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Executive Summary

Arup has been commissioned by Cork County Coy@lC) to develop a Flood Relief Scheme (FRS) for
Midleton. The overall scheme will consist of flood alleviation measures that defend against fluvial, tidal,
pluvial and groundwater flooding sources of floodifbe required Standard of Protection (SoP) of the
Schemas the1% AEP fluvial flood eventindthe 0.5%AEP tidal / coastal flooagvent

The first stage of the project, tbevelopment of a number of flood defence options and the identification of
a preferred Schem&tage 1) is now complet@his stage included hydrological analysis, hydraulic

modelling and analysis, and preparation of flood risk mapgihg.existing flood risk and flood mechanisms
are described in detail in the accompanying Hydrology Report and Hydraulics Report.

Based on the hydraulic analysis carried out as part of this study, théistezhm the following tablevere
identified as being the critical locations at risk.

Table 1 Areas at Risk

Area Area Name Categories of Properties at Risk in Potential Flood
\[o} this Area Mechanisms

1 Tir Cluain to Willowbank Domestic properties Fluvial

2 Northern Relief Road to Riverside Way | Domestic and Commercial properties| Fluvial

3 Town Centre and Bailick Road Domestic and Commercial properties| Fluvial/Tidal

4 Lauriston Estate/ Rugby Club/ East of IDl Domestic and Commercial properties| Fluvial/ Groundwater

5 Ballinacurra Domestic and Commercial properties| Fluvial

6 Wat er Rock i ncl udi i Domesticand Industriglroperties, Fluvial/ Tidal/ Groundwater
wastewater treatment infrastructure

Significant consultation with all interested parties including the public was undertaken throughoutirstage |
orderto give interested parties an opportunity to communicate local knowledge, homalydye impacted

by existing flood riskand also to obtain feedback on the proposals from all relevant affected stakeholders
and landowners who might be impacted by the Scheme. Feedback throughout the project to date has been
very carefully consideretly the project tearand where appropriatdas influenced decisions on the final
emerging preferred scheme. This is discussed in Settiad Sectiori3.

The options development commenced withrdtial screening assessmentfloiod risk management
measuresSome measures wenetdeemedisviable and as a result were screened out. Other measures were
considered as potentially viable and these were carried forward for further asse$himestdiscussed in
Section3.

Following the initial screening of the potentially viable measures, seven measures were asgesatst
depth to ensure suitability within the scheme areas. The potentially viable measures considésedssesl
in Sectiord.

The potentially viable masureswhich wereprogressed through the screening ssagel met the project
objectiveswere thercombined tadevelopreasonable alternativeffdod reliefoptions.The reasonable
alternatives developed for each area are described in SBction

An environmental assessment of the reasonaltéenativesvas undertakeandconsideedthe key
environmental constraints that were identified for eachandahe potential environmental effects of the
proposed intervention3his is described in Sectidh

Cork County Council Midleton Flood Relief Scheme
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Section8 describes the detailed muttiiteria analysis (MCA) of the reasonable alternatives which was
carried out to evaluate the performance of each option in terms of predefihattal, environmental, social
and economiobjectives Multi-criteria analysis is a decisianaking support tool, developed for complex
multi-criteria problems that include quantitative and/or qualitative aspects of the problem in the decision
making process.

An economic assessment for the reasonable alternatives was undendkeoutlined in Section This

included theestimationof the project costef the flood relief optiogreasonable alternativeAn economic
damagesissessment wadsocompleted to estimatée reduction in risk of flooding to properdgrived

from the flood protection workd his risk is quantified as the expected damage to property that would occur
over the lifetime of the schemwhich has been assumed as 50 giearcost benefit ratio for each flood relief
option combination wathenprepared.

Following themulti-criteria assessment (MCAnd thecostbenefit assessmer€BA), the emerging
preferred option was selectélthe merits of the alternative optioasesummarisedn Section9 on the basis
of cost, MCA score, environmental and ecological impact, climate change adapsatulitpnsideration of
the feedback which arose during the public and stakeholder consultation process

It was concludeduring the selection process for the emerging preferred ap@bfiood relief measures
upstream of the Cave system in Water Rock are not viable. Thig imdhe high costs/low benefit
associated with the options wellthe technical complexity of delivering any of these optidinis not
thereforeproposed to progress with the flood relief culi@ranneloptionsto mitigate flood risk irthe area
upstream of the cave systeltis insteadproposed to carry out further investigatidnto potential flood risk
management measures that may provide flood mitigation, albeit not to the target standard of pobtbetion
scheme

A Scheme Climate Change Adaptation Plan (SCCAPalsadbeen undertaken as part of the Midleton FRS
project. The principle behind a SCCAP is that interventiorlificationsto a flood schemare only
implementedas andvhen theyareneeded as flood risk is increased duth&®impact otlimate change. A
short summary of the Midleton SCCAP is provide®action12.

The emerging preferred option in each area is as per table below.

Area 1&2: Tir Cluain to Riverside Way Option1&2B i Direct Defences Only

Area 3 (North): Town Centre and Bailick Road to Option 3Ai Direct Defences Only

Choctaw Park

Area 3 (South): Bailick Road Option 3AT Direct Defences Only

Area 4: Lauriston Estate/Rugby Club/East of IDL Option 4E:Groundwater cubffs and direct defences east of

the current IDL site and along Greenway

Area 5: Ballinacurra Option 5B1: Upstream storageRefined storage area
(smaller footprint than Option 5B) and over pumping

The total project costsased on the options outlined in Areas1®wbe i n t he regThen of U
tot al benefit is estimated to be circa 051.05 mil
for the baseline scenario (4%DRy the emerging preferred scheme

Following feedback received at and post Public Participation Day 3 and other assessments, including detailed
freeboard analysis (Sectidd) and inclusion of Climate change assumptive allowance (Sek®)osection
13 outlines the proposed refinements to the emerging preferred scheme.

On the 18 October 2023, Midleton was severely flooded during Storm Babet. A detailed hydrology
assessment was carried out after the event and this assessment concluded that the design flows for the
scheme are increased by 5.2% when compared with the 2018 Hydmepmgt, The uplifted flows require
some new defences and changes to a number of defences in the fluvially dominated area of the scheme.

Cork County Council Midleton Flood Relief Scheme
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While the changes required to the scheme vary between the individual detenaesrage the increase in

defence height is circa 100mm and the average increase in length of the defences is circa 10m. These
changes to the defences are deemed to be modest and can be accommodated as part of the current scheme
without any significantimpact on the environmental and/or landscape heritage constraints.

Sectionl4 outlines the refinements required to the proposed scheme.

Cork County Council Midleton Flood Relief Scheme
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1. Introduction

1.1 Context

Arup has been commissioned by Cork County Council (CCC) to develop a Flood Relief Scheme (FRS) for
Midleton. The overall scheme will consist of floalleviation measures that defend against fluvial, tidal,
pluvial and groundwater flooding sources of flooding.

