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Glossary
AEP

Annual Exceedance Probability

AFA

Area for Further Assessment

CFRAM

Catchment Flood Risk Assessment and Management

CIRIA

Company providing research and training in the construction industry

DTM

Digital Terrain Model

EPA

Environmental Protection Agency

FARL

FEH index of flood attenuation due to reservoirs and lakes

FRA

Flood Risk Assessment

FRM

Flood Risk Mapping

FRMP

Flood Risk Management Plan

FRR

Flood Risk Review

G.S.

Gauging Station

GDSDS

Greater Dublin Strategic Drainage Strategy

HEFS

High End Future Scenario

HPW

High Priority Watercourse

ICPSS

Irish Coastal Protection Strategy Study

IED

ISIS Event Data file

LAP

Local Area Plan

ME

Met Eireann

MPW

Medium Priority Watercourse

MRFS

Medium Range Future Scenario

OPW

Office of Public Works

PFRA

Preliminary Flood Risk Assessment

POR

Period of Record

SAAR

Standard Average Annual Rainfall (mm)

SEA

Strategic Environmental Assessment

SEPA

Scottish Environment Protection Agency

SFRA

Strategic Flood Risk Assessment

SUDS

Sustainable Urban Drainage Systems

Tp

Time to Peak

UNESCO

United Nations Educational, Scientific and Cultural Organisation

WFD

Water Framework Directive

WRAP

Winter Rain Acceptance Potential
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Introduction

1.1

Western CFRAM
The Office of Public Works (OPW) has recognised that, in some areas of the country, there are
significant levels of flood risk which could increase in the future due to climate change, ongoing
development and other pressures. In partnership with Local Authorities, the OPW are therefore
undertaking a programme of Catchment-based Flood Risk Assessment and Management
(CFRAM) Studies to find solutions to manage this flood risk in a sustainable and cost effective
way. The outputs from the CFRAM Studies will be catchment-based Flood Risk Management
Plans (FRMP) and associated flood maps. The FRMPs will be reviewed on a six-yearly basis.
The results will help long-term planning for reducing and managing flood risk across Ireland.
The Western River Basin District (RBD) covers an area of 12,193 km 2 in the west of Ireland
extending north from the town of Gort to close to the border with Northern Ireland. It covers the
majority of counties of Galway, Mayo and Sligo, along with some of County Leitrim and small
parts of the counties of Roscommon and Clare. The Western RBD is subdivided into seven Units
of Management (UoMs), which are based on hydrometric areas. It should be noted that the
Western CFRAM Study is concerned with river and coastal flooding; groundwater flooding, which
is a significant issue in some parts of the RBD, will be examined in a separate study.
This report is for Unit of Management 35, also referred to as Sligo Bay / Drowes, which covers
an area of 1,603 square kilometres of the Western RBD. The area is predominantly within
County Sligo but also incorporates the north of County Leitrim. The report covers the Areas for
Further Assessment (AFAs) within Unit of Management (UoM) 35 are:

1.2



Ballymote



Ballysadare



Collooney



Coolaney



Gorteen



Manorhamilton



Riverstown



Sligo Town



Rathbraghan

Study background
The Inception Report for UoM 35 was delivered in October 2012. This report consisted of a
baseline review of available data and the development of the proposed methodology for the
hydrological and hydraulic modelling investigations which were subsequently completed.
The detailed development of the hydrology for UoM 35 is presented in the UoM 35 Hydrology
Report, which was delivered in December 2014. This work developed design flows at a series of
Hydrological Estimation Points (HEPs) along all watercourses to be modelled. It also provided
guidance on the development of appropriate design storm hydrographs for each AFA for the
purposes of the hydraulic modelling.
The findings of the hydraulic modelling investigations are summarised in the Hydraulic Modelling
Report for UoM 35. Separate sub-reports contain a general methodology statement (Volume 1),
the findings for specific AFAs or MPWs (Volumes 2a to 2i) and the mapping outputs from the
study (Volumes 3a to 3i). Hydraulic models were constructed for all High Priority and Medium
Priority Watercourses (HPWs and MPWs). HPWs are those watercourses that dictate flood risk
within an AFA boundary as originally delineated within the Flood Risk Review (FRR) Report and
finalised in the Inceptions Report. HPWs therefore extend a short distance upstream and
downstream of an AFA but do not include watercourses with catchments less than 1km2. HPWs
were modelled to a greater level of detail than MPWs. MPWs are the watercourses which link
two AFAs together and the watercourses that extend downstream of an AFA to the sea. Coastal
AFAs do not have a downstream MPW associated with them. In total, approximately 92 km of
HPW and 86 km of MPW were modelled within UoM 35, along with the coastline in Sligo, Figure
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc
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1-1. The Hydraulic Modelling Report presents the flood risk for UoM 35 based on eight different
design events for fluvial and tidal flood risk, as appropriate, both now and including climate
change projections in the future.
This report presents the findings of the preliminary options investigations for UoM 35. The
preliminary options investigations build on the findings presented in the hydraulic modelling
reports.
Under the scope of works for the CFRAM the preferred design standard for flood mitigation
methods is the 1% AEP fluvial or the 0.5% AEP tidal event. A review of the flood maps
presented in the Hydraulic Modelling Report has identified those AFAs where properties are
shown to be at risk of flooding within the design standard flood extents.
For those AFAs with properties at risk of flooding an assessment of viable structural flood risk
management methods has been completed. This assessment is detailed in full in the adjoining
AFA specific Preliminary Options Reports (Volume 2).
For all AFAs, including those AFAs with no properties at risk of flooding, an assessment of nonstructural flood risk management methods, such as emergency planning and preparedness and
spatial planning, has been completed.
The AFAs within UoM 35, Sligo Bay / Drowes, are shown in Figure 1-1. For UoM 35 the review
of the flood extent maps confirmed there are properties at risk of flooding in the 1% AEP fluvial
or 0.5% AEP tidal event in Coolaney, Sligo and Rathbraghan. These AFAs have been assessed
for viable structural flood risk management methods and so have a specific Preliminary Options
Report in Volume 2. No properties are predicted to flood in the design events in Manorhamilton,
Ballysadare, Collooney, Riverstown, Ballymote and Gorteen and these AFAs are considered for
non-structural methods only and do not have an accompanying Preliminary Options Report in
Volume 2.
Figure 1-1: AFAs within UoM 35

1.3

Report overview
This report is one of a series which describe the work undertaken as part of the Western
CFRAM, and together they provide a description of the approach taken to identify flood risk, and
a discussion of the results of the analysis and potential flood management methods, where they
are appropriate.
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc
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This report should be read in conjunction with the following supporting documents:


Western CFRAM UoM 35 Hydraulics Report1



Western CFRAM UoM 35 Hydrology Report2



Western CFRAM UoM 35 Inception Report3



Western CFRAM Flood Risk Review Report4



Western CFRAM SEA Scoping Report5



Western CFRAM SEA Constraints Report



Western CFRAM Defence Asset Database: Handover Report and accompanying
database files6
The reports that describe the Preliminary Options are:


Western CFRAM UoM 35- Preliminary Options Report - Volume 1 - Overarching Report



Western CFRAM AFA Preliminary Options Report - Volume 2 - (for example – 2i - Sligo
Preliminary Options Report)
The letter code associated with the deliverables in Volumes 2 will be consistent for a given AFA
throughout all reports, so in the example above the letter 'i' applies to the Sligo AFA in both
Volume 2 of the Hydraulics Report and Volume 2 of the Preliminary Options Report in UoM 35,
as shown in Table 1-1. Note, that where there is no flood risk within an AFA for the design
event, there is no supporting AFA report. Instead, a discussion of non-structural methods is
provided in this report.
Table 1-1: AFAs with UoM 35

1.4

AFA name

AFA code

AFA Report Volume Code

Ballymote

BLM

2a (Screened out due to no properties at risk in
the 1% AEP Fluvial event. No AFA report)

Ballysadare

BLS

2b (Screened out due to no properties at risk in
the 1% AEP Fluvial event. No AFA report)

Collooney

CLL

2c (Screened out due to no properties at risk in
the 1% AEP Fluvial event. No AFA report)

Coolaney

COO

2d

Gorteen

GTN

2e (Screened out due to no properties at risk in
the 1% AEP Fluvial event. No AFA report)

Manorhamilton

MNH

2f (Screened out due to no properties at risk in
the 1% AEP Fluvial event. No AFA report)

Rathbraghan

RTH

2g

Riverstown

RVT

2h (Screened out due to no properties at risk in
the 1% AEP Fluvial event. No AFA report)

Sligo Town

SLG

2i

Requirements of the preliminary options stage
In line with the brief the following tasks are required for this phase of the CFRAM:


An assessment of the viability of Flood Risk Management (FRM) methods and options

1 JBA Consulting (2014), Western CFRAM Unit of Management 35– Sligo Bay/ Drowes Hydraulics Report, Final Report,
Office of Public Works
2
JBA Consulting (2014), Western CFRAM Unit of Management 35– Sligo Bay/ Drowes Hydrology Report, Final Report,
Office of Public Works
3
JBA Consulting (2012), Western CFRAM Unit of Management 35– Sligo Bay/ Drowes Hydrology Report Inception
Report, Final Report, Office of Public Works.
4
JBA Consulting (2012), Western CFRAM Flood Risk Review, Final Report, Office of Public Works.
5
JBA Consulting (2013), Western River Basin District Catchment-based Flood Risk Assessment and Management
(CFRAM) Strategic Environmental Assessment, Scoping Report, Office of Public Works.
6
JBA Consulting (2013), Western CFRAM Defence Asset Database, Handover Report, Office of Public Works.
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An outline estimation of costs, using basic quantities (e.g., number, length, size, height,
etc.) and typical unit costs, of options.



Determination of the outline details of primary performance criteria of the options (e.g.,
crest levels of walls, embankments or weirs, or conveyance, width, depth and typical
gradient of channels, or approximate lead times and degree of correlation / accuracy for
potential flood forecasting systems, etc.)



Preparation of outline plans (drawings) of the options indicating the possible / probable
location of works, and an indication of their vertical / horizontal scale (e.g., plan showing
possible line of defence works, with indications of heights at spot points along defence
line, or of the spatial extent of channel widening, with assigned required widths and
depths and approximate design bed levels at spot points, or possible locations of gauges
required to enable development and operation of an effective flood forecasting system)



An environmental assessment as required under SEA and, if necessary, an assessment
as required under the Habitats Directive



Discussion of options with Local Authorities, the public (based around the second Public
Consultation Day) and other stakeholders to get views on options and broad agreement
on preferred options (methods)



Discussion with Local Authority Planners on issues related to planning and development,
and an outline indication of potential impacts of development on flood plains and residual
risk management methods that might be appropriate for that location.
Section 2 of this report provides an overview of the spatial scales of assessment, the areas
considered and outlines the depth of assessment undertaken based on the level of risk.
Section 3 and Section 4 provide a high level overview of scope and the findings of the
preliminary options investigations. Section 3 presents the findings of the investigations for
structural flood risk management methods which are set out in full in the relevant AFA reports in
Volume 2. Section 4 discusses non-structural flood risk management methods and the
recommendations for this UoM.
Section 0, 6 and 7 provide the detailed analysis of non-structural methods applicable at the UoM
level. Section 0 discusses spatial planning and management policies. Section 6 discusses
surface water drainage policy and the viability of Sustainable Urban Drainage systems (SUDs).
Section 7 discusses the potential for flood forecasting and flood warning systems and the scope
for efficiencies and wider benefits in the development of a hydrometric network.
Section 8 presents the conclusions of the preliminary options report.

1.5

POR assessment process
A staged approach has been adopted for the POR assessment reflecting the increased
understanding of the viability of flood risk management methods through the assessment. At
each stage-end a decision is taken to confirm that proposed flood risk methods are viable. The
three stages are summarised in Figure 1-2, and are as follows:
1. Flood Map Review - This stage reviewed the flood risk identified as part of the hydraulic
modelling work. The preferred flood risk design standard for the WCFRAM is the 1%
AEP fluvial or the 0.5% AEP tidal event. Where the relevant flood extents do not indicate
there are any properties at risk of flooding within the AFA, then the AFAs have not been
assessed for viable structural flood risk management methods because there is unlikely
to be sufficient damages to justify an intervention to manage flood risk to the design
standard. Management of residual risks will be through non-structural methods and
maintenance, see Section 4.
2. Viability Screening - This stage includes the screening of structural flood risk
management methods to identify where viable solutions or options exist. The key stages
of work in this phase are the Screening of Methods, the Assessment of Economic
Damages and the Cost Estimate of Viable Options. At the end of this stage a review is
completed to confirm there is a viable structural option that will qualify for funding as part
of the OPW CFRAM programme. Where there is no viable option then no further work
has been completed within the WCFRAM. This does not necessarily preclude options
being taken forward outside of the CFRAM programme. Regardless of the viability of
structural methods, for each AFA there has also been an assessment of non-structural
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc
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methods, including forecasting and warning, spatial planning and the use of sustainable
drainage systems.
3. Assessment of preferred option(s) - The key stages of work in this phase are the
refinement of the Cost Estimate, Environmental Appraisal of Options, Development of
the Viable Option(s) and Multi-Criteria Analysis. These stages provide sufficient
information to support the entry of preferred option onto OPW's priority list from where it
will be taken forward, pending other funding commitments, for detailed design following
the completion of the WCFRAM.
Figure 1-2: POR assessment process for UoM35

For UoM 35 the Flood Map Review confirmed there are properties at risk of flooding in the 1%
AEP fluvial or 0.5% AEP tidal event in Coolaney, Sligo and Rathbraghan. No risk was found in
the remaining AFAs and therefore have not been carried forward to the screening stage. Nonstructural methods for these AFAs will be covered in the Overarching Preliminary Options
Report.

WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc
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2

Spatial scales of assessment

2.1

Overview
In order to identify coherent actions and methods, the applicability of each possible measure has
been assessed across four different Spatial Scales of Assessment (SSA):

2.2



The Unit of Management;



Sub-catchments or coastal areas within the Unit of Management



AFAs



Flood cells

Unit of Management level
At this scale, methods that could provide benefits to multiple AFAs within the Unit of
Management as a whole were considered. FRM management methods applicable at this spatial
scale included:


Planning Policy Requirements



Flood Forecasting and Warning Systems



Sustainable Urban Drainage systems (SUDs)



Land Use Management



Methods implemented under other legislation



Requirements for additional monitoring (rain and river level / flow gauges)



Provision of channel maintenance

The implementation of planning policies, potential for SUDs and the possibility for flood
forecasting and warning systems respectively are all discussed at a catchment scale (see
Sections 4, 0 and 6 respectively).

2.3

Sub catchment level
The sub-catchment SSA refers to the catchment of the principal river on which an AFA sits, and
as such includes AFAs upstream or downstream which may benefit from a catchment level
solution. Methods that could provide benefits to multiple AFAs include upstream storage or flood
forecasting systems. Methods proposed for an individual AFA have also been reviewed for their
positive and negative impacts on the rest of the catchment.
This SSA would generally not be applicable to AFAs that are only at risk from coastal flooding,
except where multiple AFAs are at risk around an estuarine area, in which case the estuary area
may be treated as a Sub-Catchment SSA. This is the case Ballysadare and Sligo and in
response the potential for a tidal flood forecasting system for Sligo bay was explored.

2.4

AFA level
At this scale, methods benefitting only the AFA in question were considered, even if the
implementation of a given measure includes works or activities outside of the AFA, i.e.,
elsewhere in the sub-catchment or UoM. Examples include storage upstream of the AFA, or
flood forecasting and warning systems that provide no benefits to other AFAs, as well as all other
FRM methods and options, such as protection methods, conveyance improvement, etc.
Methods proposed at an AFA scale are discussed in detail in the relevant AFA Preliminary
Options Report.
In most cases a single measure to address all risk within an AFA will not be sufficient, and
proposed options comprise a range of methods to address the risk in different areas within the
AFA.
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2.5

Flood cell level
Within an AFA there may be discreet areas of flood risk, called 'Flood Cells', that are
hydraulically independent from other areas at risk within the AFA. The viability of methods will
be assessed at a flood cell only if an AFA wide solution is not viable.
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3

Structural flood management methods

3.1

Consideration of structural methods
The preferred flood risk design standard for the WCFRAM is the 1% AEP fluvial or the 0.5% AEP
tidal event. Structural methods have only been considered for those AFAs where the current
flood extents shows properties at risk of flooding in these design events. This section sets out
the key objectives for consideration in the identification of a preferred structural measure and
summarises the findings of the assessments.
Structural flood risk management methods have been considered for Coolaney, Sligo and
Rathbraghan. Full details of the screening assessments and development of preferred options
for these AFAs is set out in the AFA specific reports in Volume 2. Table 3-1 details the number
of properties at risk and the present value damages to be mitigated in the 10%, 1% / 0.5% and
0.1% AEP for Coolaney, Sligo Town and Rathbraghan.
Table 3-1: Summary of current flood risk

AFA

Total
Nonnumber of Residential Residential
properties Properties at Properties
at risk
Risk
at Risk
PVd (€)

Coolaney
Sligo Town
Rathbraghan

0
0
15

Coolaney
Sligo Town
Rathbraghan

2
9
15

Coolaney
Sligo Town
Rathbraghan

2
49
31

10% AEP Event
0
0
0
0
15
0
1/0.5 % AEP Event (Design Event)
1
1
3
6
15
0
0.1% AEP Event
1
1
22
27
30
1

0
0
637,583
34,707
8,012
743,867
131,078
136,791
773,785

No structural flood risk management methods have been considered for the remaining AFAs in
UoM 35; non-structural methods for all AFAs are discussed in Section 4 and in further detail
throughout the rest of this report.

3.2

Flood risk management objectives
The effectiveness of potential methods and options was assessed in terms of how each meets a
set of Flood Risk Management Objectives. The appraisal of options against these objectives is a
core design of the CFRAM process to deliver a preferred option that is appropriate and
sustainable across all societal drivers. Consideration of these objectives was therefore
interwoven throughout the assessment process. A basic assessment of the objectives was
carried out as part of the viability screening stage with key requirements set for specific
objectives for a measure to be considered viable. Where viable methods or options were
identified, a more detailed review of the objectives was undertaken as part of a full multi-criteria
analysis.
The objectives are divided into four core criteria:
1) Technical: three objectives covering operational robustness, health and safety and
adaptability to climate change.
2) Economic: four criteria covering economic risk and risk to transport infrastructure, utility
infrastructure and agriculture.
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc
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3) Social: two objectives covering the risk to human health and life, community and social
infrastructure and amenity.
4) Environmental: seven objectives covering the requirements of the Water Framework
Directive, the Habitats Directive, flora and fauna, fisheries, landscape culture and cultural
heritage.
In total there are 18 objectives against which proposed methods and options have been
assessed.
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Table 3-2: Flood risk management objectives
Number
1a
1b
1c
2a
2b
2c
2d
3a (i)
3a (ii)
3b (i)
3b (ii)
4a
4b

4c
4d

4e
4f (i)
4f (ii)

3.3

Criteria
Technical

Economic

Social

Environmental

Sub- objective
Ensure flood risk management options are operationally robust
Minimise health and safety risks associated with the construction and operation
of flood risk management options
Ensure flood risk management options are adaptable to future flood risk
Minimise economic risk
Minimise risk to transport infrastructure
Minimise risk to utility infrastructure
Minimise risk to agriculture
Minimise risk to human health and life of residents
Minimise risk to high vulnerability properties
Minimise risk to social infrastructure and amenity
Minimise risk to local employment
Provide no impediment to the achievement of water body objectives and, if
possible, contribute to the achievement of water body objectives.
Avoid detrimental effects to, and where possible enhance, Natura 2000 network,
protected species and their key habitats, recognising relevant landscape features
and stepping stones.
Avoid damage to or loss of, and where possible enhance, nature conservation
sites and protected species or other know species of conservation concern.
Maintain existing, and where possible create new, fisheries habitat including the
maintenance or improvement of conditions that allow upstream migration for fish
species.
Protect, and where possible enhance, visual amenity, landscape protection
zones and views into / from designated scenic areas within the river corridor.
Avoid damage to or loss of features of architectural value and their setting.
Avoid damage to or loss of features of archaeological value and their setting.

Screening of viable structural methods
The screening assessment has been completed against a long list of structural methods. The
structural methods assessed, depending on relevance to any given AFA, are as follows:


Storage (single or multiple site flood water storage, flood retardation, etc.)



Flow diversion (full diversion / bypass channel, flood relief channel, etc.)



Increase conveyance (in-channel works, floodplain earthworks, removal of constraints /
constrictions, channel / floodplain clearance, etc.)



Construct flood defences (walls, embankments, demountable defences, etc.)



Rehabilitate, improve existing defences



Relocation of properties



Localised protection works (e.g., minor raising of existing defences / levels, infilling gaps
in defences, etc.)

The viability screening assessment has considered methods against a progression of key
objectives. Methods must be found to be, in the following order:


Technically viable - the measure results in an appropriate reduction in flood risk



Economically viable - the measure is not cost prohibitive in comparison to the damages
predicted to arise from flooding



Environmentally sustainable - the impacts of the measure on the environment can be
expected to be managed



Socially acceptable - the measure does not have an overtly negative impact on the local
community



Safe - the measure does not increase risk to life to the community.

The criteria against which methods have been screened and the screening threshold which
indicates a failure to meet a certain criterion are set out below. Methods which fail to meet the
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relevant threshold of an objective have been 'screened out' and are not assessed against the
remaining objectives.
3.3.1

Technical
For a measure to be technically viable it must first be relevant to the site in question. For
example an embankment cannot be proposed where there is insufficient space to construct one.
For methods that are relevant to the site, the scale and extent of the works required to manage
flood risk to the design event has been determined and are set out in the screening table.
Where these dimensions and or quantities are realistic in the context of the site, the measure is
considered technically viable. For example the volume requirement for a storage area is
determined and then the upstream catchment searched for suitable locations. Where no such
locations can be identified then the measure as a standalone option is screened out on technical
viability.
Where the measure is considered technically unviable as a standalone, but viable in conjunction
with other methods, the reduced scale and extent of the measure is presented.

3.3.2

Economic
For technically viable methods a cost estimate for the works has been derived. This has then
been compared with the economic benefits associated with the removal of flood risk in a given
flood event. The economic benefits have been extracted for all return period flood events so the
threshold of extensive flooding can be easily understood and the scope for methods below the
design standard quickly appraised.
Methods with a benefit cost ratio of greater than 1, i.e. flood damages avoided with the measure
in place exceed the costs to construct it, are considered to be economically viable. Methods
where this is not the case are screened out on economic viability.
To avoid rejecting methods at this stage that could be of interest in the wider discussion of future
flood risk management in an AFA, either as a result of climate change or through alternative
funding mechanisms, the costs estimates have excluded allowances for preliminaries,
unmeasured items, archaeology and land purchase / compensation.

3.3.3

Environmental
The environmental screening has made use of the SEA scoping report. At this stage, screening
on this criterion has been for information purposes only as mitigation methods may be available
where a detrimental impact is identified. However, where it is clear that a particular measure
would require application of the IROPI7 process and at least one alternative measure is available
then the measure is not considered to be environmentally viable and has been screened out.

3.3.4

Social and cultural
The approach taken to the cultural criteria of the screening is similar to that undertaken for the
environmental criteria. The screening is predominantly for information purposes and a measure
has been rejected only on the basis that it would have a significant detrimental impact on the
area with little scope for mitigation and there are viable alternative approaches available. In
most cases, confirmation of a measure's unacceptability needs to be obtained through the
consultation process. It is therefore important not to screen methods out on the assumption that
the local community values alternative social constraints over the negative impacts of ongoing
flood risk.
For example, a permanent wall of 2m height will most likely not be acceptable through an
amenity site but a community may be willing to accept a permanent wall of 1.2m that provides a
reduction in flood risk with appropriate efforts to incorporate the wall into the surroundings.

3.3.5

Health and safety
Designers can make decisions that significantly reduce the risks to safety and health during the
construction stage and during subsequent operation and maintenance. They are therefore a key
contributor to construction health and safety.
7

IROPI - Imperative Reasons of Overriding Public Interest, as defined by the Habitats Directive - requires there to be no
alternative to the measure / option which has been shown to result in detrimental impacts to a Natura site.
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Health and safety risks during construction and operational stages have been assessed at a high
level to confirm if it could be mitigated or managed. Where this is not considered to be the case
then the methods have been screened out. This screening assessment is an initial check for
health and safety concerns. Where methods have been carried forward as part of a viable
options a Design Health and Safety Risk assessment has been completed.

3.4

Viable structural flood risk management methods in UoM 35
Structural methods have been investigated for Coolaney, Sligo Town and Rathbraghan only. A
summary of the findings of the screening assessment is presented in Table 3-3.
The aim of the screening assessment was to identify viable, structural methods from which flood
risk management options for the AFA as a whole have been developed.
Figure 3-1 to Figure 3-3 present the technically viable structural flood risk management methods
identified for Sligo, Coolaney and Rathbraghan.
The storage embankment option for
Rathbraghan and an embankment in Coolaney has been found to be cost beneficial and has
been carried forward to the development of options stage.
It is noted that the proposal for Rathbraghan is situated on
Table 3-3: Summary of viable structural flood risk management methods in UoM 35
AFA Name
Coolaney (Volume 2d)

Options for Screening
Flood embankment to the 1% AEP design
standard

Conclusion
Economically viable - BCR
1.27

A 70m embankment 1m in height on the
right bank to cut off the flow route.
Bypass channel to the 1% AEP design
standard

Not Economically viable BCR 0.90

A 20m wide channel on the left bank
through arable land to reduce levels in the
channel.
Figure 3-1: Technically viable methods identified for Coolaney

Rathbraghan (Volume 2g)

Storage embankment
This involves the construction of an
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embankment measuring 415m long and
1.2m average height to store / attenuate
flood water in larger events and associated
controlled outfall to prevent overland
flooding of properties downstream
(including the Woodlands Estate and the
Nursing Home) when flow exceeds the
existing culvert capacity.
It is important to note that this measure
has been developed with a focus on
managing flood risk only in the most cost
efficient manner to support prioritisation in
OPWs schedule of future management
works.
The location of the proposal is zoned for
Business, Industry and Technology Park
and is owned by Abbvie, whose factories
are located to the east and west of the site,
see Section 5.3.2. Abbvie are a significant
employer within Sligo and there is an
expectation that this land will be used to
expand the current factories to significant
benefit of the local economy.
It is recognised that such a solution would
have a negative impact on the desirability
of developing this land and so on the local
economy. It is critical that the progression
of a flood risk management scheme in
Rathbraghan open discussion with Abbvie
so that a more appropriate scheme can be
developed in partnership with Abbive that
meets the needs of all interested parties.
Re-instate open channel and culvert
upgrade
This option involves the excavation of a
channel to convey flows, with an upgrade
to the remaining culverts downstream
through developed areas.
Culvert replacement

Not economically viable BCR 0.38

Not economically viable BCR 0.29

This option would involve the replacement
of existing culvert to increase the capacity
to convey flood flows to its outfall
downstream of Rathbraghan
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Figure 3-2: Technically viable methods identified for Rathbraghan

Note: the storage measure has been developed with a focus on managing flood risk using to support
prioritisation in OPWs schedule of future management works. The progression of a flood risk
management scheme in Rathbraghan will need to open discussion with the land owner Abbvie, so that a
more appropriate scheme can be developed in partnership with Abbive. that meets the requirements of
the Flood Risk Management Plan and the Development Management Justification Test.
Sligo
Construction of flood containment
Not economically viable (Volume 2i)
methods.
BCR 0.01
This option would include construction two
walls on Lower Quay Street.
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Figure 3-3: Technically viable methods identified for Sligo
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3.5

Climate Change
The development of flood risk management options must be cognisant of the implications of
climate change on the area protected. The OPW, as lead agency for flood risk management in
Ireland, requires that methods be constructed either to accommodate or be adaptable to
increasing flood risk associated with climate change. In reality there is not often the economic
justification based on flood risk in the present day to design and construct a scheme to
accommodate an uncertain level of flood risk in the future. Options therefore need to be
adaptable to increased flood risk.
Climate change impacts in all AFAs bar Sligo are not projected to be significant. However, in
Sligo, climate change impacts are related to sea level rise. Although climate change is not
indicated to increase flood risk to currently undeveloped land in these AFAs there is the potential
for flood depths to increase by up to 1m (under the high end future scenario) in areas of existing
development.
For AFAs where no options have been identified as being viable under the current scenario, it is
recommended that future CFRAM cycles include a review of changes in flood risk, at which time
the justification for promoting measures may have increased. Climate change impacts should
also be considered in more detail as part of the scheme assessment for Rathbraghan.
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4

Non-structural methods
Non-structural flood risk management methods represent a suite of tools that can help people to
live with flood risk in the short term and encourage sustainable decisions in the long term. They
do not include hard structural methods and so will not remove flood risk, but they can
significantly reduce the risk of flooding to life and the impacts of flooding, enabling a speedy
recovery following an event.
They are usually cost effective when compared to structural
methods.

4.1

Planning development and control

4.1.1

Spatial planning and impacts on development
In November 2009, the Department of the Environment in conjunction with the OPW issued 'The
Planning System and Flood Risk Management - Guidelines for Planning Authorities'. Its primary
purpose was to aid authorities in ensuring flood risk was, and remains, a key consideration in
preparing development plans, local area plans and in the assessment of planning applications.
A review of the Development Plans, Local Area Plans and other spatial planning documents has
been carried out for each AFA and the UoM as a whole. Section 5 details the findings and
discusses the potential land use, spatial planning and development management policies, which
are summarised in Table 4-1.
The assessment has focused on three main areas:


A review of current policy and guidance with recommendations for future development
plan cycles;



A review of current land use zoning against the CFRAM Flood Zones. This recognises
that most development plans were completed prior to the CFRAM Study and were based
on indicative flood risk information;



A review of climate change impacts on land use zoning and future development.

Table 4-1: Summary of spatial planning considerations taking into account current and future flood
risk
AFA
Ballymote

Current flood risk
Two areas in the town shows conflict
between flood risk and land zoning.
Generally, all other land at flood risk has
been zoned for water compatible uses.

Future flood risk
Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Ballysadare

Generally, all land at flood risk is zoned
for water compatible uses.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Collooney

Two areas to the North of the town are
zoned for residential inside Flood Zone A
and should be reconsidered. Locations
for development are generally outside of
Flood Zone A and Flood Zone B,
however, redevelopment proposals for
the town centre should consider the
resilience of flooding and public safety.
Generally, all land at flood risk is zoned
for water compatible uses.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Generally, all land at flood risk is zoned
for water compatible uses.

Limited increases in flood risk in the
future. Areas susceptible to increased

Coolaney

Gorteen

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.
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flood risk in the future are zoned for
water compatible uses and should be
retained as such.
Manorhamilton

Rathbraghan

Riverstown

Sligo

4.1.2

An area to the north of the town has
been zoned for Enterprise and
Employment and is within Flood Zone A.
Given the fact it is currently within Flood
Zone A and there are other surrounding
lands outside of Flood Zone A viable for
development it should be rezoned as
open space
An area adjacent to the Shannon Eighter
zoned for Business, Industry and
Technology Park and owned by Abbvie is
within Flood Zone A.
Early consideration of the drainage
infrastructure requirements across the
site will provide opportunities to combine
the surface water drainage strategy with
a flood mitigation scheme for the wider
catchment.
Generally, all land at flood risk is zoned
for water compatible uses.
Consideration of zoning should be
completed in a parcel of land zoned
currently for business and development
to the south of the town.
On the Sligo River flood mapping depicts
areas zoned for "Community Uses"
adjacent to Sligo Institute of Technology
inside Flood Zone A and B. Any
development in this area would be
subject to a justification test and a site
specific flood risk assessment.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

For Rathbraghan with climate change
the extent of Flood Zones increase,
further highlighting the need for a
detailed SFRA.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.
Within Sligo there is a significant risk
associated with increasing sea levels as
a result of climate change which will
result in significant new areas of
flooding from those predicted to be
affected in the current risk scenario.
There is a need for a Climate Change
Strategy within the next iteration of the
Development Plan.

Sustainable drainage systems (SUDs)
Sustainable drainage is a design philosophy that uses a range of techniques to manage surface
water as close to its source as possible. Sustainable Drainage Systems (SUDs) are designed
with three objectives in mind:


To control the quantity and rate of run-off from a development;



To improve the quality of the run-off;



To enhance the nature conservation, landscape and amenity value of the site and its
surroundings.
Section 6 discusses the potential development of sustainable urban drainage systems for each
AFA, which is summarised in Table 4-2.
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Table 4-2: Summary of applicability of SUDS within the AFA

AFA

Applicability of SUDS

Ballymote

Infiltration treatment likely to be appropriate across the AFA. Potential for
regional based attenuation has been identified
Infiltration treatment likely to be appropriate across the AFA.
Potential for regionally based attenuation areas has been identified.
Infiltration treatment likely to be appropriate across the AFA.
Large areas zoned for industrial have potential for regionally based
attenuation.
Infiltration treatment likely to be appropriate across the AFA.
Two areas to the south of the town zoned have potential for regionally based
attenuation.

Ballysadare
Collooney

Coolaney

Gorteen

Low infiltration capacity indicated. Potential for regional based attenuation
has been identified.

Manorhamilton

Low infiltration capacity indicated. Potential for regional based attenuation
has been identified to the north of the town in lands zoned for Enterprise and
Employment

Rathbraghan

Infiltration treatment likely to be appropriate across the AFA. There is
Potential for regional based attenuation has been identified
Low infiltration capacity indicated, although pockets of well-draining soil are
identified.
Potential for regionally based attenuation areas has been identified.

Riverstown

Sligo

4.1.3

Infiltration treatment likely to be appropriate across the AFA. Potential for
regional based attenuation has been identified. Two key areas in the vicinity
of the Knappagh and Shannon Eighter Watercourses have been identified.

Building regulations / planning conditions
It may be possible to mitigate risk of damage from flood inundation using appropriate
construction techniques and materials. A timber stud partition covered with plasterboard with low
level electric wiring would require complete replacement if the property flooded, however solid
concrete walls covered with tiles and high level electrical wiring makes a property more resilient
to flooding, with quick and lower cost clean up required. In the absence of funding for a full
scheme such methods can be utilised to reduce the damage.
The Guidelines for Planning Authorities should prevent inappropriate development in areas at
risk of flooding, but some development may still go ahead despite the Guidelines. Certain
building regulations and planning conditions could be adopted to ensure structures are flood
resilient through specified construction methods and the types of building fabrics used. Similarly,
construction outside but close to the Flood Zone B extent may be susceptible to increases in
flood risk as a result of climate change, and applying such building regulations would reduce the
potential impact in the future.

4.2

Flood preparedness

4.2.1

Flood forecasting and warning systems
Flood forecasting and flood warning can be an effective part of the flood risk management
response, providing an early warning to local residents and response groups in times of
emergency. In conjunction with other flood management methods, such as flood gates, it allows
time for improved flood resilience of properties where more substantial schemes have not been
justified or are not feasible. It can usually be implemented in the short-medium term and
provides opportunities to raise public awareness of flood risk and so improve community
preparedness. Full discussion on the potential to implement flood forecasting, and the required
lead times, is provided in Section 7 and a summary of the recommendations is provided in Table
4-3.
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Table 4-3: Recommendations for flood forecasting systems

Fluvial forecasting systems
Ballymote

No system required as currently no risk of fluvial flooding.

Ballysadare

No system required as currently no risk of fluvial flooding.

Collooney

No system required as currently no risk of fluvial flooding.

Coolaney

A flood warning based on a trigger is feasible as it gives adequate warning
time. This would be an interim measure until such time as a scheme is put in
place. This method is currently unviable (BCR 0.6).

Gorteen

No system required as currently no risk of fluvial flooding.

Manorhamilton

No system required as currently no risk of fluvial flooding.

Rathbraghan

A rainfall runoff flood forecasting system is required. It would need the
installation of a river gauge and the development of a rainfall runoff model.
This would be an interim measure until such time as a scheme is put in place.
This method is currently unviable (BCR 0.05)

Riverstown

No system required as currently no risk of fluvial flooding.

Sligo

No system required as currently no risk of fluvial flooding.

Coastal forecasting system
Sligo

4.2.2

By tying into the national storm surge model developed by the OPW warning
can be provided

Emergency response planning
Until such time as flood prevention schemes are built, the existing level of risk will remain unless
a flood response plan can ensure necessary actions are taken and all vulnerable residents can
be safely evacuated and accommodated. Well prepared and executed emergency plans can
significantly reduce the impact of flood events. Sligo County Council has set up a Framework for
Major Emergency and has produced a guidance document "A guide to Flood Emergencies" and
a protocol "A protocol for multi-agency response to Flood Emergencies.

4.2.3

Targeted Public awareness
Individuals and communities that are aware of any prevalent flood risk are able to prepare for
flood events and take appropriate actions in advance of, during and after a flood to reduce the
harm and damages a flood can cause.
In 2005, the OPW launched the Plan, Prepare and Protect campaign that provides general,
practical advice to homeowners, businesses and farmers on what they can do to prepare against
flooding. The Report of the Flood Policy Review (OPW, 2004) recommends that local authorities
should assume responsibility for the local dimension of the flood risk education programme,
including raising awareness of individual and business interests considered to be at risk and
assisting with preparations to minimise risk.

4.3

Individual property methods

4.3.1

Individual property resilience
Resilience methods are those that are undertaken inside a property to reduce damage caused
by floodwaters. Flood resilience, or wet proofing, accepts that floodwater will enter the building
and allows for this situation through careful internal design such as raising electrical sockets and
fitting tiled floors so that the building can quickly be returned to use after the flood. Resilience
methods may be suitable for properties vulnerable to repeated flooding where the depth of
flooding exceeds 600 mm (CIRIA 2007).
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4.3.2

Individual property protection
Flood resistance, or dry proofing, techniques prevent floodwater from entering a building. This
approach includes, for example, using flood barriers across doorways, closing airbricks and
raising floor levels. These methods may be deployed or constructed within the immediate
curtilage of a property, or become a component of the building’s fabric. Property resistance
methods may be appropriate in areas that frequently flood to shallow depths (below 600mm),
and where community-scale defences are unlikely to be a viable option. When floodwater
exceeds this level it may be more appropriate to allow water into a property and to use flood
resilience methods instead.

4.3.3

Summary of findings for individual property methods
Table 4-4 summarises the flood depths in properties in the design event and the
recommendations for individual property protection.
Table 4-4: Recommendations for individual property protection
AFA Name

< 600mm
2

> 600mm
0

Rathbrangan
(Volume 2g)

15

0

Sligo
(Volume 2i)

9

0

Coolaney
(Volume 2d)

4.4

No. of properties with depths:

Recommendations
Whilst an embankment has been found to be viable to
protect this property the property owner may prefer IPP
due the footprint required to build an embankment. A wall
is not cost beneficial.
The number of properties at risk of flooding means a
community scale option will be more cost effective in
Rathbrangan.
The costs of a community scale option are prohibitive for
Sligo given the current level of flood risk. Individual
property methods should be considered here mindful of the
long term effectiveness of such methods with respect to
climate change.

Maintenance
Excess vegetation or the blockage of channels with natural and/or dumped materials can reduce
the conveyance capacity of a watercourse, increasing water levels in the event of a flood and
hence increasing the flood risk in the surrounding area.
Rivers can be divided into three main categories when it comes to maintenance:


Arterial Drainage Rivers - Where the Office of Public Works have completed a drainage
scheme under the Arterial Drainage Acts, 1945 and 1995, there is a statutory
requirement to maintain the drainage works forming part of the scheme. These drainage
works includes watercourses, embankments and other structures. Watercourses are
subject to siltation and erosion, among other processes, and embankments are subject
to settlement and erosion. Ongoing maintenance activities are of a cyclical nature.
Annual maintenance works schedules are compiled to prioritise drainage works based
on a rate of deterioration and the risk arising. As shown in Figure 3-1 the only arterial
drainage scheme, within an AFA is a short reach in Manorhamilton of the Bonet River.



Drainage Districts - Many local authorities have a statutory responsibility for the
maintenance of Drainage Districts under the Arterial Drainage Act, 1925. However, the
Report of the Flood Policy Review Group (2004) states "A major difficulty for local
authorities in fulfilling this obligation has been a lack of funding. Only minor investment
has been possible and many Drainage Districts have fallen into disrepair." Figure 4-1
shows the areas within UoM 35 that are covered by drainage districts. Parts of the
Owenbeg River in Coolaney and Collooney are covered by the Coolaney drainage
districts respectively.



Other - These are rivers that are currently not under an arterial drainage schemes and
drainage districts. Maintenance responsibility lies with the riparian owner in these cases.
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Figure 4-1: Arterial drainage rivers and drainage districts

Table 4-5 summarises the maintenance considerations for each AFA.
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Table 4-5: Maintenance considerations for each AFA
AFA Name

Site overview

Recommendations

Ballymote

Beneath the R293 Road and
Camross Road, Carrigan's Upper
passes through a key flow control.
The 32m culvert changes geometry
from a 1170mm by 700mm
rectangular box culvert to a 750mm
circular culvert. The culvert results
in a significant flow constriction and
would likely result in water flooding
properties on the left bank. The
internal change in culvert sizing
could result in the build-up of debris
which would be difficult to clean.

The Carrigan's Upper watercourse is not within
a drainage district and maintenance is the
responsibility of the riparian owner.
Consideration should be given by the local
authority to incorporating the key structures
identified into a priority monitoring schedule as
a mechanism for raising awareness with
riparian owners of their responsibilities. There
should also be consideration of an upstream
trash screen to prevent any debris entering the
culvert.

There are no formal or informal
effective defences or walls were
identified within the AFA.
Figure 4-2: Maintenance sensitive structures in Ballymote

Ballysadare

Collooney

The hydromorphic audit has not
identified any reaches susceptible
to sedimentation processes of
blockage risk.

A considerable number of small watercourses
flow through Ballysadare and none of these are
within a drainage district and maintenance is
the responsibility of the riparian owner.

Informal effective defences have
been identified at the left bank of
the hydroplant wall spillway. Failure
of this structure would result in
flooding to buildings associated with
the hydropower plant. The condition
has been surveyed as fair to good
condition.
The hydromorphic audit has not
identified any reaches susceptible
to sedimentation processes or

It is recommended that the defences around the
hydroplant are maintained to ensure current
standard of protection is maintained.

A small proportion of the Owenbeg and
Knockbeg East are included in the Coolaney
drainage district to the western side of the
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Coolaney

blockage risk.
No formal or informal effective
defences or walls have been
identified within the Collooney AFA.

settlement. The remaining reaches are the
responsibility of the riparian owner. It is
recommended that river is maintained to its
current status.

The hydromorphic audit of the AFA
has identified the abandoned
railway bridge on the Owenbeg
River just downstream of the area
of flood risk is in a dilapidated state
and poses flood risk due to
blockage resulting from falling
rubble and the build-up of debris on
the central pier.

The Owenbeg river through Coolaney is part of
the Coolaney drainage district and is therefore
the responsibility of the county council. It is
recommended the Owenbeg River as a whole
is incorporated into a priority monitoring
schedule given the concern with reach scale
sedimentation issues.

No formal or informal effective
defences or walls have been
identified with the Coolaney AFA.
Figure 4-3: Maintenance sensitive structures in Coolaney

Gorteen

The hydromorphic audit has not identified
any reaches susceptible to sedimentation
processes or blockage risk.
No formal or informal effective defences
or have been identified across the
Gorteen AFA

Manorhamilton

The hydromorphic audit has not identified
any reaches susceptible to sedimentation
processes or blockage risk.
No formal or informal effective defences
have been identified within the
Manorhamilton AFA.

Rathbraghan

The hydromorphic audit of the AFA has
highlighted two structures on
Willsborough Stream where the build-up
of sedimentation is a risk. These are the
Balltivnan Road Bridge and the N15
Road Bridge.

The Owenmore watercourse is not within a
drainage district and maintenance is the
responsibility of the riparian owner. It is
recommended that river is maintained to its current
status.

Some of the Owenmore (Manorhamilton River) is
an arterial drainage channel and its responsibility
lies with the OPW and should be subject to regular
maintenance, under the arterial drainage act. The
remaining reaches are within a drainage district
and maintenance is the responsibility of the
riparian owner. It is recommended that river is
maintained to its current status.

The watercourses within the Rathraghan AFA
are not within an arterial drainage reach or
drainage district and maintenance is the
responsibility of the riparian owner.
Consideration should be given by the local
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Flood risk in Rathbraghan is associated
with a long culverted section of the
former open channel watercourse. The
culvert is small measuring 600mm
diameter at its upstream end with no
formal headwall arrangement or trash
screen to guide floodwater or manage
potential debris build up.

authority to incorporating the key structures
identified into a priority monitoring schedule
as a mechanism for raising awareness with
riparian owners of their responsibilities.
There should also be consideration of a
correctly sized upstream trash screen to
prevent any debris entering the culvert.

No formal or informal effective defences
or walls have been identified within the
Rathbraghan AFA.

Figure 4-4: Maintenance sensitive structures in Rathbraghan

Riverstown

The hydromorphic audit of the AFA has
highlighted the Ardcumber Road
Bridge where the build-up of
sedimentation is a risk.
The Cooperhill bridge has been raised
by the local authority as susceptible to
blockage with historical evidence of
this occurring. The structure has four
openings. PVC pipes hang in front of
the opening, reducing flow area and
there is potential for debris build up on
the piers.

The reaches of the Douglas and Ardcumber
river on which the structures are located are
not within an arterial drainage or drainage
district and maintenance is the responsibility
of the riparian owner.
Consideration should be given by the local
authority to incorporating the key structures
identified into a priority monitoring schedule
for review as part of a maintenance
programme.

No formal or informal effective
defences have been identified within
the Riverstown AFA.
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Figure 4-5: Maintenance sensitive structures in Riverstown

Sligo

The hydromorphic audit of the AFA has
highlighted two structures on the Knappagh
Watercourse where the build-up of
sedimentation is a risk. These are the
Finisklin Business Park culvert and the N15
First Sea Road culvert.
The culvert which the Sligo River passes
beneath the N15 has been raised by the
local authority as susceptible to blockage
with historical evidence of this occurring.
On the upstream face of the culvert is a
simple trash screen. The culvert itself is
undersized and modelling of the
watercourse suggests that high water levels
on the Sligo, following tide locking, can take
a significant time to discharge. There have
been problems historically with blockage at
this site. A poorly designed trash screen is
likely to collect debris potentially
exacerbated by high water levels causing
difficulties with clearance.

The watercourses within the Sligo AFA are not
within an arterial drainage reach or drainage district
and maintenance is the responsibility of the riparian
owner.
Consideration should be given by the local authority
to incorporating the key structures identified into a
priority monitoring schedule as a mechanism for
raising awareness with riparian owners of their
responsibilities.
It is recommended that the defences along the
Gavogue River (Markievicz Road) are maintained to
ensure current standard of protection is maintained.

Formal effective defences identified on the
Garvoge River and these structures have
been modelled as surveyed and are
assumed to retain flood waters to the crest
of the structure. There is a raised defence
wall that forms part of the retaining wall
along right bank of the Gavogue River
(along Markievicz Road). Poor Condition
was noted in parts.

WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc

26

Figure 4-6: Maintenance sensitive structures in Sligo

4.5

Natural Flood Management
Natural flood management (NFM) is the use of existing features in the landscape or changes to
land use management to attenuate flood events in the upstream catchment. Examples of this
may be areas of active floodplain which if planted with woodland can slow the progress of a flood
peak or encouraging farmers to plough fields horizontally across hills to prevent the creation of
fast runoff channels.
Based on recent UK research, NFM has a greater influence on peak flows, surface runoff and
hydrograph shape for smaller catchments and on more frequent lower magnitude floods. For
larger catchments the direct influence on less frequent, more severe floods is less noticeable.
However, NFM measures will have a prolonged effect on catchment sediment budgets and
channel morphology and change the river response for floods of all magnitudes. For example
reduced fine sediment transport from upstream to downstream will increase capacity of lower
energy reaches and structures and so reduce the frequency of maintenance and the resilience of
these reaches to flood events.
Natural flood management methods focus on source control and hence are situated away from
the known flooding areas, which are usually located within the towns. The identification of
opportunities needs to consider the full drainage catchment upstream of these areas and so
needs to approach the problem at a macro scale initially before more focussed proposals can be
developed. To assist in future proposals for natural flood management a series of maps have
been developed using available national datasets to inform which methods may be viable in
which locations. The maps are strategic and are intended to support future investigations, they
do not guarantee that natural flood management methods will be viable in the locations identified
but they should preclude those areas where they are not likely to be viable.
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The approach adopted for assessment reflects the methodology used by the Scottish
Environment Protection Agency (SEPA) as set out in Identifying Opportunities for Natural Flood
Management (December 2013). Five natural flood management objectives have been assessed
by SPEA8 in Scotland and are relevant to Western Ireland due to the similar range of catchment,
topographic and climatic conditions. These objectives and a set of natural flood management
methods associated with these objectives are presented in Table 4-6.
Table 4-6: Natural flood management objectives and methods (from SEPA)
Objectives
Runoff reduction

Floodplain storage

Sediment management

Estuarine surge attenuation
Wave energy dissipation

Methods
Woodland planting (including upland, floodplain,
riparian, gully or cross slope woodlands)
Creation/restoration of non-floodplain wetlands
Agricultural and upland drainage modifications
(e.g. upland drain blocking)
Land and soil management practices (e.g.
ploughing along the contour of the land or soil
aeration)
Reach and floodplain restoration
Floodplain and riparian woodlands
Instream structures (e.g. large woody debris and
boulders)
Reach restoration (e.g. remeandering)
Offline storage areas and washlands
Reach restoration (e.g. remeandering)
Sediment traps
Bank restoration (e.g. riparian planting, green
bank restoration)
Restoration of intertidal habitats including
managed realignment
Beach management (e.g. beach recharge)
Sand dune restoration
Restoration of intertidal habitats including
managed realignment

Screening maps have been developed to identify locations where existing conditions suggest
there is an opportunity to reduce flooding through the mechanisms outlined. For the purposes of
the WCFRAM, maps have been produced for the runoff reduction, floodplain storage and
sediment management mechanisms only, the methodology for which is set out in the following
Sections. Opportunities for natural flood management associated with estuarine surge
attenuation and wave energy dissipation are limited to specific AFAs and so have been
discussed at an AFA level only.
4.5.1

Runoff reduction
The runoff reduction screening maps are a composite of four key determinants of runoff
potential, namely soils, rainfall, topography and land use. The datasets used as the basis for the
analysis are shown in Table 4-7.
Table 4-7: Datasets used in the runoff reduction screening maps

Data
Soils

Rainfall
Topography

Land use

8

Source
Irish National Soils Map, 1:250,000k, V1b(2014). Teagasc, Cranfield
University. Jointly funded by the EPA STRIVE Research Programme 20072013 and Teagasc.
Annual 1981 to 2010 average rainfall on a 1 x 1 km grid, Met Eireann.
Informar Digital Terrain Model (DTM). This is the Office of Public Work's
National Digital Height Model (NDHM), flown between 2007 and 2009. This
5m resolution DTM was supplied by the Office of Public Works in 2013.
CORINE landcover map, Environment Protection Agency, 2012.

