise there is a flicker at chainage 

910 (see Figure 4.1.37), at the peak flow the water levels settle.  This should have no effect on the 

mapped flood extents as the river does not break its banks in this area.  

 

Figure 4.1.37: River Bradoge Chainage 707 - 1200, 0.1% AEP 

At chainage 2416 there is instability.  This is most evident in the water level plots during the 0.1% 

event. This is demonstrated in Figure 4.1.38 and again is not thought to impact on the modelled flood 

extents as the instability occurs within banks.  

 

 

 

River Bradoge instability 

at chainage 910 
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Figure 4.1.38: River Bradoge Chainage 2058 - 2642, 0.1% AEP 

(j) The EurOTop manual is intended to calculate overtopping discharges from wave attack over flood 

defence structures. Tullaghan has no such structures and the range of roughness coefficient values 

within EurOTop did not explicitly account for the energy loss (which would include the energy lost due 

to porosity) experienced along the beach profile. To account for these higher energy losses along the 

beach slope an equation for wave run-up, derived by Powell 1990 (Pullen et al, 2013) (equations 

below), was used to establish which roughness coefficient within the EurOTop calculator returned the 

same amount of run-up.  

 

where: 

 

and  Hso is the offshore wave height, Lom is the offshore wave length based on the mean period and 

hc is the crest level of the beach. It therefore couples Ru2% to the maximum built-up ridge of the beach 

hc (i.e. the storm beach profile). 

(k) Along the coastline where discharge boundaries were applied to the model (see Figure 4.1.21), in 

reality some water would flow back towards the beach through the sands/shingle/cobbles. However 

MIKEFM will only permit water to enter here, as specified, using a discharge boundary type. 

 

River Bradoge instability 

at chainage 2416 
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(3) Design Event Runs & Hydraulic Model Handover Notes: 

(a) The main flooding in this model is fluvial, there is very little coastal flooding. The rivers in the model 

approach the sea at a steep downward gradient. For example the Drumacrin river, the first modelled 

cross section has a lowest bed level of 17.3 OD Malin and the final modelled cross section has a 

lowest bed level of 2.2m OD Malin. This is a drop of roughly 15m over a distance of 1.9km. The 

coastal inundation does not affect the higher sections of the reaches. 

(b) The water level exceedance factor did not have to be altered for model runs. The default value of 4 

was used for all event runs.   

(c) The Network and Cross Section files linked to the Mike 11 setup are identical for all event runs.  

(d) The model runs best when the Mike 11 initial condition is set to Steady State. 

(e) Drumacrin (Please view Section 4.1.5(2) which discusses model updates for Final) 

A small amount of flooding occurs upstream of the pipe culvert at chainage 464.6 where the reach 

flows below the N15 road. The pipe diameter is 1.2m which is restricting the flow and causing 

minimal flooding during all events. The main flooding from the reach is due to long culvert 

3630M00069I approximately 620m long. The culvert has insufficient capacity for the 0.1%, 1% and 

10% flows, water spills upstream of the culvert at cross sections with low banks as shown in Figure 

4.1.39. Low lying areas are flooded, mostly fields are affected but there are also a number of 

properties at risk in the 0.1% AEP event.    

 

Figure 4.1.39: Detailed area of Map 8 of 9 

 

Drumacrin River 
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(f) Bradoge 

There is flooding upstream of the N15 bridge mostly during the 1% and 0.1% events. This is caused 

by water backing up at culvert 3629M00184I and spilling from the channel which has insufficient 

capacity. Downstream flooding occurs during all events due to insufficient channel capacity and a 

restrictive culvert at chainage 2331.7. A road is shown to flood (see Figure 4.1.40) where flow spills 

from the channel at chain 2227 and floods low lying land on the right bank.  

 

Figure 4.1.40: Detailed area of Map 9 of 9 

(g) Sruhannafulla 

There is very little flooding on the upstream sections of the Sruhannafulla reach. Minimal flooding 

during the 0.1% event is due to a culvert at chainage 1404.8, the flow spills at low bank levels. At the 

downstream extents there is flooding at the confluence with the Drowes River. This is due to the 

Drowes river backing up into the Shuhannafulla which then breaks its banks. A substantial amount of 

flooding occurs during all AEP events, mostly fields are affected. The high level of the N15 stops the 

flood waters progressing north as shown in Figure 4.1.41.  

 

Figure 4.1.41: Detailed area of Map 6 of 9 
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(h) Drowes 

A small amount of flooding occurs upstream of the 8 arch bridge at chainage 1235.5 during all three 

AEP events. The culvert is restricting the flow at this point and the upstream channel has insufficient 

capacity. Downstream of this point there is substantial flooding even during the 10% AEP. The N15 

bridge restricts the flow and as the land in the area is very flat the floodplain covers are large area. 

Mostly fields are affected as the raised N15 road contains the flood as demonstrated in Figure 4.1.42.   

 

Figure 4.1.42: Detailed area of Map 3 of 9 

(i) Tullaghan 

There is flooding during the 0.1% and 1% AEP events at the upper section of the Tullaghan. This is 

caused by two restrictive pipe culverts and a bridge culvert which are within 85m of one another. The 

river descends steeply from the upper reach to the lower floodplain at chainage 1203 where it levels 

out. The flooding which occurs between chainage 1203 and the end of the river is caused by the 

River Drowes backing up into the reach as shown in Figure 4.1.43. The issue is compounded by the 

double pipe culvert at chainage 1377.8 (3627M00069I) which is filled to capacity by the Drowes 

backflow causing flooding in the area during all AEP events. Again the raised N15 road creates a 

barrier for the flood.  

River Drowes 

N15 Road Bridge 
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Figure 4.1.43: Detailed area of Map 7 of 9 

(j) For the wave overtopping discharge calculations the surveyed beach profiles were used to 

characterise a length of coastline which is not entirely uniform as it is with structures. However they 

are considered to be largely representative of the sections they describe. 

(4) Hydraulic Model Deliverables: 

Please see Appendix A for a list of all model files provided with this report. 

(5) Quality Assurance: 

Model Constructed by: 

Model Reviewed by: 

Model Approved by: 

Tanya Ballentine 

Stephen Patterson 

Malcolm Brian 

 

River Drowes 

River Tullaghan 

3627M00069I 

N15 Road 
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4 HYDRAULIC MODEL DETAILS 

4.2 BALLYCONNELL MODEL 

Name Local Authority Unique ID SSA Status Date 

Ballyconnell Cavan 360568 AFA Final 06/01/2016 

 

4.2.1 General Hydraulic Model Information 

(1) Introduction: 

The NWNB CFRAM Flood Risk Review (2011s5232 NW&NB Flood Risk Review Report_Final_v2.0) 

highlighted Ballyconnell is an AFA for fluvial flooding based on a review of historic flooding and the extents 

of flood risk determined during the PFRA.  Ballyconnell AFA (County Cavan) is located on the Woodford 

River which forms part of Ballinamore Ballyconnell Canal East (Shannon – Erne Waterway). The 

associated model comprises the Woodford River from the downstream limit of the Ballinamore model 

(refer to Section 4.3) and continues downstream through Ballyconnell and on to Upper Lough Erne. This 

river forms the international boundary between Ireland and Northern Ireland downstream of Ballyconnell 

until it reaches Upper Lough Erne, which in itself is a cross-border lake.  

Figure 4.2.1 and Figure 4.2.2 (Section 4.2.2) show the model extent.  Ballyconnell AFA is also fluvially 

affected by four small relatively steep watercourses which are sourced in the forested foothills of Slieve 

Rushen and join the Woodford River (Canal) from the west and north-west within the AFA itself.  These 

watercourses are also included within the Ballyconnell Model as shown on Figure 4.2.1 and Figure 4.2.2. 

The Rag River is an unmodelled tributary of the Woodford River with its confluence approximately 2.5km 

upstream from Upper Lough Erne (i.e. downstream of the AFA).  The total catchment area at the point 

where the Woodford River enters upper Lough Erne is 455km
2
.   

Hydrometric Station 36027 (Bellaheady) is located on the Woodford River upstream of Ballyconnell AFA. 

There is an AMAX series of flow data from 1974 to 2009.  However the rating assessment undertaken for 

the FSU only uses AMAX data from 1974 to 1988 upon which an A2 classification is based. Canalisation 

of the Woodford River in 1992 signalled the abandonment of the rating by OPW. This station was subject 

to a rating review as discussed in Section 4.5.2 (4) and the IBE0700Rp0009_UoM36 Hydrology Report.   It 

has been used as the pivotal site for adjustment of initial Qmed estimates (based on catchment descriptors) 

at HEPs on the Woodford River itself.  However initial Qmed estimations for the smaller tributaries were not 

adjusted using pivotal hydrometric data.  Refer to IBE0700Rp0009_UoM36 Hydrology Report, for full 
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details on hydrological analysis for this model.   

The main Woodford River / Ballyconnell Canal is a HPW within Ballyconnell AFA.  The Derryginny River, 

the Derryginny Tributary 1, the River Doon, the Lecharrownahone reach and the Woodford River 

Ballyconnell Canal 2 (which is a navigation channel on the main Woodford River Ballyconnell Canal just 

downstream of the AFA boundary) are also HPWs.  All HPWs have been modelled as 1D-2D using the 

MIKE suite of software. In the 1D/2D area the rising water spills onto the 2D domain from the 1D cross- 

sections. This occurs at bank markers set per cross section in the MIKE 11 software. The markers are 

generally set at the highest point of the river bank.  

The Woodford River / Ballyconnell Canal upstream and downstream of the AFA along with an additional 

two navigation channels (Woodford River/ Ballyconnell Canal Tributary 1 and Tributary 3) are MPWs and 

therefore have been modelled as 1D only. The bank markers are set to the furthest left and right points of 

the cross section to incorporate the flood plain as 1D.  

(2) Model Reference: HA36_BALL2 

(3) AFAs included in the model: Ballyconnell 

(4) Primary Watercourses / Water Bodies (including local names): 

Reach ID Name 

3619M                  Woodford River Ballyconnell Canal 

A                          Woodford River Ballyconnell Canal Tributary 1 

3619B                  Woodford River Ballyconnell Canal Tributary 2 

B                          Woodford River Ballyconnell Canal Tributary 3 

3620M                 Doon 

3621M                 Lecharrowahone 

3622M_A            Derryginny  

3622A                   Derryginny Tributary 1           
 

(5) Software Type (and version): 

(a) 1D Domain:   

MIKE 11 (2011) 

(b) 2D Domain:   

MIKE 21 - Rectangular Mesh 

(2011) 

(c) Other model elements:  

MIKE FLOOD (2011) 



North Western – Neagh Bann CFRAM Study  UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.2-3   F05 

4.2.2 Hydraulic Model Schematisation 

(1) Map of Model Extents: 

Figure 4.2.1 and Figure 4.2.2 illustrate the extent of the modelled catchment, river centre lines, HEP 

locations and AFA extent. The Ballyconnell catchment contains 5no. Upstream Limit HEPs representing 

the small modelled tributaries and the upstream limit of the Woodford River. The latter is defined by HEP 

36091_RA, a gauging station with no flow data available.  There are 3no. Intermediate HEPs along the 

Woodford River/Ballyconnell Canal. The model also contains 1no. Gauging Station HEP; 8no. Tributary 

HEPs; and 1no. Downstream Limit HEP at Upper Lough Erne. 

 

Figure 4.2.1: Map of Model Extents 
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Figure 4.2.2: Detail of AFA Extent 

(2) x-y Coordinates of River (Upstream extent): 

River Name x y 

3619M Woodford River Ballyconnell Canal 216508.16 311035.89 

A Woodford River Ballyconnell Canal Tributary 1 231343.75 320380.45 

3619B Woodford River Ballyconnell Canal Tributary 2 227483.14 318792.25 

B Woodford River Ballyconnell Canal Tributary 3 224045.56 312517.82 

3620M Doon 227064.22 319417.31 

3621M Lecharrowahone 226211.49 317690.17 

3622M_A Derryginny 226506.84 319144.24 

3622A Derryginny Tributary 1 226084.46 319170.18 
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(3) Total Modelled Watercourse Length: 36.5 km (approx.) 

(4) 1D Domain only Watercourse Length: 27.7 km 

(approx.) 

(5) 1D-2D Domain 

Watercourse Length: 

8.8 km 

(approx.) 

(6) 2D Domain Mesh Type / Resolution / Area: Rectangular / 5 metres / 12.25 km
2
 

(7) 2D Domain Model Extent: 

Figure 4.2.3 illustrates the modelled extents and the general drumlin topography. The reach centre-lines 

are presented in light-blue which also represents the 1D modelled extent within the 2D area. Buildings are 

excluded from the mesh and therefore represented as red spaces. Refer to Section 3.3.3 for details on 

representation of buildings in the model. 

 

Figure 4.2.3: 2D Domain Model Extent 

Figure 4.2.4 shows an overview drawing of the model schematisation. Figure 4.2.5, Figure 4.2.6 and 

Figure 4.2.7 show detailed views. The overview diagram covers the model extents, showing the surveyed 

cross-section locations, AFA boundary and river centre line. It also shows the area covered by the 2D 

model domain. The detailed areas (Figure 4.2.5 to Figure 4.2.7) are provided where there is the most 

significant risk of flooding. These diagrams include the surveyed cross-section locations, AFA boundary 

and river centre line. They also show the location of the critical structures as discussed in section 4.2.3 (1), 

      Modelled River Centreline 

      AFA Boundary 
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along with the location and extent of the links between the 1D and 2D models.  For clarity in viewing cross-

section locations, the diagrams show the full extent of the surveyed cross-sections.  Note that the 1D 

model considers only the cross-section between the 1D-2D links. 

 

Figure 4.2.4: Model Schematisation Overview 
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Figure 4.2.5: AFA Detail of 1D Model Cross Section and Structure Locations 



North Western – Neagh Bann CFRAM Study  UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.2-9   F05 

 

Figure 4.2.6: MPW Detail of 1D Model Cross Section and Structure Locations 
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Figure 4.2.7: MPW Detail of 1D Model Cross Section and Structure Locations 

(8) Survey Information 

(a) Survey Folder Structure: 

First Level Folder Second Level Folder Third Level Folder 

Murphy_NW36_M02_WP1_3606M_V0_13

0322 

Ballyconnell 

Murphy: Surveyor Name 

NW36: North Western CFRAM Study Area,  

Hydrometric Area 36 

M02 – Model Number 2 

3606M: River Reference 

WP1: Work Package 1 

Version: Most up to date 

V0_20130222_Ascii  

V0_20130222_GIS Flood_Plane_Photos_and_Shap

efile 

V0_20130222_Photos 

(Naming convention is in 

the format of Cross-

Section ID and 

orientation - upstream, 

downstream, left bank or 

right bank) 

3606M00545_DN 
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130322: Date Issued (22
nd

 MAR 2013) V0_20130222_Dwgs  

V0_20130222_Other Flood Plain Photos 

(b) Survey Folder References: 

 

Reach ID Name File Ref 

3619M    
Woodford River Ballyconnell 

Canal 

Murphy_NW36_M01_M02_WP7_3619M_A_V1_130424 

Murphy_NW36_M02_WP1_3619M_V1_130308 

Murphy_NW36_M02_WP7A13_3619M_V1_130417 

A           
Woodford River Ballyconnell 

Canal Tributary 1 

Same data as 

Murphy_NW36_M01_M02_WP7_3619M_A_V1_130424 

3619B    
Woodford River Ballyconnell 

Canal Tributary 2 
Murphy_NW36_M02_WP7_3619B_130417 

B           
Woodford River Ballyconnell 

Canal Tributary 3 

Same data as 

Murphy_NW36_M02_WP7A13_3619M_V1_130417 

3620M           Doon Murphy_NW36_M02_WP7_3620M_V1_130403 

3621M           Lecharrownahone Murphy_NW36_M02_WP7_3621M_V1_130412 

3622A              Derryginny Tributary 1         Murphy_NW36_M02_WP7_3622A_V1_130412 

3622M_A      Derryginny Murphy_NW36_M04_WP7_3622M_A_V1_130329 

   
 

(9) Survey Issues: 

A survey query was submitted for missing data on the Woodford River Ballyconnell Canal Tributary 2. The 

surveyor had not submitted the files but was able to locate the data upon request. 

There were no further survey queries.  

 

4.2.3 Hydraulic Model Construction 

 (1) 1D Structures in the 1D domain:   See Appendix B 

Number of Bridges and Culverts: 25 

Number of Weirs: 6  

The survey information recorded includes a photograph of each structure, which has been used to 

determine the Manning's n value.  Further details are included in Section 3.3.4.  A discussion on the way 

structures have been modelled is included in Section 3.3.2. 
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The location of critical structures included in the model is presented in Figure 4.2.5 and Figure 4.2.6. 

Details of these structures are also presented in Appendix B 

Flooding occurs on the Derryginny Tributary 1 watercourse during the simulated 1% and 0.1% AEP 

events. Culverts 3622A00046I (chainage 293, Figure 4.2.8) and 3622A00031I (chainage 348, Figure 

4.2.9) restrict the flows and flooding occurs affecting the N87. Please refer to Flood Extent Map 7 of 8. 

 

Figure 4.2.8: Culvert 3622A00046I 

 

Figure 4.2.9: Culvert 3622A00031I 

At the downstream extent of the Derryginny Tributary 1 where it joins the main Derryginny river there is 

flooding during all simulated events. This is partly due to the 1.2m diameter pipe structure 3622A00001I 

(chainage 719, Figure 4.2.10) restricting flow.  Please refer to Flood Extent Map 7 of 8. 
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Figure 4.2.10: Culvert 3622A00001I 

At the confluence of the Derryginny Tributary 1 and the Derryginny River there is flooding from the main 

channel due to structure 3622M00102I (chainage 306, Figure 4.2.11).  The structure has insufficient 

capacity to cope with the 1% or 0.1% AEP flows. This is exacerbated by the additional flow coming from 

the Derryginny Tributary 1 flowing into the river at chainage 285.25. Please refer to Flood Extent Map 7 of 

8. 

 

Figure 4.2.11: Culvert 3622M00102I 

There is significant flooding on the Lecharrownahone River during the simulated 0.1% and 1% AEP 

events.  The double arch bridge structure 3621M00052D (Figure 4.2.12) is located at chainage 674. It is a 

critical structure on the reach which restricts flows and causes flooding upstream. Please refer to Flood 

Extent Map 5 of 8. 
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Figure 4.2.12: Bridge 3621M00052D 

There are a number of Lough gates along the Woodford River / Ballyconnell Canal, as shown in Figure 

4.2.13. It was not possible to enter the Lough gates into the model as gates due to modelling software 

limitations so the level along the top of the upstream gate was entered as a weir to best represent flow 

conditions during storm events. This method of structure input was used as these gates would be closed 

during any flood event therefore creating a greater flooding extent.  The method offers conservative model 

results whilst providing greater model feasibility. Please refer to Flood Extent Maps 2, 6 and 8 of 8. 

 

Figure 4.2.13: Ballyconnell Lough Gate 

(2) 1D Structures in the 2D domain: Number of Bridges and Culverts: 0 

Number of Weirs: 0 

(3) 2D Model structures: Number of Bridges and Culverts: 0 

Number of Weirs: 0 
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(4) Defences:  

No known formal or informal defences. 

(5) Model Boundaries - Inflows: 

Full details of the flow estimates are provided in the Hydrology Report (IBE0700Rp0009_UoM36 

Hydrology Report - Section 4.2 and Appendix D). The model flow at checkpoints was examined during 

initial development runs.  No changes were required to the initial flows to achieve model anchoring.  

A double peak hydrograph is evident from the model output time series at the downstream extents of the 

Lecharrownahone River and Derryginny Tributary. The peak flows of the tributaries occur on the reaches 

during day one; then a backflow effect occurs as the Woodford River Ballyconnell Canal reaches its peak 

almost 6 days later.  It was decided not to alter the timings of the hydrographs as this would be unrealistic 

for the catchment. The first peak of the hydrograph anchors the modelled flows well with the estimated 

flows; if the peaks were moved to coincide the modelled flow would be much greater than the estimated 

flows.   

The boundary conditions implemented in the model are shown in  

Table 4.2.1 below:   

Table 4.2.1: MIKE 11 Boundary File 

 

 

The Figure 4.2.14 demonstrates the main inflow hydrograph for the Woodford River, located at cross 

section 3619M03288 at Chainage 9274 (see Section 4.2.6(1)). 
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Figure 4.2.14: Upstream Input of the Woodford River Ballyconnell Canal for 0.1% AEP Event 

(6) Model Boundaries – 

Downstream Conditions: 

Critical flow conditions were used to derive a Q-h relationship boundary as 

plotted in Figure 4.2.15 at the downstream model extent of the Woodford 

River Ballyconnell Canal (chainage 40778).  
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Figure 4.2.15: Q-h Relationship at Woodford River Ballyconnell Canal Chainage 40778 

(7) Model Roughness:  (see Section 3.3.4 'Roughness Coefficients') 

(a) In-Bank (1D Domain) Minimum 'n' value: 0.030 Maximum 'n' value: 0.070 

(b) MPW Out-of-Bank (1D) Minimum 'n' value: 0.040 Maximum 'n' value: 0.070 

(c) MPW/HPW Out-of-Bank  

(2D) 

Minimum 'n' value: 0.030 

(Inverse of Manning's 'M') 

Maximum 'n' value: 0.059 

(Inverse of Manning's 'M') 
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Figure 4.2.16: Map of 2D Roughness (Manning's n)  

The map shown in Figure 4.2.16 illustrates the roughness values applied within the 2D domain of the 

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. The Northern Ireland land coverage dataset was used to make an assumption of land use where 

the Woodford River Ballyconnell Canal creates the border.      
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(d) Examples of In-Bank Roughness Coefficients 

(see section 3.3.4 for more detail on roughness values) 

Woodford River Ballyconnell Canal - 3619M03090 

 

Figure 4.2.17: Manning's n = 0.07 

Sluggish reaches, noticeable aquatic growth and 

deep pools.  

Doon River - 3620M00002D 

 

Figure 4.2.18: Manning's n = 0.03 

River section which is clean and straight, no rifts or 

deep pools.  

Derryginny River - 3622M00114I 

 

Figure 4.2.19: Manning's n = 0.05 

River section which is clean, winding weeds and 

additional stones. 

Lecharrownahone River - 3621M00099 

 

Figure 4.2.20: Manning's n = 0.045 

River section which is clean, winding weeds, some 

pools and shoals with some weeds and some 

stones. 
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4.2.4 Sensitivity Analysis 

A number of sensitivity simulations have been completed in accordance with Guidance Note 22. The 

purpose is to assess the sensitivity and impact of the 1% AEP hydraulic model within the AFA boundary 

by adjusting various parameters. The following sensitivity analysis model simulations have been carried 

out: 

a) Channel roughness increased to upper bound values and flood plain roughness decreased to 

lower bound values – The change in channel and floodplain roughness values resulted in slight 

increases in flood extents within the AFA, mainly affecting agricultural land as shown in Figure 

4.2.21. The Ballyconnell model is considered to have a low sensitivity to roughness parameters 

and no receptors are impacted by the increase of flood extents within the AFA. 

 

Figure 4.2.21 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity 1D/2D 

Roughness Event 

b) Downstream boundary increase – The downstream boundary was changed to the water level 

generated from the 1% AEP mid-range future scenario simulation (peak water level 44.167m). 

Changing the boundary condition increases the peak water level at the downstream extent of the 

model by 2.5m. Water levels are increased at the lower extent of the model from the downstream 
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boundary to Ch 34084m on the Woodford River Ballyconnell Canal. This location is within the 

MPW reach and does not affect the AFA. The change in the downstream water level boundary 

has no impact on HPWs or flood extents within the AFA, as shown in Figure 4.2.28. The 

Ballyconnell model has low sensitivity to model changes and no impact on receptors within the 

AFA.  

 

Figure 4.2.22 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Water Level 

Boundary Event 

c) Increase in flow – The 1% AEP Sensitivity flows were used to assess the sensitivity of the model 

to inflows. The Ballyconnell model was assessed as having medium uncertainty/sensitivity and 

factors of 1.14 and 1.21 were applied to design flows for the sensitivity simulation. Figure 4.2.23 

shows that the Ballyconnell model is highly sensitive to increased inflow parameters which results 

in a significant increase in flood extents, mainly on agricultural land between the 

Lecharrownahone River and Ballyconnell River Woodford Canal. These changes however, have 

no impact on receptors within the AFA. 
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Figure 4.2.23 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Flow Event 

d) Variation in the timing of tributaries – A sensitivity adjustment has been applied to timings of 

tributary hydrographs to assess the effect on the model. Tributary hydrographs have been moved 

by up to 10% of the graph duration to bring peak flows closer to the main channel peak flow. 

There is a minimal increase in flood extents within the AFA, as shown in Figure 4.2.24. The 

Ballyconnell model is considered to have a low sensitivity to timing of tributaries and no receptors 

are impacted by the increase of flood extents within the AFA. 
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Figure 4.2.24 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Timing of 

Tributaries 

e) Flow volume – A sensitivity adjustment factor of 2 has been applied to flood duration to assess the 

effect on the model as flood durations in this case have been derived from observed data with 

some uncertainty at flood flows. There is a slight increase in flood extents within the AFA, mainly 

affecting agricultural land as shown in Figure 4.2.25. The Ballyconnell model is considered to have 

a low sensitivity to flow volume parameters and no receptors are impacted by the increase of flood 

extents within the AFA. 
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Figure 4.2.25 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Flow Volume 

Event 

f) Floodplain roughness decreased to lower bound values – The change in floodplain roughness 

values resulted in no alteration to flood extents within the AFA as shown in Figure 4.2.31. The 

Ballyconnell model is considered to have a low sensitivity to 2D roughness parameters and no 

receptors are impacted within the AFA. 
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Figure 4.2.26 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity 2D Roughness 

Event 
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Table 4.2.2 summarises the outcomes of the above sensitivity simulations or evaluations, channel and 

floodplain roughness, downstream boundary condition, increase in model inflows, increase in flow volume 

and floodplain roughness have been considered for the Ballyconnell model. Of these parameters, the 

model is most sensitive to increase in model inflows. Table 8.1 in the Hydrology Report states that there is 

medium uncertainty/sensitivity associated with the hydrological inputs for this model. The model is less 

sensitive to the other parameters, with the resulting analysis identifying relatively minor increases in flood 

extents and no impact on receptors in the AFA in any of the sensitivity runs. Generally, the Ballyconnell 

model can be considered to have low sensitivity to changes in model parameters. 

Table 4.2.2: Sensitivity Summary 

Sensitivity Simulation Sensitivity Impact 

1% AEP Sensitivity 1D/2D Roughness Event  Low Low 

1% AEP Sensitivity Water Level Boundary Event  Low Low 

1% AEP Sensitivity Flow Event High Low 

1% AEP Sensitivity Timing of Tributaries Low Low 

1% AEP Sensitivity Flow Volume Event Low Low 

1% AEP Sensitivity 2D Roughness Event Low Low 

 

4.2.5 Hydraulic Model Calibration and Verification 

(1) Key Historical Floods (from IBE06700Rp0004_UoM 36 Inception Report_D01 unless otherwise 

specified):  

(a) NOV 2009. Information was found on the Strategic Flood Map for Northern Ireland which 

indicated that flooding occurred in Ballyconnell on 20
th
 November 2009.  Photographs 

showed that low lying lands adjacent to the Woodford River had flooded.  It is not 

clear whether any roads or properties were flooded during this event. 

There was no water level or flow data available from the Bellaheady gauge station 

(36027) as records ceased in 2005.  Rainfall data for this event was taken from the 

closest hourly rainfall gauge at Ballyhaise (approximately 19.2km from the AFA).  

Only 3.5mm of rainfall was recorded on the day of the event.  However during the 

preceding 19 days over 187mm was recorded. Using this rainfall duration and depth 

information a design rainfall frequency was estimated using the FSU DDF model 

(FSU WP 1.2 ‘Estimation of Point Rainfall Frequencies’). This gave a rainfall event 
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frequency of 0.8% AEP. It is not possible to estimate with any accuracy the critical 

rainfall duration for the Woodford River based on catchment descriptors, due to the 

partly canalised nature of the system and the high degree of attenuation, but it is 

considered that due to these factors the critical duration is likely to be extremely long. 

As such the assessment of frequency over 19 days would be consistent with the type 

of rainfall which could lead to flooding.  

The rainfall frequency of 0.8% AEP does not necessarily correlate to a flood event of 

the same frequency. However given the absence of further information, photographs 

of the event were used to calibrate the simulated 1% and 0.1% AEP flood extents.   

The photographs shown in Figure 4.2.27 show the Woodford River / Ballyconnell 

Canal and the its tributary (named Tributary 2). The channel roughness of the Canal 

was set to 0.045 for initial model development runs.  This was reduced to 0.04 during 

model calibration which resulted in flood extents replicating that shown in Figure 

4.2.28 (refer to flood extent map 6 of 8). 

 

Figure 4.2.27: Photographs taken 20/11/2009, Woodford River Ballyconnell 

Canal downstream of the AFA 

High Water Levels 

in Woodford River 

Ballyconnell Canal 

Tributary 2 

Flooding 

downstream 

Woodford River 

Ballyconnell Canal 

Tributary 2 
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Figure 4.2.28: Detail of Flood Extent Map 6 of 8, Woodford River Ballyconnell 

Canal downstream of the AFA 

Figure 4.2.29 illustrates flooding upstream of Ballyconnell from the Canal.  Again the 

channel roughness in this area was set to 0.045 for initial development runs and was 

reduced to 0.04 to achieve model calibration based on this photograph. Figure 4.2.30 

shows the areas upstream of the N87 road bridge flooding to some extent during all 

the modelled AEP events (refer to flood extent map 5 of 8). 

Flooding 

downstream 

Woodford River 

Ballyconnell Canal 

Tributary 2 
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Figure 4.2.29: Photograph taken 20/11/2009, Woodford River Ballyconnell Canal 

within the AFA (looking upstream) 

 

Figure 4.2.30: Detail of Flood Extent Map 5 of 8, Woodford River Ballyconnell 

Canal within the AFA 

N87 Bridge 

Flooding Upstream 

Flooding Upstream 

of bridge 

N87 Bridge 
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(b) JAN 1965. In Ballyconnell, on 16
th
 January severe flooding of land was reported in the Irish 

Independent.  In Ballybay, on 20
th
 January flooding was reported by the Evening 

Press (Dublin), however no information on the locations or the extent of the flooding 

was provided. 

There was no water level or flow data available from the Bellaheady gauge station 

(37027) as records only began in 1974. Similarly no hourly rainfall data was available 

from the Ballyhaise gauge as records only exist from 2004. However daily rainfall 

sums are considered appropriate in this case due to the critical rainfall event for the 

catchment being in the order of days / weeks as opposed to hours (as discussed for 

the November 2009 event). Daily rainfall data was extracted from the nearby 

Belturbet (Voc.Sch.) daily rain gauge (approximately 9.4km from the AFA). 108.6mm 

of rain was recorded over 16 days prior to the event. Using this rainfall duration and 

depth information a design rainfall frequency was estimated using the DDF model 

(FSU WP 1.2 ‘Estimation of Point Rainfall Frequencies’). This gave a rainfall event 

frequency of 58.8% AEP. As discussed it is not possible to estimate with any 

accuracy the critical rainfall duration for the Woodford River based on catchment 

descriptors due to the partly canalised nature of the system and the high degree of 

attenuation. The fact that this event is known to have caused flooding in the 

catchment and represents a rainfall duration of 16 days which is similar to the 

November 2009 event indicates that it is close to the critical rainfall duration for the 

catchment.  

Summary of Calibration 

The 2009 rainfall event was estimated using FSU to be a 0.8% AEP event. With no water levels or flows 

recorded, data had to be collected from the closest hourly rain gauge and daily rain gauge. The duration of 

the rainfall was looked at during the days leading up to the flood events as the catchment has such a high 

degree of attenuation.  Model roughness values were adjusted to achieve model calibration based on 

comparison of the November 2009 event photographs with the design 1% and 0.1% AEP events. The 

January 1965 event is estimated at approximately 59% AEP based on rainfall data and the FSU DDF 

model. There is no information on location or extent of flooding. 

Model flows were checked against the estimated flows at HEP check points where possible to ensure the 

model is well anchored to the hydrological estimates. For example at the downstream extent of the model 

(HEP 36_10002_D_RA), the estimated 0.1% AEP flow is 88.64m
3
/s  and the draft final modelled flow is 

84.77m
3
/s.  At the Gauging Station HEP 36027_RA the 0.1% AEP flow is 65.05m

3
/s (refer  

IBE0700Rp0009_UoM36 Hydrology Report for details) and the modelled flow is 65.42m
3
/s. Full flow tables 

and discussion is included in Section 4.2.5(5). 
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A mass balance check has been carried out on the model to make sure that the total volume of water 

entering and leaving the model at the upstream and downstream boundaries balances the quantity of 

water remaining in the model domain at the end of a simulation. Refer to Section 3.6.2 for details of 

acceptable limits. The mass error in the 1% AEP design run was found to be -0.29%, which is within 

acceptable limits. 

There is a minor instability on the Woodford River / Ballyconnell Canal. As water levels rise there is a 

flicker at chainage 30335m (see Figure 4.2.31), which lasts from time step 2/1/14 20:58:00 until 2/1/14 

22:10:00. The instability smoothes out and does not affect the peak water levels. This has no effect on the 

flood extents as the river does not break its banks in this area.  

 

Figure 4.2.31: Woodford River Ballyconnell Canal Chainage 28953 - 31380, 0.1% AEP 

Another instability is located on the MPW portion of the Canal at chainage 36445m. The water level 

flickers as the peak is reached as shown in Figure 4.2.32. The time series plot at the chainage was further 

reviewed as shown in Figure 4.2.33. The instability which affects the peak water level on the rising limb 

flickers between water levels of 44.4m and 45.4m over a 4 minute duration. As the water level flicker is 

minor and occurs over a very short period of time it is considered that the instability has little effect on the 

flood extents. 

Woodford River Ballyconnell Canal 

instability at chainage 30335 
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Figure 4.2.32: Woodford River Ballyconnell Canal Chainage 35113 - 38149, 0.1% AEP 

 

Figure 4.2.33: Time Series of Woodford River Ballyconnell Canal Chainage 36457.5, 0.1% AEP 

Historical flood data for specific events is limited for the Ballyconnell AFA.  A partial verification exercise 

has been undertaken based on the data available, however due to the lack of information this model is 

poorly calibrated. 

 

 

Woodford River Ballyconnell Canal 

instability at chainage 36445 
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(2) Post Public Consultation Updates 

Following on from formal S.I. public consultation period, general model updates were applied to refine 

model resolution and improve model stability, mapping issued as Final reflects these changes. 

(3) Standard of Protection of Existing Formal Defences: 

No known formal or informal defences. 

(4) Gauging Stations: 

There is one gauging station located within the Ballyconnell model extents.  

(a) Bellaheady (36027) 

The rating for this gauging station provides one spot gauging with both water level and flow information. 

The gauge was designated to have a rating review (as discussed in the hydrology report for HA36). The 

Woodford River was re-canalised in 1992 therefore any data before this date could not be used for the 

rating review. There was little data for calibration with this gauge and no equations have been derived by 

OPW to produce a rating curve. One spot gauge was used to calibrate the model for high end flows but 

there was no data for low flow calibration. A statement on the OPW Hydro-net data states the gauge 

station has 'poor quality low flow data and is to be used as indicative purposes only'. The graph below 

shows that the model is within the 200mm tolerance of a HPW with the spot gauge.  
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(5) Comparison of Flows: 

Table 4.2.3 provides details of flow in the model at every check point.  These flows have been compared 

with the hydrology flow estimation and a percentage difference provided.  The table shows that the flows 

in the main Woodford River Ballyconnell Canal are within 5% of the estimated flows which demonstrates 

the model is well anchored to the hydrology estimates. 

Table 4.2.3: Modelled Flows and Check Flows 

  Peak Water Flows 

River Name & Chainage AEP 

Check 
Flow 
(m

3
/s) 

Model 
Flow 
(m

3
/s) 

Diff 
(%) 

DERRYGINNY 1252.8 10% 5.17 4.41 -14.70 

36_1415_4_RARPS 1% 8.97 7.54 -15.95 

  0.1% 15.19 13.10 -13.76 

DERRYGINNY_TRIBUTARY1 708.123 10% 3.29 3.19 -3.19 

36_2379_2_RARPS 1% 5.7 5.13 -10.00 

  0.1% 9.66 9.03 -6.52 

DOON 1104 10% 2.75 3.12 +13.56 

36_1834_3_RA 1% 4.78 5.42 +13.37 

  0.1% 8.1 8.78 +8.35 

LECHARROWNAHONE 1167.69 10% 10.75 13.42 +24.87 

36_1285_3_RARPS 1% 16.69 18.94 +13.88 

  0.1% 26.09 23.79 -8.82 

WOODFORD RIVER BALLYCONNELL CANAL 22697 10% 33.52 34.74 +3.64 

36027_RA 1% 47.1 48.29 +2.52 

  0.1% 65.05 65.67 +0.95 

WOODFORD RIVER BALLYCONNELL CANAL 28613.1 10% 36.52 36.51 -0.02 

36_2589_2_RA 1% 51.31 50.56 -1.46 

  0.1% 70.86 68.52 -3.31 

WOODFORD RIVER BALLYCONNELL CANAL 31541.1 10% 37.9 37.84 -0.16 

36_10003_RARPS 1% 53.26 51.66 -2.95 

  0.1% 73.54 72.48 -1.44 

WOODFORD RIVER BALLYCONNELL CANAL 34851.9 10% 40.28 40.93 +1.62 

36_10002_1_RA 1% 56.59 56.63 +0.07 

  0.1% 78.15 77.01 -1.46 

WOODFORD RIVER BALLYCONNELL CANAL 40756.75 10% 45.84 44.93 -1.99 

36_10002_D_RA 1% 64.27 62.32 -3.04 

  0.1% 88.64 85.02 -4.09 

 

The HEP points 36_2379_2_RARPS on the Derryginny Tributary 1, 36_1834_3_RA on the Doon River 

and all check flows along the Woodford River Ballyconnell Canal show good correlation with each 
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difference lower than 15% during all AEP events.  

The HEP 36_1285_3_RARPS located at the downstream extent of the Lecharrownahone tributary shows 

a percentage difference of almost 25% during the 10% AEP event, with the modelled flow higher than the 

estimated flow. The sum of the estimated inflows were checked and found to be greater than the 

downstream check flow.  However in the model there is no out of bank flooding during the 10% AEP event 

even with the higher flows so given the degree of uncertainly with check flows in this small ungauged 

catchment adjustment of the 10% AEP  inflows is not necessary.  For the 1% and 0.1% AEP events the 

out of bank flooding indicates a greater degree of attenuation which is not reflected in the hydrological 

estimates i.e. not of all of the flow is reaching the downstream HEP, and this effect increases with higher 

magnitude (lower AEP) events. For example in the 0.1% AEP event the model flow is 9% lower than the 

estimated flows.  

At the HEP 36_1415_4_RARPS the Derryginny River model flow is lower than the estimated check flow 

by high % differences during all the AEP events. This is partly due to the flooding upstream which 

attenuates the flow but also due to the model flow calculation being taken approximately 320m upstream 

of the HEP position. This is due to the complex flooding and backflow occurring from the 

Lecharrownahone River. Therefore the lateral top up flow which is applied over the full length of the 

Derryginny reach is not fully accounted for in the model flow result. 

(6) Other Information: 

(a)  Cavan County Council held a meeting with the Ballyconnell Area Engineer on 10/11/05. The following 

comments we made, 'Derryginny – Drain overflows its banks every year after heavy rain. Firebreaks on 

the mountain has contributed to the flooding problem'.  Without further information such as water level and 

flow data or photographs of flood locations this information could not be used to calibrate the model. 

However the comment provides some qualitative support of the simulated flood extents as shown in 

Figure 4.2.34 as flooding occurs from the Derryginny during all modelled AEP events.  
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Figure 4.2.34: Detail of Flood Extent Maps 5 and 7 of 8, Derryginny 

 

4.2.6 Hydraulic Model Assumptions, Limitations and Handover Notes 

(1) Hydraulic Model Assumptions:   

(a) The point at which the Ballyconnell flood maps start (and the Ballinamore flood maps end) is located at 

cross section 3619M02883 at Chainage 13340.  The Ballyconnell model was lengthened at the upstream 

extent by approximately 4km to ensure stability at the start of the model. The upstream hydrograph for 

HEP point 36091_RA was applied at chainage 9273.53 instead of chainage 13340.78. This is acceptable 

as the upstream sections are modelled 1D only and therefore there is no loss of flow due to flooding. Full 

flow tables can be found in Section 4.2.5(5). The model was not extended downstream as the model 

discharges into Upper Lough Erne. 

 

(b) At cross section 3621M00052D located at chainage 673.55 on the Lecharrownahone River one arch of 

the bridge is blocked by debris (as shown in Figure 4.2.35). This has not been reflected in the model as all 

culverts are assumed to be clear.  

Derryginny  
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Figure 4.2.35: Bridge 3621M00052D 

(c) The Woodford River Ballyconnell Canal was split into two channels in two places. The original 

surveyed data showed two channels but these were not split into separate reaches. The cross section 

data was split using the bank markers and applied to either the main channel or the newly created 

millrace.  Figure 4.2.36 shows the Woodford River Ballyconnell Canal with extended cross sections which 

was split into the main channel and the Woodford River / Ballyconnell Canal Tributary 3. The main channel 

was left as the navigation channel and the new channel had the weir structure inserted.  

 

Figure 4.2.36: Woodford River Ballyconnell Canal and Woodford River Ballyconnell Canal Tributary 

3 
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Similarly the Woodford River / Ballyconnell Canal Tributary 1 as shown in Figure 4.2.37 below was split 

from the main river. The weir was inserted into the main channel and the bridge structure was placed on 

the new channel.  

 

Figure 4.2.37: Woodford River Ballyconnell Canal and Woodford River Ballyconnell Canal Tributary 

1 

(d) The bridge structure 3619M02309W located on the Woodford River / Ballyconnell Canal at chainage 

18917.625 as shown in Figure 4.2.38 was not included in the model. There is a weir located immediately 

downstream of the bridge which is significant in flow control. As the bridge does not have a restrictive 

impact on the flow upstream of the weir it is hydraulically insignificant. Removing the bridge from the 

model extensively increased the model stability and allowed the weir downstream to be modelled 

accurately.  

 

Figure 4.2.38: Bridge 3619M02309W 
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(e) The topography extent was cropped closer to the AFA to reduce model running time. The section of 

the Woodford River Ballyconnell Canal which contains the gauging station designated for rating review 

was modelled 1D only. This was acceptable as the water level did not break the banks at the rating review 

section.  

 

(f) Downstream of the AFA the Woodford River /  Ballyconnell Canal deviated from the survey 

specification. Figure 4.2.39 shows the original shape of the reach in purple following the border with 

Northern Ireland. The contract survey report received from Murphy Surveys states that the reach does not 

follow the border downstream of section 3619M01258. Instead it continues into Northern Ireland for 1km 

before returning to the original surveyed shape as shown in blue on the figure. The channel deviates from 

the specification again downstream of cross section 3619M00965. 

  

Figure 4.2.39: Woodford River Ballyconnell Canal Surveyed River Centre Line 

(2) Hydraulic Model Limitations and Parameters:   

(a) A 2 second time-step has been selected for Mike 11 and 21 setups for all run scenarios. 

(b) The delta factor is set at 0.8. 

(c) The lateral links within the model extent have an exponential smoothing factor of 0.8. 

(d) The initial condition of the model was set to Hot Start File.  

(e) The 2D grid size for the model is set to 5m resulting in cell size of 25m
2
. This resolution has enough 

detail to produce an accurate model and it is course enough to allow the simulation to run in a 

Original survey specified 

river centreline - Purple 

Actual surveyed river 

centreline - Blue 
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reasonable time.  

(f) The model calibration is limited by lack of historical data.  

(g) There is hydrological uncertainty in the model which is detailed in Chapter 8 of the UoM36 hydrology 

report (IBE0700Rp0009_UoM36 Hydrology Report).  

(h) The main reach in this model, the Woodford River / Ballyconnell Canal flows through a number of 

large lakes. Lakes located on the MPW reach both upstream and downstream of the AFA boundary 

have a degree of uncertainty regarding the representation of lake storage capacity in 1D modelled 

sections. The Ballyconnell MPW flows through a drumlin landscape with lakes connected to the reach 

both online and offline. The survey resolution of MPW has meant fewer cross sections have been 

taken a further distance apart which in some areas may have missed the widest or deepest section 

through a lake. Therefore the attenuation on the MPW has not been fully represented. 

(i) It should be noted that observed flooding to rural roads and outlying properties may be represented 

less accurately than within the AFA. The MPW is modelled using cross section data only; it was found 

during the Draft modelling stage that the cross sections did contain enough data on the left and right 

banks.  As water levels increased, the floodplain could not be accurately represented as water was not 

able to spill as required.  For the Draft Final modelling stage, cross sections on the Woodford River / 

Ballyconnell Canal from chainage 9274m to 24768m and from 32065m to 40778m were extended with 

the use of the NDHM to provide enough information of the floodplain and allow water to spill as 

necessary.  Background mapping from the NDHM was applied to the MPW which allowed for more 

accurate floodplain representation between the 1D cross sections.  Finally specific areas such as 

lakes (online and offline) were highlighted beyond the 1D cross sections and connected to the nearest 

cross section to produce a more accurate mapping output.  It should be noted the DTM applied to the 

background of the MPW and the additional highlighted lakes simply project the water level from the 

associated cross section onto the topography.  This methodology is further discussed in Section 3.8 – 

it provides no attenuation for the MPW but provides improved mapping.  

(3) Design Event Runs & Hydraulic Model Handover Notes: 

(a) The water level exceedance factor was left as default value 4 for all AEP design event runs. 

(b) The Cross-section and Network files are identical for all design run simulations. The parameters within 

the HD parameter file are also identical for all design run scenarios. 

(c) A ‘Hotstart’ initial condition has been used in the 1D model component during all design runs. 

(d) Global surface elevation initial conditions of 0mOD Malin in the 2D domain have been used during all 

design runs. 

(e) The Derryginny Tributary 1 reach descends steeply before turning 90 degrees to the east to join the 
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Derryginny main channel. During the 0.1% AEP the reach floods at right bank of the bend where there 

is also a restrictive culvert 3622A00046I as discussed in section 4.2.3 (1). Further downstream the 

river floods on the left bank, this is due to insufficient channel capacity and a bridge culvert which 

restricts flow, also discussed in section 4.2.3 (1). The tributary flows through a rural area but flooding 

on this reach affects the N87 road and a few buildings. During all the flood events to some extent, 

there is a small area flooded where the river joins the Derryginny. This is due to a combination of a 

restrictive pipe section at the downstream of the Derryginny Tributary and culvert on the Derryginny 

reach. Please refer to Flood Extent Map 7 of 8. 

(f) There is no flooding on the Derryginny River upstream of its confluence with the Derryginny Trib1 

during any return parade. During all the flood events to some extent, a small area where the tributary 

joins the main channel floods due to the flows combining and the restrictive culvert 3622M_A00102I 

just downstream as shown in section 4.2.3 (1). Flooding occurs to some extent during the 10%, 1% 

and 0.1% AEP events along the rest of the reach as water levels rise. This flooding affects rural land 

and a few minor roads. Please refer to Flood Extent Maps 5 and 7 of 8. 

(g) There is significant flooding on the Lecharrownahone during the 0.1% event. This is caused by a 

combination of insufficient channel capacity and a restrictive double arch bridge as shown in section 

4.2.3 (1). The Derryginny River joins the Lecharrownahone and the area around the confluence floods 

as there is not enough capacity for the additional flow. There is no flooding during the 10% event. 