There are five stages to the project:

Stage i Development of a number of flood defence options and the identification of a preferred Scheme
Stage IIi Statutory Planning Process inEIAR

Stage lIli DetailedDesignandTenderProcess

Stage IVi Construction

= =/ =2 =4 =

Stage Vi Handover of works

This Options Report is produced as part of Stage | of the project and details the development and assessment
of potential options and the selection of a preferred scheme for Midleton. It follows on from work carried out
to date and should be read in conjunction with the following reports:

1 The Constraints Study
1 The Hydrology Report
1 The Hydraulics Repoft

1.2 Scheme Objectives
As defined in the Project Briefhé overarching objective of the scheme is to:

NfnDesi gn a -effectieelandesystaimablesScheme to the Target Standard of Protection to reduce or
prevent damages and risks associated with flooding from watercourses (rivers and streams), from
groundwater, from pluvial / storm water and from tlea $Owenacurra Estuary / Midleton Harbour) in the
Study “Area. o

The scheme is to be developed primarily to protect the affected areas against fluvial and tidal flooding. In
addition, consideration will be given to the potential impac¢heflood relief scheme on groundwater and
pluvial flood risk

1.3 Standard of Protection

The required Standard of Protection (SoP) of the Scheme as state®inthg e c t @Baventdldbodings t o
during flood events with a 1% (for fluvial floods) and 0.5% (for tidal / coastal floods) annual exceedance
probability (AEPP . Whi |l e the brief does not explicitly ref
with CCC/OPW that the target SoP is to include an allowance for freeboard which will be determined as part
of the optioneering.

! River Owenacurra & River Dungourney (Midleton) Flood Relief Scheme Constraints Report (Issue 2), October 2017
2 Midleton Flood Relief Scheme Hydrology Report (Issue 2), October 2022
8 Midleton Flood Relief Scheme Hydraulics Report (Issue 2), October 2022

4 River Owenacurra & River Dungourney (Midleton) Flood Relief Scheme Project Brief (Rev. 3), June 2016

Cork County Council Midleton Flood Relief Scheme
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The SoP against both pluvial flooding and groundwater flooding is not specified in the brief. For pluvial
flooding, Arup have therefore adopted the same SoP as for fluvial flooding, i.e. the 1% AEP plus freeboard

SoP.

It is difficult to specify a SoP for groundwater flooding due to a lack of historic data on groundwater events
in the town, as well as the inherent uncertainty over the behaviour of groundwater during flood events. Given
that the groundwater component bétDecember 2015 flood event was very extreme, it has been adopted as

a proxy for the groundwater design event, i.e. the groundwater SoP of the scheme includes all events up to

and equivalent in magnitude to the December 2015 groundwater flood event.

The project brief states that alternative Standards of Protection should be considered as part of the project
wher e t hprovidevgeatdr loknefits relative to cost, a more socially acceptable scheme or for other
pertinentreasors. Al ternative standards of protection,

considered and are detailed in Secti@n

1.4 Study Area

Figurel presents an overview of tlawerall studyareaof the project Theschemearea is presented Figure
2. As can be seen frofigure2, the study area includes MidletdBallinacurra and the area in the vicinity of

the Water Rock Stream.

N e -
Owenacurra, )

/ 300
3

A AN 8 =
Carrigtwohill o Eaay <) \;{ / :
. =] .~Midleton \
Legend T o) —1
I Building surface : .
Road surface
- \Watercourse

==== Study boundary -

N25

Figure 1 Study Area (© Open Street Map)
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Legend

— — Study area

—— River centre line

—— Millrace centre line

~ Underground watercourse

Owenacurra
Millrace .

IDL

Figure 2 Scheme Area (© Open Street Map)

The watercourses considered as part of the study are listadbl®2. Thecoordinates of the upstream and
downstream extent of each watercourse withastudy area is also provided in the tablgure2
highlights the centre lines tifie watercourses.

Table 2 Primary Watercourses

Watercourse Upstream extent (ING) ‘ Downstream extent (ING) EPA River ID
Owenacurra 186435, 76118 187974, 71749 19003
Dungourney 192474, 74986 187967, 73112 19D07
Glenathonacash 187611, 77260 187278, 75287 19G66
Elfordstown 188204, 75975 187640, 75652 19E02
Harrisgrove 191699, 73472 189699, 74291 19H02
Ballinacurra 190523, 71922 188540, 71794 19W17
Water Rock 185584, 75434 187602, 72879 19008
1.5 Overview of the Problem

A hydrology study and hydraulic modelling of the existing situation in the study area has been carried out as
part of this project. The existing flood risk and flood mechanisms are described in detail in the
accompanying Hydrology Report and Hydraulics &ép

Cork County Council
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As the locations at risk are spread over a large area, it was considered appropriate to divide the assessment of
the potential flood risk management measures into discrete ardetmiedin Table3 andpresented in

Figure3 below. The flood risk management option for the overall area at risk will consist of the combination

of measures for each of these areas.

Based on the hydraulic analysis carried out as part of this study, the following areas were identified as being
the critical locations at risk.

Table 3 Areas at Risk

Area Area Name Categories of Properties at Risk in Potential Flood

\[o} this Area Mechanisms

1 Tir Cluain to Willowbank Domestic properties Fluvial

2 Northern Relief Road tRiverside Way Domestic and Commercial properties| Fluvial

3 Town Centre and Bailick Road Domestic and Commercial properties| Fluvial/Tidal

4 Lauriston Estate/ Rugby Clikast of IDL | Domestic and Commercial properties| Fluvial/ Groundwater

5 Ballinacurra Domestic and Commercial properties| Fluvial

6 Water Rock includindd wy e Roéds Domestic and Industrial properties, Fluvial/ Tidal/ Groundwater
wastewater treatment infrastructure

Figure 3 Key Plan of Scheme Areas

Cork County Council Midleton Flood Relief Scheme
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1.6 Scope of the Options Report

The purpose of thi®ptionsreport is to assess all possible flood relief options that could be implemented in
the Midleton area and to outline the procedurdtieddevelopment and selection of the preferred ogtion

The process for the selection of the preferred flood relief options is outlined below:

1 An initial screening of all possible flood risk management measures against a predetermined set of
criteria, was carried out to determine thmatential viability.

1 A technical assessment of potentially viable flood risk management measures was undertaken.

1 Potential flood relief options were developed using combinations of flood risk management measures
which were determined to be technically viable. These flood relief options were then subjected to
economic, environmental, and mutdfiiteria assessments|ating a preferred flood relief option to be
selected.

1 The public were consulted on thetentialoptions atfublic Participation Dag and the emerging
preferred option aPublic Participation Dag, as discussed Section2.1

1 The final solution was selected taking account of the following;
- Multi Criteria Analysis;
- Feedback from the Public and other stakeholders;
- Cost benefit assessment;
- Consideration of wider CCC objectives and other CCC infrastructure projects in the area;
- Professional judgement of the project steering group.

1 Cork County Council engaged the services of a landscape arcBitectane Stratton Reynolds (CSR),
to refine and develop the emerging preferred option with particular emphasis on the Baby Walk and
Peopl e b s takihg ackounaaf thespublic feedback.

1 An emerging preferred option was identified, and a freeboard analysis and climate change allowance
assessment was carried out.

1.7 Design Tidal Water Levels

The design tidal water levedspresented irbection 3.3.5 othe Hydraulics Report were usasd the
downstream boundary of tlexistinghydraulic model Thetidal levelswere also used to inform on the
modelling for theoptions selection process as detailed in Se&iofithis report.

The design tiddevels were however updated during the course détildyas a consequence ofary
detailedassessmerf tidal levels in Cork Harbouhat wasundertakerby Arupas part of the Lower Lee

(Cork City) Flood Relief SchenfeThe updated design tidal levels supersede the levels used to inform on the
existing scenariflood andoptioneeringselectionas noted abovéeither of these two elements of work

were updated in light of the updated water levels as part of this options report given that it would involve a
very substantial volume of work to do so. The updated levels have howemreused to inform the

refinement of the emerging preferred option as well as the freeboard assessment which is detailed in Section
13 of this report.The updated water levels are therefore fully considered as part of the design of the

preferring option for the scheme.