SEPA
(2013)
Identifying
Opportunities
for
Natural
(http://www.sepa.org.uk/media/33480/natural_flood_management_2013.pdf).
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc

Flood

Management

28

Each dataset has been simplified to a 500m grid, with the most frequent occurrence of the
underlying data in any given grid cell assumed to be representative of that cell. The data has
then been reclassified into four sensitivity classes reflecting runoff potential, very low, low,
moderate and high, and a score of 1 to 4 assigned to these respectively. High, and a score of 4,
relates to the data associated with the greatest runoff potential, for example the steepest terrain.
The mean of all the scores for each grid cell has been calculated and opportunities for runoff
reduction identified using the matrix in Table 4-8.
Table 4-8: Combined sensitivity score classifications

Mean sensitivity value
>3.25
2.75-3.25
2.25-2.74
<2.25
4.5.2

Potential for runoff reduction
High
Moderate
Low
Very Low

Floodplain storage
The potential for increased floodplain storage has been investigated through screening for two
mechanisms, the potential to re-naturalise watercourses where they have been over managed
and the potential to increase roughness in the floodplain.
OPWs blue line river network has been used as the basis for this analysis. The dataset has
been split into 500m reaches and the sinuosity of each reach calculated. In this case sinuosity is
the ratio of the length of the channel to the distance between the upstream and downstream
points of the channel. A sinuosity value of 1 means the channel is straight. This dataset has
then been cross referenced against channel slope, determined using the National Digital Height
Model, and classified for potential for re-naturalisation. Straight gentle channels are classified
high and are considered to have the greatest potential for re-naturalisation. The screening map
again reports at the 500m grid cell size with the highest classification in any cell used to
determine the classification of the cell. OPW’s arterial drainage network needs to be considered
in conjunction with this screening tool and so has been overlain to highlight those cells where renaturalisation may conflict with the requirements of the drainage programme.
Increased roughness in the floodplain has been assessed using two similar approaches. Initially
a high level assessment applicable for the WCFRAM area as a whole has been used. This has
cross referenced those land uses where woodland planting would increase floodplain roughness
against a 500m grid of channel slope. Where the land use is suitable for woodland planting, the
slope classification determines the potential for floodplain storage, in all other cases the potential
for increased floodplain roughness is assumed to be very low.
The second approach has used the benefitting land maps and the flood extent maps produced
through the CFRAM programme as an alternative to slope. These maps only cover the arterial
drainage network and the HPWs and MPWs modelled in the WCFRAM but provide data on the
floodplain of these watercourses. A 500m grid has been overlain on these extents and the
percentage of the cell which is wet used to determine the potential for floodplain roughness.
Again where the land use is suitable for woodland planting, the percentage wetness
classification determines the potential for floodplain storage, in all other cases the potential for
increased floodplain roughness is assumed to be very low.

4.5.3

Sediment management
The sediment management maps are sourced from the hydromorphology assessment
completed as part of the WCFRAM directly. This work assessed the upstream catchments of all
HPWs where sediment issues were identified. Source conditions were classified as stable,
incised but stable, incised valley bottom with reworking and extensive valley side inputs. The
screening maps highlight those source catchments identified as either of the latter two categories
as having potential for sediment management measures.
The hydromorphic audit of watercourses upstream of AFAs found no evidence of significant
sediment inputs to the HPWs and so no specific map of these catchments has been produced
for UoM 35.
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4.5.4

Mapping outputs
When using these maps it is important to remember different natural flood management methods
are effective at different scales, Figure 4-7.
Figure 4-7: Catchment scale classification of natural flood management methods

Figure extracted from SEPA Natural flood management hand book9 and adapted from Thorne et al10.

Runoff reduction and sediment management methods will only have observable benefits at the
small catchment scale and so efforts to implement these should be focussed in small catchments
upstream of known flood risk areas. Floodplain storage methods are located further downstream
in the catchment and so may have more observable effects in larger catchments. In both cases
to produce observable changes in very large catchments will require widespread implementation
of such methods. This will only be achieved over time and current focus should be on identifying
opportunities that will deliver benefits in the short term.
Figure 4-8 to Figure 4-11 show the results of the screening assessment for UoM 35. Discussion
of NFM methods is provided in Section 4.5.5.

9

Natural Flood Management Handbook, Scottish Environmental Protection Agency, December 2015.
THORNE, C., EVANS, E., and PENNING-ROWSELL, E. (2007). Future Flooding and Coastal Erosion Risks. London:
Thomas Telford Ltd.
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Figure 4-8: Runoff reduction NFM screening map for UoM 35

Figure 4-9: Re-naturalisation NFM screening map for UoM 35
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Figure 4-10: Floodplain storage NFM screening map using slope for UoM 35

Figure 4-11: Floodplain storage NFM screening map using flood extents for UoM 35

The hydromorphic audit of watercourses upstream of AFAs found no evidence of significant
sediment inputs to the HPWs and so no specific map of these catchments has been produced
for UoM 35.
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4.5.5

Appropriate natural flood management objectives
Runoff reduction
Figure 4-8 shows there is little potential for runoff reduction natural flood management methods
across the county of Sligo reflecting the fact that much of the catchment has a relatively gentle
gradient and the soils are not sensitive to degradation. There is potential in the hills upstream of
Manorhamilton. The land is dominated by agriculture and the gley and peat soils are susceptible
to degradation resulting from poor land management. It is recommended further work be
completed to confirm the viability of runoff reduction methods to manage flood risk in the long
term within Manorhamilton.
Floodplain storage
Figure 4-9 suggests there may be potential for re-naturalisation of channels within UoM 35.
Much of the UoM is dominated by large watercourses and where these have been identified in
Figure 4-9 it is considered that this merely reflects the slow meandering nature of these
watercourses rather than an opportunity for re-naturalisation. There are a number of smaller
tributaries where peak flows may be exacerbated by historical straightening of watercourses in
the upstream catchments. These are the Rathbarran tributary in Coolaney, the Ardcumber River
in Riverstown and the Ballymore River in Ballymote. These catchments should all be looked into
further for methods that consider introducing meanders and increasing the use of floodplain to
attenuate flows.
Figure 4-10 indicates there is significant scope for increasing floodplain storage based on slope
and land use alone. Figure 4-11 reduces the extent to which this may be applicable but still
indicates there are areas along the Owenmore, Owenbeg and Bonet where natural flood
management methods to increase floodplain roughness will be viable.
The greatest
opportunities using these methods are likely to be found upstream of Coolaney, Collooney,
Ballysadare and Riverstown where the watercourses are flatter and the floodplain more
extensive.
Detailed consideration of the frequency of floodplain flooding will be necessary to ensure that
locations with a high potential for floodplain storage have sufficient extra capacity to make a
difference.
Sediment management
The hydromorphic audit of watercourses upstream of AFAs found no evidence of significant
sediment inputs to the HPWs and so no specific map of these catchments has been produced
for UoM 35.
Managing soil structure and permeability can reduce the frequency of "muddy floods" where
surface runoff and overland flood flow routes collect and transport sediment already mobilised by
surface water ponding and waterlogged soils. Heavy machinery and livestock can compact soil
reducing the ability of the soil to store and infiltrate water. Crop, vegetation and tree cover can
improve soil conditions.
Estuarine surge attenuation and wave dissipation
There are no estuaries within UoM 35 along which there is an opportunity to increase attenuation
and so reduce the risk of tidal flooding. Sligo sits in Sligo harbour which is open to the sea.
Ballysadare, whilst located further inland is not susceptible to tidal flooding.
Similarly, flood risk from wave overtopping has been investigated in Sligo and has not been
identified as a significant source of flood risk. Natural flood management measures for wave
dissipation have therefore not been considered further for UoM 35.

4.5.6

Summary of Natural Flood Management
Table 4-9 summarises the findings of the review of viable natural flood management methods
within UoM 35.
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Table 4-9: Summary of natural flood management methods in UoM 35
NFM flood
reduction
objective
Runoff
reduction

Scope

Methods

The screening maps suggest runoff
reduction NFM methods are likely to
applicable in the sub-catchment upstream
of Manorhamilton and so provide flood risk
benefits in this AFA.

Floodplain
storage

There may be opportunities for floodplain
naturalisation in the tributaries upstream of
Coolaney, Riverstown and Ballymote and
further investigations into the viability of
such schemes, is recommended.

Woodland planting.
Land management including soil and
bare earth improvements, changing
agricultural field drainage.
Creation of cross slope tree shelter
belts.
Creation/restoration of non-floodplain
wetlands.
River and floodplain restoration /
renaturalisation.
Floodplain reconnection.
Afforestation of floodplains - deciduous
tree strips and hedgerows.
Creation of riparian woodland.

Sediment
management

Estuarine
surge
attenuation
Wave energy
dissipation

Increasing the roughness in the floodplain
could benefit Coolaney, Collooney,
Ballysadare and Riverstown and further
investigations into the viability of this should
be undertaken.
The hydromorphic audit did not identify any
catchments upstream of HPWs with
significant sediment loading.
Managing soil structure and permeability
can reduce the frequency of "muddy
floods", through changes to farming
practises..
Natural flood management methods for
estuarine surge attenuation are not
applicable for UoM 35.
Natural flood management methods for
wave dissipation are not applicable for UoM
35.

Sediment source control:
- Deciduous tree strips and
hedgerows
- Reduced grazing or stock levels
- Reduced and managed use of heavy
farm machinery.
- Reach restoration.
-

-

The costs and benefits of implementing and managing natural flood management have not been
assessed. There is low flood risk justification for natural flood management measures to be
undertaken now in UoM 35. Natural Flood Management measures have the potential to mitigate
against the flood risk impacts of climate change, specifically more intense rainfall and storm
surges. There are notable multi-functional benefits from natural flood management in UoM 35
which include:


Reduced urban flood risk in AFAs (greatest benefit likely from AFAs with smaller
upstream catchments).



Reduced flood risk to agricultural land in the floodplain of the Owenmore, Unshin and
Bonet (increased time to peak, reduced peak flow and extent, reduced frequency of
flooding).



Reduced disruption from flooding of rural areas and infrastructure outside of AFAs.



Designated habitats and species, will be subject to less fine sediment deposition and
reduced disturbance during maintenance activity.



Reduced frequency and cost of channel and structure maintenance work. Funds can be
allocated to managing other flood risk locations and priority activities.



Improved catchment soil conditions throughout catchment.



Provision of natural capital.



Carbon storage (forestry and peatlands)
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4.6

Flood related data collection
The ongoing collection of hydrometric and meteorological data, and data on flood events as they
occur, will help to continually improve the preparation for, and response to flooding. Further data
collection will allow for model uncertainty to be reduced over time and the impacts of climate
change to be monitored. In Unit of Management 35 there are a number of key areas of model
uncertainty linked to data uncertainty.
There are no gauges within the Ballymote drainage catchment to its confluence with the
Owenmore River. The hydrology developed for the model is therefore highly uncertain and
confidence in the model results is heavily reliant on validation of flood extents and frequency
using anecdotal data. Furthermore, anecdotal records of flooding are limited to comments from
local residents and the local authority without the benefit of photos or other more tangible
evidence. Given the extent of flooding predicted within the Ballymote AFA it is strongly
recommended that a recording gauge be installed on this catchment to improve confidence in
flood risks modelled and to inform option development.
The greatest uncertainty within the hydraulic modelling for the Riverstown AFA arises from the
development of the hydrology for the River Unshin. The river routing model developed to provide
a more representative flow hydrograph at the upstream extent of the River Unshin HPW had
limitations and was not pursued. The short record of data available (five years) from the
Ballynary gauge on Lough Arrow provides an insight into the response of the lough, but not a full
picture. In order to calibrate the model of Lough Arrow a longer record of levels is required, and it
is recommended a gauge is installed for this purpose.
There was previously a tidal gauge installed in Sligo Bay but has since been removed. The lack
of a tidal level gauge in Sligo Bay to understand the influence of Sligo Bay and the Garvoge on
tidal propagation and flood risk should be addressed to reduce the uncertainty in flood mapping
for Sligo. This data would also be of use to refine any flood alleviation scheme design if
necessary and also improve the accuracy and reliability of flood forecasting and warning
systems.
New, either permanent or temporary, gauging stations on some smaller ungauged watercourses
would allow models to be calibrated. This includes the Shannon Eighter catchment in
Rathbraghan, where a scheme is being proposed.
In Manorhamilton, there is a number of properties that flooding has been reported, however the
hydraulics suggest flood risk of these properties occurs in extreme events. There is no gauge
data within this catchment. Installation of a gauge would lead to a reduction of uncertainty in the
hydrological analysis and help to confirm the current flood extents.
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5

Spatial planning and impacts on developments

5.1

Overview of planning policy

5.1.1

The 'Planning System and Flood Risk Management'
The 'Planning System and Flood Risk Management' describes good flood risk practice in
planning and development management. Planning authorities are directed to have regard to the
guidelines in the preparation of Development Plans and Local Area Plans, and for development
control purposes.
The objective of the 'Planning System and Flood Risk Management' is to integrate flood risk
management into the planning process, thereby assisting in the delivery of sustainable
development. For this to be achieved, flood risk must be assessed as early as possible in the
planning process. Paragraph 1.6 of the Guidelines states that the core objectives are to:


avoid inappropriate development in areas at risk of flooding;



avoid new developments increasing flood risk elsewhere, including that which may arise
from surface run-off;



ensure effective management of residual risks for development permitted in floodplains;



avoid unnecessary restriction of national, regional or local economic and social growth;



improve the understanding of flood risk among relevant stakeholders; and



ensure that the requirements of EU and national law in relation to the natural
environment and nature conservation are complied with at all stages of flood risk
management".
The guidelines aim to facilitate 'the transparent consideration of flood risk at all levels of the
planning process, ensuring a consistency of approach throughout the country.’ SFRAs therefore
become a key evidence base in meeting these objectives.
The 'Planning System and Flood Risk Management' works on a number of key principles,
including:


Adopting a staged and hierarchical approach to the assessment of flood risk;



Adopting a sequential approach to the management of flood risk, based on the
frequency of flooding (identified through Flood Zones) and the vulnerability of the
proposed land use.
The sequential approach and Justification Test
Each stage of the FRA process aims to adopt a sequential approach to the management of flood
risk in the planning process.
Where possible, development in areas identified as being at flood risk should be avoided; this
may necessitate de-zoning lands within the plan boundary. If de-zoning is not consistent with
spatial planning requirements of the current development plan, then rezoning from a higher
vulnerability land use, such as residential, to a less vulnerable use, such as open space may be
required.
Where rezoning is not consistent with spatial planning requirements of the current development
plan, exceptions to the development restrictions are provided for through the Justification Test.
Many towns and cities have central areas that are affected by flood risk and have been targeted
for growth. To allow the sustainable and compact development of these urban centres,
development in areas of flood risk may be considered necessary. For development in such
areas to be allowed, the Justification Test must be passed.
The Justification Test has been designed to rigorously asses the appropriateness, or otherwise,
of such developments. The test is comprised of two processes; the Plan-making Justification
Test and the Development Management Justification Test. The latter is used at the planning
application stage where it is intended to develop land that is at moderate or high risk of flooding
for uses or development vulnerable to flooding that would generally be considered inappropriate
for that land.
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Figure 5-1 Sequential approach principles in flood risk management

Source: The Planning System and Flood Risk Management (Figure 3.1)

Figure 5-1 shows which types of development, based on vulnerability to flood risk, are
appropriate land uses for each of the Flood Zones. The aim of SFRAs is to guide development
zonings to those which are 'appropriate' and thereby avoid the need to apply the Justification
Test.
Table 5-1 Matrix of vulnerability versus Flood Zone

Flood Zone A

Flood Zone B

Flood zone C

Highly vulnerable development
(Including essential infrastructure)

Justification test

Justification test

Appropriate

Less vulnerable development

Justification test

Appropriate

Appropriate

Appropriate

Appropriate

Appropriate

Water-compatible development

Source: Table 3.2 of The Planning System and Flood Risk Management

Scales and stages of flood risk assessment
Within the hierarchy of regional, strategic and site-specific flood-risk assessments, a tiered
approach ensures that the level of information is appropriate to the scale and nature of the floodrisk issues and the location and type of development proposed, avoiding expensive flood
modelling and development of mitigation methods where it is not necessary. The stages and
scales of flood risk assessment comprise:


Regional Flood Risk Appraisal (RFRA) – a broad overview of flood risk issues across
a region to influence spatial allocations for growth in housing and employment as well as
to identify where flood risk management methods may be required at a regional level to
support the proposed growth. This should be based on readily derivable information and
undertaken to inform the Regional Planning Guidelines.



Strategic Flood Risk Assessment (SFRA) – an assessment of all types of flood risk
informing land use planning decisions. This will enable the Planning Authority to allocate
appropriate sites for development, whilst identifying opportunities for reducing flood risk.
This SFRA will revisit and develop the flood risk identification undertaken in the RFRA,
and give consideration to a range of potential sources of flooding. An initial flood risk
assessment, based on the identification of Flood Zones, will also be carried out for those
areas which will be zoned for development. Where the initial flood risk assessment
highlights the potential for a significant level of flood risk, or there is conflict with the
proposed vulnerability of development, then a site specific FRA will be recommended,
which will necessitate a detailed flood risk assessment.



Site Specific Flood Risk Assessment (FRA) – site or project specific flood risk
assessment to consider all types of flood risk associated with the site and propose
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appropriate site management and mitigation methods to reduce flood risk to and from
the site to an acceptable level. If the previous tiers of study have been undertaken to
appropriate levels of detail, it is highly likely that the site specific FRA will require detailed
channel and site survey, and hydraulic modelling.
5.1.2

Border Regional Development Plan
The Border Regional Development Plan (2010-2022) includes a Regional Flood Risk Appraisal
(RFRA) and covers Sligo and Leitrim County Councils. The plan includes:


A review of sources of flood risk information; it should be noted that the RFRA pre-dated
the CFRAM, although the PFRA had been published.



The identification of appropriate policy responses for priority urban areas, including
areas that transcend administrative boundaries and where there appears to be
significant flood risk;



Suggested policies for sustainable flood risk management which will be incorporated into
the Regional Planning Guidelines (RPGs); the SFRA for the various development plans
will be reviewed against these recommended objectives and opportunities for
strengthening existing policies and objectives will be highlighted.



Guidance on the preparation of City and County level SFRAs in association with City &
County Development Plans and the management of surface water run-off within new
development, highlighting significant flood risk issues, potential infrastructure investment
requirements and the need for co-operation between planning authorities and identifying
any need for more detailed assessment.
Seven towns are discussed in the RFRA as potentially being at risk of flooding and Sligo is one
of these. It notes low-lying lands adjacent to the harbour are at risk of flooding and there is
potential for localised flooding from urban streams. It recommended that only appropriate
development subject to mandatory flood risk assessments is permitted and the implementation
of measures in Sligo Main drainage studies and SUDs provisions in the local area plans. The
RFRA notes that a number of smaller towns with the Region have also been identified as
vulnerable to flooding, but none have been named.
5.1.3

County and local area development plans
UoM 35 covers two County Councils; namely Sligo County and Leitrim County. The plans
relevant to each AFA are detailed in Table 5-2. A preliminary review of the plans is included in
the following sections, along with a review of the data sources used to inform the preparation of
the SFRA. For all AFAs in UoM35 a review of current and future flood risk has been carried out
to highlight any potential conflict between land use zonings and Flood Zones, based on the
CFRAM outputs. Finally, on the basis of the flood risk review, recommendations for the review
and amendment of the operative plans have been made.
Table 5-2: Operative development plans relevant to UoM29
County

Plan

Date

Sligo

Sligo County Development
Plan

2011 - 2017

Sligo and Environs
Development Plan
Ballymote Local Area Plan
Leitrim County Development
Plan

2010-2016

UoM 35 AFAs
covered
Ballymote,
Ballysadare,
Colloney, Coolaney,
Gorteen and
Riverstown
Sligo, Rathbraghan

2012 - 2018
2015 - 2021

Ballymote
Manorhamilton

Leitrim

5.2

County Sligo

5.2.1

Sligo County Development Plan 2011-2017
The Sligo County Development Plan 2011-2017 is supported by a Stage 1 SFRA, published in
June 2011. The SFRA includes a summary of flood data, and presents this on a series of
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indicative maximum extent of potential flood envelope based on ordnance survey six-inch
mapping for a number of settlements within Sligo County. However, there is no predictive flood
mapping, development of flood zones and no interpretation or guidance in its application to
determining land zoning, and limited use of historical flood information.
The policies and objectives recommended in the development are comprehensive. However,
without additional guidance and a clear vision of where land uses are appropriate, application of
the policies and objectives is open to interpretation. The policies include:
P-SW-4: Protect wetland areas and floodplains from development
P-SW-5 Prohibit the alteration of natural drainage systems and, in the case of development
works, require the provision of acceptable mitigation measures in order to minimize the risk of
flooding and negative impacts of water quality (including run-off, erosion and sedimentation).
SO-W-5 Implement adequate surface water drainage measures and prohibit unsuitable
development in flood susceptible areas.
It is recommended that the SFRA is expanded to provide predictive flood zones, guidance on the
level of detail required in a flood risk assessment for specific sites, and the consideration that
should be given to freeboard and climate change, amongst other factors. In some locations
there may be culverts which are vulnerable to blockage and would result in an increased level of
risk and it is advisable that these are either specifically highlighted or general advice is included.
Currently, the County Plan SFRA is based only a limited review of historical and anecdotal data.
The SFRA highlights areas at potential risk of flooding and provides limited recommendations in
relation to proposed development and integrating flood management in the development
process. Future iterations of the SFRA / Development Plan should also include the CFRAM
data, flood zones maps and more detailed historical flood information.
Any specific
recommendations in relation to the options development process should be carried forward from
the CFRAM as well.
The Sligo County Development Plan is supported by a number of Local Area Plans, which cover
the following towns; Enniscrone, Hazelwood- Ballinode, Ballymote, North Fridge, Charlestown Bellaghy. The LAPs for non-AFAs within UoM35, and LAPs outside UoM35 have not been
reviewed in this report. Where an LAP does not include a specific SFRA, it draws on the
assessment carried out through the SFRA for the County Development Plan and forms a Mini
Plan and is included in Volume 2 of the Development Plan. Ballysadare, Collooney, Coolaney,
Gorteen and Riverstown all have mini plans incorporated into the County Development Plan.
5.2.2

Ballymote
Local Area Plan 2012 -2018
The Ballymote LAP notes that flood risk issues are an important consideration in the preparation
of the Local Area Plan and the LAP is guided by an accompanying Strategic Flood Risk
Assessment. There are no flood zones outlined in the SFRA.
The Plan includes consideration of a number of areas of known high risk and is based primarily
on the OPW "benefitting lands" map. Two areas were considered in the plan. Firstly, lands to
the north-west of the town, adjacent to the Carrigan's Upper watercourse. These lands are
currently zoned residential and industrial uses. These lands are already developed so could not
be rezoned so the principle of mitigation was applied with cleaning and maintenance of the
channel along with upgrading the culvert which crosses the R293 proposed as mitigation
measures. Secondly, lands to the south-west of the town, adjacent to the Ballymote River, are
designated "benefitting lands" by the OPW and there has been known recurring flood events in
the location. It was recommended that the lands be included in the buffer zone as part of the
Ballymote Local Area Plan 2012-2018, the predominant land use would remain agricultural.
The plan also includes policies and objectives to ensure that the sensitivities of the various
environmental and flood risk areas are adequately considered, protected and managed, as
appropriate, in the development management process. It is recommended that, as a minimum a
SFRA report is reviewed for Ballymote to include flood management policies, a flood risk map
based on all available flood sources and review of land zoning objectives.
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Current risk
Areas at flood risk for Ballymote are based on the OPW's benefitting lands so are extremely
broadscale in nature and no predictive flood zone mapping was provided. The CFRAM maps
show flooding from the Owenmore River close to Stoneparks on the R293 road (Figure 5-2). This
area is currently zoned for residential and industrial uses, and though there is some development
currently in the area, any further developments in the area should be subject to site specific flood
risk assessment following the requirements of the 'Planning System and Flood Risk
Management Guidelines'. There is an area near the eastern side of the town that has been
zoned residential that is in conflict with Flood Zone A. The SFRA should be revisited here and
consideration given to rezoning to water compatible uses.
Figure 5-2: Ballymote Land Use Zoning and CFRAM Flood Zones

Future risk
Under the mid-range future scenario there are no significant new areas which show flood risk.
However, the extent of flooding to those sites highlighted as being at risk in the current scenario
increases in the future. This reinforces the importance of appropriate zoning in the next
development plan, and ensuring that an appropriate framework for managing flood risk into the
future is established.
5.2.3

Ballysadare
Ballysadare falls within the Sligo County Development Plan, and is specifically discussed within
the SFRA for that plan. Areas at flood risk for Ballysadare are based on the OPW's benefitting
lands so are extremely broadscale in nature and no predictive flood zone mapping was provided.
It is recommended that, as a minimum a SFRA report is reviewed to include flood management
policies, a flood risk map based on all available flood sources and review of land zoning
objectives.
Current risk
The CFRAM maps show the lands zoned for residential uses, close to Mill House is within Flood
Zone B. Residential is classified as a highly vulnerable development under the guidelines.
Given the new flood mapping information that is available the SFRA should be revisited and the
current zoning of the area should be reconsidered in line with the principles of the guidelines.
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Figure 5-3: Ballysadare Land Zoning and CFRAM Flood Zones

Future risk
With climate change the extent of Flood Zones increase, further highlighting the need for a
detailed SFRA. There are no new areas of flood risk, but existing flood zones increase in extent
and the depth of flooding will also increase.
5.2.4

Collooney
Collooney falls within the Sligo County Development Plan. No assessment of flood risk has been
carried out and no predictive flood zone mapping was provided. It is recommended that, as a
minimum a SFRA report is reviewed to incorporate Collooney and also include flood
management policies, a flood risk map based on all available flood sources and review of land
zoning objectives.
Current risk
The CFRAM maps shows considerable amount of lands at risk to flooding in Collooney. These
have correctly been zoned as a buffer zone. There are two areas to the north of the town
highlighted in Figure 5-4, currently zoned for residential use. In revisiting the SFRA, the current
zoning of these undeveloped areas should be reconsidered in light of CFRAM Flood Zones and
in accordance with the planning guidelines. Given the more detailed flood risk information that
has emerged since the County Development plan was adopted, it is recommended that careful
consideration is given to this land and its future uses.
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Figure 5-4: Collooney Land Zoning and CFRAM Flood Zones

Future risk
With climate change the extent of Flood Zones increase, further highlighting the need for a
detailed SFRA. There are no new areas of flood risk, but existing flood zones increase in extent
and the depth of flooding will also increase.
Locations for development in Collooney are generally located outside of Flood Zone A and B,
however redevelopment proposals in the town centre should consider the resilience to flooding
and public safety.
5.2.5

Coolaney
Coolaney falls within the Sligo County Development Plan. No assessment of flood risk has been
carried out and no predictive flood zone mapping was provided. It is recommended that, as a
minimum a SFRA report is reviewed to incorporate Coolaney and also include flood
management policies, a flood risk map based on all available flood sources and review of land
zoning objectives.
Current risk
Figure 5-5 shows Flood Zone A and B based on CFRAM mapping. There is one area to the
north of the town highlighted, currently zoned for residential use within Flood Zone A. In
revisiting the SFRA, the current zoning of these undeveloped areas should be reconsidered in
light of CFRAM Flood Zones and in accordance with the planning guidelines. Given the more
detailed flood risk information that has emerged since the County Development plan was
adopted, it is recommended that careful consideration is given to this land and its future uses.
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Figure 5-5: Coolaney Land Zoning and CFRAM Flood Zones

Future risk
Under the mid-range future scenario there are no significant new areas which show flood risk,
although depths of flooding will be greater than in the current scenario. Provided the current
approach to land zoning is maintained into the future, flood risk and development planning will be
closely aligned in Coolaney.
5.2.6

Gorteen
Gorteen falls within the Sligo County Development Plan, and is specifically discussed within the
SFRA for that plan. Areas at flood risk for Gorteen are based on the OPW's benefitting lands so
are extremely broadscale in nature and no predictive flood zone mapping was provided. It is
recommended that, as a minimum a SFRA report is reviewed to include flood management
policies, a flood risk map based on all available flood sources and review of land zoning
objectives.
Current risk
Figure 5-6 shows Flood Zone A and B based on CFRAM mapping. There is limited out of bank
flooding in Gorteen. There are two areas highlighted which are currently zoned for residential
use. In revisiting the SFRA, the current zoning of these undeveloped areas should be
reconsidered in light of CFRAM Flood Zones and in accordance with the planning guidelines. An
open space zoning should be considered to provide a sufficient buffer between the river and the
proposed residential zoning on either bank.
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Figure 5-6: Gorteen Land Zoning and CFRAM Flood Zones

Future risk
With climate change the extent of Flood Zones increase, further highlighting the need for a
detailed SFRA. There are no new areas of flood risk, but existing flood zones increase in extent
and the depth of flooding will also increase.
5.2.7

Riverstown
Riverstown falls within the Sligo County Development Plan, and is specifically discussed within
the SFRA for that plan. Areas at flood risk for Riverstown are based on the OPW's benefitting
lands so are extremely broadscale in nature and no predictive flood zone mapping was provided.
It is recommended that, as a minimum a SFRA report is reviewed to include flood management
policies, a flood risk map based on all available flood sources and review of land zoning
objectives.
Current risk
Figure 5-7 shows Flood Zone A and B based on CFRAM mapping. There is considerable
flooding to the north west of the settlement. This is currently outside the development boundary
and has not been zoned. This should remain unzoned in future plans in line with the
recommendations of the Flood Risk Management Guidelines. There is one area in the town
where zoning is in conflict with flood risk zones and is highlighted in Figure 5-7. It is currently
zoned for business and enterprise. Business and enterprise is considered appropriate in Flood
Zone B, however, the area to south within Flood Zone A should be assessed as part of updates
to the SFRA and consideration given to rezoning this land in accordance with the planning
guidelines. For example, it could be considered as a parking area for the business park or
dezoned to provide an open space zoning and to provide a sufficient buffer between the river
and the proposed business and enterprise zoning. The buffer could be extended to cover Flood
Zone A and B, or a specific zoning objective developed to limit buildings to Flood Zone C and to
specify design criteria.

WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc

44

Figure 5-7: Riverstown Land Zoning and CFRAM Flood Zones

Future risk
With climate change the extent of Flood Zones increase, further highlighting the need for a
detailed SFRA. There are no new areas of flood risk, but existing flood zones increase in extent
and the depth of flooding will also increase.

5.3

Sligo

5.3.1

Sligo and Environs Development Plan
The Sligo and Environs Development Plan 2010-2016 is not supported by an SFRA. There are
policies in relation to flood risk included in the Plan, however, without additional guidance and a
clear vision of where land uses are appropriate, application of the policies and objectives is open
to interpretation. The general policies of the plan relating to flood risk are:
P-FP-7 Require new developments, where relevant, to integrate appropriate sustainable urban
drainage systems (SUDS)
P-FP-8 avoid development in areas at risk of flooding, particularly floodplains, by not permitting
development unless:
- It is demonstrated that there are wider sustainability grounds for appropriate development;
- The flood risk can be management to an acceptable level and
- Where possible, it reduces the overall flood risk.
P-FP-9 Adopt a sequential approach to flood risk management, based on avoidance, reduction
and then mitigation of flood risk within an overall framework for assessing the location of new
development.
P-FP-10 Require new development proposals in relevant areas to be accompanied by a flood
risk assessment.
It is recommended that an SFRA is be included in the next iteration of the plan to provide
predictive flood zones to guide land zonings, guidance on the level of detail required in a flood
risk assessment for specific sites, and the consideration that should be given to freeboard and
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climate change, amongst other factors. In some locations there may be culverts which are
vulnerable to blockage and would result in an increased level of risk and it is advisable that these
are either specifically highlighted or general advice is included.
Future iterations of the SFRA / Development Plan should also include the CFRAM data, flood
zones maps and more detailed historical flood information. Any specific recommendations in
relation to the options development process should be carried forward from the CFRAM as well.
The Sligo and Environs Development Plan covers Sligo and Rathbraghan AFAs.
5.3.2

Sligo
Sligo falls within the Sligo and Environs Development Plan which has no supporting SFRA.
Current risk
Figure 5-8 shows Flood Zone A and B based on CFRAM mapping for Sligo city centre. In the
centre there is areas zoned "City Centre Uses" which are within Flood Zone B of the Garvoge
River. Proposals for development in this area are likely to be limited to refurbishments and
change of use, with limited potential for decreasing flood risk at a building scale. However, it is
important that opportunities for increasing flood resilience are included in development plans.
On the Sligo River flood mapping depicts areas zoned for "Community Uses" adjacent to Sligo
Institute of Technology inside Flood Zone A and B. Any development in this area would be
subject to a justification test and a site specific flood risk assessment.
Figure 5-8: Sligo Centre Land Zoning and CFRAM Flood Zones

There is considerable predicted flooding on the Shannon Eighter catchment, due to an
undersized culvert and water flowing overland as shown in Figure 5-9. Consequently, a
substantial area of land that has been zoned for Business, Industry and Technology Park is now
shown to be Flood Zone A. The area is owned by Abbvie, whose factories are located to the
east and west of the site. This flood risk has not been addressed directly in the Strategic Flood
Risk Assessment that supports the Development Plan and it is recommended that the SFRA is
revisited to consider this issue appropriately.
Within the SFRA the safeguarding of lands for future flood risk measures would need to be
weighed up against the economic impacts to the local economy of rezoning lands currently
earmarked for industrial development. The integration of the findings of the FRMP and flood risk
maps is therefore important. Where possible, development in areas identified as being at flood
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risk should be avoided; this may necessitate re-zoning lands to a less vulnerable use. Where
rezoning is not consistent with spatial planning requirements of the current development plan,
exceptions to the development restrictions are provided for through the Justification Test
contained within the Planning Guidelines for Planning and Flood Risk. The Justification Test has
been designed to rigorously asses the appropriateness, or otherwise, of such developments.
An assessment of possible alleviation measures to the nursing home and residential properties
downstream of the zoned land has identified a viable solution in which a large proportion of this
land is used to attenuate flood flows, Section 3.4. It is important to note that this measure has
been developed with a focus on managing flood risk by utilising natural processes locally. This
solution has the highest economic indicator from a flood risk management view, and would score
well on the national prioritisation performed by OPW.
It is recognised that such a solution would have a negative impact on the ability to develop this
land and extend the Abbvie plant. Should a site specific flood risk assessment be undertaken for
these lands it is unlikely to pass the Justification Test due to an increase flood risk downstream
due to the impact of removing this flood storage area as a result of the development. However, if
an alternative scheme, for example one that balances the impacts on downstream receptors with
the provision of a larger culvert or with the provision of storage further upstream, then
development of the land would not compromise the ability to reduce the flooding problem to the
existing property.
It is critical that the progression of a flood risk management scheme in Rathbraghan has an open
discussion with Abbvie so that a more appropriate scheme can be developed in partnership with
Abbvie that meets the requirements of the FRMP and the Development Management
Justification Test.
Downstream of the Business, Industry and Technology Park there are lands zoned as existing
residential areas and a combination of low/medium residential housing and commercial and
mixed land uses. The management of flood risk upstream as discussed above will reduce flood
risk to these areas and support future development. If no flood risk mitigation scheme is
developed the SFRA following the requirements of the 'Planning System and Flood Risk
Management Guidelines' will need to reconsider the zoning for the lands zoned for low/medium
density residential areas.
Figure 5-9: Rathbraghan Land Zones and CFRAM Flood Zones

Future risk
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Within Sligo there is a significant risk associated with increasing sea levels as a result of climate
change which will result in significant new areas of flooding from those predicted to be affected in
the current risk scenario.
Tidal flood risk increases significantly with climate change and in the future Flood Zone A will
cover much of the riverside areas along the River Garvoge. Flood depths and velocities will be
greater, posing a risk to life and flooding of streets and properties will occur more frequently.
Current development management standards and policies should include consideration of future
flood risk to be addressed and the SFRA should direct the most vulnerable land uses away from
areas of high future flood hazard. There is a need for a Climate Change Strategy within the next
iteration of the Development Plan. Figure 5-10 depicts the increase in Flood extents when
Medium Range Future Scenario (MRFS) is considered.
Figure 5-10: Progression of flooding with climate change based on MRFS Extents

The Sligo harbour area has been earmarked for significant redevelopment as part of the local
development strategy. This provides an opportunity to make sure that this area of Sligo is
resilient to the expected changes in sea level, and is in line with the requirements of the Planning
System and Flood Risk Management which state that climate change should be taken into
account in the preparation of Development Plans and for development management.
At a national level, monitoring changes in sea levels should continue to be the primary focus,
with the continued development of guidance for spatial planning and management. At a more
local level, it is important that Sligo County Council develops of a climate change management
strategy to support the redevelopment of the harbour.
Through development of a comprehensive masterplan of the area, the redevelopment of the
harbour can be structured to ensure future management of flood risks. This may take the form of
landscaping, raising individual sites or raising floor levels and access-ways. The masterplan
should also consider both horizontal and vertical allocation of land uses, with more vulnerable
developments situated at higher levels. It is important that existing infrastructure, utilities and
services are resilient and adaptable to future flood risk, and new services are constructed to take
account of climate change.
The advantage of this approach is that it falls within the scope of the development plan and will
allow gradual adaptation to future risks as the harbour is redeveloped. It also means that costs
can be phased over a longer period, and through development contributions or incorporated into
site development costs. This negates the need for the significant upfront costs that could be
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required with other measures. A well-considered development masterplan will ensure the costs
of flood management will not result in unviable future development.
The main disadvantage is that properties which are not part of the redevelopment would need to
be retrofitted with resistance or resilience measures. These properties would continue to be
more susceptible to flooding. In addition, the management of flood risk through this route will
require a long feed in time as it will be undertaken only when properties become available. For
example Sligo County Council own a number of properties within the inner harbour area which
are currently lease hold and development of these properties will be dependent on the expiry of
the lease. However, as climate change impacts will be relatively slow to manifest, this is not in
itself a significant disadvantage.

For Rathbraghan with climate change the extent of Flood Zones increase, further highlighting the
need for a detailed SFRA. In the future scenario Flood Zone B extends to include areas of the
current Abbvie Factory and Rathbraughan Park Estate.

5.4

County Leitrim

5.4.1

Leitrim County Development Plan
The Leitrim County Development Plan 2015-2021 is supported by an SFRA, was adopted in
January 2015. The plan includes a development framework for total of 28 settlements along with
land zoning for these settlements, this includes Manorhamilton.
The SFRA includes a two stage flood risk assessment was carried out in the accompanying
SFRA. Firstly, a stage 1 Flood Risk Assessment which mainly comprises of a comprehensive
desk study of the available data to establish whether flood risk issues exist in the present or in
possibly in the future.
The SFRA includes a summary of flood data, and carries out flood risk identification bases on
historical information from www.floodmaps.ie, Alluvial soils, OPW benefitting lands maps, OSi 6"
maps, local authority information and whether an area was proposed as an AFA following the
CFRAM flood risk review.
The SFRA discusses the Shannon CFRAM and North-Western
CFRAM however omits the Western CFRAM, which covers Manorhamilton in its review.
In completing a Stage 2 flood risk assessment the results of the Leitrim Council Flood Mapping
(November 2009 event) and OPW mapping were overlain on the zoning map for all the
settlements and appropriateness of extent and type of zoning was reviewed and following this a
significant amount of land was de-zoned under variation 1 of the County Development Plan
2009-2015. However, the SFRA only includes maps of 4 settlements; Dromod, Drumshanbo,
Leitrim and Jamestown, on which only historical event mapping is shown.
The policies and objectives recommended in the development are comprehensive. However,
without additional guidance and a clear vision of where land uses are appropriate, application of
the policies and objectives is open to interpretation. The policies include:
Policy 85 - It is the policy of the Council not to permit development on a flood plain other than in
exceptional circumstances (where the development is of significant importance for the local
community
Policy 98 - It is the policy of the Council to seek to ensure proposals within flood risk areas
exclude high vulnerability uses such as residential care homes, hospitals, emergency services,
residential use at ground level and certain strategic infrastructural services and facilities.
It is recommended that the SFRA is expanded to provide predictive flood zones for all
settlements, guidance on the level of detail required in a flood risk assessment for specific sites,
and the consideration that should be given to freeboard and climate change, amongst other
factors. In some locations there may be culverts which are vulnerable to blockage and would
result in an increased level of risk and it is advisable that these are either specifically highlighted
or general advice is included.
Future iterations of the SFRA / Development Plan should also include the CFRAM data and flood
zone maps. Any specific recommendations in relation to the options development process
should be carried forward from the CFRAM as well. The SFRA highlights areas at potential risk
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of flooding and provides limited recommendations in relation to proposed development and
integrating flood management in the development process.
5.4.2

Manorhamilton
Manorhamilton falls within the Leitrim County Development Plan and though mentioned in the
accompanying SFRA no details of predictive flood maps have been provided.
Current risk
Figure 5-11 shows Flood Zone A and B based on CFRAM mapping. There is considerable
flooding along the Curraghfore Watercourse. An area highlighted below has been zoned for
Enterprise and Employment and is within Flood Zone A. It is recommended the SFRA is
revisited and the zoning of these lands reconsidered in accordance with the planning guidelines.
Given the fact it is currently within Flood Zone A and there are other surrounding lands outside of
Flood Zone A viable for development the site could be rezoned as open space. Along the
Owenmore watercourse to the south of the town there is out of bank flooding. This area has
been primarily zoned as residential (developed) however, any further developments in the area
should be subject to site specific flood risk assessment following the requirements of the
'Planning System and Flood Risk Management Guidelines' and the riparian corridor should be
protected.
Figure 5-11: Manorhamilton Land Zones and CFRAM Flood Risk Maps

Future risk
With climate change the extent of Flood Zones increase, further highlighting the need for a
detailed SFRA. There are no new areas of flood risk, but existing flood zones increase in extent
and the depth of flooding will also increase.
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6

Surface water drainage strategy

6.1

Overview
The Development Plans reviewed all include some requirement for SUDS, although the
specification and threshold for using such a system varies. The usual approach is to adopt
some, or all, of the SuDS Management Train approach, illustrated in Figure 6-1. Preventative,
source, site and regional controls can be used to mimic the catchments natural processes as
closely as possible. Whilst there are many different SuDS techniques that could be successfully
implemented, there is no one single drainage solution for a given site and in most cases a
combination of techniques will be required, which could include:


Prevention - good site design to prevent runoff and pollution i.e. rainwater reuse /
harvesting



Source Control - control runoff as close to the source as possible through soakaways,
infiltration trenches, green roofs, pervious pavements and rainwater gardens



Site Control - management of runoff in a local area or site by routing runoff to swales,
detention basins, ponds or wetlands



Regional Control - management of runoff from site or several sites to a balancing pond
or wetland

Figure 6-1: SuDS management train

In addition it is desirable to maximise the amenity and ecological benefits associated with the
drainage system where there are appropriate opportunities. SuDS are green infrastructure
components that provide these benefits and provide health benefits, and reduce the vulnerability
of developments to the impacts of climate change.
In order to implement SuDS at any given site two aspects in the design need to be considered:


Provision of treatment volume - to ensure a level of water quality treatment to surface
water runoff prior to discharge off site.



Provision of an attenuation volume - to reduce peak flows and prevent flooding

These two volumes can be combined if source control is applied across a site, but normally a
combination of SuDS devices provide these two volumes.

6.2

SuDS and the environment
As detailed in the GDSDS, SuDS provide an excellent alternative to traditional systems, and give
a means of improving water quality, particularly with the requirements of the Water Framework
Directive and other environmental legislation in mind.
The GDSDS states that "SuDS minimise the impacts of urban runoff by capturing runoff as close
to source as possible and then releasing it slowly. The use of SuDS to control runoff also
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provides the additional benefit of reducing pollutants in the surface water by settling out
suspended solids, and in some cases providing biological treatment."
Adopting SuDS will provide benefits to water quality, water quantity and amenity and habitat
enhancement. By considering all three functions it is possible to provide adequate, well
designed systems that:


offer water quality treatment through natural processes inherent in the system,



encourage infiltration where appropriate and



attenuate peak flows



as well as providing habitat and function for those using the area, including the local
community and wildlife.
The European Water Framework Directive requires sustainable management of water resources
and protection of water quality. SuDS offer an integrated approach that could play a key part in
delivering the Directive’s requirements.

6.3

Maintenance and safety considerations
The CFRAM has included a high level review of SuDS systems and their potential applicability in
the various AFAs. Where regional systems are possible, and considered desirable, maintenance
responsibilities need to be agreed between the local authority and relevant developers. In such
instances, ongoing maintenance by the local authority, possibly supported by Development
Contributions, as required by Sligo County Council for example, may be the more appropriate
solution.
Where the SuDS is localised within a site the responsibility for maintenance needs to be
discussed and agreed between the developer, occupier (where relevant) and local authority. At
present there is little precedent for local authorities taking SuDS in charge, although as systems
become more widespread this may need to be reviewed, particularly where responsibility would
otherwise fall to individual homeowners. Where the Local Authority are not going to take charge
of a SuDS measure, it is advisable that long term maintenance contracts are conditioned as part
of the grant of planning and it be obligatory that details are provided to the Local Authority. This
should include a long term condition that consecutive maintenance contracts need to stay in
place for the lifetime of the development.
In general, maintenance will be more easily managed and monitored where SuDS can be
grouped into a single local authority operated, regional treatment system, such as an attenuation
basin or wetland, which would be supported by a number of small units, rather than relying on
site based storage tanks and outfalls.
Where appropriate, it is also recommended that Local Authorities and/or developers should
prepare basic maintenance guidelines that can be provided to home owners and properties
owners so they understand what is involved and what is expected of them, including the
limitation of the system and a guide to ensuring the system operates effectively.
Under this CFRAM there are no specific proposals presented for SuDS in any AFA, so it is
difficult to provide specific health and safety advice, and this should be assessed on a case by
case basis. Considerations should include the safety of operators for maintenance activities and
the safety of the public who may use the area in and around the system. As with maintenance, it
is also worth considering the ease of managing public access and ensuring safe working
practices in a regionally based system rather than at a privately operated site scale.

6.4

Drainage policies

6.4.1

Sligo County Development Plan
The Sligo County Development Plan has a number of specific objectives relating to surface
water in the County, all of which contribute to effective surface water management and deliver
flood risk and water quality benefits:


"P-SWD-1 - Require the provision and use of separate foul and surface drainage
systems.
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P-SWD-3 - Preserve and protect the water quality of natural surface water storage sites,
such as wetlands, where these help to regulate stream flows, recharge groundwater and
screen pollutants (such features provide important habitat functions).



P-SWD- 4 Protect wetland areas and floodplains from development.



P-SWD-5 Prohibit the alteration of natural drainage systems and, in the case of
development works, require the provision of acceptable mitigation measures in order to
minimize the risk of flooding and negative impacts on water quality (including run-off,
erosion and sedimentation).



Protect drainage characteristics of river channels and streams that can facilitate



P-SWD-3 Preserve and protect the water quality of natural surface water storage sites,
such as wetlands, where these help to regulate stream flows, recharge groundwater and
screen pollutants (such features also provide important habitat functions).



P-SWD-5 Protect river channels and streams, which can facilitate surface water
drainage, by ensuring the development is kept at an appropriate distance from stream
banks and adequate protection measures are put in place.



P-SWD-6 Promote storm water retention facilities for new developments and existing
catchment areas, particularly where developments are proposed in proximity to an
existing open water course or stream.



P-SWD-7 Encourage and, where appropriate, require that the permitted flow from a
development to a public storm-water drain or watercourse is restricted/equal to the
natural run-off rates from the undeveloped site.

The Plan specifically requires greenfield developments to limit of surface water run-off to predevelopment levels. The developer should clearly demonstrate that capacity exists to
accommodate run-off levels in excess of greenfield levels. It states "In the case of brownfield
development, while existing surface water drainage measures will be taken into account, some
attenuation measures may be required, at the discretion of the planning authority. In line with the
above, Sligo County Council will consider all drainage proposals consistent with SuDS
(Sustainable Drainage Systems)."
6.4.2

Ballymote Local Area Plans
The Ballymote LAP makes limited reference to SUDS, although policy P-FRM-10 states "Require
new developments and extensions to existing developments, where relevant, to use Sustainable
Drainage Systems (SDS) in order to minimize the extent of hard surfacing and paving."

6.4.3

Sligo and Environs Plan
The Sligo and Environs Plan promotes SuDs, re-use and recycling of surface and domestic
water for development proposals. The plan includes the following relevant policies:


"P-SWD-1 - Promote storm water retention facilities for new developments and existing
catchment areas, particularly where development are proposed in proximity to an
existing watercourse.



P-SWD-2 - Generally prevent the alteration of natural drainage systems and, in the case
of development works, require the provision of acceptable mitigation measures in order
to minimize the risk of flooding and negative impacts on water quality (including run-off,
erosion and sedimentation).



P-SWD-3 Preserve and protect the water quality of natural surface water storage sites,
such as wetlands, where these help to regulate stream flows, recharge groundwater and
screen pollutants (such features also provide important habitat functions).



P-SWD-5 Protect river channels and streams, which can facilitate surface water
drainage, by ensuring the development is kept at an appropriate distance from stream
banks and adequate protection measures are put in place.



P-SWD-7 Encourage and, where appropriate, require that the permitted flow from a
development to a public storm-water drain or watercourse is restricted/equal to the
natural run-off rates from the undeveloped site.
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The plan recognises the need for stormwater retention facilities to store water in excess of the
capacity available in downstream channels until storm flows have abated.
6.4.4

Leitrim County Development Plan
The Leitrim County Development Plan and supporting SFRA recognise the benefits that SUDS
have in reducing flood risk and providing improvements to water quality, biodiversity and
amenity. The Plan recognises the role SuDS can play in reducing and managing run-off to
surface water drainage systems as well as improving water quality. The Plan's policies include:


Policy 92 - It is the policy of the Council to identify, and if resources or circumstances
permit, to secure suitable lands and install Integrated Constructed Wetlands (ICW), as
part of Sustainable Drainage Systems (SuDS) for all towns and villages for which land
use strategies are prepared.



Policy 94 - It is the policy of the council to promote the use of sustainable drainage
systems, which balance the impact of urban drainage through the achievement of control
of runoff quantity and quality and enhancing amenity and habitat.



Policy 95 - It is the Policy of the Council to cooperate with Irish Water, to minimize the
number and frequency of storm overflows of sewage to watercourses in the county and
to establish a consistent approach to the design, improvement and management of
these intermittent discharges to ensure that the needs of the County's receiving waters
are met in a cost-effective manner.
The Plan promotes the use of SuDS techniques to limit surface water drainage. It recognises
surface water drainage systems are effective at transferring surface water quickly, but they can
cause the volume of water in the receiving watercourse to increase more rapidly thereby
increasing flood risk. Sustainable Drainage Systems (SuDS) can play a role in reducing and
managing run‐off to surface water drainage systems as well as improving water quality. For
larger developments, the use of Sustainable urban Drainage Systems (SuDS) techniques will be
favoured.
6.4.5

Summary of drainage policies
It is important to note that SuDs and sustainable drainage standards and guidance has evolved
since the publication of the County and Local development plans.
The development
management standards should be updated to refer to current guidance, standards and best
practise. The SFRA and Development Plans should also identify locations where general
standards should be exceeded (e.g. reducing runoff in excess of greenfield rates, or enhanced
levels of treatment) through new development or opportunities for retrofit of SuDs and Green
Infrastructure where possible.

6.5

Applicability of SuDS
Although providing clear benefits for flood management, particularly during higher frequency
events, and for the environment, SuDS are either not permitted or are not appropriate in certain
locations and situations.
To assist the application of this process, the soil types and WRAP (Winter Rainfall Acceptance
Potential) maps have been reviewed.
Although not directly providing infiltration potential or suitability for SUDS, the recharge map is a
surrogate data set which provides an indication of the suitability of the ground conditions for
infiltration, and therefore the most common forms of SUDS systems.
The assessment does not consider potential contamination issues associated with infiltration or
surface storage adjacent to existing surface water bodies, i.e. watercourses, lakes/ponds or the
sea. It is assumed that best practice will be followed (e.g. use of oil separators) so that stored or
infiltrated water will not pose a pollution threat to controlled waters.
Discharge to Source Protection Zones is only advised with caution, and with a suitable
assessment of the local characteristics of both the discharges and the receiving environment.
However, a review of the SPZ in the Western CFRAM area indicates it does not impact on any of
the AFA settlements.
The potential for four types of SuDS has broadly been assessed:
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permeable paving (for pavements, car parks, yards, small roads, etc.);



swales and basins;



infiltration and filter drains; and



ponds and wetlands.