Please refer to Flood Extent Map 5 of 8. 

(h) There is no flooding on the river Doon during any of the return periods. Please refer to Flood Extent 

Map 6 of 8. 

(i) There is flooding between the Lecharrownahone river and the Woodford River Ballyconnell Canal 

during the 0.1% AEP. The channel does not have enough capacity to cope with the water levels and 

breaks it's banks from the beginning of the 2D modelled extent to the confluence with the 

Lecharrownahone. Water levels are high in the River and a small amount of flooding occurs 

downstream of the AFA between chainages 28745 - 28953 and where there are low banks. A final 

area of flooding occurs further downstream where there is a low point of topography and water flows 

from low level banks. There is flooding to a much lesser extent on the 1% AEP event and hardly any 

flooding during the 10% event. Please refer to Flood Extent Map 5 of 8. 

(4) Hydraulic Model Deliverables: 

Please see Appendix B for a list of all model files provided with this report. 
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(5) Quality Assurance: 

Model Constructed by: 

Model Reviewed by: 

Model Approved by: 

Tanya Ballentine 

Stephen Patterson 

Grace Glasgow 
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4 HYDRAULIC MODEL DETAILS 

4.3 BALLINAMORE MODEL 

Name Local Authority Unique ID SSA Status Date 

Ballinamore Leitrim 360567 AFA Final 06/01/2017 

4.3.1 General Hydraulic Model Information 

(1) Introduction: 

The NWNB CFRAM Flood Risk Review (2011s5232 NW&NB CFRAM FRR Report_Final_v2.0) highlighted 

Ballinamore as an AFA for fluvial flooding based on a review of historic flooding and the extents of flood 

risk determined during the PFRA.  

Ballinamore AFA (County Leitrim) is affected by fluvial flooding risk from the Ballinamore & Ballyconnell 

Canal (part of the Shannon Erne Waterway) which is fed by the Yellow River and St John’s Lough 

upstream.   

The AFA is located on the Canal itself which then progresses in a southerly direction before turning north- 

eastwards towards Garadice Lough.  The model terminates at the downstream end of Garadice Lough at 

Ballincur Bridge. This location marks the upstream limit of the Ballyconnell Model (refer to Section 4.2, 

Ballyconnell). The total catchment area the Ballinamore Model at this point is almost 200km
2
. There is a 

significant proportion of forested area just upstream of the AFA (20%).  The model constitutes three HPW 

reaches which affect the northern portion of Ballinamore AFA before joining together and entering the 

Canal in the town centre. 

There is one gauging station with available data within the model (36028, Aghoo) which is located on the 

Ballinamore and Ballyconnell Canal downstream of Ballinamore AFA.  It has 37 years of water level and 

flow data (1974 – 2011) but it is not rated under FSU for use as a pivotal site. The AMAX series provided 

by OPW was of water level only suggesting an unreliable rating.  It has therefore not been pursued for use 

as a pivotal site for adjustment of initial Qmed estimates using catchment descriptors (FSU WP 2.3), 

particularly since there is an A2 rated station located on the same river further downstream (Stn no. 

36027), refer to UoM Hydrology Report Rp0009 for full details on hydrology estimation. 

The watercourses within the AFA have been modelled as 1D-2D using the MIKE suite of software due to 

their HPW status. The Ballyconnell canal, from chainage 2235.71m downstream to the model extent at 

chainage 13340.8m, is a MPW and has been modelled as a 1D watercourse. 

(2) Model Reference: HA36_BALL1 

(3) AFAs included in the model: Ballinamore 
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(4) Primary Watercourses / Water Bodies (including local names): 

Reach ID            Name 

3619M    BALLYCONNELL CANAL 

3625M    KILDORRAGH 

3624M    FOHERA 

3623M    AGHADARK 

(5) Software Type (and version): 

(a) 1D Domain:  

MIKE 11 (2011) 

(b) 2D Domain:  

MIKE 21 - Rectangular Mesh 

(2011) 

(c) Other model elements: 

MIKE FLOOD (2011) 

4.3.2 Hydraulic Model Schematisation 

(1) Map of Model Extents:  

Figure 4.3.1 illustrates the extent of the modelled catchment (referred to as Model 1), river centre line, 

HEP locations and AFA extent.  The HPW extends approximately 600m downstream of the AFA boundary 

from which it continues as a MPW to the downstream limit of the model. The Ballinamore catchment 

contains 3no. Upstream Limit HEPs, 10no. Intermediate HEPs, 5no. Tributary HEPs and 1no. Gauging 

Station HEP (36028_RA on the MPW).  Stations 36034_RA within the AFA boundary and 36091_RA at 

the downstream limit of the model were redefined as Intermediate HEPs since there is no water level or 

flow data available. The downstream limit HEP (36091_RA) is at cross section 3619M02883, chainage 

13340.78m on the Ballyconnell Canal. All of the tributary HEP points have been modelled. 
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Figure 4.3.1: Map of Model Extents 

Figure 4.3.2 depicts a small scale view of Ballinamore to provide clarity to the layout within the AFA extent. 
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Figure 4.3.2: Map of AFA Extents 

(2) x-y Coordinates of River (Upstream extent): 

Table 4.3.1: River Names 

ID            NAME x y 

3619M    BALLYCONNEL CANAL 212030.54 311858.18 

3625M    KILDORRAGH 214164.81 311852.5 

3624M    FOHERA 213474.5 313382.9 

3623M   AGHADARK 212663.66 311641.07 
 

(3) Total Modelled Watercourse Length: 17.524 km 

(4) 1D Domain only Watercourse Length: 13.04 km (5) 1D-2D Domain 

Watercourse Length: 

4.48 km 

(6) 2D Domain Mesh Type / Resolution / Area: Rectangular / 5 metres / 13.39 km
2
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(7) 2D Domain Model Extent: 

 

Figure 4.3.3: 2D Domain Model Extent  

Figure 4.3.3 illustrates the modelled extents and the general topography of the catchment. The cyan line 

denotes the 1D watercourse network.  Buildings are excluded from the mesh and therefore represented as 

white spaces within the AFA boundary; refer to Section 3.3.3 for details on representation of buildings in 

the model. 

Figure 4.3.4 below shows an overview of the model schematisation. Figure 4.3.5 to Figure 4.3.9 show 

detailed model schematisation views. The overview diagram covers the model extents, showing the 

surveyed cross section locations, AFA boundary and river centre line. It also shows the area covered by 

the 1D/2D model domain. The detailed areas are provided (Figure 4.3.5 to Figure 4.3.9) where there is the 

most significant risk of flooding. These diagrams include the surveyed cross section locations, AFA 

boundary and river centre line. They also show the area covered by the 2D model domain and the location 

of critical structures discussed in section 4.3.3(1).   Further details on the structures including ID and type 

are presented in Appendix C.  Also included are the location and extent of the links between the 1D and 

2Dxmodels. 

      Modelled River Centreline 

      AFA Boundary 
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Figure 4.3.4: Overview Drawing of Model Schematisation 

 

Figure 4.3.5: Detailed Area of Model Schematisation showing Critical Structures (1 of 5) 



North Western – Neagh Bann CFRAM Study  UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.3-7  F05 

 

Figure 4.3.6: Detailed Area of Model Schematisation showing Critical Structures (2 of 5) 

 

Figure 4.3.7: Detailed Area of Model Schematisation showing Critical Structures (3 of 5) 
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Figure 4.3.8: Detailed Area of Model Schematisation showing Critical Structures (4 of 5) 

 

Figure 4.3.9 : Detailed Area of Model Schematisation showing Critical Structures (5 of 5) 



North Western – Neagh Bann CFRAM Study  UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.3-9  F05 

 

(8) Survey Information 

(a) Survey Folder Structure: 

First Level Folder Second Level Folder Third Level Folder 

Murphy_NW36_M01_WP7_3623M_V1_13

0424 

Where: 

Murphy – Surveyor Name 

NW36 – North-West CFRAM Study Area, 

Hydrometric Area 36 

M01 – Model Number 01 

WP7 – Work Package 7 

3623M – River Reference 

V1 - Version 

130424– Date Issued (24 April 2013) 

GIS and Floodplain 

Photos 

Floodplain photos and 

shapefiles 

Structure Register 

Surveyed Cross Section Lines 

Watercourse Register 

Other Floodplain Photos 

Ascii  

Photos (Naming 

convention is in the 

format of Cross-Section 

ID and orientation - 

upstream, downstream, 

left bank or right bank) 

 

(b) Survey Folder References: 

 

Reach ID       Name File Ref.  

3619M    BALLYCONNEL CANAL Murphy_NW36_M01_M02_WP7_3619M_A_V1_130424 

Murphy_NW36_M01_WP7_3619M_B_V1_130424 

3625M    KILDORRAGH Murphy_NW36_M01_WP7_3625M_V1_130417 

3624M   FOHERA Murphy_NW36_M01_WP7_3624M_V1_130417 

3623M   AGHADARK Murphy_NW36_M01_WP7_3623M_V1_130423 
 

(9) Survey Issues: 

Edits were made to the model using the NDHM to extend the topographical sections across the floodplain 

where LiDAR was not available. This applies to the first seven upstream sections on the Kildorragh 

watercourse between chainages 0.00m and 163.82m inclusive, where LiDAR data was not available 

beyond the AFA boundary. 

These edits were also necessary for the final 4.5km of the Ballyconnell Canal, from chainage 8779.38m to 

the downstream limit and were necessary due to the increased water level imposed by the downstream 
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water level boundary as discussed in Section 4.3.3(6). 

In extending the cross sections there was general agreement between the topographical survey levels and 

the NDHM however a smoothing exercise was carried out for each extended cross section to avoid any 

jumps and potential instabilities in the model. 

4.3.3 Hydraulic Model Construction 

(1) 1D Structures (in-channel along 

modelled watercourses):   

See Appendix C 

Number of bridges and culverts: 17 

Number of weirs: 4 
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The survey information recorded includes a photograph of each structure, which has been used to 

determine the Manning's n value. Further details are included in Section 3.3.4. A discussion on the way 

structures have been modelled is included in Section 3.3.2. The location of critical structures included in 

the model is presented in Figure 4.3.4 to Figure 4.3.9. Details of these structures are also presented in 

Appendix C. 

Figure 4.3.10 depicts a footbridge, 3619M04134D_Bridge at chainage 829.13m, and a weir, 

3619M04133W at chainage 837.134m, on the Ballyconnell Canal. The sections at this location are 

positioned very close together which, coupled with their hydraulic affect on the river canal, had an impact 

on model stability for all % AEPs simulated. The Ballyconnell Canal generally has sufficient capacity to 

convey the 10%, 1% and 0.1% AEP flows, there are head losses across the structures however no out of 

bank flooding occurs.  

 

Figure 4.3.10: Bridge and Weir on the Ballyconnell Canal (3619M04134D_Bridge & 3619M04133W) 

 

As the primary flow through the model is conveyed along the Ballyconnell Canal, there are several sets of 

sluice gates in operation along its length. These aid in retaining flow to specific levels and provide access 

to vessels wishing to travel between these differing levels. Figure 4.3.11 is of one such set of gates 

located on Aghadark. The photo was taken looking upstream from section 3623M00022 at chainage 

192.26m. It shows a boat travelling downstream through Lough gates with water levels being lowered 

before access may be provided into lower reaches of the canal. 
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Figure 4.3.11: Lough Gates on Aghadark watercourse (3623M00022) 

It was not possible to enter the Lough gates into the model as gates due to modelling software limitations 

so the level along the top of the upstream gate was entered as a weir to best represent flow conditions 

during storm events. This method of structure input was selected as these gates would be closed during 

any flood event therefore creating a greater flooding extent. The method offers conservative model results 

whilst providing greater model feasibility. 

There are several bridges within the Ballinamore AFA extent. Figure 4.3.12 shows the largest of these 

which is a three arch bridge (3619M04103D) in the centre of Ballinamore town (Chainage 1130.37m). This 

bridge posed several issues during modelling stage. Conveyance of flow was unstable for all simulated % 

AEPs due to the constriction of flow induced by the bridge structure, i.e. the size and location of the bridge 

abutments and the height of the arches. The Ballyconnell Canal generally has sufficient capacity to convey 

the 10%, 1% and 0.1% AEP flows, there is a small head loss across the structure however no out of bank 

flooding occurs upstream of the bridge. 
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Figure 4.3.12: Three Arch Bridge on Ballyconnell Canal (3619M04103D) 

Out of bank flooding occurs during the 10%, 1 % and 0.1% AEP at two locations along the Kildorragh 

(3625M) watercourse reach. At the downstream site a combination of culvert location and insufficient 

culvert size coupled with river alignment issues causes flood waters to cross Railway Road and flow into 

GAA grounds. Figure 4.3.13 depicts the inlet of the culvert discussed, 3625M00013I_Culvert at chainage 

824.425m. 

 

Figure 4.3.13: Culvert on Kildorragh watercourse at chainage 824.425m (3625M00013I)  

Flooding at the upper location on this river was noted, during the 10%, 1 % and 0.1% AEP simulations, 

upstream of chainage 279.37m. This agricultural land is prone to flooding due to the low right hand river 

embankment and lower topography beyond, refer to Figure 4.3.14.    
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Figure 4.3.14: Kildorragh watercourse Chainage 279.37m (3625M00066) 

Figure 4.3.15 is the survey data recorded at this chainage (279.37m) and further illustrates the low 

topography on the right hand bank. 

 

Figure 4.3.15: Section 3625M00066 on Kildorragh watercourse 
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(2) 1D Structures in the 2D domain (beyond the modelled watercourses): None 

(3) 2D Model structures: None 

(4) Defences:  

Type Watercourse Bank Model Start Chainage 

(approx.) 

Model End 

Chainage (approx.) 

No formal defences 

(5) Model Boundaries - Inflows: 

Full details of the flow estimates are provided in the Hydrology Report (IBE0700Rp0009_UoM36). The 

boundary conditions implemented in the model are shown in Table 4.3.2.   

Table 4.3.2: Model Boundaries : Inflows 

 

No changes were made to hydrograph timings or the initial hydrology calculations to achieve model 

calibration as there was no historical calibration data with which to calibrate. Refer to Section 4.3.5 (4) for 

details on anchoring the model to estimated flows. 

One of the upstream boundaries of the Ballinamore model is located at HEP 36_2098_2_RA. The model 

node ID at this location is 3619M04215. A point inflow was applied at this node to account for flow entering 

the Ballyconnell Canal upstream of this location. The hydrograph presented in Figure 4.3.16 is for the 1% 

AEP event. 
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Figure 4.3.16: 1% AEP Upstream Boundary Hydrograph applied to Ballyconnell Canal 

(3619M04215) 

(6) Model Boundaries – Downstream Conditions: 

The downstream model boundary for each of the AEP events is a Water Level Time Series (TS). The 

water level TS for the downstream limit (cross section 3619M02883 at Chainage 13340) was extracted 

from the Ballyconnell Model (refer to Section 4.2) at the same location (i.e. the upstream limit of the 

Ballyconnell Model).   Figure 4.3.17, shows the downstream boundary extracted for the 1% AEP.  
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Figure 4.3.17: Downstream Water Level Boundary (1% AEP) 

In the initial model build the downstream boundary was a MIKE calculated critical flow Q/h boundary. 

When this boundary was compared with the model immediately downstream it was found that there was 

no correlation between the two as no flow was being retained within the model. The TS boundary applied 

provides as comparative water level at this downstream end and provides for conservative flooding 

extents. 

(7) Model Roughness: (see Section 3.3.4 'Roughness Coefficients') 

(a) In-Bank (1D Domain) Minimum 'n' value: 0.035 Maximum 'n' value: 0.050 

(b) MPW Out-of-Bank (1D) Minimum 'n' value: 0.048 Maximum 'n' value: 0.048 

(c) MPW/HPW Out-of-Bank  

(2D) 

Minimum 'n' value: 0.030 

(Inverse of Manning's 'M') 

Maximum 'n' value: 0.060 

(Inverse of Manning's 'M') 
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Figure 4.3.18: Model Roughness Values 

Figure 4.3.18 illustrates the roughness values applied within the 2D domain of the 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. Null 

Manning's M values on inland water bodies were corrected to Manning's n of 0.033. 
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(d) Examples of In-Bank Roughness Coefficients 

 

Figure 4.3.19 : Manning's n = 0.035 

Ballyconnell Canal -  3619M04139_UP 

Standard natural stream or river in stable condition. 

 

Figure 4.3.20 : Manning's n = 0.050 

Kildorragh - 3625M00011_UP 

Winding Stream with weeds and stones and 

ineffective slopes 

 

Figure 4.3.21 : Manning's n = 0.048 

Kildorragh - 3625M00039_UP 

River with shallows and meanders and noticeable 

aquatic growth. 

 

Figure 4.3.22 : Manning's n = 0.035 

Aghadark - 3623M00012_DN 

Standard natural stream or river in stable condition. 
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4.3.4 Sensitivity Analysis  

A number of sensitivity simulations have been completed in accordance with Guidance Note 22. The 

purpose is to assess the sensitivity and impact of the 1% AEP hydraulic model within the AFA boundary 

by adjusting various parameters. The following sensitivity analysis model simulations have been carried 

out: 

a) Channel roughness increased to upper bound values and flood plain roughness decreased to 

lower bound values – The change in channel and floodplain roughness values resulted in a slight 

increase in flood extents within the AFA boundary and a moderate increase just upstream of the 

AFA, as shown in Figure 4.3.23. The Ballinamore model therefore has low sensitivity to roughness 

parameters. No receptors are impacted by the increase in flood extents within the AFA.  

 

Figure 4.3.23 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity 1D/2D 

Roughness Event 

b) Downstream boundary increase – The downstream boundary was changed to the water level 

generated from the 1% AEP mid-range future scenario simulation (peak water level 51.821m). 

The Ballinamore model has one downstream boundary, taken from the Ballyconnell model. 

Changing the downstream boundary condition increases the peak water level at the downstream 

extent of the model by 0.17m. Water levels are increased at the lower extent of the model from the 

downstream boundary to Ch 5081m on the Ballyconnell Canal. This location is within the MPW 

reach, approximately 3.4km downstream of the AFA. The change in the downstream water level 

boundary has no impact on HPWs or flood extents within the AFA as shown in Figure 4.3.24. The 

Ballinamore model has low sensitivity to changes in downstream water level boundary and this 
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sensitivity run has no impact to receptors within the AFA.  

 

Figure 4.3.24 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Water Level 

Boundary Event 

c) Increase in flow – The 1% AEP sensitivity flows were used to assess the sensitivity of the model 

to inflows. The Ballinamore model was assessed as having medium uncertainty/sensitivity and 

factors of 1.45 or 1.57 were applied to design flows for the sensitivity simulation. Figure 4.3.25 

shows that the Ballinamore model is highly sensitive to increased inflow parameters which results 

in a significant increase to flood extents. These changes have a high impact on receptors as 

approximately 17 additional buildings are affected compared to the design event (mostly located 

on the R202 and on Main Street). 
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Figure 4.3.25 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Flow Event 

d) Flow volume – A sensitivity adjustment factor of 2 has been applied to flood duration to assess the 

effect on the model as flood durations in this case have been derived from observed data with 

some uncertainty at flood flows. Figure 4.3.26 shows that the Ballinamore model is moderately 

sensitive to flow volume parameters which results in a moderate increase to flood extents. These 

changes have a moderate impact on receptors as 1 additional property is affected, located on the 

R202 at the northern extent of the AFA. 
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Figure 4.3.26 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Flow Volume 

Event 

Table 4.3.3 summarises the outcomes of the above sensitivity simulations or evaluations, channel and 

floodplain roughness, downstream boundary condition, increase in model inflows and increase in flow 

volume have been considered for the Ballinamore model. Of these parameters, the model is most 

sensitive to an increase in inflows and increase in flow volume. The model is less sensitive to the other 

parameters, with the resulting analysis identifying relatively minor increases in flood extents and little 

impact to receptors within the AFA. Generally, the Ballinamore model can be considered to have moderate 

sensitivity to changes in model parameters. 

Table 4.3.3: Sensitivity Summary 

Sensitivity Simulation Sensitivity Impact 

1% AEP Sensitivity 1D/2D Roughness Event  Low Low 

1% AEP Sensitivity Water Level Boundary Event  Low Low 

1% AEP Sensitivity Flow Event High High 

1% AEP Sensitivity Flow Volume Event Moderate High 
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4.3.5 Hydraulic Model Calibration and Verification 

(1) Key Historical Floods (From IBE0700Rp0004_UoM 36 Inception Report_F02  unless otherwise 

specified) 

(a) No Record No historical flood events were recorded within Ballinamore AFA.  The closest 

flooding events to Ballinamore occurred over 3km away.  

From discussion with Local Authorities it was noted that flooding has occurred in and 

around the vicinity of the GAA pitches on the Railway Road. The source of the 

flooding is overland flow originating from the fields on the other side of Railway Road.  

Model results are consistent with this information for all of the simulated AEPs. Whilst 

not detailed enough to enable model calibration or verification it does provide 

qualitative support for the model outputs.  

Summary of Calibration 

No quantitative data for historical flood events are available for model calibration.  Anecdotal information 

pertaining to flooding in and around the GAA pitches on Railway Road is supported by the model results. 

There is one gauging station with available data within the Ballinamore model extent (36028 – Aghoo). 

The AMAX series provided by OPW was of water level only suggesting an unreliable rating, and was 

therefore not used for model calibration. However the recorded water levels at this station have been used 

for model verification / reality check as discussed in Section 4.3.5(4). 

A mass balance check was carried out on the model to make sure that the total volume of water entering 

and leaving the model at the upstream and downstream boundaries balances the quantity of water 

remaining in the model domain at the end of a simulation. Refer to Section 3.6.2 for details of acceptable 

limits. The mass error in the 1% AEP design run was found to be 0.2%, which is within acceptable limits.  

The Ballinamore model is therefore considered robust. 

The weir at chainage 837.134m on the Ballyconnell Canal has a dramatic change in head loss. This head 

loss has been evaluated and verified. This is a significant structure at this location and the difference in 

water level either side reflects this. The structure is located within the AFA however there is no flooding at 

this location. The purpose of the weir is to retain water and regulate the water level within the canal. 

Manning's values were tested at both 0.035 and 0.015 for the width of the weir but inspections of the 

results showed no affect to the model water levels or flows through this change. 

The bridge at chainage 7115.789m on the Ballyconnell Canal shows instability when viewing the 

maximum discharge through the cross section for all of the simulated AEPs. This is not a critical structure 

as it is on a MPW and there is no flooding at this location. The discharge does spike at this location but the 

peak water level is not affected. Numerous edits were attempted at this chainage, as well as upstream and 

downstream. However the way the structure is entered provides for the most stable model. This is an 

acceptable instability as water level is not influenced by the fluctuation and the courrant number is 0.14. 

Instability in the discharge is also noted at chainage 8973.549m, section 3619M03319D on the 

Ballyconnell Canal, for all the simulated AEPs. There is a bridge at this location which has been omitted 
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from the model due to the high soffit level which the water level does not achieve in any of the simulated 

AEP events. The instability present is a result of the topography, which is low on either side of the bridge 

structure, and the restrictive effect of the bridge upon the flow. As the flow is restrained at the structure it 

passes around it using the low topography as a flow path. This coupled with the downstream boundary 

which creates backwatering effects at the structure creates the instability at this location. Inspection of the 

water level, which is not influenced by the fluctuation, and courrant number, 0.34, means that the 

instability in the discharge is acceptable. 

(2) Post Public Consultation Updates 

Following informal public consultation and formal S.I. public consultation periods in 2015, some consultees 

indicated that flooding from Fohera River should be more frequent and extensive than shown in the draft 

flood maps. The following updates to the model were applied.  

 Bank markers in the 1D cross section file have been edited along the Fohera River allow 

additional flow onto flood plain.   

 An additional over topping weir (3619M04103D) was included in the model to refine model 

resolution and improve model stability. 

These changes resulted in increased flooding from the Fohera River as shown below in Figure 4.3.27 The 

model was updated and check flows recalculated with a revised set of flood hazard and risk mapping 

issued as Final to reflect this change. 
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Figure 4.3.27 Increased Flooding on the Fohera River 

(3) Standard of Protection of Existing Formal Defences: 

Defence Reference Type Watercourse Bank Modelled Standard of Protection (AEP) 

None 

(4) Gauging Stations: 

As no historical flood data was available for Ballinamore AFA, recorded water levels at hydrometric station 

36028 (Aghoo) were used for comparison with model outputs. The location of this station is at the bottom 

of Figure 4.3.1. Figure 4.3.28 shows the staff gauge at the Aghoo station which is attached to the 

downstream face of a bridge (Section 3619M03753D). 
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Figure 4.3.28 : Staff Gauge on Downstream face of Bridge – Station 36028 Aghoo 

 

Figure 4.3.29 : Location Plan of Gauge at HEP 36028 

Figure 4.3.29 shows that there was cross-section survey data recorded at the gauging station. Therefore 

comparison of recorded water level with simulated water level was undertaken.  Table 4.3.4 shows the 
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AMAX series of recorded water levels for the station as provided by the OPW. 

Table 4.3.4: Water Level AMAX series for Gauging station 36028 (Aghoo) 

HYDROMETRIC 

YEAR 

WATER LEVEL 

(mOD - Poolbeg) 

S.G. READING 

(m) 

ESTIMATED 

FLOWS (m
3
/s) 

DATE 

 

1993 55.08 1.36 N/A 09/12/1993 

1994 54.99 1.27 N/A 16/11/1994 

1995 55.64 1.92 N/A 26/10/1995 

1996 55.03 1.31 N/A 20/02/1997 

1997 54.95 1.23 N/A 27/12/1997 

1998 55.30 1.58 N/A 24/10/1998 

1999 55.31 1.59 N/A 22/12/1999 

2000 54.99 1.27 N/A 28/10/2000 

2001 55.18 1.46 N/A 18/05/2002 

2002 55.10 1.38 N/A 10/11/2002 

2003 55.08 1.36 N/A 01/02/2004 

2004 55.28 1.56 N/A 08/01/2005 

2005 55.06 1.34 N/A 12/03/2006 

2006 54.98 1.26 N/A 03/12/2006 

2007 55.27 1.55 N/A 08/12/2007 

2008 55.31 1.59 N/A 23/08/2009 

2009 55.99 2.27 N/A 19/11/2009 

 

The average AMAX value recorded at the gauging station between 1993 and 2009 is 55.21 mOD 

(Poolbeg). This was converted to mOD (Malin) giving an average AMAX water level of 52.48m. A reality 

check to ascertain if the model was simulating flows that could be present within the channel was 

undertaken. Model simulations yielded a maximum water level of 52.28 mOD (Malin) during the 10% AEP 

flood event. This is denoted by the dashed red line on the cross-section at this location, see Figure 4.3.30.  

This level is comparable with the average recorded AMAX water level with a difference of 0.2m.  Whilst 

this is not enough for model calibration it does provide some model verification based on recorded data. 
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Figure 4.3.30 : Cross Section 3619M03752 at chainage 4568.05m on Ballyconnell Canal (adjacent to 

Gauging Station 36028 – Aghoo) Results for 10% AEP 

 

 

 

 

 

 

 

 

 

 

 

 

Max Water Level 
52.28m OD Malin 

Min Water Level 
51.78m OD Malin 
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(5) Comparison of Flows: 

Table 4.3.5 provides details of the flow in the model at every HEP intermediate check point, modelled 

tributary and gauging station. These flows have been compared with the hydrology flow estimation and a 

percentage difference provided. 

Table 4.3.5: Modelled Flows and Check Flows 

 
Peak Water Flows 

River Name & Chainage AEP Check Flow (m
3
/s) Model Flow (m

3
/s) Diff (%) 

BALLYCONNELL CANAL 779.359 10% 21.67 22.25 +2.68 

36_2274_2_RA 1% 28.72 29.90 +4.09 

  0.1% 36.99 39.02 +5.50 

BALLYCONNELL CANAL 1314.27 10% 25.50 28.29 +15.05 

36_2275_1_RA 1% 33.36 37.22 +14.23 

  0.1% 42.11 50.06 +19.28 

BALLYCONNELL CANAL 1819.86 10% 25.16 28.31 +12.53 

36_2275_2_RA 1% 32.92 37.11 +12.72 

  0.1% 41.55 49.90 +20.10 

BALLYCONNELL CANAL 2280.27 10% 24.73 28.31 +14.49 

36_2275_3_RA 1% 32.35 37.11 +14.70 

  0.1% 40.84 49.90 +22.18 

BALLYCONNELL CANAL 4627.55 10% 25.97 29.25 +12.63 

36028_RA 1% 34.35 38.30 +11.50 

  0.1% 43.73 50.00 +14.34 

BALLYCONNELL CANAL 9231.37 10% 26.99 29.46 +9.17 

36_2082_2_RA 1% 35.94 38.54 +7.22 

  0.1% 46.18 52.34 +13.34 

BALLYCONNELL CANAL 13326.3 10% 19.97 21.45 +7.41 

36091_RA 1% 26.44 27.86 +5.38 

  0.1% 33.7 41.60 +23.44 

FOHERA 2422.98 10% 4.66 6.23 +33.61 

36034_RA 1% 6.9 8.74 +26.59 

  0.1% 10.07 14.35 +42.50 

Model flows at HEP 36_2274_2_RA are within 10% of check flows indicating this location is well anchored 

to hydrological estimates. 

The HEP points 36_2275_1_RA, 36_2275_2_RA, 36_2275_3_RA, 36028_RA, 36_2082_2_RA and 

36091_RA all have higher modelled flows than estimated. These points are located on the MPW section of 

the Ballyconnell Canal. Along these reaches there is significant out of bank flooding during all return 

periods however the lower extents of the Ballyconnell Canal is simulated as 1D only. This modelling 

approach, while capable of representing floodplain extents and water levels is unlikely to accurately 

capture the flood flow attenuation which is likely given the large flood extents within the floodplain. Given 

that it is unlikely floodplain flows are being accurately represented, especially in the higher return periods, 

it is not considered that the differences are cause for review of the model inflows.  
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(6) Other Information: 

Verbal comments on the draft flood extents were received from Leitrim County Council. It was stated that 

the flood extents at the GAA pitch seem representative.  However it was considered that the street 

alongside the fire station is shown as flooding in a 10% AEP event which seems incorrect as flooding at 

High St is pluvial.  The model was checked and a cross section location error found at the street alongside 

the fire station.  

The lowest bed level of the cross section is automatically placed on the river centre line in MIKE. This was 

edited by adding a spike, see Figure 4.3.31, to move the section location into the correct positioning which 

removed the flooding extent from this area. The spikes have no hydraulic effect on the model. 

 

Figure 4.3.31 : Locating Spike on Section 3619M04134D, Chainage 820m on the Ballyconnell Canal 

 

Min Section Level 
54.304 OD Malin 

Spike to relocate 
section 
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4.3.6 Hydraulic Model Assumptions, Limitations and Handover Notes 

(1) Hydraulic Model Assumptions:   

(a) Lough Gates installed in model as weirs 

There are three instances within the Ballinamore model that lough gates are in use. These are located as 

shown on Figure 4.3.32 to Figure 4.3.34 inclusive. 

 

Figure 4.3.32 :Aghadark - 3623M00027_DN - chainage 159.21m 

 

Figure 4.3.33 : Ballyconnell Canal - 3619M04004D_DN - chainage 2113.40m 
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Figure 4.3.34 : Ballyconnell Canal - 3619M03727W_RB - chainage 5058.08m 

The chainages noted with the figures above identify the location at which a weir was used in the model 

instead of a lough gate.  

In each instance the top of gate level of the upstream gate was used as the weir level. Installing the lough 

gates into the model in this manner assumes that both sets of the lough gates will not be open at any one 

time which is common practice in the use of such gates. 

(b) Two bridges were removed from the upstream reach of the Kildorragh watercourse due to excess 

instability that they were causing within the model.  

The first bridge, at chainage 142.51m, is a minor service bridge for access of farming plant between fields. 

It was constructed using steel beams and precast concrete slabs, with deck level at ground level. The 

bridge is located at a low part in the surrounding topography. 

 

Figure 4.3.35 : Kildorragh - 3625M00080D_DN - chainage 142.51m 

Figure 4.3.35 shows that the bed is heavily weeded and the flow is sluggish. Due to the conditions at this 

bridge stability could not be achieved in the model. On inspection of the levels achieved at this location the 

structure was deemed to have little effect on model outcomes being drowned during flood events and so 

was removed to provide a stable model. 

The second bridge, at chainage 289.81m, is a small footbridge with hand rail. It was constructed using 
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precast concrete slabs, with deck level at ground level. The bridge is located at a high part in the 

surrounding topography. 

 

Figure 4.3.36 : Kildorragh – 3625M00065D_DN – chainage 289.81m 

Figure 4.3.36 shows that the bed is relatively clean, with some cobbles, and steep banks. On inspection of 

the levels achieved at this location this structure was also deemed to have little effect on model outcomes 

and so was removed to improve model stability. 

(c) Bridge structure 3619M03319D (chainage 8975.75m) on the Ballyconnell Canal was modelled as an 

open section to improve stability. At this location the water level did not reach the soffit level, 54.890m 

OD Malin, of the structure during any AEP event. 

(d) The Bridge at Ballyconnell Canal (chainage 1130.37m )was not simulated with an overflow weir. It was 

not necessary in this case as the maximum simulated water level for the 0.1% AEP event is 55.5mOD 

which is lower than the lowest spring height of the arches of 55.46m and substantially lower than the 

minimum total height of the arches of 57.10m. 

(e) The in-channel roughness coefficients were selected based on normal bounds and have been 

reviewed during the model build process - it is considered that the final selected values are 

representative. 

(2) Hydraulic Model Limitations and Parameters:   

Hydraulic Model Parameters:   

MIKE 11 

Timestep (seconds) 3 

Wave Approximation High Order Fully Dynamic 

Delta 0.7 
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MIKE 21 

Timestep (seconds) 3 

Drying / Flooding depths (metres) 0.02 / 0.03 

Eddy Viscosity (and type) 0.166670 (Flux Based) 

MIKE FLOOD 

Link Exponential Smoothing Factor  

(where non-default value used) 

All Watercourses = 1.0  

Lateral Length Depth Tolerance (m) 

(where non-default value used) 

All Watercourses = 0.1 

(3) Design Event Runs & Hydraulic Model Handover Notes: 

(a) Initial conditions entered: 

Table 4.3.6: Initial Conditions 

 

(b) There is no flooding noted within the model along the Ballyconnell Canal. This is largely due to the 

water level regulation techniques that are present within the canal system coupled with high banks. 

(c) Flooding has been predicted along the length of the Kildorragh watercourse and depicted in Figure 

4.3.37 
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Figure 4.3.37 : Flood Extents for Kildorragh Watercourse 

- In the upstream MPW flooding is primarily in low lying agricultural land.  

- Within the AFA at the downstream end where it crosses the Railway Road, water leaves the watercourse 

and flows across the road into the GAA grounds. The flow originates from a sharp bend in the watercourse 

at chainage 726m coupled with the constrictions to the flow at chainages 730m and 818m, refer to Section 

4.3.3(1). 

(d) Flooding is also predicted at all simulated %AEPs upstream of the confluence between the Fohera and 

Kildorragh watercourses. This is an existing low lying and marshy area. 

(e) Flooding is noted on the last 4.5km of MPW on the Ballyconnell Canal. The flooding noted, at all 

simulated %AEP events, at this location is as a result of low lying topography at this location. This extent 

is displayed in Figure 4.3.38. 

Kildorragh 

Fohera 
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Figure 4.3.38 : Flood Extents for the Downstream of the Ballyconnell Canal 

(4) Hydraulic Model Deliverables: 

Please see Appendix C for a list of all model files provided with this report. 

(5) Quality Assurance: 

Model Constructed by: 

Model Reviewed by: 

Model Approved by: 

Stephen Neill 

Malcolm Brian 

Grace Glasgow 

 

Ballyconnell 

Canal 

Extent of 

Mapping for 

Model 1 
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4 HYDRAULIC MODEL DETAILS 

4.4 BALLYBAY MODEL 

Name Local Authority Unique ID SSA Status Date 

Ballybay Monaghan 365068 AFA Final 06/01/2017 

4.4.1 General Hydraulic Model Information 

(1) Introduction: 

The NWNB CFRAM Flood Risk Review (2011s5232 NW&NB CFRAM FRR Report_Final_v2.0) highlighted 

Ballybay as an AFA for fluvial flooding based on a review of historic flooding and the extents of flood risk 

determined during the PFRA.  

The Ballybay model is one of two hydraulic models along the Dromore River. Ballybay is the most 

upstream of the two models with the Cavan model located immediately downstream.  

Ballybay AFA in County Monaghan is located on the upper reaches of the Dromore River which is a 

significant tributary of Upper Lough Erne. The model includes the Dromore River reach from Ballybay to 

Hydrometric Station 36018 at Ashfield approximately 19km downstream.  The Dromore river flows through 

several lakes along this modelled reach including White Lough, Closeagh Lough and Drumore Lough. 

Fluvial flood risk also emanates from four small watercourses (Shantonagh, Dromore River Tributary, 

Cornamucklaglass & Corrybrannan Rivers) which drain the drumlin landscape surrounding Ballybay 

before joining the Dromore River within the village itself.   The Shantonagh River is a modelled 

watercourse which flows into Ballybay from the north-west (refer to Figure 4.4.1) where it joins the 

Dromore River. The total catchment area of the model at its downstream limit is 220km
2
. 

 

Shantonagh Bridge Gauging Station (36150) is located on the Shantonagh River.  The Qmed for the station 

is 10.9m
3
/s based on a flow data AMAX series of 11 years.    However it was not rated under FSU since 

confidence in this flow data is limited to values no higher than 0.43 x Qmed.  A CFRAM Study rating review 

was undertaken at this gauging station, refer to section 4.4.5 (4) for further details.   A rainfall runoff model 

(NAM) was also constructed for this station to simulate the hydrological behaviour of its catchment and 

increase confidence in the Qmed value (refer to Figure 4.4.1 for location).  The hourly rainfall data from the 

nearby Met Eireann rain gauge station at Clones was considered of high enough resolution spatially and 

temporally to be used as input data for the NAM model.  The model was constructed and calibrated to 

lower to medium flows where corresponding rainfall data was available between 2000 and 2008. 

Satisfactory calibration was achieved in terms of mass-balance and flow. The resulting Qmed value was 

10.74m
3
/s based on a much longer simulated AMAX series from 1951 to 2008.  This increased confidence 

in the Qmed value and brought it into play for use as a pivotal site to adjust initial Qmed estimates (based on 

FSU catchment descriptors) within this model.  It is a relatively small catchment in terms of area, and was 
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considered appropriate for use as a pivotal site for all HEPs located on the tributaries of the Dromore 

River.  Refer to UoM 36 Hydrology Report (Rp0010_F05) for further details on hydrological analysis. 

 

Gauging Station 36018 (Ashfield) is located on the Dromore River at the downstream limit of the Ballybay 

Model and is operated by OPW.  It is an FSU A1 rated station with high confidence in flow values up to at 

least 1.3 x Qmed which is 16.25m
3
/s.  This station was used as a pivotal site for adjusting initial Qmed 

estimations based on FSU catchment descriptors at all HEPs located on the Dromore River. 

 

The Balladian and Cordevlis Hydrometric Stations (Stn nos. 36030 and 36070) are located on the 

Dromore River and White Lough respectively but record water level only.  

 

The Dromore River in the model was identified as high priority upstream changing to medium priority 

downstream of Ballybay town. The Shantonagh, Dromore River Tributary, Cornamucklaglass & 

Corrybrannan Rivers are all designated as high priority and feed into the high priority sections of the 

Dromore River. All HPWs have been modelled as 1D-2D using the MIKE suite of software. The MPW 

reach of the Dromore River, chainages 6024m to 26879m has been modelled as 1D only.  The NDHM 

was used to extend the MPW cross sections to map the out of bank flood extents along this section of the 

model (this methodology is further discussed in Section 2.3.1). 

(2) Model Reference: HA36_BALL3 

(3) AFAs included in the model: Ballybay 

(4) Primary Watercourses / Water Bodies (including local names): 

Reach ID            Name 

3603M    Cornamucklaglass 

3604M    Corrybrannan 

3601M      Dromore River 

3601A        Dromore River Tributary 1 

3602M       Shantonagh River 
 

(5) Software Type (and version): 

(a) 1D Domain:  

MIKE 11 (2011) 

(b) 2D Domain:  

MIKE 21- Rectangular Mesh 

(2011) 

(c) Other model elements: 

MIKE FLOOD (2011) 
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4.4.2 Hydraulic Model Schematisation 

(1) Map of Model Extents:  

The maps in Figure 4.4.1 and Figure 4.4.2 illustrate the extent of the modelled catchment, the modelled 

watercourses and their relationship of the non-modelled watercourses references as UoM36 Rivers in the 

figures below.  Figures 4.4.1 and Figure 4.4.2 also show the HEP locations and AFA extent.  The Ballybay 

catchment contains 5no. Upstream Limit HEPs, 1no. Downstream Limit HEP, 5no. Tributary HEPs, 8no. 

Intermediate HEPs and 2no. Gauging Station HEPs. The 8no. Intermediate HEPs are gauging stations 

within the model that have no flow data available and are labelled as such on Figure 4.4.1 and Figure 

4.4.2 (‘no data’ or ‘water level only’). These Intermediate HEPs were used for checking estimated flows 

against modelled flows, or for checking modelled water levels against recorded water levels as applicable. 

Refer to Section 4.4.5 (1) and Appendix D for full details on the use of the gauging stations in model 

calibration and Section 4.4.5 (4) for details on each station. 

 

Figure 4.4.1: Map of Model Extents 
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Figure 4.4.2: Detail of AFA Extent 

(2) x-y Coordinates of River (Upstream extent): 

River Name x y 

Cornamucklaglass 272489.23 321360.1 

Corrybrannan 272718.80 319036.38 

Dromore River 273615.58 320297.06 

Dromore River Tributary 1 272602.85 319675.87 

Shantonagh 269286.42 321729.01 
 

(3) Total Modelled Watercourse Length: 32 km (approx.) 

(4) 1D Domain only Watercourse Length: 17.8 km (5) 1D-2D Domain 

Watercourse Length: 

14.2 km 

(6) 2D Domain Mesh Type / Resolution / Area: Rectangular / 5 metres / 24.5 km
2
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(7) 2D Domain Model Extent:  

Figure 4.4.3 illustrates the modelled extents and the general drumlin topography of the catchment. The 

reach centre-lines are presented in light-blue which also represents the 1D modelled extent (including a 

number of lakes blocked in red) that is within the 2D area. Buildings are excluded from the mesh and are 

represented in pink below. Refer to Section 3.3.3 for details on representation of buildings in the model. 

 

Figure 4.4.3: 2D Domain Model Extent 

Figure 4.4.4 shows the extent of the LiDAR data and the area which was extended using the NDHM. The 

2D domain was extended to incorporate the upper sections of the Shantonagh reach and allow a sufficient 

'warm up' before the gauge station location. A buffer zone was created between the two datasets which 

were smoothed together by interpolation.  

 

 

 

 

 

 

 

      Modelled River Centreline 

      AFA Boundary 
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Figure 4.4.4: 2D Domain Model Extent LiDAR and NDHM Boundaries 

Figure 4.4.5 below shows an overview drawing of the model schematisation. Figure 4.4.6 and Figure 4.4.7 

show detailed views. The overview diagram covers the model extents, showing the surveyed cross-section 

locations, AFA boundary and river centre line. It also shows the area covered by the 2D model domain. 

The detailed areas (Figure 4.4.6 and Figure 4.4.7) are provided where there is the most significant risk of 

flooding. These diagrams include the surveyed cross-section locations, AFA boundary and river centre 

line. They also show the location of the critical structures as discussed in section 4.4.3 (1), along with the 

location and extent of the links between the 1D and 2D models. 

LiDAR Data Extent 

NDHM Extended Data 
      Modelled River Centreline 

      AFA Boundary 
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Figure 4.4.5: Model Schematisation Overview 

 

Figure 4.4.6: AFA Detail of 1D Model Cross Section and Structure Locations 
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Figure 4.4.7: MPW Detail of 1D Model Cross Section and Structure Locations 

(8) Survey Information 

(a) Survey Folder Structure: 

First Level Folder Second Level Folder Third Level Folder 

Murphy_NW36_M03_WP7_3601A_V1_130

426 

Where: Ballybay 

Murphy - Surveyor Name 

NW36 – North Western – Neagh Bann 

CFRAM Study Area, Hydrometric Area 36 

M03 - Model Number 03 

WP7 - Work Package 7 

3601A = Reach identification code 

V1 = Version 1 

130426 - Date issued (26 April 2013) 

Ascii  

GIS Floodplain photos and shapefile 

Structure Register 

Surveyed cross section lines 

Watercourse register 

Other FP Photos 

Photos (Naming 

convention is in the 

format of Cross-Section 

ID and orientation - 

upstream, downstream, 

left bank or right bank) 
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(b) Survey Folder References: 
 

Reach ID       Name File Ref. 

3601M           Dromore River Murphy_NW36_M03_WP7_3601M_C_V1_130426 

Murphy_NW36_M03_WP7_3601M_D_V1_130426 

Murphy_NW36_M03_WP7_3601M_E_V1_130426 

3602M           Shantonagh River Murphy_NW36_M03_WP2_3602M_V1_130201 

Murphy_NW36_M03_WP7A1_3602M_V1_130424 

Murphy_NW36_M03_WP7A2_3602M_V1_130424 

3603M           Cornamucklaglass Murphy_NW36_M03_WP7_3603M_V1_130426 

3604M           Corrybrannan Murphy_NW36_M03_WP7_3604M_V1_130426 

3601A            Dromore River Tributary 1   Murphy_NW36_M03_WP7_3601A_V1_130424 
 

(9) Survey Issues: 

None 

 

4.4.3 Hydraulic Model Construction 

(1) 1D Structures (in-channel along 

modelled watercourses):   

See Appendix D 

Number of Bridges and Culverts: 33 

Number of Weirs: 1 

The survey information recorded includes a photograph of each structure, which has been used to 

determine the Manning's n value.  Further details are included in Section 3.3.4.  A discussion on the way 

structures have been modelled is included in Section 3.3.2. 

At the upper extents of the Cornamucklaglass River flooding occurs upstream of 3603M00124I located at 

chainage 61.9m. There are two pipes at this location (as shown in Figure 4.4.8) both 0.45m diameter and 

approximately 6m long. The second pipe has a higher invert level and only comes into use during high 

water levels. The culvert restricts the flow and as water levels rise flooding occurs from the right bank 

upstream during the 0.1%, 1% and 10% AEP events.   
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Figure 4.4.8: Upstream Face of Structure 3603M00124I 

Also on the Cornamucklaglass River flooding occurs upstream of pipe culvert 3603M00072I, Figure 4.4.9 

shows a photograph of the upstream face. It is located at chainage 583m, has a diameter of 0.65m and is 

approximately 13m long. It has insufficient capacity to cope with the 0.1%, 1% and 10% AEP flows, water 

levels rise upstream of the culvert and spill from the right bank flooding low lying rural land. No properties 

are affected. 

 

Figure 4.4.9: Upstream Face of Culvert 3603M00072I 

Pipe 2 

Pipe 1 
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Figure 4.4.10: Downstream Face of Culvert 3603M00072I 

At the lower sections of the Cornamucklaglass the irregular culvert 3603M00029J (shown in Figure 4.4.11) 

restricts flow. Water levels increase upstream of the culvert which is located at chainage 997m and 

flooding occurs from both the right and left bank. This affects the R162 road.  The culvert also slows the 

backflow effect caused by high water levels on the Shantonagh river. There is significant flooding at the 

confluence of the Cornamucklaglass and the Shantonagh River which affects commercial and residential 

properties.    