There are no adversensequences associated with retaining the older set of design tidal water levels to
inform on the existing scenario flood risk and the options seleatinone of theconclusiongrom this work
arealtered.

5 Lower Lee Flood Relief Schemdidal Water Level Analysis, Draft Report, July 2022. It is noted that this report will be published on the Lower
Lee website when it is finalisg@ittps://www.floodinfo.ie/frs/en/lowelee/home/).
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The reader is referred to Sectibdifor a detailed discussianf the revisions to the water levels

2. Stakeholder Input and Consultation

2.1 Public Consultation

An important element of the Midleton Flood Relief Scheme (FRS) is consultation with all interested parties
including the public.

The purpose of the consultation isgige interested parties an opportunity to communicate local knowledge,
how they are currently affected, existing constraints, and alslotédn feedback on the proposals from all

relevant affected stakeholders and landowners who might be impacted by the Scheme. Feedback throughout
the projecto datehas been taken seriously, carefully considered, and where appropriate has influenced
decisions on the fina@merging preferred scheme

The goal is that this ensures pulditd stakeholdespinion is taken into consideration when developing the
options,and thatheyare informed of thanfluence they hee had The methods of consultation include but
are not limited to Publi@articipationDays (PPD), technical workshops, fadge-face meetings, emails,
newsletters, and social media.

This includesconsultation witha wide range of interested parties with general or specific interests such as
impact on society, the environment, cultural heritdige economyinteracting infrastructure projectall
commentsare considered and, where relevant, further updates to the optivadeemrarried outOngoing
feedback will be considered and incorporatdabre possiblas the design moves into detailed design stage.

2.1.1 Ongoing consultation

Comprehensive communication and engagement plans have been developed and adopted by the project
team, including the development, and maintenance of a project website, direct emails, newsletters, local
media, and public consultation among other approaetsesutlined below

Table 4 Communications and Consultation Approaches
Communication Activity Purpose ‘

Project website A To promote and provide information to stakeholders about the project.
A To provide formal updates.

A To provide a source of information that stakeholders and members of the public
download and review.

A To provide a means @bnsultation and allow stakeholders to ask questions or su
information

Direct email A Where stakeholders have supplied their contact dettadigoroject tearwill notify
project updates, invitations to consultation events via email.

A Names and addresses must be held securely in compliance witttrthiee
requirements of the General Data Protection Regulatioegul&tion(EU) 2016/679)
and the Data Protection Act 2018

Letter drops A Where landowners who may not have been aware that they could be impacted
schemethe project teanzontact by letter prior to the PPD, inviting them to the PP
and directing to them to the website for further information.

CCC website A Links to project website, publicise consultation events.

Local media, TV, radio, newspapers A Press releases are prepared in advance of Public Participation Days and distrib

or publications the media.
A Photo calls and media interviewanalso be arranged.
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Communication Activity Purpose ‘

Paid for Advertising in a media A Variousmethodsof advertisinghave been employesduich as online, radio, outdoor,
publication transport, press and more.
Public Participation Days A Consultation exhibitions / events offer a more extensive and open form of

engagement on a personal basis. They provide opportunities for members of th
public to express views on the consultation subject area, ask questions, take on
the information at their leisure, discuss any concerns, provide a view and receiv,
feedbak on the issues they raise.

A The events will be geared to a specific issue, based on consultation stage of the
project programme.

A The consultation events can be held in community facilitipsoviding an
environment conducive to actively seeking views in the relevant communities.

A These events can combine the presentation of information, visual displays, verk
presentations, computer presentations and other details whilst giving people the
opportunity to provide views and opinions. Members of the design team and
environmental tearwill be available on the day to answer any specific queries th;
may arise.

A Events must be held in venues that are accessible for disabled users or users w
special needs to maximize possible attendance.

A Events must be held at suitable times and for appropriate durations to maximize
possible attendance.

A One factor which can determine the success of a public event is how well it has
publicised.

Council meetings A Councilor updates are provided monthl@pportunities to promote therojectand
website via meetings and newsletters.

A Key councillors and TDs are invited to the Public Participation Days so may pro|
feedbacko the wide council body.

Social Media A Social media sites, such @ CFacebookand Twitter will be used to link to the
project website, publicise Public Participation Days prainote messages and
information about the Study.

2.1.2 Public Participation DayRPD 17 Constraints Day

The firstPublic Participation DayPPD) was held ofihursday 23 March 2017 in the Midleton Park Hotel

from 3pmto 8pm The purpose of thisfD was to engage with the public, outline the process involved in the
preparation for the Midleton FRS, and gather local knowledge on flooding and environmental constraints and
opportunities for addressing flood risk in the ave#otal of 88 attendees signed the attendance list at the

event.

2.1.3 Public Participation DayRPD 21 Options Day

A second PPD was held on Saturd&March 2020 in the Midleton Park Hotel. The purpose of PPD2 was
to present a suite of potential options to the general public and to seek feedback in order to identify a
preferred scheme. PPD2 was held between 11am and 6pm for members of the gener@hpubtal. PPD2
attendance was estimated to be approximatelyp2bfle The objectives of the Public Participation Day
were to:

Provide an update on progress to date

1

9 Ouitline the Presefsiday Flood Extent based on hydraulic model analysis

1 Provide information and an opportunity to comment on the Potential Scheme Options
1

Obtain other information relevant to the Scheme
9 Ouitline the next steps of the Scheme

PPD2 was attended and staffed by members of Arupo
of the Office of Public Works and Cork County Council including an architect. Scheme representatives were
available to answer questions from the membétke public who attended, to explain the potential options
presented, and to accept feedback and information from the attendees.
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The feedbackeceived from the publjeither on the day or subsequently via submissiaras used to
inform the options assessment.

214 Public Participation DayRPD 31 Emerging Preferred Option Day
A third PPD was held ofihursday28" July 2022 in the MidletofPark Hotelfrom 2pmto 8pm, as it was
considered that this would allow an increased number of people to attend outside of regular working hours

The purpose of the PPD was to present the emerging preferred option for each area and to seek feedback
from the public. The objectives of the Public Participation Day were to:

9 Provide an update on progress to date
Present the emerging preferred option in each area

Present the findings of the Natural Flood Management Feasibility Study

1
1
1 Present the findings of the Scheme Climate Change Adaptation Plan
1 Obtain other information relevant to the Scheme

1

Present the identified constraints in the areas
9 Ouitline the next steps of the Scheme

PPD3 was attended and staffed by members of Arupé6
of the Office of Public Works, Cork County Couneihd Cunnane Stratton Reynolds. Scheme

representatives were available to answer questions from the members of the public who attended, to explain
the options presented, and to accept feedback and information from the attApdesdmately 115

attendees signed the attendance list at the eVeattiotal attendance was estimated to be approximately 150
taking into account the people who did not sign in, the people who came in pairs or groups but only signed in
as one.

The feedback received from the pubéither on the day or subsequently via submissionsuses to refine
the emerging preferred option.

2.2 Consultation with Key Stakeholders

A key tool in ensuring stakeholderso6é views can be
facilitating multiple stakeholder workshops at appropriate times throughout the project. These balanced with
timely onthe-ground meetings and site visitas allowed for key stakeholder concerns and constraints to be
identified and addressed at source whilst creating the opportunity for interactive discussion with key
stakeholders.