Generally, the first three SuDS types all drain to ground (i.e. they involve infiltration); they
therefore require relatively high permeability ground, depending upon the system capacity and
the volume to be discharged. If the ground is not permeable enough, these types of systems will
not function correctly. Where the soil or thin drift layer is not permeable enough for the proposed
scheme, but the bedrock is, an engineered solution may be found to allow discharge to bedrock
provided that groundwater is adequately protected. This may include removal of the surface
layer to replace it with high permeability fill or by locating the infiltration zone beneath the lower
permeability surface layer. Permeable paving is often the most sensitive to soil permeability
because swales, basins, and infiltration and filter drains often require a degree of excavation and
so low permeability soil can be removed in the process.
Ponds and wetlands generally require little or no drainage to ground and are therefore better
suited to low permeability ground conditions. However, an engineering solution can also be
used in high permeability areas by lining the pond with low permeability fill or an artificial liner.
Green roofs and rainwater harvesting have not been included in the process because they do
not involve any discharge to ground.
6.5.1

Ballymote
The whole of Ballymote lies within WRAP Class 2, indicating there is a potential for infiltration to
occur. This is supported by examination of the soil types (Figure 6-2), which indicates deep,
well-draining soil around Ballymote however there are also areas with poorly drained and
cutaway/cutover peat. It is likely that infiltration based SuDS would be appropriate across the
town, and in most of the areas zoned for future residential development, although site specific
assessments will need to be carried out, particularly in lands located close to the R293 Sligo
Road and the area indicated as strategic land reserve to the western side of the town.
Figure 6-2: Ballymote Soil Types (EPA)

Development zoning objectives for Ballymote are focused on two main areas; to the west 190 ha
of lands are zoned as strategic land reserve and the north east 120 ha of land are zoned for
residential uses, strategic land reserve and community development, shown in Figure 6-3. The
developments to the north east have drainage paths which connect directly into the Owenmore
River, are in an area of well drained soils and would all benefit from regionally based attenuation
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basins. The lands assigned for strategic purposes to the west of the town are in area
cutaway/cutover peat and connect to the Owenmore downstream of the town.
Figure 6-3: Ballymote development area and SUDS

6.5.2

Ballysadare
The whole of Ballysadare lies within an area of WRAP Class 2, indicating there is potential for
infiltration to occur. Specific examination of the soil types shows Ballysadare is surrounded by
deep well drained mineral soils (Figure 6-4). Much of the land within Ballysadare town consists
of made ground. It is likely that infiltration based SuDS would be appropriate across the town,
and particularly in the areas zoned for future residential development, although site specific
assessments will need to be carried out.
Figure 6-4: Ballysadare Soil Types (EPA)
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To the north of Ballysadare are a number of relatively large sites (approximately 75 ha in total)
proposed for community development, Figure 6-5. Although runoff from these sites is unlikely to
increase flood risk to others as they drain into the estuary downstream, the estuary may be
environmentally sensitive and the use of regional attenuation could assist in limiting surface
water downstream. To the west of the town there is an area zoned for business and enterprise.
Again, though this does not drain directly into the town, regional attenuation could assist
environmentally sensitive areas downstream.
Attenuation of runoff from the lands zoned for development is important to the maintenance of
the current flood regime. There are limited opportunities to further attenuate runoff from small
scale new, and existing developed lands due to the small catchments that they drain. The flow
regime of the receiving waterbodies will determine the runoff volume, rate and quality design
standards for SuDs in these developments.
Figure 6-5: Ballysadare development and SuDs

6.5.3

Collooney
The whole of Collooney lies within WRAP Class 2, indicating there is potential for infiltration to
occur. This is supported by examination of the soil types, Figure 6-6, which indicates deep, welldraining soil in the area immediately around Collooney with area of a Mineral Alluvium in the
riparian corridor. It is likely that infiltration based SuDS would be appropriate across the town,
and particularly in the areas zoned for future residential development, although site specific
assessments will need to be carried out.
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Figure 6-6: Collooney Soil Types (EPA)

The pattern of proposed development is focussed to the eastern side of the town with a large
area proposed for business and enterprise. In total approximately 400 ha have been zoned,
though some of this area has been developed and includes "Union Road", "Rathrippon" and
"Collooney" business parks, Figure 6-7. Examination of drainage paths shows that this land
drains downstream of the town, however, Ballysadare AFA is only 10km downstream of
Collooney. The use of a regional attenuation basin for this proposed residential development
could assist in limiting surface water flood risk to downstream areas.
Figure 6-7: Collooney development areas and SuDs

Union Road BP

Rathrippon BP
Collooney BP

6.5.4

Coolaney
The whole of Coolaney lies within WRAP Class 2, indicating there is a potential for infiltration to
occur. This is supported by examination of the soil types, which indicates deep, well-draining
soil in the area immediately around Coolaney with area of a Mineral Alluvium in the riparian
corridor, Figure 6-8. It is likely that infiltration based SuDS would be appropriate across the
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc

58

town, and particularly in the areas zoned for future residential development, although site
specific assessments will need to be carried out.
Figure 6-8: Coolaney Soil Types (EPA)

The area zoned for development to the south of the town (a combination of mixed use,
residential and business and enterprise) could contribute flow towards the town centre, Figure
6-9, potentially adding pressure to the existing river capacity. Opportunities for regional (or
larger scale) SUDS attenuation basins should be sought where possible as they provide greater
benefits for maintenance and overall run-off reduction.
Figure 6-9: Coolaney development areas and SuDs

6.5.5

Gorteen
The whole of Gorteen lies within an area of WRAP Class 5, indicating an extremely low
infiltration capacity. Examination of the soil types shows the area around Gorteen show
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surrounding soils are primarily poorly drained mineral soils, with areas of well drained soils to the
north of the town, Figure 6-10. Considering the soil conditions this results in a low viability of
infiltration techniques at a site specific scale.
Figure 6-10: Gorteen Soil Types (EPA)

An assessment of the development areas for Gorteen finds two large areas zoned for residential
development (each approximately 60ha) north and south of the R294, Figure 6-11. Both have
drainage paths which connect directly into the Rathmadder River and would all benefit from
regionally based attenuation basins, given the low potential for infiltration on a site specific basis.
The storage can be provided by planters, dry ponds, wet ponds with suitable freeboard,
underground structures, proprietary systems or oversized pipes. Although this process can
significantly reduce the maximum rate of runoff to watercourses, the runoff can continue for
some time and there is not necessarily the reduction in flow that can be achieved by infiltration.
Figure 6-11: Gorteen development areas and SuDs
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6.5.6

Manorhamilton
The whole of Manorhamilton lies within an area of WRAP Class 5, indicating an extremely low
infiltration capacity. Examination of the soil types shows the area around Manorhamilton show
surrounding soils are predominantly mineral poorly drained acidic, shallow rocky peat and soil
and some pockets of the shallow well drained, Figure 6-12. Infiltration capacity would appear to
be low however site specific assessments would need to be carried out.
Figure 6-12: Manorhamilton Soil Types (EPA)

An assessment of the land zoning for Manorhamilton indicates that much of the proposed
development is focussed to the north of the town where poorly drained soils is the principal soil
type. It is an area of approximately 110 hectares and is zoned for "Enterprise and Employment",
Figure 6-13. The area has drainage paths that connect directly into the Curraghfore River and
would all benefit from regionally based attenuation basins, given the low potential for infiltration
on a site specific basis. The storage can be provided by planters, dry ponds, wet ponds with
suitable freeboard, underground structures, proprietary systems or oversized pipes. Although
this process can significantly reduce the maximum rate of runoff to watercourses, the runoff can
continue for some time and there is not necessarily the reduction in flow that can be achieved by
infiltration.
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Figure 6-13: Manorhamilton development areas and SuDs

6.5.7

Riverstown
Examining WRAP class shows Riverstown to be within WRAP Class 3 and 5, indicating very low
infiltration capacity. However, examination of the soil types shows much of the Riverstown urban
is area consists of made ground, Figure 6-14. It is surrounded by mostly by well-drained soil
though there are pockets of Cutover / Cutaway Peat. There is potential for infiltration in areas
well drained soil areas however site specific assessments would need to be carried out.
Figure 6-14: Riverstown Soil Types (EPA)

An assessment of the land zoning for Riverstown shows two main development areas,
"Residential Uses" (20ha) to the north and "Community Facilities" (45ha) to the south of the
town, Figure 6-15. Both areas are underlain by well drained soils indicating high potential for
infiltration. The residential area drains directly to the Ardcumber. There is significant agricultural
lands flooded downstream close the confluence of the Ardcumber and Unshin Rivers. This area
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could benefit from regionally based attenuation basins. The area to the south proposed for
community facilities may also benefit for regional based attenuation dependant on the type of
development proposed. An examination of drainage paths indicate that these lands drain
downstream of the town.
Figure 6-15: Riverstown development areas and SuDs

6.5.8

Rathbraghan and Sligo
Rathbraghan and Sligo is indicated to be in WRAP Class 2, indicating a potential for infiltration
and an examination of the soil would suggest the area is primarily underlain by well drained soils,
Figure 6-16, outside of made ground indicating a high potential for infiltration based SuDs in both
subject to site specific assessment.
Figure 6-16: Sligo soil types (EPA)
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There are a number of large development areas surrounding areas, Figure 6-17, which, when
taken cumulatively, could benefit from regionally based attenuation, both in providing local
improvements to drainage but also in limiting increases in flows in the centre of Sligo.
Examination of potential drainage paths through Sligo shows there are a number of sites which
could contribute flow towards the centre, potentially adding pressure to the existing drainage
network. Whilst not within Flood Zone A or B, the use of SuDS could assist in limiting surface
water flood risk in the centre providing a positive contribution to reducing flood risk in Sligo and
Rathbraghan.
There are two key areas where regional based SuDS would benefit known areas of flood risk.
To the west of the city where there has historically been flooding associated with overland flows
along the railway line affecting properties in the Thornhill area. The sewer system downstream
is also under pressure. A strategic SuD in this area in conjunction with future development could
reduce flows below existing greenfield runoff and so provide flood risk benefits downstream.
Secondly, the location of the proposed storage area to reduce flood risk in Rathbraghan is within
an area zoned for business and technology. Consideration should be given to incorporating the
additional attenuation requirements associated with future development into this proposal.
Figure 6-17: Sligo Development areas and SuDs

6.6

Indicative storage volumes
To provide additional guidance to planners and developers an indicative assessment of storage
volumes required for SuDS has been developed. The figures shown in Table 6-1 give an
indicative surface water attenuation storage volume per hectare for each of the AFAs in UoM35.
These figures are based on the most conservative SAAR and WRAP classes for each settlement
(i.e. least expected infiltration) and assume the 1% AEP storm is being attenuated to the 1 year
greenfield runoff rate, with an allowance of 10% for climate change. MicroDrainage WinDes, the
industry standard software for the water industry to detail design fully integrated stormwater and
foulwater drainage systems, has been used to estimate attenuation volumes. The range given
reflects the potential design options for the attenuation system, including construction and outlet
control types.
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Table 6-1: Indicative storage volumes per AFA

AFA

Indicative storage volume range (m3 per hectare,
based on 100 year + 10% CC assuming control to Q1
year)

Ballymote

418 - 667

Ballysadare

593 - 984

Collooney

504 - 827

Coolaney

597 - 968

Gorteen

326 - 685

Manorhamilton

296 - 521

Rathbraghan

274 - 475

Riverstown

305 - 524

Sligo

548 - 893

It should be noted that the values provided are indicative only and can be used to indicate the
area of potential development sites which should be retained for storage purposes; as a guide a
storage depth of 1-2m is generally recommended. A site specific assessment will be required for
each development, which will take into account local ground conditions, the development type
and configuration and the balance of additional SuDS methods, such as permeable paving,
swales and soakaways. Whilst a 10% allowance has been included, there may be situations
where it is appropriate to consider a 20% allowance, particularly where the catchment has been
highlighted as being particularly vulnerable to surface water runoff in flood generation, or where
the proposed development represents a long-term, high value investment.
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7

Flood forecasting systems

7.1

Introduction
Flood forecasting and flood warning can be an effective part of the flood risk management
response. It can provide an early warning to local residents and response groups in times of
emergency allowing residents to move to areas of reduced risk. In conjunction with other flood
management measures such as flood gates it allows time for improved flood resilience of
properties where more substantial schemes have not been justified or are not feasible. It can
usually be implemented in the short-medium term and provides opportunities to raise public
awareness of flood risk and so improve community preparedness.
Flood forecasting systems are dependent on an appropriate hydrometric infrastructure.
Development of flood forecasting systems need to be done at a catchment level. This ensures
that the gauge network is coherent and provides the greatest possible benefit for the minimum
number of gauges. Rainfall gauge networks are best developed across multiple catchments.
This assessment has been completed for UoM 35 mindful of the proposals in adjacent UoM 34.
At present in UoM 35 the only flood forecasting and flood warning services are provided by Met
Éireann, who issue general nationwide and regional flood alerts.
The assessment of the viability of a flood forecasting system within UoM 35 has examined the
current infrastructure and, focussing on the AFAs, determined the requirements to operate a
real-time localised flood forecasting or warning service.
Figure 7-1 details the catchment areas for each of the 9 AFAs within UoM 35 and Table 7-1
details the source(s) of flood risk within each AFA and hence the flood forecasting system(s)
required.
Table 7-1: Flood sources per AFA
AFA
Gorteen
Ballymote
Coolaney
Collooney
Riverstown
Ballysadare
Sligo
Rathbrangan
Manorhamilton

Flood Risk Source
Fluvial
Fluvial
Fluvial
Fluvial
Fluvial
Fluvial
Fluvial, Tidal
Fluvial
Fluvial
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Figure 7-1: Catchments within UoM 35

7.2

Fluvial flood forecasting
Forecasting models vary in complexity from simple level-to-level correlations to highly automated
integrated catchment flood forecasting systems. The degree of automation and sophistication
should be considered based on the needs of a particular location. The type of forecast system
will either be based on the enhancement of existing hydrometric data networks or the
development of new networks.

7.2.1

Types of fluvial forecasting and warning systems
Flood warning is closely linked to the task of flood forecasting. The distinction between the two
is that the outcome of flood forecasting is a set of forecast time-profiles of channel flows or river
levels at various locations, while "flood warning" is the task of making use of these forecasts to
make decisions about whether warnings of floods should be issued to the general public or
whether previous warnings should be rescinded or retracted. Examples of warning and flood
forecasting systems include:


Low-cost community based telemetry and warning



Level triggers along watercourses



River Routing Models



Integrated rainfall runoff and river routing models.

7.2.1.1 Low Cost Community based telemetry and warning
The Environment Agency in the UK has recently trialled low-cost community based telemetry
and warning trigger solutions. This uses observed river levels at a single location. When
thresholds in rivers levels are exceeded, an alert is sent from telemetry data loggers to servers.
Subsequently the server issues a warning (by email and SMS) to the key users who can respond
accordingly.
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The cost for the provision and installation of a hydrostatic level sensor, staff gauge and telemetry
is estimated at €3400. This is an indicative cost estimate for standard telemetry and warning
trigger applications where installation is straightforward and there is good access.
The Environment Agency in the UK has also trialled new vehicle activated flood warning signs at
flood risk locations where flooding to roads and at fords has caused disruption or fatalities.
Driving into water remains one of the main risks when rivers burst their banks. Solar-powered
signs, activated by oncoming vehicles and connected to river level telemetry, provide visual
warnings once the river levels exceed a predefined threshold. These signs aim to improve
safety by providing timely warnings and ensuring that the public take appropriate action.
Figure 7-2: Example of interactive road signs (source: Cost estimation for flood warning and
forecasting - report - SC080039/R13 - Environment Agency)

7.2.1.2 Level triggers along a watercourse
Providing level triggers along a water course is the more traditional approach to flood
forecasting. The system uses hydraulic models to correlate levels at an upstream gauging site
with the onset of flooding at downstream sites and so determine an appropriate trigger level for
action. This approach could be applied to AFAs relatively easily because the modelling stage
has been completed, although a level correlation between the sites at risk and the gauging site
would need to be established. Where there is no suitable gauge adjacent to the site at risk of
flooding, consideration should be given to the installation of a temporary recording gauge so that
the relationship between the upstream gauge and the flood risk site in the hydraulic model can
be calibrated.
Figure 7-3: Example of trigger warning system (Source, Flood Forecasting and Early Warning,
World Meteorological Organisation)
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7.2.1.3 River routing models
Routing models typically forecast flows and/or levels on the basis of observations made further
upstream. They provide one of the most reliable forecasting techniques available and are often
a good first choice if sufficient warning time can be achieved. Routing models represent the
physical processes of a flood event (flow in a river channel) which can in principle be modelled
by suitable mass and momentum conservation equations, and usually offer higher performance
than rainfall runoff models, although with shorter lead times.
Routing models are appropriate where there is significant uncertainty in a level to level
relationship, as discussed in Section 7.2.1.4. This may be because of complicating effects
between the site at risk and the upstream gauge (e.g. floodplains, unusual structures or
significant tributaries).
The recorded flow at an upstream gauge is routed through a model in real-time and contributing
flows from downstream tributaries added to assess the risk to the area downstream. For a
routing model to be effective a good understanding of the inflows from these tributaries is
required. In some cases inflows may be inferred from observed flows at the upstream gauge but
more often than not additional data and analysis will be required determine these flows, either
from a gauge directly on larger catchments or through the development of a rainfall runoff model.
7.2.1.4 Rainfall driven forecasting systems
Rainfall runoff models represent the process of conversion of rainfall to flows across a range of
soil types, topography and other factors. They can be used independently to forecast flow, or,
more commonly, in combination with other model types, e.g. routing or hydrodynamic models to
generate model inputs.
Rainfall runoff models may be driven by observed rainfall (by radar or by rain gauge) giving
longer lead times than models based on flow alone, with the potential to increase forecast lead
times further by using rainfall forecasts as a model input (although with a further reduction in
accuracy). Due to these uncertainties, rainfall runoff models are rarely used to issue warnings
without the use of a backup trigger at the site and/or real time updating.
7.2.2

Costs of implementing flood warning and forecasting systems
The costs of the implementation of such systems can be calculated using the OPW's Unit Cost
Database11 (UCD) and are dependent on the complexity of the system (i.e. the number of rainfall
and hydrometric gauges required). The UCD allows for the following elements of developing the
forecasting system and are calculated where required based on the complexity of the proposed
system:

7.2.3



Specification, site survey and administration



Gauging and telemetry



Forecast model set-up, calibration, configuration and testing



Forecasting system development



Training



Public awareness campaign



Operation and maintenance costs.

The potential reliability of the forecasts
Usually a flood can only be predicted with high accuracy in the later stages of its development
and when more information such as observed flow or rainfall becomes available. Therefore, in
order for sufficient warning time to be provided it is often necessary to accept a prediction that is
less accurate. There is therefore a trade-off between prediction accuracy and warning time.
Figure 7-4 demonstrates an example of the trade-off between the warning time that can be
provided and the level of accuracy.

11

The Unit Cost Database was developed as part of the CFRAM programme and provides standardised costs for a
range of structural and non-structural flood management methods. It forms the basis of cost estimates for the Options
Assessment stage of the CFRAM.
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Figure 7-4: Warning time vs accuracy (Source, Flood Forecasting and Early Warning, World
Meteorological Organisation)

It is not possible to specify a pre-determined accuracy for a forecast and there are real limits to
what is possible. A well schematised and calibrated model is designed to minimise uncertainty,
but uncertainty still abounds and it is impossible to eliminate errors (such as false warnings, or
missed events) entirely.
Hydrological and meteorological forecasts have inherent errors and uncertainties. Uncertainty
can arise because:


A forecast does not occur



An event is not forecasted



The magnitude of the event is in exceedance or less than the forecasted event



The timing of the event is incorrect.



There are insufficient rain gauges to capture a catchment scale event

 There are errors in the rating curves at gauged locations
Although forecasts can be made at a very broad scale for ungauged locations using remotely
sensed rainfall, there is a sensible minimum amount of data required for calibration and real time
updating of a flood forecasting system used to warn the general public. This might be one of the
following:


At least one telemetered rain gauge to drive rainfall runoff models. The number of
gauges required will depend on several factors, with accuracy generally increasing with
coverage. Small, faster responding rivers are particularly sensitive to the magnitude and
timing of rainfall inputs.



A river gauge at, or near to, the risk area. This is required to calibrate forecasting
models and correct their predictions in real time.
In large river systems, it is also advantageous to have several rainfall and river gauges upstream
of the risk area to allow calibration of a network of sub-catchments and real-time updating of
predictions
7.2.4

Consideration of lead time
Lead time is a critical concept in forecasting. Forecasts change during a flood event as new data
becomes available, tending to become more accurate closer to the event. For example, at 24
hours ahead, river flow predictions which could be based on rainfall forecasts or upstream
gauges will be highly uncertain. At six hours ahead, the forecast may be using primarily
observed rainfall. At shorter lead times still, the forecast may be based on flows observed
upstream, or at the location itself. Each of these data sets is more accurate than the last, directly
affecting predictive accuracy. Evolution of forecast accuracy with reducing lead time is a critical
concept to understand and communicate to stakeholders. The forecast lead time that is possible
to achieve is related to the type of catchment. However, the principle for assessing lead time
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requirements is the minimum period of advance warning needed for preparatory action to be
taken effectively. This will depend on the community which is at risk. Individual households and
businesses may require one to two hours to move items from danger (place items at upper
floors, put out sandbags etc.) whilst schemes reliant on demountable defences may take several
hours to implement.
To inform the selection of a preferred flood warning approach the potential lead time in the fluvial
catchments in UoM 35 has been inferred from the Time to Peak (Tp) and catchment lag both
derived from analysis of past flood events. Catchment lag is the time to between the centroid of
the total rainfall for the event and the runoff peak (or centroid of peaks for multi-peaked events).
Because the rainfall data available in UoM 35 is daily, lag times shorter than 24hrs are highly
approximate. Figure 7-5 shows an example for the Owenbeg River at Billa Bridge gauge for
Coolaney, where the lag time for the event is 44.5 hours; full details are provided in Appendix D
of the Inception Report. Further discussion on each catchments' expected Time to Peak and
Lag Time is provided in Section 7.3 of this report.
Figure 7-5: Example of lag time analysis (Owenbeg, Billa Bridge)

7.2.5

Flood warning dissemination
In order for Flood Forecasting Systems to be effective flood warning dissemination needs to
occur and must:
1. Reach the right people. This is a particular challenge if warnings are issued directly to
the public. If warnings are communicated directly to individuals or households (e.g. via
phone, text, email, sirens, etc.) then it is first necessary to identify with a high level of
confidence which properties are at risk of flooding. The results of the CFRAM study
mapping stage have highlighted the properties and areas at greatest risk and should be
utilised.
2. Be reliable, i.e. a high probability of detecting floods and a low rate of false warnings.
This is a vital aspect of a successful flood forecasting and warning service, and is a key
measure of the success of a flood warning service. Reliable warnings generally require
an accurate forecast model from which the warnings can be generated. A further aspect
of reliability is the ability to warn of flooding from the full range of flood sources (river,
tide, heavy rainfall and groundwater).
3. Provide the information that the recipient needs. Warnings need to be clear and
easy to understand. For some service providers it will be useful to include information
on the expected duration of the flood as well as its severity and time of onset.
Information on the uncertainty of the forecast (e.g. probabilistic forecasts) will be useful
for some recipients such as local authorities, especially as it can allow the provision of
extended warning times.
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc
71

4. Allow recipients to appreciate the flood risk and its potential impacts on their
interests. Residents or business owners need to know that they are at risk of flooding,
otherwise they are unlikely to take any action. The existing schemes (with the possible
exception of the tidal flood forecasting schemes) cover areas that have experienced
recent flooding. However in future, flood warning may be considered for areas that are
at risk but have not flooded recently. In these latter cases, raising awareness of the risk
will be required. The flood risk management plans and the associated consultation in
the CFRAM programme will help in this.
5. Provide adequate lead time. For both residential and commercial properties,
significant benefits are found from a 2-hour lead time and the rate of increase in benefit
reduces once the lead time exceeds 4 hours. However, longer lead times will be
required for many service providers, particularly for local authorities needing to erect
demountable defences. The required lead time will depend on the capability and
capacity of the recipient to respond, for example greater lead times are required out of
normal office hours. Some recipients will need advance forecasts, even if their reliability
is low, at much longer lead times: for example dam and reservoir operators.
7.2.6

Damage savings from flood warning
An estimate of the reduction in flood risk damages that can be achieved following the
introduction of a flood warning system has been completed by the Flood Hazard Research
Centre in the UK. Broadly this is based on the proportion of damages in a flood event that relate
to moveable contents within a building, the proportion of people likely to respond to a flood
warning and the proportion of the movable contents that will be taken out of flood risk given the
warning time. The estimates are a 4.5% reduction in total damage for warning time less than 8
hours and a 5.8% reduction in damages for a warning time of more than 8 hours.

7.3

AFA fluvial forecasting requirements
The key components of fluvial forecasting have been introduced in the previous sections. This
section will review current data provision and potential forecasting systems at an AFA scale. Of
the fluvial catchments in UoM 35 only Coolaney and Rathbraghan has predicted flooding in the
1% AEP design event so the potential for a flood forecasting system has been assessed for
these AFAs only.
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7.3.1

Coolaney

Overview

The Coolaney AFA covers the Owenbeg River and the Rathbarran and the
Halfquarter watercourses. The Rathbarran and Halfquarter are small
tributaries that converge with the Owenbeg in Coolaney. The Coolaney
AFA is situated in the upstream catchment of the Owenbeg watercourse.

Catchment
characteristics

The catchment includes areas of high ground with the Ox Mountains in the
west draining to the Owenbeg The Owenbeg catchment is much steeper
than the rest of the Ballysadare catchment, draining the eastern slopes of
the Ox Mountains (S1085 value of 11.03m/km). The upland areas to the
west have higher mean annual rainfall of 1500mm in the Ox Mountains
There is a contributing catchment of approximately 70km2 with little or no
attenuation from lakes (FARL = 0.984).

Rainfall gauges

The is an active daily rainfall station at Seevness (ME Beltra Forest
Mullagh), however a rainfall station located in the centre of Coolaney
(Coolaney G.S.) has been decommissioned.

River gauges

An active recording flow gauge (35002) with data available at 15min
intervals is located 3.6km downstream of Coolaney at Billa Bridge. These is
downstream of the main area of risk in Coolaney.

Consideration of
lead time

Tp ~
12
hours

Lag
Time =
~ 1-2
Day

Western CFRAM average rainfall was used to estimate
the lag time. A lag time of between 1 to 2 days was
found. This relatively short lag time of less than 2 days
corresponds to the relatively small sized catchment size
with steep headwaters.
Modelling shows a Tp of 11.5 hours throughout the
town. A review of the ten largest events at Billa Bridge,
3.6km downstream of the area of risk has shown a time
to peak of 14 hours. The catchment to the area of risk
contributes 86% of the total area to Billa Bridge gauge
so this gauge is highly representive of the flows through
the town. In the two largest events the recorded time to
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peak is greater than 20 hours. It should be noted the
onset of flooding is above the highest recorded event.
Is there potential
for a flood
warning system?

Yes - The potential for a level trigger warning system at the gauging site
was looked at. The onset of property flooding in Coolaney is estimated to
be at the 50 year event with one property flooding. The Billa Bridge Gauge
is located the model reach downstream of the area of risk. An active
recorder be installed at Coolaney Bridge where a stable stage-discharge
relationship exists would provide an adequate warning.
A lead time of 6 hours between the Q2 and the threshold of flooding has
been found. This is sufficient warning time. This is based on a lead time of
11.5 in the model but it has been found that this is expected to be longer
when historical events are analysed.
The existing gauge at Billa bridge can be used as a backup gauge for
redundancy reasons. A level-level correlation can be developed between
the two gauges.

Hydrometry
requirements

1 new flow gauge at Coolaney Bridge

Cost of scheme

Indicative costs of gauge installation, maintenance and dissemination of
warnings is estimated to be €30,400 (€4,000 capital cost and €1,179 annual
operation and maintenance costs of a 50 year design life of the project).
This method is currently not viable.
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7.3.2

Rathbraghan

Overview

The Rathbraghan AFA catchment consists of three modelled watercourses;
one main river, the Willsborough Stream, and two tributaries, the Lisnalurg
and the Shannon Eighter watercourses. There is also a limited risk of
coastal flooding, although this is confined to the lower length of the main
river. Property flood risk is from the Shannon Eighter watercourse so the
potential for a flood warning and flood forecasting has been looked at for
this catchment only.

Catchment
characteristics

The catchment includes areas of high ground with the Crockauns and
Keelogyboy Mountains to the east draining to the Shannon Eighter (S1085
value of 23m/km). A SAAR value of 1700 has been found for the
catchment. There is a contributing catchment of approximately 16km 2 with
little or no attenuation from lakes (FARL = 0.965).
The Shannon Eighter is a short, largely culverted watercourse that runs to
the south of Willsborough Stream. It drains in a westerly direction passing
through the urbanised area of Rathbraghan and joins Willsborough Stream
immediately upstream of the outfall into the harbour.

Rainfall gauges

There is one daily active rain gauge located Kinsellagh as shown. Met
Éireann also has a synoptic station located at Markee Castle, which is 13km
south of the area at risk.

River gauges

There is no river gauge with in the catchment

Consideration of
lead time

Tp =
n/a

Is there potential
for a flood
warning system

Lag
Time =
n/a

Due to the lack of a river gauge it was not possible to
estimate Lag time.

No - The inflow hydrograph was for the Shannon Eighter was developed
using Flood studies Report rainfall runoff analysis as it is an ungauged
catchment. A time to peak has been calculated as 5 hours. This lead time is
not sufficient to allow the occupiers of the affected properties to take action.
The onset of flooding is in the 50% AEP event, which is estimated to have a
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time to peak of only 2.5 hours. A flood forecasting system is needed.
Description of
proposed
forecasting
system.

A rainfall runoff model for the catchment as far as a newly installed gauge
just upstream of the area at risk would be developed and a rainfall gauge
installed close to Glackbaun as indicated in the schematic below. The
location of this rain gauge was selected due its centralised location and
close to roadway to provide access. The rainfall runoff model would be
driven by observed rainfall from this gauge. Outside of the lag time for
observed data harmonie deterministic forecasts, which are published every
6 hours by Met Éireann, would be used to give more lead-time.
The rainfall generated would be corrected by observed flows a newly
installed river gauge upstream of the town. In the event of increased flood
risk a warning notice is activated based on trigger levels at the gauge.
Such a system would be an interim measure until such time a scheme is out
in place and may not lead to the most efficient use of state money as a
scheme would be required in the long term.

Justification

Catchment is fairly homogenous and there is no obvious way to route flow
from upstream as it is too small a catchment with a length of less than 10km
to route flow and very short travel times

Likely accuracy

Flows would be error corrected at a newly installed gauge. An expected
accuracy of +/- 20% is expected within the lag time of the observed rainfall.
Outside of this time the system would rely on Harmonie forecasts and in
such a small catchment is highly uncertain.

Hydrometry
requirements

1 new rain gauges as indicated in the Glackbaun Area and two additional
rain gauges for redundancy purposes. Met Éireann currently has an hourly
rain gauge at Markee Castle and this could be utilised.
Installation of a new gauge upstream of the town.

Cost of scheme

The capital costs of the implementation of such a system is estimated to be
€55,200. It is assumed the operational costs and Forecast system
development costs , which includes purchase and development forecasting
platform, computer system and backup software would be carried by
proposed national flood forecasting centre currently under consideration.
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A breakdown of costs is as follows:

This method is currently not cost beneficial as it would lead to a reduction of
4.5% of the damages (€33,474) giving it a BCR of less than 1.

7.4

Coastal flood forecasting
Sligo is affected by coastal flooding. Sligo is affected by surge induced sea levels, rather than
wave overtopping. The flood risk in Sligo can also be attributed to the still water level inundating
the low-lying topography. There are only three properties affected in the current scenario but
this increases to close to 100 in the medium range future scenario. In Ballysadare, whilst, both
the Ballysadare and Belladrihid watercourese outfall to the sea, the downstream reaches are
steep enough to prevent any risk of tidal inundation. Coastal flood risk was not therefore
investigated for the Ballysadare AFA.

7.4.1

Tidal data
Figure 7-6 details the location and available data associated with tidal gauges around the west
coast of Ireland. Many of these gauges have been recently installed and are part of an ongoing
project by the Marine Institute to develop a centrally controlled Irish national tidal network. The
AFAs in UoM 35 are located close to a gauge at Sligo, which was operated by the Marine
Institute. However, this gauge has since been decommissioned. Currently, the nearest gauges
are Killybegs and Ballyglass and the effects of local inlets and bays on tidal levels will not be
known and calibrations using this data should be treated with caution. It is imperative that this
gauge is reinstated to allow calibration of any flood forecasting system.
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Figure 7-6: Tidal gauge network

7.4.2

Sligo
Relative to forecasting rainfall, predicting still-water sea levels (i.e. tide and surge) is generally
more straightforward, depending largely on accurate predictions of tide level, atmospheric
pressure and wind speed.
Figure 7-7: Components of sea level variation that lead to typical coastal flooding

Figure 7-7 illustrates the main components of sea-level variation that contribute to coastal
flooding during a storm event. The still water sea-level is comprised of the underlying
astronomical tide and any storm surge affects. These two components determine the average
sea-level for a particular location at a particular time. Whilst this variable is very important in
terms of coastal flooding, still water-induced flooding is normally limited to sheltered locations
such as tidal rivers and harbours. These two components are responsible for coastal flood risk
in Sligo.
WCFRAM UoM 35 Preliminary Options Report - Overarching Report v3.0.doc

78

The OPW, as part of the Irish Coastal Protection Strategy Study (ICPSS), has developed a storm
surge model for the coast of Ireland. This model is currently being trialled with a view to
evaluating and improving its capability.
The tide and storm surge forecasts are provided twice daily to a project website during the
autumn and winter period which is accessible to local authorities. The service provides surge,
astronomical tide and total water level time series predictions approximately 65 hours in
advance. Low resolution forecasts are available at Sligo and could be used to provide warning
to the residents of Sligo. The model is currently only in operation in the autumn / winter months
and its operation may need to be extended. As this is a national system its costs would be
negligible when broken down by AFA. The system cost €87,000 to put in place with annual
running costs of €68,100, which is the cost that is currently incurred by the OPW.

7.5

Conclusion
The potential for a forecasting systems has been explored and a summary of the results is found
in Table 7-2. It details the proposed system, limitation and the expected benefit to cost ratio of
the preferred flood forecasting system.
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Table 7-2: Summary of findings

Fluvial forecasting systems
Proposed system

Limitations

Ballymote

No system required
as currently no risk
of fluvial flooding.

-

Gorteen

No system required
as currently no risk
of fluvial flooding.

-

Riverstown

No system required
as currently no risk
of fluvial flooding.

-

Rathbraghan

Rainfall runoff
model

A flood warning based on a trigger alone is not
feasible as it gives less than 2.5 hours warning
time. A flood forecasting system is required. It
would need the installation of a river gauge and the
development of a rainfall runoff model. Indicative
costs are €55,200, whilst current damages is
€747,000. Implementation of similar warning
systems has been found to reduce damages by
4.5%. A flood warning service for this AFA is
unlikely to be cost beneficial. It has a BCR of 0.6

Manorhamilton

No system required
as currently no risk
of fluvial flooding.

-

Coolaney

Rainfall runoff
model

A flood warning based on a trigger is feasible as it
gives adequate warning time. It would require the
installation of a new gauge at Coolaney Bridge.
Indicative costs of gauge installation, maintenance
and dissemination of warnings is estimated to be
€30,400 (€4,000 capital cost and €1,179 annual
operation and maintenance costs of a 50 year
design life of the project). Implementation of
similar warning systems has shown an average
reduction in damages of 4.5%. A flood warning
service is unlikely to be cost beneficial in the
current scenario. It has a BCR of 0.05

Collooney

No system required
as currently no risk
of fluvial flooding.

-

Sligo

No system required
as currently no risk
of fluvial flooding.

-

Ballysadare

No system required
as currently no risk
of fluvial flooding.

-

Coastal forecasting systems
Sligo

Proposed system

Limitations - Benefit to cost ratio

Tie into the
national storm
surge model
developed by the
OPW

There are no additional costs associated with this
however the system is currently only operated for
the winter and autumn months and is only at low
resolution in Sligo Bay.
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8

Conclusions
The preliminary options investigations have assessed flood risk management methods at four
spatial scales of assessment; the Unit of Management, sub-catchment, AFA and flood cell.

8.1

Unit of Management spatial scale
Methods applicable at the Unit of Management spatial scale are applicable to all AFAs. These
methods therefore reflect policy recommendations for spatial planning and future development
with respect to flood risk. The general policy objectives are discussed in detail in Section 5 and
Section 6. A summary how these objectives should be applied within each AFA is provided in
Table 8-1 with regards to spatial planning and Table 8-2 with regards to SUDS suitability
Table 8-1: Spatial planning considerations taking into account current and future risk
AFA
Ballymote

Current flood risk
Two areas in the town shows conflict
between flood risk and land zoning.
Generally, all other land at flood risk has
been zoned for water compatible uses.

Future flood risk
Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Ballysadare

Generally, all land at flood risk is zoned
for water compatible uses.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Collooney

Two areas to the North of the town are
zoned for residential inside Flood Zone A
and should be reconsidered. Locations
for development are generally outside of
Flood Zone A and Flood Zone B,
however, redevelopment proposals for
the town centre should consider the
resilience of flooding and public safety.
Generally, all land at flood risk is zoned
for water compatible uses.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Gorteen

Generally, all land at flood risk is zoned
for water compatible uses.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Manorhamilton

An area to the north of the town has
been zoned for Enterprise and
Employment and is within Flood Zone A.
Given the fact it is currently within Flood
Zone A and there are other surrounding
lands outside of Flood Zone A viable for
development it should be rezoned as
open space
An area adjacent to the Shannon Eighter
zoned for Business, Industry and
Technology Park and owned by Abbvie is
within Flood Zone A.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

Coolaney

Rathbraghan

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.

For Rathbraghan with climate change
the extent of Flood Zones increase,
further highlighting the need for a
detailed SFRA.

Early consideration of the drainage
infrastructure requirements across the
site will provide opportunities to combine
the surface water drainage strategy with
a flood mitigation scheme for the wider
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Riverstown

Sligo

catchment.
Generally, all land at flood risk is zoned
for water compatible uses.
Consideration of zoning should be
completed in a parcel of land zoned
currently for business and development
to the south of the town.
On the Sligo River flood mapping depicts
areas zoned for "Community Uses"
adjacent to Sligo Institute of Technology
inside Flood Zone A and B. Any
development in this area would be
subject to a justification test and a site
specific flood risk assessment.

Limited increases in flood risk in the
future. Areas susceptible to increased
flood risk in the future are zoned for
water compatible uses and should be
retained as such.
Within Sligo there is a significant risk
associated with increasing sea levels as
a result of climate change which will
result in significant new areas of
flooding from those predicted to be
affected in the current risk scenario.
There is a need for a Climate Change
Strategy within the next iteration of the
Development Plan.

Table 8-2: Applicability of SUDS with the AFA

8.2

AFA

Applicability of SUDS

Ballymote

Infiltration treatment likely to be appropriate across the AFA. Potential for
regional based attenuation has been identified

Ballysadare

Infiltration treatment likely to be appropriate across the AFA.
Potential for regionally based attenuation areas has been identified.

Collooney

Infiltration treatment likely to be appropriate across the AFA.
Large areas zoned for industrial have potential for regionally based
attenuation.

Coolaney

Infiltration treatment likely to be appropriate across the AFA.
Two areas to the south of the town zoned have potential for regionally based
attenuation.

Gorteen

Low infiltration capacity indicated. Potential for regional based attenuation
has been identified.

Manorhamilton

Low infiltration capacity indicated. Potential for regional based attenuation
has been identified to the north of the town in lands zoned for Enterprise and
Employment

Rathbraghan

Infiltration treatment likely to be appropriate across the AFA. Potential for
regional based attenuation has been identified

Riverstown

Low infiltration capacity indicated, although pockets of well-draining soil are
identified.
Potential for regionally based attenuation areas has been identified.

Sligo

Infiltration treatment likely to be appropriate across the AFA. Potential for
regional based attenuation has been identified. Two key areas in the vicinity
of the Knappagh and Shannon Eighter Watercourses have been identified.

Sub-catchment spatial scale
Methods applicable at the sub-catchment spatial scale provide benefit to multiple AFAs, most
commonly sitting on the same watercourse and so hydraulically linked. In UoM 35 these
methods consist of flood forecasting and warning systems. Full details of the review of viable
systems is provided in Section 7 and a summary of the findings are provided in Table 8-3.
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Table 8-3: Recommendations for flood forecasting systems

Fluvial forecasting systems
Ballymote

No system required as currently no risk of fluvial flooding.

Ballysadare

No system required as currently no risk of fluvial flooding.

Collooney

No system required as currently no risk of fluvial flooding.

Coolaney

A flood warning based on a trigger is feasible as it gives adequate warning
time. This would be an interim measure until such time as a scheme is put in
place. This method is currently unviable (BCR 0.6).

Gorteen

No system required as currently no risk of fluvial flooding.

Manorhamilton

No system required as currently no risk of fluvial flooding.

Rathbraghan

A rainfall runoff flood forecasting system is required. It would need the
installation of a river gauge and the development of a rainfall runoff model.
This would be an interim measure until such time as a scheme is put in place.
This method is currently unviable (BCR 0.05)

Riverstown

No system required as currently no risk of fluvial flooding.

Sligo

No system required as currently no risk of fluvial flooding.

Coastal forecasting system
Sligo

8.3

By tying into the national storm surge model developed by the OPW warning
can be provided

AFA and flood cell spatial scales
Methods applicable at either the AFA or flood cell spatial scale provide flood risk mitigation to a
single AFA. Structural flood risk management methods have been considered at the AFA spatial
scale initially with a flood cell spatial scale considered only where no viable methods are
identified at the AFA scale. Structural methods are applicable in those AFAs where there is flood
risk to properties in the 1% AEP fluvial or 0.5% AEP tidal events; these are Coolaney, Sligo and
Rathbrangan. Full details of these investigations are provided in the AFA specific Preliminary
Options Reports (Volume 2). No economically viable methods were identified but the technically
viable methods investigated within each AFA are summarised in Table 8-4.
Table 8-4: Technically viable structural flood risk management methods
AFA Name

Options for screening

Conclusion12

Coolaney
(Volume 2d)

Flood embankment to the 1% AEP design standard

Economically viable - BCR
1.27

A 70m embankment 1m in height on the right bank to
cut off the flow route.
Bypass channel to the 1% AEP design standard

Rathbraghan
(Volume 2g)

A 20m wide channel on the left bank through arable
land to reduce levels in the channel.
Storage embankment

Not Economically viable BCR 0.90

Economically viable - BCR
3.70

This involves the construction of an embankment
measuring 415m long and 1.2m average height to
store / attenuate flood water in larger events and
associated controlled outfall to prevent overland
flooding of properties downstream (including the
Woodlands Estate and the Nursing Home) when flow
exceeds the existing culvert capacity.
This measure has been developed with a focus on
managing flood risk only in the most cost efficient
manner to support prioritisation in OPWs schedule of
12

BCR - Benefit Cost Ratio. A ratio greater than 1 was needed to allow an option to be developed further.
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future management works. The progression of a flood
risk management scheme in Rathbraghan will need to
open discussion with Abbvie so that a more
appropriate scheme can be developed in partnership
with Abbive that meets the needs of all interested
parties and flood risk, environmental and development
objectives.
Re-instate open channel and culvert upgrade
This option involves the excavation of a channel to
convey flows, with an upgrade to the remaining
culverts downstream through developed areas.
Culvert replacement
This option would involve the replacement of existing
culvert to increase the capacity to convey flood flows
to its outfall downstream of Rathbraghan
Construction of flood containment methods.

Sligo
(Volume 2i)

Not economically viable BCR 0.38

Not economically viable BCR 0.29

Not economically viable BCR 0.01

This option would include construction two walls on
Lower Quay Street.

Non-structural methods are applicable at both the AFA and flood cell spatial scales. Full details
of the suite of non-structural methods considered are provided in Section 4. Table 8-5 presents
recommendations for individual property protection and Table 8-6 details considerations for
maintenance regimes within each AFA.
Table 8-5: Recommendations for individual property protection
AFA Name

Coolaney
(Volume 2d)

No. of properties with
depths:
< 600mm
> 600mm
2
0

Rathbrangan
(Volume 2g)

15

0

Sligo
(Volume 2i)

9

0

Recommendations

Whilst an embankment has been found to be viable
to protect this property the property owner may
prefer IPP due the footprint required to build an
embankment. A wall is not cost beneficial.
The number of properties at risk of flooding means
a community scale option will be more cost
effective in Rathbrangan.
The costs of a community scale option are
prohibitive for Sligo given the current level of flood
risk. Individual property methods should be
considered here mindful of the long term
effectiveness of such methods with respect to
climate change.

Table 8-6: Maintenance Considerations within each AFA
AFA Name

Recommendations

Ballymote

Consideration should be given by the local authority to incorporating this key
structures identified into a priority monitoring schedule for review as part of a
maintenance programme. There should also be consideration of an upstream trash
screen to prevent any debris entering the channel.
A considerable number of small watercourses flow through Ballysadare and none of
these are within a drainage district and maintenance is the responsibility of the
riparian owner. It is recommended that the defences around the hydroplant are
maintained to ensure current standard of protection is maintained.

Ballysadare

Collooney

Coolaney

A small proportion of the Owenbeg and Knockbeg East are included in the Coolaney
drainage district to the western side of the settlement. The remaining reaches are
the responsibility of the riparian owner. It is recommended that river is maintained to
its current status.
The Owenbeg river through Coolaney is part of the Coolaney drainage district and is
therefore the responsibility of the county council. It is recommended the Owenbeg
River as a whole is incorporated into a priority monitoring schedule given the concern
with reach scale sedimentation issues.
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Gorteen

Manorhamilton

Rathbraghan

Riverstown

Sligo

The Owenmore watercourse is not within a drainage district and maintenance is the
responsibility of the riparian owner. It is recommended that river is maintained to its
current status.
Some of the Owenmore (Manorhamilton River) is an arterial drainage channel and its
responsibility lies with the OPW and should be subject to regular maintainance,
under the arterial drainage act. The remaining reaches are within a drainage district
and maintenance is the responsibility of the riparian owner. It is recommended that
river is maintained to its current status.
Consideration should be given by the local authority to incorporating the key
structures identified into a priority monitoring schedule for review as part of a
maintenance programme. Maintenance of the existing culvert on the Shannon
Eighter is important to mitigate the risk due to blockage.
Consideration should be given by the local authority to incorporating this key
structures identified into a priority monitoring schedule for review as part of a
maintenance programme. There should also be consideration of a correctly sized
upstream trash screen to prevent any debris entering the channel.
Consideration should be given by the local authority to incorporating the key
structures identified into a priority monitoring schedule for review as part of a
maintenance programme. It is recommended that the defences along the Gavoge
River (Markievicz Road) are maintained to ensure current standard of protection is
maintained.
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Breakdown of risk receptors
Table A-1: Flood risk to receptors in Ballymote
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Ballymote
0.1%
AEP

1%
AEP
MRFS

1%
AEP
HEFS

0
0
0
0

1
0
0
0

27
0
0
0

7
0
0
0

9
0
0
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
1
0
0
0.48
0.00
0
0
2

0
0
0
0
0
0.14
0.00
0
0
2

0
0
1
0
0
0.43
0.00
0
0
2
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Table A-2: Flood risk to receptors in Ballysadare
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Ballysadare
0.1%
1%
AEP
AEP
MRFS

1%
AEP
HEFS

0
0
0
0

0
0
0
0

6
0
0
0

3
0
0
0

4
0
0
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
Not at
Risk
1

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
Not at
Risk
1

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
Not at
Risk
2

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
Not at
Risk
1

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
Not at
Risk
2

0
0
1
0
0
0.00
0.04
0
0
0

0
0
1
0
0
0.02
0.04
0
0
0

0
0
1
0
0
0.23
0.44
0
0
2

0
0
1
0
0
0.09
0.05
0
0
0

0
0
1
0
0
0.15
0.05
0
0
0
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Table A-3: Flood risk to receptors in Collooney
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Collooney
0.1%
AEP

1%
AEP
MRFS

1%
AEP
HEFS

2
0
0
0

2
0
0
0

2
0
0
0

2
0
0
0

2
0
0
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
1

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
1

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
1

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
1

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
1

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0
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Table A-4: Flood risk to receptors in Coolaney
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Coolaney
0.1%
AEP

1%
AEP
MRFS

1%
AEP
HEFS

0
0
0
0

1
0
0
0

2
0
0
0

1
0
0
0

1
0
0
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
1

0
0
0
0
0
0.00
0.00
0
0
1

0
0
0
0
0
0.00
0.00
0
0
1
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Table A-5: Flood risk to receptors in Gorteen
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Gorteen
0.1%
AEP

1%
AEP
MRFS

1%
AEP
HEFS

0
0
0
0

0
0
0
0

1
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
3

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0
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Table A-6: Flood risk to receptors in Manorhamilton
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Manorhamilton
0.1%
1%
AEP
AEP
MRFS

1%
AEP
HEFS

0
0
0
0

0
0
0
0

3
0
0
0

0
0
0
0

1
0
0
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
1
0
0
0.00
0.00
0
0
1

0
0
2
0
0
0.00
0.00
0
0
1

0
0
2
0
0
0.00
0.29
0
0
17

0
0
2
0
0
0.00
0.06
0
0
1

0
0
2
0
0
0.00
0.21
0
0
17
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Table A-7: Flood risk to receptors in Riverstown
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Riverstown
0.1%
1%
AEP
AEP
MRFS

1%
AEP
HEFS

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0

0
0
0
0
0
0.00
0.00
0
0
0
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Table A-8: Flood risk to receptors in Sligo Town (Fluvial)
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs

Cultural
heritage

Economy

SACs
SPAs
National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Sligo Town
0.1%
1%
AEP
AEP
MRFS

1%
AEP
HEFS

1
0
0
0

1
0
0
0

15
0
0
0

7
0
0
0

200
0
0
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
3

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
3

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
3

0
0
0
0
0
0

0
0
0
0
0
0

At Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
3

At Risk
1
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
4

0
0
6
0
0
0.00
0.68
0
0
0

0
0
6
0
0
0.00
1.12
0
0
0

0
0
6
0
0
0.00
1.71
0
0
15

0
0
6
0
0
0.00
2.19
1
1
11

0
1
23
0
0
0.22
3.20
1
1
197
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Table A-9: Flood risk to receptors in Sligo Town (Coastal)
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs

Cultural
heritage

Economy

SACs
SPAs
National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Sligo Town
0.1%
1%
AEP
AEP
MRFS

1%
AEP
HEFS

1
0
0
0

7
0
0
0

37
0
0
0

116
0
0
0

223
0
0
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
0

0
0
0
0
0
0
Not at
Risk
0
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
0

0
0
0
0
0
0
Not at
Risk
2
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
0

0
0
0
0
0
0

0
0
3
0
0
0.00
0.00
0
0
0

0
0
3
0
0
0.00
0.00
1
1
7

0
0
6
0
0
0.01
1.54
1
1
30

0
0
17
0
0
0.21
2.72
1
1
81

0
1
22
0
0
0.28
3.46
1
1
244
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2
At Risk
Not at
Risk
Not at
Risk
At Risk
At Risk
1
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Table A-10: Flood risk to receptors in Rathbraghan
Risk Type

Receptor
10%
AEP

Social

Environment

Residential property
School
Health centre
Nursing home
Public residential care
home
Social infrastructure
Hospital
Gardai station
Fire station
Civil defence HQ
Social amenity sites
IED / IPPC sites
WFD Annex IV sites
NHAs
pNHAs
SACs
SPAs

Cultural
heritage

Economy

National monument
UNESCO heritage
site
Museum/ gallery
NIAH building
Airport
Train station
Railway line (km)
National roads (km)
Water treatment plant
Utilities
Commercial building

1% /
0.5%
AEP

Rathbraghan
0.1%
1%
AEP
AEP
MRFS

1%
AEP
HEFS

15
0
0
0

15
0
0
0

30
0
0
0

15
0
0
0

15
0
0
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0
At Risk
0
At Risk
Not at
Risk
Not at
Risk
Not at
Risk
Not at
Risk
0

0
0
0
0
0
0.00
0.00
0
0
1

0
0
0
0
0
0.00
0.00
0
0
1

0
0
0
0
0
0.00
0.48
0
0
2

0
0
0
0
0
0.00
0.43
0
0
1

0
0
0
0
0
0.00
0.47
0
0
2
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1

Introduction

1.1

Scope of report
This report details the preliminary options investigation for addressing flood risk in Coolaney. The
report should be read in conjunction with the Preliminary Options Overarching Report for UoM 35,
a full understanding of flood risk management recommendations for Coolaney.
The Preliminary Options Investigations represent the next phase of the Western CFRAM study.
The work already completed has identified the scale and extent of flood risk within Coolaney.
Reports which are relevant to this AFA are:
•

Western CFRAM Flood Risk Review Report

•

Western CFRAM UoM 35 Inception Report

•

Western CFRAM UoM 35 Hydrology Report

•

Western CFRAM UoM 35 Hydraulic Modelling Report

•

Western CFRAM UoM 35- Sligo Bay / Drowes Hydraulic Modelling Report: Volume 2c Coolaney

•

Western CFRAM UoM 35 Hydraulic Modelling Report: Volume 3 - Flood Risk maps

Using the work already completed the OPW have identified a requirement to develop methods to
manage flood risk, both now and into the future, within Coolaney The scope of this study is to
identify a preferred flood risk management option for Coolaney.
The work completed includes the screening of possible methods to identify technically feasible
and economically viable structural and non-structural methods to manage flood risk sustainably.
From these preferred options have been identified, consulted on, and appraised against societal,
environmental and cost criteria to identify a single recommended option.
The final
recommendations from this study will feed into the overarching Flood Risk Management Plan for
UoM 35.