 

Figure 4.4.11: Culvert 3603M00029J 

Flooding occurs during 0.1%, 1% and 10% AEP events at the upstream sections of the Shantonagh River. 

Two bridges located within 100m of each other restrict the flow and cause extensive upstream flooding. 

The upstream face of bridge 3602M00342D (chainage 469.3) is shown in Figure 4.4.12. While the soffit 

level of the bridge is significantly high enough to cope with the water levels of each AEP, the structure 

width considerably restricts the channel. 
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Figure 4.4.12: Bridge 3602M00342D 

The Derryvalley and First Presbyterian Churches are flooded at Shantonagh Bridge during the 0.1% AEP. 

The surrounding area is flooded during the 10% and 1% AEP events. The bridge (3602M00300D) is 

located at chainage 891m and a photograph of the upstream face is shown in Figure 4.4.13. 

 

Figure 4.4.13: Bridge 3602M00300D 

In Ballybay town the bridge 3602M00047D located at chainage 3432.5m restricts the flow. Water levels 

rise and flooding effects residential properties at the Farigreen cul-de-sac during the 0.1% and 1% AEP 

events. The upstream face of the structure is shown in Figure 4.4.14.  

Downstream face 

of Bridge 

3602M00342D 
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Figure 4.4.14: Bridge 3602M00047D 

At the downstream extent of the Shantonagh reach, bridge 3602M00038D (chainage 3522.7, refer to 

Figure 4.4.15) restricts the flow and flooding occurs immediately upstream during the 0.1%, 1% and 0.1% 

AEP events. Flooding in the area is exacerbated by back flow from the Dromore River. Properties are 

affected. 

 

Figure 4.4.15: Bridge 3602M00038D 

The Dromore River Tributary 3601A00033I is a 148m long culvert. The upstream face of the culvert is 

located at chainage 436m and is shown in Figure 4.4.16. It restricts flow on the watercourse and flooding 

occurs upstream at the low lying land surrounding the lake during each of the modelled events. It also 

restricts the flow coming back up the tributary as Lough Major water levels rise. This causes flooding 

downstream of the culvert where properties are at risk.  
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Figure 4.4.16: Culvert 3601A00033I 

On the MPW of the Dromore River the bridge 3601M06121D located at chainage 10799 restricts the flow 

and flooding occurs during all of the modelled events.  The upstream face of the bridge is photographed in 

Figure 4.4.17. 

 

Figure 4.4.17: Bridge 3601M06121D 

Further downstream at chainage 12550 on the Dromore River the bridge 3601M05946D (upstream face 

shown in Figure 4.4.18) restricts the flow and flooding occurs during the 0.1%, 1% and 10% AEP events. 

The issue is exacerbated by the close proximity of bridge 3601M05944D which is less than 20m 

downstream.  
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Figure 4.4.18: Bridge 3601M05946D 

Also located on the MPW section of the Dromore River, bridge 3601M05228D as shown in Figure 4.4.19 

(chainage 19731m) has insufficient capacity for flow. Flooding occurs upstream during the 0.1%, 1% and 

10% AEP events.  

 

Figure 4.4.19: Bridge 3601M05228D 

(2) 1D Structures in the 2D domain 

(beyond the modelled watercourses): 

Number of Bridges and Culverts: 0 

Number of Weirs: 0 

(3) 2D Model structures: Number of Bridges and Culverts: 0 

Number of Weirs: 0 

(4) Defences:  

No known formal or informal defences. 
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(5) Model Boundaries - Inflows: 

Full details of the flow estimates are provided in the Hydrology Report (IBE0700Rp0009_UoM 36 

Hydrology Report – Section 4.3 and Appendix D).  The boundary conditions implemented in the model are 

shown in Table 4.4.1 below:  

Table 4.4.1: MIKE 11 Boundary File 

 

The model flow at checkpoints was examined during initial development runs and the model flow at HEP 

36_30_8_RA was found to be slightly lower than the hydrological estimate. The inflow and top-up 

hydrographs on the Shantonagh and Cornamucklglass watercourses were therefore delayed during the 

Draft Final design runs to achieve optimal anchoring to the downstream HEP 36_30_8_RA.   

Figure 4.4.20 and Figure 4.4.21 show the 0.1% AEP inflow hydrographs of the five upstream modelled 

boundaries - the Dromore River, Dromore River Tributary, Shantonagh,  Cornamucklaglass and 

Corrybrannan hydrographs at HEPs 36_767_6_RA, 36_710_Trb_RARPS, 36_30_4_RA, 

36_10000_U_RARPS and 36_1691_3_RA respectively.  
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Figure 4.4.20: Upstream Inputs (3 of 5) for 0.1% AEP Event 

 

 

 

Figure 4.4.21: Upstream Inputs (2 of 5) for 0.1% AEP Event  

(6) Model Boundaries – 

Downstream Conditions: 

Critical flow conditions were used to derive a Q-h relationship boundary as 

plotted in Figure 4.4.22 at the downstream model extent of the Dromore 

River (chainage 26879.115).  

 

Q
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An outlet reach was added to the model to allow the 0.1% AEP flood 

extent to leave the 2D domain and prevent unrealistic water depths at the 

eastern boundary.  A constant water level of 80mOD Malin was applied to 

both the upstream and downstream cross sections of the outlet reach. It 

should be noted that the constant water level is an initial 'dummy' value 

set only slightly greater than the bed level of the cross sections. The value 

is ignored once the flood extents reach the outlet, which is connected to 

the 2D domain by a standard link. The level of the boundary varies in time 

based on dynamic calculations driven by the flood extents. 

 

Figure 4.4.22: Q-h Relationship at Dromore River Chainage 26879 

(7) Model Roughness: 

(a) In-Bank (1D Domain) Minimum 'n' value: 0.030 Maximum 'n' value: 0.100 

(b) MPW Out-of-Bank (1D) Minimum 'n' value: 0.040 Maximum 'n' value: 0.070 

(c) MPW/HPW Out-of-Bank  

(2D) 

Minimum 'n' value: 0.010 

(Inverse of Manning's 'M') 

Maximum 'n' value: 0.060 

(Inverse of Manning's 'M') 
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Figure 4.4.23: Map of 2D Roughness (Manning's n) 

This map illustrates the roughness values applied within the 2D domain of the 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. Null 

Manning's n values on inland water bodies were corrected to Manning's n of 0.033. A small area was 

manually edited on the CORINE dataset to aid model calibration, this is discussed in section 4.4.5 (1) (a). 

(d) Examples of In-Bank Roughness Coefficients 

Corrybrannan River - 3604M00041 at chainage 

1936 

 

Figure 4.4.24: Manning's n = 0.030 

River section which is clean and straight, no rifts or 

deep pools 

Dromore River Tributary 1 - 3601A00068 at 

chainage 100 

 

Figure 4.4.25: Manning's n = 0.070 

Sluggish reaches, noticeable aquatic growth and 

deep pools.  
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Cornamucklaglass River - 3603M00088 at chainage 

404 

 

Figure 4.4.26: Manning's n = 0.045 

River with shallows and meanders and noticeable 

aquatic growth. 

Shantonagh River - 3602M00300D at chainage 888 

 

 

Figure 4.4.27: Manning's n = 0.055 

Winding with some pools and shoals. Noticeable 

aquatic growth and stones. 

 

4.4.4 Sensitivity Analysis  

A number of sensitivity simulations have been completed in accordance with Guidance Note 22. The 

purpose is to assess the sensitivity and impact of the 1% AEP hydraulic model within the AFA boundary 

by adjusting various parameters. The following sensitivity analysis model simulations have been carried 

out: 

a) Channel roughness increased to upper bound values and flood plain roughness decreased to 

lower bound values – The change in channel and floodplain roughness values resulted in a 

minimal increase in flood extents within the AFA boundary, as shown in Figure 4.4.28. The 

Ballybay model therefore has low sensitivity to roughness parameters. The minimal increase in 

flood extents result in low impact on receptors, as approximately only 1 additional building (located 

between Lough Major and Lough Minor) is affected which is a 1% increase compared to the 

design event. 
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Figure 4.4.28: Comparison between 1% AEP Design Event and 1% AEP Sensitivity 1D/2D 

Roughness Event 

b) Downstream boundary increase – The downstream boundary is located approximately 24.5km 

downstream of the AFA boundary and is approximately 14.5m lower than bed levels within the 

AFA. The downstream boundary parameter was evaluated as having no potential impact within 

the AFA and therefore a sensitivity simulation was not required. The Ballybay model has no 

sensitivity to changes in downstream water level boundary within the AFA.  

c) Increase in flow – The 1% AEP sensitivity flows were used to assess the sensitivity of the model 

to inflows. The Ballybay model was assessed as having medium/low uncertainty/sensitivity and 

factors of 1.14 or 1.21 were applied to design flows for the sensitivity simulation. Figure 4.4.29 

shows that the Ballybay model is moderately sensitive to increased inflow parameters which 

results in an increase to flood extents. The increased flood extents are evident along all of the 

watercourses within the AFA. These changes have a high impact on receptors as approximately 

20 additional buildings are affected which is a 29% increase on the design event. The properties 

are generally located in the town centre.  
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Figure 4.4.29 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Flow Event 

d) Afflux/Head loss at key structures – A number of simulations were carried out on key structures to 

view if flood extents were sensitive to the structure input parameters. Six structures were 

reviewed, 3603M00029J on the Cornamucklaglass River, 3601A00033I on the Dromore River 

Tributary 1 and 3602M00342D, 3602M00300D, 3602M00047D, 3602M00038D on the 

Shantonagh River. The Ballybay model has shown it has low sensitivity to parameter changes on 

the following structures 3603M00029J, 3601A00033I, 3602M00342D, 3602M00300D and 

3602M00038D  as there were little to no change in flood extents and there is no impact to 

receptors.  

The simulations also show the model has low sensitivity to changes in parameters for structure 

3602M00047D. As shown in Figure 4.4.30 there are minimal changes to flood extents however 

there is an impact to receptors as an additional property is affected which is a 1% increase on the 

design event.   
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Figure 4.4.30 : Comparison between 1% AEP Design Event and 1% AEP Sensitivity Head Loss 3 

Event 
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Table 4.4.2 summarises the outcomes of the above sensitivity simulations or evaluations, channel and 

floodplain roughness, downstream boundary condition, increase in model inflows and afflux/head loss at 

key structures. Of these parameters, the model is most sensitive to an increase in inflows. Table 8.1 in the 

Hydrology Report states that there is low uncertainty associated with the hydrological inputs for this model, 

principally due to the high quality gauge data available. The model is less sensitive to the other 

parameters, with the resulting analysis identifying low/moderate increases in flood extents and receptors 

within the AFA. Generally, the Ballybay model can be considered to have low to moderate sensitivity to 

changes in model parameters. 

Table 4.4.2: Sensitivity Summary 

Sensitivity Simulation Sensitivity Impact 

1% AEP Sensitivity 1D/2D Roughness Event  Low Low 

1% AEP Sensitivity Water Level Boundary Event  Low - 

1% AEP Sensitivity Flow Event Mod High 

1% AEP Sensitivity Head Loss 1 Event Low Low 

1% AEP Sensitivity Head Loss 2 Event Low Low 

1% AEP Sensitivity Head Loss 3 Event Low Low 

1% AEP Sensitivity Head Loss 4 Event Low Low 

 

 

4.4.5 Hydraulic Model Calibration and Verification 

(1) Key Historical Floods (from IBE0700Rp0009_UoM 36 Inception Report unless otherwise specified): 

(a) Oct 2011 Flooding occurred in Ballybay on 25th October 2011.  Articles from The Irish Times 

and Monaghan Life reported that the town was badly flooded.  The road to Cootehill 

was flooded and houses were evacuated when flooding caused masonry near gas 

storage tanks to collapse, leading to fears of a gas leak or explosion. 

 

The flood as reported on floodmaps.ie corresponded to an extreme event recorded at 

the Shantonagh bridge on 25/10/11 (Station no. 36150). A single site analysis could 

not be undertaken with any degree of certainty for such an extreme event due to the 

short period of data recorded at the gauge (16 years). The only thing which can be 

deduced from the single site analysis is that the event is of greater magnitude than 
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3% AEP.  

 

A report that was uploaded to floodmaps.ie states that 60mm of rain fell over a 4 hour 

period. The closest hourly rain gauge to the Ballybay AFA is at Clones (approximately 

22km away) but data is only available up to the 8th April 2008. Similarly the 

Ballyhaise rain gauge data ranges from 1st Jan 2004 to 13th September 2011. The 

Glenanne hourly rain gauge in County Armagh, Northern Ireland  (approximately  

29km away) showed that only 4mm of rain fell on the 25th October over 6 hours. 

Therefore the reported rainfall duration and depth information could not be verified at 

the three closest rainfall gauges. However if the reported data of 60mm of rainfall 

over a 4 hour period is applied to the centre of county Monaghan using the FSU DDF 

model a design rainfall frequency of 0.7% AEP is estimated. 

 

It is not possible to estimate with any accuracy how the rainfall AEP directly relates to 

a flood AEP. It does not directly correlate to a fluvial event probability but after 

investigation into both the single site analysis and design rainfall frequency the only 

conclusion is that the fluvial flood AEP is of greater magnitude than 3% AEP. 

 

An extract from a report uploaded to floodmaps.ie states that, 'A section of the flood 

area was along the rear of Main Street caused by the high river level of the Dromore 

River. The high water level caused severe flooding to 12 old people dwellings at the 

fair green area with flood waters in excess of 600-800mm. The elderly residents, 

some with physical restrictions were awakened by the flooding and were rescued with 

the aid of the fire service by boat.  All the residents were in a severe state of shock 

and all were lucky that there was not a human tragedy other than material damage'. 

Figure 4.4.31 shows a photograph taken of the Fairgreen cul-de-sac flooded.   
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Figure 4.4.31: Fairgreen Area Flooded 24th October 2011 

Another paragraph from the report discusses a critical structure in the town.  'As a result of turbulent river 

flows and a high river velocity a 15 metre section of a masonry retaining wall along the embankment 

collapsed into the river at the rear of Tony Slowey’s property.  This resulted in a section of the bridge 

structure being exposed to the high river flow velocities.' This bridge was identified as structure 

3602M00047D (as discussed in Section 4.4.3, Critical Structures) and is a significant contributing factor to 

the flooding at Fairgreen.  The bridge has been noted for sensitivity analysis. 

The draft model flood extents showed the Fairgreen area flooded during the 0.1% AEP event but not 

during the 1% AEP event.  The hydrology was reviewed for the model and found to be acceptable (verified 

by rating review); further model calibration was required to simulate flooding in the Fairgreen area during 

the 1% AEP event. The model was reviewed extensively; Manning's n values of cross sections up and 

downstream of the area were edited from 0.04 to between 0.03 and 0.07 which is considered to represent 

lower and upper bounds within the acceptable range. This is acceptable as the flood event report 

discusses how obstructions such as foliage and debris need to be removed upstream and downstream of 

the Hall Street Bridge as shown in Figure 4.4.32 and Figure 4.4.33.  
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Figure 4.4.32: Photograph of Upstream Obstructions (as documented during the 2011 flood event) 

 

Figure 4.4.33: Photograph of Downstream Obstructions (as documented during the 2011 flood 

event) 

A small section of the Corine land use dataset was also altered in the Fairgreen area. The road leading 

into the cul-de-sac had a Manning's n value of 0.045, this was reduced to 0.013 (represents Road and Rail 

Network on the CORINE Description, refer to Table 3.4) in a localised area as shown in Figure 4.4.34.   
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Figure 4.4.34: Edits to Corine Land Use Dataset 

Manning’s n values of the following structures were also edited from 0.013 to 0.025, 3602M00054D, 

3602M00047D and 3602M00038D. The above parameter edits have had the effect of increasing flood 

extents. The model is now considered calibrated to the Oct 2011 flood event. Final flood extent mapping 

shows the Fairgreen area to flood in the 0.1% AEP and 1% AEP event but not during the 10% AEP as 

shown in Figure 4.4.35.  
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Figure 4.4.35: Detail of Map 2 of 8 

Another specific area discussed in the report to have flooded is the waste water treatment plant. Figure 

4.4.36 below shows an aerial photograph of the area.  Figure 4.4.35 shows the corresponding area on the 

Draft Final flood maps. As shown the mapped flood extents are validated by the flood event as the waste 

water treatment plant is shown to flood during all the modelled events. The Alders estate is not shown to 

flood in the aerial photograph but extent maps show it flooding in the 1% and 0.1% AEP events (see 

Figure 4.4.35). As the only conclusion is that the Oct 2011 flood event AEP is of greater magnitude than 

3% AEP, the aerial photographs provide some qualitative support to the flood extent outlines.  

 

Shantonagh River 

The Alders 

Flooded in the 1% 

& 0.1% AEP 

events 

Fairgreen flooded 

in the 1% & 0.1% 

AEP events  

Waste Water 

Treatment Plant 

Flooded in the 0.1%, 

1% and 10% AEP 

events. 
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Figure 4.4.36: Aerial Photograph taken 26th October 2011 Ballybay, Waste Water Treatment Plant 

Additional photographs were provided by Monaghan County Council and provide further support for the 

modelled flood extents. Figure 4.4.37 shows areas of flooding downstream of the Ballybay AFA, Figure 

4.4.38 shows the same area and key features labelled. 

 

Figure 4.4.37: Aerial Photograph taken 26th October 2011, downstream of Ballybay AFA 

The Alders  

Waste Water 

Treatment Plant  

R183  

Farm B 

Farm A 

High topography point 
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Figure 4.4.38: Detail of Map 2 of 8/7 of 8 
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Figure 4.4.39 shows areas of flooding from the Dromore River Tributary 1 whilst Figure 4.4.40 shows the 

same area and flood extents labelled. 

 

Figure 4.4.39: Aerial Photograph taken 26th October 2011, Dromore River Tributary 1 

 

Figure 4.4.40: Detail of Map 6 of 8 

The modelled flood extents are comparable to the aerial photographs as shown on Figure 4.4.41. 

Flooding from Dromore River Tributary 1 

 

Flooding from Dromore River Tributary 1 
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Figure 4.4.41: Aerial Photograph taken 26th October 2011, Dromore River 

 

Figure 4.4.42: Detail of Map 2 of 8 

The Silvercrest Foods factory is shown in Figure 4.4.43 the photograph provides some qualitative support 

to the flood extents shown in Figure 4.4.44 as the flooding in the photograph lies somewhere between the 

10% and 1% AEP modelled extents. 

R162 

Riverdale Hotel 

 

Riverdale Hotel 

Dromore River 

Dromore River 
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Figure 4.4.43: Aerial Photograph taken 26th October 2011, Cornamucklaglass Flooding 

 

Figure 4.4.44: Detail of Map 2 of 8  

(b) Jan 1965 Information found on www.floodmaps.ie indicated that a flooding event occurred at 

Ballybay in January 1965 following heavy rainfall. The Evening Press (Dublin) 

reported flooding in Ballybay on 20
th
 January. However, no information on the 

locations or the extent of the flooding was provided. 

Silvercrest Foods 

 

Silvercrest Foods 

 

http://www.floodmaps.ie/
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No data is available for estimating flood extents or depths. With no photos available 

this flood event is not suitable for model calibration. 

Summary of Calibration 

Model flows were checked against the estimated flows at HEP check points where possible to ensure they 

were within an acceptable range. For example at HEP 36024_RA on the main Dromore River the 

estimated flow during the 0.1% AEP event was 35.16m
3
/s. The modelled output at this location was 

33.65m
3
/s. Full flow tables can be found in Appendix D. 

 

A mass balance check has been carried out on the model to make sure that the total volume of water 

entering and leaving the model at the upstream and downstream boundaries balances the quantity of 

water remaining in the model domain at the end of a simulation. Refer to section 3.6.2 for details of 

acceptable limits. The mass error in the 1% AEP design run was found to be -1.19%, which is within 

acceptable limits. 

 

There is a minor instability on the Shantonagh watercourse which occurs between bridges 3602M00342D 

(chainage 469.34) and 3602M00335D (chainage 545.78) during the 0.1% AEP design runs. This instability 

causes the water levels to flicker as they reach the peak. Efforts were made to remove the instability 

during the model development process. However due to the close proximity of the bridges it was not 

possible to eradicate the instability without removing either bridge or making disproportionate alterations to 

the channel geometry.  

 

The impact of the instability was reviewed; the flooding is occurring between the two bridges and is 

confined by the steep topography of the valley either side. Therefore the flood extents of the 0.1%, 1% and 

10% area are very similar. Even though the water level is slightly flickering the peak water level is 

relatively unaffected for the section and therefore the flood extents are considered correct. The modelled 

flow is within 12% of the estimated check flow at the downstream extent of the Shantonagh reach. The 

reason for this difference is thought to be the backwater effect from the Dromore River which has a greater 

effect in the 0.1% model than in the 10% or 1% models.  As the cause of the difference has been identified 

it is considered that the instability has little effect on the model. Finally the mass balance for the design 

runs was found to be -1.19% which supports the conclusion that this instability has a relatively minor 

impact upon the model results. 

 

Data from historical flood event is limited, however the model can be shown to be well validated against 

the recent 2011 flood event which is supported by aerial photographs. A rating review has also been 

completed at Shantonagh bridge which also demonstrates the model is well calibrated.   
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(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 

(3) Standard of Protection of Existing Formal Defences: 

No known formal or informal defences. 

(4) Gauging Stations: 

There are 2no. gauging stations with long term flow data located within the Ballybay model extents 

(Shantonagh Bridge and Ashfield).   There are 5no. Intermediate HEPs representing gauging stations 

where no flow data was available. There are 3no. Intermediate HEPs representing gauging stations where 

water level records exist that were used for comparison of modelled water levels against observed data if 

possible. 

(1) Shantonagh Bridge (36150) 

Hydrometric Station 36150 is operated by Monaghan County Council and is located on the Shantonagh 

River approximately 860m upstream of the upstream limit HEP 36_30_4_RA and represents a catchment 

area of 36.2km
2
. It was not rated under FSU and was subject to a CFRAM Study rating review. The 

highest gauged flow at the station is 4.77m
3
/s with a gauged Qmed value of 10.9m

3
/s (based on 11 years of 

AMAX data). Therefore, confidence in observed data is limited to values no higher than 0.43 x Qmed. The 

results of the rating review indicate a difference in Qmed of 6% when comparing the gauging station AMAX 

series with the CFRAM Study rating review series.  This is less than 10% difference and is not considered 

significant enough to warrant changing the gauge Qmed value.  The station did record a water level for the 

significant flood event of 25
th
 October 2011 and the flow value based on the original rating was 47.3m

3
/s.  

The CFRAM Study rating review flow for the same event was 52.6m
3
/s which provides some confidence in 

the performance of the station’s rating for flood flows. 

The rating for this gauging station provides both water level and flow information. This station was used to 

calibrate the model and a rating review has been completed. The graph in Figure 4.4.45 demonstrates that 

the model accurately represents the rating curve based on the lower flow gaugings up to the highest spot 

gauging at 4.77m
3
/s. The curve continues to follow the EPA rating curve up to a flow of 7m

3
/s where the 

curves begin to diverge slightly. The Manning's value n of 0.050 was applied to the cross section which 

resulted in the best fit rating curve. It can be seen from the graph where the floodwaters break the banks 

at approximately 10m
3
/s as the curve has a noticeable inflexion point and flattens somewhat beyond this 

value. 
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Figure 4.4.45: 36150 Shantonagh Bridge Q-H Relationship 

(2) Knappagh (36024)  

Knappagh is an inactive gauge station, no data is available. 

 

(3) Ballybay Gauge Station (36074)  

Ballybay is an inactive gauge station, no data is available. 

 

(4) Riverdale Gauge Station (36151) 

Riverdale is an inactive gauge station, no data is available. 

 

(5) Balladian (36030)  

Station Balladian is currently active but only has water level information which makes it unsuitable for 

calibration of the model Q-H relationship. The data was however used for an extreme value analysis as 

long term water level data was available.  Appendix D contains a table showing a comparison of the 

modelled and estimated design water levels for the gauging station at Balladian (located at the upstream 

extent of the 1D model). 
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(6) Cordevlis (36070)  

Cordevlis is an inactive gauge station which recorded water level from 2000 to 2009. Without flow 

information, this station's data could not be used for calibration of the model Q-H relationship. An extreme 

value analysis was not carried out on the water levels as the data covers a relatively short period.  

 

(7) Ballycoghill (36153)  

Ballycoghill is an inactive gauge station, no data is available. 

 

(8) New Bridge (36072) 

The New Bridge Gauge Station is currently active but only has water level information which makes it 

unsuitable for calibration of the model Q-H relationship. The data was however used for an extreme value 

analysis as long term water level data was available.  Appendix D has a table outlining a comparison of 

the modelled and estimated design water levels for the gauging station at New Bridge (located at 

approximately chainage 19700 on the Dromore River). 

 

(9) Dromore Lodge (36155)  

Dromore Lodge is an inactive gauge station and no data is available. 

 

(10) Ashfield (36018) 

The gauging station at Ashfield is currently active, both flow and water level information is recorded. 

Figure 4.4.30 shows the modelled Q-h relationship compared to the OPW gaugings and rating curve. The 

RPS curve shows a much faster flow compared to the OPW curve at the same water level. This is due to 

the MPW not representing the full attenuation of lakes both on the modelled watercourse or just upstream 

on unmodelled tributaries but which would be expected to affect the hydraulic regime of the river. The 

survey resolution has meant lakes have not been captured fully and as a result their hydraulic flow 

attenuation and storage effects are not fully represented in the model as demonstrated by Figure 4.4.30 

below. This is discussed further in section 4.4.6 (2).  
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Figure 4.4.46: 36018 Ashfield Q-H Relationship 

Figure 4.4.46 demonstrates that the model Q-h varies from the observed relationship by up to around 

400mm within the MPW reaches of the Dromore River. However the effect of the flatter Q-h relationship is 

compensated for by the additional flow within the model (the flow which would otherwise be attenuated 

within the lakes) such that the effect on design scenario water levels is much less significant. In light of the 

attenuation effect of lakes not being fully represented within the hydraulic model, validation was focussed 

on the large amount of recorded long term water level data along the Dromore River such that mapped 

outputs could be shown to be anchored to long term water level data. Appendix D contains a table 

outlining a comparison of the modelled and estimated design water levels for the gauging station at 

Ashfield (located at the downstream extent of the 1D model) based on at site Extreme Value Analysis of 

the AMAX water level records available along the Dromore River. 

(4) Validation with MIKE NAM: 

(a) Shantonagh Bridge (36150) 

For the October 2011 event it can be seen from Table 4.4.3 that the event is estimated, based on the 

rating review derived value, to have had a peak flood flow of 57.296m3/s which was estimated based on a 

single site extreme value analysis to be in excess of a 3% AEP event. We can see from the model 

however that the flow / water level corresponds to between a 0.5% and 0.1% AEP event. The difference in 

the two estimates of the frequency of the event does not however suggest that the model is not validated 

but rather points to the limitations of predicting event frequencies which in return period terms are many 

multiples of the available years of data at the gauging station.  
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Figure 4.4.47: At Site Flood Frequency for Shantonagh Bridge (36150) AMAX Series 

As can be seen from Figure 4.4.47 the October 2011 event is an outlier within the 18 years of data 

available. As such the 2 parameter EV1 distribution is unable to fit the data and if we extend the line to the 

value of the flow recorded (47.3m
3
/s) then we could estimate that the event had a frequency in excess of a 

1% event. This may explain why calibration of the model was needed to achieve the flooding observed 

from this event along the Shantonagh River itself, at Fairgreen. However it is appropriate that the model 

does reflect these observed extents in 1% AEP event given the uncertainty surrounding the frequency 

estimate for this event. No NAM model data is available for this event as discussed in the UoM36 

Hydrology Report (IBE0700Rp0009). 

In relation to the January 1965 event no observed data is available for the event as it pre-dates the 

hydrometric record however the event was simulated in the NAM model using historic rain gauge records. 

The NAM model indicated a peak flow of 7.52m
3
/s which is below the 50% AEP event. It may be the case 

that this event is poorly represented in the NAM model. A review of the rainfall data from the Clones hourly 

rainfall gauge located approximately 20km to the west of the catchment found that 23mm of rainfall fell in a 

25 hour period in the days before the 20
th
 January 1965. This rainfall sum was reviewed against the FSU 

Depth Duration Frequency model and found to have a frequency of 90% AEP or a return period of 

approximately 1 year. This is the rainfall data which has been used as input to the NAM model and as 

such the only conclusions which can be made, in the absence of hydrometric  or other data from the 

event, is that the NAM model is consistent with the rainfall input and there is uncertainty in the applicability 

of either the rainfall data or the NAM model given that the Clones gauge data used in both is fairly remote 

from the catchment. 

 

Oct 2011 
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Table 4.4.3: Comparison of Observed, Hydrologically (NAM) and Hydraulically Modelled Data for 

Flood Events 

 

Observed Peak 

MIKE FLOOD 

Simulated 

Peak at 

Observed WL 

MIKE NAM 

Simulated 

Peak 

MIKE FLOOD 

Simulated 

Peak at NAM 

Discharge 

Water 

Level 

Difference 

Flood Event 

Water 

Level 

(mOD) 

Discharge 

(m
3
/s) 

Discharge 

(m
3
/s) 

Discharge 

(m
3
/s) 

Water Level 

(mOD) (m) 

25/10/2011 

(>3% AEP) 
83.293 47.296 52.680  n.a. n.a. n.a. 

20/01/1965 n.a. n.a. n.a. 7.5169 80.528 n.a. 

(5) Comparison of Flows: 

Table 4.4.4 provides details of the flow in the model at every HEP intermediate check point. These flows 

have been compared with the hydrology flow estimation and a percentage difference provided. 

Table 4.4.4: Modelled Flows and Check Flows 

 
Peak Water Flows 

River Name & Chainage AEP 
Check Flow 

(m
3
/s) 

Model Flow 

(m
3
/s) 

Diff (%) 

DROMORE RIVER TRIBUTARY 1  428.24 10% 0.18 0.09 -48.89 

36_710_Trb_RARPS 1% 0.31 0.17 -46.13 

  0.1% 0.52 0.19 -62.69 

DROMORE_RIVER  392.02 10% 14.69 15.10 +2.78 

36024_RA 1% 22.91 23.03 +0.53 

  0.1% 35.16 33.62 -4.38 

DROMORE_RIVER  1522.31 10% 15.21 14.85 -2.34 

36074_RA 1% 23.35 22.77 -2.49 

  0.1% 35.31 33.80 -4.28 

DROMORE_RIVER  5460.31 10% 22.98 33.88 +47.43 

36030_RA 1% 31.23 52.66 +68.63 

  0.1% 40.96 77.95 +90.30 

DROMORE_RIVER  8611.75 10% 18.87 30.99 +64.23 

36070_RARPS 1% 25.63 46.69 +82.18 

  0.1% 33.63 67.43 +100.50 

DROMORE_RIVER  10784.30 10% 20.20 29.86 +47.81 

36153_RA 1% 27.35 43.81 +60.19 
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  0.1% 35.92 62.52 +74.06 

DROMORE_RIVER  19712.99 10% 18.80 36.18 +92.45 

36072_RA 1% 24.64 54.24 +120.13 

  0.1% 31.14 78.90 +153.36 

DROMORE_RIVER  23317.16 10% 22.34 38.30 +71.45 

36018_RA 1% 31.40 57.82 +84.13 

  0.1% 43.36 84.74 +95.43 

SHANTONAGH  3764.40 10% 18.84 18.36 -2.57 

36_30_8_RA 1% 32.93 32.18 -2.28 

  0.1% 56.70 55.50 -2.12 

CORNAMUCKLAGLASS  926.29 10% 1.59 1.88 +18.24 

36_10000_RA 1% 2.77 3.48 +25.63 

  0.1% 4.69 5.80 +23.67 

CORRYBRANNAN  1783.02 10% 7.38 6.80 -7.82 

36_1691_8_RA 1% 12.89 12.45 -3.41 

  0.1% 22.00 22.87 +3.95 

The estimated and modelled flows at checkpoints 36024_RA, 36074_RA, 36_30_8_RA and 

36_1691_8_RA show good correlation with each difference lower than 10% during all AEP events.  

 

At HEP point 36_710_Trb_RARPS the modelled flow during the 10%, 1% and 0.1% AEP events is lower 

than the estimated check flow by high % differences. This is attributed to the small lake upstream of the 

HEP which attenuates the flow.  Also the modelled calculation was taken approximately 240m upstream of 

the HEP position due to the complex flooding and backflow occurring from Lough Major.  Therefore the 

lateral top up flow which is applied over the full length of the reach is not fully accounted for in the model 

flow result. 

 

The HEP 36_10000_RA on the Cornamucklaglass has a high percentage differences for each of the 

modelled events where modelled flows are higher than estimated check flows. There are complex flooding 

mechanisms in the area with the Shantonagh and Cornamucklaglass both contributing to flood plain 

flooding. It is possible flow from the Shantonagh River has been included in the flow extraction calculation 

where flood extents merge.   

 

The HEP points 36030_RA, 36070_RARPS, 36153_RA, 36072_RA and 36018_RA all have higher 

modelled flow than estimated.  These points are located on the MPW section of the Dromore River. As 

discussed in section 4.4.6 (2) there is a degree of uncertainty regarding representation of lake storage 

capacity in 1D modelled section.  The model flows are higher than estimated as the model does not have 

the full attenuation effect of all online and offline lakes. These HEP checks are outside the AFA and 
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represent low receptor risk areas therefore this is not considered to be a significant issue. The Dromore 

river HEP points 36024_RA & 36074_RA which are within the 1D/2D modelled extent have good 

correlation between the modelled flows and estimated flows. 

 

Due to the uncertainty with the flow checks on the 1D modelled MPW an Extreme Value Analysis (EVA) 

was carried out at Gauging Stations where long term water level data was available. This was an attempt 

to provide validation of the extreme modelled water levels and hence the mapped flood extents.  Table 

4.4.5 shows a comparison of the modelled and estimated design water levels for the gauging stations at 

Balladian (Stn no. 36030, located at the upstream extent of the 1D model) and Ashfield (Stn no. 36018 

located at the downstream extent of the model). The EVA of the AMAX water levels at both gauging 

stations results in predicted water levels for the design events which is independent of the model / 

hydrological analysis although it must be noted that there is high uncertainty in the use of an at-site record 

for the prediction of events based on a record length which is less than half the target return period.  

Table 4.4.5: Modelled Flows and Check Flows 

Water Level Comparison 

  AEP 

Extreme 
Value 

Analysis 

Final 
Modelled 

Water 
Levels 

Difference 
(m) 

BALLADIAN GAUGE STATION 5350.619 10% 78.70 78.76 +0.06 

36030 1% 79.41*** 79.44 +0.03 

  0.1% 80.11*** 80.47 +0.36 

NEW BRIDGE GAUGE STATION 19589 10% 78.11 77.77 -0.34 

36072 1% 78.62*** 78.39 -0.23 

 
0.1% 79.13*** 79.00 +0.13 

ASHFIELD GAUGE STATION 23289 10% 71.88 71.92 +0.04 

36018 1% 72.15 72.37 +0.22 

  0.1% 72.41*** 73.06 +0.65 

*** High uncertainty in extreme water levels estimated using a record which is less than half the target 

return period. 

Based on the table above it can be considered that the modelled event peak water levels are somewhat 

validated by the separate extreme value analysis of the gauging station water level records. Where there 

is reasonable certainty in the estimated extreme water levels, (the 10% AEP event at Balladian and New 

Bridge, the 10% and 1% AEP events at Ashfield) the modelled peak water levels are within 350mm of the 

estimated peak water levels. Given that these MPW reaches do not fully capture the topography and 

hydraulic performance of both on-line and off-line lake systems, the modelled peak water levels for the 

events discussed are verified as being within acceptable tolerances for MPW reaches. 
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(6) Other Information: 

(a)  Monaghan County Council held a meeting with the Castleblaney Area Engineer on 09/11/05. The 

following comments are within the Ballybay model extents and were noted to flood ever year.  

1. Corrybrannan – River overflows its banks and lake level rises and floods significant area after 

heavy rain every year. Road is liable to flood.  

There is extensive flooding from the Corrybrannan during all of the modelled AEP events. A particular road 

is not referenced but it is reasonable to assume the R162 is being discussed as this road crosses the 

Corrybrannan and is close to the lake. The comments regarding the Corrybrannan provide qualitative 

support for the 50% AEP flood extents (the most frequent flood event modelled), as shown in Figure 

4.4.48.   

 

Figure 4.4.48: Detail of Map 6 of 8 

2. Derrnaloobinagh – River Dromore overflows its banks and lake level rises and floods significant 

area after heavy rain every year.  

An area was identified as Derrynaloobinagh which is north of the wetlands area. The comment 

provides qualitative support for the 50% AEP flood extents, as shown in Figure 4.4.49 the model 

extents show the Derrynaloobinagh area has extensive flooding.  
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Figure 4.4.49: Detail of Map 2 of 8 

3. White Lough to Ballybay - The River Dromore overflows its banks every year after heavy rain. 

Significant area is flooded. 

White Lough is located along the MPW part of the model. The comment provides qualitative 

support for the modelled extents between White Lough and Ballybay for the 50% AEP flood 

extents. Figure 4.4.50 shows the extensive flooding in this area.  
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Figure 4.4.50: Detail of Map 7 of 8 
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4.4.6 Hydraulic Model Assumptions, Limitations and Handover Notes 

(1) Hydraulic Model Assumptions:   

a) The model was extended past the downstream extents of the Dromore River by 3km to ensure a stable 

result at the end of the model. 

b) The model extent was expanded to incorporate the gauge station on the Shantonagh river reach. This 

resulted in expanding the topography and using the NDHM alongside the LiDAR data to represent the 

area. This has been discussed in section 4.4.2 (7).   

c) At cross section 3603M00031 on the Cornamucklaglass there is a fence crossing the river reach as 

shown in Figure 4.4.51. Rather than treat this as a structure the Manning's n value was increased to 

0.100 to represent a 'heavy stand of timber'. 

 

Figure 4.4.51: 3603M00031 

d) Structure 3602M00060D (as shown in Figure 4.4.52) at chainage 3291m on the Shantonagh River was 

removed from the model as it was causing instabilities and was not hydraulically significant. The cross 

section surveyed at the upstream face of the bridge accurately represents the channel narrowing and 

sufficiently restricts the flow without the structure being included in the network file of the model. The 

simulated peak water level in the 0.1% AEP event is 81.97m which is almost 5m lower than the soffit 

level of the bridge (86.95m).   
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Figure 4.4.52: 3602M00060D 

(2) Hydraulic Model Limitations and Parameters:   

a) A 2 second time-step has been selected for Mike 11 and 21 setups all run scenarios. 

b) The delta factor is set at 0.8. 

c) The lateral links within the model extent have an exponential smoothing factor which ranges from 0.6 - 

0.8. 

d) Eddy viscosity has been set to 0.20 for all model runs. 

e) The model calibration is limited by lack of historical data. 

f) There is hydrological uncertainty in the model which is detailed in Chapter 8 of the UoM36 hydrology 

report (IBE0700Rp0009_UoM36 Hydrology Report). 

g) The main reach in this model, the Dromore River flows through a number of large lakes and the 

Ballybay 'Wetlands' area. The lakes within Ballybay AFA extent have been surveyed with detailed 

cross sections to accurately capture their storage and modelled in 1D/2D to represent their 

hydrological and hydraulic behaviour appropriately. However on the MPW reach downstream of the 

town and outside the AFA boundary there is a degree of uncertainty regarding representation of lake 

storage capacity in 1D modelled sections. The Ballybay MPW flows through a drumlin landscape with 

lakes connected to the reach both online and offline. The survey resolution of MPW has meant fewer 

cross sections have been taken a further distance apart which in some areas may have missed the 

widest or deepest section through a lake. Therefore the attenuation on the MPW has not been fully 

represented as demonstrated by the large differences between the estimated and modelled flows (see 

Appendix D). As there is more water in the modelled reach than estimated, the model output is 

conservative along the MPW.  

h) It should be noted that observed flooding to rural roads and outlying properties may be represented 

less accurately than within the AFA. The MPW is modelled using cross section data only; it was found 
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during the Draft modelling stage that the cross sections did contain enough data on the left and right 

banks.  As water levels increased, the floodplain could not be accurately represented as water was not 

able to spill as required.  During the draft final modelling stage, cross sections on the Dromore River 

from chainage 5855m to 26879m were extended with the use of the NDHM to provide enough 

information of the floodplain and allow water to spill as necessary.  Background mapping from the 

NDHM was applied to the MPW which allowed for more accurate floodplain representation between 

the 1D cross sections.  Finally specific areas such as lakes (online and offline) were highlighted 

beyond the 1D cross sections and connected to the nearest cross section to produce a more accurate 

mapping output. It should be noted the DTM applied to the background of the MPW and the additional 

highlighted lakes simply project the water level from the associated cross section onto the topography. 

This methodology is further discussed in Section 3 – it provides no attenuation for the MPW but 

provides improved mapping. This is reflected in the model check flows which are discussed in 

Appendix D.  

(3) Design Event Runs & Hydraulic Model Handover Notes: 

There are a number of pipe culverts along the Cornamucklaglass river which are restrictive and cause 

flooding even at high AEPs. The capacity of the Shantonagh reach is generally insufficient to cope even 

during the 10% AEP. There are a number of bridges on the Shantonagh which restrict the flow and cause 

flooding. At the confluence of the Cornamucklaglass and the Shantonagh river, water levels increase due 

to four restrictive bridges on the Shantonagh downstream of the confluence. This causes flooding on the 

Shantonagh and Cornamucklaglass as flood waters back up into the tributary.  

The Dromore River Tributary flows through a small lake and joins into Lough Major. There is a long culvert 

between the lake and Lough Major which is of insufficient capacity. As water levels rise in Lough Major 

flooding backs up into the Dromore River Tributary and flooding occurs along the reach even at low return 

periods.  

The upstream capacity in the Corrybrannan is generally sufficient to cope with the 10% AEP but floods 

during lower AEPs.  The Corrybrannan joins the Dromore River at a lake in the Wetlands area. The 

downstream sections of the Corrybrannan flood as the lake water level rises and backs up into the 

tributary.   

(4) Hydraulic Model Deliverables: 

Please see Appendix D for a list of all model files provided with this report. 

(5) Quality Assurance: 

Model Constructed by: 

Model Reviewed by: 

Model Approved by: 

Tanya Ballentine 

Stephen Patterson 

Malcolm Brian 
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4 HYDRAULIC MODEL DETAILS 

4.5 CAVAN MODEL 

Name Local Authority Unique ID SSA Status Date 

Cavan Cavan 360572 AFA Final 06/01/2016 

 

4.5.1 General Hydraulic Model Information 

(1) Introduction: 

The NWNB CFRAM Flood Risk Review (2011s5232 NW&NB CFRAM FRR Report_Final_v2.0) highlighted 

Cavan as an AFA for fluvial flooding based on a review of historic flooding and the extents of flood risk 

determined during the PFRA. 

Figure 4.5.1 and Figure 4.5.2 overleaf show the Model extent for Cavan AFA.  Cavan town is located at 

the upstream end of the River Erne Catchment which discharges to Upper Lough Erne.  The AFA is 

directly affected by the Cavan River which is a tributary of the Annalee River. Fluvial flood risk also 

emanates from a dense network of smaller unnamed watercourses that flow through the AFA draining the 

surrounding lands before joining the Cavan River within the AFA extent. These are also included within the 

model and are named according to relevant townland as follows: Aghnaskerry, Annageliff, Cullies, 

Curragho, Derrychamp, Drumbar, Drumcrauve, Drumherrish, Gartnasillagh, Moynehall, Reask, and 

Sweelan. The Keadew watercourse marginally affects the northern part of Cavan AFA at its upstream end, 

but is a direct tributary of the Annalee River, not the Cavan. 

The Cavan River joins the Annalee River approximately 5km downstream from the AFA.  The Annalee 

River is also part of the model as far upstream as its confluence with the Dromore River. The model then 

extends upstream along the Dromore River until the downstream limit of the Ballybay model (refer to 

Section 4.4).  The Annalee is a tributary of the River Erne.  The River Erne begins at Lough Oughter and 

flows northwards towards Upper Lough Erne.  The Annalee joins the River Erne approximately 3 km 

downstream from its confluence with the Cavan River.  The model extends along the Annalee River to 

where it joins the River Erne and continues downstream to its termination at Upper Lough Erne.  At this 

point, the total catchment area of Model 3 is 1514km
2
 making it the largest model in UoM 36. The overall 

catchment is very much characterised by its lakes.  One of the largest lakes is Lough Oughter located to 

the west of Cavan town at the upstream end of the River Erne.  In terms of the AFA itself, there are seven 

smaller lakes located either on the modelled tributaries of the Cavan River or just upstream of the 

modelled extent. These include Loughs Sweelan Green, Killymooney, Drumgola, Beaghy, and 

Shantemon. The influence of the lakes in the catchment and on the model results have been discussed in 

section 4.5.6 (2), Figure 4.5.1 and Figure 4.5.2 illustrate the model extent.  

The Cavan Model is a catchment scale model in the sense that it is a continuation from the Ballybay 
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Model and continues from Cavan AFA downstream to Upper Lough Erne (Erne River).  The downstream 

boundary for the model was informed by data provided by Rivers Agency (RA) and other stakeholders for 

Upper Lough Erne. The Erne system is controlled for HEP generation and RA modelling of the system 

focused on the area surrounding Enniskillen rather than a model of the extended lake system. As there 

are no AFAs located on the system downstream of Lower Lough Erne, the channel downstream of the 

dam at Cathleen Falls is designed such that it can contain the 0.1% AEP event which is the largest under 

consideration in the CFRAM study and since there was no upstream model boundary information available 

from RA, no further modelling was deemed appropriate within UoM36 except from that of discrete AFAs 

such as Bundoran and Tullaghan.  

The majority of rivers in the model are HPWs, with the exception of the Dromore River and sections of the 

Cavan and Keadew watercourses that are downstream of the AFA extent which are MPW. 14 out of the 

15 HPWs were modelled in 1D-2D using the MIKE suite of software. The full extents of the Keadew and 

Dromore Rivers along with the MPW reaches of the Cavan River were modelled as 1D. There are other 

HPWs namely Cullies, Curragho, Moynehall, Gartnasillagh and the Drumbar which were not fully covered 

by LiDAR data. The 2D domain for these reaches was extended using the NDHM.  

(2) Model Reference: HA36_CAVA4 

(3) AFAs included in the model: Cavan 

(4) Primary Watercourses / Water Bodies (including local names): 

Reach ID            Name 

3615M Aghnaskerry 

3616M Annagelliff 

3606M Cavan River 

3606A Cavan River Tributary 1 

3608M Cullies 

3610M Curragho 

3613M Derrychamp 

3601M Dromore River 

3607M Drumbar 

3618M Drumcrauve 

3609M Drumherrish 

3611M Gartnasillagh 

3605M Keadew 

3614M Moynehall 

3617M Reask 

3612M Sweelan 
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(5) Software Type (and version): 

(a) 1D Domain:  

MIKE 11 (2011) 

(b) 2D Domain:  

MIKE 21- Rectangular Mesh (2011) 

(c) Other model elements: 

MIKE FLOOD (2011) 

4.5.2 Hydraulic Model Schematisation 

(1) Map of Model Extents:  

 

Figure 4.5.1 and Figure 4.5.2 illustrate the extent of the modelled catchment, river centre line, HEP 

locations and AFA extent.  The Cavan model contains 15 no. Upstream Limit HEPs, 1no. Downstream 

Limit HEP, 9no. Tributary HEPs, 8no. Intermediate HEPs and 6no. Gauging Station HEPs (5no. are 

located on the MPW, 1no. located within the AFA).  Three of the Intermediate HEPs are gauging stations 

within the model that have no flow data available and are labelled as such on 
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Figure 4.5.1 (‘no data’). Intermediate HEPs were used for checking estimated flows against modelled 

flows, or for checking modelled water levels against recorded water levels as applicable. Refer to Section 

4.5.5 (1) and Appendix E for full details on the use of the intermediate and gauging station HEPs in model 

anchoring calibration.  Refer to Section 4.4.5 (5) for details on each gauging station. 
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Figure 4.5.1: Map of Model Extents  
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Figure 4.5.2: Detail of AFA Extent  

(2) x-y Coordinates of River (Upstream extent): 

  
x y 

3615M Aghnaskerry 243024.53 305415.52 

3616M Annagelliff 245277.05 304143.84 

3606M Cavan River 244668.63 305212.97 

3606A Cavan River Tributary 1 241630.33 305085.52 

3608M Cullies 243352.16 308532.81 

3610M Curragho 244255.34 307702.42 

3613M Derrychamp 240370.55 304507.62 

3601M Dromore River 256811.6 313562.59 

3607M Drumbar 240109.99 304412.45 

3618M Drumcrauve 243685.66 305887.76 

3609M Drumherrish 242453.28 308270.47 

3611M Gartnasillagh 239962.75 303112.74 

3605M Keadew 243834.29 308229.91 

3614M Moynehall 242976.05 301888.43 

3617M Reask 244564.33 303252.06 

3612M Sweelan 241193.29 303886.49 
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(3) Total Modelled Watercourse Length: 97km approximately 

(4) 1D Domain only Watercourse Length: 56km 

(Approx.) 