This consultatiomprovided the opportunity to discuss the requirement for flood protection and present the
possible options (where more than one exists) and elicit feedback. This feedback has directly informed the
selection of measures and development of the preferrezhof@roups who provided feedback in this way
included:

I Inland Fisheries Ireland
Irish Distillers Limited
Irish Rail
Irish Water

1

1

1

1 Midleton Area Rivers Group
i1 Midleton GAA

1 Cork County Council Biodiversity Section
9 Cork County Council Heritage Section
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9 Cork County Council Architects

2.3 Proposed Infrastructure Projects within Scheme Area

There are a significant number of proposed infrastructure projects within the Midleton area at different stages
in development that are interacting with tfegiousschemeoptions Extensive liaison and consultation has

been undertaken with the various clients and stakeholders regarding the interactions between the Flood
Relief Scheme options and these projects.

Many of the projects had to be taken into consideration in the development of the options and also had an
impact in the MCA scoring where either the option had a negative impact on or facilitated other key
proposed infrastructure.

The key projects are listed below. The specific interactions and impact on development and MCA scoring of
options are described in the relevant sections.

Table 5 Interacting Infrastructure Projects

Project Client

Ballinacurra to Midleton Cycleway Scheme Cork County Council
Baneshane Local Infrastructure Housing Activation Fund (LIHAF) Cork County Council
Kennedy Park Pedestrian Bridge Upgrade Cork County Council
Midleton to Youghal Greenway Cork County Council
Midleton Northern Relief Road Extension Cork CountyCouncil
Midleton Town Park and Baby Walk project Cork County Council
N25 Carrigtwohill/Midleton upgrade Cork County Council
Owenacurra Linear Park Cork County Council

WaterRock Local Infrastructure Housing Activation Fund (LIHAF) infrastructu| Cork County Council

Midleton Wastewater Network Upgrade Irish Water

Midleton Wastewater Load Diversion Project Irish Water

Midleton Wastewater LIHAF Project Irish Water

Midleton Wastewater Treatment Plant Optimisation Project Irish Water

Irish Rail Glounthaune to Midleton Twin Tracking Project Irish Rail
2.4 Landowner Consultation

The design team appreciated the fundamental importance of early engagement with the affected landowners
on the scheme and therefore placed a significant emphasis on this element.

An extensive landownership search was carried out to identify all landowners affected by the scheme,
including farmers, private landowners and commercial businesses. A significant public consultation process
was subsequently carried out, including letter drops.

Efforts were made to identify and contact all impacted landowners, so that they were aware of the proposed
works.In a number of cases landowners were also met on site to ensure the design team were able to fully
understand the | andownersd unique concerns, prefe
complexities for each area.
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Equally these meetings sought to ensure the affected landowners were fully informed and understood the
proposed works (including the nature of and rational for the works, the defence alignments and finishes,
access requirements and construction issuestharnatocesses by which they may raise additional queries or
comments.

Arup addressed any landowner queries and endeavoured to understand the land use and constraints of the
affected areas to inform the scheme design. All landowner feedback will be further considered and
incorporated as the design moves into detailed detage s

A large consultation databakas beetuilt up capturing all of the landowner interactions, requests and
agreements. This will be maintained going forward into detailed design to ensure all issues are tracked and
addressed.

Landowneiinteractions and requests were discussed regularly at the steering meetings and design team
meetings to determine what suggestions and feedback could be adopted or addressed.

2.5 Engagement of Landscape Architect and Conservation Specialist

As a result of feedback receivatPPL2, including the importance of the Baby Walk Pérkthe town of
Midleton andthe significanheritagevaluein the areaCork County Council engaged the services of a
landscape architeaeind a conservation specialiBbllowing a mini competition, Cunnane, Stratton, Reynolds
(CSR)and John Cronin Associategre commissioned to undertake this foleStage 1 of the project

CSR has since worked closely as part of the multidisciplinary design itgautting into the option
assessment and developmeamdconsideration ofomments receiveiom the public The involvement of
the landscape architect resulted in the refinement of the scheme in The BaligdMalkg the alignment
and finishes of the proposed defences, access in and out of the publanpatie softening of engineered
work, soft landscaping, provision of seating etc.

2.6 Statutory Consultees

Consultation has taken place with a large number of statutory consultees in relation to this flood relief
scheme. Please refer to the Constraints Report for further details.

3. Initial Screening of Potential Measures

3.1 Introduction

This section details all the flood risk management measures considered during the screening stage of the
Midleton FRS.

At this initial stage, some measures were deemed to be not viable for this project and as a result were
screened out. Other measures were considered as potentially viable and these were carried forward for
further assessment.

The initial screening of measures was assessed in terms of:
1 Applicability to the study area (including technical feasibility, constructability, and Health and Safety)
Economic viability

1

1 Environmental
1 Social

1

Cultural
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The flood risk managementeasuresvhich have been reviewed as part of this initial screening process are
outlined inTable6 below.

The measures are broken down into MBiructural Measures and Structural Measures

Non-Structural Measures, such as land use management within a catchment, affect the way in which rainfall
is directed to watercourses. Hard surfaces reduce the amount of rainfall that can infiltrate to ground water,
and intensive drainage schemes will @ase the speed of runoff, giving rise to earlier and higher flood

peaks.

River restoration is about mitigating the negative impacts that past changes in catchment management
practices, such as land drainage or deforestation, may have had on river systems. Modifications to land
drainage systems within the catchment can redeate at which rainfall is conveyed into the river

channel and thus help to reduce peak flows. Measures of this nature would take a long time to implement and
would not reduce the flood risk to an acceptable level. The proposed scheme would not hoesxesmsr, p

such methods being implemented in the future.

Structural measures require physical construction to reduce the risk of flooding and involves modification to
the existing built environment.

Details of nopstructural and structural measures considered are outlined in further depth below.
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Table 6 Summary of Initial Screening

Comment

Possible Flood Potentially viable? Initial

Risk Management Screening

Measure Applicability ~ Economic i Cultural  Result

Do Nothing N Y Y N Y Not viable as a
standalone
measure.
May be

necessary in
isolated areas

This measurerovides the baseline for the study and assumes no further
work or expenditure on measures to reduce flood risk in the study area.
Do Nothing scenario is defined as timeasurénvolving no future flood
defence expenditure.

The implication is that the existing risk of flooding persists in the study a
This is not considered to be a viable standalopasures it fails to meet
the needs of the residents and business owners.

Using this as the baseline scenario, however, allows the benefits of all
existing measureshich reduce the flood risk to be identified. It places the
benefit of these measures into true perspective.

Do Minimum N Y Y N Y Not viable

May be
necessary in
isolated areas

This measure would consist of minor works amgintenance measures,
which could include filling in gaps in existing masonry river walls, regulal
clearing the channel of vegetation, etc. The risk of flooding would rema
high. Therefore, this is not considered to be a viable measure as it fails
meet the needs of the residents and business owners.

Non-Structural Measures

Planning Control/ | N Y Y Y Y Not viable
Land Use
Management

This measure would assist in ensuring flood risk is not increased by futd
development. The measure would take a long timepbement andvould
not reduce the current flood risk to an acceptable level. Therefore, it is 1
considered to be viabfer the current scenariélowever it could be
considered in the Scheme Climate Change Adaptation Plan.

SubDS N N Y Y Y Not viable as a
standalone
measure.

Midleton is an urbanised and weleveloped area. The land required for
attenuation or otherd®S features would be limited. While existing green
spaces are plentiful, a large proportion already exist as flood plains whig
naturally already provide the storage functionality obBS. Of the
remaining parks and green spaces, there would be insufficient land aval
to implement 8DS measures at the scale required to reduce the current
flood risk to an acceptable level. The ability to repurpose these green sy
for SUDS use would also likely be limited by the underground services
typically present in@urban arealherefore, this measure is not considere
to be viable.
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Possible Flood
Risk Management

Measure Applicability = Economic Environmental

Social

Potentially viable?