1.2

Flood risk overview

1.2.1

Current flood risk
There are two areas within Coolaney where flooding in the current 1% AEP is predicted to affect
properties; these are at Owenbeg downstream of the Coolaney Road Bridge and at Rathbarran
upstream of the L2801 Road Bridge. Both areas are highlighted in Figure 1-1.
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Figure 1-1: Coolaney flood risk overview map

Coolaney
Road Bridge

L2801 Road
Bridge

Flooding on right bank of the Owenbeg downstream of Coolaney Road Bridge
The capacity of the channel is exceeded in this area and floodwaters overtop the lower right bank
and follow the natural topography of the floodplain, cutting off the meander and flooding the local
residential property and the treatment works in this location. Historical reports suggest the property
had not been flooded for over 30 years prior to the June 2012 event indicating that this is a
relatively rare occurrence. Flood risk could be exacerbated further as a result of blockage or due
to structural damage of at the downstream abandoned railway bridge.
Flooding on the right bank of the Rathbarran upstream of L2801 Road Bridge
The right bank of the L2801 Road Bridge is relatively low lying. In extreme events the right bank
overtops and flood waters follow the L2801 towards a primary care centre on the right bank of the
Rathbarran downstream of the railway line. Only the garden of the centre is flooded in the Q100
current scenario and as such options to manage flood risk to this property have not been taken
forward in this study. The property is predicted to be inundated in the Q200 event and so further
consideration of the flood risk to the property may be required in future studies. It is noted that
land in the vicinity of the primary care centre is at risk which may impact ingress and egress from
the property and should be included in the emergency response plan for the area.
1.2.2

Future flood risk
The future scenarios, based upon the CFRAM specification climate change projections marginally
alter the profile of flood risk in Owenbeg area of Coolaney. Figure 1-2 below shows the current
and medium range future extents for the 1% AEP fluvial design events.
The mapping indicates that there is no significant change in the flood extent or the flooding
mechanism. As such proposed measures to manage flood risk to the current 1% AEP event are
likely to be adaptable to additional flood risk associated with climate change.
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Figure 1-2: Current and future (MRFS) 1% AEP fluvial flood extent

1.2.3

Pluvial, groundwater and sewer flood risk
Figure 1-3 shows that is no significant pluvial flood risk is found in Coolaney. The map shows that
that any areas at flood risk are considerably outside the study area and will not impact on any flood
management methods considered.
Figure 1-3: Pluvial flood risk maps
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Economic benefit
To provide an understanding of the likely scale of a cost beneficial scheme within Coolaney a
preliminary assessment of the benefits associated with the protection of properties to the 1% AEP
event has been completed. This assumes any scheme will remove all properties from the 1% AEP
extents. Full details of the methodology used to determine these benefits is set out in Appendix A.
Damages are based on a short duration flood event and properties are assumed to have a
threshold of mean LIDAR based on local observations. Benefits are €34,707 and €110,185 in the
1% AEP event for the current and MRFS respectively. Capping does not affect these benefits in
either scenario.
Figure 1-4 and Table 1-1 show the number of properties flooding during the different design events
for the current and MRFS. They also shows the cumulative damages for each of the return periods
which can be presumed to give a rough indication of likely scheme benefits associated with a given
standard of protection. Figure 1-5 details the distribution of the damages across the AFA.
Figure 1-4: Property damages (current and MRFS)
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Table 1-1: Property damages (current and MRFS)
Return Period (% AEP)
50%
20%
10%

5%

2%

1%

0.5%

0.1%

Current
No. of properties
PV Damages (€)

0
0

0
0

0
0

0
0

1
19,211

2
34,707

3
44,599

4
58,790

MRFS
No. of properties

0

0

0

1

2

3

4

5

PV Damages (€)

0

0

0

35,795

88,435

110,185

126,946

150,003
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Figure 1-5: Distribution of property damages
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2

Scheme spatial scales of assessment

2.1

Overview
This section documents the analysis of spatial scales of assessment and the identification of flood
cells for the Coolaney options appraisal. The interactions between flood risk, hydrology, hydraulic,
economic, social, cultural and environmental aspects of Coolaney have been considered. Figure
2-1 shows the location of Coolaney in relation to other AFAs within UoM 35. This section will
discuss the hydraulic connectivity of the site with other AFAs and in particular justify where there
is no such interconnectivity.
Figure 2-1: Sligo Bay / Drowes East UoM overview

2.2

Spatial scales of assessment

2.2.1

Unit of management spatial scale
There are multiple AFAs within the Sligo Bay / Drowes East unit of Management. Non-structural
methods such as planning and development control, SuDs, targeted public awareness campaigns
and development of emergency plans will be assessed at the UoM scale in cooperation with the
relevant authorities.

2.2.2

Sub-catchment spatial scale – Sligo Bay / Owenbeg River
Coolaney is located on the Owenbeg River a tributary of the Owenmore River that flows through
the AFAs of Collooney and Ballysadare. At the downstream end of the town the catchment size
is 37 km2 in comparsion to a catchment size of 400km2 in Collooney. Any works carried out in
Colloney will not impact on the Owenmore Catchment due to the size of the Owenbeg relative to
the Owenmore catchment.

2.2.3

AFA spatial scale - Coolaney
In Coolaney there is only one site that is affected by flooding in the 1% AEP design event.
Localised structural methods will be assessed to this flood cell only.
WCFRAM UoM35 -Coolaney Preliminary Options Report Volume 2d v3.0.docx
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2.3

Key environmental, social and cultural constraints
This section summarises the social, cultural and environmental issues relating to flood risk in
Coolaney and the spatial scales they relate to.

2.3.1

West of Ireland
Coolaney is located approximately 23 km to the southwest of Sligo City. Flooding in Coolaney is
unlikely to have a notable economic or social impact on the rest of Ireland. The Owenbeg River
is a designated SAC and the Natura 2000 designated sites are important internationally and so
any detriment to the habitats or species could potentially have an impact on a European scale.

2.3.2

Sligo Bay / Drowes East
Coolaney is identified as a 'Rural Area under Urban influence' in the Coolaney - Rockfield MiniPlan completed as part of the Sligo County Development Plan. Given the extent of residential
development experienced in recent years, the Coolaney - Rockfield areas has been identified as
a 'Secondary Gateway Satellite' in the settlement structure of the country development plan.
The future vision and zoning for the riverside in Coolaney as set out in development plan and
policy documents needs to be reflected in, or revised in response to, the flood management plan.
The uncertainty in future flood risk needs to be considered in these plans.
Coolaney sits at the foothills of the Ox Mountains and it has a number of designated scenic routes.
The village is bounded by the disused western rail corridor. Future flood mapping shows parts of
the railway line to be affected by flooding from the Rathbarran River and should be considered in
future planning of potential reopening of the railway line that would aid the development of the
village.

2.3.3

Coolaney Town
Owenbeg River is part Unshin River SAC. The features of interest and conservation objectives of
these European designations are likely to require a full Natura Impact Statement as part of the
Appropriate Assessment for projects or plans. All structural and some non-structural flood
management methods are likely to have impacts through surface water, land & air and
groundwater pathways.
On a local scale the wastewater treatment plant downstream of Owenbeg is at risk to flooding and
was closed for a time during an event in June 2012 as water levels were close to electricity assets.
Currently in the town there is an existing river walk as a public amenity and the town has won
several tidiest town of Sligo awards. This river walk transverses through the Owenbeg area that
is shown to flood
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3

Screening of possible methods and options

3.1

Introduction
A flood risk management option consists of one or more combinations of flood risk management
methods; a method being one distinct approach to flood risk management in a specific location
such as a flood wall or flood warning system. Flood risk management options consist of all
methods required to deliver mitigation at the relevant spatial scale.
This section provides an overview of the screening of all possible flood methods to arrive at a suite
of viable methods. The purpose of the screening process is to filter out methods that are not
acceptable or viable either alone or in combination with other methods, for the SSA under
consideration.

3.2

Existing scenario
To analyse the impact of flood management methods it is first necessary to access the existing
scenario. Currently, in Coolaney there is no flood forecasting or warning system.
Figure 3-1 and Figure 3-2 detail the 'Risk to Life' in the current and future scenarios respectively.
These indicate the level of risk to human live based on depth and velocity. In the area downstream
of Coolaney Road Bridge shows that there is areas of significant risk. Through this area there is a
public riverside walkway so it is necessary to seek methods to manage or mitigate risk in this area.
The MRFS shows a slight increase in flood hazard in the area.
Figure 3-1: Risk to life (current)
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Figure 3-2: Risk to life (MRFS)

3.3

Screening of possible flood risk management methods
The objective of the screening process is to develop a long list of technically feasible and
economically viable methods to feed into the option identification stage. Options have only been
discounted at this stage on technical or economic grounds, however, the process has also required
social and environmental constraints identified as part of the work to be recorded to support the
further development of options and the SEA process at a later stage.
Details of the cost estimates are provided in Appendix B and an overview of the screening
considerations for environmental and social constraints is provided in Appendix C.
Information was recorded under the following criteria as follows:
•

Technical - Methods were screened on feasibility only, requiring a high level description
of what the likely measure would entail. Where methods were not considered to be
technically feasible or not relevant to the site no further consideration has been given.

•

Economic - Technically feasible methods have been reviewed for economic viability. As
noted previously, approximate benefits associated with the 1% AEP event are €15,216 so
any standalone methods or combination of methods will be required to cost less than this,
assuming a benefit cost ratio of 1:1.

•

Health and safety - The degree of health and safety risk during construction and operation
was assessed at a level appropriate to the screening stage. Risks have been recorded for
future reference, however if the risk could not be managed or mitigated then the measure
was screened out.

•

Environmental - The environmental screening has made use of the SEA scoping report
and has taken into account the key environmental constraints noted in Section 2.2.
Methods may be rejected on the basis that a measure may have a detrimental impact on
an environmentally or culturally valuable or protected site, and may need to complete the
costly IROPI process to proceed.

Table 3-1 shows the results of the screening process for each measure considered. A measure
can Pass (P) or Fail (F) the above criteria. A measure must pass all four criteria to be considered
WCFRAM UoM35 -Coolaney Preliminary Options Report Volume 2d v3.0.docx
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viable. The below criteria were also considered at the screening stage however methods were not
rejected based on these criteria but the key constraints were noted.
•

Social and cultural - Again, methods were not rejected based on social and cultural
constraints at the screening stage, however, the constraints were noted.

•

Adaptability to climate change - The likely impacts of climate change have been
assessed at an early stage to determine the suitability of identifying methods based on
current flood risk, Where there is a significant increase in flood risk in the future, methods
will need to be reviewed in light of this risk.

•

Coolaney is not significantly affected by the effects of climate change. The estimated
benefits increase from €15,216 in the current scenario to €48,136 in MRFS Scenario and
there is one additional property at risk.

Only structural methods have been screened. Non-structural methods such as planning and
development control, SuDs, targeted public awareness campaigns and development of
emergency plans will be assessed at the UoM scale and are detailed in the overarching UoM
Report with issues relevant to this AFA discussed in Section 4.

WCFRAM UoM35 -Coolaney Preliminary Options Report Volume 2d v3.0.docx
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Table 3-1: FRM method screening
Possible flood risk
management method

Technical

Economic

Health
and
Safety

Initial
Screening
Result

Comment

Storage options

Fail

-

-

Not Viable

Flow diversion

Pass

Pass

Pass

Viable

Increased conveyance dredging

Fail

-

-

Not Viable

Increased conveyance widening and straightening

Fail

-

-

Not Viable

Increased conveyance - removal
of local obstructions
Increased conveyance underpinning the bridge
Increased conveyance - removal
/ replacement of the bridge

-

-

-

Not Applicable

The Owenbeg River is considerably larger than the other two tributaries
accounting for 90% of the flow through the town. Any feasible storage area
would need to be on Owenbeg river to limit flood flows and reduce out of bank
flow. The Owenbeg river flows through a steep valley and online flood storage
areas would only be possible with the construction of a large impounding
structure, which would not be cost beneficial and would also result in the IROPI
process as the Owenbeg river is part of the Unshin SAC. There is no area
available for offline storage due to the steep valley floor through which the
Owenbeg flows.
It may be possible to divert the river at the top of the meander, just upstream of
the railway bridge and convey the channel overland to join again with the
original river 300m downstream (as shown in Figure 3-3). This would formalise
the overflow route in the 1% AEP event. The overflow channel would need to
convey 15m3/s in the 1% AEP event. The local gradient suggests a 1m deep
channel 20m wide would be required for a distance of approximately 150m.
The estimated costs for this work based on 3150m3 of excavation would be
€13,230, Appendix B. It is noted that the route would be through arable
farmland and compensation would likely be required. It would also prevent
access to the farmland on the southern side and an access route would be
required.
Riverbed heights are confined by the upstream and downstream bridges. The
river is also part of a SAC making in channel river work very difficult for the
scale of the flood risk problem in Coolaney.
The course and width of the river is confined by the upstream and downstream
properties. It is not feasible to straighten the river and remove the river due to
the location of the properties in the meander area. Again in channel works
would be limited due to the river forming part of an SAC.
Not Applicable

-

-

-

Not Applicable

Pass

Fail

-

Not Viable

Fluvial methods
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The site in question is downstream of Coolaney Road bridge so an afflux at this
bridge does not generate the flooding.
Downstream of where flood waters get out of bank there is an old bridge that
carries the watercourse under the disused railway line. Calibration of the June
2012 suggests that the flood risk could be exacerbated as a result of blockage
of the downstream abandoned railway bridge. This bridge is in a poor state of
repair and debris from the bridge is causing blockage. Repair or replacement
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of the bridge is not cost beneficial unless the risk to life due the structures
instability is taken into account as these bridge forms part of the popular
walkway.
Flood containment methods
Rehabilitation of existing walls

-

-

-

Not Applicable

Not applicable there is currently no walls in the areas to be rehabilitated

Walls

Pass

Fail

-

Not Viable

Embankments

Pass

Pass (1%
design
standard
only)

Pass (1%
design
standard
only)

Viable (1%
design
standard only)

Demountable walls
Road raising

-

-

-

Not Applicable
Not Applicable

A wall along the left bank to protect the property is applicable, however there is
sufficient space for embankments and the cost of the wall would be greater
than the damages in both scenarios.
A 70m embankment is required to ensure flows remain in bank and do not
affect the area in the 1% AEP event. The embankment height would need to be
1.0m in height including freeboard. It would tie into the road at the upstream
end and high ground at the downstream. The cost of constructing this
embankment is estimated to have a total capital cost of €10,677 to the 1%
design standard (Appendix B).
Walls are not being proposed.
Not Applicable - Roads are not affected by flooding and cannot be used to cut
off flow routes.

-

-

Not Applicable

Individual property protection methods
Relocation of properties

-
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Relocation of properties is highly stressful for local residents and should only
be considered where there is no obvious alternative. This is not the case for
the Coolaney site.
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3.4

Findings of the screening assessment
The screening assessment has identified a single viable method to address flood risk in Coolaney;
the construction of an embankment on the right bank of the Owenbeg to prevent the bypass route
becoming active. There is potential to increase the design standard of the embankment but the
additional benefits do not offset the additional costs.
Other methods that are technically viable, but are not economically viable, have also be identified.
This includes the construction of a bypass channel on the right bank downstream.
The options assessed are presented in Table 3-2 and Figure 3-3. The table also gives an
indication of the cost benefit ratio, which determines whether the scheme goes forward to full
option appraisal.
More detailed information on the development of the two viable options, including a refined detailed
cost breakdown is discussed in the following sections of this report.
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Figure 3-3: Viable structural methods for Coolaney
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Table 3-2: Summary of options for Coolaney
Present day

Option 1
Do Existing
This option would continue the existing
scenario and provide resilience methods only
to properties at risk of fluvial flooding.

Option 2
Flood embankment to the 1% AEP design
standard

Option 3
Bypass channel to the 1% AEP design
standard

A 70m embankment 1m in height on the right
bank to cut off the flow route.

A 15m wide channel on the left bank through
arable land to reduce levels in the channel.

Adaptability
to climate
change

This option does not impede flood risk
management methods for Coolaney until
further information on climate change and its
implications becomes available.

There is scope to increase the height of the
embankment although its length would need
to be increased as well. The current
embankment would need to be designed with
this adaptation in mind.

Conclusions

This option does not provide a design
standard of protection for the present day but
allows future management of flood risk to be
considered.

This option will provide the 1% AEP design
standard of protection but future increases in
design standard may not be justifiable.

The construction of a bypass channel will
provide benefits in the current and future flood
risk scenarios. The costs of this measure are
directly related to excavation volume and as
such a staged approach reflecting the
understanding of risk could be considered,
although this will result in significant
disruption.
This option will provide the 1% AEP design
standard of protection and would be
adaptable in the future.

€27,298
1.27

The scheme passes through arable farmland
and compensation costs are a significant
uncertainty.
€38,597
0.90

Cost
BCR

Not applicable
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A breakdown of the estimated costs for the options for Coolaney is presented in Table 3-3.
It is noted that for the screening stage, the additional cost allowances only included optimism bias,
maintenance and preliminaries to reduce the risk of omitting potentially cost beneficial options at
this stage. A nominal allowance of €3,000, has also been allowed for land compensation in the
bypass scheme, although there is significant uncertainty over the true value of this figure. Full
details of the assumptions made in the cost estimates are provided in Appendix A. Individual
measure costs are detailed in Appendix B.
Table 3-3: Indicative screening costs

Option 1- Do Existing
Do Existing - No Cost Involved

€

Option 2 - Embankment to the 1% AEP design standard

€

Construction costs
Rural clay embankment of imported material (70m long 1m high)

10,703

Construction costs - Subtotal

10,703

Preliminaries

32%

Capital costs - Subtotal

3,425

14,128

Optimism Bias

50%

Capital costs - Total
Operation and maintenance net present value

7,064

21,192

Rural clay embankment

4,071

Operation and maintenance - Subtotal

4,071

Optimism Bias

50%

Operation and maintenance costs - Total

2,036

6,107

Option cost for cost benefit analysis

27,298

Option 3 - Bypass channel

€

Construction costs
3

14,553
2,668

Excavation of soft soil and material used onsite within 500m (2400m )
Reinstatment of access road 25m in length

Construction costs - Subtotal
Preliminaries
Allowance for compensation and land acquisition

17,221
32%

Capital costs - Subtotal
Optimism Bias

5,511
3,000

25,731
50%

Capital costs - Total
Operation and maintenance net present value

12,866

38,597

No operation and maintenance costs assumed

0

Operation and maintenance - Subtotal

0

Optimism Bias

Operation and maintenance costs - Total

Option cost for cost benefit analysis
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4

Development of viable options

4.1

Overview
The results of the screening process highlights a preferred option in terms of economic viability.
This is the construction of an embankment on the right bank to prevent bypass flow occurring.
This section develops the proposed option and assesses its viability further. Additional allowances
are included in the cost estimates appropriate to an outline design stage. A Multi Criteria
Assessment (MCA) has been carried out to qualitatively assess the option against a range of
objectives and to inform the prioritisation of funding on a national scale.

4.2

Technical Viability
The proposed embankment measures approximately 70 m in length with a maximum height of
1.0m at the lowest point along the bank. The design crest level is 58.2 mOD, which includes a
0.5m freeboard allowance. The embankment design longitudinal profile is presented in Figure 4-1
below.
The embankment will be located on the local property owners land and so space and access for
maintenance will need to be negotiated. The bank in this location is lined with large conifers which
will either need to be cleared for construction or the embankment situated on the landward side.
It will tie into the Coolaney Road bridge at its upstream end and high ground at its downstream.
There is currently no access to the river here as a result of the trees in this location so the
embankment would not reduce this. The local topography drains away from the embankment so
if overtopped, the existing bypass route will be re-established and flood waters would cut off the
meander and return to the channel downstream.
Figure 4-1: Embankment design longitudinal profile
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Cost Estimate
A final cost estimate for the method has been prepared by including additional allowances for
design, archaeology, and land compensation. No allowance for site investigation and art has been
included given the scale of the site. Full details of the approach are provided in Appendix A. These
additional allowances allow for environmental enhancements such as the channel re-instatement
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or wetland options discussed above. A nominal allowance for land purchase costs have been
included at this stage but discussions will need to be opened up with the land owner, to determine
the implications of these proposals if this is taken forward.
A breakdown of the total scheme cost is presented below in Table 4-1. Based on the more detailed
POR cost (€35,351) the cost benefit ratio is refined to be 0.98 (based on damages of €34,707).
Table 4-1: Preliminary Option Cost Estimate

Option 2 - Embankment to the 1% AEP design standard

€

Construction costs
Rural clay embankment of imported material (70m long 1m high)

10,703

Construction costs - Subtotal

10,703

Preliminaries

32%

Capital costs - Subtotal
Optimism Bias

50%

Capital costs - Total
Other items (% of construction costs where stated)
Design team fees and expenses (inc site supervision, and environmental fees)
Allowance for Archeaology & Environmental Mitigation Measures
Allowance for compensation and land acquisition
Site investigation
Art allowance

7,064

21,192
13%
10%
15%

Other items - Total
Operation and maintenance net present value

2,755
2,119
3,179
0
0

8,053

Rural clay embankment

4,071

Operation and maintenance - Subtotal

4,071

Optimism Bias

Operation and maintenance costs - Total

Option cost for cost benefit analysis

4.4

3,425

14,128

50%

2,036

6,107

35,351

Environmental Assessment
An assessment is included in the environmental appraisal of the option which can be found in
Appendix E. It discusses the potential impacts and benefits of the option as well as mitigation
methods to be implemented. The key points to consider are the removal of non-native conifer
trees along the river bank. Although non-native conifers they may provide shelter or nesting habitat
for a range of species. There are no in-channel works proposed. The mitigation methods and
best practice available is considered likely to succeed in preventing significant impacts on the
habitats and species in the area, given the location, nature and scale of the works and the option
is deemed environmentally viable. Protecting the Water Treatment Works from flooding will reduce
the potential for pollution during flood events.

4.5

Future Adaptability
Current predictions estimate a 20% increase in design flows in a MRFS. This increase in flow has
been tested and would require an additional 200mm on the embankment crest level to ensure
adequate freeboard. In this event water levels would start to back up from the downstream side
of the meander and would flood the water treatment works. In terms of incorporating the effects
of climate change into the design, there are two approaches that can be taken:
(a) The adaptive - Methods to be designed to the existing risk with the potential to be adaptive in
the future. The foundations can be appropriately sized to allow for topping up of the embankment
in the future.
(b) The assumptive - This assumes that the predicted increase in level due to climate change will
occur and to build the embankment to MRFS height now. Increasing the height of the embankment
will increase the required length at the downstream end resulting in an increase in cost associated
with this approach. The 1% AEP design standard is on the threshold of cost viability and this
approach would reduce the benefit cost ratio to significantly below 1.
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A final decision on the design height of the defences when considered against all other objectives
will need to be undertaken at design stage.

4.6

Operational Requirements
Operational requirements of the proposed option include an inspection regime to ensure that there
is no deterioration in the structural integrity of the embankment. This will need to ensure that future
tree growth along this bank is prevented.

4.7

Health and Safety
A design risk health and safety assessment has been completed and is included in Appendix F.
Construction Stage
It is imperative that robust site investigations are carried out in advance to mitigate risks associated
with the works and risk levels can be kept to a manageable level through the completion of a risk
assessment and implementation of mitigation methods.
Construction works for the proposed option would be on undeveloped private land and will largely
consist of ground and earthworks to construct a flood embankment. The embankment is to be
constructed close the riverside, temporary site / warning hoarding to be erected as segregation
between the river and construction works. The Contractor should employ safe systems of work in
line with Health and Safety Requirements. With the removal of the existing tree line, there is a risk
of young children accessing the exposed area out of curiosity, especially if young children present
in adjacent house. Exposed works to be made secure at all times.
Health and Safety risks can be kept at a manageable level provided standard mitigation methods
are put in place.
Operation Stage
The proposed option will reduce risk to properties by retaining water within the channel. The
scheme will require regular inspection and maintenance to ensure that the embankment remain in
good condition and fit for purpose. Should the scheme breach residual risk is low as existing
topographic leads to water draining away rather than ponding behind the structure.
A design health and safety risk assessment has been completed for the project which has been
included in the project safety file.

4.8

Stakeholder Engagement
Throughout this process OPW regional engineers and local authority engineers have been
consulted in the form of steering group, progress group and engineer meetings and their input has
feed into the preliminary option stage. The preferred options were presented to local engineers
and planners on 11th of June 2015 and no issues were raised with the preferred methods.
Public Consultation
Due to the fact that only one residential property was at risk and the preferred methods impacted
them directly, JBA contacted the property owners directly and a meeting was held on 3rd of June
with the property owner. They have been flooded in the past in 2012 and 2015. Following the
2012 event resilience measure were employed. In 2015 there was almost 4 inches of water in the
property and resulting in being out of the house for 4 months while repair work was being
completed. They are very supportive of the embankment method and believe the current approach
is unfeasible. No other public consultation was held in the area.

4.9

Multi Criteria Analysis
The effectiveness of this option was method against the flood risk management objectives and the
results are shown in Table 4 4. Further details are provided in Appendix E.
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Table 4 4: Multi Criteria Analysis
Number

Criteria

Sub- objective

1a

Technical

Ensure flood risk management
options are operationally robust
Minimise health and safety risks
associated with the construction
and operation of flood risk
management options
Ensure flood risk management
options are adaptable to future
flood risk
TECHNICAL SCORE
Minimise economic risk
Minimise risk to transport
infrastructure
Minimise risk to utility
infrastructure
Minimise risk to agriculture
ECONOMIC SCORE
Minimise risk to human health and
life of residents
Minimise risk to high vulnerability
properties
Minimise risk to social
infrastructure and amenity
Minimise risk to local employment
SOCIAL SCORE
Provide no impediment to the
achievement of water body
objectives and, if possible,
contribute to the achievement of
water body objectives.
Avoid detrimental effects to, and
where possible enhance, Natura
2000 network, protected species
and their key habitats, recognising
relevant landscape features and
stepping stones.
Avoid damage to or loss of, and
where possible enhance, nature
conservation sites and protected
species or other know species of
conservation concern.
Maintain existing, and where
possible create new, fisheries
habitat including the maintenance
or improvement of conditions that
allow upstream migration for fish
species.
Protect, and where possible
enhance, visual amenity,
landscape protection zones and
views into / from designated
scenic areas within the river
corridor.
Avoid damage to or loss of
features of architectural value and
their setting.
Avoid damage to or loss of
features of archaeological value
and their setting.
ENVIRONMENTAL SCORE
MCA OPTION SCORE
MCA BENEFIT SCORE

1b

1c

2a
2b

Economic

2c
2d
3a (i)

Social

3a (ii)
3b (i)
3b (ii)
4a

Environmental

4b

4c

4d

4e

4f (i)

4f (ii)

4.9.1

Global
Weighting
20

Local
Weighting
5

Option
Score
5

MCA
Score
500

20

5

3

300

20

5

4

400

24
10

0.021
0

0.5
0

1200
0.26
0

14

5

2.5

175

12

2

0

27

0.01

4

0
175.26
1.08

17

0

0

0

9

0

0

0

7

0

0

16

5

3

0
1.08
240

10

5

1

50

5

5

1

25

13

3

1

39

8

1

-1

-8

4

0

0

0

4

0

0

0

346
1722
522

MCA Outcomes
Following the completion of the multi criteria analysis the following outcomes are available:
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Criteria Scores: The MCA produces a weighted score for each objective and the sum of these
within each of the criteria classifications is the Criteria Score, Table 4 5.
Table 4 5: Criteria Scores
Criteria

Score

Technical

1200

Economic

175.26

Social

1.08

Environmental

346

MCA Benefit Score: The sum of the scores for the economic, social and environmental criteria.
It excludes the technical criteria score. This score represents the net benefits of the option. It was
found to be 522 for this option.
Option Selection MCA Score: The sum of the scores for all four of the criteria. This score
compliments the MCA Benefit Score with the Technical Criteria Score, and hence includes all of
the aspects that should be taken into account in considering the preferred option for a given
location. The option selection score was found to be 1722 for this study.
MCA Benefit – Cost Ratio (BCR): The MCA Benefit Score divided by the cost of the option to
provide a numerical, but non-monetarised, MCA Benefit - Cost Ratio that provides an indication of
the overall benefits that can be delivered per Euro invested. The MCA Benefit - Cost Ratio was
calculated to be 14,769 per invested million euro.
The Economic Benefit – Cost Ratio (BCR) has also been calculated as discussed in Section 4.3.
This was found to be 0.98.
The Outcomes of the MCA process can be used to guide the decision making process in
combination with consultation with the steering group meeting.
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5

Non-structural methods
Non-structural flood risk management methods are proven methods and techniques for reducing
flood risk and flood damages incurred within towns. Besides being very effective for both short
and long term flood risk and flood damage reduction, non-structural methods can be very cost
effective when compared to structural methods. A particular advantage of non-structural measure
when compared to structural methods is the ability of non-structural methods to be sustainable
over the long term with minimal costs for operation, maintenance, repair, rehabilitation, and
replacement.
Full discussions on non-structural methods has been discussed in overarching UoM preliminary
options report. The section provides a bit more detail on these methods and how they could be
implemented, either as standalone or in conjunction with a structural flood relief scheme in
Coolaney
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Non-structural methods
Planning development and control
Spatial planning and impacts on development
Coolaney falls within the Sligo County Development Plan. Coolaney, has a mini plan
incorporated into the County Development Plan. The Sligo County Development Plan 20112017 is supported by a Stage 1 SFRA, published in June 2011. No assessment of flood risk
has been carried out for Coolaney and no predictive flood zone mapping was provided. It is
recommended that, as a minimum a SFRA report is reviewed to incorporate Coolaney and
also include flood management policies, a flood risk map based on all available flood sources
and review of land zoning objectives.
There is one area to the north of the town highlighted, currently zoned for residential use within
Flood Zone A. The current zoning of this undeveloped area should be reconsidered in light of
CFRAM Flood Zones. This land parcel should be rezoned to water compatible or a specific
zoning objective developed to limit buildings to Flood Zone C and to specify design criteria.
Under the mid-range future scenario there are no significant new areas which show flood risk,
although depths of flooding will be greater than in the current scenario. Provided the current
approach to land zoning is maintained into the future, flood risk and development planning will
be closely aligned in Coolaney.
Further detail on flood risk and land zoning objectives under both current and future scenarios
is provided in Section 5 of the UoM 35 Overarching Report.
Sustainable drainage systems
There is an area zoned for development to the south of the town (a combination of mixed use,
residential and business and enterprise) which could contribute flow towards the town centre
potentially adding pressure to the existing river capacity. Opportunities for regional (or larger
scale) SUDS attenuation basins should be sought where possible as they provide greater
benefits for maintenance and overall run-off reduction.
An examination of the soil would suggest the area is primarily underlain by deep, well-draining
soil in the area immediately around Coolaney with area of a Mineral Alluvium in the riparian
corridor. This indicates infiltration based SuDS would be appropriate across the town, and
particularly in the areas zoned for future residential development, although site specific
assessments will need to be carried out.
More detail on the applicability of SuDS in Sligo, and indicative storage volumes, are provided
in Section 6 of the UoM 35 Overarching Report.
Flood preparedness methods
Flood forecasting and warning systems
A flood warning based on a trigger is feasible as it gives adequate warning time. It would
require the installation of a new gauge at Coolaney Bridge. Indicative costs of gauge
installation, maintenance and dissemination of warnings is estimated to be €30,400 (€4,000
capital cost and €1,179 annual operation and maintenance costs of a 50 year design life of the
project). Implementation of similar warning systems has shown an average reduction in
damages of 4.5%. A flood warning service is unlikely to be cost beneficial in the current
scenario.
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Emergency response planning
Until such time as the a scheme is built in Coolaney the existing risk to life will remain unless
a flood response plan can ensure necessary actions are taken and all vulnerable residents
can be safely evacuated and accommodated, if necessary. Well prepared and executed
emergency plans can significantly reduce the impact of flood events. Sligo County Council has
set up a Framework for Major Emergency and has produced a guidance document "A guide
to Flood Emergencies" and a protocol "A protocol for multi-agency response to Flood
Emergencies.
Land in the vicinity of the primary care centre in Rathbarran is at risk which may impact ingress
and egress from the property and should be included in the emergency response plan for the
area.
Targeted public awareness
Individuals and communities that are aware of any prevalent flood risk are able to prepare for
flood events when such events occur. People are able to take appropriate actions in advance
of, during and after a flood to reduce the harm and damages a flood can cause. There has
been limited attendance to the Public Consultation Days (PCD) in the town, with 16 people in
attendance. Public awareness through education schemes or increased awareness by the
relevant authorities is need to ensure that the residents of the area are aware of the risk.
Individual property resilience
Resilience method may be suitable for properties vulnerable to repeated flooding where the
depth of flooding exceeds 600 mm (CIRIA 2007). When floodwater exceeds this level, it may
be more appropriate to allow water into a property, preventing possible structural damage to
walls in a way that limits the potential damage, cost, disruption and ultimately the time that a
property is uninhabitable. Flood depths in the current scenario are not significant but this may
be a possible option in future scenarios.
Individual property protection
Flood resistance, or dry proofing, techniques prevent floodwater from entering a building. This
approach includes, for example, using flood barriers across doorways, airbricks and raised
floor levels. Household flood resistance methods aim to prevent floodwaters from entering a
building structure. Individual Property Protection methods may be appropriate in areas that
frequently flood to shallow depths, and where community-scale defences are unlikely to be a
viable option as is the case in the some properties.
Whilst an embankment is a viable measure for the property at risk in Coolaney, there are visual
impacts for the property owner as a result. The residential property is expected to flood to
approximately 100mm in the design event so IPP could provide a viable alternative solution if
this is preferred by the owner.
Maintenance
The Coolaney AFA contains three watercourse; these are the Owenbeg River, Rathbarran and
Halfway watercourses. In a hydromorphology study no high priority, structures with known
local issues or structures requiring monitoring was found. It is important that all watercourses
are maintained to minimise blockage and to maintain current bed levels. The responsibility of
maintenance is currently with the riparian owner as it not part of a drainage district or an arterial
drainage river. The abandoned railway bridge just downstream of the area of risk is in a
dilapidated state and poses flood risk due to blockage resulting from falling rubble and the
build-up of debris on the central pier. This needs to be maintained to reduce residual risk.
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6

Conclusion
The hydraulic modelling assessment completed for Coolaney shows that there is flood risk to a
single property and the wastewater treatment works on the right bank of the Owenbeg. Flood risk
is a result of the capacity of the channel being exceeded and low levels on the right bank allowing
flows to bypass a local meander.
Two viable methods were identified, the construction of an embankment on the right bank and the
construction of an alternative bypass channel on the left bank. The findings of the screening stage
indicated that of these two methods, only the embankment on the right bank is economically viable.
The embankment would need to be 1.0m in height for the 1% AEP design standard. This would
need to increase by a further 200mm in the 0.1% AEP design standard, although it is noted the
wastewater treatment plant would flood in this event from flood water backing up from the
downstream side of the meander.
Multi criteria analysis has been completed on the proposed option. A MCA BCR of 14,769 per
invested million euro has been calculated. Once MCA outcomes has been obtained for all AFAs
in the national CFRAM programme, where options are feasible, this result along with the MCA
Benefit Score (522) and the Economic BCR (0.98) can be compared with national results to aid
OPW in the decision making process. This will allow the prioritisation of flood relief schemes for
areas at greatest risk.
Possible non-structural methods have been discussed which are proven methods and techniques
for reducing flood risk and flood damages incurred and should be utilised as viable methods to
reduce risk and should be used in conjunction with any scheme that is built in the future. The
embankment is being constructed on the local property owners land and non-structural methods
may be preferred if the disruption of the proposed embankment is determined to be excessive.
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A

Economic appraisal of measures and options

A.1

Overview
The economic appraisal of a measure or option is based on the assumption that the cost of
implementing a measure should not exceed the benefit associated with the reduction in flood risk
following the implementation of that measure. The cost of implementing a measure reflects the
costs of construction and whole life costs arising from maintenance. The benefits associated with
the reduction in flood risk as a result of a measure are discussed in detail in this Section.
For each AFA with a technically viable measure or set of measures, the following economic
appraisal has been carried out. Where there are no technically viable measures, economic
appraisal has not been undertaken.
The starting point for determining the benefits of a flood relief scheme is to identify the tangible
costs associated with a flood event, or those costs which would be removed if a flood relief scheme
were put in place. The tangible costs are those factors for which there is a clear monetary cost
resulting from a flood. These costs can be split in to direct and indirect costs. Direct costs are the
damages incurred to property as a result of a flood. Indirect costs are costs incurred as a result
of a flood other than direct damages, for example the rental costs of temporary accommodation or
the costs associated with a flood event response by the emergency services.
There are also intangible costs associated with a flood event. These represent the human impacts
on an event such as anxiety, stress and ill health.
The total economic costs associated with a flood event are assumed to equal the total of the
tangible and intangible costs. The methodology for calculating these costs is set out in the
following sections.
Having established the potential benefits of a measure or option, the viability of selected measures
is dependent on the likely costs of construction and long term maintenance compared to the
benefits.
Indicative costs have been calculated as part of the screening assessment where the screening
assessment confirmed an economically viable option was available, the costs have been refined
as part of the full scheme development costings. In both cases, costs have been determined using
the unit cost database.
The unit cost database has been used to maintain consistency in estimated costs of construction
and maintenance of measures nationwide under the CFRAM project.
The screening cost estimate consists of construction costs, associated preliminaries, operation
and maintenance costs and an allowance for optimism bias. The final option costs also include
additional allowances detailed design, archaeology, land compensation and art.
The following section step through the process of calculating benefits (Sections A.2 to A.5) and
costs (Section A.6). The costing summary sheet for all technically viable options is provided in
Appendix B.

A.2

Direct flood damages

A.2.1

Source data
Economic flood damages have been estimated using the data and general methodologies outlined
in ‘The Benefits of Flood and Coastal Risk Management: A Handbook of Assessment Techniques
2010), which is often referred to as the ‘Multi-Coloured Manual’ (MCM). This manual provides
depth damage curves for different types of residential and commercial properties compiled from
historical data of damages incurred in past flood events. By extracting the flood depths for affected
properties from WCFRAM hydraulic modelling outputs the total damages in a given flood event
can be determined.
Property types have been derived from the An Post geodirectory. The An Post directory assigns
one of four codes to each of the property points to indicate the property type. These are R –
residential, C – commercial, B – both and U – Unknown. A review of property points assigned a
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B code confirms it is generally the commercial property on the ground floor and so, subject to flood
risk, residential costs in these instances have been removed.
Residential properties are further categorised in the geodirectory into detached, semi-detached,
terraced, duplex and bungalow. Unknown (U code) properties were found to include a description
of the property type (detached, semi-detached etc.) and so were assumed to be residential.
Commercial properties in the geodirectory have a NACE code assigned; this is a European
equivalent to the MCM codes but not directly comparable. To facilitate the analysis, each NACE
code has been attributed an equivalent MCM code and so each commercial property attributed an
appropriate MCM code. Where a NACE code was not available an appropriate MCM code has
been determined based on knowledge of the town.
Property floor areas were extracted from OSi data and geographically linked to the An Post data.
Where multiple An Post points existed within the same building polygon it was assumed the
building footprint was divided equally between points. Where An Post data did not coincide with
a building polygon a footprint area of zero was applied and hence no damages will be calculated
for these points.
Property threshold levels are assumed to be equivalent to the mean LiDAR level over the buildings'
footprint polygon plus a typical observed threshold level for the area.
A.2.2

Methodology
The depth damage curves used in the analysis for residential properties are based on the type of
property described above only, i.e. detached, semi-detached etc. Where this data was not
available a residential average was applied. Damage curves has been further selected based on
local conditions such as whether the event had a short or long duration, defined as less than or
greater than 12 hours, or whether salt water damage should be considered, as would be the case
for tidal flooding. For residential properties damages begin at -0.3m to allow for damage to
foundations.
In some AFAs, properties are affected by both fluvial and coastal flooding. However, hydraulic
modelling has demonstrated that there is no joint probability risk from the two sources, so damages
from each source can be treated independently. Once calculated for each individual source the
total direct damage to an individual property is the sum of the damages from the two sources.
Prices (damage costs) in the data provided by FHRC 2010 have been converted to euro rates
applicable to Ireland in 2013 (the reference date set by the OPW to allow a consistent comparison
of findings across all CFRAMs) by:
•

Applying a ‘PPP’ multiplication factor of 1.279. This is derived from the relative OECD
Purchasing Price Parity values for the UK and for Ireland for 2010. The 'PPP' factor is net
of currency conversion (i.e., already includes for exchange rates as well as price
differences, and so no currency conversion rate should be applied in addition to this factor)

Applying an inflation multiplication factor of 1.051. This is derived from inflation rates based
on the CPI in Ireland for the period 2010 - 2013
Economic damages to infrastructural utility assets (e.g. electrical sub-stations, gas installations
and pipe-work, telecommunications assets, etc.) are assumed to be 20% of total direct damages
to properties for the AFA.
•

A.3

Intangible and indirect damages
Flood events can cause significant stress, anxiety and ill health to potentially affected people,
during and then after a flood. Individuals generally also incur some costs due to their properties
flooding that are not directly related to damage, such as evacuation, temporary accommodation,
loss of earnings, increased travel and shopping costs, etc.
For residential properties the intangible and indirect flood damages shall together be set equal to
the total direct property damages as calculated above.
Costs attributable to emergency services (which includes evacuation costs) are assumed to be
equivalent to 8.1% of the total direct property damages. This value was derived as an average of
the measured emergency services costs for the 2000 and 2007 floods in the UK.
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Traffic disruption has not been included in the assessment of damages. Traffic disruption
historically makes up a small percentage of damages and was not included at this strategic level.

A.4

Calculation of Annual Average Damage (AAD) and Present Value of
damages (PVd)

A.4.1

Discount rate and project horizon
Given a choice between receiving a specific sum now and the same amount sometime later, most
people will express a preference for the present sum. The tangible benefits accruing from a flood
alleviation scheme will not provide cash sums to the beneficiaries; however, they will prevent a
negative cash flow (avoidance of associated flooding costs) from the individuals.
The avoidance of fixed negative cash flow now is also preferable to avoidance sometime in the
future. The “social time preference” (STP) can be measured by an appropriate Discount Rate
(STPDR) and is taken as the compound rate of interest ‘r’ (% per annum) by which ‘y’ Euros in ‘x’
years' time is equal to one euro now.
The benefits arising from a flood relief scheme commence on the completion of the scheme and
exist for the life of the works. To obtain a measure of the overall benefit in present day monetary
values, it is necessary to:
(a) Estimate the benefit arising each year of the project life, termed the Average Annual
Damages (AAD)
(b) Discount the AAD to present values using the appropriate discount rate.
(c) Total the present values to obtain the overall benefit.
The Department of Finance's discount rate for public investment is 4%. The lifetime over which
the benefits are discounted is taken as 50 years. For computation purposes, it is assumed that
the residual value of the scheme at the end of the period is nil. This may be regarded as somewhat
conservative, since works typically have a design life of 100 years.

A.4.2

Property capping assumptions
The present value damages for any given property should not exceed its current valuation. This
is to prevent justification for a flood mitigation scheme being based on the repeated flooding of a
property over the project life when it would be more cost beneficial to simply buy out the property.
Estimated property values have been determined for both residential and commercial properties.
Residential Properties
Average prices for apartments, bungalows, detached, semi-detached and terrace properties were
derived for each AFA as there was considerable difference in property values across all AFAs.
The data was extracted from www.lpt.revenue.ie. The final capping value was set at twice the
market value to allow for intangible damages.
Figure A-1: Residential capping assumptions
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Non Residential Properties
Average commercial property values have proved to be difficult to pinpoint. The high level
approach outlined within the MCM is to estimate values as a factor of 10 greater than the rateable
value, broadly defined as the annual rental value of the property. However, average commercial
rental values are not widely available. Commercial rateable values were provided by the relevant
county councils but these values are not equivalent to the rental value of the property and are not
suitable for determining capping values. The Ireland Valuation Office is currently going through a
revaluation process owing to the poor correlation between the rental value of properties and the
rateable value but this information is not available for the west of Ireland.
Rateable values for all properties have been obtained from the April 2008 values for South West
England from ‘Commercial and Industrial Floor space and Rateable Value Statistics’
(https://www.gov.uk/government/statistical-data-sets/live-tables-on-commercial-and-industrialfloorspace-and-rateable-value-statistics) as instructed by the OPW. These UK rateable values
have been multiplied by the “PPP” multiplication factor of 1.279 and uplifted by the inflation
multiplication factor of 1.051 resulting in the following euro rates. Non-residential properties were
capped at 10 times the below rateable income.
Table A-2: Rateable incomes for non-residential properties

A.5

Property type

Rateable value per m2 (€)

Retail

161

Office

115

Warehouse

51

Leisure & Public

37

Industry

41

Benefit analysis
Using JBA's custom software package, FRISM, flood depths have been extracted and damages
determined for each property for each of the eight defined design event probabilities. The Annual
Average Damage (AAD) has then been calculated as the probability weighted sum of the damage
values of each event up to and including the 0.1% AEP event. The Average Annual Damage,
discounted at a rate of 4% per annum over a time-horizon of 50 years, produces the Net Present
Value of the potential flood damage. An example of calculated damages is shown in Figure A-2.
It should be noted that, in the example shown in Figure A-2, the current and MRFS damages are
both less than the equivalent capped damages, indicating that the value of residential and
commercial properties has not impacted on the damages attributable to flood events.
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Figure A-2: Damage calculation result

The damages calculated using this method have been applied at for both the verification screening
and detailed options development stages of assessment.

A.6

Screening cost estimates
For each technically viable measure identified as part of the screening assessment a cost estimate
is provided in the relevant AFA report. An example breakdown of estimated costs for the screening
assessment is shown in Table A-3 and details of the constituent parts provided in the following
sections.
Table A-3: Screening costs (Sample Costs)

WCFRAM UoM35 -Coolaney Preliminary Options Report Volume 2d v3.0.docx

A-5

A.6.3

Construction costs
Construction costs were estimated based on typical unit and item costs (e.g. cost per metre length
of reinforced concrete wall of given height, or cost of a pump of certain capacity) as set out by the
unit cost database. Details of which unit and option cost have been applied are provided within
the relevant AFAs reports. Summing the construction unit cost of the measures gives the Gross
Capital Construction Cost.

A.6.4

Preliminaries
Preliminaries and other construction costs include the following items:
•

Compound

•

Site cabins and services

•

Temporary power and generators

•

Protection to overhead services

•

Protection to underground services

•

Road sweeping of public roads

•

Preparation of as constructed drawings

•

Health and safety

•

Security

•

Wheel wash provision at exits to public roads

•

Manual washing prior to vehicles existing to public roads

•

Supervision

•

Setting out

•

Mobilisation and demobilise

•

Insurance

A relationship between the cost of preliminaries and the construction costs of a given scheme has
been determined and is shown in Table A-4.
Table A-4: Preliminaries cost curve

Construction
cost:

€100k

€250k

€500k

€1m

€2m

€5m

€10m

€15m

Total
Preliminaries

€32k

€51k

€89k

€199k

€330k

€512k

€743k

€932k

Preliminaries
as a % of total

32%

20%

18%

20%

16%

10%

7%

6%

In addition to the above, each of the separate unit costs includes an estimate of some of the
additional preliminaries, such as temporary works, environmental mitigation and temporary flow
controls. The temporary works costs are based on what would be required on all sites but are not
intended to be definitive for all possible eventualities. Where non-standard, difficult or additional
temporary works are deemed likely to apply the allowance for preliminaries in the individual
measure cost may be increased.
A.6.5

Operation and maintenance
Whole life cost estimation needs to identify all activities that constitute flood defence management
practice e.g. inspection, vegetation management, repair, operations, incident management,
general administration and regulatory activities. Operational costs may include annual
maintenance as well as intermittent costs if relevant and proportional and data is available.
Operational costs are assumed to continue for the design life of the scheme. Present value costs
for operation and maintenance have been determined using the same methodology set out in
Section A.4.1, that is assuming a design life of the scheme of 50 years and a discount rate of 4%.
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A.6.6

Optimism bias tool
There is a demonstrated, systematic, tendency for project appraisers to be overly optimistic when
developing costs estimates for capital works. The aim of adding an optimism bias is to allow a
contingency on these estimates to cater for unknowns and help ensure project promoters retain
adequate project budget.
Different magnitudes of uplift or optimism bias are applied at different stages of the appraisal
process. For example a higher optimism bias is expected at the start of a project where there are
a lot of unknowns, this optimism bias would expected to be reduced once detailed design has been
completed and site conditions are better understood and approaches to manage risks have been
identified or the additional costs associated the construction have been priced explicitly.
The proposed optimism bias has been determined from a Review of Large Public Procurement in
the UK1. This study reviewed cost estimates and resulting capital expenditure from public
procurement projects over a period of 20 years. The findings of this review highlighted that an
appropriate optimism bias for standard civil engineering projects at the outline business case
stage, which broadly reflects the level of assessment in the CFRAM, is 44%. On this basis an
optimism bias of 50% has been applied for all cost estimates in the WCFRAM.