(5) 1D-2D Domain 

Watercourse Length: 

41km 

(Approx.) 

(6) 2D Domain Mesh Type / Resolution / Area: Rectangular / 5 metres / 49 km
2
 

(7) 2D Domain Model Extent: 

Figure 4.5.3 illustrates the modelled extents and the general drumlin topography. The reach centre-lines 

are presented in light-blue which also represents the 1D modelled extent that is within the 2D area. 

Buildings are excluded from the mesh and therefore represented as red spaces. Refer to Section 3.3.3 for 

details on representation of buildings in the model. 

 

Figure 4.5.3: 2D Domain Model Extent 

 

 

 

      Modelled River Centreline 

      AFA Boundary 
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Figure 4.5.4 shows the extent of the LiDAR data and the areas which were extended using the NDHM. 

The 2D domain was extended to incorporate the upper HPW sections of the Annagelliff, Cullies, Curragho, 

Derrychamp, Drumbar, Gartnasillagh and Moynehall reaches. A buffer zone was created between the two 

datasets which were smoothed together by interpolation.  

 

Figure 4.5.4: 2D Domain Model Extent LiDAR and NDHM Boundaries 

The upper section of the Keadew reach (please see Figure 4.5.4) between chainages 0 and 1279 are 

designated HPW. However this whole reach was modelled 1D only as there is no out of bank flooding at 

the upper extent. 

 
 
 
 
 
 
 
 
 
 
 

LiDAR Data Extent 

NDHM Extended Data 

      Modelled River Centreline 

      AFA Boundary 

NDHM Extended Data 

NDHM Extended Data 

Keadew River 
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Figure 4.5.5 shows an overview drawing of the model schematisation. Figure 4.5.6 shows an overview of 

the AFA with Figure 4.5.7, Figure 4.5.8 and Figure 4.5.9 showing detailed views of the AFA. Figure 4.5.10 

and Figure 4.5.11 provide detailed views of the MPW. The overview diagram covers the model extents, 

showing the surveyed cross-section locations, AFA boundary and river centre line. It also shows the area 

covered by the 2D model domain. The detailed figures are provided where there is the most significant risk 

of flooding. These diagrams include the surveyed cross-section locations, AFA boundary and river centre 

line. They also show the location of the critical structures as discussed in section 4.5.3 (1), along with the 

location and extent of the links between the 1D and 2D models.  For clarity in viewing cross-section 

locations, the diagrams show the full extent of the surveyed cross-sections.  Note that the 1D model 

considers only the cross-section between the 1D-2D links. 

 

Figure 4.5.5: Model Schematisation Overview 
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Figure 4.5.6: AFA Overview 1D Model Cross Section and Structure Locations 

 

Figure 4.5.7: AFA Detail (1 of 3) of 1D Model Cross Section and Structure Locations 
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Figure 4.5.8: AFA Detail (2 of 3) of 1D Model Cross Section and Structure Locations 

 

Figure 4.5.9: AFA Detail (3 of 3) of 1D Model Cross Section and Structure Locations 
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Figure 4.5.10: MPW Detail of 1D Model Cross Section and Structure Locations 

 

Figure 4.5.11: MPW Detail of 1D Model Cross Section and Structure Locations 
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(8) Survey Information 

(a) Survey Folder Structure: 

First Level Folder Second Level Folder Third Level Folder 

Murphy_NW36_M04_WP7_3601M_A_V1_

130426  

Cavan 

Murphy: Surveyor Name 

NW36: NWNBCFRAM Study Area,  

Hydrometric Area 36 

M04: Model Number 4 

3601M_A: River Reference  

WP7 : Work Package 7 

Version: Most up to date 

130426– Date Issued (26
th
 APR 2013)  

V0_20130419_Ascii  

V0_20130419_GIS Watercourse_Register 

V0_20130419_Other FP Photos 

Photos (Naming 

convention is in the 

format of Cross-Section 

ID and orientation - 

upstream, downstream, 

left bank or right bank) 

 

(b) Survey Folder References: 
 

Reach ID Name File Ref. 

3615M Aghnaskerry Murphy_NW36_M04_WP7_3615M_V1_130329 

3616M Annagelliff Murphy_NW36_M04_WP7_3616M_V1_130412 

3606M Cavan River 

Murphy_NW36_M02_WP1_3606M_V0_130322 

Murphy_NW36_M02_WP7A6_3606M_V1_130412 

Murphy_NW36_M04_WP7_3606M_A_V1_130426 

Murphy_NW36_M04_WP7_3606M_B_V1_130417 

3606A Cavan River Tributary 1 Murphy_NW36_M02_WP7_3606A_V1_130329 

3608M Cullies Murphy_NW36_M04_WP7_3608M_V1_130329 

3610M Curragho Murphy_NW36_M04_WP7_3610M_V1_130412 

3613M Derrychamp Murphy_NW36_M04_WP7_3613M_V1_130412 

3601M Dromore River 

Murphy_NW36_M04_WP7_3601M_A_V1_130426 

Murphy_NW36_M04_WP7_3601M_B_V1_130426 

Murphy_NW36_M03_WP7_3601M_C_V1_130426 

3607M Drumbar Murphy_NW36_M04_WP7_3607M_V1_130412 

3618M Drumcrauve Murphy_NW36_M04_WP7_3618M_V1_130329 

3609M Drumherrish Murphy_NW36_M04_WP7_3609M_V1_130329 

3611M Gartnasillagh Murphy_NW36_M04_WP7_3611M_V1_130410 

3605M Keadew Murphy_NW36_M04_WP7_3605M_V1_130412 

3614M Moynehall Murphy_NW36_M04_WP7_3614M_V1_130403 

3617M Reask Murphy_NW36_M04_WP7_3617M_V1_130410 

3612M Sweelan Murphy_NW36_M04_WP7_3612M_V1_130329 
 

(9) Survey Issues: 

None. 
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4.5.3 Hydraulic Model Construction 

(1) 1D Structures (in-channel along 

modelled watercourses):   

See Appendix E 

Number of Bridges and Culverts: 144 

Number of Weirs: 6  

Flooding occurs on the Aghnaskerry upstream of bridge 3615M00103 (as pictured in Figure 4.5.12) 

located at chainage 1034m.  The culvert restricts the flow which results in flooding of the low lying land 

surrounding a Kilmooney Lough approximately 180m upstream. The 0.1% and 1% AEP flood extends spill 

from the left bank upstream of the bridge and follow a low area of topography to rejoin the Aghnaskerry. 

The LiDAR data does not show levels of the Eastern Access Road and appears to have been captured 

during the roads construction. The flood extents/depths in this area may be affected if the Eastern Access 

Road was captured in the LiDAR dataset fully. Please refer to Figure 4.5.6 for structure location and Flood 

Extent Map 13 and 14 of 25.  

 

Figure 4.5.12: Bridge 3615M00103 
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The pipe culvert 3615M00048I located at chainage 1578 on the Aghnaskerry restricts the flow and causes 

flooding during each of the AEP events. The culvert is 29.5m long and has a 0.9m diameter. The upstream 

section of the pipe is shown in Figure 4.5.13. Flooding affects one property during all modelled AEP 

events. Please refer to Figure 4.5.6 for structure location and Flood Extent Map 13 of 25. 

 

Figure 4.5.13: Culvert 3615M00048I 

Culvert 3615M00047I (inlet shown in Figure 4.5.14) is located at chainage 1603.4, only 25m downstream 

of culvert 3615M0048I on the Aghnaskerry. It is filled to capacity during each modelled AEP event and 

contributes to the high water levels and therefore flooding upstream. Please refer to Figure 4.5.6 for 

structure location and Flood Extent Map 13 of 25. 

 

Figure 4.5.14: Culvert 3615M0047I 
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Culvert 3615M00045I (located at chainage 1737) on the Aghnaskerry is 209m in length. The inlet of the 

culvert (as shown in Figure 4.5.15) only has sufficient capacity to cope with the 10% AEP flows but during 

the higher magnitude events the pipe size is inadequate. During the 0.1% AEP event water spills and runs 

over the Laragh Crescent Road and Dublin Road before rejoining the watercourse. The lower sections of 

the Aghnaskerry are subject to high water levels in the Cavan River back flowing into the reach. The 

culvert 3615M00045I also restricts the backflow waters during all modelled events and results in increased 

water levels and flooding at the downstream extents. Commercial properties and parking areas are 

flooded. Refer to Figure 4.5.6 for structure location and Flood Extent Map 13 of 25. 

 

Figure 4.5.15: Culvert 3615M00045I 

The upper extent of the Annagelliff River floods due to a 205m long 0.6m diameter pipe (3616MM00207I) 

which is located between chainages 691 and 896. The pipe has insufficient capacity for any of the 

modelled AEP events and restricts the flow. The inlet of the pipe is shown in Figure 4.5.16. Water levels 

increase and spill from both the left and right banks. The N3 Dublin Road is flooded during the 0.1%, 1% 

and 10% events. Please refer to Figure 4.5.7 for structure location and Flood Extent Map 12 of 25. 

 

Figure 4.5.16: Culvert 3616MM00207I 
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The pipe culvert 3616M00190I also on the Annagelliff at chainage 957.9 was assumed to have a diameter 

of 0.6m (the same as structure 3616M00207I upstream). The culvert restricts flow and has insufficient 

capacity to cope with the 0.1%, 1% or 10% AEP flows. Water levels increase at the pipe inlet which is 

submerged (the area is shown in Figure 4.5.17), spill from the left bank and flow across low lying land 

before rejoining the watercourse further downstream. Please refer to Figure 4.5.7 for structure location 

and Flood Extent Map 12 of 25. 

 

Figure 4.5.17: Culvert 3616M00190I 

The 0.6m diameter pipe, 3610M00354I on the Curragho River at chainage 1159 is 5.5m long. The inlet is 

shown in Figure 4.5.18. Flooding occurs upstream during the 1% and 0.1% events as flows are restricted, 

a property and the R188 Cootehill road are affected. Please refer to Figure 4.5.9 for structure location and 

Flood Extent Map 17 and 18 of 25. 

 

Figure 4.5.18: Culvert 3610M00354I 
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A 369m long culvert also causes issues on the Curragho river. Culvert 3610M00346I located at chainage 

1426 is a 0.8m diameter pipe which does not have enough capacity to cope with the 0.1% AEP flows. 

Water levels increase at the inlet (as pictured in Figure 4.5.19) and spill from the right bank onto the R188 

Cootehill road where the flooding flows down the road before re-joining the reach downstream of the 

culvert. Please refer to Figure 4.5.9 for structure location and Flood Extent Map 17 of 25. 

 

Figure 4.5.19: Culvert 3610M00346I 

The pipe culvert, 3610M00153I on the Curragho at chainage 3094, as shown in Figure 4.5.20 has 

insufficient capacity to cope with the 0.1% and 1% flows. Properties are shown to flood during these 

events as the water levels rise and spill upstream of the 1m diameter pipe. Please refer to Figure 4.5.9 for 

structure location and Flood Extent Map 8 and 14 of 25. 

 

Figure 4.5.20: Culvert 3610M00153I 
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There is further flooding on the Curragho during the 0.1% and 1% AEP events due to the insufficient 

capacities of culvert 3610M00086I (chainage 3761.5) and long culvert 3610M00082I (upstream chainage 

3792 as shown in Figure 4.5.21). Water levels increase upstream and spill from both banks flooding low 

lying land.   Please refer to Figure 4.5.9 for structure location and Flood Extent Map 8 and 14 of 25. 

 

Figure 4.5.21: Culvert 3610M00086I 

Flooding occurs at the upstream extents of the Drumcrauve River due to pipe 3618M00083I, located at 

chainage 378. The 0.6m diameter pipe (inlet shown in Figure 4.5.22) restricts the flow during each of the 

modelled AEP events. Water level rise and spill onto rural land from low banks upstream. Please refer to 

Figure 4.5.6 for structure location and Flood Extent Map 14 of 25. 

 

Figure 4.5.22: Culvert 3618M00083I 
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There is significant flooding on the Gartnasillagh River. Bridge 3611M00304D (chainage 793) as shown in 

Figure 4.5.23 narrows the channel and restricts flow during all the modelled AEP events. Water levels 

increase upstream of the structure and a large area of rural land is flooded. Please refer to Figure 4.5.6 for 

structure location and Flood Extent Map 2 and 3 of 25. 

 

Figure 4.5.23: Bridge 3611M00304D 

The only structure on the Reask River causes flooding during the 0.1% AEP event. Culvert 3617M00013I 

is a 0.9m diameter pipe located on the final 120m of the watercourse. The pipe has insufficient capacity to 

cope with the 0.1% AEP flows and flooding occurs from the left bank at the inlet to the culvert at chainage 

1166 (as shown in Figure 4.5.24). The flood path goes through a commercial estate before rejoining the 

Annagelliff downstream. Please refer to Figure 4.5.7 for structure location and Flood Extent Map 12 of 25. 

 

Figure 4.5.24: Culvert 3617M00013I 
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Flooding occurs on the Cavan River upstream of culvert 3606M01299I (chainage 1654) where the main 

N3 road crosses the river (inlet as shown in Figure 4.5.25. The culvert does not have enough capacity for 

the 0.1% and 1% AEP flows and low lying land is flooded upstream, the N3 road is not affected by the 

flood extents. Refer to Figure 4.5.6 for structure location and Flood Extent Map 13 of 25. 

 

Figure 4.5.25: Culvert 3606M01299I 

On the other side of the N3 road, bridge 3606M01257D (chainage 2038, shown in Figure 4.5.26) and weir 

3606M01255W (chainage 2044, shown in Figure 4.5.27) located on the Cavan River raise water levels 

which result in flooding during the 0.1% and 1% AEP events.  The raised N3 road contains flood extents. 

Please refer to Figure 4.5.6 for structure location and Flood Extent Map 13 of 25. 

 

Figure 4.5.26: Bridge 3606M01257D 
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Figure 4.5.27: Weir 3606M01255W 

There is considerable flooding at the confluence between the Cavan River and Annagelliff River. Bridge 

3606M01194D at chainage 2684m has insufficient capacity to cope with the 0.1%, 1% or 10% AEP flows. 

Water levels rise upstream of the bridge and back up into the Annagelliff watercourse. The Lakeland Retail 

Park and Dublin Road are shown to flood during the 0.1% and 1% AEP design events. Refer to Figure 

4.5.7 for structure location and Flood Extent Map 13 of 25. 

 

Figure 4.5.28: Bridge 3606M01194D 
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Culvert 3606M01075J located at chainage 3820 on the Cavan River restricts flows and raises water levels 

upstream. Flooding occurs during all modelled AEP events; properties in the O'Raghallaigh Park Estate 

are flooded during the 0.1% and 1% AEP event. The downstream of the culvert is pictured in Figure 

4.5.29. Refer to Figure 4.5.7 for structure location and Flood Extent Map 6 of 25. 

 

Figure 4.5.29: Culvert 3606M01075J 

Bridges 3606M00969D (chainage 4924, Figure 4.5.30), 3606M00965D (chainage 4964, Figure 4.5.31) 

and 3606M00954D (chainage 5086, Figure 4.5.32) are located within 160m of each other on the Cavan 

River. There is a small amount of flooding in the area due to the bridges restricting flow; a few residential 

properties are shown to flood in the 0.1% and 1% AEP events. Refer to Figure 4.5.7 for structure location 

and Flood Extent Map 6 and 7 of 25. 

 

Figure 4.5.30: Bridge 3606M00969D 
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Figure 4.5.31: Bridge 3606M00965D 

 

Figure 4.5.32: Bridge 3606M00954D 

 

 

 

 

 

 

 

 

 



North Western – Neagh Bann CFRAM Study UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.5-25         F05 

Farnham Street, Abbey Street, Bridge Street and River Street in Cavan town flood during the 0.1% AEP 

design event due to bridges 3606M00810E (chainage 6505, see Figure 4.5.33) and 3606M00802D 

(chainage 6608, see Figure 4.5.34). These bridges have inadequate capacity for the 0.1% AEP flow and 

cause water levels to rise and spill in the area. Refer to Figure 4.5.8 for structure location and Flood Extent 

Map 7 of 25. 

 

Figure 4.5.33: Bridge 3606M00810E 

 

Figure 4.5.34: Bridge 3606M00802D 
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Also in Cavan town bridge 3606M00785D at chainage 6764 (as pictured in Figure 4.5.35) has insufficient 

capacity to cope with the 0.1% AEP flow. Water levels rise and flooding occurs on Farnham Road/Railway 

Road, residential and commercial properties are also shown to flood in the area.  Refer to Figure 4.5.8 for 

structure location and Flood Extent Map 7 of 25. 

 

Figure 4.5.35: Bridge 3606M00785D 

Downstream of Cavan town, bridges 3606M00649D (chainage 8133) and 3606M00616D (chainage 8470) 

restrict the flow during 0.1%, 1% and 10% AEP design events. Flooding occurs upstream mainly from the 

left bank onto low lying land. The simulated 0.1% AEP flood extent indicates the flooding of a hospital 

building and gardens in Drumnavanagh Estate. Refer to Figure 4.5.9 for structure location and Flood 

Extent Map 8 of 25. 

 

Figure 4.5.36: Bridge 3606M00649D 
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Figure 4.5.37: Bridge 3606M00616D 

On the Dromore River MPW which is modelled 1D only, the bridge structure 3601M04265D (as shown in 

Figure 4.5.38) at chainage 29360m, restricts flow during all three simulated AEP events. Water spills from 

both banks and floods farm buildings during the 0.1%, 1% and to a lesser extent during the 10% AEP 

events. Refer to Figure 4.5.11 for structure location and Flood Extent Map 21 of 25. 

 

Figure 4.5.38: Bridge 3601M04265D 
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Bridge structures on the Dromore River 3601M02450D (chainage 47528, as shown in Figure 4.5.39) and 

3601M02343D (chainage 48588, as shown in Figure 4.5.40) restrict flow during all modelled AEP events. 

Flooding occurs mainly on the right bank and follows low land before rejoining the Dromore River further 

downstream. Properties are affected including isolation of some buildings on higher land due to 

surrounding inundated land. Refer to Figure 4.5.10 for structure location and Flood Extent Map 22 of 25. 

 

Figure 4.5.39: Bridge 3601M02450D 

 

Figure 4.5.40: Bridge 3601M02343D 
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The last modelled bridge structure on the Dromore River,  3601M00858D (as shown Figure 4.5.41) 

located at chainage 63430m restricts flow and increases water levels upstream. Properties are shown to 

flood during the 0.1% and 1% AEP events. Refer to Figure 4.5.10 for structure location and Flood Extent 

Map 24 of 25. 

 

Figure 4.5.41: Bridge 3601M00858D 

(2) 1D Structures in the 2D domain 

(beyond the modelled watercourses): 

Number of Bridges and Culverts: 0 

Number of Weirs: 0 

(3) 2D Model structures: Number of Bridges and Culverts: 0 

Number of Weirs: 0 

(4) Defences: 

No known formal or informal defences. 

(5) Model Boundaries - Inflows: 

Full details of the flow estimates are provided in the Hydrology Report (IBE0700Rp0009_UoM36   

Hydrology Report - Section 4.4 and Appendix D). The boundary conditions implemented in the model are 

shown in Table 4.5.1 below (Please view Section 4.5.5(2) which discusses model updates for Final):  
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Table 4.5.1: MIKE 11 Boundary File 

 

Additional base flow was added to 36_706_1_RA and Top-Up flow between 36_1984_1_RA & 

36_254_6_RA to achieve the correct flows at Gauge Station Lisdarn 36031. The hydrographs were also 

extended to achieve optimal anchoring of the modelled flows with the estimated flows. The peak flows of 

hydrographs were not altered.  Refer to UoM 36 Hydrology Report Rp009 for details. 

 

The input 36_2232_U_RPS was applied downstream of Sweelan Lough at chainage 824.37m instead of 

chainage 0. The water level of the Lough was represented in the 2D extent as captured by the LiDAR 

dataset. The topography shows the Lough as a low lying area and allows flood waters to fill.   
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Figure 4.5.42 below provides an example of the associated upstream hydrographs on the Dromore and 

Cavan Rivers at HEPs 36018_RA and 36_706_1_RA respectively. 

 

Figure 4.5.42: Main Upstream Inputs for 0.1% AEP Event 

(6) Model Boundaries – 

Downstream Conditions: 

Critical flow conditions were used to derive a Q-h relationship boundary as 

plotted in Figure 4.5.43 at the downstream model extent of the Dromore 

River (chainage 71361.461). (Please view Section 4.5.5(2) which 

discusses model updates for Final) 

There are also dummy water level boundaries set up to allow flood waters 

to flow off the mesh as the model moves from 1D/2D to 1D.  

36018_RA 

36_706_1_RA 
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Figure 4.5.43: Q-h Relationship at Dromore River Chainage 71361.461 (Please view Section 4.5.5(2) 

which discusses model updates for Final) 

(7) Model Roughness: 

(a) In-Bank (1D Domain) Minimum 'n' value: 0.030 Maximum 'n' value: 0.070 

(b) MPW Out-of-Bank (1D) Minimum 'n' value: 0.040 Maximum 'n' value: 0.060 

(c) MPW/HPW Out-of-Bank  

(2D) 

Minimum 'n' value: 0.025 

(Inverse of Manning's 'M') 

Maximum 'n' value: 0.071 

(Inverse of Manning's 'M') 
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Figure 4.5.44: Map of 2D Roughness (Manning's n) 

This map illustrates the roughness values applied within the 2D domain of the 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. Null 

Manning's M values on inland water bodies were corrected to Manning's n of 0.033. 
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(d) Examples of In-Bank Roughness Coefficients 

Drumbar - 3607M00224D 

 

Figure 4.5.45: Manning's n = 0.030 

Natural stream - clean, straight, no rifts or deep 

pools 

Cullies - 3608M00347 

 

Figure 4.5.46: Manning's n = 0.070 

Sluggish Reaches - Weedy, deep pools. 

Aghnaskerry - 3615M00176 

 

Figure 4.5.47: Manning's n = 0.045 

Natural stream - clean, winding, some stones and 

weeds. 

Curragho - 3610M00233 

 

Figure 4.5.48: Manning's n = 0.050 

Natural stream - clean, winding, additional stones. 
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4.5.4 Sensitivity Analysis  

A number of sensitivity simulations have been completed in accordance with Guidance Note 22. The 

purpose is to assess the sensitivity and impact of the 1% AEP hydraulic model within the AFA boundary 

by adjusting various parameters. The following sensitivity analysis model simulations have been carried 

out: 

a) Channel roughness increased to upper bound values and flood plain roughness decreased to 

lower bound values – The change in channel and floodplain roughness values resulted in a 

moderate increase in flood extents within the AFA boundary, as shown in Figure 4.5.49 and 

Figure 4.5.50. Flood extents in a number of areas have increased due to the changes in 

roughness parameters, these areas include Killgarry, Narracks, Kilnavara, Cavan town centre, 

Kinnypottle, Drumlark, Farnham and Drumkeen. The Cavan model therefore has moderate 

sensitivity to roughness parameters. The increase in flood extents results in a high impact on 

receptors, as approximately 32 additional buildings are affected which is a 27% increase 

compared to the design event.  

 

Figure 4.5.49: Comparison between 1% AEP Design Event and 1% AEP Sensitivity 1D/2D 

Roughness Event – Showing Upstream Sections of Cavan River 
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Figure 4.5.50: Comparison between 1% AEP Design Event and 1% AEP Sensitivity 1D/2D 

Roughness Event – Showing Downstream Sections of Cavan River 

b) Downstream boundary increase – The downstream boundary is located approximately 26.1km 

downstream of the AFA boundary and is approximately 7m lower than bed levels within the AFA. 

The downstream boundary parameter was evaluated as having no potential impact within the AFA 

and therefore a sensitivity simulation was not required.  

Additional tests were carried out to analyse if the Cavan AFA would be impacted by the type of 

water level boundary applied to the 1% AEP model. Figure 4.5.51 and Figure 4.5.52 present 

computational modelling results that show the impact of a specified water level boundary versus a 

Qh water level boundary (generated by the model based on local slope and roughness 

coefficients). The downstream boundary affects water levels up to Belturbet which is located 

approximately 17.4km downstream of the AFA boundary. The downstream boundary parameter 

was evaluated as having no potential impact within the AFA. 
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Figure 4.5.51: Longitudinal Section of Erne – 1% AEP Fluvial Event with Typical Water Level in 

Upper Lough Erne 

 

Figure 4.5.52: Longitudinal Section of Erne – 1% AEP Fluvial Event with Lowered Water Level in 

Upper Lough Erne – Water Level in Upper Lake Removed 

The Cavan AFA is considered to have a low sensitivity to changes in the modelled boundary 

parameters.  

c) Increase in flow – The 1% AEP sensitivity flows were used to assess the sensitivity of the model 

to inflows. The Cavan model was assessed as having medium uncertainty/sensitivity and factors 

of 1.14 or 1.21 were applied to design flows for the sensitivity simulation. Figure 4.5.57 shows that 

the Cavan model is highly sensitive to increased inflow parameters which results in an increase to 

flood extents in a number of areas. The greatest increase in flood extents is evident in the 

following areas, Narracks, Gartnasillagh, Kilnavara, Cavan Town Centre/Kinnypottle and 

Farnham. These changes have a high impact on receptors as approximately 165 additional 

buildings are affected which is a 141% increase on the design event.  
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Figure 4.5.53: Comparison between 1% AEP Design Event and 1% AEP Sensitivity Flow Event 

d) Afflux/Head loss at key structures – A number of simulations were carried out to assess the 

sensitivity of flood extents to changing the head loss coefficients of key structures. Nine structures 

were assessed, 3606M00819D, 3606M00815D, 3606M00811D, 3606M00802D, 3606M00785D, 

3606M00781D on the Cavan River, 3617M00013I on the Reask River and 3610M00354I, 

3610M00153I on the Curragho River. The Cavan model has shown it has a low sensitivity to 

parameter changes on the following structures, 3617M00013I, 3610M00354I and 3610M00153Ias 

there was little or no change in flood extents and there is no impact to receptors.  

The simulations also show the model has low sensitivity to changes in parameters for structures 

located in Cavan town centre (3606M00819D, 3606M00815D, 3606M00811D, 3606M00802D and 

3606M00785D) - an example of results are shown in Figure 4.5.58. There are minimal changes to 

flood extents however there is an impact to receptors as an additional property is affected. 
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Figure 4.5.54: Comparison between 1% AEP Design Event and 1% AEP Sensitivity Head Loss 

3606M00785D Event 

e) Building representation – Building representation was represented by adjusting the roughness of 

cells within the building footprint to a Manning’s n of 0.3.  The topography within the 2D model 

domain was based on LiDAR - the cells within building footprints remained ‘unblocked’. Figure 

4.5.55 shows that the Cavan model has moderate sensitivity to building representation. Flood 

extents have increased in a few locations within the AFA mostly where removal of riverside 

properties have allowed new flow paths. An example of results in Cavan town centre are shown in 

Figure 4.5.55. These changes have a moderate impact on receptors as approximately 19 

additional buildings are affected which is a 16% increase compared to the design event.  These 

properties are located at various locations throughout the AFA. 
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Figure 4.5.55: Comparison between 1% AEP Design Event and 1% AEP Sensitivity Buildings Event 
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Table 4.5.2 summarises the outcomes of the above sensitivity simulations or evaluations, channel and 

floodplain roughness, downstream boundary condition, increase in model inflows, afflux/head loss at key 

structures and building representation have been considered for the Cavan model. Of these parameters, 

the model is most sensitive to an increase in inflows.  Table 8.1 in the Hydrology Report states that there 

is low uncertainty associated with the hydrological inputs for this model, principally due to the high quality 

gauge data available.  The model is less sensitive to the other parameters, with the resulting analysis 

identifying low to moderate increases in flood extents and impact to receptors within the AFA. Generally, 

the Cavan model can be considered to have low to moderate sensitivity to changes in model parameters.   

Table 4.5.2: Sensitivity Summary 

Sensitivity Simulation Sensitivity Impact 

1% AEP Sensitivity 1D/2D Roughness Event  Moderate High 

1% AEP Sensitivity Water Level Boundary Event  Low Low 

1% AEP Sensitivity Flow Event High High 

1% AEP Sensitivity Head Loss 1 Event  Low Low 

1% AEP Sensitivity Head Loss 2 Event Low Low 

1% AEP Sensitivity Head Loss 3 Event Low Low 

1% AEP Sensitivity Head Loss 4 Event Low Low 

1% AEP Sensitivity Head Loss 5 Event Low Low 

1% AEP Sensitivity Head Loss 6 Event Low Low 

1% AEP Sensitivity Buildings Event Moderate Moderate 

 

 

 

4.5.5 Hydraulic Model Calibration and Verification 

(1) Key Historical Floods (From IBE0700Rp0004_HA36 Inception Report unless otherwise specified):  

(a) Feb 1990. The review indicated that a flooding event occurred between the 5
th
 and 7

th
 of 

February 1990 in Cavan as a result of heavy rainfall.  The Anglo-Celt newspaper 

included a photograph showing flooded roads at Latt in Cavan.  
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A report on floodmaps.ie dated 14/11/05 discusses flooding in Latt area with an Area 

Engineer. The report states, 'Latt – Road used to flood every year after heavy rain 

due to inadequate drainage. The surface water network receives water from the 

Cavan By-Pass. Council has installed larger pipes and alleviated the flooding.'  

 

Further to this Cavan County Council have commented that the Keadue Lane floods 

every year after high rainfall and the R212 road also floods.   

 

The Draft Final model was reviewed and edits were made to Manning's values, 

structures coefficients and Mike Flood setups to show flooding along Keadue Lane. 

The R212 now floods during the simulated 0.1%, 1% and 10% AEP events. The 

Drumalea road is flooded during the 0.1% AEP event and Keadue Lane floods during 

the 0.1% and 1% AEP events as shown in Figure 4.5.56. 

 

 

Figure 4.5.56: Detail of Flood Extent Map 9 of 25 

(b) Dec 1954. Local newspaper reports indicated that a flooding event occurred in Cavan town on 

8
th
 December 1954 due to heavy rainfall. It was reported in the Anglo Celt that Green 

Lake was at a record high level. Flooding occurred at Breffni Park and basements 

were flooded on Farnham Street.   

There are no records of the water levels or flows this far back therefore no 

quantitative prediction can be made on AEP event. However extensive flooding 

occurs around Green Lake during all the AEP events as shown in Figure 4.5.57. 

Keadue Lane R212 

Cullies River 

Drumherrish River 
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Figure 4.5.57: Detail of Flood Extent Map 6 & 13 of 25 

Figure 4.5.58 demonstrates flooding around Breffni Park. There is flooding in the 

Breffni Park surrounding area and one pitch is completely flooded during the 0.1% 

AEP event. The same pitch is partially flooded during the 1% AEP event. More 

specific location information is needed for model calibration. 

 

Figure 4.5.58: Detail of Flood Extent Map 6 & 7 of 24 

The maps show very little flooding on Farnharm street. The Curragho reach (refer to 

Figure 4.5.2) is culverted under Farnham street by a 2m diameter pipe. There is 

flooding upstream of the culvert which causes flooding during all AEP events but no 

Green Lake 

Breffni Park 

Cavan River Aghanaskerry River 

Cavan River 

Gartnasillagh River 
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properties on Farnham street are affected. This event dates back to 1954 and there 

could be differences in the topography or the shape of the Curragho river since the 

report was recorded. Other factors could have contributed to the basements flooding 

such as blocked culverts on the Curragho or a blocked drainage system resulting in 

pluvial flooding.       

(c) Nov 2009 Photographs were received from Cavan County Council showing flooding in Cavan 

town during the 2009 flood event. The area affected is the confluence between the 

Curragho and Cavan Rivers at Farnham Street and Railway Road.   

An extreme value analysis was carried out using peak water levels from the Lisdarn 

Hydrometric Station. A total water level of 53.90m OD Malin was recorded during the 

November 2009 event which is the highest recorded water level in 39 years of data. 

The extreme value analysis yielded an AEP of between 1% and 2%.  

Figure 4.5.59 and Figure 4.5.60 show flooding on the Railway road in November 

2009. Figure 4.5.61, Figure 4.5.62 and Figure 4.5.63 demonstrate the high water 

levels in the Cavan River at the time of the flood. Figure 4.5.64 which shows the 

modelled flood extents. The areas discussed are shown to flood during the 0.1% AEP 

only.  

The draft final 1% AEP model was reviewed and the peak water level at chainage 

8447 (location of Lisdarn Gauge Station) within the model is 54.431m OD Malin. This 

demonstrates that the 1% AEP model is simulating in channel water levels higher 

than the November 2009 event in the Cavan River approximately 1.8km downstream. 

Manning’s roughness values for the channel and structures have been reviewed and 

are considered an accurate representation of the channel and banks in this area. No 

evidence is available that suggests the many bridge structures along this reach were 

blocked during the event. The structural coefficients have been reviewed and found 

to be a reasonable reflection based on site walk over survey and photographs. The 

most likely factor which is not reflected in the model is that there is a greater 

constriction at the downstream structures than is being demonstrated within the 

model and it may be the case that the structures were not flowing at 100% capacity 

during the event, possibly due to blockage or debris within the channel. It must also 

be considered that the some of the flooding observed in Cavan town during the 

November 2009 event is pluvial or drainage related, whereas this model only 

accounts for the fluvial element of the flooding.     
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Figure 4.5.59: Railway Road looking North West, Photographed in Nov 09 

 

Figure 4.5.60: Railway Road looking South East, Photographed in Nov 09 

 

Figure 4.5.61: Bridge 3606M00785D looking downstream, Photographed in Nov 

09 
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Figure 4.5.62: Bridge 3606M00785D looking upstream, Photographed in Nov 09 

 

Figure 4.5.63: Bridge 3606M00781D Photographed in Nov 09 

 

Figure 4.5.64: Detail of Flood Extent (Extract Map 7 of 24) (Please view Section 

4.5.5(2) which discusses model updates for Final) 

Note Appendix A.3.2 of report 'North-West and Neagh-Bann Flood Risk Review' 

written by JBA dated May 2012 provides some qualitative support for the modelled 
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flood extents in relation to the November 2009 event. 

 Significant flooding was experienced in Coleman Road adjacent to the Bus 

Station; 

 The Bus Eireann bridge across the Cavan River is understood to have a low deck 

and causes significant afflux as a result;  

 River Street was also affected and the opposite bank where the St Vincent de 

Paul sheltered accommodation was flooded; 

 Houses were also reported as being affected in the Gortnakesh area: Flooding 

caused disruption in Breffni Park.  

As discussed above Figure 4.5.64 shows the modelled flood extents in the Coleman 

Road area, River Street and the St Vincent de Paul sheltered accommodation.  

Bridge 3606M00802D which crosses the Cavan River to the Bus station has already 

been identified as a critical structure (section 4.5.3 (1)). This area has been 

discussed above.  

Figure 4.5.65 shows the Gortnakesh Area where a number of properties are shown to 

flood during the 1% and 0.1% AEP events. Figure 4.5.58 shows the modelled flood 

extents around Breffni Park which occurs during all modelled AEPs to some extent.  

 

Figure 4.5.65: Detail of Flood Extent Map 6 of 24 

Appendix A.3.4 of in the above mentioned report also provides qualitative support for 

Dromore MPW modelled watercourse at Butlers Bridge. 

 The rising of the Annalee River in Butlers Bridge in November 2009 resulted in 

the Butlers Bridge Waste Water Treatment Plant and two private dwelling being 

flooded; 

Cavan River 

Moynehall River 
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 The western bank of the Annalee River was breached and flooded the local 

primary school playground up to the rear access of the school;  

 This flooding was not in isolation but directly resulted in the flooding of Lough 

Oughter and the Erne Basin from Butlers Bridge, Cavan Town, Crossdoney, 

Milltown, Killeshandra and Belturbet.  

Figure 4.5.66 shows a detailed view of the modelled MPW at Butlers Bridge. The 

Waste Water Treatment Plant is shown to flood to some extent during the 0.1%, 1% 

and 10% AEP events. There are a number of properties both residential and 

commercial along with the local primary school grounds shown to flood during all 

modelled AEP events.  

 

Figure 4.5.66: Detail of Flood Extent Map 22 and 23 of 25 

Belturbet is at the downstream extent of the Dromore River, buildings are shown to 

flood during the 0.1%, 1% and 10% AEP events, see Figure 4.5.67.  
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Figure 4.5.67: Detail of Flood Extent Map 24 of 25 

Lough Oughter, Crossdoney, Milltown, Killeshandra area are not within the Cavan 

model extents.  

Appendix A.3.7 of the above mentioned report provides further qualitative support for 

Dromore MPW modelled watercourse. 

 The Annalee River flows west from Butlers Bridge and intersects the Erne at 

Derryheen Bridge. The water levels rose significantly here actually crossing the 

bridge deck resulting in the local road L-5536 being closed (Figure 4.5.68). 

 

Figure 4.5.68: North-West and Neagh-Bann Flood Risk Review Report, A.3.8, 

Photo 1 
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The Bridge at Derryheen is identified as modelled bridge 3601M01992D located at 

chainage 52088 on the Dromore River. The deck level of the bridge is shown to be 

inundated during the 0.1% and 1% AEP events as shown in Figure 4.5.69.    

 

Figure 4.5.69: Detail of Flood Extent Map 23 of 25 

 North of Derryheen Bridge the Butlers Bridge to Killeshandra Road L-1511 was 

impassable at Urney. Photo 2 in the schedule of photographs (Figure 4.5.70). 

 

Figure 4.5.70: North-West and Neagh-Bann Flood Risk Review Report, A.3.8, 

Photo 2 

Figure 4.5.71 shows the modelled flood extents at Urney bridge which flood the L-

1511 road during all modelled AEP events.  

Bridge 3601M01992D Derryheen 

Dromore River 
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Figure 4.5.71: Detail of Flood Extent Map 23 of 25 

 In Belturbet Town the Erne River burst its banks at Mill Walk and Creeny Bridge. 

Photos 15 (Figure 4.5.72) & 16 (Figure 4.5.73) in the schedule of photographs 

respectively. 

 

 

Figure 4.5.72: North-West and Neagh-Bann Flood Risk Review Report, A.3.8, 

Photo 15 
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Figure 4.5.73: North-West and Neagh-Bann Flood Risk Review Report, A.3.8, 

Photo 16 

As discussed above Figure 4.5.67 shows the Mill Walk flooded during all the 

modelled AEP events and the Creeny area flooding during the 0.1% AEP event. 

However there is an un-modelled watercourse in the Creeny area which may 

contribute to further flooding if included in the model.  

(d) Feb 2014 The February 2014 flood event was highlighted by Cavan County Council. A brief 

internet search was carried out and the following information was used to verify the 

model extents.   

A report by the Anglo Celt newspaper stated, 'Fire and Rescue Services worked 

around the clock on Monday night and into the early hours of Tuesday morning as 

rivers and lakes across Cavan reached peak level, bursting their banks with several 

houses reporting flooding and further damage caused to other property around the 

county. 

Two homes were flooded, one where an elderly man had to be rescued from the first 

floor of his home in Snugborough on the outskirts in Ballyconnell after 9pm on 

Monday night, and another where a family battled throughout the night when Swellan 

Lake in Cavan Town rose and swept through their house in the Glenlara Estate. 

The Sajid family in Glenlara were first alerted to the imminent flooding threat shortly 

after 10pm.  

Additional water level data for the Lisdarn Gauge was requested from the EPA to 

carry out an extreme value analysis. A total water level of 53.58m OD Malin was 

recorded during February 2014. The estimated AEP of the event is approximately 

10%.   
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Figure 4.5.74 shows flood extents at the Glenlara Estate and Sweelan Lough. There 

is one house in the Glenlara Estate which floods during the 0.1% AEP event but there 

is no flooding during the 1% or 10% AEP flood events. The Glenlara estate is located 

upstream of Lough Sweelan. Tributaries feeding the lake are not included in the 

model. This information could not be used for model calibration.  

 

Figure 4.5.74: Detail of Flood Extent Map 7 of 25  

Also discussed in the report, 'The toll on businesses too was felt when shoppers 

arrived on Tuesday morning to find the car park at Super Valu, in the Lakeland Retail 

Park on the Dublin Road submerged, though once again fire services were quickly on 

the scene'.  

Figure 4.5.75 shows the Lakeland Retail Park and Dublin Road flooding during the 

0.1% and 1% AEP events. Although the flood extent maps do not show 10% flooding 

it should be noted that the south east corner of the Super Valu car park is much lower 

than the surrounding area. Some of the flooding observed during this event is 

possibly pluvial or drainage related, whereas this model only accounts for the fluvial 

element of the flooding.    
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Figure 4.5.75: Detail of Flood Extent Map 13 of 25 

Summary of Calibration 

Model flows were checked against the estimated flows at HEP check points where possible to ensure they 

were within an acceptable range. For example at 36031_RA the estimated flow during the 0.1% AEP 

event was 31.59m
3
/s. The modelled output for at this location was 29.96m

3
/s. Full flow tables can be found 

in Appendix E.  

 

A mass balance check has been carried out on the model to make sure that the total volume of water 

entering and leaving the model at the upstream and downstream boundaries balances the quantity of 

water remaining in the model domain at the end of a simulation. Refer to Section 3.6.2 for details of 

acceptable limits. The mass error in the 1% AEP Draft Final design run was found to be -1.32%, which is 

within acceptable limits. 

 

There are minimal instabilities within the model for example at the downstream extent of the Cullies reach. 

These have been reviewed and none will affect the flood extents. This is supported by the mass balance 

calculation as discussed above.  

 

The model has been calibrated as well as possible to historical flood data for specific events. Generally 

the model shows flooding in the correct location but in various areas the Local Authority has indicated 

(based on the frequency of recent flood events) that flooding is expected to occur more often than would 
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be suggested by the AEP shown. In relation to the AFA there is one gauging station on the Cavan River 

(Lisdarn - 36021) which is considered to have a high certainty at flood flows following rating review (refer 

to IBE0700Rp0009_UoM36 Hydrology Report). This gauging station is within the AFA but downstream of 

the majority of the modelled watercourses. The hydrometric record suggests that initial catchment 

descriptor based estimates of flood flow (FSU) should be adjusted downwards. It was not considered 

appropriate to apply this to the tributaries based on the evidence of historic flooding. This approach is 

supported by the gauge record at Lisdarn; unadjusted flows on the tributaries are needed to achieve the 

adjusted and gauged flows on the Cavan River. Catchment descriptors at HEPs were updated where 

appropriate and hydrographs were lengthened in line with recent recorded hydrograph data at Lisdarn in 

an attempt to replicate the frequency of the recently observed flooding – refer to UoM 36 Hydrology Report 

IBE0700Rp0009 for full details on hydrology.  Model parameters were also adjusted within the reasonable 

range based on observed data to replicate the frequency of recently observed flooding. 

It is considered that flooding observed in Cavan during recent events may be a complex mixture of fluvial, 

pluvial and drainage issues. The hydrological analysis and hydraulic model is only capable of replicating 

the fluvial element of flooding and where the flooding emanates from the river channel itself. It is not 

capable of replicating overland flows from surface water run-off or overflows from drainage systems where 

these do not enter the river directly. The model is considered to accurately replicate the fluvial element of 

flooding within Cavan based on the available data. 

(2) Post Public Consultation Updates 

All recorded comments were investigated following informal public consultation and formal S.I. public 

consultation periods in 2015. Some consultees indicated that flooding around Farnham Street should be 

more frequent and extensive than shown in the draft flood maps. The following updates to the model were 

applied.  

 Manning's n values along the Cavan River were increased. 

 Manning's n values on structures 3606M00785D and 3606M00781D were increased from 0.013 to 

0.014.  

 Bank markers in the 1D cross section file have been edited along the Cavan River to allow 

additional flow onto flood plain.   

 Head loss coefficients across structures 3606M00815D, 3606M00810E, 3606M00802D, 

3606M00785D and 3606M00781D were edited.  

 Links between the M11 and M21 files were edited and additional links where applied along the 

Cavan and Gartnasillagh Rivers refine model resolution and improve model stability.   

 General model updates were applied to refine model resolution and improve model stability 

 The downstream boundary was updated from being a Q-h relationship to a constant water level.  

These changes resulted in increased flooding from the Cavan River as shown below in Figure 4.5.76. The 

model results are further supported by the Key Historical Flooding discussed in Section 4.5.5 (1). The 
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model was updated and check flows recalculated with a revised set of flood hazard and risk mapping 

issued as Final to reflect this change. 

 

Figure 4.5.76: Increased Flooding from the Cavan River 

(3) Standard of Protection of Existing Formal Defences: 

No known formal or informal defences. 

(4) Gauging Stations: 

There are 6no. gauging stations with long term flow data located within the Cavan model extents (Ashfield, 

Rathkenny, Butlers Bridge, Urney Bridge, Belturbet and Lisdarn). There are 3no. Intermediate HEPs 

representing gauging stations where no flow data is available.  

a) Ashfield Gauging Station (36018) 



North Western – Neagh Bann CFRAM Study UoM36 Hydraulics Report – FINAL 

IBE0700Rp0010 4.5-57         F05 

Ashfield Gauging Station is located at the upstream extent of the model. This gauge site was reviewed in 

the Ballybay model. Please see section 4.4.5 (4).  

b) Rathkenny Gauging Station (36016) 

This staff gauge could not be located during the survey. However an attempt was made to compare the 

recorded spot gaugings with the model QH relationship as shown in Figure 4.5.77. The model is missing a 

low flow control which is due to the survey resolution of MPW. Fewer cross sections have been taken a 

further distance apart which has meant the high point in the river bed has been missed downstream of the 

Rathkenny Gauge Station. Therefore the modelled QH curve below 30 m
3
/s (Qmed is estimated to be 50.7 

m
3
/s) is not meeting the spot gaugings but it is a good fit between the lower (in terms of stage) spot 

gaugings between 30m
3
/s to 42m

3
/s. There is a high degree of scatter in spot gaugings in this range 

(which vary between approximately 400mm). Therefore the modelled QH is up to 400mm lower than the 

highest of these spot gaugings. 

 

Figure 4.5.77: 36016 Rathkenny Q-H Relationship 

c) Butlers Bridge Gauging Station (36010) 

The gauging station at Butlers Bridge is currently active, both flow and water level information is recorded. 