Cultural

Initial
Screening
Result

Comment

Flood Forecasting/ | N Y Y Y Y Not viable as a | A flood forecasting system could bgatentially viable ancillary measure t
Flood Warning standalone be used in combination with other defences. The viability of the system
System measure. would be dependent on catchment characteristics. For example, it may
May be viable beneficial if river levels were to rise quickly during a storm everhich
- would be common in urbanised areas where water infiltration is limited.
as an ancillary
measure.
Public Awareness | N Y Y Y Y Not viable as a | This measure would help to increase public awareness and preparedne
Campaign standalone future flood events. However, the measure would not reduce the curren
measure. flood risk. Therefore, it is considered unviable as a standalone measure|
may still be appropriate to implemt along with other measures. Naturally
public awareness would grow throughout the planning stage of the sche
where public consultation would be necessary,amnapinion is sought.
Relocation N N Y N N Not viable This measure involves thielocation of people and businesses from
properties at risk of flooding to an area with lower flood risk. It is not
considered feasible, due to the urbanised nature of the area at risk and
large number of properties at risk.
Structural Measures
Natural Flood Y Y Y Y Y Not viable as a | Initial screening of the measure found that it would not be viable due to
Management standalone large landakerequiremers, interaction with land owners and the general
measure. operation and maintenance of such a measure. The risk of flooding wou
. likely remain high and the target Standard of Protection would not be
Not viable for ;
. . achieved.
tidal flooding.
Further to public feedback as part of PPD2, a modejpth assessment wa
completedo consider if Natural Flood Management could form part of th
proposed scheme.
Upstream Storage | Y Y Y Y Y Potentially Flooding in Midleton comes from a variety of sources, including but not
viable limited to, fluvial flooding. It may be potentially viable to provide upstrea
. storage in some locations where flulabding is present, provided there i
Not viable for o ; ;
. 8 sufficient space to implement it.
tidal flooding.
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Possible Flood Potentially viable? Initial Comment
Risk Management Screening
Measure Applicability =~ Economic  Environmental | Social  Cultural  Result
Direct Flood Y Y Y Y Y Potentially Direct flood defences include flood walls and embankments. These wou
Defences viable potentially viable across the scheme area, pendirgsassment on the
available space in which to implement them.
Diversion Channels| Y Y Y Y Y Potentially Diversion channels or culverts may be viable in some areas of the sche
or Culverts viable is unlikely that these would be viable in the heavily urbanised areas
however, due to their spatially constrained nature.
Sediment/Debris N Y Y Y Y Not viable as a | Sediment or debris control would involve catchment management meas
Control standalone to limit material from entering waterbodies, and to conduct regular
measure. maintenance at areas where debris typically accumulates, such as bridg
May be viable While these measures may help reduce flogdiy maximising river
as gn ancillar capacity instream, they would be insufficient &hievethe required
Y | standard of protection.
measure.
Conveyance Y Y Y Y Y Potentially Conveyance improvements aim to maximise river capacity to reduce thg¢
Improvements/ viable flood risk to neighbouring lands. This is typically done through channel
Dredging Not viable for realignment or widening. Dredging maximises river capacity by removin
tidal floodin sections of the riverbed, deepening theriBoth can have significant
9. environmental impacts, depending on location.
Individual Property | N N Y Y Y Not viable as a | This measure may be viable for some isolgexperties at risk, or in areas
Protection standalone where no other measures are vidimevever it is likely that the target
measure Standard of Protection will not be achieved using this meabutiee urban
areas, this measure is not considered to be viable due to the number of|
properties at risk.
Pumping Y Y Y Y Y Potentially Pumping may be viable at some locations in the scheme where other
viable measures are not viable, or where the quantities of flood waters expecte
Not viable for {nlnlmal. Itis Ilke_ly that pumping may be considered as an ancillary meag
. . 0 support other interventions.
tidal flooding.
Tidal Barrier Y Y Y Y Y Potentially Tidal barriers are large structures which can open and close to restrict ti
viable waters from traveling upstream during surge events. These typically spa
Not viable for across estuaries dwers and havesignificantenvironmental and economic
fluvial floodin impacts. Given the potential technical viability however, this measure hg
9- | peen selected for further assessment.
Cork County Council Midleton Flood Relief Scheme

252803ARUP-ZZ-XX -RP-Z-000007| Issue 1] 31 May 2024 Arup Ireland Partner

Limited

Options Report

Pagel?



3.1.1 Pluvial flood risk mitigation measures

The assessment amdtigation of pluvial flood risk across the entire study area is not within the scope of the
project. The scheme is to be developed primarily to protect the affected areas against fluvial and tidal
flooding. However, consideration will be given to the ptitd impact of the flood relief scheme on pluvial

flood risk (e.g. urban stormwater that may accumulate behind walls and be unable to drain), and mitigate any
detrimental impacts of the scheme on the other source of flood risk.

Typical measures to address pluvial flooding include:

9 Installation of surface water pumping stations;

1 Increasing pipe capacity;

91 Increasing number of gullies;

1 Installing linear kerb drains etc;

1 Retrofitting sustainable urban drainage measures such as bioretention tree pits;
1

Local ground regrading of roadways and/or footpaths in order to divert excess surface water from
sensitive receptors;

1 Segregating combined foul and stormwater sewers and installing a dedicated surface water pipe network
in order to reduces the volume of water discharging to waste water treatment works.

In addition, drainage improvement works at the Baby Walk end of the Main Steet / Distillery Walk, St

Maryds Road and the Youghal Road have been includ
5.4.1.

3.2 Screening of Potential Measures

3.2.1 Initial Measures Screened Cag Not Viable

Further to the initial screening, the following flood risk management measures have been identified as being
nonviable and have not been carried forward for further technical assessment:

Do Nothing T The Do Nothing scenario establishes a baseline scenario from which comparisons can be
made. Given the well documented existing risk of flooding in Midleton, it is not deemed to be a suitable
solution. As a result, it has been eliminated as a potential measokeiriiglithe initial screening.

Do Minimum i The do minimum scenario would segnorinterventions made in specific locations. For
example, maintenance work-&tiream or repairs to existing walls or embankments. These interventions
would not be sufficient in providing the necessary flood protection to the area as a standalone sokition. Du
to themodestheight of existing defences in some areas, flooding would persist regardless. As such, this
measure has been removed from consideration following the screening.

Relocationi This would involve the relocation of people or businesses from areas of risk of flooding to
other areas not at risk. Given the number of impacted homes and businesses identified as being at risk of
flooding currently, it is not deemed that this is eblgasolution in Midleton. As a result, this measure has
been removed from consideration.

Planning Control / Land Use Managemeni This would involve limiting the impact that future

developments may have in the area. This can be done through either restricting development in key areas, or
by ensuring that developments with potential impacts on flooding are required to mitigatothplately

once completed. This measure would not be sufficient on the basis that flooding already occurs in the area.
For this reason, the measure has been removed from consideration.

Public Awareness Campaigri A public awareness campaign would aim to inform the public about the
potential risks of flooding and measures individual households can take to limit impacts. It would not reduce
the risk of flooding from occurring.
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3.2.2 Initial Measures Screened Cag Not Viable as Standalone Measures

The following flood risk management measures have been identified as bein@gbleas standalone

measures as they wouldt be adequate in providing the level of protection required for Midleton and have
therefore not been carried forward for further technical assessment:. However they could potentially be used
alongside other measures and may form part of the options.