1 Review of Large Public Procurement in the UK, Mott MacDonald (2002).
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B

Screening cost summary tables

B.1

Option 2 - Embankment to 1% AEP design standard
Single Method Capital Cost Tool
Embankment type

Rural clay embankment

Material
Embankment height (m) equivalent for unit cost rate
Embankment length (m)
Embankment unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 10%)

Imported
1
70
€ 139

Preliminaries (32%)

€ 14,128

Total capital cost (€)

€ 14,128

Operation and Maintenance Cost Tool
Embankment length total (m)
Embankment O&M costs (€/m/yr)
Over-ride unit rate (€/m/year)

€ 9,370
€ 9,370
€ 9,370
€ 10,703

70
€2.73
-

Average estimates

Total annual O&M costs (€)

€190.8

Present value O&M costs (€)

€4,071

Total PV Cost
Total PVc costs (€)
Optimism bias rate (%)

€ 18,199
50%

Total Cost including Optimism Bias (€)

€ 27,298
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B.2

Option 3 - Bypass channel
Single Method Capital Cost Tool
Volume of excavation (m3) to give an estimation
Type of excavation
Unit cost (€/m3)
Volume of excavation (m3)
Over-ride unit rate (€/m3)
Cost (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)

1000
Soft soil and material
used onsite within 500m
4.2
3150
€ 13,230
€ 13,230
€ 2,425

Reinstatement of access road, 25m @ €97/m
Total capital cost (€)
€ 15,655
Consider amendments based on site issues/constraints (€) (Method factor 10%)
€ 17,221
Preliminaries (32%)
Allowance for compensation and land acquisition estimated €10,000/ha
Total capital cost (€)

€ 22,731
€ 3,000
€ 25,731

Operation and Maintenance Cost Tool
Volume of excavation (m3)
Annual unit cost rate (€/m3) (Assumed no maintenance required)
Over-ride unit rate (€/m/year)
Total annual O&M costs (€)
Annual unit cost rate (€/m3) (Assumed no maintenance required)

2400
€0
€0
€0

Total PV Cost
Total PVc costs (€)
Optimism bias rate (%)

€ 25,731
50%

Total Cost including Optimism Bias (€)

€ 38,597
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C

Environmental and social assessment of
measures and options

C.1

Introduction
The environmental constraints and the scope of the Strategic Environmental Assessment (SEA)
have been identified in the SEA scoping report. In the screening of measures and development
of flood risk management solutions the possible constraints, environmental benefits and impacts
associated which each measure have been identified. The benefits and impacts have be
considered in terms of quality, significance, duration and type.

C.2

Screening of measures
Alongside the technical and economical assessment of potential measures, an assessment into
the key social, cultural and environmental issues relating to flood risk in the area were considered.
This work built on the key constraints listed in the SEA scoping Report. This is included in Section
2.2 of each individual AFA POR report.
At this preliminary screening stage, measures were assessed in relation to:
•

Location - would the placement of the measure be located near or within a Natura 2000
site.

•

Impact during construction or any operational requirements

• Presence of protected species within the area.
By outlining the key constraints, potential measures that would need to follow the full IROPI
(Imperative Reasons of Overriding Public Interest) process can be discounted at the viability
screening stage.

C.3

Environmental appraisal of options

C.3.1

Assessment criteria
The screening stage determined potentially viable measures and these were carried forward to full
option development. In the full development of options an environmental appraisal of each viable
option has been carried out and has been included in each individual POR report. The following
has been considered.
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Table C-5: Environmental considerations

Habitat Loss

This is a permanent loss of habitat within the designated boundaries of a
Natura 2000 site. For flood relief schemes this could arise from the
construction of new structures within the site boundary, including provision
for future maintenance. Dredging, bank alterations etc, and other activities
can cause habitat loss.

Physical
Damage

This includes degradation to, and modification of, habitats within the
designated boundaries of a Natura 2000 site. This could arise in working
areas and along access routes where construction works are undertaken
within the site boundary.

Habitat
Fragmentation

More indirect physical damage to habitats could occur, for example,
through increased recreational pressure associated with certain measures,
which could result in trampling, erosion or rubbish tipping.

Species Loss

Damage may be temporary or permanent.

Change in
physical Regime

This is where activities result in the separation of available habitats or split
extensive areas of suitable habitat. It is most likely to affect species, but
can impact upon the functionality of habitats.

Changes in
hydrological
regime

This is a permanent loss of species such as Atlantic Salmon within the
designated boundaries of a Natura 2000 site as a result of schemes e.g.
removal of spawning grounds due to channel deepening and widening,
loss of Otter due to damage to holts on river banks or loss of pearl mussel
due to instream works. For flood relief schemes this could arise from the
construction of new structures within the site boundary, dredging, channel
widening, bank alterations or including provision for future maintenance. At
coastal locations this may arise mainly for birds e.g. nesting terns on
shingle or some rare plants. Dredging, bank alterations etc, and other
activities can cause habitat loss

Disturbance
(noise, visual,
vibration)

These are changes to physical process that can alter the present
characteristics of the Natura 2000 site (e.g. estuarine, fluvial and
geomorphological processes, salinity levels, tidal regimes, erosion,
deposition, sediment transport and accumulation). This could then result in
degradation or loss of habitats.

Competition
from non-native
species

Certain activities may result in changes to the current hydrological regime.
For example, a reduction or increase in the frequency, extent, duration
and/or depth of flooding may affect estuarine, riverine and floodplain
habitats.

Changes in
water quality

Activities which may affect surface and groundwater levels, such as
impoundments or defence construction, may also have adverse impacts on
surface water or groundwater dependant habitats (rivers, fens, bogs, etc.)
and species.

Pollution

A number of activities can result in disturbance, including visual and from
noise. This is more frequently associated with construction activities, but
could also be associated with the operational phases of some flood relief
measures, in particular where recreational opportunities may be exploited.
Disturbance can cause sensitive species, such as birds or mammals, to
deviate from their normal, preferred behaviour, resulting in stress,
increased energy expenditure and, in some cases, species mortality.

Landscape and
Visuals

The visual impacts of the proposed options were assessed using the
existing landscape ratings and status for the areas as outlined in the
County Development and Local Area Plans.

Archaeology &
Cultural
Heritage

The potential impacts of the proposed flood management options were
assessed against the archaeological and architectural features in the areas
of the proposed works. Architectural Conservation Areas in town were
taken into consideration during the assessments.
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C.3.2

Habitats Directive Appropriate Assessment pre-screening
Pre-screening in relation to the Habitats Directive was carried out to examine the potential impacts
on Natura 2000 sites early in the design process. Where an option could potentially involve Stage
3 &4 of the AA process, this option was re-examined and in most cases options that would require
an IROPI approval process were rejected and alternative options sought. This is illustrated below
in Figure C-3.
Figure C-3: Habitats Directive Appropriate Assessment pre-screening
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D

Development and evaluation of viable options

D.1

Introduction
Following the viability screening assessment, technically viable and economically beneficial
options were identified and brought forward to the option development stage. The short list of
measures was reviewed and developed into one or more flood risk options. Options can
incorporate one, or (mostly) a combination of, the FRM measures, or elements of these measures,
determined to be viable through the screening process, and include a mix of localised and broader
FRM measures.

D.2

Refinement of options
The existing hydraulic model developed for each AFA was adapted to represent each option.
Hydraulic modelling of the measures was used to confirm the scale and extent of the proposed
measures and also to ensure any proposed measures do not have a negative impact on areas
upstream and downstream of the area being considered.
The design standard for the WCFRAM (i.e., flood event probabilities that the flood risk
management measures and options should address) is the 1% AEP for fluvial flooding and 0.5%
AEP for tidal flooding.
Where no major structural flood protection option is viable for a particular spatial scale of
assessment (SSA), localised or low-scale structural protection measures (e.g., raising existing
defences, infilling gaps in defences, creating minor defences not requiring major structural works,
etc.) were assessed to determine whether some protection (to a design standard that may be less
than the preferred design standard), would be beneficial and viable. Such measures may
compliment other non-structural measures that have been determined to be viable or may provide
some alleviation in the short term prior to the completion of more significant works.

D.3

Full scheme cost estimates
Following the estimate of damage and costs for screening purposes, as detailed in Appendix B,
for all AFAs with an economically viable option at screening stage, a more detailed assessment of
scheme costs was calculated. The following additional allowances were incorporated into the
scheme costs for economically viable options:
•

Detailed Design Fees (13%)

•

Allowances for archaeological and environmental mitigation measures (typically 10-15%
depending on the archaeological and environmental sensitivity)

•

Cost of Land Acquisition / Compensation costs (typical values 10-15% depending on the
likely level of interference with private property.

• Allowance for Art (Up to €64,000 depending on the construction price of a project)
Where viable options have been identified in the respective AFA reports, a breakdown of the full
scheme costs is provided. An example of this shown in Table D-6 below.
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Table D-6: Full option development costs

VAT and the cost of OPW staff time has not been included in potential option costs for cost-benefit
analysis calculations.

D.4

Adaptability to climate change
Climate change adaptability is included in the MCA process but should also be a guiding factor in
considering the overall long-term strategy for flood risk management for an area and be an
overriding criteria against which the plan should be tested. This ensures decisions are robust
when climate change enhanced events manifest themselves.
To address this challenge, the OPW, as lead agency for flood risk management in Ireland, has
adopted an approach that requires that the possible impacts of climate change be considered in
the development of the FRMP. It requires that the FRMP, including policies, strategies and
measures, must be sustainable and should adopt an adaptive or, where appropriate, an
assumptive approach with respect to climate change. There are some potentially significant
advantages of a managed adaptive approach including a less intense capital programme,
communities starting to take more responsibility for future provision of FRM measures and those
FRM measures becoming more aligned to the spatial planning cycle.
The managed adaptive process adopted within the WCFRAM starts with the climate change maps
presented in the hydraulic modelling reports to inform where significant changes are possible
which will then feed into the design process. Two general approaches have been followed based
on the risk presented in the climate change maps:
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Highly sensitive communities (those with
a high vulnerability to the potential
impacts of climate change):

Less sensitive communities (those with a
low vulnerability to the potential impacts
of climate change):

These communities have a significant
increase in risk presented in climate change
maps.

These communities have little increase in risk
presented in climate change maps.

The design and selection of measures to
address current risk should proceed on the
basis of what may be required in the future.
Measures should be able to be adapted to
climate change or include for future risks in
the current design. This may require option
development for the future scenarios to be
undertaken in outline form.

Proposed measures are less likely to need
significant adaptations to accommodate
climate change. The design and selection of
measures has focussed on existing risk.
Design for adaptation should be undertaken
at the project stage (i.e., post-CFRAM).

Where the potential impacts of climate
change are particularly complex, a detailed
decision-tree analysis may be required to
inform the option selection process and the
appraisal.

D.5

Health and safety considerations
Designers can make decisions that significantly reduce the risks to the health and safety during
the construction stage and during subsequent use and maintenance. Designers must take
account of the General Principles of Prevention when preparing designs. The principles of
prevention are a hierarchy of risk elimination and reduction.
The General Principles of Prevention are set out in descending order of preference as follows:
•

Avoid risks.

•

Evaluate unavoidable risks.

•

Combat risks at source.

•

Adapt work to the individual, especially the design of places of work

•

Adapt the place of work to technical progress.

•

Replace dangerous articles, substances, or systems of work by non-dangerous or less
dangerous articles, substances, or systems

•

Use collective protective measures over individual measures

•

Develop an adequate prevention policy

• Give appropriate training and instruction to employees.
At the screening stage identification of risks was carried out to determine if it is possible to mitigate
the risks posed by a measure and if not it was screened out on health and safety grounds.
Where viable measures were carried forward to form part or all of the flood risk management option
a design health and safety risk assessment was carried out and is included in the appendices of
the relevant AFA preliminary options report and will be included in the project safety file.
The designer has the following key duties and each assessment has been reviewed by the project
PSDP
•

Identify any hazards that an option design may present during construction and
subsequent maintenance

•

Where possible, eliminate the hazards or reduce the risk

•

Communicate the necessary control measures, design assumptions or remaining risks so
they can be dealt with at later stages of the project if brought forward to detailed design
(Post CFRAM)
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For each viable option construction and operational hazards were identified and each potential
hazard was assessed under likelihood and severity. By multiplying the respective scores an
appreciation of the risk was obtained. Figure D-4 shows the key principles applied. Where the risk
was found to be high (red) realistic control measures were sought to reduce the risk to ensure that
an option was viable on health and safety grounds. In all cases control measures were sought to
reduce the perceived risk and have been detailed in the design risk assessment. The risk was
again calculated with the proposed measures in place to ensure an acceptable level of risk was
reached.
The Designers Risk Assessment for this AFA is included in Appendix F.
Figure D-4: Calculation of risk

D.6

Determination of freeboard
An initial assessment of appropriate freeboards allowances has been completed to provide some
indication of the full height implications of the final proposals. This assessment was based on the
sensitivity runs detailed in the hydraulic modelling reports. The relevant uncertainties included:
•

Peak flow

•

Flow volume

•

Afflux at selected structures

•

Increasing and decreasing channel and floodplain roughness

Figure D-5: Freeboard flow chart
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Figure D-5 outlines the approach taken to determine the required freeboard for proposed options.
The sensitivity of an option to changes in water levels has been initially determined by comparing
the model results from existing and MRFS design standard events within the option in place. If
the water level change was less than 300mm in the case of hard defences and less than 500mm
for soft (embankments) defences then the standard OPW freeboard defence of 300mm and
500mm was applied.
However, if the water level variations were found to be greater than 300mm for hard or 500mm for
soft defences, the freeboard has been derived from a more detailed sensitivity analysis. The
findings of the sensitivity analyses reported in the hydraulic modelling reports have been reviewed
and the freeboard calculation developed from the key parameters identified. Finally a review of
the suitability of the scale of the constructed defence has been completed to confirm that it remains
acceptable inclusive of freeboard.

D.7

Stakeholder input
The involvement of external parties is essential in the development of viable options. It is important
to ensure that the knowledge, experience and views of the project steering group, stakeholders
and the general public are taken into account throughout the development and selection of options
for an area as well as meeting the statutory requirements for consultation with the relevant parties.

D.7.1

Project Steering Group
The project steering group, which included representation from the OPW, relevant local authorities
and the Environmental Protection Agency, was responsible for the overseeing and directing the
study, and reviewing the key outputs and deliverables.

D.7.2

Project Progress Group
The project progress group included representation from local authorities and the OPW. The
progress group fed into the detail of the study providing guidance on the approach and feedback
on deliverables. Through this forum meetings were arranged with local area engineers from the
local authority and OPW for all AFAs to discuss the options.

D.7.3

Public consultation
Public consultation days (PCD)s have been held in all AFAs where screening of options was
undertaken to raise awareness of the study and to provide an opportunity for the general public to
express their views and comment on draft outputs.
Feedback from the PCDs is presented within each of the specific AFA reports and has been
incorporated into the assessment where necessary. Table D-7 shows the dates, times and venues
for the PCDs within UoM 29.
Table D-7: POR PCDs dates
AFA
Sligo
Coolaney

D.8

Date
23rd of June 2015
3rd of June 2016

Venue
Sligo City Hall
Property Owners Home

Number of Attendees
0
1

Evaluation of options
The appraisal of flood relief schemes in the past has been primarily based on economic costs and
benefits, with an EIA undertaken to minimise negative impacts on the environment and public
consultation undertaken to ensure social acceptability. The National Flood Policy Review (OPW,
2004) set a broader range of objectives for flood risk management in Ireland, which was
subsequently reinforced by the EU ‘Floods’ Directive [2006/60/EC - 2007/60/EC].
The MCA framework has been developed to broaden the range of potential impacts taken into
account in the development and selection of FRM options and strategies, and their subsequent
prioritisation. It is based on the numeric, but non-monetarised assessment of options against a
range of objectives. The extent to which these objectives are met is scored on how an option
compares against set targets that range between a Basic Requirement and Aspirational Target.
The score for each objective is weighted nationally. This weighting can then be adjusted at an
AFA scale reflecting the importance of that objective in the context of the SSA.
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The sums of the scores for each objective, set against the total costs of their achievement,
represents the preference for a given option. These total scores can be used to inform the decision
on the selection of (a) preferred option(s) for a given location and the prioritisation of potential
schemes between locations.
Each component of the MCA Framework is explained in more detail below.

D.9

MCA methodology

D.9.4

Objectives
The FRM objectives reflect what the overall flood risk management programme is seeking to
achieve, expanding on the requirements of the National Flood Policy Review and the EU ‘Floods’
Directive.
At a local level, and for the purposes of the MCA, the objectives set out an aim that the each flood
risk management option should be seeking to achieve. The degree to which an option achieves
the objective for the cost is an indication of the ‘success’ of the option, and equally, the more an
option achieves across all of the objectives, then the greater the preference that will be given to
that option relative to others.

D.9.5

Global weightings
Global Weightings are assigned to each objective to give it more or less weight in the overall
assessment of the suitability or value of the option. The Global Weightings are fixed nationally to
ensure a consistent approach and basis for prioritisation, and are intended to represent the
‘societal value’ for the objective relative to the others, i.e., with those of most weight representing
the most important objectives. Table D-8 shows the MCA sub-objectives used and their global
weightings.
Table D-8: MCA objectives and scoring
Number

Criteria

Sub- objective

1a
1b

Technical

Ensure flood risk management options are operationally robust
Minimise health and safety risks associated with the construction
and operation of flood risk management options
Ensure flood risk management options are adaptable to future
flood risk
Minimise economic risk
Minimise risk to transport infrastructure
Minimise risk to utility infrastructure
Minimise risk to agriculture
Minimise risk to human health and life of residents
Minimise risk to high vulnerability properties
Minimise risk to social infrastructure and amenity
Minimise risk to local employment
Provide no impediment to the achievement of water body
objectives and, if possible, contribute to the achievement of water
body objectives.
Avoid detrimental effects to, and where possible enhance, Natura
2000 network, protected species and their key habitats,
recognising relevant landscape features and stepping stones.
Avoid damage to or loss of, and where possible enhance, nature
conservation sites and protected species or other know species of
conservation concern.
Maintain existing, and where possible create new, fisheries habitat
including the maintenance or improvement of conditions that allow
upstream migration for fish species.
Protect, and where possible enhance, visual amenity, landscape
protection zones and views into / from designated scenic areas
within the river corridor.
Avoid damage to or loss of features of architectural value and their
setting.
Avoid damage to or loss of features of archaeological value and
their setting.

1c
2a
2b
2c
2d
3a (i)
3a (ii)
3b (i)
3b (ii)
4a

Economic

Social

Environmental

4b

4c

4d

4e

4f (i)
4f (ii)

D.9.6

Global
Weighting
20
20
20
24
10
14
12
27
17
9
7
16

10

5

13

8

4
4

Local weightings
The Local Weightings are assigned to each objective for each location under consideration (i.e.,
each spatial scale of assessment (SSA)), and are intended to represent the local importance of
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that objective within the local context. They are very important within the framework as they provide
scale to the process, allowing locally important objectives to have a greater weight in selection of
the option. Similarly, the importance of an issue / objective in one location relative to another can
also be provided for through the Local Weightings.
D.9.7

MCA scoring
Each sub objective has a basic requirement and an aspirational target associated with it.
The Basic Requirement represents a neutral status or ‘no change’, whereby if an option has no
impact on the matter the objective relates to, or meets what might be termed for some objectives
as minimum requirements for acceptability, then that option will have met the Basic Requirement.
If an option performs worse than the Basic Requirement, i.e., has a negative impact (a dis-benefit)
or does not meet the minimum requirements for acceptability, it will score a negative-value score
for that objective.
The aim is defined as an Aspirational Target, whereby an option would be deemed as perfect with
respect to the given objective if it were to meet the Aspirational Target. Typically this will represent
complete removal of a risk, or the full achievement of another benefit.
Once all the objectives have been analysed the MCA score for each criteria can be calculated by
multiplying the score for each sub objective by the global and local weighting and then by summing
the weighted scores for all the sub objectives under that criteria.

D.10 MCA outcomes
A suite of different scores present the findings of the MCA. These are compiled of different
elements of the MCA to demonstrate how each option delivers against the objectives. The scores
are as follows:
•

Technical Criteria Score – this is produced for each of the technical, economic, social and
environmental objectives and is the sum of their respective sub-objectives

•

MCA Benefit Score – this score represents the net benefits of the scheme and is the sum
of 'Technical Criteria Scores' from the economic, social and environmental objectives.

•

Option Selection MCA Score - this is the sum of all the 'Technical Criteria Scores'

•

MCA BCR - this score presents the benefits per euro invested and is the 'Options Selection
Score' divided by the cost of the scheme.

The Economic BCR - this is the traditional comparison of the reduction in damages
expected against the cost of the scheme. This has been discussed in Appendix B.
The results of the MCA process were used to guide the decision making process, subject to
application of professional judgement and consultation with the steering and progress groups.
Greatest weight was given to the MCA Benefit score as this provides a measure of the overall
benefits per invested euro. Local consultation was also taken into account. The reasoning for the
preferred option selection is recorded and reported in the relevant individual POR reports. It should
be recognised that whilst a numeric scheme is used by the OPW in the MCA process, the selection
of scores and overall recommendation of preferred option is still subjective and based on
experience.
•

The identified preferred options will form actions and measures, and the basis of the flood risk
management strategy for the Unit of Management, which will be developed and detailed within the
Flood Risk Management Plan.
A summary table, detailing the outcome of the MCA process for this AFA, is provided in Appendix
E.

D.11 Environmental appraisal report
An environmental assessment matrix has been carried out for each viable flood risk management
option. It details the indicators, impacts during construction and operation on the sensitive
receptors in the area. It is included as an appendix in the AFA standalone preliminary options
report for any area where viable options have been carried forward. The options have been
assessed under the social and environmental objectives in line with the multi-criteria assessment.
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The criteria detailed in Table D-9 were assessed, and the summary for the AFA is provided in
Appendix E.

Table D-9: Environmental option report assessment criteria

Social

Minimise Risk to human health and life of residents
Minimise risk to high vulnerability properties
Minimise risk to social infrastructure
Minimise risk to local employment
Minimise risk to flood-sensitive social amenity sites

Environmental

Prevent deterioration in status, and if possible contribute to, the
achievement of good ecological status / potential of water-bodies, including
reduction of risk of pollution
Avoid detrimental effects to, and where possible enhance, Natura 2000
sites
Avoid damage to or loss of, and where possible enhance, nature
conservation sites and protected species or other known species of
conservation concern
Maintain existing, and where possible create new, fisheries habitat including
the maintenance or improvement of conditions that allow upstream
migration for fish species
Protect, and where possible enhance, visual amenity, landscape protection
zones and views into / from designated scenic areas within the zone of
influence
Avoid damage and reduce risk of flooding to, or loss of, features of
architectural value and their setting
Avoid damage and reduce risk of flooding to, or loss of, features of
archaeological value and their setting
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E

MCA Outcomes and Environmental Appraisal

E.1

MCA Outcomes
Table E-1: MCA local weightings for Coolaney AFA
MCA Local Weightings
Objective
Local
Weighting
1.a
5

1.b

5

1.c

5

2.a

0.021

2.b

0

2.c
2.d

5
2

3.a.i
3.a.ii
3.b.i
3.b.ii
4.a

0.01
0
0
0
5

4.b

5

4.c

5

4.d

3

4.e

1

4.f.i
4.f.ii

0
0

Comment
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5, as it always a consideration in option
design and selection.
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5, as it always a consideration in option
design and selection.
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5, as it always a consideration in option
design and selection.
It is recognised that the impacts of, and vulnerability to, potential future
changes will vary significantly from community to community. However,
this objective is used only for option selection, and is not used for
prioritisation, and so the relative significance of the impacts and
vulnerability to potential future change between communities is not
relevant. As promoting adaptability is always important, the local
weighting is to be kept constant.
Local Weighting based on the formula below.

AAD for Coolaney AFA is €1,615. Local Weighting may not exceed 5.
Local Weighting score is calculated as the sum of the factored scores
for each transport route at risk from flooding, subject to a maximum
score of 5.
No transport routes flooded in Coolaney AFA.
Water treatment plan within 2% AEP flood extent.
Some agriculture land within Coolaney AFA boundary at risk of
flooding.
One residential properties at risk of flooding
None at risk.
None at risk.
No risk to employment.
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5 as WFD objectives must be achieved
and are relevant to all waterbodies.
Local Weighting set at maximum value of 5 in response to Unshin River
SAC.
Set to 5 due to high sensitivity of watercourse and potential habitat and
species.
waterbody supports substantial fisheries/shellfisheries and is of
regional value for fishing/angling
No specific landscape sensitivity/value, but landscape features/views
are important at a local level and potentially affected
No sites/features at risk.
No archaeological features at risk
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Table E-2: MCA results for Coolaney AFA
No.

Criteria

1a

Technical

Sub- objective
Ensure flood risk management
options are operationally robust

MCA
Score
500

Option
Score
5

Comments
Operationally robust
embankment, with no
need for operation.
working near water
during construction, and
then working near water
during operation /
maintenance.
Embankment can be
adapted to increased
flood levels.

1b

Minimise health and safety risks
associated with the construction
and operation of flood risk
management options

300

3

1c

Ensure flood risk management
options are adaptable to future
flood risk
TECHNICAL SCORE
Minimise economic risk

400

4

1200
0.26

0.5

0

0

175

2.5

0

0

ECONOMIC SCORE
Minimise risk to human health
and life of residents
Minimise risk to high vulnerability
properties
Minimise risk to social
infrastructure and amenity
Minimise risk to local employment

175.26
1.08

4

0

0

One residential property
protected.
None at risk.

0

0

None at risk.

0

0

None at risk.

SOCIAL SCORE
Provide no impediment to the
achievement of water body
objectives and, if possible,
contribute to the achievement of
water body objectives.
Avoid detrimental effects to, and
where possible enhance, Natura
2000 network, protected species
and their key habitats,
recognising relevant landscape
features and stepping stones.

1.08
240

3

Protection of water
treatment plant, which is
a potential source of
pollution.

50

1

4c

Avoid damage to or loss of, and
where possible enhance, nature
conservation sites and protected
species or other know species of
conservation concern.

25

1

4d

Maintain existing, and where
possible create new, fisheries
habitat including the maintenance
or improvement of conditions that
allow upstream migration for fish
species.

39

1

Reduction in flood risk to
potential source of
pollution which could
impact upon conservation
objectives of the Unshin
River SAC. No inchannel works proposed.
Construction
Environment
Management plan can
mitigate potential impacts
during construction of
embankment.
Reduction in flood risk to
potential source of
pollution which could
impact local habitats and
species of interest. No
in-channel works
proposed. Construction
Environment
Management plan can
mitigate potential impacts
during construction of
embankment.
Reduction in flood risk to
potential source of
pollution which could
impact fisheries habitat of
regional importance. No
in-channel works

2a

Economic

2b

Minimise risk to transport
infrastructure
Minimise risk to utility
infrastructure

2c

2d

Minimise risk to agriculture

3a
(i)
3a
(ii)
3b
(i)
3b
(ii)

Social

4a

Environmental

4b
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Only one residential
property at risk.
No transport
infrastructure at risk.
Wastewater Treatment
Plan currently within 2%
AEP flood extent
protected.
No protection of
agricultural land within
AFA boundary at risk of
flooding.

E-2

4e

4f (i)

4f
(ii)

Protect, and where possible
enhance, visual amenity,
landscape protection zones and
views into / from designated
scenic areas within the river
corridor.
Avoid damage to or loss of
features of architectural value
and their setting.
Avoid damage to or loss of
features of archaeological value
and their setting.
ENVIRONMENTAL SCORE
MCA OPTION SCORE
MCA BENEFIT SCORE
COST (€Million)
BENEFIT OF OPTION (€Million)
ECONOMIC BCR
MCA BCR (Benefit per invested
Euro)

-8

-1

0

0

0

0

proposed. Construction
Environment
Management plan can
mitigate potential impacts
during construction of
embankment.
Construction of extension
to local flood
embankment prior to
establishment of
vegetative mitigation (i.e.
screening).
No features present or at
risk.
No features present or at
risk.

346
1722
522
€ 0.032m
€ 0.034m
1.07
16.15
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E.2

Environmental Appraisal

E.2.1

Introduction
This Options Appraisal Study assesses and reports on the environmental benefits and impacts of
the options proposed for this Unit of Management.
Following the identification of a number of preferred flood risk management options, this stage of
the process will assess the impacts of these options in terms of quality, significance, duration and
type. Mitigation measures will be described where necessary. Recommendations for the Flood
Risk Management Plan for UoM 35 will emerge.
The potential environmental impacts of the components of the FRMP were characterised in terms
of:
•

Significance

•

Duration of impact

•

Extent of the impacts.

These are described in more detail in the following sections.
Significance Testing
In line with the SEA Regulations, the following criteria has been used to describe the significance
of an impact. In identifying the changes to the baseline and describing the magnitude and duration
of the impacts, JBA has used the following criteria to assist in our assessment:
•

The significance of the impact whether the impacts are positive or negative (i.e. does the
impact support or conflict with the Environmental Objectives)

•

The duration of the impact (i.e. will the impacts occur during construction only or will the
impacts manifest itself during the operation of the flood defence option)

•

What will be the geographical extent of the impact (i.e. will it be local, regional or national)

•

Whether the impacts are direct or indirect, secondary or cumulative.

Significance
The overall significance of the impact of an option on the Environmental Objectives is dependent
upon two factors - the size of the disturbance caused (magnitude) and the sensitivity of the
receptor. The sensitivity of the receptor may be based on a legal designation of a site, for example
a Special Area of Conservation or a Natural Heritage Area. It may also be based on the proximity
to sensitive receptors such as schools, hospitals, wastewater treatment plants etc. In our
assessment we have assigned different ratings for positive and negative impacts. Within these two
groups we have further defined the impacts as major, moderate and minor. This refined impact
assessment has allowed more specific mitigation measures to be suggested during the
construction of the flood defence options.
For this Options Appraisal Report, the significance testing, at this strategic level is qualitative and
is based on the baseline information and technical judgement. More quantitative significance
testing will arise during the project and environmental impact assessment stage.
The assessment tables illustrate the impacts of the options on the environmental objectives with
and without mitigation measures.
Options that posed a significant major negative impact on a receptor would or has the potential to
have a permanent, irreversible impact on the baseline conditions. In other cases, the option would
or could have a negative impact on a designated European site, an area of archaeological
importance, or a negative impact on humans close to the site.
Options that were assessed to have a moderate negative impact on a receptor would or could
have a temporary, short term reversible impact on a receptor. This level of impact is most likely to
arise during the construction of the flood defence(s).
Options that were assessed to have a minor negative impact on a receptor would or could have a
short term negative impact on a local habitat or receptor. It is anticipated that this impact would be
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remedied by good construction practices and would only be of short duration i.e. less than a day
or two.
A neutral impact would arise where there is likely to be a change in the baseline conditions but
where the level of change/impact is negligible.
Options displaying a major positive impact will have a positive effect on the baseline conditions
and will support the Environmental Objectives.
A moderate positive impact will have a moderate positive impact on the baseline conditions and
will partially achieve the requirements and support the Environmental Objective and sub-objective.
Options displaying a minor positive impact will exceed the sub-objective only.
Duration of an Impact
It is anticipated that the majority of the impacts on the environment will occur during the
construction of the chosen options. However, some impacts may arise over time for example
hydrogeomorphological impacts on a riverbed due to the presence of a culvert or in-river flood
defences. The duration of effects used in this Option Appraisal Report reflects the guidance given
by the Environmental Protection Agency in their 2015, Draft Guidelines on information to be
contained in an environmental impact statement.
Effect

Duration of the Effect

Temporary effect

Lasting less than 1 year

Short-term effect

Lasting 1 to 7 years

Medium term effect

Lasting 7 to 15 years

Long-term effect

Lasting 15-60 years

Permanent effect

> 60 years

Extent of the Impacts
The extent of the impact of the proposed options are described in the table below. It should be
noted that these impacts are assessed at a strategic level and are predicted impacts only.
Impact

Extent of Impact

Local (L)

Impact occurs within the AFA

Regional (R)

Impact occurs within the UoM

National (N)

Impact occurs beyond the UoM

The impacts of the options were assessed using the criteria shown in Table E-2. Where a
significant impact was identified during the assessment mitigation measures to remedy same were
identified. Opportunities (positive impacts that could achieve the aspirational targets) were
identified also identified.
Mitigation Measures
Where the assessment has identified significant environmental impacts, mitigation measures will
be required to reduce/remedy these impacts. The mitigation measures that are considered as part
of this assessment are generic and more site specific mitigation measures will be required as part
of planning for the options. JBA can only recommend that these mitigation measures are
considered and that for the purposes of this assessment we are assuming that they will be
installed. The need for the installation of on-site specific mitigation measures will be a requirement
of the planning consent for same.
Residual Impacts
Residual impacts can be defined as impacts that remain after the installation of the mitigation
measures. For the purposes of the SEA it is difficult to accurately assess potential residual impacts
and it is considered that this is better addressed at the project environmental impact assessment
stage.
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E.2.2

Environmental Options Appraisal for Coolaney
The two options for Coolaney have been appraised with the results in Table E-3 and Table E-4.
Table E-5 contains a description of the environmental receptors, impacts during construction and
impacts during operation.
Under the do nothing option (Table E-3) permanent minor and moderate impacts on the economic
and social objectives will remain. The principal impacts that would remain are the risk to life from
flooding, property flooding and the risk of flooding to the wastewater treatment plant. There are
negative environmental impacts of the do nothing option associated with the potential source of
pollution from the wastewater treatment plant, which is at risk of flooding. Such pollution has the
potential to impact upon the Water Framework Directive river and groundwater status, the Unshin
River SAC, local fisheries, habitats and species. With climate change the frequency of flooding is
predicted to increase.
Under Option 2 (Table E-4) there are no impacts on economic or social objectives during
construction. With the option in operation there are permanent positive minor and moderate
economic and social impacts as a result of the flood protection provided. Inspection and
maintenance of the option will be included as part of the measure and so no specific mitigation is
required to ensure this positive impact continues. During construction there are temporary
environmental impacts within the AFA boundary in relation to removal of the existing conifer trees
along the bank in terms of visual impact and the potential impacts upon local species which may
be nesting or sheltering in the trees. There are no in-channel construction works requires, so the
impact during construction on environmental objectives can be easily mitigated through a
Construction Environment Management Plan (CEMP). In operation the protection of the
Wastewater Treatment Plant from flooding will reduce flood risk to the potential pollution source.
Maintenance of the structures and embankments is required to ensure continued flood protection,
however mitigation measures are required to ensure the maintenance is carried out in an
environmentally sensitive manner. The localised visual impact on the private property through
removal of the existing tree line, can be managed through careful design of a landscape plan in
conjunction with the landowner.
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Table E-3: Do Nothing Environmental Options Appraisal
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Table E-4: Option 2 Environmental Options Appraisal
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Table E-5: Description of receptors and impacts
Criteria
Social

Objective
a

b

Minimise
risk to
human
health and
life

Minimise
risk to
community

Sub-Objective

Indicators

i

Minimise risk to
human health and
life of residents

Number of residential
properties at risk from
flooding.

ii

Minimise risk to
high vulnerability
properties

i

Minimise risk to
social infrastructure
and amentity

ii

Minimise risk to
local employment

Number of high
vulnerability properties at
risk from flooding (e.g.
hospitals, health centres,
nursing and residential
homes).
Number of social
infrastructure assets at
risk from flooding (e.g.
educational institutions,
fire and garda stations,
bord gais facilities).
Number/length of key
strategic transport assets
at risk of flooding.
Number of amenity
assets at flood risk.
Number of non-residential
properties at risk from
flooding.
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Impacts during
Construction
Construction of all
measures will require a
health & safety plan. All
risks to property and the
public will be
addressed.

None.

Impacts during
Operation
The flood defence
embankment can be
adapted to climate
change in the future.
Ongoing structure,
embankment and channel
maintenance will be
required to sustain the
proposed level of
protection
None.

Receptor

None.

None.

None.

None.

None.

None.

Residents and local
businesses in the
affected areas.

None.
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Criteria
Environmental

Objective
a

b

Support the
objectives
of the WFD

Support the
objectives
of the
Habitats
Directive
and Birds
Directive

i

i

Sub-Objective

Indicators

Prevent
deterioration in
status, and if
possible contribute
to, the achievement
of good ecological
status / potential of
water-bodies,
including reduction
of risk of pollution

Assessment of flood risk
management options and
their impact (e.g.
disconnection/reconnection with
floodplain, in-channel
works, barriers,
reinstatement of more
natural morphology).
Number of potential
contamination/ pollution
sources (e.g. wastewater
treatment plants, IPPC
licensed sites, landfill
sites) at flood risk (to
assess impact on water
quality).

Avoid detrimental
effects to, and
where possible
enhance, Natura
2000 sites
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Area of internationally
designated sites at risk
from flooding and
assessment of likely
impact.
Report conservation
status of internationally
designated sites relating
to flood risk management.

Impacts during
Construction
Short term temporary
localised impact from
flood defence
embankment works.
Water quality
monitoring shows that
the nearby watercourse
status has good status.
No in-channel works
proposed or access
required.
Risk to water quality
during the construction
of the scheme is will be
minimised by a
Construction
Environment
Management Plan
(CEMP).
Short term temporary
localised potential
impact from flood
defence embankment
works.

Impacts during
Operation
Embankments will protect
Water Treatment Works
from flooding, reducing
the risk of flooding to
potential pollution
sources.
Maintenance of
embankment will need to
consider potential
impacts of maintenance
activity, including the
timing of works.

Embankments will protect
Water Treatment Works
from flooding, reducing
the risk of flooding to
potential pollution
sources.

No in-channel works.
Risk to Natura 2000
sites, habitats and
species during the
construction of the
scheme is will be
minimised by a
Construction
Environment
Management Plan
(CEMP) and following
IFI guidelines for works

Spread of Invasive
Species during
maintenance work.
Maintenance of
embankment will need to
consider potential
impacts of maintenance
activity, including the
timing of works.

Receptor
Owenbeg (Coolaney)
river waterbody.
Coolaney
groundwaterbody.
Users of the river
including the public
and freshwater flora
and fauna that is
supported by the river.

Natura 2000 sites (*
denotes a priority
habitat):
Unshin River SAC
(001898), designated
features:
Water courses of plain
to montane levels with
the Ranunculion
fluitantis and
Callitricho-Batrachion
vegetation [3260]
Alluvial forests with
Alnus glutinosa and
Fraxinus excelsior
(Alno-Padion, Alnion
incanae, Salicion
albae) [91E0]
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Criteria

Objective

c

d

e

Avoid
damage to,
and where
possible
enhance,
the flora
and fauna
of the
catchment

Sub-Objective

i

Protect,
and where
possible
enhance,
fisheries
resource
within the
catchment

i

Protect,
and where

i

Avoid damage to or
loss of, and where
possible enhance,
nature conservation
sites and protected
species or other
known species of
conservation
concern

Maintain existing,
and where possible
create new,
fisheries habitat
including the
maintenance or
improvement of
conditions that
allow upstream
migration for fish
species

Protect, and where
possible enhance,
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Indicators

Area of nationally
designated sites at risk
from flooding and
assessment of likely
impact, particularly where
designated for Otter,
White-clawed Crayfish or
Freshwater Pearl Mussel
Reported conservation
status of nationally
designated sites relating
to flood risk management.
Area/length of river within
Freshwater Pearl Mussel
sensitive areas where
flood risk management
actions are proposed,
and assessment of likely
impact.
Number of barriers to fish
and Eel movements
removed / modified /
constructed as a result of
flood risk management
option.

Compliance with
landscape character

Impacts during
Construction
in river channels.

Impacts during
Operation

Same as objective b.

Same as objective b.

Receptor
Salmo salar (Salmon)
[1106]
Lutra lutra (Otter)
[1355]

Vegetation on river
bank to be removed is
non-native conifer trees.

Likely protected
species e.g. bats,
kingfisher and riparian
species.
Vegetation on river
bank to be removed is
non-native conifer
trees. Of little
ecological value,
however may provide
bird nesting or shelter
for other species.

Spread of Invasive
Species during
construction work.
Pollution (from bank
works).

Embankments will protect
Water Treatment Works
from flooding, reducing
the risk of flooding to
potential pollution
sources.

CEMP will be required
at design stage and
should follow IFI
guidelines for works in
river channels.

Spread of Invasive
Species during
maintenance work.

Clearance of conifer
trees on river bank may

None.
Potential improvement to

Regionally important
salmon fisheries.
Invasive species
could be introduced
without sufficient
mitigation.

Public – main impact
will be the removal of
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Criteria

f

Objective

Sub-Objective

Indicators

possible
enhance,
landscape
character
and visual
amenity
within the
zone of
influence

visual amenity,
landscape
protection zones
and views into /
from designated
scenic areas within
the zone of
influence

objectives relevant to
flood risk management
measures.

Avoid damage and
reduce risk of
flooding to, or loss
of, features of
architectural value
and their setting
Avoid damage and
reduce risk of
flooding to, or loss
of, features of
archaeological
value and their
setting

Number of architectural
assets at flood risk and
assessment of impact on
their setting.

None.

Impacts during
Operation
local aesthetics as
existing tree line to be
removed could be
replaced with new
vegetation on top of
embankment which will
form entrance to village
(subject to landowner
agreement and impact
upon structural integrity of
embankment).
None.

Number of cultural
heritage and
archaeological assets at
flood risk and
assessment of impact on
their setting.

None.

None.

Avoid
damage
and reduce
risk of
flooding to,
or loss of,
features of
cultural
heritage
importance
and their
setting

i

ii
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Impacts during
Construction
have short term,
temporary impact on
low value landscape
with no amenity value.

Receptor
screening of private
house which will be
visible from road.

None.

None.
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F

Design risk health and safety assessment
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L=Likelihood 1=Almost impossible 2=Very unlikely
3=Unlikely 4=Likely 5=Almost certain
S = Severity 1=Minor injury 2=Lost time injury 3=Long
term absence 4=Major permanent incapacity 5=Fatality

Prepared by

Joanne Culllinane

Prepared Date

18/05/2016

Verified by

Declan White

Verified Date

19/05/2016

Project Title

Coolaney POR

Discipline

Flood Relief Scheme

Approved by

Declan White

Approved Date

19/05/2016

Doc number

2015s2300

Design Stage/DRA

Preliminary Design Stage

Risk Before Controls
Ref

Activity/Process

1

Site Investigation

Hazard
Construction Plant
Machinery

Risks
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1

Introduction

1.1

Scope of report
This report details the preliminary options investigation for addressing flood risk in Rathbraghan.
The report should be read in conjunction with the Preliminary Options Overarching Report for UoM
35 for a full understanding of the flood risk management recommendations for Rathbraghan.
The Preliminary Options Investigations represent the next phase of the Western CFRAM study.
The work already completed has identified the scale and extent of flood risk within Rathbraghan.
Reports which are relevant to this AFA are:


Western CFRAM Flood Risk Review Report



Western CFRAM UoM 35 Inception Report



Western CFRAM UoM 35 Hydrology Report



Western CFRAM UoM 35 Hydraulic Modelling Report



Western CFRAM UoM 35 - Sligo Bay / Drowes Hydraulic Modelling Report: Volume 2g Rathbraghan



Western CFRAM UoM 35 Hydraulic Modelling Report: Volume 3 - Flood Risk maps

Using the work already completed the OPW have identified a requirement to develop methods to
manage flood risk, both now and into the future, within Rathbraghan The scope of this study is to
identify a preferred flood risk management option for Rathbraghan.
The work completed includes the screening of possible methods to identify technically feasible
and economically viable structural and non-structural methods to manage flood risk sustainably.
From these methods, preferred options have been identified, consulted on, and appraised against
societal, environmental and cost criteria to identify a single recommended option. The final
recommendations from this study will feed into the overarching Flood Risk Management Plan for
Rathbraghan.

1.2

Flood Risk Overview
There are three watercourses in the Rathbraghan AFA; the main watercourse, Willsborough
Stream, and two tributaries, the Lisnalurg and the Shannon Eighter watercourses. The AFA covers
the area immediately to the north of Sligo town, with the Willsborough discharging into Sligo
Harbour.
The main source of flood risk in Rathbraghan is from the Shannon Eighter. The Shannon Eighter
is a short, largely culverted watercourse that runs to the south of Willsborough Stream. It drains in
a westerly direction passing through the urbanised area of Rathbraghan and joins Willsborough
Stream immediately upstream of the outfall into the harbour.

1.2.1

Current flood risk
Much of the length of the Shannon Eighter within the boundary of the AFA has been culverted. In
particular, one culvert in the fields to the east of Rathbraghan is estimated to be between 900 to
1200m in length, although the exact route of the culvert is not known. The culvert has been
surveyed as a 600mm diameter pipe at its upstream end.
Flood risk in Rathbraghan is a result of flood flows in the Shannon Eighter exceeding the capacity
of this culvert and flowing south-easterly towards the Woodlands Housing Estate. The current flood
risk extent in the 1% AEP event is presented in Figure 1-3 and a brief description of the key flood
risk sites and flooding mechanisms is provided below.
Figure 1-1 and Figure 1-2 give a good illustration of the changes to the Shannon Eighter
historically, using information from the old 25" OSi Maps and recent aerial photography.
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Figure 1-1: Historic open channel course of Shannon Eighter

Figure 1-2: Culverted watercourse (possible route of culvert)
Abbvie factories

Woodlands
Housing Estate
Culvert inlet

Nursing Home

(Source: OSi Public Map Viewer)

It is evident that this long culvert is undersized and when flood waters exceed the culvert capacity
they flow overland following the natural topography, in a similar route to its historic open channel.
Due to the size of the culvert, the potential for blockage here is also high.
This overland flow results in predicted flooding at the Woodlands Estate in events as low as the
50% AEP, with flood depths up to but less than 150mm. In reality there exists a number of single
skin breeze block walls that surround this area of the Woodlands Housing Estate and the nursing
home. These breeze block walls are not defences and so have not been included in the model
however, they will divert flows or retain flood waters to shallow depths. The presence of these
walls explains why the frequency of flooding shown in the model has not historically been observed
WCFRAM UoM35 -Rathbraghan Preliminary Options Report Volume 2g v3.0.docx
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on site. The importance of these walls in terms of flood risk was demonstrated in the December
2015 flood event, details of which are provided in Appendix G.
Without the walls in place the topography continues to drain to the sea, as such despite a relatively
low AEP for the onset of flooding, the increase in flood level for larger events is low, with maximum
flood depths of 170mm predicted in the 1% AEP event. Flood depths in the 1% AEP event are
shown in Figure 1-3 below. Assuming a property threshold of 150mm, the onset of internal
property flooding would occur in a 2% AEP event. Figure 1-4 shows a row of the properties at
risk.
Figure 1-3: Overview of Flood Risk

Figure 1-4: Properties at risk in The Woodlands, Rathbraghan
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1.2.2

Future Flood Risk
The future scenarios, based upon the CFRAM specification climate change projections, do not
have a significant impact on the the profile of flood risk in Rathbraghan. Figure 1-5 below shows
the current and medium range future extents for the 1% AEP fluvial design events. The increase
in fluvial flow by 20% over the course of the next 100 years under the medium range forecast is
the driver of change in fluvial flood risk.
The flood extent in Rathbraghan is a topographically driven overland flow route towards the sea.
As such increased flows follow the same route and there are no new areas shown to be at risk of
flooding. No additional properties are predicted to flood under the medium range future scenario.
Despite the similarity in flood extents there is an increase in flood volume associated with these
climate change events and this volume increase needs to be considered as part of the
development of any management methods.
Figure 1-5: Current and future (MRFS) 1% AEP fluvial flood extent

1.2.3

Pluvial, groundwater and sewer flood risk
Figure 1-6 shows that is no significant pluvial flood risk is found in Rathbraghan. The map shows
that any areas at flood risk lie outside the study area and will not impact on any flood management
methods considered.
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Figure 1-6: Pluvial flood risk maps

1.3

Economic Benefit
To provide an understanding of the likely scale of a cost beneficial scheme within Rathbraghan a
preliminary assessment of the benefits associated with the protection of properties to the 1% AEP
event has been completed. This assumes any scheme will remove all properties from the 1% AEP
flood extent. Full details of the methodology used to determine these benefits is set out in
AppendixA.
Uncapped benefits are €743,867 and €858,520 in the current and MRFS respectively. Capping
has no reduction on these benefits.
Figure 1-7 and Table 1-1 show the number of properties flooding during the different design events
for the current and MRFS respectively. They also shows the cumulative damages for each of the
return periods which can be presumed to give a rough indication of likely scheme benefits
associated with a given standard of protection.
It should be noted that damages are applied even when flood depths are below threshold level,
this is to account for foundation damages etc. As discussed in Section 1.2, shallow flooding (less
than 150mm) occurs in the 50% AEP event at the Woodlands Estate. For the purposes of the
damages calculation the threshold level for properties at Rathbraghan has been set at 150mm.
Figure 1-8 shows the distribution of damages across the AFA.
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Damages (€k)

Number of properties

Thousands

Figure 1-7: Property Damages (Current and MRFS, Uncapped and Capped)

50% AEP

20% AEP

10% AEP

5% AEP

2% AEP

1% AEP

0.5% AEP

0.1% AEP

Number of Properties MRFS

15

15

15

15

16

16

16

39

Number of Properties Current

12

15

15

15

15

15

16

31

Cumulative PVb Current Uncapped € 223,292

€ 525,456

€ 637,583

€ 693,690

€ 729,955

€ 743,867

€ 751,973

€ 773,785

Cumulative PVb Current Capped

€ 223,292

€ 525,456

€ 637,583

€ 693,690

€ 729,955

€ 743,867

€ 751,973

€ 773,785

Cumulative PVb MRFS Uncapped

€ 280,316

€ 616,696

€ 730,841

€ 793,938

€ 839,742

€ 858,520

€ 870,175

€ 920,221

Cumulative PVb MRFS Capped

€ 280,316

€ 616,696

€ 730,841

€ 793,938

€ 839,742

€ 858,520

€ 870,175

€ 920,221

Table 1-1: Flood cell property damages (current and MRFS)

Current
No. of properties
PV Damages (€)
MRFS
No. of properties
PV Damages (€)

Return Period (% AEP)
50%
20%
10%

5%

2%

1%

0.5%

0.1%

12
223,292

15
525,456

15
637,583

15
693,690

15
729,955

15
743,867

16
751,973

31
773,785

15
280,316

15
616,696

15
730,841

15
793,938

16
839,742

16
858,520

16
870,175

39
950,211
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Figure 1-8: Distribution of property damages
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2

Scheme Spatial Scales of Assessment

2.1

Overview
This section documents the analysis of spatial scales of assessment and the identification of flood
cells for the Rathbraghan options appraisal. The interactions between flood risk, hydrology,
hydraulic, economic, social, cultural and environmental aspects of Rathbraghan have been
considered. Figure 2-1 shows the location of Rathbraghan (northern part of Sligo town) in relation
to other AFAs within the Sligo Bay / Drowes UoM. This section will discuss the hydraulic
connectivity of the site with other AFAs and in particular justify where there is no such
interconnectivity.
Figure 2-1: Sligo Bay / Drowes UoM Overview

2.2

Spatial Scales of Assessment

2.2.1

Unit of Management Spatial Scale
There are multiple AFAs within the Sligo Bay / Drowes Unit of Management. Non-structural
methods such as planning and development control, SuDs, targeted public awareness campaigns
and development of emergency plans will be assessed at the UoM scale in cooperation with the
relevant authorities, a summary of these is provided in Section 5.