Figure 4.5.78 shows the modelled Q-h relationship compared to the gaugings and rating curve. The 

modelled QH curve shows good correlation with the OPW's rating. The low flow QH is not plotted due to 

the model representing base flows and above.   
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Figure 4.5.78: 36010 Butlers Bridge Q-H Relationship 

d) Drummullig Gauge Station (36183) 

Drummullig Gauge Station is an inactive gauge station and no data is available. 

 

e) Derryheen Bridge Gauge Station (36023) 

Derryheen Bridge Gauge Station is currently active but only has water level information. 

 

f) Urney Bridge Gauging Station (36037) 

The gauging station at Urney Bridge is currently active, both flow and water level information is recorded. 

Figure 4.5.79 shows the modelled Q-h relationship compared to the gaugings and rating curve. The 

location of Urney bridge is immediately upstream of a large lake system. As this is 1D only the lakes are 

not represented (as discussed in section 4.5.6 (2)) therefore no backwater effect is occurring at the 

gauging station. This backwater effect cannot be represented within a 1D model and is incapable of 

providing the attenuation properties which typically occur at lakes.  
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Figure 4.5.79: 36037 Urney Bridge Q-H Relationship 

g) Belturbet Gauge Station (36019) 

The gauging station at Belturbet is currently active, both flow and water level information is recorded. 

Figure 4.5.80 shows the modelled Q-h relationship compared to the gaugings and rating curve. The 

modelled QH curve shows good correlation with the OPW's rating.   
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Figure 4.5.80: 36019 Belturbet Bridge Q-H Relationship 

h) Kilconny Gauge Station (36036) 

No data is available at Kilconny Gauge Station. 

 

i) Lisdarn Gauge Station (36031) 

The rating for this gauging station provides both water level and flow information. This station was used to 

calibrate the model and a rating review has been completed. Figure 4.5.81 shows that the model is not 

replicating low flow behaviour well, although it is very well calibrated for medium to higher spot gauged 

flows and the second EPA rating equation.  There is a mild backwater effect between the 6 m
3
/s and 11 

m
3
/s flow due to a tributary inflow downstream which could cause variability in the rating/scatter in spot 

gaugings, again this can be resolved by editing hydrograph timings. The Manning's value n of 0.065 

(sluggish reaches) was applied to the cross section which resulted in the best fit rating curve. The results 

show that the floodwaters break the banks at approximately 18m
3
/s. 

 

Figure 4.5.81: 36031 Lisdarn Q-H Relationship 
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(5) Comparison of Flows: 

Table 4.5.3 provides details of the flow in the model at every HEP intermediate check point. These flows 

have been compared with the hydrology flow estimation and a percentage difference provided.  

Table 4.5.3: Modelled Flows and Check Flows 

  Peak Water Flows 

River Name & Chainage AEP Check Flow (m
3
/s) Model Flow (m

3
/s) Diff (%) 

AGHNASKERRY 1549.13 10% 0.77 0.73 -4.93 

36_68_2_RARPS 1% 1.33 1.27 -4.58 

  0.1% 2.26 2.25 -0.42 

ANNAGELLIFF 2414.79 10% 2.95 1.81 -38.72 

36_1652_3_RA 1% 5.12 3.30 -35.62 

  0.1% 8.67 6.35 -26.77 

CAVAN RIVER 7241.86 10% 10.15 10.40 +2.42 

36_1921_Inter_2_RA 1% 17.33 17.45 +0.72 

  0.1% 31.06 31.69 +2.05 

CAVAN RIVER 8494.79 10% 10.33 10.55 +2.20 

36031_RA 1% 17.63 17.65 +0.15 

  0.1% 31.59 31.87 +0.86 

CAVAN RIVER 14210.82 10% 9.91 11.49 +15.96 

36_189_3_RA 1% 15.71 18.53 +17.94 

  0.1% 24.60 35.23 +43.22 

CULLIES 3466.01 10% 2.58 2.37 -8.10 

36_1113_3_RA 1% 4.47 4.09 -8.57 

  0.1% 7.58 6.16 -18.75 

CURRAGHO 4553.67 10% 3.31 3.21 -3.08 

36_1922_9_RARPS 1% 5.74 5.00 -12.83 

  0.1% 9.73 8.64 -11.19 

DERRYCHAMP 1068.84 10% 0.45 0.40 -11.10 

36_1611_1_RARPS 1% 0.78 0.64 -18.28 

  0.1% 1.33 1.05 -21.25 

DROMORE RIVER 29360.2 10% 69.50 72.00 +3.60 

36016_RA 1% 97.44 101.10 +3.76 

  0.1% 149.45 149.76 +0.21 

DROMORE RIVER 48704.77 10% 91.58 81.70 -10.79 

36010_RA 1% 128.39 112.32 -12.51 

  0.1% 177.09 168.17 -5.03 

DROMORE RIVER 52087.7 10% 101.95 92.67 -9.10 

36023_RA 1% 142.92 131.48 -8.01 

  0.1% 197.13 203.14 +3.05 

DROMORE RIVER 53793.9 10% 131.90 123.32 -6.51 

36037_RA 1% 191.94 175.99 -8.31 

  0.1% 274.81 284.60 +3.56 

DROMORE RIVER 71114.1 10% 127.69 124.30 -2.66 

36_2286_D_RARPS 1% 185.81 177.74 -4.34 
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  0.1% 266.03 287.11 +7.92 

DRUMBAR 3335.13 10% 1.72 1.46 -15.36 

36_882_6_RARPS 1% 2.98 2.39 -19.91 

  0.1% 5.06 4.35 -14.03 

DRUMCRAUVE 1168.09 10% 0.57 0.59 +3.82 

36_769_1_RARPS 1% 0.99 0.94 -5.19 

  0.1% 1.68 1.77 +5.23 

DRUMHERRISH 1891.19 10% 0.45 0.93 +107.11 

36_973_2_RARPS 1% 0.77 1.42 +84.16 

  0.1% 1.31 1.77 +35.27 

GARTNASILLAGH 3778.18 10% 8.29 3.69 -55.53 

36_254_6_RA 1% 14.33 5.62 -60.81 

  0.1% 24.38 9.90 -59.39 

KEADEW 3611.42 10% 4.43 4.11 -7.19 

36_789_2_RA 1% 7.69 6.99 -9.10 

  0.1% 7.84 7.17 -8.62 

KEADEW 5771.86 10% 5.61 1.60 -71.48 

36_422_4_RA 1% 9.74 3.45 -64.56 

  0.1% 16.62 4.12 -75.23 

MOYNEHALL 2374.61 10% 0.46 0.40 -13.15 

36_1678_3_RA 1% 0.80 0.68 -15.26 

  0.1% 1.35 1.29 -4.80 

REASK 1282.79 10% 1.41 0.91 -35.75 

36_1652_1_RA 1% 2.45 1.56 -36.45 

  0.1% 4.15 2.55 -38.67 

SWEELAN 1524.48 10% 0.38 0.52 +38.28 

36_1114_2_RA 1% 0.65 0.86 +32.14 

  0.1% 1.10 1.63 +48.47 

The downstream limit HEPs of the Aghnaskerry and Annagelliff tributaries are influenced by the water 

levels in the Cavan River.  All the modelled flows are slightly lower than the estimated flows.  Due to the 

back flow of water levels in the Cavan River and complicated flooding at the confluences, the flow 

calculations of HEP point 36_68_2_RARPS and HEP point 36_1652_3_RA had to be taken further 

upstream.  Therefore the lateral top up flow which is applied over the full length of the reach is not fully 

accounted for in the model flow result. 

 

The estimated and modelled flows at HEP checkpoints on the Cavan River (36_1921_Inter_2_RA,  

36031_RA); the Curragho River (36_1922_9_RARPS); the Dromore River (36016_RA, 36010_RA, 

36023_RA, 36037_RA, 36_2286_D_RARPS); the Cullies (36_1113_3_RA); the Drumcrauve 

(36_769_1_RARPS); the Keadew (36_789_2_RA); and Moynehall (36_1678_3_RA) show good 

correlation with each percentage difference lower than 20% during all AEP events.  

 

The model flows at HEP points 36_422_4_RA (Keadew watercourse). The model flows are the results of 
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water levels in the Dromore backing up into the rivers. The back flow effect is shown as a negative value 

which reduces the net flow as demonstrated in the large % differences in each of the AEP flows. The 

same back water effect is occurring at HEP point 36_882_6_RARPS on the Drumbar watercourse where 

the Cavan River is flowing into the reach. 

 

The modelled peak flows at HEP 36_189_3_RA on the Cavan River are between 16% and 43% higher 

than the estimated flows.  Along this reach there is significant out of bank flooding in the return periods 

however the lower extents of the Cavan River are simulated as 1D only. This modelling approach, while 

capable of representing floodplain extents and water levels is unlikely to accurately capture the flood flow 

attenuation which is likely given the large flood extents within the floodplain and drumlin topography. Given 

that it is unlikely floodplain attenuation is being accurately represented and that model flows are well 

anchored at the gauge station (36031_RPS) located upstream, it is not considered that the differences are 

cause for review of the model inflows.  

 

The difference on the Derrychamp (36_1611_1_RARPS) is up to 21%.  However the actual difference in 

flow is between 0.05m
3
/s to 0.28m

3
/s which is negligible and does not need to be revised. With low flows 

the percentage difference is amplified. 

 

The model flow at HEP point 36_973_2_RARPS on the Drumherrish reach is significantly higher for all 

events (+107% to +35%). The catchment descriptors for the downstream reach of the Drumherrish are 

well defined however following initial attempts at model calibration and verification it was found that flood 

extents observed during recent events at the lower end of the Drumherrish / Cullies were not being 

captured by the model.   Information provided by the Local Authority indicated that flooding was as a result 

of a recent housing development built around the hill which separates the upper reaches of the Cullies and 

Drumherrish.  In light of this, a portion of lateral inflow catchment was defined to represent the urbanised 

catchment of the development.  A point inflow was also added to the model at the estimated storm 

discharge point from the development (refer to IBE0700Rp0009_UoM36 Hydrology Report for further 

details).  As this sub-catchment sits on the side of the hill above the Drumherrish watercourse its 

catchment descriptors were heavily adjusted from the Drumherrish catchment descriptors to represent this 

much steeper (S1085 increased from 11.5 to 40m/km), urbanised (URBEXT increased from 0.4 to 25%) 

and unattenuated (FARL increased from 0.84 to 1) portion of sub-catchment. This resulted in a higher 

peak flow and a much shorter, sharper hydrograph than is estimated for the overall catchment.  The 

Drumherrish itself is relatively flat and attenuated by a lake above the housing development storm 

discharge point.  Therefore the flow estimates for the lower catchment are considered to be a correct 

application of the FSU method.    

 

The culvert at the downstream extent of the Reask River is restricting the flow causing reduced modelled 

flows at HEP 36_1652_1_RA ranging from 35% to 39% lower than estimated check flows.  
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Model flows are lower than estimated flows at HEP 36_254_6_RA on the Gartniasillagh watercourse (56% 

to 61%). This is due to the large amount of flooding and attenuation on the Gartnasillagh upstream of this 

location.   

 

The large % differences at HEP point 36_1114_2_RA may be attributed to the complex flooding in the 

area. The location for the calculation is likely to be including flooding or backflow from the Gartnasillagh 

River and flooding from the Derrychamp. 

(6) Other Information: 

The NWNB Flood Risk Review (2011s5232 NW&NB CFRAM FRR Report_Final_v2.0) was reviewed 

during model calibration. Much of the report refers to the November 2009 flood event and has been 

discussed in section 4.5.5 (1) (c).  

Note A.3.3 in Appendix A.3 of the report contains general comment which provides some qualitative 

support for the modelled flood extents, which is described as follows.  

Note A.3.3 - Annagelliff - The Cavan Town Engineer was aware of some flooding at the back of 

McDonalds by the filling station. 

Figure 4.5.82 shows the position of McDonalds and flooding in the area during the 0.1% AEP event.  

 

Figure 4.5.82: Detail of Flood Extent Map 12 of 25 

 

  

McDonalds 

Annagelliff River 

Reask River 
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4.5.6 Hydraulic Model Assumptions, Limitations and Handover Notes 

(1) Hydraulic Model Assumptions:   

a) Culvert 3616M00190I on the Annagelliff is a submerged pipe and a diameter was not provided by the 

surveyor. An assumption was made on the pipe diameter to be 0.6m. This was based on the pipe 

upstream which was surveyed as 0.6m in diameter.  

b) There were a number of structures in close proximity on the Aghnaskerry reach which caused 

instabilities, structures and cross sections were moved and cross section 3615M00046 was deleted to 

allow the model to run smoothly. Alterations to the survey data were kept to a minimum, for example 

cross section 3615M00186I was surveyed at chainage 180.670 but it had to be moved to 175.670 for 

model stability.   

c) Cross section 3616M00248 on the Annagelliff was moved chainage and dropped by 0.2m OD Malin to 

smooth model instability.  

d) The upstream cross section of long culvert 3608M00117I had to be moved 1m to reduce model 

instabilities.  

e) The Manning's n value of cross section 3606M01324 (as shown in Figure 4.5.83) on the River Cavan 

was increased to 0.050 to account for a wire fence crossing the reach which is collecting debris. The 

section upstream of this location has a Manning's value of 0.040. 

 

Figure 4.5.83: Cross Section 3606M01324 

f) As discussed in section 4.5.3 (5) the first 1D modelled cross section on the Sweelan River is located at 

chainage 824.37 (immediately downstream of Sweelan Lough). The hydrograph 36_2232_U_RPS is 

applied here.  As water levels rise, flow continues downstream towards chainage 865.50m and also 

spills upstream onto the 2D LiDAR dataset which has captured the water level of Sweelan Lough (the 

water level is dependent on the day the LiDAR dataset was captured).  Marker 2 of the cross section at 
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824.37m is 60.56m OD Malin. The pre-set water level of Sweelan Lough from the LiDAR dataset is 

approximately 61.6m OD Malin. The Lough has been represented in the 2D model; this method is 

adequate to represent the hydraulic performance of the lake.  

g) As discussed in section 4.5.3 additional base flow was added to hydrographs ‘36_706_1_RA’ & ‘Top 

Up between 36_1984_1_RA & 36_254_6_RA’. Also a number of graphs which ultimately contribute to 

the flow at the Lisdarn gauging station were lengthened to simulate the large amount of attenuation in 

the model.  

h) The LiDAR data does not cover all of the designated HPW reaches. Therefore the NDHM was used to 

extend the 2D mesh area to cover the upstream extents of the Cullies, Curragho, Moynehall, 

Gartnasillagh and the Drumbar reaches.  This caused some issues as there was a difference in height 

between the two models resulting in flood waters building up on the LiDAR data before moving across 

to the NHDM.  This was overcome by creating a band of interpolated values between the two data 

sets.  

(2) Hydraulic Model Limitations and Parameters:   

a) A 2 second time-step has been selected for Mike 11 and 21 setups on all run scenarios. 

b) The delta factor is set at 0.85. 

c) The lateral links within the model extent have an exponential smoothing factor of 0.4 to 0.8. 

d) Eddy viscosity has been set to 0.30 for all model runs. 

e) There is hydrological uncertainty in the model which is detailed in Chapter 8 of the UoM36 hydrology 

report (IBE0700Rp0009_UoM36 Hydrology Report). 

f) The model has an initial condition set to hot start.  

g) As discussed in section 4.5.3 (1), at culvert 3615M00103 on the Aghnaskerry the LiDAR data does not 

fully capture the Eastern Access Road. Flooding is able to leave the watercourse and flow along low 

topography before rejoining the main channel. This shows sections of the Eastern Access Road 

underwater. The flood extents/depths in the area would be different if the road had been captured in 

the LiDAR dataset. The current LiDAR data shows the bridge under construction.  

h) On the MPW Dromore River outside the AFA boundary there is a degree of uncertainty regarding 

representation of lake storage capacity in 1D modelled sections. The MPW flows through a drumlin 

landscape with lakes connected to the reach both online and offline. The survey resolution of MPW 

has meant fewer cross sections have been taken a further distance apart which in some areas may 

have missed the widest or deepest section through a lake. Therefore the attenuation on the MPW has 

not been fully represented. 

i) Observed flooding to rural roads and outlying properties may be represented less accurately than 

within the AFA. The MPW is modelled using cross section data only.  It was found during the Draft 

modelling stage that the cross sections did contain enough data on the left and right banks.  As water 
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levels increased, the floodplain could not be accurately represented as water was not able to spill as 

required.  During the draft final modelling stage, cross sections on the Dromore River from chainage 

24343m to 71361m, Keadew River from chainage 0m to 5944m and the Cavan River from chainage 

10745m to 14598m were extended with the use of the NDHM to provide enough information of the 

floodplain and allow water to spill as necessary.  Background mapping from the NDHM was applied to 

the MPW which allowed for more accurate floodplain representation between the 1D cross sections.  

Finally, specific areas such as lakes (online and offline) were highlighted beyond the 1D cross sections 

and connected to the nearest cross section to produce a more accurate mapping output. It should be 

noted the NDHM applied to the background of the MPW and the additional highlighted lakes simply 

project the water level from the associated cross section onto the topography. This methodology is 

further discussed in Section 3.8 – it provides no attenuation for the MPW but provides improved 

mapping. 

j) The N3 road bridge which should be located at cross section 3601M00965, chainage 62340m on the 

Dromore River MPW has not been included in the model as the bridge was under construction during 

the survey. In addition, the N3 road between the roundabout at Kilconny and where it intersects the 

L1535 road has not been captured in the NDHM as it was not constructed when the dataset was 

produced.  This may result in misrepresentation of flood extents along the right bank of the Dromore 

River in the Bun area. However this does not affect the modelled flood extents within the AFA.  This 

has been verified by checking the modelled water levels at the bridge site on Dromore MPW and at the 

downstream extent of the AFA during the 1% AEP design event.  The peak water level at chainage 

62339.74m on the Dromore River (near the bridge site) is 47.434m OD Malin. The peak water level at 

chainage 10006.11m on the Cavan River (downstream extent of the AFA) is 49.767m OD Malin. The 

AFA is located on significantly higher land than the downstream bridge site on the Dromore MPW.  

There is a difference of over 2m between the water levels and as such inclusion of a bridge structure 

would have no impact. 

(3) Design Event Runs & Hydraulic Model Handover Notes: 

The model is too big to produce full HD mapping for each AEP in one run. The model requires separate 

runs with the HD Maps split into three separate output files. These need to be rejoined after all the runs 

have been completed.   

Aghnaskerry 

Flooding occurs during all AEP events on the Aghnaskerry. The reach has a steep downward gradient 

from 0 to 582m where it fills into a small lake. There is no flooding during any events at these chainages, 

all structures have enough capacity for the flows. Downstream of the lake culvert 3615M00103 restricts 

the flow and holds water back. This results in flooding of the low lying land surrounding the lake. The 0.1% 

and 1% flood events affect the Eastern Access Road. There is flooding during the 0.1% AEP event at 

lower sections of the river. There are 3 culverts in the lower section of the river none of which have 

capacity to cope with the 0.1% flows. However the peak levels recorded from this reach and the majority 

of flooding is caused by backflow from the river Cavan which peaks after the Aghnaskerry. 
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Annagelliff 

Flooding at the top of the Annagellif River is due to a long 0.6m diameter pipe. This structure does not 

have capacity for the 0.1%, 1% or 10% flows and causing flooding which affects fields and the N3 Dublin 

Road. At Annagelliff's confluence with the Cavan River there is a backflow effect which causes flooding of 

fields during all three AEP events.  

 

Cullies 

There is no flooding in the Cullies reach from chainage 0 to 3145m. But flooding occurs at the downstream 

extents from chainage 3154m to the end of the reach. The flooding here is mainly due to the backflow 

effect from the River Cavan, the rest of the river and the structures have enough volume capacity to cope 

with the flows.   

 

Curragho 

The bridge structure 3610M00368D restricts the 0.1% flow and flooding occurs upstream. This affects the 

R188 road. The long culvert 3610M00346I is a 0.8m diameter pipe and also causes minimal flooding 

during the 0.1% event. Flooding occurs from cross section 3082 as water levels build up as pipe 

3610M00153I is filled to capacity. This flooding affects some properties during the 0.1% and 1% events. 

There is a small area flooded during the 0.1% and 1% flooding upstream of the long culvert 3610M00082I.  

 

Derrychamp 

There is flooding along the Derrychamp reach from chainage 395m, there is very little flooding from 0.1% 

flows running down the reach. The majority of flooding is due to backflow from the River Sweelan.      

   

Drumbar 

There is very little flooding along the upper reaches of the Drumbar. Most of the channel has the capacity 

to cope with the 0.1% AEP flows. Again the majority of flooding at the downstream extents is due to 

backflow from the River Cavan which shows flooding during the 0.1%, 1% and 10% AEP events.  

 

Drumcrauve 

Flooding occurs at the upstream extents of the Drumcrauve where a 0.6m diameter pipe restricts flows at 

the culvert 3618M00083I. This causes minimal flooding of fields with 0.1%, 1% and 10% flows, no 

properties are affected. There is flooding at the confluence with the River Cavan which backflows into the 

reach. 
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Drumherrish 

There is no flooding along the Drumherrish reach during any of the three AEP events.  

 

Gartnasillagh 

The bridge structure on the Gartnasillagh reach at chainage 793m prevents water from moving 

downstream and therefore causes extensive flooding at the upper sections of the Garnasillagh reach. The 

low lying land floods during the 0.1%, 1% and 10% events. Mostly fields are affected. The flooding 

continues downstream of the structure to the end of the reach. This is due to the channel having low bank 

markers and insufficient capacity to carry to the flows.   

 

Keadew 

The Keadew River was modelled 1D even though chainage 0m to 1279m is designated HPW. None of the 

reach is covered by the LiDAR dataset and it was not necessary to apply the NDHM as there is very little 

flooding on the Keadew. Some structures along the reach are restrictive and water levels build up slightly.  

 

Moynehall 

There is very little flooding along the Moynehall reach. At cross section 1381 there is a small amount of 

flooding from 0.1% flows. This is due to low bank markers and a sharp right angled bend in the channel. 

Flooding also occurs on the left bank between cross sections 1951 to 2075, due to low bank markers and 

not enough capacity in the channel for 0.1% or 1% flows.    

 

Reask 

There is little flooding in the upper reaches of the Reask. At the lower end the reach joins the Annagelliff 

via a long culvert pipe 0.9m in diameter, structure 3617M00013I. This pipe does not have the capacity to 

cope with the 0.1% flows which spill at the upstream cross section and travel across the land to rejoin the 

Annagelliff. Properties are affected in the area.   

 

Sweelan 

As discussed Sweelan Lough was captured as a constant water level in the LiDAR data. As flood waters 

build up in cross section 824 the water spills onto the lake and fills to flood the surrounding area. There 

are no structures on the River Sweelan, the flooding continues downstream and many fields are flooded 

during the 0.1%, 1% and 10% events.   

Cavan (Please view Section 4.5.5(2) which discusses model updates for Final) 

Flooding occurs between sections 329 to 1067, the cross sections cannot cope with the build-up of water 
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levels. There is extensive 0.1% and 1% flooding and a small area of 10% flooding.  

0.1% flooding occurs downstream of the confluence with the Drumcrauve reach. Bridge 3606M01323D is 

restricting flows.  

The N3 road bridge, 3606M01299I is restricting flows and causing flooding during the 0.1% and 1% 

events.    

There is significant flooding around the confluence with the Annagelliff. Initially water levels are high as 

culvert 3606M01257D at chainage 2038m restricts the flow, there is also a weir at cross section 2044. The 

next structure 3606M01194D at 2684 is also holding water back. Flooding occurs during all three AEP 

events and the high water levels backflow into the Annagelliff causing flooding at the downstream extents 

of the reach.  

There is a small lake where the Aghnaskerry joins the river Cavan. This is an area of low lying land which 

floods extensively during the 0.1%, 1% and 10% events. The LiDAR data has captured a water level and 

allowed the flood water to spill on top of the lake and surrounding area. The high water levels in the lake 

area are caused by the bridge at 3820 stopping flow moving downstream.  

Flooding occurs near Breffni Park during all three events as the channel has insufficient capacity to cope 

with the flows.  

There is flooding in the main town during the 0.1% AEP event. Critical structures at Colman Road and 

Railway Road were identified and discussed in section 4.5.3. The next flooding occurs from cross sections 

7544 to 8026. The channel has insufficient capacity to cope with the flows. Flooding occurs during all three 

AEP events but does not affect any properties.    

Properties are at risk during the 0.1% flooding which occurs between cross sections 8505 to 9241, this is 

due to low bank markers and inadequate channel capacity. 

Flooding occurs during 0.1% flows from the right bank of cross section 9320 to flood a low lying land area 

which contains a small lake.  

Extensive flooding at the downstream end (from chainage 9576m to the end of the reach) of the Cavan 

reach occurs during 0.1%, 1% and 10% AEP events. This is caused by significant backflow from the 

Dromore River.  

 

Dromore  

The Dromore River was modelled as 1D as it is a MPW. Some structures along the reach are restrictive 

and water levels build up. The MPW has had cross sections extended using the NDHM. The limitations of 

this method are discussed in 4.5.6 (2) (h) and (i).  

(4) Hydraulic Model Deliverables: 

Please see Appendix E for a list of all model files provided with this report. 
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(5) Quality Assurance: 

Model Constructed by: 

Model Reviewed by: 

Model Approved by: 

Tanya Ballentine 

Stephen Patterson 

Malcolm Brian 
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5 CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

Hydraulic analysis was undertaken in order to identify the location and frequency of flooding within the 

extents of the UoM36 modelled watercourses. The analysis utilised MIKE computational modelling 

software informed by detailed topographical survey information (channel sections, in-channel/flood 

defence structures, bathymetric and floodplain), combined with hydrological inputs (riverine inflows 

and sea levels) and water-level control parameters (such as channel-roughness), to determine flood 

hazard. A series of flood extent, zone, depth, velocity and risk-to-life maps known collectively as flood 

hazard maps were generated based on the model results.  

The influence of coastal water levels has been modelled by applying an appropriate water level 

boundary profile to the downstream extent of the coastal river model – Bundoran and Tullaghan.  Tidal 

data has been taken from the Irish Coastal Protection Strategy Study (ICPSS). The effects of the sea 

levels are propagated upstream by the modelling software allowing the interaction of river flows and 

coastal water levels to be modelled accurately. Model tests included variation in fluvial-tidal joint 

probability and temporal variations, along with parameters such as eddy viscosity and bed resistance.  

In some AFAs, relative timings between fluvial and coastal peaks were adjusted to establish the worst 

case flood outlines, for a particular combination of events. 

Key flood events were used in the calibration of each model whereby the model was reviewed in order 

to make sure historic flooding is accurately represented; the principal model parameters that are 

reviewed and amended during the model calibration process are: 

• Bed and floodplain roughness coefficients; 

• Structure roughness and head loss coefficients; 

• Timing of hydrographs; 

• Magnitude of hydrographs; 

• Incorporation of additional survey information (e.g. additional cross-sections or missed 

structures). 

There is moderate confidence in the hydraulic assessment of the Ballyconnell, Bundoran and 

Tullaghan AFAs.  Although there are no gauging stations present and there is a lack of calibration and 

verification data, the models replicate the flood mechanisms described from the available flood event 

records and are considered to be performing satisfactorily for design event simulation.  

There is high confidence in the hydraulic assessment of the Ballybay and Cavan AFAs due to the 

presence of gauging stations and flood extent verification events.   

There is poor confidence in the hydraulic assessment of the Ballinamore AFA as there is little or poor 

data to calibrate the model.   

The accuracy of the models representing existing conditions in terms of flood level, depth, extent and 

flow velocity allows potential flood options to be meaningfully assessed, enabling the appropriate 
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actions/decisions to be taken.  The calibrated models were used to simulate present day and future 

flood hazard conditions and potential options to facilitate the appraisal of possible flood risk 

management actions and measures. 

There were no defence failure scenarios required for UoM36.  Sensitivity tests have been conducted 

for each model, and reported within Chapter 4.  The parameters selected for the sensitivity analysis 

were dependent on the specific model but generally included:   

• roughness coefficients 

• critical structure coefficients 

• flow inputs 

• operation of dynamic structures 

• downstream boundary conditions 

• representation of buildings in 2D model domain 

• timing of tributaries 

• flow volume 

It was concluded from the sensitivity analysis that the model parameter with the greatest influence is 

the peak discharge, with all models being moderately or highly sensitive to this parameter (with an 

associated impact on the number of receptors). In addition, the Ballinamore model is sensitive to a 

change in the hydrograph volume.  The Cavan model is considered to have a moderate sensitivity to a 

change in the 1D/2D model roughness parameters and a change to how buildings are defined within 

the 2D model domain. 

Future potential changes which may affect the outputs of the CFRAM Study were also assessed.  

Urbanisation and afforestation allowances are applied on a case by case basis as required, the factors 

themselves having been derived during the hydrology analysis by looking at historic urbanisation 

growth indicators and estimating appropriate growth factors for MRFS and HEFS.  

There are inherent assumptions, limitations and uncertainty associated with hydraulic modelling, which 

are detailed for each hydraulic model within Chapter 4.  The issues addressed include:   

• schematisation decisions regarding out-of-bank flow routes; 

• culvert/bridge schematisation (including skew angle considerations); 

• sweetening flow assumptions; 

• comments and notes throughout to reflect data sources; changes to parameters from default; 

• explanation of parameters used that are outside of the expected ranges; and 

• any other atypical assumptions made. 

The objective of hydraulic analysis is to gain a detailed understanding of the Study area’s flood 

response and mechanisms to assess both flood risk and determine flood risk management solutions.  

Given the detailed hydraulic modelling analysis of historic flood events, and estimation of design and 
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future flood level, depth, velocity and extent conditions for each AFA within this study, it is concluded 

that no further hydrodynamic modelling or analysis is required to satisfy the requirements of the project 

brief.  The accuracy of the models representing existing conditions in terms of flood level, depth, 

extent and flow velocity has allowed the possible benefits of flood options to be meaningfully 

assessed, allowing the appropriate actions/decisions to be taken.  

5.2 RECOMMENDATIONS 

Future users of each hydraulic model should be fully aware of the assumptions, limitations, sensitivity 

and uncertainty (as discussed within this report) when assessing the output from hydraulic model 

simulations.   

It is recommended that the interaction of fluvial flooding with surface water flooding and the urban 

drainage network is investigated in Cavan.  Although the Cavan AFA is considered to have low 

sensitivity to a change in the downstream boundary condition, it is recommended that future users of 

this model are aware of potential changes in water level from Belturbet to the downstream extent of 

the model (depending on the boundary condition selected). 

It is recommended that should an extreme flood occur in the future, then a comprehensive post-flood 

survey is completed.  The data collected should be used during a review of the hydraulic analysis in 

order to determine if any model updates are required (and further improve the calibration / validation of 

the model). 

There is poor to moderate confidence in the Ballinamore, Ballyconnell, Bundoran and Tullaghan 

hydraulic analysis.  All of these AFAs have been shown to have very low or no flood risk (following 

completion of the flood risk assessment).  However, in order to improve the confidence in each model, 

it is recommended a review is undertaken to identify where improvements to the hydrometric network 

could be made.  This would lead to increased data availability which could be used in future flood flow 

analysis. 
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Appendix A 

 

Bundoran and Tullaghan AFA 

Additional Information 

 
List of background information included: 

 1D Structures Modelled in the 1D Domain 

 1D Structures Modelled in the 2D Domain 

 River Long Section Profiles 

 Final Model Files – Design 

 Final Model Files – Sensitivity 

 GIS Deliverables – Hazard 

 GIS Deliverables – Risk 



 A  

1D Structures 

1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** 
LENGTH 

(m) 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT 
FROM INVERT (m) 

MANNINGS N 

Drowes River 1235.505 3626M00379D 5.3 Arch x 8 3.1m 4.2m 1.8m 0.013 

Drowes River 4254.486 3626M00078D 15.0 Irregular 4.8m 19.9m N/A 0.013 

Drowes River 4914.52 3626M00012D 8.4 Arch x 3 3.1m 7.3m 1.3m 0.013 

Drowes River Tributary 1 105.25 3626A00018D 7.3 Irregular 1.8m 9.6 N/A 0.013 

Drumacrin 464.6 3630M00148I 38.1 Circular 1.2m N/A N/A 0.013 

Drumacrin* 1566 3630M00069I 622.4 Arch 1.9m 2.5m 1.1m 0.013 

RIVER_BRADOGE 715.59 3629M00199D 6.2 Irregular 3.4m 5.4m 1.7m 0.013 

RIVER_BRADOGE 890.2 3629M00184I 50.0 Irregular 3.0m 3.3m N/A 0.013 

RIVER_BRADOGE 2331.68 3629M00037D  2.9 Irregular 2.7m 23.2m N/A 0.013 

RIVER_BRADOGE 2383.15 3629M00033D 9.4 Irregular 2.3m 7.4m N/A 0.013 

RIVER_BRADOGE 2573.04 3629M00014D 9.8 Arch 4.9m 9.0m 1.7m 0.013 

RIVER_BRADOGE 2620.08 3629M00009D 2.6 Arch 2.5m 16.6m 1.7m 0.013 

Sruhannafulla 247.023 3628M00347I 9.8 Circular 0.5m N/A N/A 0.013 

Sruhannafulla 569.919 3628M00314I 6.4 Circular 0.3m N/A N/A 0.013 

Sruhannafulla 578.42 3628M00312I 2.7 Irregular 0.3m 0.6m N/A 0.013 

Sruhannafulla 1404.789 3628M00230I 2.8 Irregular 0.6m 1.2m N/A 0.013 

Sruhannafulla 1697.343 3628M00209I 51.6 Circular 1.0m N/A N/A 0.013 

Sruhannafulla 1843.4 3628M00188I 20.8 Circular 1.0m N/A N/A 0.013 

Sruhannafulla* 1907 3628M00184I 105.8 Circular 1.0m N/A N/A 0.013 

Sruhannafulla 2214.1 3628M00149I 9.7 Irregular 1.0m 1.2m N/A 0.013 

Sruhannafulla 3104.879 3628M00060I 5.6 Irregular x 2 0.9m, 1.0m 0.7m, 0.7m N/A 0.013 

Tullaghan 134.046 3627M00192I 6.6 Circular x 2 0.7m N/A N/A 0.013 

Tullaghan 172.933 3627M00190I 4.1 Circular 0.7m N/A N/A 0.013 

Tullaghan 219.18 3627M00184D 2.2 Irregular 0.9m 1.0m N/A 0.013 

Tullaghan 706.006 3627M00135D 7.3 Arch 0.9m 1.7m 0.6m 0.013 

Tullaghan 945.852 3627M00111I 11.0 Circular x 2 1.0m N/A N/A 0.013 

Tullaghan 980.107 3627M00107D 2.3 Arch 1.5m 2.3m 0.9m 0.013 

Tullaghan 1094.768 3627M00095J(2)  3.2 Circular 0.6m N/A N/A 0.013 

Tullaghan 1094.768 3627M00095J 3.2 Circular 0.6m N/A N/A 0.013 

Tullaghan 1377.755 3627M00069I 4.5 Circular x 2 0.5m N/A N/A 0.013 

Tullaghan 1811.224 3627M00025I 3.6 Circular x 2 0.5m N/A N/A 0.013 

Tullaghan 1969.27 3627M00010I 32.0 Circular 1.7m N/A N/A 0.013 
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Structure Details - Weirs: 

RIVER BRANCH CHAINAGE ID MANNING'S N TYPE 

 
 

Tullaghan 966.848 3627M00109W 0.050 Broad Crested Weir 

Drowes River 4951.566 3626M00008W  0.045 Broad Crested Weir 

Drowes River Tributary 1 211.883 3626A00008W 0.045 Broad Crested Weir 

  

1D Structures modelled in the 2D domain 

Structure Details - Bridges and Culverts: 

None 

Structure Details - Weirs: 

None 

 

* Denotes structures incorporated as closed cross-sections only (and therefore not included in the Network file). 

** Structure ID Key:  

D – Bridge Upstream Face 

E – Bridge Downstream Face 

I – Culvert Upstream Face 

J – Culvert Downstream Face 

NB: All other weirs in the Network file are over topping weirs which form part of a composite structure with the culvert/bridge at the 

corresponding chainage. 
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River Long Section Profiles 

 

Drowes Watercourse 0.1% AEP Fluvial Flow 

The River Drowes is the largest reach associated with the Bundoran and Tullaghan model; it is the source of the majority of flooding in the model. No model 

instabilities were identified along this reach.  This is further supported via the mass-balance assessment; see 'Section 4.1.5, Summary of Calibration'. 

 

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

N15 Road Bridge 

3626M00078D 

at Chainage 

4254.5 

Sruhannafulla 

Reach joins 

Drowes River 
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Final Model Files – Design 

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BUND5_MF_DES_1_F2yr_C2yr HA36_BUND5_M21_DES_1_F2yr_C2yr HA36_BUND_TWL_15min_Delay HA36_BUND5_M21_DES_1_F2yr_C2yr 

HA36_BUND5_MF_DES_1_F2yr_C5yr HA36_BUND5_M21_DES_1_F2yr_C5yr  HA36_BUND_TWL_15min_Delay_MRFS HA36_BUND5_M21_DES_1_F2yr_C5yr 

HA36_BUND5_MF_DES_1_F2yr_C10yr HA36_BUND5_M21_DES_1_F2yr_C10yr  HA36_BUND_TWL_15min_Delay_HEFS HA36_BUND5_M21_DES_1_F2yr_C10yr 

HA36_BUND5_MF_DES_1_F2yr_C20yr HA36_BUND5_M21_DES_1_F2yr_C20yr   HA36_BUND5_M21_DES_1_F2yr_C20yr 

HA36_BUND5_MF_DES_1_F2yr_C50yr HA36_BUND5_M21_DES_1_F2yr_C50yr   HA36_BUND5_M21_DES_1_F2yr_C50yr 

HA36_BUND5_MF_DES_1_F2yr_C100yr HA36_BUND5_M21_DES_1_F2yr_C100yr   HA36_BUND5_M21_DES_1_F2yr_C100yr 

HA36_BUND5_MF_DES_1_F2yr_C200yr HA36_BUND5_M21_DES_1_F2yr_C200yr   HA36_BUND5_M21_DES_1_F2yr_C200yr 

HA36_BUND5_MF_DES_1_F2yr_C1000yr HA36_BUND5_M21_DES_1_F2yr_C1000yr  HA36_BUND5_M21_DES_1_F2yr_C1000yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C2yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C2yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C2yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C5yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C5yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C5yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C10yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C10yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C10yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C20yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C20yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C20yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C50yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C50yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C50yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C100yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C100yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C100yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C200yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C200yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C200yr 

HA36_BUND5_MF_DES_1_MRFS_F2yr_C1000yr HA36_BUND5_M21_DES_1_MRFS_F2yr_C1000yr  HA36_BUND5_M21_DES_1_MRFS_F2yr_C1000yr 

HA36_BUND5_MF_DES_3_HEFS_F2yr_C10yr HA36_BUND5_M21_DES_3_HEFS_F2yr_C10yr  HA36_BUND5_M21_DES_3_HEFS_F2yr_C10yr 

HA36_BUND5_MF_DES_3_HEFS_F2yr_C200yr HA36_BUND5_M21_DES_3_HEFS_F2yr_C200yr  HA36_BUND5_M21_DES_3_HEFS_F2yr_C200yr 

HA36_BUND5_MF_DES_3_HEFS_F2yr_C1000yr HA36_BUND5_M21_DES_3_HEFS_F2yr_C1000yr  HA36_BUND5_M21_DES_3_HEFS_F2yr_C1000yr 

HA36_BUND5_MF_DES_3_F5yr_C2yr HA36_BUND5_M21_DES_3_F5yr_C2yr  HA36_BUND5_M21_DES_3_F5yr_C2yr 

HA36_BUND5_MF_DES_3_F10yr_C2yr HA36_BUND5_M21_DES_3_F10yr_C2yr  HA36_BUND5_M21_DES_3_F10yr_C2yr 

HA36_BUND5_MF_DES_3_F20yr_C2yr HA36_BUND5_M21_DES_3_F20yr_C2yr  HA36_BUND5_M21_DES_3_F20yr_C2yr 

HA36_BUND5_MF_DES_3_F50yr_C2yr HA36_BUND5_M21_DES_3_F50yr_C2yr  HA36_BUND5_M21_DES_3_F50yr_C2yr 

HA36_BUND5_MF_DES_3_F100yr_C2yr HA36_BUND5_M21_DES_3_F100yr_C2yr  HA36_BUND5_M21_DES_3_F100yr_C2yr 

HA36_BUND5_MF_DES_3_F200yr_C2yr HA36_BUND5_M21_DES_3_F200yr_C2yr  HA36_BUND5_M21_DES_3_F200yr_C2yr 
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MIKE FLOOD Continued MIKE 21 Continued Boundary DFS0 FILE Continued MIKE 21 RESULTS Continued 

HA36_BUND5_MF_DES_3_F1000yr_C2yr HA36_BUND5_M21_DES_3_F1000yr_C2yr  HA36_BUND5_M21_DES_3_F1000yr_C2yr 

HA36_BUND5_MF_DES_3_MRFS_F5yr_C2yr HA36_BUND5_M21_DES_3_MRFS_F5yr_C2yr  HA36_BUND5_M21_DES_3_MRFS_F5yr_C2yr 

HA36_BUND5_MF_DES_3_MRFS_F10yr_C2yr HA36_BUND5_M21_DES_3_MRFS_F10yr_C2yr  HA36_BUND5_M21_DES_3_MRFS_F10yr_C2yr 

HA36_BUND5_MF_DES_3_MRFS_F20yr_C2yr HA36_BUND5_M21_DES_3_MRFS_F20yr_C2yr  HA36_BUND5_M21_DES_3_MRFS_F20yr_C2yr 

HA36_BUND5_MF_DES_3_MRFS_F50yr_C2yr HA36_BUND5_M21_DES_3_MRFS_F50yr_C2yr  HA36_BUND5_M21_DES_3_MRFS_F50yr_C2yr 

HA36_BUND5_MF_DES_3_MRFS_F100yr_C2yr HA36_BUND5_M21_DES_3_MRFS_F100yr_C2yr  HA36_BUND5_M21_DES_3_MRFS_F100yr_C2yr 

HA36_BUND5_MF_DES_3_MRFS_F200yr_C2yr HA36_BUND5_M21_DES_3_MRFS_F200yr_C2yr  HA36_BUND5_M21_DES_3_MRFS_F200yr_C2yr 

HA36_BUND5_MF_DES_3_MRFS_F1000yr_C2yr HA36_BUND5_M21_DES_3_MRFS_F1000yr_C2yr  HA36_BUND5_M21_DES_3_MRFS_F1000yr_C2yr 

HA36_BUND5_MF_DES_3_HEFS_F10yr_C2yr HA36_BUND5_M21_DES_3_HEFS_F10yr_C2yr  HA36_BUND5_M21_DES_3_HEFS_F10yr_C2yr 

HA36_BUND5_MF_DES_3_HEFS_F100yr_C2yr HA36_BUND5_M21_DES_3_HEFS_F100yr_C2yr  HA36_BUND5_M21_DES_3_HEFS_F100yr_C2yr 

HA36_BUND5_MF_DES_3_HEFS_F1000yr_C2yr HA36_BUND5_M21_DES_3_HEFS_F1000yr_C2yr  HA36_BUND5_M21_DES_3_HEFS_F1000yr_C2yr 

 Roughness: HA36_BUND5_Corine_DES_1   

 Bathymetry: HA36_BUND5_DFS2_DES_1   
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MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BUND5_M11_DES_1_F2yr_C5yr HA36_BUND5_NWK_DES_1 HA36_BUND5_XNS_DES_1 HA36_BUND5_BND_DES_1_F2yr 

HA36_BUND5_M11_DES_1_F2yr_C10yr HA36_BUND5_NWK_DES_3 HA36_BUND5_XNS_DES_3  HA36_BUND5_BND_DES_1_F5yr 

HA36_BUND5_M11_DES_1_F2yr_C20yr      HA36_BUND5_BND_DES_1_F10yr 

HA36_BUND5_M11_DES_1_F2yr_C50yr     HA36_BUND5_BND_DES_1_F20yr 

HA36_BUND5_M11_DES_1_F2yr_C100yr     HA36_BUND5_BND_DES_1_F50yr 

HA36_BUND5_M11_DES_1_F2yr_C200yr   HA36_BUND5_BND_DES_1_F100yr 

HA36_BUND5_M11_DES_1_F2yr_C1000yr   HA36_BUND5_BND_DES_1_F200yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C2yr   HA36_BUND5_BND_DES_1_F1000yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C5yr   HA36_BUND5_BND_DES_1_MRFS_F2yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C10yr   HA36_BUND5_BND_DES_1_MRFS_F5yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C20yr   HA36_BUND5_BND_DES_1_MRFS_F10yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C50yr   HA36_BUND5_BND_DES_1_MRFS_F20yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C100yr   HA36_BUND5_BND_DES_1_MRFS_F50yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C200yr   HA36_BUND5_BND_DES_1_MRFS_F100yr 

HA36_BUND5_M11_DES_1_MRFS_F2yr_C1000yr   HA36_BUND5_BND_DES_1_MRFS_F200yr 

HA36_BUND5_M11_DES_3_HEFS_F2yr_C10yr   HA36_BUND5_BND_DES_1_MRFS_F1000yr 

HA36_BUND5_M11_DES_3_HEFS_F2yr_C200yr   HA36_BUND5_BND_DES_1_HEFS_F10yr 

HA36_BUND5_M11_DES_3_HEFS_F2yr_C1000yr   HA36_BUND5_BND_DES_1_HEFS_F100yr 

HA36_BUND5_M11_DES_3_F2yr_C2yr   HA36_BUND5_BND_DES_1_HEFS_F1000yr 

HA36_BUND5_M11_DES_3_F5yr_C2yr    

HA36_BUND5_M11_DES_3_F10yr_C2yr    

HA36_BUND5_M11_DES_3_F20yr_C2yr    

HA36_BUND5_M11_DES_3_F50yr_C2yr    

HA36_BUND5_M11_DES_3_F100yr_C2yr    

HA36_BUND5_M11_DES_3_F200yr_C2yr    

HA36_BUND5_M11_DES_3_F1000yr_C2yr    

HA36_BUND5_M11_DES_3_MRFS_F5yr_C2yr    

HA36_BUND5_M11_DES_3_MRFS_F10yr_C2yr    
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MIKE 11 - SIM FILE Continued MIKE 11 - NETWORK FILE Continued MIKE 11 - CROSS-SECTION FILE Continued MIKE 11 - BOUNDARY FILE Continued 

HA36_BUND5_M11_DES_3_MRFS_F20yr_C2yr    

HA36_BUND5_M11_DES_3_MRFS_F50yr_C2yr    

HA36_BUND5_M11_DES_3_MRFS_F100yr_C2yr    

HA36_BUND5_M11_DES_3_MRFS_F200yr_C2yr    

HA36_BUND5_M11_DES_3_MRFS_F1000yr_C2yr    

HA36_BUND5_M11_DES_3_HEFS_F10yr_C2yr    

HA36_BUND5_M11_DES_3_HEFS_F100yr_C2yr    

HA36_BUND5_M11_DES_3_HEFS_F1000yr_C2yr    
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MIKE 11 - DFS0 FILE  MIKE 11 – HD FILE MIKE 11 - RESULTS FILE  HD RESULTS FILE 

HA36_BUND5_DFS0_DES_1_F2yr HA36_BUND5_HD_DES_1_F2yr_C5yr HA36_BUND5_M11_DES_1_F2yr_C2yr HA36_BUND5_HDmap_DES_1_F2yr_C2yr 

HA36_BUND5_DFS0_DES_1_F5yr HA36_BUND5_HD_DES_1_F2yr_C10yr HA36_BUND5_M11_DES_1_F2yr_C5yr HA36_BUND5_HDmap_DES_1_F2yr_C5yr 