SuDSi This would involve the use of Sustainable Drainage Systems (SuDS) or landscape features to
attenuate and store flows. This would usually involve guiding excess water into grassed areas designed to act
as ponds during storm events, which would later retfadir functionality once the water levels naturally

reduce. This measure would not be adequate in providing the level of protection required for Midleton but
could potentially be used alongside other measures.

Flood Forecasting/Flood Warning Systeni This would involve setting up a monitoring system to
automatically detect rising river or sea levels which could later result in flooding. Giving residents time to
prepare, or operatives an opportunity to install temporary defences such as demoaniebde Bhis would

not be adequate in providing the level of protection required for Midleton but could potentially be used
alongside other measures.

Sediment/Debris Controli This would involve the removal of material such as branches from bridges and
other structures which may otherwise restrict water flow. This is an ongoing maintenance measure, as
opposed to a once off occurrentéis would not be adequate in providing the level of protection required
for Midleton but could potentially be used alongside other measures.

Individual Property Protection i This would typically involve using a combination of flood resistant
doors, door barriers, gate barriers or sraallle pumping. These measures would need to be implemented
based on a propertyy-property level of suitability assessment. This would moshitable across the entire
scheme area, but may be viable in select areas if an alternative solution cannot be found. This measure
requires early warning systems and is likely to require human input resulting in an detiveegather than

a passive one.

3.2.3 Potentialy Viable Measures Considered

Further to the initial screening, the following flood risk management measures were identified as potentially
viable measures for Midleton and have been taken forward for further technical asséSsmenheasures
are included for further consideratiéollowing feedback from the public and stakeholders:

9 Structural Measures
- Conveyance Improvements/Dredging
- Direct Flood Defences
- Diversion Channels or Culverts
- Natural Flood Management
- Pumping
- Upstream Storage
- Tidal Barrier

Conveyance Improvements/Dredging Conveyance improvements alter the natural path of rivers to
improve flow conditions, typically through widening or realignment. Dredging has the same objective but
involves removing sections of riverbed to deepen the channel.

Direct Flood Defenced These defences typically refer to flood defence walls and embankments. These
defences would predominantly be constructed along the banks of rivers or estuaries to restrict water from
exiting and flooding adjacent lands.

Diversion Channels or Culvertsi This would see a portion of river flows diverted away from key
receptors, such as homes or businesses, where they would instead be relocated to areas of reduced risk.
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Natural Flood Managementi Natural Flood Management (NFM), or Natural Water Retention Measures
(NWRM) as it is often referred to, involves implementing features to restore or mimic the natural functions
of rivers, floodplains and the wider catchment to reduce flood risk downstMfaM aims to slow water

down upstream before it reaches towns and cities by temporarily storing it elsewhere during times of flood.
NFM aims to store water in the landscape, where it will not cause damage to properties argnfrasand

slow the rate at which water runs across the landscape and into rivers. While it was initially determined that
there would be significant technical and landowner issues with this measure, following feedback from the
public, a more irdepth nattal flood management feasibility assessment was conducted for Midleton.

Pumpingi Pumping involves the installation of pumping stations in specific locations to redirect flood
water back into the rivers, floodplains or estuaries and away from properties. Pumping can be an effective
method of flood prevention when used in combinatidth other flood defence measures.

Upstream Storagei This would involve utilising certain locations to store and attenuate water during storm
events. A large upstream area would be allowed to flood, with a controlled release of water taking place after
the risk to downstream areas subsides. A large &laadis generally required to implement this measure.

Tidal Barrier i A tidal barrier is a large structure which spans across a river or estuary. The barrier typically
closes when a surge in tidal water levels is predicted to occur, offering protection to upstream areas. Once
the threat subsides, it would reopen agaifatilitate tidal exchange and navigation. Despite economic and
environmental concerns, it was decided to include the tidal barrier for additional assésbavang

feedback from the public.

3.24 Summary of Initial Screening

Table7 below presents a summary of the screening of potengakures
Table 7 Summary of the screening of potential measures

Possible Flood Applicability = Economic Environmental Social Cultural Screening Conclusion

Risk Management
Measure

Do Nothing

Does not meet project
objectives

Do Minimum

Does not meet project
objectives

Planning
Control/Land Use
Management

Does not meet project
objectives

SUDS

Does not meet project
objectivesas standalone
measure

Public Awareness
Campaign

Does not meet project
objectives

Flood
Forecasting/Flood
Warning System

Does not meet project
objectives as standalone
measure

Relocation

Does not meet project
objectives

Natural Flood
Management

Requires further study

Upstream Storage

Meets project objectives

Direct Flood
Defences

Meets project objectives
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Possible Flood Applicability = Economic Environmental Social Cultural Screening Conclusion

Risk Management

Measure

Diversion Channels| Y Y Y Y Y Meets project objectives

or Culverts

Sediment/Debris N Y Y Y Y Does not meet project

Control objectives astandalone
measure

Conveyance Y Y N Y Y Meets project objectives

Improvements/

Dredging

Individual Property | N N Y Y Y Does not meet project

Protection objectives

Pumping Y Y Y Y Y Meets project objectives

Tidal Barrier Y Y Y Y Y Requires furthestudy

4. Further Assessment of Potentially Viable Measures

4.1 Description of Potentially Viable Measures

Following the initial screening of the potentially viable measures outlined in S8cdemermeasures were
selected for further assessment from the indiideen. These measures were assessed at greater depth to
ensure suitability witim the scheme areas. The potentially viable measures consaderddtailed iTable8
below.

It should be noted that not all areas of the scharasuitable for every measure listed. For example, a tidal
barrieris notsuitable for Area 1&2 or Area 4s there is no tidal flooding in these areas.

Table 8 Potentially viable measures by area

Potentially Viable Area 1&2 Area 3 Area 4 Area 5 Area 6
Measures

Natural Flood Management | Y N Y N N
Upstream Storage Y N N Y Y
Direct Flood Defences Y Y Y Y Y
Diversion Channels or N Y N Y Y
Culverts

Conveyance Y N N N Y
Improvements/Dredging

Pumping N N Y Y N
Tidal Barrier N Y N N N

Justification for whyeach of the measures listedTiable8 were considered potentially viable or not is
provided in the following sectioof the report.
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4.1.1 Area &2 1 Tir Cluain to Riverside Way

A decision was made to group Areas 1&2 together, as the main source of flooding is fluvial only and the
measures deemed feasible for both areas were the Bamef thesevenmeasuresrought forward for

further assessmentere considerediablefor Area 1&2 Details of the assessment of potentially viable
measures for the area are outlined below.

4.1.1.1 Natural Flood ManagemeriNFM)

NaturalFlood ManagementiNFM) was considered as a measure but determined not to be viable. Given the
level of public interest in natural flood management, in particular during PPD2, it was deaitheletake

an indepth assessment of NFA4 a potential solution. A Natural Flood Management Feasibility Stualy
conductedthe results of which are included in a report which is on the project website.

In summarythe study indicated that Tree Planting was the most suitable NFM intervention-a&€rc&% of

the catchment, followed by Runoff Attenuation across ~38% of the catchment area. Contour ploughing was
indicated to be the most suitable NFhMervention across ~13.9%. The remaining portion of the catchment
area (0.5%) was considered suitable locations for buffer strips, floodplain reconnection, large woody debris
or wet woodland.

The study concluded that natural flood management would reduce peak flovi9%y @depending on
intervention type, at a cost of between 07 millio
limited impact rendered this type of intervention neittechnically nor economically feasible.