2.2.2

Sub-Catchment Spatial Scale – Sligo Bay
Rathbraghan is located in the northern Sligo environs. While Rathbraghan is located beside Sligo
Bay like both the Sligo Town and the Ballysdare AFA, it is not effected by coastal flooding.
Any methods for Rathbraghan would benefit Rathbraghan only.

2.2.3

AFA Spatial Scale - Rathbraghan
In Rathbraghan flood risk is from the Shannon Eighter only along the overland flow route to the
sea. All properties along this flow route are therefore hydraulically connected and should be
treated as a single flood cell.
WCFRAM UoM35 -Rathbraghan Preliminary Options Report Volume 2g v3.0.docx
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2.3

Key environmental, social and cultural constraints
This section summarises the social, cultural and environmental issues relating to flood risk in
Rathbraghan and the spatial scales they relate to.

2.3.1

West of Ireland (Mayo, Galway, Sligo)
Flooding in Rathbraghan is unlikely to have a notable economic or social impact. The watercourse
in Rathbraghan discharges to Sligo bay which is a designated SAC and the Natura 2000
designated sites are important internationally and so any detriment to the habitats or species could
potentially have an impact on a European scale.

2.3.2

Sligo County
Rathbraghan is a townland to the north of Sligo Town. The townland is inside the Sligo Town
environs and is host to a number of housing estates and an industrial park.
The future vision and zoning for Rathbraghan as set out in development plan and policy documents
needs to be reflected in, or revised in response to, the flood management plan. The uncertainty
in future flood risk needs to be considered in these plans.
Flooding of roads in the climate change scenarios could cause disruption to national roads.

2.3.3

Rathbraghan
On a local scale Rathbraghan has a number of commercial properties affected during flood events.
Flooding is likely to affect their trade as will disruption during construction of any structural
methods.
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3

Screening of Possible Methods and Options

3.1

Introduction
A flood risk management option consists of one or more combinations of flood risk management
methods; a method being one distinct approach to flood risk management in a specific location
such as a flood wall or flood warning system. Flood risk management options consist of all
methods required to deliver mitigation at the relevant spatial scale.
This section provides an overview of the screening of all possible flood methods to arrive at a suite
of viable methods that have then been carried forward to detailed modelling and the identification
of feasible options in Section 4. The purpose of the screening process is to filter out methods that
are not acceptable or viable either alone or in combination with other methods, for the SSA under
consideration.

3.2

Existing Scenario
To analyse the impact of flood management methods it is first necessary to assess the existing
scenario. Currently there is no flood forecasting or warning system in Rathbraghan.
Flood hazard maps have been produced that show the 'Risk to Life'. These indicate the level of
risk to human live based on depth and velocity. Figure 3-1 and Figure 3-2 indicates the risk levels
in Rathbraghan in the current and the future scenario. In general the plots show the risk level is
low due to the shallow depth of flooding that occurs in Rathbraghan. Of note however is the area
surrounding the nursing home is classified as significant danger for most in both scenarios.
Figure 3-1: Risk to Life (Current)
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Figure 3-2: Risk to Life (MRFS)

3.3

Screening of Possible Flood Risk Management Methods
The objective of the screening process is to develop a long list of technically feasible and
economically viable methods to feed into the option identification stage. Options have only been
discounted at this stage on technical or economic grounds, however the process has also required
social and environmental constraints identified as part of the work to be recorded to support the
further development of options and where options have been proposed the SEA process.
Information was recorded under the following criteria as follows:


Technical - Methods were screened on feasibility only, requiring a high level description
of what the likely method would entail. Where methods were not considered to be
technically feasible or not relevant to the site no further consideration has been given.



Economic - Technically feasible methods have been reviewed for economic viability. As
noted previously, approximate benefits associated with the 1% AEP event are €743,867
so any standalone methods or combination of methods will be required to cost less than
this, assuming a benefit cost ratio of 1:1.



Health and Safety - The degree of health and safety risk during construction and
operation was assessed at a level appropriate to the screening stage. Risks have been
recorded for future reference, however if the risk could not be managed or mitigated then
the method was screened out.



Environmental - The environmental screening has made use of the SEA scoping report
and has taken into account the key environmental constraints noted in Section 2.2.
Methods were not rejected on the basis that a method may have a detrimental impact on
an environmentally or culturally valuable or protected site, but the reporting of this
information highlights where mitigation methods may need to be considered. However
methods may be rejected on the basis that a method may have a detrimental impact on
an environmentally or culturally valuable or protected site which would result in the need
an Imperative Reasons of Overriding Public Interest (IROPI) to proceed. An overview of
the environmental assessment process is provided in Appendix C.
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Table 3-1 shows the results of the screening process for each method considered. A method
can Pass (P) or Fail (F) the above criteria. A method must pass all four criteria to be considered
viable. The below criteria were also considered at the screening stage however methods were
not rejected based on these criteria but the key constraints were noted.


Social and Cultural - Methods were not rejected based on social and cultural constraints
at the screening stage however the constraints were noted.



Adaptability to Climate Change - The likely impacts of climate change have been
assessed at an early stage to determine the suitability of identifying methods based on
current flood risk, Where there is a significant increase in flood risk in the future, methods
will need to be reviewed in light of this risk.
Rathbraghan is not significantly affected by the effects of climate change with estimated
benefits increasing from €743,867 in the current scenario to €858,520 in the MRFS
Scenario. This consistency reflects the fact that flood events follow the same overland
flow route. It does not fully reflect the increase in flood volume associated with these
events and methods have been reviewed against this criteria to confirm they are
adaptable to the potential impacts of climate change.

Only structural methods have been screened. Non-structural methods such as planning and
development control, SUDs, targeted public awareness campaigns and development of
emergency plans will be assessed at the UoM scale and are detailed in the overarching UoM
Report with issues relevant to this AFA discussed in Section 5.
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Table 3-1: FRM methods screening
Possible flood risk
Technical
Economic
management
method
Individual property protection methods
Relocation of
properties
Natural floodplain management
Natural floodplain
Pass
management

Pass

Fluvial methods of storage and conveyance
Storage options
Pass
Pass

Health
and
safety

Initial
screening
result

Comment

-

Not
Applicable

The relocation of properties is highly stressful for property owners and should be considered
where there are no clear viable alternatives. This is not the case in Rathbraghan and as such
this method has not been considered.

Pass

Viable

Whilst it will not be possible to open up the culvert for its full length, there is a significant length
of culvert that appears to be passing through fields only. Returning this channel to its natural
state could reduce velocities, increase attenuation and flood storage volumes and allow open
areas to flood. There is potential for environmental benefits associated with this. Culverted
sections downstream are likely to restrict the scope of this method as further work will be
required in any low capacity culverts and therefore this method on its own would not be
economically viable and would need to be combined with flood storage methods or the upgrade
of existing culverts downstream. The latter will increase the cost significantly, see discussions
below.
The estimated capital cost of reinstating the open channel this would be €25,200.
It would be necessary to discuss with the landowner why the watercourse was culverted in the
first place. A fuller structural option is discussed below.

Pass

Viable

There is a possible storage location on the Shannon Eighter to mitigate flooding. The storage
area can contain the out of bank flow that exceeds the culvert capacity in extreme events.
An embankment measuring 415m in length and average 1.2m in height would be required, to
hold back the overland flow (estimated capital cost €63,668)
A control structure, such as an orifice, would be required to drain the storage area back into the
receiving watercourse / culvert, once the peak of the event has receded (estimated capital cost
for headwall / inlet arrangement to connect into existing culvert €10,800).
The storage area proposed encompasses the existing floodplain (40,000m2 in area), with
natural drainage to the downstream end therefore minimal re-grading works in the storage area
would be required.
The location of the proposal is zoned for Business, Industry and Technology Park and is owned
by Abbvie, whose factories are located to the east and west of the site, see Section 5 in the
overarching report. It is recognised that such a solution would have a negative impact on the to
ability develop this land and extend the Abbvie plant. It is critical that the progression of a flood
risk management scheme in Rathbraghan have an open discussion with Abbvie so that a more
appropriate scheme can be developed in partnership with Abbvie that meets the requirements
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Possible flood risk
management
method

Technical

Economic

Health
and
safety

Initial
screening
result

of the FRMP and Development Management Justification Test.
There is the potential for this method to provide an additional environmental benefit for example
with the creation of a managed wetland habitat. The estimated capital cost for this method is
in the region of €75,000 and as such would be viable economically.
There is no suitable route to divert overland flow from the Shannon Eighter due the built up
nature of the surrounding lands
This is not a technically viable options due the culverts which would still control the
conveyance, therefore increasing conveyance of the channel will not alter the risk as it the lack
of culvert capacity that is generating the flood risk. Increasing conveyance by increasing
culvert capacity is discussed below.
There are no local obstructions with the exception of the long culvert, which is discussed below.

Flow diversion

-

-

-

Increased
conveyance dredging/widening
and straightening
Increased
conveyance removal of local
obstructions
Upgrade culvert
capacity

Fail

-

-

-

-

-

Not
Applicable

Pass

Fail

-

Not Viable

Increasing the capacity of the culvert system on the Shannon Eighter would reduce flooding.
The cost of replacing the entire length of culvert with a 1.5m diameter pipe is estimated to be
€1.35m and as such would not be economically viable. Note for this this method to be
technically viable it includes the upgrade of existing culverts downstream of The Woodlands
estate, the main flood risk area.
An upgrade of the culvert capacity could be combined with a method to reinstate the open
channel upstream. The estimate cost to replace the culverted section through the existing
developed areas alone is in the region of €960,000, and as such this is not economically viable.

-

-

Not applicable there is currently no walls in the areas to be rehabilitated.

Fail

-

Not
Applicable
Not Viable

Flood Containment Methods
Rehabilitation of
existing walls
Walls
Pass

Not
Applicable
Not Viable

Comment

Embankments

Pass

Pass

Pass

Viable

Demountable walls

Fail

-

-

Not Viable

Road raising

-

-

-

Not
Applicable
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Walls could be considered in place of an embankment solution however this will result in a
much higher capital cost. Space is not a constraint in the upper reaches and as such is not a
sensible alternative.
An embankment solution to create a flood storage area is discussed above.
Demountable walls can only be provided in conjunction with a flood forecasting systems which
is not viable.
Not applicable there is currently no roads in the areas to be raised.
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Figure 3-3: Location of flood management methods

3.4

Findings of screening assessment
The screening assessment has identified a single viable method to address flood risk in
Rathbraghan. This method includes the construction of an embankment to store / attenuate flood
water in larger events and prevent overland flooding of properties downstream (including The
Woodlands estate and the grounds of the Mowlan Nursing Home) when flow exceeds the existing
culvert capacity.
Other methods that are technically viable, but are not economically viable, have also been
identified. This includes the re-instatement of the open channel, through undeveloped lands
(upstream of the Woodlands Estate) and / or the upgrading of the existing culverts downstream.
Another technically viable option would be the upgrade of the full length of culverted watercourse
to increase conveyance capacity to the downstream extent.
For information and comparison purposes a general summary of the options, what they consist of
is given in Table 3-2 below. The table also gives an indication of the cost benefit ratio, which
determines whether the scheme goes forward to full option appraisal.
A breakdown of the estimated costs for the options for Rathbraghan is presented in Table 3-3. It
is noted that for the screening stage the additional cost allowances only included optimism bias,
maintenance and preliminaries to reduce the risk of omitting potentially cost beneficial options at
this stage. Full details of the assumptions made in the cost estimates are provided in Appendix A.
Individual measure costs are detailed in Appendix B.
More detailed information on the development of the viable option, including a refined detailed cost
breakdown is discussed in the following sections of this report. (For POR stage detailed costs
refer to Section 4.3).
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Table 3-2: Summary of options

Option

Summary

Screening
Cost

BCR

Option 1

Storage embankment
This involves the construction of an embankment
measuring 415m long and 1.2m average height to store /
attenuate flood water in larger events and associated
controlled outfall to prevent overland flooding of properties
downstream (including the Woodlands Estate and the
Nursing Home) when flow exceeds the existing culvert
capacity.

€200,776

3.70

Option 2

Re-instate open channel and culvert upgrade
This option involves the excavation of a channel to convey
flows, with an upgrade to the remaining culverts
downstream through developed areas.

€1.91 M

0.38

Option 3

Culvert replacement
This option would involve the replacement of existing
culvert to increase the capacity to convey flood flows to its
outfall downstream of Rathbraghan.

€2.55 M

0.29
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Table 3-3: Indicative Screening Costs

Option 1- Storage Embankment

€

Construction costs
Rural clay embankment; imported material; 415m long; avg 1.2m high
Controlled outfall - Orifice and headwall arrangment

63,668
10,800

Construction costs - Subtotal
Preliminaries

74,468
32%

Capital costs - Subtotal
Optimism Bias

50%

Capital costs - Total
Operation and maintenance net present value

49,149

147,447

Embankment O&M Cost; average estimates
Outfall O&M Cost; higher estimates

24,135
11,418

Operation and maintenance - Subtotal
Optimism Bias

23,830

98,298

35,553
50%

Operation and maintenance costs - Total

17,777

53,330

Option cost for cost benefit analysis

200,776

Option 2 - Re-instate open channel and culvert upgrade

€

Construction costs
Excavate channel; 5000m3 in soft soil, used on site
Culvert upgrade; 525m long 1.5m dia in urban setting plus headwall

25,200
957,504

Construction costs - Subtotal
Preliminaries

982,704
20%

Capital costs - Subtotal
Optimism Bias

50%

Capital costs - Total
Operation and maintenance net present value

589,622

1,768,867

Channel maintenance; average estimates
Culvert maintenance; average estimates

53,354
41,509

Operation and maintenance - Subtotal
Optimism Bias

196,541

1,179,245

94,863
50%

Operation and maintenance costs - Total

47,432

142,295

Option cost for cost benefit analysis

1,911,162

Option 3 - Culvert replacement

€

Construction costs
Culvert replacement; entire length 1125m to 1.5m dia in mixed urban and rural setting

1,346,518

Construction costs - Subtotal
Preliminaries

1,346,518
20%

Capital costs - Subtotal
Optimism Bias

269,304

1,615,822
50%

Capital costs - Total
Operation and maintenance net present value

807,911

2,423,732

Culvert maintenance; average estiamtes

83,018

Operation and maintenance - Subtotal

83,018

Optimism Bias

Operation and maintenance costs - Total

Option cost for cost benefit analysis
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41,509

124,527

2,548,259
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4

Development of viable options

4.1

Overview
The results of the screening process highlights a preferred option in terms of economic viability.
This is the construction of an embankment on undeveloped lands upstream of the main flood risk
area, to store floodwater that exceed the existing culvert capacity.
This section develops the proposed option and assesses its viability further. Additional allowances
are included in the cost estimates appropriate to an outline design stage. A Multi Criteria
Assessment (MCA) has been carried out to qualitatively assess the option against a range of
objectives and to inform the prioritisation of funding on a national scale.
As set out in Section 3, an upstream storage solution is the only economically viable option. This
option and its location is outlined in Figure 4 1.
The current solution would have a negative impact on the desirability of developing this land and
so on the local economy. The CFRAM study will inform a catchment based Flood Risk
Management Plan and at this level it has not been possible to discuss proposals with all land
owners. The progression of a flood risk management scheme in Rathbraghan will need to open
discussion with Abbvie, the land owner, so that a more appropriate scheme can be developed in
partnership with Abbvie that meets the requirements of the FRMP and the Development
Management Justification Test.
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Figure 4-1: Upstream storage option

WCFRAM UoM35 -Rathbraghan Preliminary Options Report Volume 2g v3.0.docx

19

4.2

Technical Viability
The proposed embankment measures approximately 415m in length with a maximum height of
1.7m at the lowest point in the floodplain. The design crest level is 9.77mOD, which includes a
0.5m freeboard allowance.
It is noted that this design level provides protection in the MRFS 1% AEP event, although with a
reduced freeboard of 0.34m. The embankment design longitudinal profile is presented in Figure
4-2 below.
The volume of fill required for this embankment is 2,500m3 based on a typical cross section of 2m
top width and 1 in 3 side slopes. As space is not a constraint here, a shallower side slope can be
accommodated and it is possible, depending on site investigation and soil type, that fill material
can be sourced locally by re-grading the proposed storage area. This would improve the economic
viability of the option. Re-grading the storage area, will also allow a refinement of the flood storage
area and could incorporate the reinstatement of the former open channel upstream of the
embankment. Such development of this option could introduce additional environmental benefits
to enhance the existing environment, and introduce for example a wetland habitat. It is noted
however that the long culvert remaining downstream will limit the environmental benefits of
reinstating the channel and an operating storage capacity will need to be maintained above any
natural wetland.
Figure 4-2: Embankment design longitudinal profile
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4.3

Cost Estimate
A final cost estimate for the method has been prepared by including additional allowances for
design, archaeology, site investigation and art; full details of the approach are provided in Appendix
A. These additional allowances allow for environmental enhancements such as the channel reinstatement or wetland options discussed above. Land purchase costs have not been included at
this stage but discussions will need to be opened up with Abbvie, the assumed land owner, to
determine the implications of these proposals if this is taken forward.
A breakdown of the total scheme cost is presented below in Table 4-1. Based on the more detailed
POR cost (€249,689) the cost benefit ratio is refined to be 2.98 (based on damages of €743,867).
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Table 4-1: Preliminary Option Cost Estimate

Option 1- Storage Embankment

€

Construction costs
Rural clay embankment; imported material; 415m long; avg 1.2m high
Controlled outfall - Orifice and headwall arrangment

63,668
10,800

Construction costs - Subtotal
Preliminaries

74,468
32%

Capital costs - Subtotal
Optimism Bias

50%

Capital costs - Total
Other items (% of construction costs where stated)
Design team fees and expenses (inc site supervision, and environmental fees)
Allowance for Archeaology & Environmental Mitigation Measures
Site investigation
Art allowance

49,149

147,447
13%
10%

19,168
14,745
10,000
5,000

Other items - Total
Operation and maintenance net present value

48,913

Embankment O&M Cost; average estimates
Outfall O&M Cost; higher estimates

24,135
11,418

Operation and maintenance - Subtotal
Optimism Bias

Operation and maintenance costs - Total

Option cost for cost benefit analysis

4.4

23,830

98,298

35,553
50%

17,777

53,330

249,689

Environmental Assessment
An assessment is included in the environmental appraisal of the option which can be found in
Appendix E. It discusses the potential impacts and benefits of the option as well as mitigation
methods to be implemented. The mitigation methods and best practice available is considered
likely to succeed in preventing significant impacts on the habitats and species in the area, given
the location, nature and scale of the works and the option is deemed environmentally viable.

4.5

Future Adaptability
Current predictions estimate a 20% increase in design flows in a MRFS. This increase in flow has
been tested and would require an additional 160mm on the embankment crest level to ensure
adequate freeboard. In terms of incorporating the effects of climate change into the design, there
are two approaches that can be taken:
(a) The adaptive - Methods to be designed to the existing risk with the potential to be adaptive in
the future. The foundations can be appropriately sized to allow for topping up of the embankment
in the future.
(b) The assumptive - This assumes that the predicted increase in level due to climate change will
occur and to build the embankment to MRFS height now. Due to the relatively low increase in
height required, this will not lead to a sufficient increase in cost and the scheme would remain
economically viable.
A final decision on the design height of the defences when considered against all other objectives
will need to be undertaken at design stage.

4.6

Operational Requirements
Operational requirements of the proposed option include an inspection regime to ensure that there
is no deterioration in the structural integrity of the embankment. Regular inspection of the outfall
structure to ensure there is no build-up of debris or siltation would also be required. A maintenance
plan that considers the management of potential blockage and siltation should form part of the
detailed design.
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4.7

Health and Safety
A design risk health and safety assessment has been completed and is included in Appendix F.
Construction Stage
It is imperative that robust site investigations are carried out in advance to mitigate risks associated
with the works and risk levels can be kept to a manageable level through the completion of a risk
assessment and implementation of mitigation methods.
Construction works for the proposed option would be on undeveloped private land and will largely
consist of ground and earthworks to construct a flood embankment. The works may also include
some re-grading of the ground adjacent to the embankment. The watercourse is culverted through
the site; works will require a new connection to the existing culvert.
Health and Safety risks can be kept at a manageable level provided standard mitigation methods
are put in place.
Operation Stage
The proposed option will reduce risk to properties by storing floodwater upstream and controlling
its discharge into an existing culvert that conveys water downstream. The scheme will require
regular inspection and maintenance to ensure that the embankment remain in good condition and
fit for purpose and there is no build-up of debris or siltation, in particular at the outfall structure.
The storage area itself will also need to be maintained and free of significant vegetation and debris
to ensure the capacity is maintained.
A design health and safety risk assessment has been completed for the project which has been
included in the project safety file.

4.8

Stakeholder Engagement
Throughout this process OPW regional engineers and local authority engineers have been
consulted in the form of steering group, progress group and engineer meetings and their input has
fed into the preliminary option stage.
In addition a public consultation day was organised in conjunction with Sligo AFA and took place
on June 23rd 2015. Although well publicised no-one attended the event and therefore no feedback
was received from the public on the methods presented for Rathbraghan.
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4.9

Multi Criteria Analysis
The effectiveness of this option was method against the flood risk management objectives and the
results are shown in Table 4 4. Further details are provided in Appendix E.
Table 4 4: Multi Criteria Analysis
Number

Criteria

Sub- objective

1a

Technical

Ensure flood risk management
options are operationally robust
Minimise health and safety risks
associated with the construction
and operation of flood risk
management options
Ensure flood risk management
options are adaptable to future
flood risk
TECHNICAL SCORE
Minimise economic risk
Minimise risk to transport
infrastructure
Minimise risk to utility
infrastructure
Minimise risk to agriculture
ECONOMIC SCORE
Minimise risk to human health
and life of residents
Minimise risk to high
vulnerability properties
Minimise risk to social
infrastructure and amenity
Minimise risk to local
employment
SOCIAL SCORE
Provide no impediment to the
achievement of water body
objectives and, if possible,
contribute to the achievement of
water body objectives.
Avoid detrimental effects to, and
where possible enhance, Natura
2000 network, protected species
and their key habitats,
recognising relevant landscape
features and stepping stones.
Avoid damage to or loss of, and
where possible enhance, nature
conservation sites and protected
species or other know species of
conservation concern.
Maintain existing, and where
possible create new, fisheries
habitat including the
maintenance or improvement of
conditions that allow upstream
migration for fish species.
Protect, and where possible
enhance, visual amenity,
landscape protection zones and
views into / from designated
scenic areas within the river
corridor.
Avoid damage to or loss of
features of architectural value
and their setting.
Avoid damage to or loss of
features of archaeological value
and their setting.
ENVIRONMENTAL SCORE
MCA OPTION SCORE
MCA BENEFIT SCORE

1b

1c

2a
2b

Economic

2c
2d
3a (i)

Social

3a (ii)
3b (i)
3b (ii)

4a

4b

4c

4d

4e

4f (i)

4f (ii)

Environmental

Global
Weighting
20

Local
Weighting
5

Option
Score
3

MCA Score

20

5

4

400

20

5

4

400

24
10

0.461
2.5

0.5
4.8

1100
5.54
120

14

0

0

0

12

0

0

27

1.32

4.88

0
125.54
174.15

17

2.75

4.54

212.5

9

0

0

0

7

0.02

4.95

0.693

300

387.34

16

5

-1

-80

10

5

-1

-50

5

2

-2

-20

13

2

-1

-26

8

1

-1

-8

4

0

0

0

4

0

0

0

WCFRAM UoM35 -Rathbraghan Preliminary Options Report Volume 2g v3.0.docx

-184
1429
387.34

23

4.9.1

MCA Outcomes
Following the completion of the multi criteria analysis the following outcomes are available:
Criteria Scores: The MCA produces a weighted score for each objective and the sum of these
within each of the criteria classifications is the Criteria Score, Table 4 5.
Table 4 5: Criteria Scores
Criteria

Score

Technical

1100

Economic

125.54

Social

387.34

Environmental

-184

MCA Benefit Score: The sum of the scores for the economic, social and environmental criteria.
It excludes the technical criteria score. This score represents the net benefits of the option. It was
found to be 387 for this option.
Option Selection MCA Score: The sum of the scores for all four of the criteria. This score
compliments the MCA Benefit Score with the Technical Criteria Score, and hence includes all of
the aspects that should be taken into account in considering the preferred option for a given
location. The option selection score was found to be 1429 for this study.
MCA Benefit – Cost Ratio (BCR): The MCA Benefit Score divided by the cost of the option to
provide a numerical, but non-monetarised, MCA Benefit - Cost Ratio that provides an indication of
the overall benefits that can be delivered per Euro invested. The MCA Benefit - Cost Ratio was
calculated to be 1310 per invested million euro.
The Economic Benefit – Cost Ratio (BCR) has also been calculated as discussed in Section 4.3.
This was found to be 2.98.
The Outcomes of the MCA process can be used to guide the decision making process in
combination with consultation with the steering group meeting.
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5

Non Structural Methods
Non-structural flood risk management methods are proven methods and techniques for reducing
flood risk and flood damages incurred within towns. Besides being very effective for both short
and long term flood risk and flood damage reduction, non-structural methods can be very cost
effective when compared to structural methods. A particular advantage of non-structural methods
is their ability to be sustainable over the long term with minimal costs for operation, maintenance,
repair, rehabilitation, and replacement.
Full discussion on non-structural methods has been presented in the overarching UoM preliminary
options report. This section in this report provides a bit more detail on these methods and how
they could be implemented, either as standalone or in conjunction with a structural flood relief
scheme in Rathbraghan.
Non-structural methods
Planning development and control
Spatial planning and impacts on development
Rathbraghan falls within the Sligo Town and Environs Development Plan. The Sligo Town and
Environs Development Plan 2010-2016 is not supported by an SFRA. It is recommended that an
SFRA is be included in the next iteration of the plan to provide predictive flood zones to guide land
zonings, guidance on the level of detail required in a flood risk assessment for specific sites, and the
consideration that should be given to freeboard and climate change, amongst other factors.
An area adjacent to the Shannon Eighter zoned for Business, Industry and Technology Park and
owned by Abbvie is within Flood Zone A. This flood risk has not been addressed directly in the
Strategic Flood Risk Assessment that supports the Development Plan and it is recommended that the
SFRA is revisited to consider this issue appropriately.
An assessment of possible alleviation measures to the nursing home and residential properties
downstream of the zoned land has identified a viable solution in which a large proportion of this land is
used to attenuate flood flows, Section 3.4. It is important to note that this measure has been
developed with a focus on managing flood risk by utilising natural processes locally. This solution has
the highest economic indicator from a flood risk management view, and would score well on the
national prioritisation performed by OPW.
It is recognised that such a solution would have a negative impact on the ability to develop this land
and extend the Abbvie plant. Should a site specific flood risk assessment be undertaken for these
lands it is unlikely to pass the Justification Test due to an increase flood risk downstream due to the
impact of removing this flood storage area as a result of the development. However, if an alternative
scheme, for example one that balances the impacts on downstream receptors with the provision of a
larger culvert or with the provision of storage further upstream, then development of the land would
not compromise the ability to reduce the flooding problem to the existing property.
It is critical that the progression of a flood risk management scheme in Rathbraghan has an open
discussion with Abbvie so that a more appropriate scheme can be developed in partnership with
Abbvie that meets the requirements of the FRMP and the Development Management Justification
Test.
Downstream of the Business, Industry and Technology Park there are lands zoned as existing
residential areas and a combination of low/medium residential housing and commercial and mixed
land uses. The management of flood risk upstream as discussed above will reduce flood risk to these
areas and support future development. If no flood risk mitigation scheme is developed the SFRA
following the requirements of the 'Planning System and Flood Risk Management Guidelines' will need
to reconsider the zoning for the lands zoned for low/medium density residential areas.
Further detail on flood risk and land zoning objectives under both current and future scenarios is
provided in Section 5 of the UoM 35 Overarching Report.
Sustainable drainage systems
The Shannon Eighter watercourse has a constrained outfall and any development in the upstream
catchment will exacerbate flood risk. The use of SuDS in the upstream catchment as part of the wider
development could help maintain or reduce surface water runoff. In particular the proposed storage
area as part of the flood mitigation scheme could be designed in conjunction with future development
proposals for the site to deliver a strategic SuD for the site.
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An examination of the soil would suggest the area is primarily underlain by well drained soils outside
of made ground indicating a high potential for infiltration based SuDs in Rathbraghan subject to site
specific assessment
More detail on the applicability of SuDS in Rathbraghan, and indicative storage volumes, are provided
in Section 6 of the UoM 35 Overarching Report.
Flood preparedness methods
Flood forecasting and warning systems
There is no potential for flood warning system for Rathbraghan given the short lead time available in
the catchment. A flood forecasting system would be required to give sufficient warning on the
Shannon Eighter. A preferred structural option has been identified for Rathbraghan and as such this
would only be an interim measure.
Indicative capital costs of gauge installation, maintenance and dissemination of warnings is estimated
to be €55,200. Implementation of similar warning systems has found it to reduce damages by 4.5%,
equivalent to €33,474 in Rathbraghan. A flood warning service is unlikely to be cost beneficial in the
current scenario and given the proposed structural measures no warning system is proposed for
Rathbraghan.
Further details on flood forecasting and warning systems is provided in Section 7 the UoM 35
Overarching Report.
Emergency response planning
Until such time as flood prevention schemes are built, the existing level of risk will remain unless a
flood response plan can ensure necessary actions are taken and all vulnerable residents can be
safely evacuated and accommodated. Well prepared and executed emergency plans can significantly
reduce the impact of flood events. Sligo County Council has set up a Framework for Major Emergency
and has produced a guidance document "A guide to Flood Emergencies" and a protocol "A protocol
for multi-agency response to Flood Emergencies.
Targeted public awareness
Individuals and communities that are aware of any prevalent flood risk are able to prepare for flood
events when such events occur. People are able to take appropriate actions in advance of, during
and after a flood to reduce the harm and damages a flood can cause. There has been limited
attendance to both the flood mapping and POR Public Consultation Days (PCD) in the town, no one
attending the latter.
Flooding that occurred in December 2015 in the Woodlands Estate, will have heightened residents'
awareness. However, public awareness through education schemes or awareness exercises by the
relevant authorities is needed to ensure that the all residents remain vigilant and aware of the risk.
Individual property resilience
Resilience method may be suitable for properties vulnerable to repeated flooding where the depth of
flooding exceeds 600 mm (CIRIA 2007).
The risk in Rathbraghan is associated with a cluster of houses (15) in an area that is at risk of shallow
but frequent flooding. Individual property resilience is a method that could minimise the risk to these
properties. In reality such an approach would only be appropriate if the residents and nursing home
were willing to accept a frequent overland flow route past their properties. In practice walls have been
constructed that retain flood waters to dangerous levels resulting in much greater flood risk should
these structures breach. For this reason individual property resilience is not a viable solution and a
community wide solution is required.
Individual property protection
Flood resistance, or dry proofing, techniques prevent floodwater from entering a building. This
approach includes, for example, using flood barriers across doorways, airbricks and raised floor
levels. Household flood resistance methods aim to prevent floodwaters from entering a building
structure.
Individual property protection has been discounted on the same grounds as individual property
resilience, that is local residents will not accept a frequent flow route through the estate and a
community wide solution is required.
Maintenance
The hydromorphic audit has identified that Shannon Oughter and Willsborough Stream are
susceptible to reach scale sedimentation processes and have been highlighted as high priority with
observed sedimentation issues. In addition flood risk in Rathbraghan is associated with a long
culverted section of the former open channel watercourse. The culvert is small measuring 600mm
diameter at its upstream end with no formal headwall arrangement or trash screen to guide floodwater
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or manage potential debris build up.
Maintenance of the existing culvert on the Shannon Eighter is important to mitigate the risk due to
blockage. Consideration should be given by the local authority to incorporating the key structures
identified into a priority monitoring schedule as a mechanism for raising awareness with riparian
owners of their responsibilities. There should also be consideration of a correctly sized upstream
trash screen to prevent any debris entering the culvert.
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6

Conclusion
The hydraulic modelling assessment completed for Rathbraghan demonstrates that there is risk
of fluvial flooding to a number of properties in Rathbraghan. Flood risk here is attributed to a long
culverted reach of the Shannon Eighter. This culvert (0.6m diameter at the inlet) is under sized
and when upstream flow exceeds the culvert capacity water flows overland, generally following
the original open channel route of the Shannon Eighter. This overland flow is relatively shallow
but introduces flood risk at properties downstream, namely at the Woodlands Estate and the
Mowlan nursing home.
The screening stage found that it is not economically viable to upgrade the existing culverted
section of the Shannon Eighter. Instead the proposed viable option involves the storage of
floodwater upstream and a controlled discharge back into the culverted reach once the peak of the
event has passed. The option presented utilises the existing floodplain as much as possible and
with a POR cost estimate of just under €250,000 provides for an economically viable solution
based on the calculated damages of €743,867. The presented option has a benefit to cost ratio
of 2.98 which is well above the required 1:1 ratio.
The option modelling demonstrates the proposed scheme is effective in mitigating flood risk in the
design event (1% AEP). With a predicted increase of circa 160mm in the MRFS 1% AEP event,
the scheme can be easily adapted with limited cost to cater for future climate change scenarios.
This measure has been developed with a focus on managing flood risk by utilising natural
processes locally. This solution has the highest economic indicator from a flood risk management
view, and would score well on the national prioritisation performed by OPW. The site is zoned for
Business, Industry and Technology Park and is owned by Abbvie, whose factories are located to
the east and west of the site. The progression of a flood risk management scheme in Rathbraghan
will need to open discussion with Abbvie so that a more appropriate scheme can be developed in
partnership with Abbvie that meets the requirements of the FRMP and the Development
Management Justification Test.
Multi criteria analysis has been completed on the proposed option. A MCA BCR of 1310 per
invested million euro has been calculated. Once MCA outcomes has been obtained for all AFAs
in the national CFRAM programme, where options are feasible, this result along with the MCA
Benefit Score (387) and the Economic BCR can be compared with national results to aid OPW in
the decision making process. This will allow the prioritisation of flood relief schemes for areas at
greatest risk.
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A

Economic appraisal of measures and options

A.1

Overview
The economic appraisal of a measure or option is based on the assumption that the cost of
implementing a measure should not exceed the benefit associated with the reduction in flood risk
following the implementation of that measure. The cost of implementing a measure reflects the
costs of construction and whole life costs arising from maintenance. The benefits associated with
the reduction in flood risk as a result of a measure are discussed in detail in this Section.
For each AFA with a technically viable measure or set of measures, the following economic
appraisal has been carried out. Where there are no technically viable measures, economic
appraisal has not been undertaken.
The starting point for determining the benefits of a flood relief scheme is to identify the tangible
costs associated with a flood event, or those costs which would be removed if a flood relief scheme
were put in place. The tangible costs are those factors for which there is a clear monetary cost
resulting from a flood. These costs can be split in to direct and indirect costs. Direct costs are the
damages incurred to property as a result of a flood. Indirect costs are costs incurred as a result
of a flood other than direct damages, for example the rental costs of temporary accommodation or
the costs associated with a flood event response by the emergency services.
There are also intangible costs associated with a flood event. These represent the human impacts
on an event such as anxiety, stress and ill health.
The total economic costs associated with a flood event are assumed to equal the total of the
tangible and intangible costs. The methodology for calculating these costs is set out in the
following sections.
Having established the potential benefits of a measure or option, the viability of selected measures
is dependent on the likely costs of construction and long term maintenance compared to the
benefits.
Indicative costs have been calculated as part of the screening assessment where the screening
assessment confirmed an economically viable option was available, the costs have been refined
as part of the full scheme development costings. In both cases, costs have been determined using
the unit cost database.
The unit cost database has been used to maintain consistency in estimated costs of construction
and maintenance of measures nationwide under the CFRAM project.
The screening cost estimate consists of construction costs, associated preliminaries, operation
and maintenance costs and an allowance for optimism bias. The final option costs also include
additional allowances detailed design, archaeology, land compensation and art.
The following section step through the process of calculating benefits (Sections A.2 to A.5) and
costs (Section A.6). The costing summary sheet for all technically viable options is provided in
Appendix B.

A.2

Direct flood damages

A.2.1

Source data
Economic flood damages have been estimated using the data and general methodologies outlined
in ‘The Benefits of Flood and Coastal Risk Management: A Handbook of Assessment Techniques
2010), which is often referred to as the ‘Multi-Coloured Manual’ (MCM). This manual provides
depth damage curves for different types of residential and commercial properties compiled from
historical data of damages incurred in past flood events. By extracting the flood depths for affected
properties from WCFRAM hydraulic modelling outputs the total damages in a given flood event
can be determined.
Property types have been derived from the An Post geodirectory. The An Post directory assigns
one of four codes to each of the property points to indicate the property type. These are R –
residential, C – commercial, B – both and U – Unknown. A review of property points assigned a
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B code confirms it is generally the commercial property on the ground floor and so, subject to flood
risk, residential costs in these instances have been removed.
Residential properties are further categorised in the geodirectory into detached, semi-detached,
terraced, duplex and bungalow. Unknown (U code) properties were found to include a description
of the property type (detached, semi-detached etc.) and so were assumed to be residential.
Commercial properties in the geodirectory have a NACE code assigned; this is a European
equivalent to the MCM codes but not directly comparable. To facilitate the analysis, each NACE
code has been attributed an equivalent MCM code and so each commercial property attributed an
appropriate MCM code. Where a NACE code was not available an appropriate MCM code has
been determined based on knowledge of the town.
Property floor areas were extracted from OSi data and geographically linked to the An Post data.
Where multiple An Post points existed within the same building polygon it was assumed the
building footprint was divided equally between points. Where An Post data did not coincide with
a building polygon a footprint area of zero was applied and hence no damages will be calculated
for these points.
Property threshold levels are assumed to be equivalent to the mean LiDAR level over the buildings'
footprint polygon plus a typical observed threshold level for the area.
A.2.2

Methodology
The depth damage curves used in the analysis for residential properties are based on the type of
property described above only, i.e. detached, semi-detached etc. Where this data was not
available a residential average was applied. Damage curves has been further selected based on
local conditions such as whether the event had a short or long duration, defined as less than or
greater than 12 hours, or whether salt water damage should be considered, as would be the case
for tidal flooding. For residential properties damages begin at -0.3m to allow for damage to
foundations.
In some AFAs, properties are affected by both fluvial and coastal flooding. However, hydraulic
modelling has demonstrated that there is no joint probability risk from the two sources, so damages
from each source can be treated independently. Once calculated for each individual source the
total direct damage to an individual property is the sum of the damages from the two sources.
Prices (damage costs) in the data provided by FHRC 2010 have been converted to euro rates
applicable to Ireland in 2013 (the reference date set by the OPW to allow a consistent comparison
of findings across all CFRAMs) by:


Applying a ‘PPP’ multiplication factor of 1.279. This is derived from the relative OECD
Purchasing Price Parity values for the UK and for Ireland for 2010. The 'PPP' factor is net
of currency conversion (i.e., already includes for exchange rates as well as price
differences, and so no currency conversion rate should be applied in addition to this factor)



Applying an inflation multiplication factor of 1.051. This is derived from inflation rates based
on the CPI in Ireland for the period 2010 - 2013
Economic damages to infrastructural utility assets (e.g. electrical sub-stations, gas installations
and pipe-work, telecommunications assets, etc.) are assumed to be 20% of total direct damages
to properties for the AFA.

A.3

Intangible and indirect damages
Flood events can cause significant stress, anxiety and ill health to potentially affected people,
during and then after a flood. Individuals generally also incur some costs due to their properties
flooding that are not directly related to damage, such as evacuation, temporary accommodation,
loss of earnings, increased travel and shopping costs, etc.
For residential the intangible and indirect flood damages shall together be set equal to the total
direct property damages as calculated above.
Costs attributable to emergency services (which includes evacuation costs) are assumed to be
equivalent to 8.1% of the total direct property damages. This value was derived as an average of
the measured emergency services costs for the 2000 and 2007 floods in the UK.
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Traffic disruption has not been included in the assessment of damages. Traffic disruption
historically makes up a small percentage of damages and was not included at this strategic level.

A.4

Calculation of Annual Average Damage (AAD) and Present Value of
damages (PVd)

A.4.3

Discount rate and project horizon
Given a choice between receiving a specific sum now and the same amount sometime later, most
people will express a preference for the present sum. The tangible benefits accruing from a flood
alleviation scheme will not provide cash sums to the beneficiaries; however, they will prevent a
negative cash flow (avoidance of associated flooding costs) from the individuals.
The avoidance of fixed negative cash flow now is also preferable to avoidance sometime in the
future. The “social time preference” (STP) can be measured by an appropriate Discount Rate
(STPDR) and is taken as the compound rate of interest ‘r’ (% per annum) by which ‘y’ Euros in ‘x’
years' time is equal to one euro now.
The benefits arising from a flood relief scheme commence on the completion of the scheme and
exist for the life of the works. To obtain a measure of the overall benefit in present day monetary
values, it is necessary to:
(a) Estimate the benefit arising each year of the project life, termed the Average Annual
Damages (AAD)
(b) Discount the AAD to present values using the appropriate discount rate.
(c) Total the present values to obtain the overall benefit.
The Department of Finance's discount rate for public investment is 4%. The lifetime over which
the benefits are discounted is taken as 50 years. For computation purposes, it is assumed that
the residual value of the scheme at the end of the period is nil. This may be regarded as somewhat
conservative, since works typically have a design life of 100 years.

A.4.4

Property capping assumptions
The present value damages for any given property should not exceed its current valuation. This
is to prevent justification for a flood mitigation scheme being based on the repeated flooding of a
property over the project life when it would be more cost beneficial to simply buy out the property.
Estimated property values have been determined for both residential and commercial properties.
Residential Properties
Average prices for apartments, bungalows, detached, semi-detached and terrace properties were
derived for each AFA as there was considerable difference in property values across all AFAs.
The data was extracted from www.lpt.revenue.ie. The final capping value was set at twice the
market value to allow for intangible damages.
Figure A-1: Residential capping assumptions
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Non Residential Properties
Average commercial property values have proved to be difficult to pinpoint. The high level
approach outlined within the MCM is to estimate values as a factor of 10 greater than the rateable
value, broadly defined as the annual rental value of the property. However, average commercial
rental values are not widely available. Commercial rateable values were provided by the relevant
county councils but these values are not equivalent to the rental value of the property and are not
suitable for determining capping values. The Ireland Valuation Office is currently going through a
revaluation process owing to the poor correlation between the rental value of properties and the
rateable value but this information is not available for the west of Ireland.
Rateable values for all properties have been obtained from the April 2008 values for South West
England from ‘Commercial and Industrial Floor space and Rateable Value Statistics’
(https://www.gov.uk/government/statistical-data-sets/live-tables-on-commercial-and-industrialfloorspace-and-rateable-value-statistics) as instructed by the OPW. These UK rateable values
have been multiplied by the “PPP” multiplication factor of 1.279 and uplifted by the inflation
multiplication factor of 1.051 resulting in the following euro rates. Non-residential properties were
capped at 10 times the below rateable income.
Table A-2: Rateable incomes for non-residential properties

A.5

Property type

Rateable value per m2 (€)

Retail

161

Office

115

Warehouse

51

Leisure & Public

37

Industry

41

Benefit analysis
Using JBA's custom software package, FRISM, flood depths have been extracted and damages
determined for each property for each of the eight defined design event probabilities. The Annual
Average Damage (AAD) has then been calculated as the probability weighted sum of the damage
values of each event up to and including the 0.1% AEP event. The Average Annual Damage,
discounted at a rate of 4% per annum over a time-horizon of 50 years, produces the Net Present
Value of the potential flood damage. An example of calculated damages is shown in Figure A-2.
It should be noted that, in the example shown in Figure A-2, the current and MRFS damages are
both less than the equivalent capped damages, indicating that the value of residential and
commercial properties has not impacted on the damages attributable to flood events.
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Figure A-2: Damage calculation result

The damages calculated using this method have been applied at for both the verification screening
and detailed options development stages of assessment.

A.6

Screening cost estimates
For each technically viable measure identified as part of the screening assessment a cost estimate
is provided in the relevant AFA report. An example breakdown of estimated costs for the screening
assessment is shown in Table A-3 and details of the constituent parts provided in the following
sections.
Table A-3: Screening costs (Sample Costs)
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A.6.5

Construction costs
Construction costs were estimated based on typical unit and item costs (e.g. cost per metre length
of reinforced concrete wall of given height, or cost of a pump of certain capacity) as set out by the
unit cost database. Details of which unit and option cost have been applied are provided within
the relevant AFAs reports. Summing the construction unit cost of the measures gives the Gross
Capital Construction Cost.

A.6.6

Preliminaries
Preliminaries and other construction costs include the following items:


Compound



Site cabins and services



Temporary power and generators



Protection to overhead services



Protection to underground services



Road sweeping of public roads



Preparation of as constructed drawings



Health and safety



Security



Wheel wash provision at exits to public roads



Manual washing prior to vehicles existing to public roads



Supervision



Setting out



Mobilisation and demobilise



Insurance

A relationship between the cost of preliminaries and the construction costs of a given scheme has
been determined and is shown in Table A-4.
Table A-4: Preliminaries cost curve

Construction
cost:

€100k

€250k

€500k

€1m

€2m

€5m

€10m

€15m

Total
Preliminaries

€32k

€51k

€89k

€199k

€330k

€512k

€743k

€932k

Preliminaries
as a % of total

32%

20%

18%

20%

16%

10%

7%

6%

In addition to the above, each of the separate unit costs includes an estimate of some of the
additional preliminaries, such as temporary works, environmental mitigation and temporary flow
controls. The temporary works costs are based on what would be required on all sites but are not
intended to be definitive for all possible eventualities. Where non-standard, difficult or additional
temporary works are deemed likely to apply the allowance for preliminaries in the individual
measure cost may be increased.
A.6.7

Operation and maintenance
Whole life cost estimation needs to identify all activities that constitute flood defence management
practice e.g. inspection, vegetation management, repair, operations, incident management,
general administration and regulatory activities. Operational costs may include annual
maintenance as well as intermittent costs if relevant and proportional and data is available.
Operational costs are assumed to continue for the design life of the scheme. Present value costs
for operation and maintenance have been determined using the same methodology set out in
Section A.4.3, that is assuming a design life of the scheme of 50 years and a discount rate of 4%.

WCFRAM UoM35 -Rathbraghan Preliminary Options Report Volume 2g v3.0.docx

A-6

A.6.8

Optimism bias tool
There is a demonstrated, systematic, tendency for project appraisers to be overly optimistic when
developing costs estimates for capital works. The aim of adding an optimism bias is to allow a
contingency on these estimates to cater for unknowns and help ensure project promoters retain
adequate project budget.
Different magnitudes of uplift or optimism bias are applied at different stages of the appraisal
process. For example a higher optimism bias is expected at the start of a project where there are
a lot of unknowns, this optimism bias would expected to be reduced once detailed design has been
completed and site conditions are better understood and approaches to manage risks have been
identified or the additional costs associated the construction have been priced explicitly.
The proposed optimism bias has been determined from a Review of Large Public Procurement in
the UK1. This study reviewed cost estimates and resulting capital expenditure from public
procurement projects over a period of 20 years. The findings of this review highlighted that an
appropriate optimism bias for standard civil engineering projects at the outline business case
stage, which broadly reflects the level of assessment in the CFRAM, is 44%. On this basis an
optimism bias of 50% has been applied for all cost estimates in the WCFRAM.

1 Review of Large Public Procurement in the UK, Mott MacDonald (2002).
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B

Screening cost summary tables

B.1

Option 1 - Storage embankment
Embankment
Single Method Capital Cost Tool
Embankment type

Rural clay embankment

Material
Embankment height (m) equivalent for unit cost rate
Embankment length (m)
Embankment unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Imported
1
415
€ 128

Preliminaries (32%)

€ 84,042

Total capital cost (€)

€ 84,042

Operation and Maintenance Cost Tool
Embankment length total (m)
Embankment O&M costs (€/m/yr)
Over-ride unit rate (€/m/year)

€ 53,057
€ 53,057
€ 53,057
€ 63,668

415
€2.73
-

Average estimates

Total annual O&M costs (€)

€1,131

Present value O&M costs (€)

€24,135

Headwall
Single Method Capital Cost Tool
Culvert ref

Storage embankment

Type of culvert
Culvert size (m dia)
Culvert length (m)
Culvert unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Headwall
1.05m dia
1
€ 9,000
€ 9,000
€ 9,000
€ 9,000
€ 10,800

Preliminaries (32%)

€ 14,256

Total capital cost (€)

€ 14,256

Operation and Maintenance Cost Tool
Culvert length (m)
Culvert O&M costs (€/m/yr)
Over-ride unit rate (€/m/year)

€€535

Average estimates

Total annual O&M costs (€)
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Present value O&M costs (€)

€11,418

Summary
Total PV Cost
Total capital costs (€)
Total PVc costs (€)
Optimism bias rate (%)

€ 98,298
€ 133,851
50%

Total Cost including Optimism Bias (€)

€ 200,776
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B.2

Option 2 - Re-instate open channel and culvert upgrade
Excavate channel
Single Method Capital Cost Tool
Volume of excavation (m3) to give an estimation
Type of excavation
Unit cost (€/m3)
Volume of excavation (m3)
Over-ride unit rate (€/m3)
Cost (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

1000
Soft soil and material
used onsite within 500m
4.2
5000
€ 21,000
€ 21,000
€ 21,000
€ 25,200

Preliminaries (20%)

€ 30,240

Total capital cost (€)

€ 30,240

Operation and Maintenance Cost Tool
Volume of excavation (m3)
Annual unit cost rate (€/m3) (Assumed no maintenance required)
Over-ride unit rate (€/m/year)
Total annual O&M costs (€)
Present value O&M costs (€)

5000
€0
€ 0.5
User input to allow for channel maintenance
€ 2,500
€ 53,354

Culvert
Single Method Capital Cost Tool
Culvert ref
Type of culvert
New culvert/replacement
Depth to invert (m)
Culvert size (m dia)
Culvert length (m)
Culvert unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Culvert
Urban
Replacement
2
1.5m dia
525
€ 1,500
€ 787,500
€ 787,500
€ 787,500
€ 945,000

Preliminaries (20%)

€ 1,134,000

Total capital cost (€)

€ 1,134,000

Single Method Capital Cost Tool
Culvert ref

Headwall

Type of culvert
Culvert size (m dia)
Culvert length (m)
Culvert unit rate (€/m)

Headwall
1.5m dia
1
€ 10,420
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Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

€ 10,420
€ 10,420
€ 10,420
€ 12,504

Preliminaries (20%)

€ 15,005

Total capital cost (€)

€ 15,005

Operation and Maintenance Cost Tool
Culvert length (m)
Depth to invert (m)
Culvert O&M costs (€/yr)
Over-ride unit rate (€/m/year)

Lower estimates

Long culvert
1.2-4.0m
€1,945
-

Total annual O&M costs (€)
Present value O&M costs (€)

€1,945
€41,509

Summary
Total PV Cost
Total capital costs (€)
Total PVc costs (€)
Optimism bias rate (%)

€ 1,179,245
€ 1,274,108
50%

Total Cost including Optimism Bias (€)

€ 1,911,162
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Option 3 - Culvert replacement
Culvert
Single Method Capital Cost Tool
Culvert ref
Type of culvert
Excavation of material
Type of excavation
Depth to invert (m)
Culvert size (m dia)
Culvert length (m)
Culvert unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Culvert Rural
Rural
Spread on site
Excavation in soft soil
2
1.5m dia
600
€ 540
€ 324,178
€ 324,178
€ 324,178
€ 389,014

Preliminaries (20%)

€ 466,816

Total capital cost (€)

€ 466,816

Single Method Capital Cost Tool
Culvert ref

Culvert Urban

Type of culvert
New culvert/replacement
Depth to invert (m)
Culvert size (m dia)
Culvert length (m)
Culvert unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Urban
Replacement
2
1.5m dia
525
€ 1,500
€ 787,500
€ 787,500
€ 787,500
€ 945,000

Preliminaries (20%)

€ 1,134,000

Total capital cost (€)

€ 1,134,000

Single Method Capital Cost Tool
Culvert ref

Headwall

Type of culvert
Culvert size (m dia)
Culvert length (m)
Culvert unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Headwall
1.5m dia
1
€ 10,420
€ 10,420
€ 10,420
€ 10,420
€ 12,504
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Preliminaries (20%)

€ 15,005

Total capital cost (€)

€ 15,005

Operation and Maintenance Cost Tool
Culvert length (m)
Depth to invert (m)
Culvert O&M costs (€/yr)
Over-ride unit rate (€/m/year)

Lower estimates

Long culvert
1.2-4.0m
€1,945
-

Total annual O&M costs (€) - Assuming two culverts
Present value O&M costs (€)

€3,890
€83,018

Summary
Total PV Cost
Total capital costs (€)
Total PVc costs (€)
Optimism bias rate (%)

€ 1,615,821
€ 1,698,839
50%

Total Cost including Optimism Bias (€)

€ 2,548,259
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C

Environmental and social assessment of
measures and options

C.1

Introduction
The environmental constraints and the scope of the Strategic Environmental Assessment (SEA)
have been identified in the SEA scoping report. In the screening of measures and development
of flood risk management solutions the possible constraints, environmental benefits and impacts
associated which each measure have been identified. The benefits and impacts have be
considered in terms of quality, significance, duration and type.