HA36_BUND5_DFS0_DES_1_F10yr HA36_BUND5_HD_DES_1_F2yr_C20yr HA36_BUND5_M11_DES_1_F2yr_C10yr HA36_BUND5_HDmap_DES_1_F2yr_C10yr 

HA36_BUND5_DFS0_DES_1_F20yr HA36_BUND5_HD_DES_1_F2yr_C50yr HA36_BUND5_M11_DES_1_F2yr_C20yr HA36_BUND5_HDmap_DES_1_F2yr_C20yr 

HA36_BUND5_DFS0_DES_1_F50yr HA36_BUND5_HD_DES_1_F2yr_C100yr HA36_BUND5_M11_DES_1_F2yr_C50yr HA36_BUND5_HDmap_DES_1_F2yr_C50yr 

HA36_BUND5_DFS0_DES_1_F100yr HA36_BUND5_HD_DES_1_F2yr_C200yr HA36_BUND5_M11_DES_1_F2yr_C100yr HA36_BUND5_HDmap_DES_1_F2yr_C100yr 

HA36_BUND5_DFS0_DES_1_F200yr HA36_BUND5_HD_DES_1_F2yr_C1000yr HA36_BUND5_M11_DES_1_F2yr_C200yr HA36_BUND5_HDmap_DES_1_F2yr_C200yr 

HA36_BUND5_DFS0_DES_1_F1000yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C2yr HA36_BUND5_M11_DES_1_F2yr_C1000yr HA36_BUND5_HDmap_DES_1_F2yr_C1000yr 

HA36_BUND5_DFS0_DES_1_MRFS_F2yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C5yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C2yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C2yr 

HA36_BUND5_DFS0_DES_1_MRFS_F5yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C10yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C5yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C5yr 

HA36_BUND5_DFS0_DES_1_MRFS_F10yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C20yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C10yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C10yr 

HA36_BUND5_DFS0_DES_1_MRFS_F20yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C50yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C20yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C20yr 

HA36_BUND5_DFS0_DES_1_MRFS_F50yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C100yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C50yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C50yr 

HA36_BUND5_DFS0_DES_1_MRFS_F100yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C200yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C100yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C100yr 

HA36_BUND5_DFS0_DES_1_MRFS_F200yr HA36_BUND5_HD_DES_1_MRFS_F2yr_C1000yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C200yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C200yr 

HA36_BUND5_DFS0_DES_1_MRFS_F1000yr HA36_BUND5_HD_DES_3_HEFS_F2yr_C10yr HA36_BUND5_M11_DES_1_MRFS_F2yr_C1000yr HA36_BUND5_HDmap_DES_1_MRFS_F2yr_C1000yr 

HA36_BUND5_DFS0_DES_1_HEFS_F10yr HA36_BUND5_HD_DES_3_HEFS_F2yr_C200yr HA36_BUND5_M11_DES_3_HEFS_F2yr_C10yr HA36_BUND5_HDmap_DES_3_HEFS_F2yr_C10yr 

HA36_BUND5_DFS0_DES_1_HEFS_F100yr HA36_BUND5_HD_DES_3_HEFS_F2yr_C1000yr HA36_BUND5_M11_DES_3_HEFS_F2yr_C200yr HA36_BUND5_HDmap_DES_3_HEFS_F2yr_C200yr 

HA36_BUND5_DFS0_DES_1_HEFS_F1000yr HA36_BUND5_HD_DES_3_F2yr_C2yr HA36_BUND5_M11_DES_3_HEFS_F2yr_C1000yr HA36_BUND5_HDmap_DES_3_HEFS_F2yr_C1000yr 

 HA36_BUND5_HD_DES_3_F5yr_C2yr HA36_BUND5_M11_DES_3_F5yr_C2yr HA36_BUND5_HDmap_DES_3_F5yr_C2yr 

 HA36_BUND5_HD_DES_3_F10yr_C2yr HA36_BUND5_M11_DES_3_F10yr_C2yr HA36_BUND5_HDmap_DES_3_F10yr_C2yr 

 HA36_BUND5_HD_DES_3_F20yr_C2yr HA36_BUND5_M11_DES_3_F20yr_C2yr HA36_BUND5_HDmap_DES_3_F20yr_C2yr 

 HA36_BUND5_HD_DES_3_F50yr_C2yr HA36_BUND5_M11_DES_3_F50yr_C2yr HA36_BUND5_HDmap_DES_3_F50yr_C2yr 

 HA36_BUND5_HD_DES_3_F100yr_C2yr HA36_BUND5_M11_DES_3_F100yr_C2yr HA36_BUND5_HDmap_DES_3_F100yr_C2yr 

 HA36_BUND5_HD_DES_3_F200yr_C2yr HA36_BUND5_M11_DES_3_F200yr_C2yr HA36_BUND5_HDmap_DES_3_F200yr_C2yr 

 HA36_BUND5_HD_DES_3_F1000yr_C2yr HA36_BUND5_M11_DES_3_F1000yr_C2yr HA36_BUND5_HDmap_DES_3_F1000yr_C2yr 

 HA36_BUND5_HD_DES_3_MRFS_F5yr_C2yr HA36_BUND5_M11_DES_3_MRFS_F5yr_C2yr HA36_BUND5_HDmap_DES_3_MRFS_F5yr_C2yr 

 HA36_BUND5_HD_DES_3_MRFS_F10yr_C2yr HA36_BUND5_M11_DES_3_MRFS_F10yr_C2yr HA36_BUND5_HDmap_DES_3_MRFS_F10yr_C2yr 
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MIKE 11 - DFS0 FILE Continued  MIKE 11 – HD FILE Continued MIKE 11 - RESULTS FILE Continued  HD RESULTS FILE Continued 

 HA36_BUND5_HD_DES_3_MRFS_F20yr_C2yr HA36_BUND5_M11_DES_3_MRFS_F20yr_C2yr HA36_BUND5_HDmap_DES_3_MRFS_F20yr_C2yr 

 HA36_BUND5_HD_DES_3_MRFS_F50yr_C2yr HA36_BUND5_M11_DES_3_MRFS_F50yr_C2yr HA36_BUND5_HDmap_DES_3_MRFS_F50yr_C2yr 

 HA36_BUND5_HD_DES_3_MRFS_F100yr_C2yr HA36_BUND5_M11_DES_3_MRFS_F100yr_C2yr HA36_BUND5_HDmap_DES_3_MRFS_F100yr_C2yr 

 HA36_BUND5_HD_DES_3_MRFS_F200yr_C2yr HA36_BUND5_M11_DES_3_MRFS_F200yr_C2yr HA36_BUND5_HDmap_DES_3_MRFS_F200yr_C2yr 

 HA36_BUND5_HD_DES_3_MRFS_F1000yr_C2yr HA36_BUND5_M11_DES_3_MRFS_F1000yr_C2yr HA36_BUND5_HDmap_DES_3_MRFS_F1000yr_C2yr 

 HA36_BUND5_HD_DES_3_HEFS_F10yr_C2yr HA36_BUND5_M11_DES_3_HEFS_F10yr_C2yr HA36_BUND5_HDmap_DES_3_HEFS_F10yr_C2yr 

 HA36_BUND5_HD_DES_3_HEFS_F100yr_C2yr HA36_BUND5_M11_DES_3_HEFS_F100yr_C2yr HA36_BUND5_HDmap_DES_3_HEFS_F100yr_C2yr 

 HA36_BUND5_HD_DES_3_HEFS_F1000yr_C2yr HA36_BUND5_M11_DES_3_HEFS_F1000yr_C2yr HA36_BUND5_HDmap_DES_3_HEFS_F1000yr_C2yr 
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'Mechanism 2 Wave Overtopping' Model Files 

MIKE 21 MIKE 21 - DFS0 FILE MIKE 21 RESULTS 

HA36_TULL5_M21FM_WAV_3_Q2 HA36_TULL5_M21FM_WAV_Q2_pc2 HA36_TULL5_M21FM_WAV_3_Q2 

HA36_TULL5_M21FM_WAV_3_Q5 HA36_TULL5_M21FM_WAV_Q5_pc2 HA36_TULL5_M21FM_WAV_3_Q5 

HA36_TULL5_M21FM_WAV_3_Q10 HA36_TULL5_M21FM_WAV_Q10_pc2 HA36_TULL5_M21FM_WAV_3_Q10 

HA36_TULL5_M21FM_WAV_3_Q20 HA36_TULL5_M21FM_WAV_Q20_pc2 HA36_TULL5_M21FM_WAV_3_Q20 

HA36_TULL5_M21FM_WAV_3_Q50 HA36_TULL5_M21FM_WAV_Q50_pc2 HA36_TULL5_M21FM_WAV_3_Q50 

HA36_TULL5_M21FM_WAV_3_Q100 HA36_TULL5_M21FM_WAV_Q100_pc2 HA36_TULL5_M21FM_WAV_3_Q100 

HA36_TULL5_M21FM_WAV_3_Q200 HA36_TULL5_M21FM_WAV_Q200_pc2 HA36_TULL5_M21FM_WAV_3_Q200 

HA36_TULL5_M21FM_WAV_3_Q1000 HA36_TULL5_M21FM_WAV_Q1000_pc2 HA36_TULL5_M21FM_WAV_3_Q1000 

HA36_TULL5_M21FM_WAV_3_MRFS_Q2 HA36_TULL5_M21FM_WAV_MRFS_Q2_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q2 

HA36_TULL5_M21FM_WAV_3_MRFS_Q5 HA36_TULL5_M21FM_WAV_MRFS_Q5_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q5 

HA36_TULL5_M21FM_WAV_3_MRFS_Q10 HA36_TULL5_M21FM_WAV_MRFS_Q10_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q10 

HA36_TULL5_M21FM_WAV_3_MRFS_Q20 HA36_TULL5_M21FM_WAV_MRFS_Q20_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q20 

HA36_TULL5_M21FM_WAV_3_MRFS_Q50 HA36_TULL5_M21FM_WAV_MRFS_Q50_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q50 

HA36_TULL5_M21FM_WAV_3_MRFS_Q100 HA36_TULL5_M21FM_WAV_MRFS_Q100_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q100 

HA36_TULL5_M21FM_WAV_3_MRFS_Q200 HA36_TULL5_M21FM_WAV_MRFS_Q200_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q200 

HA36_TULL5_M21FM_WAV_3_MRFS_Q1000 HA36_TULL5_M21FM_WAV_MRFS_Q1000_pc2 HA36_TULL5_M21FM_WAV_3_MRFS_Q1000 

HA36_TULL5_M21FM_WAV_3_HEFS_Q10 HA36_TULL5_M21FM_WAV_HEFS_Q10_pc2 HA36_TULL5_M21FM_WAV_3_HEFS_Q10 

HA36_TULL5_M21FM_WAV_3_HEFS_Q200 HA36_TULL5_M21FM_WAV_HEFS_Q200_pc2 HA36_TULL5_M21FM_WAV_3_HEFS_Q200 

HA36_TULL5_M21FM_WAV_3_HEFS_Q1000 HA36_TULL5_M21FM_WAV_HEFS_Q1000_pc2 HA36_TULL5_M21FM_WAV_3_HEFS_Q1000 

Bathymetry : 
HA36_TULL5_M21FM_WAV_MESH10 

HA36_TULL_qh_3626A0001_V2  

Roughness : 
HA36_TULL5_M21FM_WAV_rough3 

HA36_TULL_qh_3626M00005_V2  

Eddy Viscosity : 
HA36_TULL5_M21FM_WAV_eddy_vis 

HA36_TULL_qh_western_bnd  
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Final Model Files – Sensitivity 

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BUND5_MF_SEN_1_F100yr_C2yr_flow HA36_BUND5_M21_SEN_1_F100yr_C2yr_flow 
HA36_BUND_TWL_15min_Delay 

HA36_BUND5_M21_SEN_1_F100yr_C2yr_flow 

HA36_BUND5_MF_SEN_1_F100yr_C2yr_hl_1 HA36_BUND5_M21_SEN_1_F100yr_C2yr_hl_1 
HA36_BUND_TWL_15min_Delay
_MRFS 

HA36_BUND5_M21_SEN_1_F100yr_C2yr_hl_1 

HA36_BUND5_MF_SEN_1_F100yr_C2yr_roug
h 

HA36_BUND5_M21_SEN_1_F100yr_C2yr_roug
h 

 
HA36_BUND5_M21_SEN_1_F100yr_C2yr_rough 

HA36_BUND5_MF_SEN_MRFS_F2yr_C200yr_
wlbnd 

HA36_BUND5_M21_SEN_MRFS_F2yr_C200yr
_wlbnd 

 
HA36_BUND5_M21_SEN_MRFS_F2yr_C200yr_wlbnd 

 Bathymetry: HA36_BUND5_DFS2_DES_1 
 

 

 Roughness: HA36_BUND5_Corine_DES_1 
 

 

 
Roughness: 
HA36_BUND5_Corine_SEN_1_rough 

 
 

 

MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BUND5_M11_SEN_1_F100yr_C2yr_flow HA36_BUND5_NWK_DES_3 HA36_BUND5_XNS_DES_3 HA36_BUND5_BND_DES_1_F2yr 

HA36_BUND5_M11_SEN_1_F100yr_C2yr_hl_1  HA36_BUND5_XNS_SEN_hl_1 HA36_BUND5_BND_DES_1_F100yr 

HA36_BUND5_M11_SEN_1_F100yr_C2yr_rough  HA36_BUND5_XNS_SEN_rough HA36_BUND5_BND_SEN_1_F100yr_flow 

HA36_BUND5_M11_SEN_MRFS_F2yr_C200yr_wlbnd    

 

MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_BUND5_DFS0_DES_1_F2yr HA36_BUND5_HD_SEN_1_F100yr_C2yr HA36_BUND5_M11_SEN_1_F100yr_C2yr_flow N/A 

HA36_BUND5_DFS0_DES_1_F100yr HA36_BUND5_HD_SEN_1_F100yr_C2yr_hl_1 HA36_BUND5_M11_SEN_1_F100yr_C2yr_hl_1  

HA36_BUND5_DFS0_SEN_1_F100yr_flow HA36_BUND5_HD_SEN_1_F100yr_C2yr_rough HA36_BUND5_M11_SEN_1_F100yr_C2yr_rough  

 HA36_BUND5_HD_SEN_MRFS_F2yr_C200yr_wlbnd HA36_BUND5_M11_SEN_MRFS_F2yr_C200yr_wlbnd  
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GIS Deliverables – Hazard 

Flood Extent Maps (Shapefiles) 
(Shapefiles) 

Flood Depth Files 
(Raster) 

Flood Velocity Files 
(Raster) 

Risk to Life Function 
(Raster) 

Fluvial Water Level and Flows Fluvial Fluvial Fluvial 

N11EXFCD500F0 Fluvial N11DPFCD500F0 N11VLFCD500F0 N11RLFCD100F0 

N11EXFCD200F0 N11NFCDF0 N11DPFCD200F0 N11VLFCD200F0 N11RLFCD010F0 

N11EXFCD100F0 N11NFMDF0 N11DPFCD100F0 N11VLFCD100F0 N11RLFCD001F0 

N11EXFCD050F0 N11NFHDF0 N11DPFCD050F0 N11VLFCD050F0  

N11EXFCD020F0  N11DPFCD020F0 N11VLFCD020F0  

N11EXFCD010F0 Flood Defences (Shapefiles) N11DPFCD010F0 N11VLFCD010F0  

N11EXFCD005F0 N/A N11DPFCD005F0 N11VLFCD005F0  

N11EXFCD001F0  N11DPFCD001F0 N11VLFCD001F0 Flood Zones 
(Shapefiles) 

 Defended Areas (Shapefiles)   N11ZNA_MCDF0 

N11EXFMD500F0 N/A N11DPFMD500F0  N11ZNB_MCDF0 

N11EXFMD200F0  N11DPFMD200F0   

N11EXFMD100F0  N11DPFMD100F0  N11ZNA_MMDF0 

N11EXFMD050F0  N11DPFMD050F0  N11ZNB_MMDF0 

N11EXFMD020F0  N11DPFMD020F0   

N11EXFMD010F0  N11DPFMD010F0   

N11EXFMD005F0  N11DPFMD005F0   

N11EXFMD001F0  N11DPFMD001F0   

     

N11EXFHD100F0  N11DPFHD100F0   

N11EXFHD010F0  N11DPFHD010F0   

N11EXFHD001F0  N11DPFHD001F0   

     

Defence Failure Scenario (2 Scenarios)   

Extent Depth Velocity   

N/A N/A N/A   
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Flood Extent Maps (Shapefiles) 
(Shapefiles) 

Wave Overtopping Files (Raster) Flood Depth Files 
(Raster) 

Flood Velocity Files 
(Raster) 

Coastal Water Level and 
Flows 

Wave Overtopping Coastal Coastal 

N11EXCCD500F0 Coastal N11DPWCD500F0 N11VLWCD500F0 N11DPCCD500F0 N11VLCCD500F0 

N11EXCCD200F0 N11NCCDF0 N11DPWCD200F0 N11VLWCD200F0 N11DPCCD200F0 N11VLCCD200F0 

N11EXCCD100F0 N11NCMDF0 N11DPWCD100F0 N11VLWCD100F0 N11DPCCD100F0 N11VLCCD100F0 

N11EXCCD050F0 N11NCHDF0 N11DPWCD050F0 N11VLWCD050F0 N11DPCCD050F0 N11VLCCD050F0 

N11EXCCD020F0  N11DPWCD020F0 N11VLWCD020F0 N11DPCCD020F0 N11VLCCD020F0 

N11EXCCD010F0 Flood Defences 
(Shapefiles) 

N11DPWCD010F0 N11VLWCD010F0 N11DPCCD010F0 N11VLCCD010F0 

N11EXCCD005F0 N/A N11DPWCD005F0 N11VLWCD005F0 N11DPCCD005F0 N11VLCCD005F0 

N11EXCCD001F0  N11DPWCD001F0 N11VLWCD001F0 N11DPCCD001F0 N11VLCCD001F0 

 Defended Areas 
(Shapefiles) 

    

N11EXCMD500F0 N/A N11DPWMD500F0  N11DPCMD500F0 Risk to Life Function 
(Raster) 

N11EXCMD200F0  N11DPWMD200F0  N11DPCMD200F0 Coastal 

N11EXCMD100F0  N11DPWMD100F0  N11DPCMD100F0 N11RLCCD001F0 

N11EXCMD050F0 Wave Overtopping  
(Shapefiles) 

N11DPWMD050F0  N11DPCMD050F0 N11RLCCD005F0 

N11EXCMD020F0 N11EXWCD001F0 N11DPWMD020F0  N11DPCMD020F0 N11RLCCD100F0 

N11EXCMD010F0 N11EXWCD005F0 N11DPWMD010F0  N11DPCMD010F0  

N11EXCMD005F0 N11EXWCD010F0 N11DPWMD005F0  N11DPCMD005F0  

N11EXCMD001F0 N11EXWCD020F0 N11DPWMD001F0  N11DPCMD001F0  

 N11EXWCD050F0     

N11EXCHD100F0 N11EXWCD100F0 N11DPWHD100F0  N11DPCHD100F0  

N11EXCHD010F0 N11EXWCD200F0 N11DPWHD010F0  N11DPCHD010F0  

N11EXCHD001F0 N11EXWCD500F0 N11DPWHD001F0  N11DPCHD001F0  
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GIS Deliverables – Risk 

Specific Risk - No. Inhabitants  (Raster) Specific Risk –Type of Activity  (UoM Scale) Specific Risk – Risk Density (Raster) 

Fluvial Fluvial Fluvial 

N11RIFCD100F0 N36_RTFCD001_F0 N11RDFCD001F0 

N11RIFCD010F0 N36_RTFMD001_F0 N11RDFMD001F0 

N11RIFCD001F0  
 

   

N11RIFMD100F0   

N11RIFMD010F0   

N11RIFMD001F0   

   

General Risk -  Environment General Risk – Cultural Heritage General Risk – Economy 

N/A N/A N/A 

   

   

   

 

Specific Risk - No. Inhabitants  (Raster) Specific Risk –Type of Activity  (UoM Scale) Specific Risk – Risk Density (Raster) 

Coastal Wave Coastal Coastal 

N11RICCD100F0 N11RIWCD100F0 N36_RTCCD001_F0 N11RDCCD001F0 

N11RICCD005F0 N11RIWCD005F0 N36_RTCMD001_F0 N11RDCMD001F0 

N11RICCD001F0 N11RIWCD001F0  
 

    

N11RICMD100F0    

N11RICMD005F0    

N11RICMD001F0    

    

General Risk -  Environment General Risk – Cultural Heritage General Risk – Economy 

N/A N/A N/A 
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Appendix B 

 

Ballyconnell AFA 

Additional Information 

 
List of background information included: 

 1D Structures Modelled in the 1D Domain 

 1D Structures Modelled in the 2D Domain 

 River Long Section Profiles 

 Final Model Files – Design 

 Final Model Files – Sensitivity 

 GIS Deliverables – Hazard 

 GIS Deliverables – Risk 
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1D Structures 

1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** LENGTH (m) 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT 
FROM INVERT (m) 

MANNING'S n 

Woodford River Ballyconnell Canal 22649.112 3619M01950D 6.9 Arch 6.44 13.31 3.573 0.013 

Derryginny 306.233 3622M00102I 4.4 Irregular 1.32 1.54 N/A 0.013 

Derryginny 437.98 3622M00089D 7.3 Irregular 1.02 2.04 N/A 0.013 

Derryginny 190.984 3622M00114I 16.0 Irregular 0.96 2.29 N/A 0.013 

DERRYGINNY_TRIBUTARY1 718.897 3622A00001I 5.3 Circular 1.2 N/A N/A 0.013 

DERRYGINNY_TRIBUTARY1 680.89 3622A00005D 1.2 Irregular 1.58 1.62 N/A 0.013 

DERRYGINNY_TRIBUTARY1 348.29 3622A00031I 4.0 Irregular 0.87 1.05 N/A 0.013 

DERRYGINNY_TRIBUTARY1 292.705 3622A00046I 16.0 Irregular 1.02 1.34 N/A 0.013 

LECHARROWNAHONE 1082.122 3621M00012D 3.5 Irregular 2.22 5.55 N/A 0.013 

LECHARROWNAHONE 673.55 3621M00052D 9.0 Arch x 2 1.83, 1.91 3, 2.9 1.14, 1.2 0.013 

LECHARROWNAHONE 413.879 3621M00079D 4.0 Irregular 1.75 4.44 N/A 0.013 

Doon 1095.783 3620M00002D 3.3 Arch 1.3 4.19 1.2 0.013 

Doon 1045.396 3620M0008I 13.0 Circular x 2 1.5 N/A N/A 0.013 

Doon 1022.133 3620M00010D 4.6 Irregular 1.41 4.20 N/A 0.013 

Doon 713.1 3620M00041I 14.0 Irregular 1.66 2.46 N/A 0.013 

Doon 454.348 3620M00067I 13.0 Circular x 2 1.4 N/A N/A 0.013 

WOODFORD RIVER BALLYCONNELL CANAL 
TRIBUTARY 1 135.8 3916M00730D 3.8 Arch 7.60 6.19 6.29 0.013 

WOODFORD RIVER BALLYCONNELL CANAL 36420.169 3619M00434D 15.0 Arch 8.59 24.36 7.74 0.013 

Woodford River Ballyconnell Canal 30335.441 3916M01115D 6.3 Arch x 3 
4.66, 7.56, 

5.07 
9.12, 14.36, 

9.56 4.21, 7, 4.6 0.013 

Woodford River Ballyconnell Canal 28479.631 3916M01368D 11.9 Irregular 9.32 36.42 N/A 0.013 

WOODFORD RIVER BALLYCONNELL CANAL 27442.125 3916M01471E 2.9 Arch 7.43 40.39 6.94 0.013 

Woodford River Ballyconnell Canal 27431.763 3619M01472D 8.1 Arch x 2 6, 5.85 8.91, 9.035 3.61, 3.49 0.013 

Woodford River Ballyconnell Canal 18327.14 3619M02383D 9.2 Irregular 6.06 13.4 N/A 0.013 

Woodford River Ballyconnell Canal 13489.48 3619M02867D 7.6 Arch 6.91 10.35 4.9 0.013 
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WOODFORD RIVER BALLYCONNELL CANAL 
TRIBUTARY 2 

408.802 3619B00006D 3.7 Arch 7.237 6.14 6.47 0.013 

Structure Details - Weirs: 
    

RIVER BRANCH CHAINAGE ID MANNING'S n TYPE 
    

Woodford River Ballyconnell Canal 27729.898 3619M01442W 0.045 Broad Crested Weir 
    

Woodford River Ballyconnell Canal 33298.724 3619M00734W 0.013 Broad Crested Weir 
    WOODFORD RIVER BALLYCONNELL CANAL 

TRIBUTARY 3 18926.574 3619M02308W 0.013 Broad Crested Weir 
    

1D Structures modelled in the 2D domain 
    

Structure Details - Bridges and Culverts: 
    

None         
    

Structure Details - Weirs: 
    

None         
     

*Denotes structures incorporated as closed cross-sections only (and therefore not included in the Network file). 

**Structure ID Key: 

 D – Bridge Upstream Face 

 E – Bridge Downstream Face 

 I – Culvert Upstream Face 

J – Culvert Downstream Face 

W – Weir Crest 

NB: All other weirs in the Network file are over topping weirs which form part of a composite structure with the culvert/bridge at the 

corresponding chainage. 
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River Long Section Profiles 

 

 

Lecharrownahone Watercourse 0.1% Fluvial Flow 

The Lecharrownahone watercourse is a tributary of the Woodford River Ballyconnell Canal. There are no instabilities on this reach; this is 

further supported via the mass-balance assessment, see 'Section 4.2.5, Summary of Calibration'.  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

Bridge 3621M00052D Derryginny joins 

Lecharrownahone River 
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Doon Watercourse 0.1% Fluvial Flow 

The Doon watercourse is a tributary of the Woodford River Ballyconnell Canal. There are no instabilities on this reach; this is further supported 

via the mass-balance assessment, see 'Section4.2.5, Summary of Calibration'.  

 

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Derryginny Tributary 1 Watercourse 0.1% Fluvial Flow 

The Derryginny Tributary 1 watercourse is a tributary of the Derryginny River. There are no instabilities on this reach; this is further supported 

via the mass-balance assessment, see 'Section 4.2.5, Summary of Calibration'.  

 

 

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

Culvert 3622A00001I 

Culvert 3622A00031 Culvert 3622A00046I 
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Derryginny Watercourse 0.1% Fluvial Flow 

The Derryginny watercourse is a tributary of the Lecharrownahone River. There are no instabilities on this reach; this is further supported via 

the mass-balance assessment, see 'Section 4.2.5, Summary of Calibration'.   

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level Derryginny Tributary 1  

joins Derryginny River 

Culvert 3622M00102I 
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Final Model Files – Design  

 

 

 

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BALL2_MF_DES_10_2yr HA36_BALL2_M21_DES_10_2yr  HA36_BALL2_M21_DES_10_2yr 

HA36_BALL2_MF_DES_10_5yr HA36_BALL2_M21_DES_10_5yr  HA36_BALL2_M21_DES_10_5yr 

HA36_BALL2_MF_DES_10_10yr HA36_BALL2_M21_DES_10_10yr  HA36_BALL2_M21_DES_10_10yr 

HA36_BALL2_MF_DES_10_20yr HA36_BALL2_M21_DES_10_20yr  HA36_BALL2_M21_DES_10_20yr 

HA36_BALL2_MF_DES_10_50yr HA36_BALL2_M21_DES_10_50yr  HA36_BALL2_M21_DES_10_50yr 

HA36_BALL2_MF_DES_10_100yr HA36_BALL2_M21_DES_10_100yr  HA36_BALL2_M21_DES_10_100yr 

HA36_BALL2_MF_DES_10_200yr HA36_BALL2_M21_DES_10_200yr  HA36_BALL2_M21_DES_10_200yr 

HA36_BALL2_MF_DES_10_1000yr HA36_BALL2_M21_DES_10_1000yr  HA36_BALL2_M21_DES_10_1000yr 

HA36_BALL2_MF_DES_10_MRFS_2yr HA36_BALL2_M21_DES_10_MRFS_2yr  HA36_BALL2_M21_DES_10_MRFS_2yr 

HA36_BALL2_MF_DES_10_MRFS_5yr HA36_BALL2_M21_DES_10_MRFS_5yr  HA36_BALL2_M21_DES_10_MRFS_5yr 

HA36_BALL2_MF_DES_10_MRFS_10yr HA36_BALL2_M21_DES_10_MRFS_10yr  HA36_BALL2_M21_DES_10_MRFS_10yr 

HA36_BALL2_MF_DES_10_MRFS_20yr HA36_BALL2_M21_DES_10_MRFS_20yr  HA36_BALL2_M21_DES_10_MRFS_20yr 

HA36_BALL2_MF_DES_10_MRFS_50yr HA36_BALL2_M21_DES_10_MRFS_50yr  HA36_BALL2_M21_DES_10_MRFS_50yr 

HA36_BALL2_MF_DES_10_MRFS_100yr HA36_BALL2_M21_DES_10_MRFS_100yr  HA36_BALL2_M21_DES_10_MRFS_100yr 

HA36_BALL2_MF_DES_10_MRFS_200yr HA36_BALL2_M21_DES_10_MRFS_200yr  HA36_BALL2_M21_DES_10_MRFS_200yr 

HA36_BALL2_MF_DES_10_MRFS_1000yr HA36_BALL2_M21_DES_10_MRFS_1000yr  HA36_BALL2_M21_DES_10_MRFS_1000yr 

 HA36_BALL2_MF_DES_10_HEFS_10yr HA36_BALL2_M21_DES_10_HEFS_10yr  HA36_BALL2_M21_DES_10_HEFS_10yr 

HA36_BALL2_MF_DES_10_HEFS_100yr HA36_BALL2_M21_DES_10_HEFS_100yr  HA36_BALL2_M21_DES_10_HEFS_100yr 

HA36_BALL2_MF_DES_10_HEFS_1000yr HA36_BALL2_M21_DES_10_HEFS_1000yr  HA36_BALL2_M21_DES_10_HEFS_1000yr 

 
Roughness: HA36_BALL2_Corine_4 
Bathymetry: HA36_BALL2_DFS2_Rec_14 
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MIKE 11 - SIM FILE & RESULTS FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BALL2_M11_DES_10_2yr HA36_BALL2_NWK_DES_9 HA36_BALL2_XNS_DES_9 HA36_BALL2_BND_DES_1_2yr 

HA36_BALL2_M11_DES_10_5yr   HA36_BALL2_BND_DES_1_5yr 

HA36_BALL2_M11_DES_10_10yr   HA36_BALL2_BND_DES_1_10yr 

HA36_BALL2_M11_DES_10_20yr   HA36_BALL2_BND_DES_1_20yr 

HA36_BALL2_M11_DES_10_50yr   HA36_BALL2_BND_DES_1_50yr 

HA36_BALL2_M11_DES_10_100yr   HA36_BALL2_BND_DES_1_100yr 

HA36_BALL2_M11_DES_10_200yr     HA36_BALL2_BND_DES_1_200yr 

HA36_BALL2_M11_DES_10_1000yr   HA36_BALL2_BND_DES_1_1000yr 

HA36_BALL2_M11_DES_10_MRFS_2yr   HA36_BALL2_BND_DES_1_MRFS_2yr 

HA36_BALL2_M11_DES_10_MRFS_5yr   HA36_BALL2_BND_DES_1_MRFS_5yr 

HA36_BALL2_M11_DES_10_MRFS_10yr   HA36_BALL2_BND_DES_1_MRFS_10yr 

HA36_BALL2_M11_DES_10_MRFS_20yr   HA36_BALL2_BND_DES_1_MRFS_20yr 

HA36_BALL2_M11_DES_10_MRFS_50yr   HA36_BALL2_BND_DES_1_MRFS_50yr 

HA36_BALL2_M11_DES_10_MRFS_100yr   HA36_BALL2_BND_DES_1_MRFS_100yr 

HA36_BALL2_M11_DES_10_MRFS_200yr   HA36_BALL2_BND_DES_1_MRFS_200yr 

HA36_BALL2_M11_DES_10_MRFS_1000yr   HA36_BALL2_BND_DES_1_MRFS_1000yr 

HA36_BALL2_M11_DES_10_HEFS_10yr   HA36_BALL2_BND_DES_1_HEFS_10yr 

HA36_BALL2_M11_DES_10_HEFS_100yr   HA36_BALL2_BND_DES_1_HEFS_100yr 

HA36_BALL2_M11_DES_10_HEFS_1000yr   HA36_BALL2_BND_DES_1_HEFS_1000yr 
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MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_BALL2_DFSO_1_2yr HA36_BALL2_HD_DES_10_2yr HA36_BALL2_M11_DES_10_2yr HA36_BALL2_HDMap_DES_10_2yr 

HA36_BALL2_DFSO_1_5yr HA36_BALL2_HD_DES_10_5yr HA36_BALL2_M11_DES_10_5yr HA36_BALL2_HDMap_DES_10_5yrA 

HA36_BALL2_DFSO_1_10yr HA36_BALL2_HD_DES_10_10yr HA36_BALL2_M11_DES_10_10yr HA36_BALL2_HDMap_DES_10_5yrB 

HA36_BALL2_DFSO_1_20yr HA36_BALL2_HD_DES_10_20yr HA36_BALL2_M11_DES_10_20yr HA36_BALL2_HDMap_DES_10_10yrA 

HA36_BALL2_DFSO_1_50yr HA36_BALL2_HD_DES_10_50yr HA36_BALL2_M11_DES_10_50yr HA36_BALL2_HDMap_DES_10_10yrB 

HA36_BALL2_DFSO_1_100yr HA36_BALL2_HD_DES_10_100yr HA36_BALL2_M11_DES_10_100yr HA36_BALL2_HDMap_DES_10_20yrA 

HA36_BALL2_DFSO_1_200yr HA36_BALL2_HD_DES_10_200yr HA36_BALL2_M11_DES_10_200yr HA36_BALL2_HDMap_DES_10_20yrB 

HA36_BALL2_DFSO_1_1000yr HA36_BALL2_HD_DES_10_1000yr HA36_BALL2_M11_DES_10_1000yr HA36_BALL2_HDMap_DES_10_50yrA 

HA36_BALL2_DFSO_1_MRFS_2yr HA36_BALL2_HD_DES_10_MRFS_2yr HA36_BALL2_M11_DES_10_MRFS_2yr HA36_BALL2_HDMap_DES_10_50yrB 

HA36_BALL2_DFSO_1_MRFS_5yr HA36_BALL2_HD_DES_10_MRFS_5yr HA36_BALL2_M11_DES_10_MRFS_5yr HA36_BALL2_HDMap_DES_10_100yrA 

HA36_BALL2_DFSO_1_MRFS_10yr HA36_BALL2_HD_DES_10_MRFS_10yr HA36_BALL2_M11_DES_10_MRFS_10yr HA36_BALL2_HDMap_DES_10_100yrB 

HA36_BALL2_DFSO_1_MRFS_20yr HA36_BALL2_HD_DES_10_MRFS_20yr HA36_BALL2_M11_DES_10_MRFS_20yr HA36_BALL2_HDMap_DES_10_200yrA 

HA36_BALL2_DFSO_1_MRFS_50yr HA36_BALL2_HD_DES_10_MRFS_50yr HA36_BALL2_M11_DES_10_MRFS_50yr HA36_BALL2_HDMap_DES_10_200yrB 

HA36_BALL2_DFSO_1_MRFS_100yr HA36_BALL2_HD_DES_10_MRFS_100yr HA36_BALL2_M11_DES_10_MRFS_100yr HA36_BALL2_HDMap_DES_10_1000yrA 

 HA36_BALL2_DFSO_1_MRFS_200yr HA36_BALL2_HD_DES_10_MRFS_200yr HA36_BALL2_M11_DES_10_MRFS_200yr HA36_BALL2_HDMap_DES_10_1000yrB 

HA36_BALL2_DFSO_1_MRFS_1000yr HA36_BALL2_HD_DES_10_MRFS_1000yr HA36_BALL2_M11_DES_10_MRFS_1000yr HA36_BALL2_HDMap_DES_10_MRFS_2yrA 

HA36_BALL2_DFSO_1_HEFS_10yr HA36_BALL2_HD_DES_10_HEFS_10yr HA36_BALL2_M11_DES_10_HEFS_10yr HA36_BALL2_HDMap_DES_10_MRFS_2yrB 

HA36_BALL2_DFSO_1_HEFS_100yr HA36_BALL2_HD_DES_10_HEFS_100yr HA36_BALL2_M11_DES_10_HEFS_100yr HA36_BALL2_HDMap_DES_10_MRFS_5yrA 

HA36_BALL2_DFSO_1_HEFS_1000yr HA36_BALL2_HD_DES_10_HEFS_1000yr HA36_BALL2_M11_DES_10_HEFS_1000yr HA36_BALL2_HDMap_DES_10_MRFS_5yrB 

 DEM: HA36_BALL2_HD_Additonal Mapping_2  HA36_BALL2_HDMap_DES_10_MRFS_10yrA 

 DEM: HA36_BALL2_HD_Background_3  HA36_BALL2_HDMap_DES_10_MRFS_10yrB 

   HA36_BALL2_HDMap_DES_10_MRFS_20yrA 

   HA36_BALL2_HDMap_DES_10_MRFS_20yrB 

   HA36_BALL2_HDMap_DES_10_MRFS_50yrA 

   HA36_BALL2_HDMap_DES_10_MRFS_50yrB 

   HA36_BALL2_HDMap_DES_10_MRFS_100yrA 

   HA36_BALL2_HDMap_DES_10_MRFS_100yrB 

   HA36_BALL2_HDMap_DES_10_MRFS_200yrA 

   HA36_BALL2_HDMap_DES_10_MRFS_200yrB 
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MIKE 11 - DFS0 FILE Continued MIKE 11 - HD FILE Continued MIKE 11 – RESULTS FILE Continued HD RESULTS FILE Continued 

   HA36_BALL2_HDMap_DES_10_MRFS_1000yrA 

   HA36_BALL2_HDMap_DES_10_MRFS_1000yrB 

   HA36_BALL2_HDMap_DES_10_HEFS_10yrA 

   HA36_BALL2_HDMap_DES_10_HEFS_10yrB 

   HA36_BALL2_HDMap_DES_10_HEFS_100yrA 

   HA36_BALL2_HDMap_DES_10_HEFS_100yrB 

   HA36_BALL2_HDMap_DES_10_HEFS_1000yrA 

   HA36_BALL2_HDMap_DES_10_HEFS_1000yrB 
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Final Model Files - Sensitivity 

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BALL2_MF_SEN_1_100yr_flow HA36_BALL2_M21_SEN_1_100yr_flow 
 

HA36_BALL2_M21_SEN_1_100yr_flow 

HA36_BALL2_MF_SEN_1_100yr_fpr HA36_BALL2_M21_SEN_1_100yr_fpr  HA36_BALL2_M21_SEN_1_100yr_fpr 

HA36_BALL2_MF_SEN_1_100yr_fv HA36_BALL2_M21_SEN_1_100yr_fv 
 

HA36_BALL2_M21_SEN_1_100yr_fv 

HA36_BALL2_MF_SEN_1_100yr_rough HA36_BALL2_M21_SEN_1_100yr_rough 
 

HA36_BALL2_M21_SEN_1_100yr_rough 

HA36_BALL2_MF_SEN_1_100yr_tt HA36_BALL2_M21_SEN_1_100yr_tt 
 

HA36_BALL2_M21_SEN_1_100yr_tt 

HA36_BALL2_MF_SEN_1_100yr_wl HA36_BALL2_M21_SEN_1_100yr_wl 
 

HA36_BALL2_M21_SEN_1_100yr_wl 

 Roughness: HA36_BALL2_Corine_4 
 

 

 
Roughness: 
HA36_BALL2_Corine_4_SEN_rough 

 
 

 
Roughness: 
HA36_BALL2_Corine_4_SEN_TT 

 
 

 Bathymetry: HA36_BALL2_DFS2_Rec_14 
 

 

 Bathymetry: HA36_BALL2_DFS2_SEN_TT 
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MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_BALL2_DFSO_1_100yr HA36_BALL2_HD_SEN_1_100yr_flow HA36_BALL2_M11_SEN_1_100yr_flow N/A 

HA36_BALL2_DFS0_SEN_100yr_flow HA36_BALL2_HD_SEN_1_100yr_fpr HA36_BALL2_M11_SEN_1_100yr_fpr  

HA36_BALL2_DFSO_SEN_100yr_fv HA36_BALL2_HD_SEN_1_100yr_fv HA36_BALL2_M11_SEN_1_100yr_fv  

HA36_BALL2_DFSO_SEN_100yr_tt HA36_BALL2_HD_SEN_1_100yr_rough HA36_BALL2_M11_SEN_1_100yr_rough  

HA36_BALL2_DFS0_SEN_2_100yr_wlbnd HA36_BALL2_HD_SEN_1_100yr_tt HA36_BALL2_M11_SEN_1_100yr_tt  

 HA36_BALL2_HD_SEN_1_100yr_wl HA36_BALL2_M11_SEN_1_100yr_wl  

  HA36_BALL2_M11_DES_10_HS  

  
Hotstart: 
HA36_BALL2_M11_SEN_1_100yr_rough_HS 

 

  

MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BALL2_M11_SEN_1_100yr_flow HA36_BALL2_NWK_DES_9 HA36_BALL2_XNS_DES_9 HA36_BALL2_BND_DES_1_100yr 

HA36_BALL2_M11_SEN_1_100yr_fpr  HA36_BALL2_XNS_SEN_rough HA36_BALL2_BND_SEN_1_100yr_flow 

HA36_BALL2_M11_SEN_1_100yr_fv   HA36_BALL2_BND_SEN_1_100yr_fv 

HA36_BALL2_M11_SEN_1_100yr_rough   HA36_BALL2_BND_SEN_1_100yr_tt 

HA36_BALL2_M11_SEN_1_100yr_tt   HA36_BALL2_BND_SEN_1_100yr_wl 

HA36_BALL2_M11_SEN_1_100yr_wl    
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GIS Deliverables - Hazard 

  Flood Extent Maps (Shapefiles) 
(Shapefiles) 

Flood Depth Files 
(Raster) 

Flood Velocity Files 
(Raster) 

Risk to Life Function 
(Raster) 

Fluvial Water Level and Flows Fluvial Fluvial Fluvial 

N07EXFCD500F0 Fluvial N07DPFCD500F0 N07VLFCD500F0 N07RLFCD100F0 

N07EXFCD200F0 N07NFCDF0 N07DPFCD200F0 N07VLFCD200F0 N07RLFCD010F0 

N07EXFCD100F0 N07NFMDF0 N07DPFCD100F0 N07VLFCD100F0 N07RLFCD001F0 

N07EXFCD050F0 N07NFHDF0 N07DPFCD050F0 N07VLFCD050F0  

N07EXFCD020F0  N07DPFCD020F0 N07VLFCD020F0  

N07EXFCD010F0 Flood Defences (Shapefiles) N07DPFCD010F0 N07VLFCD010F0  

N07EXFCD005F0 N/A N07DPFCD005F0 N07VLFCD005F0  

N07EXFCD001F0  N07DPFCD001F0 N07VLFCD001F0 Flood Zones 
(Shapefiles) 

 Defended Areas (Shapefiles)   N07ZNA_FCDF0 

N07EXFMD500F0 N/A N07DPFMD500F0  N07ZNB_FCDF0 

N07EXFMD200F0  N07DPFMD200F0   

N07EXFMD100F0 Wave Overtopping  
(Shapefiles) 

N07DPFMD100F0  N07ZNA_FMDF0 

N07EXFMD050F0 N/A N07DPFMD050F0  N07ZNB_FMDF0 

N07EXFMD020F0  N07DPFMD020F0   

N07EXFMD010F0  N07DPFMD010F0   

N07EXFMD005F0  N07DPFMD005F0   

N07EXFMD001F0  N07DPFMD001F0   

     

N07EXFHD100F0  N07DPFHD100F0   

N07EXFHD010F0  N07DPFHD010F0   

N07EXFHD001F0  N07DPFHD001F0   

     

Defence Failure Scenario (2 Scenarios)   

Extent Depth Velocity   

N/A N/A N/A   
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GIS Deliverables - Risk 

Specific Risk - No. Inhabitants  (Raster) Specific Risk –Type of Activity  (UoM Scale) Specific Risk – Risk Density (Raster) 

Fluvial Fluvial Fluvial 
N07RIFCD100F0 N36_RTFCD001_F0 N07RDFCD001F0 
N07RIFCD010F0 N36_RTFMD001_F0 N07RDFMD001F0 
N07RIFCD001F0   

   
N07RIFMD100F0   
N07RIFMD010F0   
N07RIFMD001F0   

   

General Risk -  Environment General Risk – Cultural Heritage General Risk – Economy 

N/A N/A N/A 
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Appendix C 

 

Ballinamore AFA 

Additional Information 

 
List of background information included: 

 1D Structures Modelled in the 1D Domain 

 1D Structures Modelled in the 2D Domain 

 River Long Section Profiles 

 Final Model Files – Design 

 Final Model Files – Sensitivity 

 GIS Deliverables – Hazard 

 GIS Deliverables – Risk 
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1D Structures  

Structure Details – Bridges and Culverts 

RIVER BRANCH CHAINAGE ID** 
LENGTH 

(m) 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING 
HEIGHT FROM 

INVERT (m) 
MANNING’S n 

BALLYCONNELL 
CANAL 

2109 3619M04004D_Bridge 1.1 
Multi-Span 

(x7) 

1.87, 2.18, 2.68, 

2.42, 2.79, 2.71, 2.68 

4.68, 4.79, 4.59, 

4.77, 4.81, 4.67, 

4.40 
N/A 

0.013 

FOHERA 2792.86 3624M00003D_Bridge 6.2 Single Span 1.35 2.0 N/A 
0.013 

FOHERA 1472.24 3624M00136I_Culvert 4.8 Rectangular 2.37 5.36 N/A 
0.013 

FOHERA 2445.6 3624M00039D_Bridge 7.7 Single Span 1.91 5.34 N/A 
0.013 

FOHERA 2480.5 3624M00036D_Bridge 18.1 
Multi-Arch 

(x2) 
2.0, 1.91 1.75, 2.13 1.39, 1.25 

0.013 

FOHERA 2705 3624M00014I_culvert 28.7 Single Arch 3.56 2.96 2.33 
0.013 

KILDORRAGH 30 3625M00093I_Bridge 10.5 Circular 0.55 - N/A 
0.013 

KILDORRAGH 546.18 3625M00040I_Culvert 9.5 Circular 0.6 - N/A 
0.013 

KILDORRAGH 733.135 3625M00022I_Culvert 7.97 Circular 0.6 - N/A 
0.013 

KILDORRAGH 824.425 3625M00013I_Culvert 12.23 Circular 0.5 - N/A 
0.013 

BALLYCONNELL 
CANAL 

829.13 3619M04134D_Bridge 1.1 
Multi-Span 

(x9) 

2.04, 2.11, 2.17, 

2.38, 2.62, 2.65, 

2.82, 2.60, 2.68 

2.82, 4.76, 4.79, 

4.69, 4.57, 4.60, 

4.75, 4.75, 4.79 

N/A 

0.013 

BALLYCONNELL 
CANAL 

1130.37 3619M04103D_Bridge 10.3 
Multi-Arch 

(x3) 
3.23, 4.34, 3.37 5.03, 5.12, 4.64 1.13, 2.94, 3.30 0.013 
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** Structure ID Key:  

D – Bridge Upstream Face; E – Bridge Downstream Face;  I – Culvert Upstream Face;  J – Culvert Downstream Face 

Structure Details - Weirs: 

RIVER BRANCH CHAINAGE (m) ID MANNING’S n TYPE 

BALLYCONNELL CANAL 2113.707 3619M04003W 0.035 Broad Crested Weir 

BALLYCONNELL CANAL 837.134 3619M04133W 0.035 Broad Crested Weir 

AGHADARK 159.208 3623M00027_LoughGate 0.035 Broad Crested Weir 

BALLYCONNELL CANAL 5058.08 3619M03726W_move 0.035 Broad Crested Weir 

  

AGHADARK 354.383 3623M00007D_Bridge 10.6 Single-Arch 6.04 7.22 4.79 0.013 

BALLYCONNELL 
CANAL 

4627.553 3619M03753D_Bridge 7.7 Single-Arch 6.46 10.82 4.65 0.013 

BALLYCONNELL 
CANAL 

5031 3619M03728D_Bridge 1 
Multi-Span 

(x6) 

2.16, 1.94, 2.17, 

2.92, 3.10, 3.13 

4.63, 4.84, 4.69, 

4.65, 4.74, 3.92 
N/A 0.013 

BALLYCONNELL 
CANAL 

7115.789 3619M03504D_Bridge 4.6 Single-Arch 7.48 10.96 6.59 0.013 
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River Long Section Profiles 

 

Kildorragh Tributary 1% AEP design run 

The longitudinal plot displayed above shows the fluvial flow along the Kildorragh tributary with water levels for the 1% AEP design run. The 

location where sections were extended using the DTM has been noted. There are no instabilities on this watercourse. 