4.1.1.2 Upstream Storage

This option considered a combination of upstream storage and direct defences. Embankments constructed in
the Water Rock Golf Course areas would be required to impound water. The golf course would be utilised as
a flood water storage area during flood egentith water being released in a controlled manner downstream
through a flow control structure. An embankment would be constructed through the golf course along the
right bank of the Owenacurra that would increase the threshold of flooding and redtiske dfiduvial

flooding at lower return periods. The upstream storage measure would result in reduced defences heights/
extents required downstrealrowever it would not completely negate the need for direct defences.

In some locations the proposed defences may obstruct existing pluvial flowi@attie route rain water
takes when discharging into rivers, at these locations pumping stations would be required to over pump
pluvial water during times when intense rainfall and high water levels on the river coiflogde. are
requiredanywhereproposed defences may obstruct existing pluvial flow paths.

4113 Direct Defences

A direct defences only measure was al so considere
Bridge, while i mmediately downstream of Mooreds B
limited space available along the riverbanks. Aspdit t he direct defences only
was maintaineéh placewith new bridge parapets proposed to tie into high ground. Similarly, the existing

bridge south of the Northern Relief Road would be maintained. As papgieeam storage measim

combination with direct defences measures detailed in Settidh2 pumping stations will be required.

4114 Diversion Channels or Culverts

There was no opportunity in Area 1&2 to provide diversion channels or culverts as a viable measure. For this
reasongdiversion channels or culverts were not considered as a viable measure in this area.

4.1.1.5 Conveyance Improvements/ Dredging
Conveyance improvements/dredging were considered in combination with direct defences for this area.

6 Midleton Flood Relief Scheme Natural Flood Management Feasibility (Issue 1), February 2021
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Wi dening and deepening of the river channel were
Bridge to be removed to increase conveyance. Conveyance improvements were also considered through the
removal of the existing bridge south of the NorthRelief Road.

Direct defences in the form of embankments and walls would be required on the Glenathonacash and along
the Owenacurra reach where conveyance improvements could not exclusively provide the tarep8oP.

the upstream storage measure in combination with direct defences measures detailed in. $dcBon

pumping stations will be required.

41.1.6 Pumping

Pumping of fluvial flood water back into the rivers or floodplains and away from properties was not
considered technically achievable in Area 1&2 due to the scale of flooding across a lasgeldiraited
channel capacityFor this reason, pumping was not considered as a viable measure in this area.

41.1.7 Tidal Barrier

A tidal barrier would not be a suitable measure for Area 1&2, as the source of flooding in this area is
primarily fluvial from the Owenacurra and Glenathonacash River and the Owenacurra Millrace.

41.2 Area 31 Town Centre and Bailick Road

Threeof thesevemmeasures brought forward for further assessment were considered viable for Area 3.
Details of the assessment of potentially viable measures for the area are outlined below.

4121 Natural Flood Management

NFM measures would not contribute to any reduction in flood defence requirements in Area 3 as the area
requiring defences is also subject to tidal flooding.

4.1.2.2 Upstream Storage

Similar to NFM measuresipstreanstorage measures would not contribute to any reduction in flood defence
requirements in Area 3 as the area requiring defences is also subject to tidal flooding.

4123 Direct Defences

This measure involathe use of direct defences as the primary flood prevention measure. Flood defence
walls were considered throughout a large portion of the area, as given the urban natuieeljiitzd space

to introduce embankments. Embankments were prioritised in parks or existing green areas, given the
additional space available for their construction.

4124 Diversion Channels or Culverts

A flood relief culvert wasnvestigatedor the Dungourney River. This examined the possibility of diverting

a portion of the flow through a culvert starting
Broderick Street, before joining the Owenacurra River at John F. Kennedy MemakiaDBang periods of
hightide, a tidal gate downstream of the Dungourneuld close reducing the risk of tidal flooding along

the DungourneyThis would negate the requirement for direct defences between thgaidaind diversion
upstreamThe potential alignment of the flood relief culvert and the location of the tidal gate is presented in
Figure4.

Direct defences along the Owenacurra and in the tidal estuary stdulge required in combination with
thismeasureEngi neering works in the Peoplebds Park woul c
the downstream end of the diversion culvert gets tide locked.

A pump station maglsobe required just upstream of the tidal gate to over pump residual fluvial flow not
diverted by the flood relief culvert.
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River Centre Line s
IDL Millrace

8 Flood Relief Culvert
Tidal Gate

Figure 4 Flood diversion culvert for the Dungourney River
This measure was considered to be-niable due to;

1 The requirement for active management of the measure,
The significant number of clashes with existing servigégies in the urban area,
The negative environmental impacts duringdheersion of the river

1
1
1 The significant disruption during construction,
1

The significanin channelworks required upstream of the diversion

4.1.2.5 Conveyance Improvements/Dredging

Conveyance improvements/dredging was considered for the area. However, further assessment indicated that
the flooding through this section of the reach was tidally dominated. Dredging of the riverbed/ estuary is not
technically viable in a tidally dominateeach as the maximum water level of the tide will still be reached
regardless of how much the elevation of the bed may be reduced. As such, dredging of the estuary and
downstream of the Owenacurra and Dungourney has been ruled out as a measure in Area 3.

41.2.6 Pumping
Due to the nature of tidal floodingumpingis nottechnically achievable in Are& For this reason, pumping
was not considered as a viable measure in this area.

4.1.2.7 Tidal Barrier for Midleton SchemArea

A tidal (or storm surge) barrier is a fully or partly moveable barrier structure which is located across a river

or estuary. It can be closed temporarily to prevent the ingress of a tidal surge upstream of the barrier in order
to reduce the frequency anelverity of tidal flooding. During normal conditions, the barrier is kept open to

allow for tidal exchange and navigation.

A tidal barrier for Midleton would need to operate during forecasted tidal flood events in Cork Harbour.
When it is closed the barrier could prevent tidal surges from propagating through the Owenacurra estuary
and inundating Midleton. Water from the Owenaea and Dungourney rivers wouldweverbe prevented

from flowing out to sea while the barrier is closed and unless there is a sufficient volume upstream of the
barrier for storing water, Midleton will be at risk of fluvial flooding while the barrieidsed. One of the

key technical considerations of implementing a barrier is therefore to ¢hatitbere is sufficient volume
upstreanavailable for storing fluvial flows
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The feasibility of constructing a tidal barrier in the Owenacurra estuary to protect Midleton from tidal
flooding was investigated at four separate locations as indicated in the figure below. The available storage
volume upstream of each barrier locatiomsvealculated assuming that water can be stored to a level of
2.5mOD which corresponds to tassumedhreshold of flooding along Bailick RoadA high-level cost
estimatefor constructing a barrier at each location was also made.

Location 1
Barrier Width = 50m

Volume of Upstream Storage = 0.35 M m?®
Estimated Project Cost = Min €40M

Location 2
Barrier Width = 180m

Volume of Upstream Storage = 1.4 M m?
Estimated Project Cost = Min €120M

Barrier Width = 620m
Volume of Upstream Storage = 2.5 M m?
Estimated Project Cost = Min €500M

Legend
Special Protection Area (SPA)

[ | special Area of Conservation (SAC)
River Centre Line

Location 4

Barrier Width = 500m
Volume of Upstream Storage = 7.4 Mm?®
Estimated Project Cost = Min €600M

|~ Mill Race (Man-made Channel)

Underground Water Course

Figure 5 Potential Tidal Barrier Locations

Based on the observed hydrodynamics in Cork Harbour, a barrier would need to be closed for circa 6hrs to
prevent tidal flooding of Midleton for each tidal flood event. The required volume of upstream storage is a
function of the magnitude of the flow in both the Owenacurra and Dungourney rivers while the barrier is
closed. Based on our hydrological analysis of the Q100 event it is estimated that circa® 2B psiream
storage would be required in order to prevent fluvial flooding.