C.2

Screening of measures
Alongside the technical and economical assessment of potential measures, an assessment into
the key social, cultural and environmental issues relating to flood risk in the area were considered.
This work built on the key constraints listed in the SEA scoping Report. This is included in Section
2.2 of each individual AFA POR report.
At this preliminary screening stage, measures were assessed in relation to:


Location - would the placement of the measure be located near or within a Natura 2000
site.



Impact during construction or any operational requirements

 Presence of protected species within the area.
By outlining the key constraints, potential measures that would need to follow the full IROPI
(Imperative Reasons of Overriding Public Interest) process can be discounted at the viability
screening stage.

C.3

Environmental appraisal of options

C.3.1

Assessment criteria
The screening stage determined potentially viable measures and these were carried forward to full
option development. In the full development of options an environmental appraisal of each viable
option has been carried out and has been included in each individual POR report. The following
has been considered.

WCFRAM UoM35 -Rathbraghan Preliminary Options Report Volume 2g v3.0.docx

C-1

Table C-5: Environmental considerations

Habitat Loss

This is a permanent loss of habitat within the designated boundaries of a
Natura 2000 site. For flood relief schemes this could arise from the
construction of new structures within the site boundary, including provision
for future maintenance. Dredging, bank alterations etc, and other activities
can cause habitat loss.

Physical
Damage

This includes degradation to, and modification of, habitats within the
designated boundaries of a Natura 2000 site. This could arise in working
areas and along access routes where construction works are undertaken
within the site boundary.

Habitat
Fragmentation

More indirect physical damage to habitats could occur, for example,
through increased recreational pressure associated with certain measures,
which could result in trampling, erosion or rubbish tipping.

Species Loss

Damage may be temporary or permanent.

Change in
physical Regime

This is where activities result in the separation of available habitats or split
extensive areas of suitable habitat. It is most likely to affect species, but
can impact upon the functionality of habitats.

Changes in
hydrological
regime

This is a permanent loss of species such as Atlantic Salmon within the
designated boundaries of a Natura 2000 site as a result of schemes e.g.
removal of spawning grounds due to channel deepening and widening,
loss of Otter due to damage to holts on river banks or loss of pearl mussel
due to instream works. For flood relief schemes this could arise from the
construction of new structures within the site boundary, dredging, channel
widening, bank alterations or including provision for future maintenance. At
coastal locations this may arise mainly for birds e.g. nesting terns on
shingle or some rare plants. Dredging, bank alterations etc, and other
activities can cause habitat loss

Disturbance
(noise, visual,
vibration)

These are changes to physical process that can alter the present
characteristics of the Natura 2000 site (e.g. estuarine, fluvial and
geomorphological processes, salinity levels, tidal regimes, erosion,
deposition, sediment transport and accumulation). This could then result in
degradation or loss of habitats.

Competition
from non-native
species

Certain activities may result in changes to the current hydrological regime.
For example, a reduction or increase in the frequency, extent, duration
and/or depth of flooding may affect estuarine, riverine and floodplain
habitats.

Changes in
water quality

Activities which may affect surface and groundwater levels, such as
impoundments or defence construction, may also have adverse impacts on
surface water or groundwater dependant habitats (rivers, fens, bogs, etc.)
and species.

Pollution

A number of activities can result in disturbance, including visual and from
noise. This is more frequently associated with construction activities, but
could also be associated with the operational phases of some flood relief
measures, in particular where recreational opportunities may be exploited.
Disturbance can cause sensitive species, such as birds or mammals, to
deviate from their normal, preferred behaviour, resulting in stress,
increased energy expenditure and, in some cases, species mortality.

Landscape and
Visuals

The visual impacts of the proposed options were assessed using the
existing landscape ratings and status for the areas as outlined in the
County Development and Local Area Plans.

Archaeology &
Cultural
Heritage

The potential impacts of the proposed flood management options were
assessed against the archaeological and architectural features in the areas
of the proposed works. Architectural Conservation Areas in town were
taken into consideration during the assessments.
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C.3.2

Habitats Directive Appropriate Assessment pre-screening
Pre-screening in relation to the Habitats Directive was carried out to examine the potential impacts
on Natura 2000 sites early in the design process. Where an option could potentially involve Stage
3 &4 of the AA process, this option was re-examined and in most cases options that would require
an IROPI approval process were rejected and alternative options sought. This is illustrated below
in Figure C-3.
Figure C-3: Habitats Directive Appropriate Assessment pre-screening

WCFRAM UoM35 -Rathbraghan Preliminary Options Report Volume 2g v3.0.docx

C-3

D

Development and evaluation of viable options

D.1

Introduction
Following the viability screening assessment, technically viable and economically beneficial
options were identified and brought forward to the option development stage. The short list of
measures was reviewed and developed into one or more flood risk options. Options can
incorporate one, or (mostly) a combination of, the FRM measures, or elements of these measures,
determined to be viable through the screening process, and include a mix of localised and broader
FRM measures.

D.2

Refinement of options
The existing hydraulic model developed for each AFA was adapted to represent each option.
Hydraulic modelling of the measures was used to confirm the scale and extent of the proposed
measures and also to ensure any proposed measures do not have a negative impact on areas
upstream and downstream of the area being considered.
The design standard for the WCFRAM (i.e., flood event probabilities that the flood risk
management measures and options should address) is the 1% AEP for fluvial flooding and 0.5%
AEP for tidal flooding.
Where no major structural flood protection option is viable for a particular spatial scale of
assessment (SSA), localised or low-scale structural protection measures (e.g., raising existing
defences, infilling gaps in defences, creating minor defences not requiring major structural works,
etc.) were assessed to determine whether some protection (to a design standard that may be less
than the preferred design standard), would be beneficial and viable. Such measures may
compliment other non-structural measures that have been determined to be viable or may provide
some alleviation in the short term prior to the completion of more significant works.

D.3

Full scheme cost estimates
Following the estimate of damage and costs for screening purposes, as detailed in Appendix B,
for all AFAs with an economically viable option at screening stage, a more detailed assessment of
scheme costs was calculated. The following additional allowances were incorporated into the
scheme costs for economically viable options:


Detailed Design Fees (13%)



Allowances for archaeological and environmental mitigation measures (typically 10-15%
depending on the archaeological and environmental sensitivity)



Cost of Land Acquisition / Compensation costs (typical values 10-15% depending on the
likely level of interference with private property.

 Allowance for Art (Up to €64,000 depending on the construction price of a project)
Where viable options have been identified in the respective AFA reports, a breakdown of the full
scheme costs is provided. An example of this shown in Table D-6 below.
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Table D-6: Full option development costs

VAT and the cost of OPW staff time has not been included in potential option costs for cost-benefit
analysis calculations.

D.4

Adaptability to climate change
Climate change adaptability is included in the MCA process but should also be a guiding factor in
considering the overall long-term strategy for flood risk management for an area and be an
overriding criteria against which the plan should be tested. This ensures decisions are robust
when climate change enhanced events manifest themselves.
To address this challenge, the OPW, as lead agency for flood risk management in Ireland, has
adopted an approach that requires that the possible impacts of climate change be considered in
the development of the FRMP. It requires that the FRMP, including policies, strategies and
measures, must be sustainable and should adopt an adaptive or, where appropriate, an
assumptive approach with respect to climate change. There are some potentially significant
advantages of a managed adaptive approach including a less intense capital programme,
communities starting to take more responsibility for future provision of FRM measures and those
FRM measures becoming more aligned to the spatial planning cycle.
The managed adaptive process adopted within the WCFRAM starts with the climate change maps
presented in the hydraulic modelling reports to inform where significant changes are possible
which will then feed into the design process. Two general approaches have been followed based
on the risk presented in the climate change maps:
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Highly sensitive communities (those with
a high vulnerability to the potential
impacts of climate change):

Less sensitive communities (those with a
low vulnerability to the potential impacts
of climate change):

These communities have a significant
increase in risk presented in climate change
maps.

These communities have little increase in risk
presented in climate change maps.

The design and selection of measures to
address current risk should proceed on the
basis of what may be required in the future.
Measures should be able to be adapted to
climate change or include for future risks in
the current design. This may require option
development for the future scenarios to be
undertaken in outline form.

Proposed measures are less likely to need
significant adaptations to accommodate
climate change. The design and selection of
measures has focussed on existing risk.
Design for adaptation should be undertaken
at the project stage (i.e., post-CFRAM).

Where the potential impacts of climate
change are particularly complex, a detailed
decision-tree analysis may be required to
inform the option selection process and the
appraisal.

D.5

Health and safety considerations
Designers can make decisions that significantly reduce the risks to the health and safety during
the construction stage and during subsequent use and maintenance. Designers must take
account of the General Principles of Prevention when preparing designs. The principles of
prevention are a hierarchy of risk elimination and reduction.
The General Principles of Prevention are set out in descending order of preference as follows:


Avoid risks.



Evaluate unavoidable risks.



Combat risks at source.



Adapt work to the individual, especially the design of places of work



Adapt the place of work to technical progress.



Replace dangerous articles, substances, or systems of work by non-dangerous or less
dangerous articles, substances, or systems



Use collective protective measures over individual measures



Develop an adequate prevention policy

 Give appropriate training and instruction to employees.
At the screening stage identification of risks was carried out to determine if it is possible to mitigate
the risks posed by a measure and if not it was screened out on health and safety grounds.
Where viable measures were carried forward to form part or all of the flood risk management option
a design health and safety risk assessment was carried out and is included in the appendices of
the relevant AFA preliminary options report and will be included in the project safety file.
The designer has the following key duties and each assessment has been reviewed by the project
PSDP


Identify any hazards that an option design may present during construction and
subsequent maintenance



Where possible, eliminate the hazards or reduce the risk
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Communicate the necessary control measures, design assumptions or remaining risks so
they can be dealt with at later stages of the project if brought forward to detailed design
(Post CFRAM)
For each viable option construction and operational hazards were identified and each potential
hazard was assessed under likelihood and severity. By multiplying the respective scores an
appreciation of the risk was obtained. Figure D-4 shows the key principles applied. Where the risk
was found to be high (red) realistic control measures were sought to reduce the risk to ensure that
an option was viable on health and safety grounds. In all cases control measures were sought to
reduce the perceived risk and have been detailed in the design risk assessment. The risk was
again calculated with the proposed measures in place to ensure an acceptable level of risk was
reached.
The Designers Risk Assessment for this AFA is included in Appendix F.
Figure D-4: Calculation of risk

D.6

Determination of freeboard
An initial assessment of appropriate freeboards allowances has been completed to provide some
indication of the full height implications of the final proposals. This assessment was based on the
sensitivity runs detailed in the hydraulic modelling reports. The relevant uncertainties included:


Peak flow



Flow volume



Afflux at selected structures



Increasing and decreasing channel and floodplain roughness
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Figure D-5: Freeboard flow chart

Figure D-5 outlines the approach taken to determine the required freeboard for proposed options.
The sensitivity of an option to changes in water levels has been initially determined by comparing
the model results from existing and MRFS design standard events within the option in place. If
the water level change was less than 300mm in the case of hard defences and less than 500mm
for soft (embankments) defences then the standard OPW freeboard defence of 300mm and
500mm was applied.
However, if the water level variations were found to be greater than 300mm for hard or 500mm for
soft defences, the freeboard has been derived from a more detailed sensitivity analysis. The
findings of the sensitivity analyses reported in the hydraulic modelling reports have been reviewed
and the freeboard calculation developed from the key parameters identified. Finally a review of
the suitability of the scale of the constructed defence has been completed to confirm that it remains
acceptable inclusive of freeboard.

D.7

Stakeholder input
The involvement of external parties is essential in the development of viable options. It is important
to ensure that the knowledge, experience and views of the project steering group, stakeholders
and the general public are taken into account throughout the development and selection of options
for an area as well as meeting the statutory requirements for consultation with the relevant parties.

D.7.1

Project Steering Group
The project steering group, which included representation from the OPW, relevant local authorities
and the Environmental Protection Agency, was responsible for the overseeing and directing the
study, and reviewing the key outputs and deliverables.

D.7.2

Project Progress Group
The project progress group included representation from local authorities and the OPW. The
progress group fed into the detail of the study providing guidance on the approach and feedback
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on deliverables. Through this forum meetings were arranged with local area engineers from the
local authority and OPW for all AFAs to discuss the options.
D.7.3

Public consultation
Public consultation days (PCD)s have been held in all AFAs where screening of options was
undertaken to raise awareness of the study and to provide an opportunity for the general public to
express their views and comment on draft outputs.
Feedback from the PCDs is presented within each of the specific AFA reports and has been
incorporated into the assessment where necessary. Table D-7 shows the dates, times and venues
for the PCDs within UoM 29.
Table D-7: POR PCDs dates
AFA
Sligo
Coolaney

D.8

Date
2rrd of June 2015
3rd of June 2016

Venue
Sligo City Hall
Property Owners house

Number of Attendees
0
1

Evaluation of options
The appraisal of flood relief schemes in the past has been primarily based on economic costs and
benefits, with an EIA undertaken to minimise negative impacts on the environment and public
consultation undertaken to ensure social acceptability. The National Flood Policy Review (OPW,
2004) set a broader range of objectives for flood risk management in Ireland, which was
subsequently reinforced by the EU ‘Floods’ Directive [2007/60/EC - 2007/60/EC].
The MCA framework has been developed to broaden the range of potential impacts taken into
account in the development and selection of FRM options and strategies, and their subsequent
prioritisation. It is based on the numeric, but non-monetarised assessment of options against a
range of objectives. The extent to which these objectives are met is scored on how an option
compares against set targets that range between a Basic Requirement and Aspirational Target.
The score for each objective is weighted nationally. This weighting can then be adjusted at an
AFA scale reflecting the importance of that objective in the context of the SSA.
The sums of the scores for each objective, set against the total costs of their achievement,
represents the preference for a given option. These total scores can be used to inform the decision
on the selection of (a) preferred option(s) for a given location and the prioritisation of potential
schemes between locations.
Each component of the MCA Framework is explained in more detail below.

D.9

MCA methodology

D.9.4

Objectives
The FRM objectives reflect what the overall flood risk management programme is seeking to
achieve, expanding on the requirements of the National Flood Policy Review and the EU ‘Floods’
Directive.
At a local level, and for the purposes of the MCA, the objectives set out an aim each flood risk
management option should be seeking to achieve. The degree to which an option achieves the
objective for the cost is an indication of the ‘success’ of the option, and equally, the more an option
achieves across all of the objectives, then the greater the preference that will be given to that
option relative to others.

D.9.5

Global weightings
Global Weightings are assigned to each objective to give it more or less weight in the overall
assessment of the suitability or value of the option. The Global Weightings are fixed nationally to
ensure a consistent approach and basis for prioritisation, and are intended to represent the
‘societal value’ for the objective relative to the others, i.e., with those of most weight representing
the most important objectives. Table D-8 shows the MCA sub-objectives used and their global
weightings.
Table D-8: MCA objectives and scoring
Number

Criteria

Sub- objective
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1a
1b

Technical

1c
2a
2b
2c
2d
3a (i)
3a (ii)
3b (i)
3b (ii)
4a

Economic

Social

Environmental

4b

4c

4d

4e

4f (i)
4f (ii)

D.9.6

Ensure flood risk management options are operationally robust
Minimise health and safety risks associated with the construction
and operation of flood risk management options
Ensure flood risk management options are adaptable to future
flood risk
Minimise economic risk
Minimise risk to transport infrastructure
Minimise risk to utility infrastructure
Minimise risk to agriculture
Minimise risk to human health and life of residents
Minimise risk to high vulnerability properties
Minimise risk to social infrastructure and amenity
Minimise risk to local employment
Provide no impediment to the achievement of water body
objectives and, if possible, contribute to the achievement of water
body objectives.
Avoid detrimental effects to, and where possible enhance, Natura
2000 network, protected species and their key habitats,
recognising relevant landscape features and stepping stones.
Avoid damage to or loss of, and where possible enhance, nature
conservation sites and protected species or other know species of
conservation concern.
Maintain existing, and where possible create new, fisheries habitat
including the maintenance or improvement of conditions that allow
upstream migration for fish species.
Protect, and where possible enhance, visual amenity, landscape
protection zones and views into / from designated scenic areas
within the river corridor.
Avoid damage to or loss of features of architectural value and their
setting.
Avoid damage to or loss of features of archaeological value and
their setting.

Weighting
20
20
20
24
10
14
12
27
17
9
7
16

10

5

13

8

4
4

Local weightings
The Local Weightings are assigned to each objective for each location under consideration (i.e.,
each spatial scale of assessment (SSA)), and are intended to represent the local importance of
that objective within the local context. They are very important within the framework as they provide
scale to the process, allowing locally important objectives to have a greater weight in selection of
the option. Similarly, the importance of an issue / objective in one location relative to another can
also be provided for through the Local Weightings.

D.9.7

MCA scoring
Each sub objective has a basic requirement and an aspirational target associated with it.
The Basic Requirement represents a neutral status or ‘no change’, whereby if an option has no
impact on the matter the objective relates to, or meets what might be termed for some objectives
as minimum requirements for acceptability, then that option will have met the Basic Requirement.
If an option performs worse than the Basic Requirement, i.e., has a negative impact (a dis-benefit)
or does not meet the minimum requirements for acceptability, it will score a negative-value score
for that objective.
The aim is defined as an Aspirational Target, whereby an option would be deemed as perfect with
respect to the given objective if it were to meet the Aspirational Target. Typically this will represent
complete removal of a risk, or the full achievement of another benefit.
Once all the objectives have been analysed the MCA score for each criteria can be calculated by
multiplying the score for each sub objective by the global and local weighting and then by summing
the weighted scores for all the sub objectives under that criteria.

D.10 MCA outcomes
A suite of different scores present the findings of the MCA. These are compiled of different
elements of the MCA to demonstrate how each option delivers against the objectives. The scores
are as follows:
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Technical Criteria Score – this is produced for each of the technical, economic, social and
environmental objectives and is the sum of their respective sub-objectives



MCA Benefit Score – this score represents the net benefits of the scheme and is the sum
of 'Technical Criteria Scores' from the economic, social and environmental objectives.



Option Selection MCA Score - this is the sum of all the 'Technical Criteria Scores'



MCA BCR - this score presents the benefits per euro invested and is the 'Options Selection
Score' divided by the cost of the scheme.



The Economic BCR - this is the traditional comparison of the reduction in damages
expected against the cost of the scheme. This has been discussed in Appendix B.
The results of the MCA process were used to guide the decision making process, subject to
application of professional judgement and consultation with the steering and progress groups.
Greatest weight was given to the MCA Benefit score as this provides a measure of the overall
benefits per invested euro. Local consultation was also taken into account. The reasoning for the
preferred option selection is recorded and reported in the relevant individual POR reports. It should
be recognised that whilst a numeric scheme is used by the OPW in the MCA process, the selection
of scores and overall recommendation of preferred option is still subjective and based on
experience.
The identified preferred options will form actions and measures, and the basis of the flood risk
management strategy for the Unit of Management, which will be developed and detailed within the
Flood Risk Management Plan.
A summary table, detailing the outcome of the MCA process for this AFA, is provided in Appendix
E.

D.11 Environmental appraisal report
An environmental assessment matrix has been carried out for each viable flood risk management
option. It details the indicators, impacts during construction and operation on the sensitive
receptors in the area. It is included as an appendix in the AFA standalone preliminary options
report for any area where viable options have been carried forward. The options have been
assessed under the social and environmental objectives in line with the multi-criteria assessment.
The criteria detailed in Table D-9 were assessed, and the summary for the AFA is provided in
Appendix E.
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Table D-9: Environmental option report assessment criteria

Social

Minimise Risk to human health and life of residents
Minimise risk to high vulnerability properties
Minimise risk to social infrastructure
Minimise risk to local employment
Minimise risk to flood-sensitive social amenity sites

Environmental

Prevent deterioration in status, and if possible contribute to, the
achievement of good ecological status / potential of water-bodies, including
reduction of risk of pollution
Avoid detrimental effects to, and where possible enhance, Natura 2000
sites
Avoid damage to or loss of, and where possible enhance, nature
conservation sites and protected species or other known species of
conservation concern
Maintain existing, and where possible create new, fisheries habitat including
the maintenance or improvement of conditions that allow upstream
migration for fish species
Protect, and where possible enhance, visual amenity, landscape protection
zones and views into / from designated scenic areas within the zone of
influence
Avoid damage and reduce risk of flooding to, or loss of, features of
architectural value and their setting
Avoid damage and reduce risk of flooding to, or loss of, features of
archaeological value and their setting
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E

MCA outcomes and environmental appraisal

E.1

MCA Outcomes
Table E-1: MCA local weightings for Rathbraghan AFA
MCA Local Weightings
Objective
Local
Weighting
1.a
5

1.b

5

1.c

5

2.a

0.461

2.b

2.5

2.c
2.d
3.a.i

0
0
1.32

3.a.ii

2.75

3.b.i
3.b.ii

0
0.693

4.a

5

4.b

5

4.c
4.d

2
2

4.e

1

4.f.i
4.f.ii

0
0

Comment
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5, as it always a consideration in option
design and selection.
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5, as it always a consideration in option
design and selection.
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5, as it always a consideration in option
design and selection.
It is recognised that the impacts of, and vulnerability to, potential future
changes will vary significantly from community to community. However,
this objective is used only for option selection, and is not used for
prioritisation, and so the relative significance of the impacts and
vulnerability to potential future change between communities is not
relevant. As promoting adaptability is always important, the local
weighting is to be kept constant.
Local Weighting based on the formula below.

AAD for Rathbraghan AFA is €34,627. Local Weighting may not
exceed 5.
Local Weighting score is calculated as the sum of the factored scores
for each transport route at risk from flooding, subject to a maximum
score of 5.
Transport routes flooded in Rathbraghan AFA:
Local Streets – 50% AEP
Score of 2.5 scaled to maximum of 5.
No Utility Infrastructure at risk in Rathbraghan AFA.
No agriculture within Rathbraghan AFA
15 residential properties at risk of frequent flooding (either 50% or 20%
AEP)
Nursing Home does not flood internally, however is surrounded as
frequently as the 50% AEP event.
Many social infrastructure at risk.
Minimal employment at risk of flooding. Two vacant warehouse/small
workshops/retail units within 10% and 0.1% AEP flood extent.
The Local Weighting to be applied for this objective is constant, and
should always be set equal to 5 as WFD objectives must be achieved
and are relevant to all waterbodies.
Local Weighting set at maximum value of 5 in response to Cummeen
Strand SPA and Cummeen Strand/Drumcliff Bay (Sligo Bay) SAC.
Cummeen Strand pNHA.
Waterbody supports fisheries/shellfisheries and is of local value for
fishing/angling
No specific landscape sensitivity/value, but landscape features/views
are important at a local level and potentially affected
No sites/features at risk.
No archaeological features at risk
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Table E-2: MCA results
No.
1a

Sub- objective
Ensure flood risk management
options are operationally robust

Score
300

1b

Minimise health and safety risks
associated with the construction
and operation of flood risk
management options

400

1c

Ensure flood risk management
options are adaptable to future
flood risk

400

TECHNICAL SCORE
Minimise economic risk

1100
5.54

Minimise risk to transport
infrastructure
Minimise risk to utility
infrastructure
Minimise risk to agriculture
ECONOMIC SCORE
Minimise risk to human health
and life of residents
Minimise risk to high vulnerability
properties

120

2a

Criteria
Technical

Economic

2b
2c
2d
3a (i)

Social

3a (ii)

3b (i)

Minimise risk to social
infrastructure and amenity
Minimise risk to local employment

3b (ii)

4a

4b

4c

4d

4e

4f (i)

Environmental

SOCIAL SCORE
Provide no impediment to the
achievement of water body
objectives and, if possible,
contribute to the achievement of
water body objectives.
Avoid detrimental effects to, and
where possible enhance, Natura
2000 network, protected species
and their key habitats,
recognising relevant landscape
features and stepping stones.
Avoid damage to or loss of, and
where possible enhance, nature
conservation sites and protected
species or other know species of
conservation concern.
Maintain existing, and where
possible create new, fisheries
habitat including the maintenance
or improvement of conditions that
allow upstream migration for fish
species.
Protect, and where possible
enhance, visual amenity,
landscape protection zones and
views into / from designated
scenic areas within the river
corridor.
Avoid damage to or loss of
features of architectural value and
their setting.

0
0
125.54
174.15
212.5

0
0.693

Comment
Storage area with controlled
oufall, requiring regular inspection
and maintenance to ensure no
build-up of debris or siltation.
Working near standing water
during inspection and
maintenance; safe methods of
working to be adopted during
O&M
Scheme is readily adaptable relatively small increase in height
required for future scenarios
(+160mm in 1% MRFS)
Damages incurred in 1% fluvial
and below removed. No Annual
Average Damages (AAD) for
events above design standard
included. Pre-scheme AAD is
€34,627
Option 2 reduces risk of flooding
to local street.
No utility infrastructure at risk
within AFA.
No agriculture at risk within AFA.
15 residential properties
protected.
Nursing Home does not flood
internally, however is surrounded
as frequently as the 50% AEP
event.
No social infrastructure.
Minimal employment at risk of
flooding. Two vacant
warehouse/small workshops/retail
units within flood extent will be
protected.

387.34
-80

-50

-20

-26

-8

0
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4f (ii)

Avoid damage to or loss of
features of archaeological value
and their setting.
ENVIRONMENTAL SCORE

MCA OPTION SCORE
MCA BENEFIT SCORE
COST (€Million)
BENEFIT OF OPTION (€Million)
ECONOMIC BCR
MCA BCR (Benefit per invested
Euro)

0

-184

See Section B.1 for Indicators,
impacts during construction and
operation of Environmental
Factors

1429
329
€ 0.25m
€ 0.74m
2.98
1.31
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E.2

Environmental Appraisal

E.2.1

Introduction
This Options Appraisal Study assesses and reports on the environmental benefits and impacts of
the options proposed for this Unit of Management.
Following the identification of a number of preferred flood risk management options, this stage of
the process will assess the impacts of these options in terms of quality, significance, duration and
type. Mitigation measures will be described where necessary. Recommendations for the Flood
Risk Management Plan for UoM 35 will emerge.
The potential environmental impacts of the components of the FRMP were characterised in terms
of:


Significance



Duration of impact



Extent of the impacts.

These are described in more detail in the following sections.
Significance Testing
In line with the SEA Regulations, the following criteria has been used to describe the significance
of an impact. In identifying the changes to the baseline and describing the magnitude and duration
of the impacts, JBA has used the following criteria to assist in our assessment:


The significance of the impact whether the impacts are positive or negative (i.e. does the
impact support or conflict with the Environmental Objectives)



The duration of the impact (i.e. will the impacts occur during construction only or will the
impacts manifest itself during the operation of the flood defence option)



What will be the geographical extent of the impact (i.e. will it be local, regional or national)



Whether the impacts are direct or indirect, secondary or cumulative.

Significance
The overall significance of the impact of an option on the Environmental Objectives is dependent
upon two factors - the size of the disturbance caused (magnitude) and the sensitivity of the
receptor. The sensitivity of the receptor may be based on a legal designation of a site, for example
a Special Area of Conservation or a Natural Heritage Area. It may also be based on the proximity
to sensitive receptors such as schools, hospitals, wastewater treatment plants etc. In our
assessment we have assigned different ratings for positive and negative impacts. Within these two
groups we have further defined the impacts as major, moderate and minor. This refined impact
assessment has allowed more specific mitigation measures to be suggested during the
construction of the flood defence options.
For this Options Appraisal Report, the significance testing, at this strategic level is qualitative and
is based on the baseline information and technical judgement. More quantitative significance
testing will arise during the project and environmental impact assessment stage.
The assessment tables illustrate the impacts of the options on the environmental objectives with
and without mitigation measures.
Options that posed a significant major negative impact on a receptor would or has the potential to
have a permanent, irreversible impact on the baseline conditions. In other cases, the option would
or could have a negative impact on a designated European site, an area of archaeological
importance, or a negative impact on humans close to the site.
Options that were assessed to have a moderate negative impact on a receptor would or could
have a temporary, short term reversible impact on a receptor. This level of impact is most likely to
arise during the construction of the flood defence(s).
Options that were assessed to have a minor negative impact on a receptor would or could have a
short term negative impact on a local habitat or receptor. It is anticipated that this impact would be
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remedied by good construction practices and would only be of short duration ie. less than a day
or two.
A neutral impact would arise where there is likely to be a change in the baseline conditions but
where the level of change/impact is negligible.
Options displaying a major positive impact will have a positive effect on the baseline conditions
and will support the Environmental Objectives.
A moderate positive impact will have a moderate positive impact on the baseline conditions and
will partially achieve the requirements and support the Environmental Objective and sub-objective.
Options displaying a minor positive impact will exceed the sub-objective only.
Duration of an Impact
It is anticipated that the majority of the impacts on the environment will occur during the
construction of the chosen options. However, some impacts may arise over time for example
hydrogeomorphological impacts on a riverbed due to the presence of a culvert or in-river flood
defences. The duration of effects used in this Option Appraisal Report reflects the guidance given
by the Environmental Protection Agency in their 2015, Draft Guidelines on information to be
contained in an environmental impact statement.
Effect

Duration of the Effect

Temporary effect

Lasting less than 1 year

Short-term effect

Lasting 1 to 7 years

Medium term effect

Lasting 7 to 15 years

Long-term effect

Lasting 15-60 years

Permanent effect

> 60 years

Extent of the Impacts
The extent of the impact of the proposed options are described in the table below. It should be
noted that these impacts are assessed at a strategic level and are predicted impacts only.
Impact

Extent of Impact

Local (L)

Impact occurs within the AFA

Regional (R)

Impact occurs within the UoM

National (N)

Impact occurs beyond the UoM

The impacts of the options were assessed using the criteria shown in Table E-2. Where a
significant impact was identified during the assessment mitigation measures to remedy same were
identified. Opportunities (positive impacts that could achieve the aspirational targets) were
identified.
Mitigation Measures
Where the assessment has identified significant environmental impacts, mitigation measures will
be required to reduce/remedy these impacts. The mitigation measures that are considered as part
of this assessment are generic and more site specific mitigation measures will be required as part
of planning for the options. JBA can only recommend that these mitigation measures are
considered and that for the purposes of this assessment we are assuming that they will be
installed. The need for the installation of on-site specific mitigation measures will be a requirement
of the planning consent for same.
Residual Impacts
Residual impacts can be defined as impacts that remain after the installation of the mitigation
measures. For the purposes of the SEA it is difficult to accurately assess potential residual impacts
and it is considered that this is better addressed at the project environmental impact assessment
stage.
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E.2.2

Environmental Options Appraisal for Rathbraghan
The two options for Rathbraghan have been appraised with the results in Table E-3 and Table E4. Table E-5 contains a description of the environmental receptors, impacts during construction
and impacts during operation.
Under the do nothing option (Table E-3) permanent minor and moderate impacts on the economic
and social objectives will remain. The principal impacts that would remain are the risk to life from
flooding, property and local road flooding, the risk of disruption to the nursing home and flooding
of the Abbvie Plant site. There are no positive or negative environmental impacts of the do nothing
option.
Under Option 1 (Table E-4) there are no impacts on economic or social objectives during
construction. With the option in operation there are permanent positive minor and moderate
economic and social impacts as a result of the flood protection provided. Inspection and
maintenance of the option will be included as part of the measure and so no specific mitigation is
required to ensure this positive impact continues. During construction there are temporary
environmental impacts beyond the AFA boundary. These impacts include the potential release
and transportation of sediments during the culvert inlet works. These can be mitigated through
the development and implementation of a Construction Environment Management Plan (CEMP).
The IFI guidelines for construction works in watercourses should be followed as best practise. In
operation the water impounded within the flood storage area may increase the potential for
suspended sediment mobilisation and transport. Appropriate design of the cuvlert inlet structure
can mitigate against the environmental impacts of this. Protecting the Abbot Plant from flooding
will reduce flood risk to a potential pollution source. Maintenance of the structures and
embankments is required to ensure continued flood protection, however mitigation measures are
required to ensure the maintenance is carried out in an environmentally sensitive manner.
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Table E-3: Do Nothing Environmental Options Appraisal
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Table E-4: Option 1 Environmental Options Appraisal
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Table E-5: Description of receptors and impacts
Criteria
Social

Objective
a

b

Minimise
risk to
human
health and
life

Minimise
risk to
community

Sub-Objective

Indicators

i

Minimise risk to
human health and
life of residents

Number of residential
properties at risk from
flooding.

ii

Minimise risk to
high vulnerability
properties

i

Minimise risk to
social
infrastructure and
amentity

ii

Minimise risk to
local employment

Number of high
vulnerability
properties at risk from
flooding (e.g.
hospitals, health
centres, nursing and
residential homes).
Number of social
infrastructure assets
at risk from flooding
(e.g. educational
institutions, fire and
garda stations, bord
gais facilities).
Number/length of key
strategic transport
assets at risk of
flooding.
Number of amenity
assets at flood risk.
Number of nonresidential properties
at risk from flooding.
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Impacts during
Construction
Construction of all
measures will require a
health & safety plan. All
risks to property and the
public will be
addressed.

Impacts during Operation

Receptor
Residents, business owners
and employees in the affected
areas.

None.

The flood defence
embankment can be adapted
to climate change in the
future.
Ongoing structure,
embankment and channel
maintenance will be required
to sustain the proposed level
of protection
None.

None.

None.

None.

None.

None.

None.

Mowlan Nursing Home not at
risk of flooding in the 0.1%
AEP, however is surrounded
by floodwater in the 50% AEP
event.
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Criteria
Environmental

Objective
a

b

Support the
objectives
of the WFD

Support the
objectives
of the
Habitats
Directive
and Birds
Directive

i

i

Sub-Objective

Indicators

Prevent
deterioration in
status, and if
possible contribute
to, the
achievement of
good ecological
status / potential of
water-bodies,
including reduction
of risk of pollution

Assessment of flood
risk management
options and their
impact (e.g.
disconnection/reconnection with
floodplain, in-channel
works, barriers,
reinstatement of more
natural morphology).
Number of potential
contamination/
pollution sources (e.g.
wastewater treatment
plants, IPPC licensed
sites, landfill sites) at
flood risk (to assess
impact on water
quality).

Avoid detrimental
effects to, and
where possible
enhance, Natura
2000 sites

Impacts during
Construction
Short term temporary
localised impact from
flood defence
embankment and
culvert works.

Impacts during Operation

Receptor

Impoundment and storage of
water may increase
suspended sediment load of
water discharged through the
culvert.

Water quality
monitoring shows that
the nearby watercourse
status is good status
(Q4) and the Sligo
Harbour transitional
waterbody is
unpolluted. All local
waterbodies have good
WFD status.

Embankments will protect
Abbvie Plant from flooding,
reducing the risk of flooding
to potential pollution sources.

Willsborough Stream river
waterbody.
Garavogue Estuary transitional
waterbody.
Drumcliff-Strandhill
groundwaterbody.
Sligo Bay coastal waterbody.

In-channel works to the
culvert inlet structure
have the potential to
release sediment
downstream.

Area of internationally
designated sites at
risk from flooding and
assessment of likely
impact.

Risk to water quality
during the construction
of the scheme is will be
minimised by a
Construction
Environment
Management Plan
(CEMP) and following
IFI guidelines for works
in river channels.
Short term temporary
localised impact from
flood defence
embankment and
culvert works.

Report conservation
status of

In-channel works to the
culvert inlet structure
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Maintenance of in-channel
structures and flood storage
area will need to consider
potential impacts of
maintenance activity,
including the timing of works.

Users of the river including the
public and freshwater flora and
fauna that is supported by the
river.

Spread of Invasive Species
during maintenance work.

Natura 2000 sites (* denotes a
priority habitat):

Maintenance of in-channel
structures and flood storage
area will need to consider
potential impacts of
maintenance activity,

Crummeen Strand SPA
(004035), designated features:
Light-bellied Brent Goose
(Branta bernicla hrota) [A046]
Oystercatcher (Haematopus
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Criteria

Objective

Sub-Objective

Indicators
internationally
designated sites
relating to flood risk
management.

Impacts during
Construction
have the potential to
release sediment
downstream.
Risk to Natura 2000
sites during the
construction of the
scheme is will be
minimised by a
Construction
Environment
Management Plan
(CEMP) and following
IFI guidelines for works
in river channels.
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Impacts during Operation

Receptor

including the timing of works.

ostralegus) [A130]
Redshank (Tringa totanus)
[A162]
Wetland and Waterbirds [A999]

Cummeen Strand/Drumcliff
Bay (Sligo Bay) SAC (000627),
designated features:
Estuaries [1130]
Mudflats and sandflats not
covered by seawater at low
tide [1140]
Embryonic shifting dunes
[2110]
Shifting dunes along the
shoreline with Ammophila
arenaria (white dunes) [2120]
Fixed coastal dunes with
herbaceous vegetation (grey
dunes) [2130]
Juniperus communis
formations on heaths or
calcareous grasslands [5130]
Petrifying springs with tufa
formation (Cratoneurion)
[7220]
Vertigo angustior (Narrowmouthed Whorl Snail) [1014]
Petromyzon marinus (Sea
Lamprey) [1095]
Lampetra fluviatilis (River
Lamprey) [1099]
Phoca vitulina (Common Seal)
[1365]
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Criteria

Objective
c

d

e

Avoid
damage to,
and where
possible
enhance,
the flora
and fauna
of the
catchment

i

Protect,
and where
possible
enhance,
fisheries
resource
within the
catchment

i

Protect,
and where
possible
enhance,

i

Sub-Objective

Indicators

Avoid damage to
or loss of, and
where possible
enhance, nature
conservation sites
and protected
species or other
known species of
conservation
concern

Area of nationally
designated sites at
risk from flooding and
assessment of likely
impact, particularly
where designated for
Otter, White-clawed
Crayfish or
Freshwater Pearl
Mussel
Reported
conservation status of
nationally designated
sites relating to flood
risk management.

Maintain existing,
and where
possible create
new, fisheries
habitat including
the maintenance
or improvement of
conditions that
allow upstream
migration for fish
species

Protect, and where
possible enhance,
visual amenity,
landscape

Area/length of river
within Freshwater
Pearl Mussel sensitive
areas where flood risk
management actions
are proposed, and
assessment of likely
impact.
Number of barriers to
fish and Eel
movements removed /
modified / constructed
as a result of flood
risk management
option.

Impacts during
Construction
Same as objective b.

Impacts during Operation

Receptor

Same as objective b.

Cummeen Strand/Drumcliff
Bay (Sligo Bay) pNHA
Cummeen Strand RAMSAR
site
Protected species e.g. bats,
Kingfisher and riparian
species.
Mitigation possible to avoid
permanent damage to river
environment.

Spread of Invasive
Species during
construction work.

Spread of Invasive Species
during maintenance work.

Minimal receptors, however
invasive species could be
introduced without sufficient
mitigation.

None.

Public (local residents only)

Pollution (instream
works or bank work).
CEMP will be required
at design stage and
should follow IFI
guidelines for works in
river channels.

Compliance with
landscape character
objectives relevant to
flood risk
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Short term, temporary
impact on low value
landscape with no
amenity value.
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Criteria

f

Objective

Sub-Objective

Indicators

landscape
character
and visual
amenity
within the
zone of
influence
Avoid
damage
and reduce
risk of
flooding to,
or loss of,
features of
cultural
heritage
importance
and their
setting

protection zones
and views into /
from designated
scenic areas
within the zone of
influence

management
measures.

Avoid damage and
reduce risk of
flooding to, or loss
of, features of
architectural value
and their setting
Avoid damage and
reduce risk of
flooding to, or loss
of, features of
archaeological
value and their
setting

i

ii

Impacts during
Construction

Impacts during Operation

Receptor

Number of
architectural assets at
flood risk and
assessment of impact
on their setting.

None.

None.

None.

Number of cultural
heritage and
archaeological assets
at flood risk and
assessment of impact
on their setting.

None.

None.

None.
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F

Design risk health and safety assessment
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L=Likelihood 1=Almost impossible 2=Very
unlikely 3=Unlikely 4=Likely 5=Almost certain
S = Severity 1=Minor injury 2=Lost time injury
3=Long term absence 4=Major permanent
incapacity 5=Fatality

Prepared by

R Scanlon

Prepared Date

08/02/2016

Verified by

Verified Date

Project Title

Minor Works POR - Rathbraghan

Discipline

Flood Relief Scheme

Approved by

Approved Date

Doc number

2015s2300

Design Stage/DRA

Preliminary Design Stage

Risk Before Controls
Ref

Activity/Process

Hazard

Risks
Being struck by moving plant.

Likelihood

(L)
2

Severity

5

(S)

Risk After Controls
Risk = L
Decisions/Actions/Control Measures
xS
10
Construction area on private land with no or limited access to
general public currently. Use of signage to warn of
construction activities.

Likelihood

(L)
1

Severity

5

(S)

Risk = L Responsible
xS
for Action
5
Contractor

1

Site Investigation

Construction Plant
Machinery

2

Site Investigation

Deep Excavations during Risk of Falls, collapse/burial, due to potential poor
Site Investigation works ground conditions

2

5

10

Pending SI scope (depth etc), any trial pits etc may require
battered side slopes and/or stabilisation.
Any excavated trial pits to be fenced off.

1

5

5

Contractor

3

Construction

Construction Plant
Machinery

Risk of being stuck by moving plant. Movement of
Contruction Plant and Other Traffic to and from
the Site and potential interference with the public
resulting in accident/fatality.

2

5

10

Use of signage to warn of construction activities on site.
Warning signage to be erected on all approach roads.
Reduced speed limit in area of works where construction
traffic is expected.
The Contractor is to employ safe systems of work in line with
the Health and Safety requirements.

1

5

5

Contractor

4

Construction

Working close to
electricity power lines

Electrocution from underground or overhead
power lines.

2

5

10

1

5

5

Contractor /
Designer

5

Construction

Working close to and in
water

Drowning, hyperthermia, Weils Disease

2

5

10

Consttuction work on largely undeveloped land however
culverting of stream and proximity to industrial development
could mean some installation of services as part of previous
plans.
Any underground power lines to be identified on ESB as-built
records/ drawings. Request same from ESB at
<dig@esb.ie>. Confirm same by CAT survey on the ground
prior to any works.
Small open channel exists upstream of site works and existing
culvert running through site. Contractor should employ safe
systems of work in line with Health and Safety Requirements

1

5

5

Contractor

6

Construction

Poor housekeeping

Slips, trips and falls, falling objects, trailing leads,
materials/equipment left lying around

3

3

9

1

3

3

Contractor

7

Construction

Poor housekeeping

Poor housekeeping leading to injury to a member
of the public. Inadequate isolation of the works

2

3

6

Site to be adequately fenced off. All equipment is stored
upright in a safe position
Never leave equipment unattended. If you need to leave the
area, ensure all equipment is restored or that the area is
secured and all potential trip hazards are removed.
Avoid trailing cables and wires. Minimise use of leads where
possible. Where possible place leads and cables on cable
hangers to keep them off the ground. Never leave cables
across corridors, inwalkways.
Tools andequipment to to kept to a minimum . All waster
generated onsite is to removed and disposed of correctly.
Proper signage of the works

1

3

3

Contractor

8

Maintenance

Danger to the Public,
Maintenance Plant
Machinery

Risk of being struck by moving plant, Inadequate
isolation of the works resulting in injury

2

5

10

Maintenance of embankments and flood storage area.
Adequate signage.
Request safe method of carrying out the works in Preliminary
Health and Safety Plan.
Maintenance Plan for ongoing inspection and maintenance
works to be formalised.

1

5

5

Contractor

9

Maintenance

Working near water

Drowning, hyperthermia, Weils Disease
Areas of deep standing water possible (up to 1m
at peak in 1% AEP).

3

5

15

Maintenance and clearing debris from flood storage area
outfall.
Avoid entering area during flood conditions, design to
consider potential blockage. Clear debris once flood has
subsided and from overhead (i.e. embankment) if possible.
Safe working methods to be adopted and detailed in the
Health and Safety Plan.
Maintenance Plan for ongoing inspection and maintenance
works to be formalised.

1

5

5

Contractor /
Designer

ERIC

Eliminate Reduce Inform
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1

Introduction

1.1

Scope of report
This report details the preliminary options investigation for addressing flood risk in Sligo. The
report should be read in conjunction with the Preliminary Options Overarching Report for UoM 35
for a full understanding of flood risk management recommendations for Sligo.
The Preliminary Options Investigations represent the next phase of the Western CFRAM study.
The work already completed has identified the scale and extent of flood risk within Sligo Town.
Reports which are relevant to this AFA are:


Western CFRAM Flood Risk Review Report



Western CFRAM UoM 35 Inception Report



Western CFRAM UoM 35 Hydrology Report



Western CFRAM UoM 35 Hydraulic Modelling Report



Western CFRAM UoM 35 - Sligo Bay / Drowes Bay Hydraulic Modelling Report: Volume
2i - Sligo



Western CFRAM UoM 35 Hydraulic Modelling Report: Volume 3i - Flood Risk maps

Using the work already completed, the OPW have identified a requirement to develop methods to
manage flood risk, both now and into the future, within Sligo Town. The scope of this study is to
identify a preferred flood risk management option for Sligo Town.
The work completed includes the screening of possible methods to identify technically feasible
and economically viable structural and non-structural methods to manage flood risk sustainably.
From these, preferred options have been identified, consulted on, and appraised against societal,
environmental and cost criteria to identify a single recommended option.
The final
recommendations from this study will feed into the overarching Flood Risk Management Plan for
Sligo Town.

1.2

Flood risk overview
The hydraulic modelling investigations have identified three rivers within Sligo where there is a
flood risk. There are the Garvoge, the Sligo, Tobernaveen and the Knappagh watercourses. The
Garvoge overtops into the upstream reaches of the Sligo River during periods of high flow and
both outfall into Sligo Bay and are thus subject to tidal flooding. The Knappagh watercourse is a
small independent urban tributary situated to the west of the Garvoge; this too outfalls into Sligo
Bay but due to its gradient, tidal flood risk is minimal. No flood risk has been found on the
Tobernaveen river and therefore has not been discussed further.
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Figure 1-1: Watercourses in Sligo
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1.2.1

Garvoge and Sligo Watercourses
Flood risk on the Garvoge is a direct result of tidal levels exceeding bank levels along the front of
the quays. Once above this level, flood water spreads to the low-lying areas of Ballast Quay,
Lower Quay Street/ Fish Street and Old Quay. There are known problems on the left bank of the
Garvoge with flooding to properties occurring in the recent storms in January 2014.
Figure 1-2: Tidal flooding in Quay Street car park in January 2014

WCFRAM UoM 35 Sligo Preliminary Options Report Volume 2i v3.0.docx

2

The Sligo discharges into Sligo Bay through two culverts beneath the N4. These culverts are not
flapped so whilst high tides do not overtop the N4, the road is bypassed via these culverts and
flooding of local land upstream occurs. During large fluvial events it is also the capacity of these
structures that control discharge rates into Sligo harbour and result in elevated levels upstream.
Figure 1-3: Twin culvert at downstream limit of Sligo River

There are 9 properties predicted to flood in the 0.5% AEP tidal event on the Garvoge in along
Ballast Quay, Fish Quay/ Lower Quay Street and Old Quay areas. Figure 1-4 illustrates coastal
flood risk in the Ballast Quay, Fish Quay and Old Quay area.
There are no properties predicted to flood in the 1% AEP fluvial event from the Garvoge or Sligo
Rivers.

WCFRAM UoM 35 Sligo Preliminary Options Report Volume 2i v3.0.docx

3

Figure 1-4: Flood depths in the 0.5% tidal event in Sligo Harbour
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Given the frequency of flooding shown and depths observed in January 2014, there is some
uncertainty associated with the translation of offshore extreme sea levels into Sligo harbour and
as such some allowance for this uncertainty will need to be included in the scheme design
freeboard.
Flood risk from wave overtopping has been assessed within Sligo but in the majority of locations
it is the still water level that is the main driver of flooding.
1.2.2

Knappagh Watercourse
Flooding from the Knappagh watercourse is a direct result of the capacity of the long storm water
culvert which runs beneath the western suburbs of Sligo. It is a circular culvert that extends for
over 1km starting as a 450mm diameter pipe at its upstream limit and increasing to a 525mm
diameter pipe midway along its length.
Discussions with Sligo County Council have confirmed that the catchment upstream of the railway
line is diverted into the drainage ditches either side of the railway line. The drainage catchment of
the Knappagh Watercourse is therefore limited and flooding only occurs in the 0.1% AEP event.
This is above the design standard and no further assessment of options has been undertaken.

1.2.3

Future flood risk
Fluvial
Figure 1-5 below show the current and medium range future extents for the 1% AEP fluvial design
events. The increase in flows of 20% over the course of the next 100 years under the medium
range forecast is the only driver of change in flood risk.
The extents show a similar flooding regime, with the areas currently susceptible to tidal flooding
on the Garvoge predicted to be affected by fluvial flooding in the future. Elsewhere there are a
number of additional properties shown to flood on the Sligo River.
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Figure 1-5: Current and future (MRFS) 1% AEP fluvial flood extent - Sligo Town

Coastal
Figure 1-6 and Figure 1-7, below, show the current and medium range future extents for the 0.5%
AEP coastal design events. The increase in water levels of 0.5m over the course of the next 100
years under the medium range forecast is the main driver of change in flood risk.
The maps show a significant increase in flood risk within Sligo as a result of climate change. There
are large new areas shown to be at risk within Sligo City Centre and along Ballast Quay/ Deep
Water Quay and a new flood route in from the harbour via Far Finisklin Road.
An increase in water levels of 1.0m over the next 100 years, as considered in the high end future
scenario, does not increase extents dramatically over the MRFS, but will result in significantly
greater flooding depths.