Solid Black line indicates the Right Bank 

Dashed Black line indicates the Left Bank 

Dashed Red line indicates the Peak Water Level 

 

 

 

Sections extended using DTM  

3625M00013I 
Chainage 824m 
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Ballyconnell Canal 1% AEP design run 

The longitudinal plot displayed above shows the fluvial flow along the Ballyconnell Canal with water levels provided for the 1% AEP design run. 

The locations where discharge instabilities occur has been noted, these instabilities have been noted in the Section 4.3.  The location where 

sections were extended using the DTM has also been noted.  

Solid Black line indicates the Right Bank 

Dashed Black line indicates the Left Bank 

Dashed Red line indicates the Peak Water Level 

 

 

 

Sections extended using DTM  

Extent of 
mapping 
for Model 
1 

Discharge Instability  

3619M04134D 
Chainage 829m 
 
3619M04133W 
Chainage 837m 

3619M04103D 
Chainage 1130m 
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Discharge Instabilities on MPW on the BallyConnell Canal 

The Long Section Profile above displays the spikes in discharge highlighted in the report. These spikes are all located on the MPW downstream 

of the HPW on the Ballyconnell Canal. As discussed in the report, none of these spikes influences water levels and courrant numbers are low 

so their presence has no impact on model results.  

Spikes in Discharge 

Solid Black line indicates the Right Bank 

Dashed Black line indicates the Left Bank 

Dashed Red line indicates the Discharge Level 
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Final Model Files – Design   

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BALL1_MF_DES_14_Q2 HA36_BALL1_M21_DES_14_Q2 
 

HA36_BALL1_M21_DES_14_Q2.dfs2 

HA36_BALL1_MF_DES_15_Q5 HA36_BALL1_M21_DES_15_Q5  HA36_BALL1_M21_DES_15_Q5.dfs2 

HA36_BALL1_MF_DES_16_Q10 HA36_BALL1_M21_DES_16_Q10 
 

HA36_BALL1_M21_DES_16_Q10.dfs2 

HA36_BALL1_MF_DES_17_Q20 HA36_BALL1_M21_DES_17_Q20 
 

HA36_BALL1_M21_DES_17_Q20.dfs2 

HA36_BALL1_MF_DES_18_Q50 HA36_BALL1_M21_DES_18_Q50 
 

HA36_BALL1_M21_DES_18_Q50.dfs2 

HA36_BALL1_MF_DES_19_Q100 HA36_BALL1_M21_DES_19_Q100 
 

HA36_BALL1_M21_DES_19_Q100.dfs2 

HA36_BALL1_MF_DES_20_Q200 HA36_BALL1_M21_DES_20_Q200 
 

HA36_BALL1_M21_DES_20_Q200.dfs2 

HA36_BALL1_MF_DES_21_Q1000 HA36_BALL1_M21_DES_21_Q1000 
 

HA36_BALL1_M21_DES_21_Q1000.dfs2 

HA36_BALL1_MF_DES_1_MRFS_Q2 HA36_BALL1_M21_DES_1_MRFS_Q2 
 

HA36_BALL1_M21_DES_1_MRFS_Q2.dfs2 

HA36_BALL1_MF_DES_1_MRFS_Q5 HA36_BALL1_M21_DES_1_MRFS_Q5 
 

HA36_BALL1_M21_DES_1_MRFS_Q5.dfs2 

HA36_BALL1_MF_DES_1_MRFS_Q10 HA36_BALL1_M21_DES_1_MRFS_Q10 
 

HA36_BALL1_M21_DES_1_MRFS_Q10.dfs2 

HA36_BALL1_MF_DES_1_MRFS_Q20 HA36_BALL1_M21_DES_1_MRFS_Q20 
 

HA36_BALL1_M21_DES_1_MRFS_Q20.dfs2 

HA36_BALL1_MF_DES_1_MRFS_Q50 HA36_BALL1_M21_DES_1_MRFS_Q50 
 

HA36_BALL1_M21_DES_1_MRFS_Q50.dfs2 

HA36_BALL1_MF_DES_1_MRFS_Q100 HA36_BALL1_M21_DES_1_MRFS_Q100 
 

HA36_BALL1_M21_DES_1_MRFS_Q100.dfs2 

HA36_BALL1_MF_DES_1_MRFS_Q200 HA36_BALL1_M21_DES_1_MRFS_Q200 
 

HA36_BALL1_M21_DES_1_MRFS_Q200.dfs2 

HA36_BALL1_MF_DES_2_MRFS_Q1000 HA36_BALL1_M21_DES_2_MRFS_Q1000 
 

HA36_BALL1_M21_DES_2_MRFS_Q1000.dfs2 

HA36_BALL1_MF_DES_1_HEFS_Q10 HA36_BALL1_M21_DES_1_HEFS_Q10 
 

HA36_BALL1_M21_DES_1_HEFS_Q10.dfs2 

HA36_BALL1_MF_DES_1_HEFS_Q100 HA36_BALL1_M21_DES_1_HEFS_Q100 
 

HA36_BALL1_M21_DES_1_HEFS_Q100.dfs2 

HA36_BALL1_MF_DES_3_HEFS_Q1000 HA36_BALL1_M21_DES_3_HEFS_Q1000 
 

HA36_BALL1_M21_DES_3_HEFS_Q1000.dfs2 

 
Bathymetry: 
HA36_BALL1_Bafs_Rec_MESH_bldgs_Bloc
kedRivers_6 

 
 

 
Roughness: 
nwnb_36_corine_data_ballinamore 
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MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BALL1_M11_DES_22_Q2 HA36_BALL1_NWK_DES_6 HA36_BALL1_XNS_DES_6 HA36_BALL1_BND_DES_7_Q2 

HA36_BALL1_M11_DES_23_Q5 HA36_BALL1_NWK_DES_5 HA36_BALL1_XNS_DES_5 HA36_BALL1_BND_DES_8_Q5 

HA36_BALL1_M11_DES_24_Q10 HA36_BALL1_NWK_DES_4  HA36_BALL1_BND_DES_9_Q10 

HA36_BALL1_M11_DES_25_Q20   HA36_BALL1_BND_DES_10_Q20 

HA36_BALL1_M11_DES_26_Q50   HA36_BALL1_BND_DES_11_Q50 

HA36_BALL1_M11_DES_27_Q100   HA36_BALL1_BND_DES_12_Q100 

HA36_BALL1_M11_DES_28_Q200   HA36_BALL1_BND_DES_13_Q200 

HA36_BALL1_M11_DES_29_Q1000   HA36_BALL1_BND_DES_14_Q1000 

HA36_BALL1_M11_DES_1_MRFS_Q2   HA36_BALL1_BND_DES_1_MRFS_Q2 

HA36_BALL1_M11_DES_1_MRFS_Q5   HA36_BALL1_BND_DES_1_MRFS_Q5 

HA36_BALL1_M11_DES_1_MRFS_Q10   HA36_BALL1_BND_DES_1_MRFS_Q10 

HA36_BALL1_M11_DES_1_MRFS_Q20   HA36_BALL1_BND_DES_1_MRFS_Q20 

HA36_BALL1_M11_DES_1_MRFS_Q50   HA36_BALL1_BND_DES_1_MRFS_Q50 

HA36_BALL1_M11_DES_1_MRFS_Q100   HA36_BALL1_BND_DES_1_MRFS_Q100 

HA36_BALL1_M11_DES_1_MRFS_Q200   HA36_BALL1_BND_DES_1_MRFS_Q200 

HA36_BALL1_M11_DES_2_MRFS_Q1000   HA36_BALL1_BND_DES_1_MRFS_Q1000 

HA36_BALL1_M11_DES_1_HEFS_Q10   HA36_BALL1_BND_DES_1_HEFS_Q10 

HA36_BALL1_M11_DES_1_HEFS_Q100   HA36_BALL1_BND_DES_1_HEFS_Q100 

HA36_BALL1_M11_DES_3_HEFS_Q1000   HA36_BALL1_BND_DES_1_HEFS_Q1000 
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MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_BALL1_DFS0_AEP_0.1 HA36_BALL1_HD_DES_14_Q2 HA36_BALL1_M11_DES_22_Q2 HA36_BALL1_MF_DES_14_Q2 

HA36_BALL1_DFS0_AEP_0.5 HA36_BALL1_HD_DES_15_Q5 HA36_BALL1_M11_DES_23_Q5 HA36_BALL1_MF_DES_15_Q5 

HA36_BALL1_DFS0_AEP_1 HA36_BALL1_HD_DES_16_Q10 HA36_BALL1_M11_DES_24_Q10 HA36_BALL1_MF_DES_16_Q10 

HA36_BALL1_DFS0_AEP_2 HA36_BALL1_HD_DES_17_Q20 HA36_BALL1_M11_DES_25_Q20 HA36_BALL1_MF_DES_17_Q20 

HA36_BALL1_DFS0_AEP_5 HA36_BALL1_HD_DES_18_Q50 HA36_BALL1_M11_DES_26_Q50 HA36_BALL1_MF_DES_18_Q50 

HA36_BALL1_DFS0_AEP_10 HA36_BALL1_HD_DES_19_Q100 HA36_BALL1_M11_DES_27_Q100 HA36_BALL1_MF_DES_19_Q100 

HA36_BALL1_DFS0_AEP_20 HA36_BALL1_HD_DES_20_Q200 HA36_BALL1_M11_DES_28_Q200 HA36_BALL1_MF_DES_20_Q200 

HA36_BALL1_DFS0_AEP_50 HA36_BALL1_HD_DES_21_Q1000 HA36_BALL1_M11_DES_29_Q1000 HA36_BALL1_MF_DES_21_Q1000 

HA36_BALL1_DFS0_AEP_MRFS_0.1 HA36_BALL1_HD_DES_1_MRFS_Q2 HA36_BALL1_M11_DES_1_MRFS_Q2 HA36_BALL1_MF_DES_1_MRFS_Q2 

HA36_BALL1_DFS0_AEP_MRFS_0.5 HA36_BALL1_HD_DES_1_MRFS_Q5 HA36_BALL1_M11_DES_1_MRFS_Q5 HA36_BALL1_MF_DES_1_MRFS_Q5 

HA36_BALL1_DFS0_AEP_MRFS_1 HA36_BALL1_HD_DES_1_MRFS_Q10 HA36_BALL1_M11_DES_1_MRFS_Q10 HA36_BALL1_MF_DES_1_MRFS_Q10 

HA36_BALL1_DFS0_AEP_MRFS_2 HA36_BALL1_HD_DES_1_MRFS_Q20 HA36_BALL1_M11_DES_1_MRFS_Q20 HA36_BALL1_MF_DES_1_MRFS_Q20 

HA36_BALL1_DFS0_AEP_MRFS_5 HA36_BALL1_HD_DES_1_MRFS_Q50 HA36_BALL1_M11_DES_1_MRFS_Q50 HA36_BALL1_MF_DES_1_MRFS_Q50 

HA36_BALL1_DFS0_AEP_MRFS_10 HA36_BALL1_HD_DES_1_MRFS_Q100 HA36_BALL1_M11_DES_1_MRFS_Q100 HA36_BALL1_MF_DES_1_MRFS_Q100 

HA36_BALL1_DFS0_AEP_MRFS_20 HA36_BALL1_HD_DES_1_MRFS_Q200 HA36_BALL1_M11_DES_1_MRFS_Q200 HA36_BALL1_MF_DES_1_MRFS_Q200 

HA36_BALL1_DFS0_AEP_MRFS_50 HA36_BALL1_HD_DES_2_MRFS_Q1000 HA36_BALL1_M11_DES_2_MRFS_Q1000 HA36_BALL1_MF_DES_2_MRFS_Q1000 

HA36_BALL1_DFS0_AEP_HEFS_0.1 HA36_BALL1_HD_DES_1_HEFS_Q10 HA36_BALL1_M11_DES_1_HEFS_Q10 HA36_BALL1_MF_DES_1_HEFS_Q10 

HA36_BALL1_DFS0_AEP_HEFS_1 HA36_BALL1_HD_DES_1_HEFS_Q100 HA36_BALL1_M11_DES_1_HEFS_Q100 HA36_BALL1_MF_DES_1_HEFS_Q100 

HA36_BALL1_DFS0_AEP_HEFS_10 HA36_BALL1_HD_DES_3_HEFS_Q1000 HA36_BALL1_M11_DES_3_HEFS_Q1000 HA36_BALL1_MF_DES_3_HEFS_Q1000 

HA36_BALL1_DFS0_AEP_DSWL    

HA36_BALL1_DFS0_AEP_DSWL_MRFS    

HA36_BALL1_DFS0_AEP_DSWL_HEFS    
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Final Model Files – Sensitivity 

 

MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BALL1_M11_SEN_1_Q100_flow HA36_BALL1_NWK_DES_4 HA36_BALL1_XNS_DES_5 HA36_BALL1_BND_DES_12_Q100 

HA36_BALL1_M11_SEN_1_Q100_rough HA36_BALL1_NWK_DES_6 HA36_BALL1_XNS_DES_6 HA36_BALL1_BND_SEN_1_Q100_flow 

HA36_BALL1_M11_SEN_1_Q100_wl  HA36_BALL1_XNS_SEN_rough HA36_BALL1_BND_SEN_1_Q100_fv 

HA36_BALL1_M11_SEN_3_HEFS_Q100_fv   HA36_BALL1_BND_SEN_1_Q100_wl 

 

MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_BALL1_DFS0_AEP_1 HA36_BALL1_HD_SEN_1_Q100_flow HA36_BALL1_M11_SEN_1_flow N/A 

HA36_BALL1_DFS0_AEP_1_SEN_flow HA36_BALL1_HD_SEN_1_Q100_rough HA36_BALL1_M11_SEN_1_rough  

HA36_BALL1_DFS0_AEP_1_SEN_fv HA36_BALL1_HD_SEN_1_Q100_wl HA36_BALL1_M11_SEN_1_wl  

HA36_BALL1_DFS0_AEP_DSWL HA36_BALL1_HD_SEN_3_HEFS_Q100_fv HA36_BALL1_M11_SEN_3_HEFS_Q100_fv  

HA36_BALL1_DFS0_AEP_DSWL_MRFS  Hotstart: HA36_BALL2_M11_DES_10_HS  

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BALL1_MF_SEN_1_Q100_flow HA36_BALL1_M21_SEN_1_Q100_flow 
 

HA36_BALL1_M21_SEN_1_Q100_flow 

HA36_BALL1_MF_SEN_1_Q100_rough HA36_BALL1_M21_SEN_1_Q100_rough  HA36_BALL1_M21_SEN_1_Q100_rough 

HA36_BALL1_MF_SEN_1_Q100_wl HA36_BALL1_M21_SEN_1_Q100_wl 
 

HA36_BALL1_M21_SEN_1_Q100_wl 

HA36_BALL1_MF_SEN_3_HEFS_Q100_fv HA36_BALL1_M21_SEN_3_HEFS_Q100_fv 
 

HA36_BALL1_M21_SEN_3_HEFS_Q100_fv 

 
Bathymetry: 
HA36_BALL1_Bafs_Rec_MESH_bldgs_Blocked
Rivers_6 

 
 

 Roughness: nwnb_36_corine_data_ballinamore 
 

 

 
Roughness: 
nwnb_36_corine_data_ballinamore_SEN_rough 

 
 



 

 C  

GIS Deliverables - Hazard 

Flood Extent Maps (Shapefiles) 
(Shapefiles) 

Flood Depth Files 
(Raster) 

Flood Velocity Files 
(Raster) 

Risk to Life Function 
(Raster) 

Fluvial Water Level and Flows Fluvial Fluvial Fluvial 

N04EXFCD500F0 Fluvial N04DPFCD500F0 N04VLFCD500F0 N04RLFCD100F0 

N04EXFCD200F0 N04NFCDF0 N04DPFCD200F0 N04VLFCD200F0 N04RLFCD010F0 

N04EXFCD100F0 N04NFMDF0 N04DPFCD100F0 N04VLFCD100F0 N04RLFCD001F0 

N04EXFCD050F0 N04NFHDF0 N04DPFCD050F0 N04VLFCD050F0  

N04EXFCD020F0  N04DPFCD020F0 N04VLFCD020F0  

N04EXFCD010F0 Flood Defences (Shapefiles) N04DPFCD010F0 N04VLFCD010F0  

N04EXFCD005F0 N/A N04DPFCD005F0 N04VLFCD005F0  

N04EXFCD001F0  N04DPFCD001F0 N04VLFCD001F0 Flood Zones 
(Shapefiles) 

 Defended Areas (Shapefiles)   N04ZNA_FCDF0 

N04EXFMD500F0 N/A N04DPFMD500F0  N04ZNB_FCDF0 

N04EXFMD200F0  N04DPFMD200F0   

N04EXFMD100F0 Wave Overtopping  
(Shapefiles) 

N04DPFMD100F0  N04ZNA_FMDF0 

N04EXFMD050F0 N/A N04DPFMD050F0  N04ZNB_FMDF0 

N04EXFMD020F0  N04DPFMD020F0   

N04EXFMD010F0  N04DPFMD010F0   

N04EXFMD005F0  N04DPFMD005F0   

N04EXFMD001F0  N04DPFMD001F0   

     

N04EXFHD100F0  N04DPFHD100F0   

N04EXFHD010F0  N04DPFHD010F0   

N04EXFHD001F0  N04DPFHD001F0   

     

Defence Failure Scenario (2 Scenarios)   

Extent Depth Velocity   

N/A N/A N/A   
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GIS Deliverables - Risk 

Specific Risk - No. Inhabitants  (Raster) Specific Risk –Type of Activity  (UoM Scale) Specific Risk – Risk Density (Raster) 

Fluvial Fluvial Fluvial 
N04RIFCD100F0 N36_RTFCD001_F0 N04RDFCD001F0 
N04RIFCD010F0 N36_RTFMD001_F0 N04RDFMD001F0 
N04RIFCD001F0   

   
N04RIFMD100F0   
N04RIFMD010F0   
N04RIFMD001F0   

   

General Risk -  Environment General Risk – Cultural Heritage General Risk – Economy 

N/A N/A N/A 
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Appendix D 

 

Ballybay AFA 

Additional Information 

 
List of background information included: 

 1D Structures Modelled in the 1D Domain 

 1D Structures Modelled in the 2D Domain 

 River Long Section Profiles 

 Final Model Files – Design 

 Final Model Files – Sensitivity 

 GIS Deliverables – Hazard 

 GIS Deliverables – Risk
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1D Structures 

1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID LENGTH (m) OPENING SHAPE HEIGHT (m) WIDTH (m) 
SPRING HEIGHT FROM 

INVERT (m) 
MANNING'S n 

Cornamucklaglass 61.917 3603M00124I1 6.1 Circular 0.45 N/A N/A 0.013 

Cornamucklaglass 61.917 3603M00124I2 6.1 Circular 0.45 N/A N/A 0.013 

Cornamucklaglass 228.995 3603M00107I 6.5 Circular 0.90 N/A N/A 0.013 

Cornamucklaglass 582.892 3603M00072I 13.1 Circular 0.65 N/A N/A 0.013 

Cornamucklaglass 710.436 3603M00058I 7.85 Circular 0.85 N/A N/A 0.013 

Cornamucklaglass 738.263 3603M00056I 14.75 Circular 0.75 N/A N/A 0.013 

Cornamucklaglass 926.291 3603M00040I 87.5 Circular 0.60 N/A N/A 0.013 

Cornamucklaglass 996.563 3603M00029J 4 Irregular 0.59 0.58 N/A 0.013 

DROMORE RIVER TRIBUTARY 1 124.829 3601A00067D 10.4 Arch 1.18 1.19 0.75 0.013 

DROMORE RIVER TRIBUTARY 1* 510.49 3601A00033I 148 Irregular 0.88 0.93 0.73 0.013 

CORRYBRANNAN 532.734 3604M00181J 12.81 Irregular x2 2.09 2.65 N/A 0.013 

CORRYBRANNAN 1519.571 3604M0084D 11.22 Arch x2 2.00 2.535 0.99 0.013 

SHANTONAGH 469.34 3602M00342D 7.5 Arch 6.91 6.00 4.77 0.013 

SHANTONAGH 545.78 3602M00335D 5.5 Arch 7.26 6.16 3.87 0.013 

SHANTONAGH 891.328 3602M00300D 6.5 Arch x3 2.83 3.62 1.47 0.013 

SHANTONAGH 951.898 3602M00295D 5 Arch 7.04 6.21 3.77 0.013 

SHANTONAGH 2803.192 3602M00107D 3.23 Irregular x2 1.67 2.89 N/A 0.013 

SHANTONAGH 3350.306 3602M00054D 8.44 Irregular 3.79 12.79 N/A 0.025 

SHANTONAGH 3432.523 3602M00047D 12.7 Arch 3.27 3.97 2.16 0.025 

SHANTONAGH 3522.662 3602M00038D 9.43 Arch x3 2.42 3.40 1.6 0.025 

DROMORE_RIVER 48.1 3601M07196D 6.78 Irregular x2 1.63 5.37 N/A 0.013 

DROMORE_RIVER 314.548 3601M07170D 8.24 Arch x2 2.55 3.47 1.21 0.013 

DROMORE_RIVER 672.541 3601M07134D 4.84 Irregular 2.01 4.77 N/A 0.013 

DROMORE_RIVER 1824.197 3601M07019D 2.47 Arch 2.92 6.08 2.16 0.013 
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DROMORE_RIVER 1889.039 3601M07013D 12.84 Irregular 2.55 7.35 N/A 0.013 

DROMORE_RIVER 5683.736 3601M06633D 6.83 Arch x3 3.56 3.68 2.38 0.020 

DROMORE_RIVER 10798.597 3601M06121D 7.98 Arch x3 3.26 4.10 1.94 0.013 

DROMORE_RIVER 12550.163 3601M05946D 6.56 Arch x4 2.19 3.514 1.09 0.013 

DROMORE_RIVER 12570.883 3601M05944D 4.5 Arch x4 6.96 7.26 5.00 0.013 

DROMORE_RIVER 19730.637 3601M05228D 9.32 Arch x3 3.27 11.17 1.07 0.013 

DROMORE_RIVER 20837.496 3601M05118D 6.66 Arch x3 2.58 3.45 1.37 0.013 

DROMORE_RIVER 23317.162 3601M04869D 5.03 Arch x3 2.16 4.66 1.47 0.013 

DROMORE_RIVER 25843.807 3601M04617D 4.69 Arch x4 2.50 4.51 1.58 0.013 

Structure Details - Weirs: 

RIVER BRANCH CHAINAGE ID MANNING'S n TYPE 

DROMORE_RIVER 19764.175 3601M05224W 0.013 Broad Crested Weir 

1D Structures modelled in the 2D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID LENGTH MANNING'S n 

None 

Structure Details - Weirs: 

None 

*Denotes structures incorporated as closed cross-sections only (and therefore not included in the Network file). 

**Structure ID Key: 

 D – Bridge Upstream Face 

 E – Bridge Downstream Face 

 I – Culvert Upstream Face 

 J – Culvert Downstream Face 

NB: All other weirs in the Network file are over topping weirs which form part of a composite structure with the culvert/bridge at the 

corresponding chainage.  
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River Long Section Profiles  

Cornamucklaglass Watercourse 1% Fluvial Flow 

The Cornamucklaglass watercourse is a tributary of the Shantonagh River. There are no instabilities on this reach; this is further supported via 

the mass-balance assessment, see 'Section 4.4.5, Summary of Calibration'.  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

Culvert 3603M00124I 

Culvert 3603M00072I 
Culvert 3603M00029J 
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Shantonagh Watercourse 1% Fluvial Flow 

The Shantonagh watercourse is a tributary of the Dromore River. There is a minor instability between bridges 3602M00342D (chainage 469.34) 

and 3602M00335D (chainage 545.78) during the 0.1% AEP design runs. The mass balance for these design runs was found to be -1.19% 

which supports the conclusion that this instability has a relatively minor impact upon the model results. See ' Section 4.4.5, Summary of 

Calibration' 

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

Culvert 3602M00342D Culvert 3602M00300D 

Culvert 3602M00047D 

Culvert 

3602M00038D 

Cornamucklaglass joins 

Shantonagh River 
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Dromore River Tributary 1 Watercourse 1% Fluvial Flow 

The Dromore River Tributary 1 watercourse is a tributary of the Dromore River. There are no instabilities on this reach; this is further supported 

via the mass-balance assessment, see ' Section 4.4.5, Summary of Calibration'.  

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

Culvert 3601A00033I 
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Corrybrannan Watercourse 1% Fluvial Flow 

The Corrybrannan watercourse is a tributary of the Dromore River. There are no instabilities on this reach; this is further supported via the 

mass-balance assessment, see ' Section 4.4.5, Summary of Calibration'.   

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Dromore Watercourse Chainage 0 - 2710 1% Fluvial Flow 

The Dromore River is the largest river associated with the Ballybay model; there are no instabilities in the model. This is further supported via 

the mass-balance assessment; see ' Section 4.4.5, Summary of Calibration'.  

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

Dromore River Tributary 

1 joins Dromore River 

Shantonagh River joins 

Dromore River 
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Dromore Watercourse Chainage 2710 - 26879 1% Fluvial Flow 

The Dromore River is the largest river associated with the Ballybay model; there are no instabilities in the model. This is further supported via 

the mass-balance assessment; see ' Section 4.4.5, Summary of Calibration'. 

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 

Culvert 3601M06121D 

Culvert 3601M05946D 

Culvert 3601M05228D 
Corrybrannan River 

joins Dromore River 
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Final Model Files – Design  

  

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BALL1_MF_DES_18_2yr HA36_BALL1_M21_DES_18_2yr  HA36_BALL1_M21_DES_18_2yr 

HA36_BALL1_MF_DES_18_5yr HA36_BALL1_M21_DES_18_5yr  HA36_BALL1_M21_DES_18_5yr 

HA36_BALL1_MF_DES_18_10yr HA36_BALL1_M21_DES_18_10yr  HA36_BALL1_M21_DES_18_10yr 

HA36_BALL1_MF_DES_18_20yr HA36_BALL1_M21_DES_18_20yr  HA36_BALL1_M21_DES_18_20yr 

HA36_BALL1_MF_DES_18_50yr HA36_BALL1_M21_DES_18_50yr  HA36_BALL1_M21_DES_18_50yr 

HA36_BALL1_MF_DES_18_100yr HA36_BALL1_M21_DES_18_100yr  HA36_BALL1_M21_DES_18_100yr 

HA36_BALL1_MF_DES_19_200yr HA36_BALL1_M21_DES_19_200yr  HA36_BALL1_M21_DES_19_200yr 

HA36_BALL1_MF_DES_18_1000yr HA36_BALL1_M21_DES_18_1000yr  HA36_BALL1_M21_DES_18_1000yr 

HA36_BALL1_MF_DES_19_MRFS_2yr HA36_BALL1_M21_DES_19_MRFS_2yr  HA36_BALL1_M21_DES_19_MRFS_2yr 

HA36_BALL1_MF_DES_19_MRFS_5yr HA36_BALL1_M21_DES_19_MRFS_5yr  HA36_BALL1_M21_DES_19_MRFS_5yr 

HA36_BALL1_MF_DES_19_MRFS_10yr HA36_BALL1_M21_DES_19_MRFS_10yr  HA36_BALL1_M21_DES_19_MRFS_10yr 

HA36_BALL1_MF_DES_19_MRFS_20yr HA36_BALL1_M21_DES_19_MRFS_20yr  HA36_BALL1_M21_DES_19_MRFS_20yr 

HA36_BALL1_MF_DES_19_MRFS_50yr HA36_BALL1_M21_DES_19_MRFS_50yr  HA36_BALL1_M21_DES_19_MRFS_50yr 

HA36_BALL1_MF_DES_19_MRFS_100yr HA36_BALL1_M21_DES_19_MRFS_100yr  HA36_BALL1_M21_DES_19_MRFS_100yr 

HA36_BALL1_MF_DES_20_MRFS_200yr HA36_BALL1_M21_DES_20_MRFS_200yr  HA36_BALL1_M21_DES_20_MRFS_200yr 

HA36_BALL1_MF_DES_20_MRFS_1000yr HA36_BALL1_M21_DES_20_MRFS_1000yr  HA36_BALL1_M21_DES_20_MRFS_1000yr 

HA36_BALL1_MF_DES_20_HEFS_10yr HA36_BALL1_M21_DES_20_HEFS_10yr  HA36_BALL1_M21_DES_20_HEFS_10yr 

HA36_BALL1_MF_DES_20_HEFS_100yr HA36_BALL1_M21_DES_20_HEFS_100yr  HA36_BALL1_M21_DES_20_HEFS_100yr 

HA36_BALL1_MF_DES_20_HEFS_1000yr 

HA36_BALL1_M21_DES_20_HEFS_1000yr 

Bathymetry: HA36_BALL3_DFS2_DES_16 
Roughness: Ballybay_Roughness_DES_2 

 HA36_BALL1_M21_DES_20_HEFS_1000yr 
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MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BALL3_M11_DES_18_2yr HA36_BALL3_NWK_DES_18 HA36_BALL3_XNS_DES_18 HA36_BALL3_BND_DES_4_2yr 

HA36_BALL3_M11_DES_18_5yr   HA36_BALL3_BND_DES_4_5yr 

HA36_BALL3_M11_DES_18_10yr 
 

 HA36_BALL3_BND_DES_4_10yr 

HA36_BALL3_M11_DES_18_20yr   HA36_BALL3_BND_DES_4_20yr 

HA36_BALL3_M11_DES_18_50yr   HA36_BALL3_BND_DES_4_50yr 

HA36_BALL3_M11_DES_18_100yr     HA36_BALL3_BND_DES_4_100yr 

HA36_BALL3_M11_DES_19_200yr   HA36_BALL3_BND_DES_4_200yr 

HA36_BALL3_M11_DES_18_1000yr   HA36_BALL3_BND_DES_4_1000yr 

HA36_BALL3_M11_DES_19_MRFS_2yr   HA36_BALL3_BND_DES_4_MRFS_2yr 

HA36_BALL3_M11_DES_19_MRFS_5yr   HA36_BALL3_BND_DES_4_MRFS_5yr 

HA36_BALL3_M11_DES_19_MRFS_10yr   HA36_BALL3_BND_DES_4_MRFS_10yr 

HA36_BALL3_M11_DES_19_MRFS_20yr   HA36_BALL3_BND_DES_4_MRFS_20yr 

HA36_BALL3_M11_DES_19_MRFS_50yr   HA36_BALL3_BND_DES_4_MRFS_50yr 

HA36_BALL3_M11_DES_19_MRFS_100yr   HA36_BALL3_BND_DES_4_MRFS_100yr 

HA36_BALL3_M11_DES_20_MRFS_200yr   HA36_BALL3_BND_DES_4_MRFS_200yr 

HA36_BALL3_M11_DES_20_MRFS_1000yr   HA36_BALL3_BND_DES_4_MRFS_1000yr 

HA36_BALL3_M11_DES_20_HEFS_10yr   HA36_BALL3_BND_DES_4_HEFS_10yr 

HA36_BALL3_M11_DES_20_HEFS_100yr   HA36_BALL3_BND_DES_4_HEFS_100yr 

HA36_BALL3_M11_DES_20_HEFS_1000yr     HA36_BALL3_BND_DES_4_HEFS_1000yr 
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MIKE 11 - DFS0 FILE MIKE 11 – HD FILE MIKE 11 - RESULTS FILE HD RESULTS FILE 

HA36_BALL3_DFS0_Q2 HA36_BALL3_HD_DES_18_2yr HA36_BALL3_M11_DES_18_2yr HA36_BALL1_HDMap_DES_18_2yrA 

HA36_BALL3_DFS0_Q5 HA36_BALL3_HD_DES_18_5yr HA36_BALL3_M11_DES_18_5yr HA36_BALL1_HDMap_DES_18_2yrB 

HA36_BALL3_DFS0_Q10 HA36_BALL3_HD_DES_18_10yr HA36_BALL3_M11_DES_18_10yr HA36_BALL1_HDMap_DES_18_5yrA 

HA36_BALL3_DFS0_Q20 HA36_BALL3_HD_DES_18_20yr  HA36_BALL3_M11_DES_18_20yr HA36_BALL1_HDMap_DES_18_5yrB  

HA36_BALL3_DFS0_Q50 HA36_BALL3_HD_DES_18_50yr HA36_BALL3_M11_DES_18_50yr HA36_BALL1_HDMap_DES_18_10yrA 

HA36_BALL3_DFS0_Q100 HA36_BALL3_HD_DES_18_100yr HA36_BALL3_M11_DES_18_100yr HA36_BALL1_HDMap_DES_18_10yrB 

HA36_BALL3_DFS0_Q200 HA36_BALL3_HD_DES_19_200yr  HA36_BALL3_M11_DES_19_200yr HA36_BALL1_HDMap_DES_18_20yrA  

HA36_BALL3_DFS0_Q1000 HA36_BALL3_HD_DES_18_1000yr HA36_BALL3_M11_DES_18_1000yr HA36_BALL1_HDMap_DES_18_20yrB 

HA36_BALL3_DFS0_MRFS_Q2 HA36_BALL3_HD_DES_19_MRFS_2yr  HA36_BALL3_M11_DES_19_MRFS_2yr HA36_BALL1_HDMap_DES_18_50yrA 

HA36_BALL3_DFS0_MRFS_Q5 HA36_BALL3_HD_DES_19_MRFS_5yr HA36_BALL3_M11_DES_19_MRFS_5yr HA36_BALL1_HDMap_DES_18_50yrB  

HA36_BALL3_DFS0_MRFS_Q10 HA36_BALL3_HD_DES_19_MRFS_10yr HA36_BALL3_M11_DES_19_MRFS_10yr HA36_BALL1_HDMap_DES_18_100yrA 

HA36_BALL3_DFS0_MRFS_Q20 HA36_BALL3_HD_DES_19_MRFS_20yr HA36_BALL3_M11_DES_19_MRFS_20yr HA36_BALL1_HDMap_DES_18_100yrB 

HA36_BALL3_DFS0_MRFS_Q50 HA36_BALL3_HD_DES_19_MRFS_50yr HA36_BALL3_M11_DES_19_MRFS_50yr HA36_BALL1_HDMap_DES_19_200yrA 

HA36_BALL3_DFS0_MRFS_Q100 HA36_BALL3_HD_DES_19_MRFS_100yr HA36_BALL3_M11_DES_19_MRFS_100yr HA36_BALL1_HDMap_DES_19_200yrB 

HA36_BALL3_DFS0_MRFS_Q200 HA36_BALL3_HD_DES_20_MRFS_200yr HA36_BALL3_M11_DES_20_MRFS_200yr HA36_BALL1_HDMap_DES_18_1000yrA 

HA36_BALL3_DFS0_MRFS_Q1000 HA36_BALL3_HD_DES_20_MRFS_1000yr HA36_BALL3_M11_DES_20_MRFS_1000yr HA36_BALL1_HDMap_DES_18_1000yrB 

HA36_BALL3_DFS0_HEFS_Q10 HA36_BALL3_HD_DES_20_HEFS_10yr HA36_BALL3_M11_DES_20_HEFS_10yr HA36_BALL1_HDMap_DES_19_MRFS_2yrA 

HA36_BALL3_DFS0_HEFS_Q100 HA36_BALL3_HD_DES_20_HEFS_100yr HA36_BALL3_M11_DES_20_HEFS_100yr HA36_BALL1_HDMap_DES_19_MRFS_2yrB 

HA36_BALL3_DFS0_HEFS_Q1000 
 

HA36_BALL3_HD_DES_20_HEFS_1000yr 
 

HA36_BALL3_M11_DES_20_HEFS_1000yr 
 

HA36_BALL1_HDMap_DES_19_MRFS_5yrA 

 DEM: NDHM_5m  HA36_BALL1_HDMap_DES_19_MRFS_5yrB 

 DEM: NDHM_5m_AddArea  HA36_BALL1_HDMap_DES_19_MRFS_10yrA 

   HA36_BALL1_HDMap_DES_19_MRFS_10yrB 

   HA36_BALL1_HDMap_DES_19_MRFS_20yrA 

   HA36_BALL1_HDMap_DES_19_MRFS_20yrB 

   HA36_BALL1_HDMap_DES_19_MRFS_50yrA 

   HA36_BALL1_HDMap_DES_19_MRFS_50yrB 

   HA36_BALL1_HDMap_DES_19_MRFS_100yrA 

   HA36_BALL1_HDMap_DES_19_MRFS_100yrB 
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   HD RESULTS FILES Continued 

   HA36_BALL1_HDMap_DES_20_MRFS_200yrA 

   HA36_BALL1_HDMap_DES_20_MRFS_200yrB 

   
HA36_BALL1_HDMap_DES_20_MRFS_1000yr
A 

   
HA36_BALL1_HDMap_DES_20_MRFS_1000yr
B 

   HA36_BALL1_HDMap_DES_20_HEFS_10yrA 

   HA36_BALL1_HDMap_DES_20_HEFS_10yrB 

   HA36_BALL1_HDMap_DES_20_HEFS_100yrA 

   HA36_BALL1_HDMap_DES_20_HEFS_100yrB 

   
HA36_BALL1_HDMap_DES_20_HEFS_1000yr
A 

   
HA36_BALL1_HDMap_DES_20_HEFS_1000yr
B 
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Final Model Files – Sensitivity 

 

MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_BALL3_M11_MRFS_SEN_100yr_rough HA36_BALL3_NWK_DES_18 HA36_BALL3_XNS_DES_18 HA36_BALL3_BND_DES_4_100yr 

HA36_BALL3_M11_SEN_100yr_hl_1 HA36_BALL3_NWK_SEN_hl_1 HA36_BALL3_XNS_SEN_hl_1 HA36_BALL3_BND_SEN_1_100yr_flow 

HA36_BALL3_M11_SEN_100yr_hl_2 HA36_BALL3_NWK_SEN_hl_2 HA36_BALL3_XNS_SEN_rough  

HA36_BALL3_M11_SEN_100yr_hl_3 HA36_BALL3_NWK_SEN_hl_3   

HA36_BALL3_M11_SEN_100yr_hl_4 HA36_BALL3_NWK_SEN_hl_4   

HA36_BALL3_M11_SEN_100yr_flow    

 

  

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_BALL1_MF_HEFS_SEN_100yr_rou
gh 

HA36_BALL1_M21_MRFS_SEN_100yr_rough 
 

HA36_BALL1_M21_MRFS_SEN_100yr_rough 

HA36_BALL1_MF_SEN_100yr_hl_1 HA36_BALL1_M21_SEN_100yr_hl_1  HA36_BALL1_M21_SEN_100yr_hl_1 

HA36_BALL1_MF_SEN_100yr_hl_2 HA36_BALL1_M21_SEN_100yr_hl_2 
 

HA36_BALL1_M21_SEN_100yr_hl_2 

HA36_BALL1_MF_SEN_100yr_hl_3 HA36_BALL1_M21_SEN_100yr_hl_3 
 

HA36_BALL1_M21_SEN_100yr_hl_3 

HA36_BALL1_MF_SEN_100yr_hl_4 HA36_BALL1_M21_SEN_100yr_hl_4 
 

HA36_BALL1_M21_SEN_100yr_hl_4 

HA36_BALL3_MF_SEN_100yr_flow HA36_BALL3_M21_SEN_100yr_flow 
 

HA36_BALL1_M21_SEN_100yr_flow 

 Bathymetry: HA36_BALL3_DFS2_DES_16 
 

 

 Roughness: Ballybay_Roughness_DES_2 
 

 

 Roughness: Ballybay_Roughness_SEN_rough 
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MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_BALL3_DFS0_Q100 HA36_BALL3_HD_SEN_100yr_flow HA36_BALL3_M11_MFRS_SEN_100yr_rough N/A 

HA36_BALL3_DFS0_SEN_1_Q100_flow HA36_BALL3_HD_SEN_100yr_fpr HA36_BALL3_M11_SEN_100yr_hl_1  

 HA36_BALL3_HD_SEN_100yr_hl HA36_BALL3_M11_SEN_100yr_hl_2  

 HA36_BALL3_HD_SEN_100yr_rough HA36_BALL3_M11_SEN_100yr_hl_3  

  HA36_BALL3_M11_SEN_100yr_hl_4  

  HA36_BALL3_M11_SEN_100yr_flow  
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GIS Deliverables - Hazard 

Flood Extent Maps (Shapefiles) 
(Shapefiles) 

Flood Depth Files 
(Raster) 

Flood Velocity Files 
(Raster) 

Risk to Life Function 
(Raster) 

Fluvial Water Level and Flows Fluvial Fluvial Fluvial 

N05EXFCD500F0 Fluvial N05DPFCD500F0 N05VLFCD500F0 N05RLFCD100F0 

N05EXFCD200F0 N05NFCDF0 N05DPFCD200F0 N05VLFCD200F0 N05RLFCD010F0 

N05EXFCD100F0 N05NFMDF0 N05DPFCD100F0 N05VLFCD100F0 N05RLFCD001F0 

N05EXFCD050F0 N05NFHDF0 N05DPFCD050F0 N05VLFCD050F0  

N05EXFCD020F0  N05DPFCD020F0 N05VLFCD020F0  

N05EXFCD010F0 Flood Defences (Shapefiles) N05DPFCD010F0 N05VLFCD010F0  

N05EXFCD005F0 N/A N05DPFCD005F0 N05VLFCD005F0  

N05EXFCD001F0  N05DPFCD001F0 N05VLFCD001F0 Flood Zones 
(Shapefiles) 

 Defended Areas (Shapefiles)   N05ZNA_FCDF0 

N05EXFMD500F0 N/A N05DPFMD500F0  N05ZNB_FCDF0 

N05EXFMD200F0  N05DPFMD200F0   

N05EXFMD100F0 Wave Overtopping  
(Shapefiles) 

N05DPFMD100F0  N05ZNA_FMDF0 

N05EXFMD050F0 N/A N05DPFMD050F0  N05ZNB_FMDF0 

N05EXFMD020F0  N05DPFMD020F0   

N05EXFMD010F0  N05DPFMD010F0   

N05EXFMD005F0  N05DPFMD005F0   

N05EXFMD001F0  N05DPFMD001F0   

     

N05EXFHD100F0  N05DPFHD100F0   

N05EXFHD010F0  N05DPFHD010F0   

N05EXFHD001F0  N05DPFHD001F0   

     

Defence Failure Scenario (2 Scenarios)   

Extent Depth Velocity   

N/A N/A N/A   
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GIS Deliverables - Risk 

Specific Risk - No. Inhabitants  (Raster) Specific Risk –Type of Activity  (UoM Scale) Specific Risk – Risk Density (Raster) 

Fluvial Fluvial Fluvial 
N05RIFCD100F0 N36_RTFCD001_F0 N05RDFCD001F0 
N05RIFCD010F0 N36_RTFMD001_F0 N05RDFMD001F0 
N05RIFCD001F0   

   
N05RIFMD100F0   
N05RIFMD010F0   
N05RIFMD001F0   

   

General Risk -  Environment General Risk – Cultural Heritage General Risk – Economy 

N/A N/A N/A 
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Appendix E 

 

Cavan AFA 

Additional Information 

 
List of background information included: 

 1D Structures Modelled in the 1D Domain 

 1D Structures Modelled in the 2D Domain 

 River Long Section Profiles 

 Final Model Files – Design 

 Final Model Files – Sensitivity 

 GIS Deliverables – Hazard 

 GIS Deliverables – Risk
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1D Structures 

1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** LENGTH 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT FROM 
INVERT (m) 

MANNING'S n 

Aghnaskerry 184.98 3615M00186I 8.62 Irregular 0.57 0.85 N/A 0.013 

Aghnaskerry 439.99 3615M00160I 5.33 Circular 0.90 N/A N/A 0.013 

Aghnaskerry 1034.08 3615M00103I 40.76 Irregular 1.965 2.144 N/A 0.013 

Aghnaskerry 1578.13 3615M00048I 29.49 Circular 0.9 N/A N/A 0.013 

Aghnaskerry 1603.44 3615M00047I 17.93 Arch 0.989 0.87 0.717 0.013 

Aghnaskerry 1736.65 3615M00045I* 208.99 Irregular 1.567 1.484 N/A 0.013 

Annagelliff 254.74 3616M00251I 30.70 Circular 0.9 N/A N/A 0.013 

Annagelliff 793.50 3616MM00207I* 205.00 Circular 0.6 N/A N/A 0.013 

Annagelliff 957.86 3616M00190I 52.00 Circular 0.6 N/A N/A 0.013 

Annagelliff 1553.06 3616MM00141I* 330.00 Irregular 1.852 1.693 N/A 0.013 

Annagelliff 1858.65 3616M00094I 8.28 Irregular 2.042 2.272 N/A 0.013 

Annagelliff 1999.01 3616M00080I 8.40 Irregular 1.885 2.37 N/A 0.013 

Annagelliff 2113.01 3616MM00075I* 146.00 Circular 1.2 N/A N/A 0.013 

Cavan River 128.14 3606M01448D 2.30 Irregular 2.226 2.774 N/A 0.013 

Cavan River 911.75 3606M01369D 2.30 Irregular 1.962 5.104 N/A 0.013 

Cavan River 1373.65 3606M01323D 3.50 Irregular 1.757 3.055 N/A 0.013 

Cavan River 1653.67 3606M01299I 49.00 Irregular 1.557 2.884 N/A 0.013 

Cavan River 2038.29 3606M01257D 2.80 Irregular 1.425 3.412 N/A 0.013 

Cavan River 2684.23 3606M01194D 30.00 Irregular 2.422 1.524 N/A 0.013 

Cavan River 3819.69 Interpolated 92.00 Irregular 2.046 2.216 N/A 0.013 

Cavan River 3922.98 3606M01070D 8.71 Arch 3.718 4.175 2.418 0.013 

Cavan River 3962.35 3606M01067I 52.70 Irregular 2.304 4.2 N/A 0.013 

Cavan River 4056.71 3606M01057I 23.42 Irregular 2.447 3.681 N/A 0.013 

Cavan River 4369.99 3606M01031I* 119.00 Circular 4 N/A N/A 0.013 

Cavan River 4924.44 3606M00969D 3.00 Irregular 1.107 4.474 N/A 0.013 

Cavan River 4964.31 3606M00965D 3.10 Arch 1.774 4.074 1.182 0.013 

Cavan River 5085.65 3606M00954D 2.60 Irregular x 2 1.73, 1.70 2.37, 2.31 N/A 0.013 
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1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** LENGTH 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT FROM 
INVERT (m) 

MANNING'S n 

Cavan River 6248.39 3606M00839I 60.00 Arch 2.56 5.972 1.332 0.013 

Cavan River 6333.09 3606M00829I 58.00 Arch 2.1 5.856 1.31 0.013 

Cavan River 6421.63 3606M00819D 3.00 Irregular 1.73 7.358 N/A 0.013 

Cavan River 6460.46 3606M00815D 1.00 Irregular 1.6 4.814 N/A 0.013 

Cavan River 6504.65 3606M00810E 12.70 Arch x 2 1.98, 199 2.82, 2.06 1.31, 1.32 0.013 

Cavan River 6608.37 3606M00802D 38.60 Irregular 2.14 6.3 N/A 0.013 

Cavan River 6764.28 3606M00785D 8.10 Irregular 1.65 7.17 N/A 0.014 

Cavan River 6806.07 3606M00781D 3.53 Irregular 1.62 7.354 N/A 0.014 

Cavan River 7054.51 3606M00756D 3.71 Irregular 1.58 6.55 N/A 0.013 

Cavan River 7158.93 3606M00745D 1.07 Irregular 1.93 5.45 N/A 0.013 

Cavan River 7309.44 3606M00732D 6.80 Arch 5.84 5.587 3.903 0.013 

Cavan River 7349.70 3606M00727D 7.60 Arch 3.14 6.06 1.62 0.013 

Cavan River 8132.85 3606M00649D 10.00 Arch 8.157 8.19 4.39 0.013 

Cavan River 8469.62 3606M00616D 3.64 Arch 1.817 4.5 1.17 0.03 

Cavan River 9257.57 3606M00536D 7.61 Arch 2.796 6 1.314 0.013 

Cavan River 9907.77 3606M00471D 13.48 Arch 3.742 9.57 2.442 0.013 

Cullies 339.89 3608M00315I 14.90 Circular 0.65 N/A N/A 0.013 

Cullies 434.11 3608M00305I 8.30 Irregular 1.07 0.54 N/A 0.013 

Cullies 511.73 3608M00297I 7.70 Circular 0.65 N/A N/A 0.013 

Cullies 547.85 3608M00296I 50.60 Circular 0.65 N/A N/A 0.013 

Cullies 862.19 3608M00285I* 488.00 Circular 1 N/A N/A 0.013 

Cullies 1262.52 3608M00228I* 138.00 Circular 1.5 N/A N/A 0.013 

Cullies 1623.28 3608M00189I 60.00 Circular 1 N/A N/A 0.013 

Cullies 1979.37 3608M00168I* 361.00 Circular 0.65 N/A N/A 0.013 

Cullies 2220.91 3608M00126I 31.50 Circular 0.6 N/A N/A 0.013 

Cullies 2289.80 3608M00119D 4.60 Irregular 1 1.07 N/A 0.013 

Cullies 2418.63 3608M00117I* 225.00 Arch 1.16 1.192 0.707 0.013 

Cullies 2552.68 3608M00094D 4.30 Irregular 0.811 1.52 N/A 0.013 

Cullies 2613.48 3608M00088I 12.70 Irregular 0.77 2.29 N/A 0.013 
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1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** LENGTH 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT FROM 
INVERT (m) 

MANNING'S n 

Cullies 2697.91 3608M00080I 7.20 Irregular 0.814 1.44 N/A 0.013 

Cullies 2845.16 3608M00064D 6.20 Irregular 1.375 1.58 N/A 0.02 

Cullies 3134.60 3608M00037I 5.00 Circular 1 N/A N/A 0.013 

Curragho 242.01 Interpolated1 18.00 Arch 1.32 1.25 1.07 0.013 

Curragho 400.79 3610M00430I 30.51 Circular 0.8 N/A N/A 0.013 

Curragho 692.70 3610M00403I 83.47 Circular x 2 0.8 N/A N/A 0.013 

Curragho 1002.63 3610M00368D 5.44 Irregular 1.63 0.84 N/A 0.013 

Curragho 1158.74 3610M00354I 5.50 Circular 0.6 N/A N/A 0.013 

Curragho 1425.50 3610M00346I* 368.99 Circular 0.8 N/A N/A 0.013 

Curragho 1711.01 3610M00292I 19.13 Circular x 2 0.6 N/A N/A 0.013 

Curragho 2101.48 3610M00252I 15.82 Irregular 1.03 2.45 N/A 0.013 

Curragho 3093.80 3610M00153I 14.06 Circular 1 N/A N/A 0.013 

Curragho 3222.49 3610M00141D 0.93 Irregular 1.52 1.905 N/A 0.013 

Curragho 3416.28 3610M00121D 2.47 Irregular 1.7 7.98 N/A 0.013 

Curragho 3761.49 3610M00086I 4.26 Circular 1.8 N/A N/A 0.013 

Curragho 4210.82 3610M00082I* 821.83 Circular 2 N/A N/A 0.013 

Derrychamp 338.50 3613M00108I 12.30 Circular 0.6 N/A N/A 0.013 

Derrychamp 702.31 3613M00074D 9.50 Arch 4.89 4.45 2.95 0.013 

Dromore River 25843.81 3601M04617D 4.69 Arch x 4 All similar, 2.6 All similar, 4.6 All similar, 1.7 0.013 

Dromore River 29047.00 3601M04296D 1.15 Irregular x 8 All similar, 2.6 All similar, 5.1 N/A 0.013 

Dromore River 29360.20 3601M04265D 3.93 Irregular x 5 All similar, 2.4 All similar, 3.9 N/A 0.013 

Dromore River 29811.76 3601M04220D 5.22 Arch x 5 Range 2.9 - 4.6 Range 2.3 - 6.8 Range 1.9 - 2.5 0.013 

Dromore River 35209.50 3601M03700D 5.96 Arch x 4 Range 3.5 - 4 All similar, 7.4 All similar, 2.2 0.013 

Dromore River 37905.69 3601M03410D 3.38 Irregular x 9 Range 1.2 - 3 Range 5.1 - 6.4 N/A 0.013 

Dromore River 41444.59 3601M03057D 5.20 Arch x 7 All similar, 4 All similar, 5.4 All similar, 2 0.013 

Dromore River 42939.50 3601M02914D 4.34 Irregular x 3 3.06, 3.6, 3.68 7.71, 7.77, 7.84 N/A 0.013 

Dromore River 44637.98 3601M02737D 3.35 Irregular x 3 3.73, 3.95, 3.69 10.49, 10.46, 11.36 N/A 0.02 

Dromore River 47527.80 3601M02450D 9.42 Arch x 4 3.9, 4.5, 4.6, 4.3 7.6, 7.4, 7.6, 7.8 2.1, 2.7, 2.7, 2.5 0.013 

Dromore River 48588.23 3601M02343D 13.99 Arch x 4 3.4, 4.2, 4.3, 3.6   5.7, 7.1, 10, 7.2 2.4, 3.1, 4.3, 3.6 0.02 
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1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** LENGTH 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT FROM 
INVERT (m) 

MANNING'S n 

Dromore River 48835.67 3601M02321D 14.27 Arch x 3 4.84, 7.33, 4.35 15, 31.5, 18 2.4, 5, 2.1 0.02 

Dromore River 52087.72 3601M01992D 3.67 Irregular 4.32 24.12 N/A 0.02 

Dromore River 53793.88 3601M01822D 8.04 Arch x 2 6.42, 6.32 10.64, 10.64 4.41, 4.27 0.013 

Dromore River 56555.45 3601M01546D 11.17 Arch x 3 7.3, 7.36, 7.14 13.16, 13.81, 13.55 4.29, 4.72, 4.7 0.013 

Dromore River 62860.84 3601M00915D 3.85 Arch x 4 5, 6.2, 6.3, 5.74 10.5, 10.5, 10.56, 12.3 2.7, 3.9, 3.87, 3.44 0.013 

Dromore River 63429.84 3601M00858D 9.95 Arch x 3 6.17, 6.13, 5.91 12.04, 14.04, 12.31 3.21, 3.1, 3.14 0.013 

Drumbar 206.28 3607M00370I 4.22 Circular 1 N/A N/A 0.013 

Drumbar 420.20 3607M00348I 4.57 Circular 1 N/A N/A 0.013 

Drumbar 475.91 3607M00347I 94.95 Circular 1 N/A N/A 0.013 

Drumbar 676.53 3607M00325I 94.04 Circular 0.45 N/A N/A 0.013 

Drumbar 1061.75 3607M00285D 12.62 Arch 1.49 1.165 1.1 0.013 

Drumbar 1123.42 3607M00278D 9.27 Arch 1.56 1.159 1.02 0.013 

Drumbar 1220.12 3607M00268D 9.58 Irregular 1.19 1.09 N/A 0.013 

Drumbar 1562.36 3607M00234D 4.54 Arch 1.17 1.25 0.85 0.013 

Drumbar 1661.09 3607M00224D 1.92 Arch 0.625 0.55 0.52 0.013 

Drumbar 1673.14 3607M00223I 6.02 Arch 1.18 0.99 0.94 0.013 

Drumbar 1696.95 3607M00220I 10.36 Irregular 1.63 1.44 N/A 0.013 

Drumbar 1714.24 3607M00217I 7.00 Arch 0.88 1.704 0.35 0.013 

Drumbar 1798.15 3607M00210D 2.46 Arch 0.91 2.05 0.567 0.013 

Drumbar 1880.79 3607M00202I 7.47 Irregular 1.92 2.57 N/A 0.013 

Drumbar 2093.63 3607M00180I 13.31 Circular x 2 0.65 N/A N/A 0.02 

Drumbar 2354.85 3607M00156I 3.82 Circular 1 N/A N/A 0.013 

Drumbar 2887.89 3607M00102I 11.45 Irregular 1.73 1.8 N/A 0.013 

Drumbar 2959.53 3607M00094D 4.60 Irregular 2.12 2.19 N/A 0.013 

Drumbar 3066.55 3607M00083D 6.35 Irregular 2.6 1.539 N/A 0.013 

Drumcrauve 377.60 3618M00083I 21.35 Circular 0.6 N/A N/A 0.013 

Drumcrauve 447.29 3618M00076I 5.68 Circular 0.6 N/A N/A 0.013 

Drumcrauve 633.84 3618M00058I  9.53 Irregular 0.88 0.55 N/A 0.013 

Drumherrish 182.88 3609M00175I 7.03 Circular 0.25 N/A N/A 0.013 
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1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** LENGTH 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT FROM 
INVERT (m) 

MANNING'S n 

Drumherrish 402.31 3609M00154I 7.15 Circular 0.6 N/A N/A 0.013 

Drumherrish 498.20 3609M00138I 6.09 Circular 0.6 N/A N/A 0.013 

Drumherrish 601.81 3609M00131I 6.53 Circular 1 N/A N/A 0.013 

Drumherrish 1150.54 3609M00087I* 207.77 Circular 1 N/A N/A 0.013 

Drumherrish 1272.99 3609M00065I 20.88 Circular 1.2 N/A N/A 0.013 

Drumherrish 1806.17 3609M00011I 3.59 Arch 0.87 0.74 0.73 0.013 

Drumherrish 1864.69 3609M00004I 4.56 Circular 0.75 N/A N/A 0.013 

Gartnasillagh 188.03 3611M00362D 9.00 Arch 3.21 2.89 1.68 0.013 

Gartnasillagh 792.52 3611M00304D 4.40 Arch 1.88 2.59 0.98 0.013 

Keadew 135.59 3605M00580I 65.00 Circular 0.3 N/A N/A 0.013 

Keadew 1824.72 3605M00413D 5.60 Irregular 1.4 1.99 N/A 0.013 

Keadew 2067.31 3605M00388I 18.50 Irregular 0.93 1.09 N/A 0.013 

Keadew 2130.01 3605M00383D  5.00 Irregular 1.31 1.15 N/A 0.013 

Keadew 3185.70 3605M00277D 5.50 Arch x 2 1.07, 1.20 0.91, 1.62 0.66, 0.52 0.013 

Keadew 3931.23 3605M00204D  7.70 Arch 1.64 3.15 0.59 0.013 

Keadew 5133.14 3605M00082I 5.00 Circular 0.85 N/A N/A 0.013 

Keadew 5309.37 3605M00065D 7.70 Arch 1.89 1.61 1.18 0.013 

Keadew 5318.29 3605M00065I 6.00 Circular 0.85 N/A N/A 0.013 

Moynehall 538.34 3614M00187I 47.68 Circular 1.5 N/A N/A 0.013 

Moynehall 633.78 3614M00177I 52.81 Circular 1 N/A N/A 0.013 

Moynehall 671.20 3614M00171D 4.70 Irregular 1.36 1.05 N/A 0.013 

Moynehall 801.28 3614M00161I 37.23 Circular 0.75 N/A N/A 0.013 

Moynehall 834.53 3614M00155 0.50 Circular x 4 0.4 N/A N/A 0.013 

Moynehall 956.35 3614M00142I 3.78 Circular x 2 0.6 N/A N/A 0.013 

Moynehall 1138.39 3614M00126I 38.46 Circular 1.8 N/A N/A 0.013 

Moynehall 1479.62 3614M00091D 4.88 Irregular 1.69 1.25 N/A 0.013 

Moynehall 1922.24 3614M00046D  3.43 Irregular 1.46 3.58 N/A 0.013 

Moynehall 2222.89 3614M00016I 10.74 Circular 1.8 N/A N/A 0.013 

Moynehall 2351.83 3614M00004I 30.34 Circular 2 N/A N/A 0.013 
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1D Structures modelled in the 1D domain 

Structure Details - Bridges and Culverts: 

RIVER BRANCH CHAINAGE ID** LENGTH 
OPENING 

SHAPE 
HEIGHT (m) WIDTH (m) 

SPRING HEIGHT FROM 
INVERT (m) 

MANNING'S n 

Reask 1225.84 3617M00013I* 119.50 Circular 0.9 N/A N/A 0.013 

Structure Details - Weirs: 

RIVER BRANCH CHAINAGE ID MANNINGS N TYPE 

Cavan River 2044.452 3606M01255W 0.050  Broad Crested Weir 

Cavan River 4440.904 3606M01016W 0.050  Broad Crested Weir 

Cullies 1580.336 3608M00190W 0.050  Broad Crested Weir 

Curragho 2268.479 3610M00234W 0.060  Broad Crested Weir 

Dromore River 28686.65 3601M04332W 0.045  Broad Crested Weir 

Moynehall 831.766 3614M00155W 0.045  Broad Crested Weir 

1D Structures modelled in the 2D domain 

Structure Details - Bridges and Culverts: 

None 

Structure Details - Weirs: 

None 

*Denotes structures incorporated as closed cross-sections only (and therefore not included in the Network file). 

**Structure ID Key: 

 D – Bridge Upstream Face 

 E – Bridge Downstream Face 

 I – Culvert Upstream Face 

 J – Culvert Downstream Face 

NB: All other weirs in the Network file are over topping weirs which form part of a composite structure with the culvert/bridge at the 

corresponding chainage.
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River Long Section Profiles

 

Cavan Watercourse Between Chainage 0 – 3195m -  0.1% AEP Flow (Please view Section 4.5.5(2) which discusses model updates for Final) 

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Cavan Watercourse Between Chainage 3195 – 5291m - 0.1% AEP Flow (Please view Section 4.5.5(2) which discusses model updates for Final) 

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Cavan Watercourse Between Chainage 5291 - 7225 0.1% AEP Flow (Please view Section 4.5.5(2) which discusses model updates for Final) 

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Cavan Watercourse Between Chainage 7225 - 8650 0.1% AEP Flow (Please view Section 4.5.5(2) which discusses model updates for Final) 

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Cavan Watercourse Between Chainage 8650 – 10875m -  0.1% AEP Flow (Please view Section 4.5.5(2) which discusses model updates for Final) 

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Cavan Watercourse Between Chainage 10875 – 14598m - 0.1% AEP Flow (Please view Section 4.5.5(2) which discusses model updates for Final) 

  

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Cavan Watercourse Between Chainage 6648 – 8650m -  0.1% AEP Flow (Please view Section 4.5.5(2) which discusses model updates for Final)

Solid Black line indicates the Right Bank 

Dashed Black Line indicates the Left Bank 

Dashed Red Line indicates the Peak Water Level 
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Final Model Files – Design   

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_CAVA4_MF_DES_18_2yrAB HA36_CAVA4_M21_DES_18_2yrAB  HA36_CAVA4_M21_DES_18_2yrAB 

HA36_CAVA4_MF_DES_18_2yrC HA36_CAVA4_M21_DES_18_2yrC  HA36_CAVA4_M21_DES_18_2yrC 

HA36_CAVA4_MF_DES_19_5yrAB HA36_CAVA4_M21_DES_19_5yrAB  HA36_CAVA4_M21_DES_19_5yrAB 

HA36_CAVA4_MF_DES_19_5yrC HA36_CAVA4_M21_DES_19_5yrC  HA36_CAVA4_M21_DES_19_5yrC 

HA36_CAVA4_MF_DES_18_10yrAB HA36_CAVA4_M21_DES_18_10yrAB  HA36_CAVA4_M21_DES_18_10yrAB 

HA36_CAVA4_MF_DES_18_10yrC HA36_CAVA4_M21_DES_18_10yrC  HA36_CAVA4_M21_DES_18_10yrC 

HA36_CAVA4_MF_DES_18_20yrAB HA36_CAVA4_M21_DES_18_20yrAB  HA36_CAVA4_M21_DES_18_20yrAB 

HA36_CAVA4_MF_DES_18_20yrC HA36_CAVA4_M21_DES_18_20yrC  HA36_CAVA4_M21_DES_18_20yrC 

HA36_CAVA4_MF_DES_18_50yrAB HA36_CAVA4_M21_DES_18_50yrAB  HA36_CAVA4_M21_DES_18_50yrAB 

HA36_CAVA4_MF_DES_18_50yrC HA36_CAVA4_M21_DES_18_50yrC  HA36_CAVA4_M21_DES_18_50yrC 

HA36_CAVA4_MF_DES_18_100yrAB HA36_CAVA4_M21_DES_18_100yrAB  HA36_CAVA4_M21_DES_18_100yrAB 

HA36_CAVA4_MF_DES_18_100yrC HA36_CAVA4_M21_DES_18_100yrC  HA36_CAVA4_M21_DES_18_100yrC 

HA36_CAVA4_MF_DES_18_200yrAB HA36_CAVA4_M21_DES_18_200yrAB  HA36_CAVA4_M21_DES_18_200yrAB 

HA36_CAVA4_MF_DES_18_200yrC HA36_CAVA4_M21_DES_18_200yrC  HA36_CAVA4_M21_DES_18_200yrC 

HA36_CAVA4_MF_DES_19_1000yrAB HA36_CAVA4_M21_DES_19_1000yrAB  HA36_CAVA4_M21_DES_19_1000yrAB 

HA36_CAVA4_MF_DES_19_1000yrC HA36_CAVA4_M21_DES_19_1000yrC  HA36_CAVA4_M21_DES_19_1000yrC 

HA36_CAVA4_MF_DES_20_MRFS_2yrAB HA36_CAVA4_M21_DES_20_MRFS_2yrAB  HA36_CAVA4_M21_DES_20_MRFS_2yrAB 

HA36_CAVA4_MF_DES_20_MRFS_2yrC HA36_CAVA4_M21_DES_20_MRFS_2yrC  HA36_CAVA4_M21_DES_20_MRFS_2yrC 

HA36_CAVA4_MF_DES_20_MRFS_5yrAB HA36_CAVA4_M21_DES_20_MRFS_5yrAB  HA36_CAVA4_M21_DES_20_MRFS_5yrAB 

HA36_CAVA4_MF_DES_20_MRFS_5yrC HA36_CAVA4_M21_DES_20_MRFS_5yrC  HA36_CAVA4_M21_DES_20_MRFS_5yrC 

HA36_CAVA4_MF_DES_21_MRFS_10yrAB HA36_CAVA4_M21_DES_21_MRFS_10yrAB  HA36_CAVA4_M21_DES_21_MRFS_10yrAB 

HA36_CAVA4_MF_DES_21_MRFS_10yrC HA36_CAVA4_M21_DES_21_MRFS_10yrC  HA36_CAVA4_M21_DES_21_MRFS_10yrC 

HA36_CAVA4_MF_DES_20_MRFS_20yrAB HA36_CAVA4_M21_DES_20_MRFS_20yrAB  HA36_CAVA4_M21_DES_20_MRFS_20yrAB 

HA36_CAVA4_MF_DES_20_MRFS_20yrC HA36_CAVA4_M21_DES_20_MRFS_20yrC  HA36_CAVA4_M21_DES_20_MRFS_20yrC 
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MIKE FLOOD Continued MIKE 21 Continued 
BOUNDARY DFS0 

Continued 
MIKE 21 RESULTS Continued 

HA36_CAVA4_MF_DES_20_MRFS_50yrAB HA36_CAVA4_M21_DES_20_MRFS_50yrAB  HA36_CAVA4_M21_DES_20_MRFS_50yrAB 

HA36_CAVA4_MF_DES_20_MRFS_50yrC HA36_CAVA4_M21_DES_20_MRFS_50yrC  HA36_CAVA4_M21_DES_20_MRFS_50yrC 

HA36_CAVA4_MF_DES_23_MRFS_100yrAB HA36_CAVA4_M21_DES_23_MRFS_100yrAB  HA36_CAVA4_M21_DES_23_MRFS_100yrAB 

HA36_CAVA4_MF_DES_23_MRFS_100yrC HA36_CAVA4_M21_DES_23_MRFS_100yrC  HA36_CAVA4_M21_DES_23_MRFS_100yrC 

HA36_CAVA4_MF_DES_20_MRFS_200yrAB HA36_CAVA4_M21_DES_20_MRFS_200yrAB  HA36_CAVA4_M21_DES_20_MRFS_200yrAB 

HA36_CAVA4_MF_DES_20_MRFS_200yrC HA36_CAVA4_M21_DES_20_MRFS_200yrAC  HA36_CAVA4_M21_DES_20_MRFS_200yrC 

HA36_CAVA4_MF_DES_20_MRFS_1000yrAB HA36_CAVA4_M21_DES_20_MRFS_1000yrAB  HA36_CAVA4_M21_DES_20_MRFS_1000yrAB 

HA36_CAVA4_MF_DES_20_MRFS_1000yrC HA36_CAVA4_M21_DES_20_MRFS_1000yrC  HA36_CAVA4_M21_DES_20_MRFS_1000yrC 

HA36_CAVA4_MF_DES_22_HEFS_10yrAB HA36_CAVA4_M21_DES_22_HEFS_10yrAB  HA36_CAVA4_M21_DES_22_HEFS_10yrAB 

HA36_CAVA4_MF_DES_22_HEFS_10yrC HA36_CAVA4_M21_DES_22_HEFS_10yrC  HA36_CAVA4_M21_DES_22_HEFS_10yrC 

HA36_CAVA4_MF_DES_21_HEFS_100yrAB HA36_CAVA4_M21_DES_21_HEFS_100yrAB  HA36_CAVA4_M21_DES_21_HEFS_100yrAB 

HA36_CAVA4_MF_DES_21_HEFS_100yrC HA36_CAVA4_M21_DES_21_HEFS_100yrC  HA36_CAVA4_M21_DES_21_HEFS_100yrC 

HA36_CAVA4_MF_DES_21_HEFS_1000yrAB HA36_CAVA4_M21_DES_21_HEFS_1000yrAB  HA36_CAVA4_M21_DES_21_HEFS_1000yrAB 

HA36_CAVA4_MF_DES_21_HEFS_1000yrC HA36_CAVA4_M21_DES_21_HEFS_1000yrC  HA36_CAVA4_M21_DES_21_HEFS_1000yrC 

 
Bathymetry: HA36_CAVA4_DFS2_DES_4 
Bathymetry: HA36_CAVA4_DFS2_DES_5 
Roughness: HA36_CAVA4_Corine_DES_1 
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MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE 
MIKE 11 - CROSS-SECTION 

FILE 
MIKE 11 - BOUNDARY FILE 

HA36_CAVA4_M11_DES_22_2yrAB HA36_CAVA4_NWK_DES_22 HA36_CAVA4_XNS_DES_22 HA36_CAVA4_BND_DES_4_2yr 

HA36_CAVA4_M11_DES_22_2yrC HA36_CAVA4_NWK_DES_23 HA36_CAVA4_XNS_DES_23 HA36_CAVA4_BND_DES_4_5yr 

HA36_CAVA4_M11_DES_23_5yrAB HA36_CAVA4_NWK_DES_25 HA36_CAVA4_XNS_DES_25 HA36_CAVA4_BND_DES_4_10yr 

HA36_CAVA4_M11_DES_23_5yrC HA36_CAVA4_NWK_DES_26 HA36_CAVA4_XNS_DES_26 HA36_CAVA4_BND_DES_4_20yr 

HA36_CAVA4_M11_DES_22_10yrAB HA36_CAVA4_NWK_DES_27 HA36_CAVA4_XNS_DES_27 HA36_CAVA4_BND_DES_4_50yr 

HA36_CAVA4_M11_DES_22_10yrC   HA36_CAVA4_BND_DES_4_100yr 

HA36_CAVA4_M11_DES_22_20yrAB   HA36_CAVA4_BND_DES_4_200yr 

HA36_CAVA4_M11_DES_22_20yrC   HA36_CAVA4_BND_DES_4_1000yr 

HA36_CAVA4_M11_DES_22_50yrAB  
 
 

HA36_CAVA4_BND_DES_4_MRFS_2yr 

HA36_CAVA4_M11_DES_22_50yrC   HA36_CAVA4_BND_DES_4_MRFS_5yr 

HA36_CAVA4_M11_DES_22_100yrAB   HA36_CAVA4_BND_DES_4_MRFS_10yr 

HA36_CAVA4_M11_DES_22_100yrC   HA36_CAVA4_BND_DES_4_MRFS_20yr 

HA36_CAVA4_M11_DES_22_200yrAB   HA36_CAVA4_BND_DES_4_MRFS_50yr 

HA36_CAVA4_M11_DES_22_200yrC   HA36_CAVA4_BND_DES_4_MRFS_100yr 

HA36_CAVA4_M11_DES_23_1000yrAB   HA36_CAVA4_BND_DES_4_MRFS_200yr 

HA36_CAVA4_M11_DES_23_1000yrC   HA36_CAVA4_BND_DES_4_MRFS_1000yr 

HA36_CAVA4_M11_DES_24_MRFS_2yrAB   HA36_CAVA4_BND_DES_4_HEFS_10yr 

HA36_CAVA4_M11_DES_24_MRFS_2yrC   HA36_CAVA4_BND_DES_4_HEFS_100yr 

HA36_CAVA4_M11_DES_24_MRFS_5yrAB   HA36_CAVA4_BND_DES_4_HEFS_1000yr 

HA36_CAVA4_M11_DES_24_MRFS_5yrC    

HA36_CAVA4_M11_DES_25_MRFS_10yrAB    

HA36_CAVA4_M11_DES_25_MRFS_10yrC    

HA36_CAVA4_M11_DES_24_MRFS_20yrAB    

HA36_CAVA4_M11_DES_24_MRFS_20yrC    

HA36_CAVA4_M11_DES_24_MRFS_50yrAB    

HA36_CAVA4_M11_DES_24_MRFS_50yrC    

HA36_CAVA4_M11_DES_27_MRFS_100yrAB    

HA36_CAVA4_M11_DES_27_MRFS_100yrC    
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MIKE 11 - SIM FILE Continued MIKE 11 - NETWORK FILE Continued MIKE 11 - CROSS-SECTION FILE Continued 
MIKE 11 - BOUNDARY FILE 

Continued 

HA36_CAVA4_M11_DES_24_MRFS_200yrAB    

HA36_CAVA4_M11_DES_24_MRFS_200yrC    

HA36_CAVA4_M11_DES_24_MRFS_1000yrAB    

HA36_CAVA4_M11_DES_24_MRFS_1000yrC    

HA36_CAVA4_M11_DES_26_HEFS_10yrAB    

HA36_CAVA4_M11_DES_26_HEFS_10yrC    

HA36_CAVA4_M11_DES_25_HEFS_100yrAB    

HA36_CAVA4_M11_DES_25_HEFS_100yrC    

HA36_CAVA4_M11_DES_25_HEFS_1000yrAB    

HA36_CAVA4_M11_DES_25_HEFS_1000yrC    
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MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_CAVA4_DFS0_DES_1_2yr HA14_CAVA4_HD_DES_22_2yr_AB HA36_CAVA4_M11_DES_22_2yrAB HA36_CAVA4_HDmap_DES_22A_2yr 

HA36_CAVA4_DFS0_DES_1_5yr HA14_CAVA4_HD_DES_22_2yr_C HA36_CAVA4_M11_DES_22_2yrC HA36_CAVA4_HDmap_DES_22B_2yr 

HA36_CAVA4_DFS0_DES_1_10yr HA14_CAVA4_HD_DES_23_5yr_AB HA36_CAVA4_M11_DES_23_5yrAB HA36_CAVA4_HDmap_DES_22C_2yr 

HA36_CAVA4_DFS0_DES_1_20yr HA14_CAVA4_HD_DES_23_5yr_C HA36_CAVA4_M11_DES_23_5yrC HA36_CAVA4_HDmap_DES_23A_5yr 

HA36_CAVA4_DFS0_DES_1_50yr HA14_CAVA4_HD_DES_22_10yr_AB HA36_CAVA4_M11_DES_22_10yrAB HA36_CAVA4_HDmap_DES_23B_5yr 

HA36_CAVA4_DFS0_DES_1_100yr HA14_CAVA4_HD_DES_22_10yr_C HA36_CAVA4_M11_DES_22_10yrC HA36_CAVA4_HDmap_DES_23C_5yr 

HA36_CAVA4_DFS0_DES_1_200yr HA14_CAVA4_HD_DES_22_20yr_AB HA36_CAVA4_M11_DES_22_20yrAB HA36_CAVA4_HDmap_DES_22A_10yr 

HA36_CAVA4_DFS0_DES_1_1000yr HA14_CAVA4_HD_DES_22_20yr_C HA36_CAVA4_M11_DES_22_20yrC HA36_CAVA4_HDmap_DES_22B_10yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
2yr 

HA14_CAVA4_HD_DES_22_50yr_AB HA36_CAVA4_M11_DES_22_50yrAB HA36_CAVA4_HDmap_DES_22C_10yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
5yr 

HA14_CAVA4_HD_DES_22_50yr_C HA36_CAVA4_M11_DES_22_50yrC HA36_CAVA4_HDmap_DES_22A_20yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
10yr 

HA14_CAVA4_HD_DES_22_100yr_AB HA36_CAVA4_M11_DES_22_100yrAB HA36_CAVA4_HDmap_DES_22B_20yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
20yr 

HA14_CAVA4_HD_DES_22_100yr_C HA36_CAVA4_M11_DES_22_100yrC HA36_CAVA4_HDmap_DES_22C_20yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
50yr 

HA14_CAVA4_HD_DES_22_200yr_AB HA36_CAVA4_M11_DES_22_200yrAB HA36_CAVA4_HDmap_DES_22A_50yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
100yr 

HA14_CAVA4_HD_DES_22_200yr_C HA36_CAVA4_M11_DES_22_200yrC HA36_CAVA4_HDmap_DES_22B_50yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
200yr 

HA14_CAVA4_HD_DES_23_1000yr_A
B 

HA36_CAVA4_M11_DES_23_1000yrA
B 

HA36_CAVA4_HDmap_DES_22C_50yr 

HA36_CAVA4_DFS0_DES_1_MRFS_
1000yr 

HA14_CAVA4_HD_DES_23_1000yr_C HA36_CAVA4_M11_DES_23_1000yrC 
HA36_CAVA4_HDmap_DES_22A_100
yr 

HA36_CAVA4_DFS0_DES_1_HEFS_
10yr 

HA14_CAVA4_HD_DES_23_MRFS_2y
r_AB 

HA36_CAVA4_M11_DES_24_MRFS_
2yrAB 

HA36_CAVA4_HDmap_DES_22B_100
yr 

HA36_CAVA4_DFS0_DES_1_HEFS_
100yr 

HA14_CAVA4_HD_DES_23_MRFS_2y
r_C 

HA36_CAVA4_M11_DES_24_MRFS_
2yrC 

HA36_CAVA4_HDmap_DES_22C_100
yr 

HA36_CAVA4_DFS0_DES_1_HEFS_
1000yr 

HA14_CAVA4_HD_DES_23_MRFS_5y
r_AB 

HA36_CAVA4_M11_DES_24_MRFS_
5yrAB 

HA36_CAVA4_HDmap_DES_22A_200
yr 

 
HA14_CAVA4_HD_DES_23_MRFS_5y
r_C 

HA36_CAVA4_M11_DES_24_MRFS_
5yrC 

HA36_CAVA4_HDmap_DES_22B_200
yr 

 
HA14_CAVA4_HD_DES_25_MRFS_1
0yr_AB 

HA36_CAVA4_M11_DES_25_MRFS_
10yrAB 

HA36_CAVA4_HDmap_DES_22C_200
yr 

 
HA14_CAVA4_HD_DES_25_MRFS_1
0yr_C 

HA36_CAVA4_M11_DES_25_MRFS_
10yrC 

HA36_CAVA4_HDmap_DES_23A_100
0yr 

 
HA14_CAVA4_HD_DES_23_MRFS_2
0yr_AB 

HA36_CAVA4_M11_DES_24_MRFS_
20yrAB 

HA36_CAVA4_HDmap_DES_23B_100
0yr 

 
HA14_CAVA4_HD_DES_23_MRFS_2
0yr_C 

HA36_CAVA4_M11_DES_24_MRFS_
20yrC 

HA36_CAVA4_HDmap_DES_23C_100
0yr 

 
HA14_CAVA4_HD_DES_23_MRFS_5
0yr_AB 

HA36_CAVA4_M11_DES_24_MRFS_
50yrAB 

HA36_CAVA4_HDmap_DES_23A_MR
FS_2yr 
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MIKE 11 - DFS0 FILE Continued MIKE 11 - HD FILE Continued MIKE 11 – RESULTS FILE Continued HD RESULTS FILE Continued 

 
HA14_CAVA4_HD_DES_23_MRFS_50yr
_C 

HA36_CAVA4_M11_DES_24_MRFS_50y
rC 

HA36_CAVA4_HDmap_DES_23B_MRFS_
2yr 

 
HA14_CAVA4_HD_DES_27_MRFS_100y
r_AB 

HA36_CAVA4_M11_DES_27_MRFS_100
yrAB 

HA36_CAVA4_HDmap_DES_23C_MRFS_
2yr 

 

HA14_CAVA4_HD_DES_27_MRFS_100y
r_C 
HA14_CAVA4_HD_DES_23_MRFS_200y
r_AB 
HA14_CAVA4_HD_DES_23_MRFS_200y
r_C 
HA14_CAVA4_HD_DES_23_MRFS_1000
yr_AB 
HA14_CAVA4_HD_DES_23_MRFS_1000
yr_C 
HA14_CAVA4_HD_DES_26_HEFS_10yr_
AB 
HA14_CAVA4_HD_DES_26_HEFS_10yr_
C 
HA14_CAVA4_HD_DES_25_HEFS_100yr
_AB 
HA14_CAVA4_HD_DES_25_HEFS_100yr
_C 
HA14_CAVA4_HD_DES_25_HEFS_1000
yr_AB 
HA14_CAVA4_HD_DES_25_HEFS_1000
yr_C 

HA14_CAVA4_HD_DES_27_MRFS_100y
r_C 

HA36_CAVA4_HDmap_DES_23A_MRFS_
5yr 
HA36_CAVA4_HDmap_DES_23B_MRFS_
5yr 
HA36_CAVA4_HDmap_DES_23C_MRFS_
5yr 
HA36_CAVA4_HDmap_DES_25A_MRFS_
10yr 
HA36_CAVA4_HDmap_DES_25B_MRFS_
10yr 
HA36_CAVA4_HDmap_DES_25C_MRFS_
10yr 
HA36_CAVA4_HDmap_DES_23A_MRFS_
20yr 
HA36_CAVA4_HDmap_DES_23B_MRFS_
20yr 
HA36_CAVA4_HDmap_DES_23C_MRFS_
20yr 
HA36_CAVA4_HDmap_DES_23A_MRFS_
50yr 
HA36_CAVA4_HDmap_DES_23B_MRFS_
50yr 
HA36_CAVA4_HDmap_DES_23C_MRFS_
50yr 
HA36_CAVA4_HDmap_DES_27A_MRFS_
100yr 

HA36_CAVA4_M11_DES_24_MRFS_200
yrAB 

HA36_CAVA4_M11_DES_24_MRFS_200
yrC 

HA36_CAVA4_M11_DES_24_MRFS_100
0yrAB 

HA36_CAVA4_M11_DES_24_MRFS_100
0yrC 

HA36_CAVA4_M11_DES_26_HEFS_10yr
AB 

HA36_CAVA4_M11_DES_26_HEFS_10yr
C 

HA36_CAVA4_M11_DES_25_HEFS_100
yrAB 

HA36_CAVA4_M11_DES_25_HEFS_100
yrC 

HA36_CAVA4_M11_DES_25_HEFS_100
0yrAB 

HA36_CAVA4_M11_DES_25_HEFS_100
0yrC 

 DEM: CAVAN_NDHM_5m_AddMapping 
Hotstart: 
HA36_CAVA4_M11_DES_21_HS 

HA36_CAVA4_HDmap_DES_27B_MRFS_
100yr 

 
DEM: 
CAVAN_NDHM_5m_AddMapping_C 
DEM: CAVAN_NDHM_5m 

Hotstart:HA36_CAVA4_M11_DES_25_HS  
Hotstart:HA36_CAVA4_M11_DES_26_HS 

HA36_CAVA4_HDmap_DES_27C_MRFS_
100yr 

   
HA36_CAVA4_HDmap_DES_23A_MRFS_
200yr 

   
HA36_CAVA4_HDmap_DES_23B_MRFS_
200yr 

   
HA36_CAVA4_HDmap_DES_23C_MRFS_
200yr 

   
HA36_CAVA4_HDmap_DES_23A_MRFS_
1000yr 

   HA36_CAVA4_HDmap_DES_23B_MRFS_
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1000yr 

 

MIKE 11 – DFS0 FILE Continued MIKE 11 – HD FILE Continued MIKE 11 – RESULTS FILE Continued HD RESULTS FILE Continued 

   HA36_CAVA4_HDmap_DES_23C_MRFS_1000yr 

   HA36_CAVA4_HDmap_DES_26A_HEFS_10yr 

   HA36_CAVA4_HDmap_DES_26B_HEFS_10yr 

   HA36_CAVA4_HDmap_DES_26C_HEFS_10yr 

   HA36_CAVA4_HDmap_DES_25A_HEFS_100yr 

   HA36_CAVA4_HDmap_DES_25B_HEFS_100yr 

   HA36_CAVA4_HDmap_DES_25C_HEFS_100yr 

   HA36_CAVA4_HDmap_DES_25A_HEFS_1000yr 

   HA36_CAVA4_HDmap_DES_25B_HEFS_1000yr 

   HA36_CAVA4_HDmap_DES_25C_HEFS_1000yr 
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Final Model Files - Sensitivity 

  

MIKE FLOOD MIKE 21 Boundary DFS0 MIKE 21 RESULTS 

HA36_CAVA4_MF_SEN_1_100yrAB_bld HA36_CAVA4_M21_SEN_18_100yrAB_bld 
 

HA36_CAVA4_M21_SEN_100yrAB_bld 

HA36_CAVA4_MF_SEN_1_100yrAB_flow HA36_CAVA4_M21_SEN_18_100yrAB_flow  HA36_CAVA4_M21_SEN_1_100yrAB_flow 

HA36_CAVA4_MF_SEN_1_100yrAB_hl_1 HA36_CAVA4_M21_SEN_18_100yrAB_hl_1 
 

HA36_CAVA4_M21_SEN_100yrAB_hl_1 

HA36_CAVA4_MF_SEN_1_100yrAB_hl_2 HA36_CAVA4_M21_SEN_18_100yrAB_hl_2 
 

HA36_CAVA4_M21_SEN_100yrAB_hl_2 

HA36_CAVA4_MF_SEN_1_100yrAB_hl_3 HA36_CAVA4_M21_SEN_18_100yrAB_hl_3 
 

HA36_CAVA4_M21_SEN_100yrAB_hl_3 

HA36_CAVA4_MF_SEN_1_100yrAB_hl_4 HA36_CAVA4_M21_SEN_18_100yrAB_hl_4 
 

HA36_CAVA4_M21_SEN_100yrAB_hl_4 

HA36_CAVA4_MF_SEN_1_100yrAB_hl_5 HA36_CAVA4_M21_SEN_18_100yrAB_hl_5 
 

HA36_CAVA4_M21_SEN_100yrAB_hl_5 

HA36_CAVA4_MF_SEN_1_100yrAB_hl_6 HA36_CAVA4_M21_SEN_18_100yrAB_hl_6 
 

HA36_CAVA4_M21_SEN_100yrAB_hl_6 

HA36_CAVA4_MF_SEN_1_100yrAB_roug
h 

HA36_CAVA4_M21_SEN_18_100yrAB_rough 
 

HA36_CAVA4_M21_SEN_1_100yrAB_rough 

 Roughness: HA36_CAVA4_Corine_DES_1 
 

 

 Roughness: HA36_CAVA4_Corine_DES_1_SEN_bld 
 

 

 Roughness: HA36_CAVA4_Corine_SEN_rough 
 

 

 Bathymetry: HA36_CAVA4_DFS2_DES_4 
 

 

 
Bathymetry: 
HA36_CAVA4_DFS2_DES_4_SEN_bld_interpolate 

 
 

 Bathymetry: HA36_CAVA4_DFS2_DES_5 
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MIKE 11 - SIM FILE MIKE 11 - NETWORK FILE MIKE 11 - CROSS-SECTION FILE MIKE 11 - BOUNDARY FILE 

HA36_CAVA4_M11_SEN_1_100yrAB_bld HA36_CAVA4_NWK_DES_22 HA36_CAVA4_XNS_DES_22 HA36_CAVA4_BND_DES_4_100yr 

HA36_CAVA4_M11_SEN_1_100yrAB_flow HA36_CAVA4_NWK_SEN_hl_1 HA36_CAVA4_XNS_SEN_hl_1 HA36_CAVA4_BND_SEN_1_100yr_flow 

HA36_CAVA4_M11_SEN_1_100yrAB_hl_1 HA36_CAVA4_NWK_SEN_hl_2 HA36_CAVA4_XNS_SEN_hl_2  

HA36_CAVA4_M11_SEN_1_100yrAB_hl_2 HA36_CAVA4_NWK_SEN_hl_3 HA36_CAVA4_XNS_SEN_hl_3  

HA36_CAVA4_M11_SEN_1_100yrAB_hl_3 HA36_CAVA4_NWK_SEN_hl_4 HA36_CAVA4_XNS_SEN_hl_4  

HA36_CAVA4_M11_SEN_1_100yrAB_hl_4 HA36_CAVA4_NWK_SEN_hl_5 HA36_CAVA4_XNS_SEN_hl_5  

HA36_CAVA4_M11_SEN_1_100yrAB_hl_5 HA36_CAVA4_NWK_SEN_hl_6 HA36_CAVA4_XNS_SEN_hl_6  

HA36_CAVA4_M11_SEN_1_100yrAB_hl_6  HA36_CAVA4_XNS_SEN_rough  

HA36_CAVA4_M11_SEN_1_100yrAB_rough    

 

 

MIKE 11 - DFS0 FILE MIKE 11 - HD FILE MIKE 11 – RESULTS FILE HD RESULTS FILE 

HA36_CAVA4_DFS0_DES_1_100yr HA14_CAVA4_HD_SEN_1_100yr_AB_bld HA36_CAVA4_M11_SEN_100yrAB_bld N/A 

HA36_CAVA4_DFS0_SEN_1_100yr_flow HA14_CAVA4_HD_SEN_1_100yr_AB_flow HA36_CAVA4_M11_SEN_1_100yrAB_flow  

 HA14_CAVA4_HD_SEN_1_100yr_AB_hl_1 HA36_CAVA4_M11_SEN_100yrAB_hl_1  

 HA14_CAVA4_HD_SEN_1_100yr_AB_hl_2 HA36_CAVA4_M11_SEN_100yrAB_hl_2  

 HA14_CAVA4_HD_SEN_1_100yr_AB_hl_3 HA36_CAVA4_M11_SEN_100yrAB_hl_3  

 HA14_CAVA4_HD_SEN_1_100yr_AB_hl_4 HA36_CAVA4_M11_SEN_100yrAB_hl_4  

 HA14_CAVA4_HD_SEN_1_100yr_AB_hl_5 HA36_CAVA4_M11_SEN_100yrAB_hl_5  

 HA14_CAVA4_HD_SEN_1_100yr_AB_hl_6 HA36_CAVA4_M11_SEN_100yrAB_hl_6  

 HA14_CAVA4_HD_SEN_1_100yr_AB_rough HA36_CAVA4_M11_SEN_1_100yrAB_rough  

  Hotstart: HA36_CAVA4_M11_DES_21_HS  

  Hotstart: HA36_CAVA4_M11_SEN_rough_HS  
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GIS Deliverables - Hazard 

Flood Extent Maps (Shapefiles) 
(Shapefiles) 

Flood Depth Files 
(Raster) 

Flood Velocity Files 
(Raster) 

Risk to Life Function 
(Raster) 

Fluvial Water Level and Flows Fluvial Fluvial Fluvial 

N17EXFCD500F0 Fluvial N17DPFCD500F0 N17VLFCD500F0 N17RLFCD100F0 

N17EXFCD200F0 N17NFCDF0 N17DPFCD200F0 N17VLFCD200F0 N17RLFCD010F0 

N17EXFCD100F0 N17NFMDF0 N17DPFCD100F0 N17VLFCD100F0 N17RLFCD001F0 

N17EXFCD050F0 N17NFHDF0 N17DPFCD050F0 N17VLFCD050F0  

N17EXFCD020F0  N17DPFCD020F0 N17VLFCD020F0  

N17EXFCD010F0 Flood Defences (Shapefiles) N17DPFCD010F0 N17VLFCD010F0  

N17EXFCD005F0 N/A N17DPFCD005F0 N17VLFCD005F0  

N17EXFCD001F0  N17DPFCD001F0 N17VLFCD001F0 Flood Zones 
(Shapefiles) 

 Defended Areas (Shapefiles)   N17ZNA_FCDF0 

N17EXFMD500F0 N/A N17DPFMD500F0  N17ZNB_FCDF0 

N17EXFMD200F0  N17DPFMD200F0   

N17EXFMD100F0 Wave Overtopping  
(Shapefiles) 

N17DPFMD100F0  N17ZNA_FMDF0 

N17EXFMD050F0 N/A N17DPFMD050F0  N17ZNB_FMDF0 

N17EXFMD020F0  N17DPFMD020F0   

N17EXFMD010F0  N17DPFMD010F0   

N17EXFMD005F0  N17DPFMD005F0   

N17EXFMD001F0  N17DPFMD001F0   

     

N17EXFHD100F0  N17DPFHD100F0   

N17EXFHD010F0  N17DPFHD010F0   

N17EXFHD001F0  N17DPFHD001F0   

     

Defence Failure Scenario (2 Scenarios)   

Extent Depth Velocity   

N/A N/A N/A   
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GIS Deliverables - Risk 

Specific Risk - No. Inhabitants  (Raster) Specific Risk –Type of Activity  (UoM Scale) Specific Risk – Risk Density (Raster) 

Fluvial Fluvial Fluvial 
N17RIFCD100F0 N36_RTFCD001_F0 N17RDFCD001F0 
N17RIFCD010F0 N36_RTFMD001_F0 N17RDFMD001F0 
N17RIFCD001F0   

   
N17RIFMD100F0   
N17RIFMD010F0   
N17RIFMD001F0   

   

General Risk -  Environment General Risk – Cultural Heritage General Risk – Economy 

N/A N/A N/A 
   
   

   

 