WCFRAM UoM 35 Sligo Preliminary Options Report Volume 2i v3.0.docx

5

Figure 1-6: Current and future (MRFS) 0.5% AEP coastal flood extent - Sligo Town

Figure 1-7: Current and future (MRFS) 0.5% AEP coastal flood extent - Sligo Harbour
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1.2.4

Pluvial, groundwater and sewer flood risk
There is a risk of pluvial flooding in Sligo Town. The pluvial risk from the Preliminary Flood Risk
Assessment (PFRA) maps is indicated in Figure 1-8 and Figure 1-9 below.
These maps highlight low lying areas susceptible to ponding water. As would be expected the
maps show the topography drains naturally towards Ballast Quay and if a flood wall existed in that
location overland flow would collect. Any defence scheme in this location will need to consider the
impacts of pluvial flooding once the scheme is designed.
The maps have also picked up the flow route predicted from the Knappagh watercourse with the
low spot to the east of the railway behind Treacy Avenue picked.
There is no risk of groundwater flooding in Sligo Town.
Figure 1-8: Pluvial flood risk map - Sligo Town
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Figure 1-9: Pluvial flood risk map - Knappagh River area

1.3

Economic benefit
To provide an understanding of the likely scale of a cost beneficial scheme within Sligo Town, a
preliminary assessment of the benefits associated with the protection of properties to the 1% AEP
fluvial event and to the 0.5% AEP coastal event has been completed, this is effectively the design
standard event at the AFA level and assumes any scheme will remove all properties from the 1%
AEP fluvial and the 0.5% AEP flood extent. Full details of the methodology used to determine
these benefits are set out in Appendix A.
There is no flooding in the current 1% AEP fluvial event and all damages shown are associated
with the 0.5% AEP coastal event. Uncapped benefits for the whole AFA are €8,012. For the
MRFS 1% AEP fluvial event and the 0.5% AEP coastal event, uncapped damages increase to
€9,700,989. This reduces with capping to €7,720,602.
Figure 1-10 and Table 1-1 show the number of properties flooding during the different design
events for both the current scenario and Medium Range Future Scenario events. They also show
the cumulative damages for each of the return periods which can be presumed to give a rough
indication of likely scheme benefits associated with a given standard of protection. Figure 1-11
shows the distribution of damages across the AFA in the 0.5% AEP tidal event, equivalent in the
case of Sligo to the design event. It should be noted that the only 6 properties are shown to be at
risk on flooding whilst 9 are at risk. This is because some properties share the same postal
address however damages have been calculated independently based on the floor area attributing
to each property.
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Damages (€)

Number of properties

Millions

Figure 1-10: Property damages (current and MRFS) from fluvial and tidal risk

50% AEP

20% AEP

10% AEP

5% AEP

2% AEP

1% AEP

Design
Event

0.5% AEP

0.1% AEP

Number of Properties MRFS

5

8

16

41

58

93

117

117

226

Number of Properties Current

0

0

0

0

0

0

9

9

49

Cumulative PVb Current Uncapped

€0

€0

€0

€0

€0

€0

€ 8,012

€ 8,012

€ 136,791

Cumulative PVb Current Capped

€0

€0

€0

€0

€0

€0

€ 8,012

€ 8,012

€ 136,791

Cumulative PVb MRFS Uncapped

€0

Cumulative PVb MRFS Capped

€0

€ 1,118,533 € 2,322,427 € 4,170,602 € 6,804,683 € 8,394,830 € 9,696,537 € 9,700,989 € 11,744,945
€ 485,871

€ 1,361,636 € 2,873,803 € 5,110,260 € 6,529,334 € 7,716,149 € 7,720,602 € 9,641,478

Figure 1-10 highlights the fact that there is negligible flood risk currently within Sligo but this
increases significantly with climate change. The increase in damages is related to both an
increase in the frequency of flooding and new areas becoming inundated.
Table 1-1: Flood cell property damages (current and MRFS)
Return Period (% AEP)
50%
20%
10%
Current Scenario
No. of
0
0
properties
PV Damages
0
0
(€)
Medium Range Future Scenario
No. of
5
8
properties
PV Damages
485,871 1,361,636
(€)

5%

2%

1%

0.5%

0.1%

0

0

0

0

9

49

0

0

0

0

8,012

136,791

16

41

58

93

117

226

2,873,803

5,110,260

6,527,334

7,716,149

7,720,602

9,641,478
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Figure 1-11: Distribution of property damages
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2

Scheme spatial scales of assessment

2.1

Overview
This section documents the analysis of spatial scales of assessment and the identification of flood
cells for the Sligo Town options appraisal. The interactions between flood risk, hydrology,
hydraulic, economic, social, cultural and environmental aspects of Sligo Town have been
considered. Figure 2-1 shows the location of Sligo Town in relation to other AFAs within the Sligo
Bay/ Drowes Unit of Management (UoM). This section will discuss the hydraulic connectivity of
the site with other AFAs and in particular justify where there is no such interconnectivity.
Figure 2-1: Sligo Bay / Drowes UoM overview

2.2

Spatial scales of methods

2.2.1

Unit of Management spatial scale
There are multiple AFAs within the Sligo Bay/ Drowes UoM - namely Sligo Town, Rathbraghan,
Ballysadare, Ballymote, Riverstown, Coolaney, Collooney and Gorteen. Non-structural methods
such as planning and development control, SuDs, targeted public awareness campaigns and
development of emergency plans have been assessed at the UoM scale, and are discussed in
detail in the Overarching Report and summarised in Section 4.

2.2.2

Lough Gill catchment
Sligo Town is located on the Garvoge River, which drains from Lough Gill. The Lough Gill drainage
catchment includes the River Bonet and the Manorhamilton AFA at the upstream limit.
The distance between Manorhamilton and Sligo, and the presence of Lough Gill in between means
that any works undertaken at Manorhamilton will have no impact at Sligo, and vice versa.
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2.2.3

AFA spatial scale - Sligo Town
Localised structural methods will be assessed on an AFA scale. This will include analysing the
suitability of flood containment methods. Any containment methods in Sligo Town will not have an
effect on water levels in other AFAs due to its secluded location within Sligo Bay and it coastal
location. Any flood method within the bay is likely to impact on the SAC.
There is a single flood cell within Sligo Town where there are properties at risk of flooding in the
current scenario:


Ballast Quay/Fish Quay where tidal flooding is via the Garvoge

At Ballast Quay there are currently 3 properties at risk of coastal flooding for the 0.5% AEP coastal
event. This increases to 94 properties for the 0.5% AEP MRFS coastal event.

2.3

Key environmental, social and cultural constraints
This section summarises the social, cultural and environmental issues relating to flood risk in Sligo
Town and the spatial scales they relate to.

2.3.1

West of Ireland (Mayo, Galway, Sligo)
Sligo Town, on the Wild Atlantic Way, is located within Sligo Bay approximately 60km north east
of Ballina, 60km south east of Donegal Town and approximately 10km north of Ballysadare on the
Garvoge River. The town is served by the N17 Galway to Sligo route as well as a network of
secondary roads linking the area with neighbouring towns and villages.
In terms of a strategic context, the N4 is a national primary route linking Dublin to Sligo and the
town is reliant on passing trade. Ireland West Knock Airport is approximately 50km away and it
also has close proximity to the linked hub of Ballina, Manorhamilton, Donegal Town and Boyle.
Sligo Town is also located on the disused Sligo, Leitrim and Northern Counties Railway Corridor.
The Garvoge River, part of the Lough Gill Special Area of Conservation (SAC) and proposed
Natural Habitat Area (pNHA) flows through the Sligo Town site. Lough Gill SAC is designated for
its natural eutrophic lakes, sessile oak woodlands and alluvial forests, along with a range of riverine
species (e.g. Sea, River and Brook Lampreys, Atlantic Salmon, Otter and White-clawed Crayfish).
Generally the habitats for which the Lough Gill SAC is designated are of low vulnerability to
flooding, being waterlogged habitats tolerant of periodic inundation, with the exception of sessile
oak woodlands.
The species for which the Lough Gill SAC is designated may be adversely affected by flooding,
particularly during their breeding seasons through disturbance to spawning gravels or flooding of
holts. The site is also susceptible to water quality issues, particularly associated with agricultural
activities, and in-channel flood risk management works could potentially have a significant impact.
This Garvoge River discharges into Sligo Bay, which is designated as part of the Cummeen Strand/
Drumcliff Bay SAC and pNHA/ Cummeen Strand Special Protection Area (SPA). The SAC is
designated for a range of coastal habitats, petrifying springs and Juniper formations. These
habitats are generally subject to tidal influence and natural flooding and therefore of low
vulnerability. The exceptions to this are the stable sand dune habitats where coastal flooding could
cause a change in habitat structure and Juniper formations, which are intolerant of flooding.
The SAC is also designated for Common Seal, which are of low vulnerability to flooding as it is
likely that they will be able to readily adapt, and Narrow-mouthed Whorl Snail which are very
sensitive to hydrological changes.
The Cummeen Strand SPA is designated for several species of seabird and wader. The impact of
flooding on these SPA species is generally low, although some wading species could be adversely
impacted upon by inundation of intertidal feeding and roosting areas, which require populations to
move elsewhere.

2.3.2

Sligo County
Sligo Town is identified as a 'Key Town' in the Sligo County Development Plan. Sligo Town is the
county town of Sligo and is an historic, cultural, commercial, industrial, retail and service centre of
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regional importance. Served by established rail, port and road links, Sligo exerts a significant
influence on its hinterland.
Sligo is also a popular tourist destination, being situated in an area of outstanding natural beauty,
and with many literary and cultural associations.
The N4 Dublin Road to Sligo runs through the heart of Sligo Town, as well as the N16 to
Manorhamilton/ Enniskillen, the N15 to Donegal and the R292 to Ballina/ Westport. These are
major transport links for the area.
The future vision and zoning in riparian areas as set out in development plan and policy documents
needs to be reflected in, or revised in response to, the flood management plan. The uncertainty in
future flood risk needs to be considered in these plans.
2.3.3

Sligo Town
On a local scale, Sligo is a thriving town with a population of approximately 20,000 and serving a
large rural hinterland. Employment is provided by local firms, multinational companies and the
surrounding agricultural industry. Sligo is a thriving hub of activity with 19 multinational companies
across all business sectors including Abbott, Amcor, Hospira, Equinoxe, Fohrenbach, Litec
Moulding and Elanco.
The Health Service Executive (HSE) operates Sligo Regional Hospital near the centre of the town.
Sligo County Council has its main office on the banks of the Garvoge River in Sligo Town, which
is responsible for the delivery of a range of local authority services. Sligo Institute of Technology
(IT) is a regional leader in education, innovation and economic and social development. Its 29
hectare (ha) campus is centrally located in Sligo Town and serves approximately 7,000 students.
The local businesses, shops and restaurants are reliant on the passing trade from the N4, N16,
N15 and R292. Flooding is likely to affect this trade as will traffic disruption during construction of
any structural methods.
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3

Screening of possible methods and options

3.1

Introduction
A flood risk management option consists of one or more combinations of flood risk management
methods; a method being one distinct approach to flood risk management in a specific location
such as a flood wall or flood warning system. Flood risk management options consist of all
methods required to deliver mitigation at the relevant spatial scale.
This section provides an overview of the screening of all possible flood methods to arrive at a suite
of viable methods that have then been carried forward to detailed modelling and the identification
of feasible options. The purpose of the screening process is to filter out Flood Risk Management
(FRM) methods that are not acceptable or viable, either alone or in combination with other
methods, for the Spatial Scales of Assessment (SSA) under consideration.

3.2

Existing scenario
To analyse the impact of flood management methods, it is first necessary to assess the existing
scenario. Currently, the OPW issues high tide advisory. The OPW uses a national tidal and storm
surge forecasting system along with a European Flood Awareness System (EFAS) which provides
probabilistic early flood forecasting information. This high tide warning is issued to local
authorities. As a result of this and other warning indicators such as the local news, reviewing tide
tables etc. flood resilience methods may be put in place.
Flood hazard maps have been produced that show the 'Risk to Life'. These indicate the level of
risk to human live based on depth and velocity. Figure 3-1 indicates the risk levels in Sligo Town
in the current scenario, while Figure 3-2 indicate the risk levels for the future scenario.
Figure 3-1: Risk to life - Garvoge and Sligo Rivers (current)
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Figure 3-2: Risk to life - Garvoge and Sligo Rivers (MRFS)

3.3

Screening of possible flood risk management methods
The objective of the screening process is to develop a long list of technically feasible and
economically viable methods to feed into the option identification stage. Options have only been
discounted at this stage on technical or economic grounds, however the process has also required
social and environmental constraints identified as part of the work to be recorded to support the
further development of options and the SEA process at a later stage.
Details of the cost estimates are provided in Appendix B and an overview of the screening
considerations for environmental and social constraints is provided in Appendix C.
Information was recorded under the following criteria as follows:


Technical - Methods were screened on feasibility only, requiring a high level description
of what the likely method would entail. Where methods were not considered to be
technically feasible or not relevant to the site no further consideration has been given.



Economic - Technically feasible methods have been reviewed for economic viability. As
noted previously, approximate benefits associated with the 0.5% AEP event are €8,675,
so any standalone methods or combination of methods will be required to cost less than
this, assuming a benefit cost ratio of 1:1.



Health and safety - The degree of health and safety risk during construction and operation
was assessed at a level appropriate to the screening stage. Risks have been recorded
for future reference, however if the risk could not be managed or mitigated then the method
was screened out.



Environmental - The environmental screening has made use of the SEA scoping report
and has taken into account the key environmental constraints noted in Section 2.2.
Methods may be rejected on the basis that a measure may have a detrimental impact on
an environmentally or culturally valuable or protected site, and may need to complete the
costly IROPI process to proceed.

Table 3-1 shows the results of the screening process for each method considered. A method can
Pass (P) or Fail (F) the above criteria. A method must pass all four criteria to be considered viable.
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The below criteria were also considered at the screening stage however methods were not rejected
based on these criteria but the key constraints were noted.


Social and cultural - Again, methods are not rejected based on social and cultural
constraints at the screening stage however the constraints are noted.



Adaptability to climate change - Sligo Town is significantly affected by the effects of
Climate Change with damages increasing from €8,675 in the current scenario to
€4,437,589 in the MRFS scenario. Any methods preferred for the town will have to be
sustainable and adaptable flood risk management methods.

Only structural methods have been screened. Non-structural methods such as planning and
development control, SuDs, targeted public awareness campaigns and development of
emergency plans will be assessed at the UoM scale and are detailed in the overarching UoM
Report with issues relevant to this AFA discussed in Section 4.
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Table 3-1: FRM method screening - coastal flooding in Sligo Town
Possible flood risk
management
method
Coastal methods

Technical

Economic

Health
and
Safety

Initial
screening
result

Comment

Tidal barrier

Pass

Fail

-

Not Viable

A barrier would have to be placed across Sligo Bay, which is part of the Sligo Bay SAC. The
cost of a barrier is an uneconomically feasible option for either present day scenario or future
scenario. Also, a tidal barrier would not be suitable in Sligo Bay SAC as this would need to go
down the IROPI route and alternative methods are available.
There are no existing defences in areas shown to be at flood risk within the Sligo harbour.

Flood containment methods
Rehabilitation of
existing walls
Walls

-

-

-

Pass

Fail

-

Not
Applicable
Not Viable

Embankments
Demountable walls

Fail
Pass

Fail

-

Not Viable
Not Viable

Road raising

Fail

-

-

Not Viable

-

Not Viable

Two walls are required on Lower Quay Street. The first would run along the perimeter of the
car park for approximately 120m and tie into high ground at its downstream limit and an existing
wall at its upstream. A flood defence of 0.9m is required, but 1.2m has been assumed for
health and safety reasons. This has been estimated have a capital cost of €400k (Appendix
B1). The second would run along the bank upstream of Old Quay Court. It would extend for
150m and would need to be approximately 0.5m in height, again assumed 1.2m. Estimated
capital costs for this quay wall as described are €500k, see Appendix B1. The combination of
both is well in excess of the damages for the area and is there not economically viable. Access
to slipways will need to be maintained where necessary, this has not been included in the
screening costs as it will further reduce the economic viability of the measure.
There does not appear to be sufficient space behind the properties along Ballast Quay to
provide protection to these properties.
There is insufficient space for embankments within Sligo.
There is no economically viable wall option and as such demountables will not be economically
viable.
This method would only be viable for the car park in the vicinity of Lower Quay Street. Property
threshold levels in this area are at the car park level and as such there is no capacity to raise
levels further.

Individual property protection methods
Relocation of
properties

Pass

Fail
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This method will relocate the 5 commercial properties situated along Ballast Quay. The
frequency of flooding at this stage does provide the financial or emotional justification for this
option. With climate change the difficultly of preventing flooding to these properties will make
this method more viable.
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3.4

Findings of the screening assessment
The technically viable structural methods are shown in Figure 3-3. However, the screening
assessment has demonstrated there are currently no cost beneficial structural options for Sligo in
the present day. Further consideration of the implications for changes in flood risk in the future
are discussed in Section 3.5.
Figure 3-3: Overview of methods

Table 3-2: Summary of options for Sligo
Present day

Adaptability
to climate
change
Conclusions

Cost
BCR

Option 1
Do Existing

Option 2
Flood containment to the 1% standard

This option would continue the
existing scenario and provide
resilience methods only to
properties at risk of fluvial flooding.

A 120m wall at Lower Quay street and
150m 1.2m high wall at Old Quay Court
provides protection to the 1% AEP
standard.

This option does not impede flood
risk management methods for Sligo
until further information on climate
change and its implications
becomes available.
This option does not provide a
design standard of protection for the
present day but allows future
management of flood risk to be
considered.

Given the significant increase in risk in
future scenarios this option will not be
easily adaptable given the wall heights
required

Not applicable

This option will provide the 1% AEP
design standard of protection but future
increases in design standard may not be
justifiable.
€1,350,213
<0.01

A breakdown of the estimated costs for the options for Slgio is presented in Table 3 3. It is noted
that for the screening stage, the additional cost allowances only included optimism bias,
maintenance and preliminaries to reduce the risk of omitting potentially cost beneficial options at

WCFRAM UoM 35 Sligo Preliminary Options Report Volume 2i v3.0.docx

18

this stage. Full details of the assumptions made in the cost estimates are provided in Appendix 0.
Individual measure costs are detailed in Appendix B.
Table 3 3: Indicative screening costs

None of the identified methods qualify for funding as part of the national CFRAM programme as
they have a benefit cost ratio of less than 1.
In the interim non-structural methods can provide a reduction to risk and damages for the area.
These are discussed in detail in Section 4.

3.5

Climate change
Within Sligo there is a significant risk associated with increasing sea levels as a result of climate
change which will result in significant new areas of flooding from those predicted to be affected in
the current risk scenario.
Because this risk only arises in the future it is not appropriate to put forward options to manage
exposure to this flooding in the current FRMP; the future risk has not yet materialised so the
justification to manage that risk is not there and funding for such a scheme would have a very low
priority. However, it is not appropriate to ignore the fact that significant increases in flood risk are
likely to occur. Therefore, whilst the proposed options do not include for methods to manage this
risk, the following summarises future management options.
The Sligo harbour area has been earmarked for significant redevelopment as part of the local
development strategy. This provides an opportunity to make sure that this area of Sligo is resilient
to the expected changes in sea level, and is in line with the requirements of the Planning System
and Flood Risk Management guidelines which state that climate change should be taken into
account in the preparation of Development Plans and for development management.
At a national level, monitoring changes in sea levels should continue to be the primary focus, with
the continued development of guidance for spatial planning and management. At a more local
level, it is important that Sligo County Council develops a climate change management strategy to
support the redevelopment of the harbour.
There are three general options available to manage risk in this location and the final management
strategy could draw from any one, or a combination of all these three:
1. Regeneration and property resilience or resistance
2. Raised defences
3. Relocation of properties
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3.5.1

Regeneration and property resilience or resistance
Through development of a comprehensive masterplan of the area, the redevelopment of the
harbour can be structured to ensure future management of flood risk. This may take the form of
landscaping, raising individual sites or raising floor levels and access-ways. The masterplan
should also consider both horizontal and vertical allocation of land uses, with more vulnerable
developments situated at higher levels. It is important that existing infrastructure, utilities and
services are resilient and adaptable to future flood risk, and new services are constructed to take
account of climate change.
The advantage of this approach is that it falls within the scope of the town development plan and
will allow gradual adaptation to future risks as the harbour is redeveloped. It also means that costs
can be phased over a longer period, and through development contributions or incorporated into
site development costs. This negates the need for the significant upfront costs that could be
required with other methods. A well-considered development masterplan will ensure the costs of
flood management will not result in unviable future development.
The main disadvantage is that properties which are not part of the redevelopment would need to
be retrofitted with resistance or resilience methods. These properties would continue to be more
susceptible to flooding. In addition, the management of flood risk through this route will require a
long feed in time as it will be undertaken only when properties become available. For example
Sligo County Council own a number of properties within the inner harbour area which are currently
lease hold and development of these properties will be dependent on the expiry of the lease.
However, as climate change impacts will be relatively slow to manifest, this is not in itself a
significant disadvantage.
It should be noted that once embarked upon, this approach will remove some properties from the
floodplain thus reducing the benefit and justification of a wider scheme that would otherwise have
reduced flooding to these, and other, properties.
Raised defences
This method would result in the construction of raised barriers or quay walls to prevent inundation
to large areas of the harbour. The MRFS 0.5% AEP extreme sea level is 3.8m OD and structures
would need to be constructed to this level plus freeboard. Figure 3-4 shows ground levels along
the front and provides an indication of the height of structure required, if situated in this location.
It also highlights the low spots where overtopping can be expected to occur first in future events.
Figure 3-4: LIDAR levels along Sligo Harbour
Road levels along Sligo Harbour
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As this approach requires significant up front expenditure, it is only recommended where there is
high confidence in the impacts of climate change, which is not the case at present.
It may be possible to implement a phased approach to the construction of flood defences in this
area by creating a series of flood cells. Figure 3-5 shows the MRFS flood extents for a range of
return periods, which can be used as an indicator of the progression of flood risk over time. Table
3-3 shows the extreme sea levels associated with each return period event.
Figure 3-5: Progression of flooding with climate change based on MRFS extents

Outer harbour
flood cell

Deepwater Road

Railway
Station

Inner harbour
flood cell

Finiskin Road

Ballast Quay
Railway west
flood cell
Fish Quay
flood cell

Table 3-3: Extreme sea levels in the MRFS
Return Period (% AEP)
MRFS extreme sea levels (mOD)

50
3.00

20
3.14

10
3.23

5%
3.32

2%
3.44

1%
3.53

0.5
3.62

0.1
3.83

The Fish Quay area is known to flood currently and the onset of flooding in the MRFS shown in
Figure 3 5 is the 50% AEP event. This area will remain an independent flood cell until sea levels
are sufficiently high to overtop the N4 road, which occurs in the 2% AEP event in Figure 3 5. Until
that time, implementing localised raised defences would provide a reasonable standard of
protection into the future. Overtime, these walls would need to be extended to meet the N4 to
prevent overtopping in larger events. Raising the level of the N4 would provide protection to the
flood cell from all sides, but levels would need to be raised of the order of approximately 0.6~0.7m
to achieve this.
Significant flooding is first shown to occur to the inner harbour area in the 10% AEP in Figure 3 5.
The railway line cuts across the centre of the inner harbour area and is a significant structure
preventing flooding to the west, it bounds the eastern side of the Railway West flood cell in Figure
3 5. This structure is first bypassed via the underpass on Finisklin Road, which occurs in the 5%
AEP event in Figure 3 5, and eventually is also bypassed at its northern limit, which occurs in the
1% AEP event in Figure 3 5. Increasing the level of Finisklin Road beneath the bridge, which is
currently 3.91m high, by approximately 0.7~0.8m will significantly reduce the frequency of flooding
of sites to the west in the future. Discussions will need to be held with the responsible railway
authority before the structure can be formally used as a flood defence.
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There is little connectivity between the inner and outer harbour, with the onset of flooding along
Deep Water Berth Road between the two flood cells shown to occur in the 0.5% AEP event, and
road raising of the Deep Water Berths Road between the two flood risk areas could create two
flood cells. It would then be possible to consider the feasibility of raised structures to protect these
areas on a separate basis or the promotion of alternative property level approaches between flood
cells.
To provide raised defences to the inner harbour, properties currently situated on the harbour side
of Ballast Quay would either need to be relocated to provide space, or they would remain on the
seaward side of a wall. Relocation of these properties would allow the harbour front to be
reclaimed as open space which would significantly increase the amenity value of the area and
maximise the benefits of the scheme.
Although feasibly possible, the cost of raised defences for the inner and outer harbour flood cells
is likely to be cost prohibitive given the length of the harbour front, particularly if the railway
embankment is formalised as a defence and reduces the number of properties at risk. It seems
likely that appropriate planning policies will be more viable in this area.
3.5.3

Relocation of properties
This method would accept the increasing risk associated with climate change in the area, prevent
future development and return the land to open space. This approach is not consistent with Sligo's
overall development plan but in localised areas it may provide an alternate method than the
methods detailed above. It has already been noted that properties along the harbour front would
need to be relocated if a raised defence is eventually to be constructed within this area.

3.6

Stakeholder engagement
Throughout this process OPW regional engineers and local authority engineers have been
consulted in the form of steering group, progress group and engineer meetings and their input has
feed into the preliminary option stage.
Public Consultation Day (PCD) - 23rd of June 2015
On June 23rd 2015 a public consultation was held at Sligo City Hall, Quay Street, Sligo to outline
possible methods for the town.
There were no attendees at this PCD which demonstrates the low perceived risk of flooding in the
town at present.
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4

Non-structural methods
Non-structural flood risk management methods are proven methods and techniques for reducing
flood risk and flood damages incurred within towns. Besides being very effective for both short
and long term flood risk and flood damage reduction, non-structural methods can be very cost
effective when compared to structural methods. A particular advantage of non-structural methods
when compared to structural methods is the ability of non-structural methods to be sustainable
over the long term with minimal costs for operation, maintenance, repair, rehabilitation, and
replacement.
Full discussions on non-structural methods has been discussed in overarching UoM preliminary
options report. The section provides a bit more detail on these methods and how they could be
implemented, either as standalone or in conjunction with a structural flood relief scheme in Sligo.
Non-structural methods
Planning Development and Control
Spatial Planning and Impacts on Development
Sligo falls within the Sligo Town and Environs Development Plan. The Sligo Town and
Environs Development Plan 2010-2016 is not supported by an SFRA. It is recommended that
an SFRA is be included in the next iteration of the plan to provide predictive flood zones to
guide land zonings, guidance on the level of detail required in a flood risk assessment for
specific sites, and the consideration that should be given to freeboard and climate change,
amongst other factors.
In the centre of the town there are areas zoned "City Centre Uses" which are within Flood
Zone B of the Garvoge River. Proposals for development in this area are likely to be limited
to refurbishments and change of use, with limited potential for decreasing flood risk at a
building scale. However, it is important that opportunities for increasing flood resilience are
included in development plans. On the Sligo River flood mapping depicts areas zoned for
"Community Uses" adjacent to Sligo Institute of Technology inside Flood Zone A and B. Any
development in this area would be subject to a justification test and a site specific flood risk
assessment.
There is a significant risk associated with increasing sea levels as a result of climate change
which will result in significant new areas of flooding from those predicted to be affected in the
current risk scenario. Current development management standards and policies should
include consideration of future flood risk and the SFRA should direct the most vulnerable land
uses away from areas of high future flood hazard. There is a need for a Climate Change
Strategy within the next iteration of the Development Plan. Further discussion on the
implications of climate change in Sligo are provided in Section 3.5.
Further detail on flood risk and land zoning objectives under both current and future scenarios
is provided in Section 5 of the UoM 35 Overarching Report.
Sustainable Drainage Systems
Examination of potential drainage paths through Sligo shows there are a number of sites which
could contribute flow towards the town centre, potentially adding pressure to the existing
drainage network. Whilst not within Flood Zone A or B, the use of SuDS could assist in limiting
surface water flood risk in the town centre providing a positive contribution to reducing flood
risk in Sligo. In particular there is potential for a strategic SuD to the west of the city where
there has historically been flooding associated with overland flows along the railway line
affecting properties in the Thornhill area. The sewer system downstream is also under
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pressure. A strategic SuD in this area in conjunction with future development could reduce
flows below existing greenfield runoff and so provide flood risk benefits downstream.
An examination of the soil would suggest the area is primarily underlain by well drained soils
outside of made ground indicating a high potential for infiltration based SuDs in Sligo subject
to site specific assessment
More detail on the applicability of SuDS in Sligo, and indicative storage volumes, are provided
in Section 6 of the UoM 35 Overarching Report.
Flood Preparedness Methods
Flood Forecasting and Warning Systems
Flood risk in Sligo is dominated by tidal flooding, with significant increases in risk predicted in
the future. Low resolution forecasts are available at Sligo and could be used to provide
warning to the residents of Sligo. The model is currently only in operation in the autumn /
winter months and its operation may need to be extended.
More detail on the potential for a flood forecasting system is provided in Section 7 of the UoM
35 Overarching report.
Emergency Response Planning
Until such time as flood prevention schemes are built, the existing level of risk will remain
unless a flood response plan can ensure necessary actions are taken and all vulnerable
residents can be safely evacuated and accommodated. Well prepared and executed
emergency plans can significantly reduce the impact of flood events. Sligo County Council has
set up a Framework for Major Emergency and has produced a guidance document "A guide
to Flood Emergencies" and a protocol "A protocol for multi-agency response to Flood
Emergencies.
Targeted Public Awareness
Individuals and communities that are aware of any prevalent flood risk are able to prepare for
flood events when such events occur. People are able to take appropriate actions in advance
of, during and after a flood to reduce the harm and damages a flood can cause. There has
been limited attendance to both the flood mapping and POR Public Consultation Days (PCD)
in the town, with 11 and 0 people in attendance respectively. It is accepted that this reflects
the current level of flood risk within Sligo. In the future, dependent on climate change, public
awareness through education schemes or increased awareness by the relevant authorities will
be needed to ensure that the residents and visitors to the harbour are aware of the risk.
Individual Property Resilience
Resilience method may be suitable for properties vulnerable to repeated flooding where the
depth of flooding exceeds 600 mm (CIRIA 2007). When floodwater exceeds this level it may
be more appropriate to allow water into a property, preventing possible structural damage to
walls in a way that limits the potential damage, cost, disruption and ultimately the time that a
property is uninhabitable.
In Sligo, flooding depths in the 0.5% AEP tidal event are expected to be less than 0.5m and
so individual property protection methods are viable and should be considered instead of
resilience methods for the time being, see below.
Individual Property Protection
Flood resistance, or dry proofing, techniques prevent floodwater from entering a building. This
approach includes, for example, using flood barriers across doorways, airbricks and raised
floor levels. Household flood resistance methods aim to prevent floodwaters from entering a
building structure. Individual Property Protection methods may be appropriate in areas that
frequently flood to shallow depths, and where community-scale defences are unlikely to be a
viable option as is the case for the harbour properties in Sligo.
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In the 0.5% AEP event flooding depths are expected to be less than 0.5m. As such individual
property protection is a viable solution to protect properties to the 0.5% AEP event. Because
the flood risk is associated with tidal events, manual methods in conjunction with a flood
warning system are viable. This will significantly reduce costs. Providing individual property
protection to 10 properties predicted to be affected by coastal flooding (including the
supermarket) is estimated to have a capital cost of €95,000, Appendix B.
Maintenance
The hydromorphic audit has identified that the Knappagh River is susceptible to reach scale
sedimentation processes. Two structures have been highlighted as high priority with observed
sedimentation issues.
The culvert which the Sligo River passes beneath the N15 has been raised by the local
authority as susceptible to blockage with historical evidence of this occurring. On the upstream
face of the culvert is a simple trash screen.
Consideration should be given by the local authority to incorporating the key structures
identified into a priority monitoring schedule as a mechanism for raising awareness with
riparian owners of their responsibilities.
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5

Conclusions
Flood risk within Sligo is limited and is a result of extreme sea levels overtopping the harbour and
flooding those properties located at the lowest points. The findings of the preliminary options
investigations confirm that there is no economically viable structural method to manage the
existing level of flood risk to these properties. Non-structural methods, such as individual property
protection, should be considered to manage the current flood risk.
Flood risk to the harbour is predicted to increase significantly in the future as a result of climate
change. A climate change management strategy for Sligo has yet to be developed and it is critical
that this work is taken forward, ideally as part of the town development plan, which should establish
specific criteria for development which takes into account climate change risks. Strategies to plan
for increasing sea levels may be one or a combination of regeneration and property
resilience/resistance, raised defences and/or relocation of properties.
A review of the predicted onset of increasing flood risk suggests that it may be feasible to develop
different strategies for various areas of the harbour allowing a phased approach in response to
improving evidence base on climate change. Coordinating flood risk objectives with the wider
regeneration plans for the area will maximise the benefits associated with any scheme.
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A

Economic appraisal of measures and options

A.1

Overview
The economic appraisal of a measure or option is based on the assumption that the cost of
implementing a measure should not exceed the benefit associated with the reduction in flood risk
following the implementation of that measure. The cost of implementing a measure reflects the
costs of construction and whole life costs arising from maintenance. The benefits associated with
the reduction in flood risk as a result of a measure are discussed in detail in this Section.
For each AFA with a technically viable measure or set of measures, the following economic
appraisal has been carried out. Where there are no technically viable measures, economic
appraisal has not been undertaken.
The starting point for determining the benefits of a flood relief scheme is to identify the tangible
costs associated with a flood event, or those costs which would be removed if a flood relief scheme
were put in place. The tangible costs are those factors for which there is a clear monetary cost
resulting from a flood. These costs can be split in to direct and indirect costs. Direct costs are the
damages incurred to property as a result of a flood. Indirect costs are costs incurred as a result
of a flood other than direct damages, for example the rental costs of temporary accommodation or
the costs associated with a flood event response by the emergency services.
There are also intangible costs associated with a flood event. These represent the human impacts
on an event such as anxiety, stress and ill health.
The total economic costs associated with a flood event are assumed to equal the total of the
tangible and intangible costs. The methodology for calculating these costs is set out in the
following sections.
Having established the potential benefits of a measure or option, the viability of selected measures
is dependent on the likely costs of construction and long term maintenance compared to the
benefits.
Indicative costs have been calculated as part of the screening assessment where the screening
assessment confirmed an economically viable option was available, the costs have been refined
as part of the full scheme development costings. In both cases, costs have been determined using
the unit cost database.
The unit cost database has been used to maintain consistency in estimated costs of construction
and maintenance of measures nationwide under the CFRAM project.
The screening cost estimate consists of construction costs, associated preliminaries, operation
and maintenance costs and an allowance for optimism bias. The final option costs also include
additional allowances detailed design, archaeology, land compensation and art.
The following section step through the process of calculating benefits (Sections A.2 to A.5) and
costs (Section A.6). The costing summary sheet for all technically viable options is provided in
Appendix B.

A.2

Direct flood damages

A.2.1

Source data
Economic flood damages have been estimated using the data and general methodologies outlined
in ‘The Benefits of Flood and Coastal Risk Management: A Handbook of Assessment Techniques
2010), which is often referred to as the ‘Multi-Coloured Manual’ (MCM). This manual provides
depth damage curves for different types of residential and commercial properties compiled from
historical data of damages incurred in past flood events. By extracting the flood depths for affected
properties from WCFRAM hydraulic modelling outputs the total damages in a given flood event
can be determined.
Property types have been derived from the An Post geodirectory. The An Post directory assigns
one of four codes to each of the property points to indicate the property type. These are R –
residential, C – commercial, B – both and U – Unknown. A review of property points assigned a
B code confirms it is generally the commercial property on the ground floor and so, subject to flood
risk, residential costs in these instances have been removed.
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Residential properties are further categorised in the geodirectory into detached, semi-detached,
terraced, duplex and bungalow. Unknown (U code) properties were found to include a description
of the property type (detached, semi-detached etc.) and so were assumed to be residential.
Commercial properties in the geodirectory have a NACE code assigned; this is a European
equivalent to the MCM codes but not directly comparable. To facilitate the analysis, each NACE
code has been attributed an equivalent MCM code and so each commercial property attributed an
appropriate MCM code. Where a NACE code was not available an appropriate MCM code has
been determined based on knowledge of the town.
Property floor areas were extracted from OSi data and geographically linked to the An Post data.
Where multiple An Post points existed within the same building polygon it was assumed the
building footprint was divided equally between points. Where An Post data did not coincide with
a building polygon a footprint area of zero was applied and hence no damages will be calculated
for these points.
Property threshold levels are assumed to be equivalent to the mean LiDAR level over the buildings'
footprint polygon plus a typical observed threshold level for the area.
A.2.2

Methodology
The depth damage curves used in the analysis for residential properties are based on the type of
property described above only, i.e. detached, semi-detached etc. Where this data was not
available a residential average was applied. Damage curves has been further selected based on
local conditions such as whether the event had a short or long duration, defined as less than or
greater than 12 hours, or whether salt water damage should be considered, as would be the case
for tidal flooding. For residential properties damages begin at -0.3m to allow for damage to
foundations.
In some AFAs, properties are affected by both fluvial and coastal flooding. However, hydraulic
modelling has demonstrated that there is no joint probability risk from the two sources, so damages
from each source can be treated independently. Once calculated for each individual source the
total direct damage to an individual property is the sum of the damages from the two sources.
Prices (damage costs) in the data provided by FHRC 2010 have been converted to euro rates
applicable to Ireland in 2013 (the reference date set by the OPW to allow a consistent comparison
of findings across all CFRAMs) by:


Applying a ‘PPP’ multiplication factor of 1.279. This is derived from the relative OECD
Purchasing Price Parity values for the UK and for Ireland for 2010. The 'PPP' factor is net
of currency conversion (i.e., already includes for exchange rates as well as price
differences, and so no currency conversion rate should be applied in addition to this factor)



Applying an inflation multiplication factor of 1.051. This is derived from inflation rates based
on the CPI in Ireland for the period 2010 - 2013
Economic damages to infrastructural utility assets (e.g. electrical sub-stations, gas installations
and pipe-work, telecommunications assets, etc.) are assumed to be 20% of total direct damages
to properties for the AFA.

A.3

Intangible and indirect damages
Flood events can cause significant stress, anxiety and ill health to potentially affected people,
during and then after a flood. Individuals generally also incur some costs due to their properties
flooding that are not directly related to damage, such as evacuation, temporary accommodation,
loss of earnings, increased travel and shopping costs, etc.
For residential properties the intangible and indirect flood damages shall together be set equal to
the total direct property damages as calculated above.
Costs attributable to emergency services (which includes evacuation costs) are assumed to be
equivalent to 8.1% of the total direct property damages. This value was derived as an average of
the measured emergency services costs for the 2000 and 2007 floods in the UK.
Traffic disruption has not been included in the assessment of damages. Traffic disruption
historically makes up a small percentage of damages and was not included at this strategic level.
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A.4

Calculation of Annual Average Damage (AAD) and Present Value of
damages (PVd)

A.4.3

Discount rate and project horizon
Given a choice between receiving a specific sum now and the same amount sometime later, most
people will express a preference for the present sum. The tangible benefits accruing from a flood
alleviation scheme will not provide cash sums to the beneficiaries; however, they will prevent a
negative cash flow (avoidance of associated flooding costs) from the individuals.
The avoidance of fixed negative cash flow now is also preferable to avoidance sometime in the
future. The “social time preference” (STP) can be measured by an appropriate Discount Rate
(STPDR) and is taken as the compound rate of interest ‘r’ (% per annum) by which ‘y’ Euros in ‘x’
years' time is equal to one euro now.
The benefits arising from a flood relief scheme commence on the completion of the scheme and
exist for the life of the works. To obtain a measure of the overall benefit in present day monetary
values, it is necessary to:
(a) Estimate the benefit arising each year of the project life, termed the Average Annual
Damages (AAD)
(b) Discount the AAD to present values using the appropriate discount rate.
(c) Total the present values to obtain the overall benefit.
The Department of Finance's discount rate for public investment is 4%. The lifetime over which
the benefits are discounted is taken as 50 years. For computation purposes, it is assumed that
the residual value of the scheme at the end of the period is nil. This may be regarded as somewhat
conservative, since works typically have a design life of 100 years.

A.4.4

Property capping assumptions
The present value damages for any given property should not exceed its current valuation. This
is to prevent justification for a flood mitigation scheme being based on the repeated flooding of a
property over the project life when it would be more cost beneficial to simply buy out the property.
Estimated property values have been determined for both residential and commercial properties.
Residential Properties
Average prices for apartments, bungalows, detached, semi-detached and terrace properties were
derived for each AFA as there was considerable difference in property values across all AFAs.
The data was extracted from www.lpt.revenue.ie. The final capping value was set at twice the
market value to allow for intangible damages.
Figure A-1: Residential capping assumptions

Non Residential Properties
Average commercial property values have proved to be difficult to pinpoint. The high level
approach outlined within the MCM is to estimate values as a factor of 10 greater than the rateable
value, broadly defined as the annual rental value of the property. However, average commercial
rental values are not widely available. Commercial rateable values were provided by the relevant
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county councils but these values are not equivalent to the rental value of the property and are not
suitable for determining capping values. The Ireland Valuation Office is currently going through a
revaluation process owing to the poor correlation between the rental value of properties and the
rateable value but this information is not available for the west of Ireland.
Rateable values for all properties have been obtained from the April 2008 values for South West
England from ‘Commercial and Industrial Floor space and Rateable Value Statistics’
(https://www.gov.uk/government/statistical-data-sets/live-tables-on-commercial-and-industrialfloorspace-and-rateable-value-statistics) as instructed by the OPW. These UK rateable values
have been multiplied by the “PPP” multiplication factor of 1.279 and uplifted by the inflation
multiplication factor of 1.051 resulting in the following euro rates. Non-residential properties were
capped at 10 times the below rateable income.
Table A-4: Rateable incomes for non-residential properties

A.5

Property type

Rateable value per m2 (€)

Retail

161

Office

115

Warehouse

51

Leisure & Public

37

Industry

41

Benefit analysis
Using JBA's custom software package, FRISM, flood depths have been extracted and damages
determined for each property for each of the eight defined design event probabilities. The Annual
Average Damage (AAD) has then been calculated as the probability weighted sum of the damage
values of each event up to and including the 0.1% AEP event. The Average Annual Damage,
discounted at a rate of 4% per annum over a time-horizon of 50 years, produces the Net Present
Value of the potential flood damage. An example of calculated damages is shown in Figure A-2.
It should be noted that, in the example shown in Figure A-2, the current and MRFS damages are
both less than the equivalent capped damages, indicating that the value of residential and
commercial properties has not impacted on the damages attributable to flood events.
Figure A-2: Damage calculation result
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The damages calculated using this method have been applied at for both the verification screening
and detailed options development stages of assessment.

A.6

Screening cost estimates
For each technically viable measure identified as part of the screening assessment a cost estimate
is provided in the relevant AFA report. An example breakdown of estimated costs for the screening
assessment is shown in Table A-5 and details of the constituent parts provided in the following
sections.
Table A-5: Screening costs (Sample Costs)

A.6.5

Construction costs
Construction costs were estimated based on typical unit and item costs (e.g. cost per metre length
of reinforced concrete wall of given height, or cost of a pump of certain capacity) as set out by the
unit cost database. Details of which unit and option cost have been applied are provided within
the relevant AFAs reports. Summing the construction unit cost of the measures gives the Gross
Capital Construction Cost.

A.6.6

Preliminaries
Preliminaries and other construction costs include the following items:


Compound



Site cabins and services



Temporary power and generators



Protection to overhead services



Protection to underground services



Road sweeping of public roads



Preparation of as constructed drawings



Health and safety



Security



Wheel wash provision at exits to public roads



Manual washing prior to vehicles existing to public roads



Supervision



Setting out



Mobilisation and demobilise
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Insurance

A relationship between the cost of preliminaries and the construction costs of a given scheme has
been determined and is shown in Table A-6.
Table A-6: Preliminaries cost curve

Construction
cost:

€100k

€250k

€500k

€1m

€2m

€5m

€10m

€15m

Total
Preliminaries

€32k

€51k

€89k

€199k

€330k

€512k

€743k

€932k

Preliminaries
as a % of total

32%

20%

18%

20%

16%

10%

7%

6%

In addition to the above, each of the separate unit costs includes an estimate of some of the
additional preliminaries, such as temporary works, environmental mitigation and temporary flow
controls. The temporary works costs are based on what would be required on all sites but are not
intended to be definitive for all possible eventualities. Where non-standard, difficult or additional
temporary works are deemed likely to apply the allowance for preliminaries in the individual
measure cost may be increased.
A.6.7

Operation and maintenance
Whole life cost estimation needs to identify all activities that constitute flood defence management
practice e.g. inspection, vegetation management, repair, operations, incident management,
general administration and regulatory activities. Operational costs may include annual
maintenance as well as intermittent costs if relevant and proportional and data is available.
Operational costs are assumed to continue for the design life of the scheme. Present value costs
for operation and maintenance have been determined using the same methodology set out in
Section A.4.3, that is assuming a design life of the scheme of 50 years and a discount rate of 4%.

A.6.8

Optimism bias tool
There is a demonstrated, systematic, tendency for project appraisers to be overly optimistic when
developing costs estimates for capital works. The aim of adding an optimism bias is to allow a
contingency on these estimates to cater for unknowns and help ensure project promoters retain
adequate project budget.
Different magnitudes of uplift or optimism bias are applied at different stages of the appraisal
process. For example a higher optimism bias is expected at the start of a project where there are
a lot of unknowns, this optimism bias would expected to be reduced once detailed design has been
completed and site conditions are better understood and approaches to manage risks have been
identified or the additional costs associated the construction have been priced explicitly.
The proposed optimism bias has been determined from a Review of Large Public Procurement in
the UK1. This study reviewed cost estimates and resulting capital expenditure from public
procurement projects over a period of 20 years. The findings of this review highlighted that an
appropriate optimism bias for standard civil engineering projects at the outline business case
stage, which broadly reflects the level of assessment in the CFRAM, is 44%. On this basis an
optimism bias of 50% has been applied for all cost estimates in the WCFRAM.

1 Review of Large Public Procurement in the UK, Mott MacDonald (2002).
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B

Screening cost summary tables

B.1

Quay walls to Sligo Harbour
Single Method Capital Cost Tool
Wall ref

Lower Quay Street

Wall type
Height (m)
Wall length (m)
Wall unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Quay walls
Raising 1.2m
120
€ 2,370
€ 284,352
€ 284,352
€ 284,352
€ 341,223

Preliminaries (17%)

€ 399,230

Total capital cost (€)

€ 399,231

Single Method Capital Cost Tool
Wall ref

Old Quay Court

Wall type
Height (m)
Wall length (m)
Wall unit rate (€/m)
Over-ride unit rate (€/m)
Total costs (€)
Apply update to unit rate (CPI) if appropriate (€) (1.0)
Enter other applicable costs (€)
Total capital cost (€)
Consider amendments based on site issues/constraints (€) (Method factor 20%)

Quay walls
Raising 1.2m
150
€ 2,370
€ 355,440
€ 355,440
€ 355,440
€ 426,529

Preliminaries (17%)

€ 499,039

Total capital cost (€)

€ 499,039

Operation and Maintenance Cost Tool
Total wall length (m)
Wall O&M costs (€/m/yr)
Over-ride unit rate (€/m/year)

270
€0.325
-

Average estimates

Total annual O&M costs (€)

€88

Present value O&M costs (€)

Total PV Cost
Total capital costs (€)
Total PVc costs (€)
Optimism bias rate (%)
Total Cost including Optimism Bias (€)
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€1,873

€ 898,269
€ 900,142
50%
€ 1,350,213
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C

Environmental and social assessment of
measures and options

C.1

Introduction
The environmental constraints and the scope of the Strategic Environmental Assessment (SEA)
have been identified in the SEA scoping report. In the screening of measures and development
of flood risk management solutions the possible constraints, environmental benefits and impacts
associated which each measure have been identified. The benefits and impacts have been
considered in terms of quality, significance, duration and type.

C.2

Screening of measures
Alongside the technical and economical assessment of potential measures, an assessment into
the key social, cultural and environmental issues relating to flood risk in the area were considered.
This work built on the key constraints listed in the SEA scoping Report. This is included in Section
2.2 of each individual AFA preliminary options report.
At this preliminary screening stage, measures were assessed in relation to:


Location - would the placement of the measure be located near or within a Natura 2000
site.



Impact during construction or any operational requirements

 Presence of protected species within the area.
By outlining the key constraints, potential measures that would need to follow the full IROPI
(Imperative Reasons of Overriding Public Interest) process can be discounted at the viability
screening stage.

C.3

Environmental appraisal of options

C.3.1

Assessment criteria
The screening stage determined potentially viable measures and these were carried forward to full
option development. In the full development of options an environmental appraisal of each viable
option has been carried out and has been included in each individual preliminary options report.
The following has been considered.
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Table C-7: Environmental considerations

C.3.2

Habitat Loss

This is a permanent loss of habitat within the designated boundaries of a
Natura 2000 site. For flood relief schemes this could arise from the
construction of new structures within the site boundary, including provision
for future maintenance. Dredging, bank alterations etc, and other activities
can cause habitat loss.

Physical
Damage

This includes degradation to, and modification of, habitats within the
designated boundaries of a Natura 2000 site. This could arise in working
areas and along access routes where construction works are undertaken
within the site boundary.

Habitat
Fragmentation

More indirect physical damage to habitats could occur, for example,
through increased recreational pressure associated with certain measures,
which could result in trampling, erosion or rubbish tipping.

Species Loss

Damage may be temporary or permanent.

Change in
physical Regime

This is where activities result in the separation of available habitats or split
extensive areas of suitable habitat. It is most likely to affect species, but
can impact upon the functionality of habitats.

Changes in
hydrological
regime

This is a permanent loss of species such as Atlantic Salmon within the
designated boundaries of a Natura 2000 site as a result of schemes e.g.
removal of spawning grounds due to channel deepening and widening,
loss of Otter due to damage to holts on river banks or loss of pearl mussel
due to instream works. For flood relief schemes this could arise from the
construction of new structures within the site boundary, dredging, channel
widening, bank alterations or including provision for future maintenance. At
coastal locations this may arise mainly for birds e.g. nesting terns on
shingle or some rare plants. Dredging, bank alterations etc, and other
activities can cause habitat loss

Disturbance
(noise, visual,
vibration)

These are changes to physical process that can alter the present
characteristics of the Natura 2000 site (e.g. estuarine, fluvial and
geomorphological processes, salinity levels, tidal regimes, erosion,
deposition, sediment transport and accumulation). This could then result in
degradation or loss of habitats.

Competition
from non-native
species

Certain activities may result in changes to the current hydrological regime.
For example, a reduction or increase in the frequency, extent, duration
and/or depth of flooding may affect estuarine, riverine and floodplain
habitats.

Changes in
water quality

Activities which may affect surface and groundwater levels, such as
impoundments or defence construction, may also have adverse impacts on
surface water or groundwater dependant habitats (rivers, fens, bogs, etc.)
and species.

Pollution

A number of activities can result in disturbance, including visual and from
noise. This is more frequently associated with construction activities, but
could also be associated with the operational phases of some flood relief
measures, in particular where recreational opportunities may be exploited.
Disturbance can cause sensitive species, such as birds or mammals, to
deviate from their normal, preferred behaviour, resulting in stress,
increased energy expenditure and, in some cases, species mortality.

Landscape and
Visuals

The visual impacts of the proposed options were assessed using the
existing landscape ratings and status for the areas as outlined in the
County Development and Local Area Plans.

Archaeology &
Cultural
Heritage

The potential impacts of the proposed flood management options were
assessed against the archaeological and architectural features in the areas
of the proposed works. Architectural Conservation Areas in town were
taken into consideration during the assessments.

Habitats Directive Appropriate Assessment pre-screening
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Pre-screening in relation to the Habitats Directive was carried out to examine the potential impacts
on Natura 2000 sites early in the design process. Where an option could potentially involve Stage
3 &4 of the AA process, this option was re-examined and in most cases options that would require
an IROPI approval process were rejected and alternative options sought. This is illustrated below
in Figure C-3.
Figure C-3: Habitats Directive Appropriate Assessment pre-screening
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