It can be seen from the figure below that a tidal barrier situated at Locations 1 and 2 does not have sufficient
upstream storage to prevent fluvial flooding of Midleton while the barrier is closed. Both of these locations
are therefore nateemed to beechnically viable and have been ruled out. Location 3 and Location 4

however have sufficient upstream storage and are considered technically viable.

The width of the estuary at Location 3 is circa 620m. Assuming the tidal barrier has an average gated length
percentage of 40%, the project costs of construct
The project cost of constructingparrier at Location 4, assuming the same gated length percentage, is
estimated to be circa 0600M.

It is noted that some engineering works along Bailick Road would be needed to offer this level of protection.
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While a tidal barrier situated at Location 3 or 4 may offer a technical solution to protect Midleton from tidal
flooding, neither option is considered viable for a number of reasons:

1. Atidal barrier offers no direct protection against fluvial flooditiga barrier were to be constructed,
direct defences woulihereforestill berequired to protect the areas of the town that are at risk from both
fluvial flooding and tidal floodingi.e. in the vicinity of The Baby Walk

2. The cost of constructing a barrier at Locations 3 or 4 is many times dgleatére total economic
benefit of the scheme. A tidal barrier in present day scenario has therefore an extremely negative benefit
cost ratio.

3. The Owenacurra estuary is a designated SPA and SAC such that very significant environmental
constraintsvould needto be addressed with the construction of a tidal barrier given the impact it would
have on hydrodynamics, geomorphology and marine amenity.

For the aboveaeasos, it was determined that a tidal barrégrthese locationwas not a viableneasure for
Midletonand has therefore not been considered as part of the detailed optioneering.

4128 Tidal Barrier in Cork Harbour

An alternative option ighe construction of tidal barrier located iouter area o€ork Harbourthat offers
tidal flood protection to Cork City and other urban areas around the inner haebaunarbour wide tidal
barrier solutionThis is discussed in detail in thewer Lee (Cork City) Flood Relief Scheme
Supplementary RepoitOption of Tidal Barrietwhich providesdetailedinformationin possibldocations,
constraints and considerations, likely impacts and cO$tthe four locations considered withirethLFRS
SupplementarfReport, only two would providedal flood protection to Midletoneither side of Great Island
at Monkstown and Marlogu@nd atRoches Point.

Thereport howevefound that a tidal barrier is not viable in any of the locatatrthie present timdt can
also therefore be concluded that a harbour wide tidal barrier is not a viable measure for Midleton at the
present time.

Furthermorehe report alsaoncludedhat direct defences are the first step in a climate change strategy to
manage flood risk in Cork Citiy the futureand will form a key component of any future tidal barrier system

if and when it may be implementéthe same principle also applies to Midleton such that any direct
defences considered as part of the current scenario scheme will form part of any future strategy to manage
future flood risk with a harbour wide tidal barrier.

4.1.3 Area 4i Lauriston Estate / Rugby ClulEast of IDL

Three of the seven measures brought forward for further assessment were considered viable .for Area 4
Fluvial and groundwater sources are the cause of flooding in theDatadls of the assessment of

potentially viable measures for the area are outlined below.

4.1.3.1 Natural Flood Management

Natural flood management was considered as a measure but determined not to be viable. Given the level of
public interest in natural flood management, in particular during PP@as decided to undertake an in

depth assessment of NFM as a potential solution. A Natural Flood Management Feasibility Study was
conducted, the results of which are included in a report which is on the project website.

The study concluded that natural flood management would reduce peak flovi%y depending on
intervention type, at a cost of between 07 millio
limited impact rendered this type of intervention neittechnically nor economically feasible.

8 Lower Lee (Cork City) Flood Relief Scheme Supplementary RépOyition of Tidal Barrier, December 2017
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4.1.3.2 Upstream Storage

An assessment of the potential upstream storage available in Area 4 was carried out. However, the natural
topography as well as land use, environmental and archaeological constraints upstream on the Dungourney
made this measure unviable as a potentiatifimitigation measure.

4133 Direct Flood Defences

Direct defences may be a viable measure to mitigate against overland fluvial flooding from the Dungourney
River. An embankment positioned across the floodplain to the-raghof the IDL site and connecting into

high ground north and south could blocledand flow and prevent the ating flood path which results in
flooding of the Lauriston Estate and surrounding ddealera sectionof this embankment, a sheet pile

could be constructed to prevent groundwater from passidgrthe defence via the existing gravel aquifer

and discharging from the springs on the Midleton Rugby Club lands.

4134 Diversion Channels or Culverts

The use ofliversionchannels or culvertsas not considered technically achievable due to the scale of
flooding across a large area.

4.1.35 Conveyancémprovements/Dredging

Although conveyance improvements/dredging as an independent measure would not provide the required
Standard of Protection, it may form part of an overall solution to resolve flooding in Area 4. For example,
upgrading thexisting sluice gate on tiBL Mill Racewould restrict flow entering the IDL site which

would reduce the risk of flooding

4.1.3.6 Pumping

In order to reduce the impact of groundwater flooding in the Midleton Rugby Club which ghpadston
estate and the surrounding ar@@umping measure wassessed. This measure consistedpafaping
stationwithin the grounds of Midleton Rugby Club whicbuid alleviate groundaterflooding in the area.

4.1.3.7 Tidal Barrier

A tidal barrier would not be a suitable measure for Area 4 as the source of flooding in this area is primarily
fluvial from the Dungourney River and groundwater flooding.

41.4 Area 51 Ballinacurra

Fourof the seven measures brought forward for further assessment were considered viable for Area 4.
Details of the assessment of potentially viable measures for the area are outlined below.

4.1.4.1 Natural Flood Management

Due to a lack of available data, tBallinacurracatchment was excluded from the additional natural flood
management analysis. However, a high level assessment found that this measure on its own would not
provide the target Standard of Protection for Area 5. Furthermore, if this measure was usedtiflargn a
measure alongside other viable measures there would be minimal impact on the design levels.

4.1.4.2 Upstream Storage

The feasibility of upstream storage for the area exasnined. An area of agricultural land was identified to

the east of Ballinacurra which was deemed suitablédod waterstorage. Embankments would be required

to maximise the storage area volume. A flow control structure would be utilised to restrict flows in the
watercourse, protecting Ballinacurra downstream. The option would eliminate the need for direct defences in
theurban area

4143 Direct Defences

The use of direct defences for the anes assesse#flood defence walls would be required along the banks

of the watercourse, including in residential gardens. An embankment would also be necessary in the field at
Kear ney 6 s channersasgnmemt algo proposed. The existing-neturn valve at the watercourse

outlet to theestuarywould be maintained and upgraded.
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4.1.4.4 Diversion Channels or Culverts

An assessmeimtf a flood diversion culvemvas carried out to determine the feasibility of diverting flows
from the Ballinacurra Stream at Kearneyb6ts Cross,
Green, before dischargirnige flowinto the Owenacurra Estuary. This was determined not to be technically
viable due to the significant number of clashes with existing sefutdg®s and the environmental impacts

of the instream construction works. The alignment of the proposed diversiontdalpeesented ifigure

6. It was not found to beechnically viable.

Legend
River Centre Line
Flood Relief Culvert

& Flap Valve S5/t

\‘

.5 4t
Al

i
X

Figure 6 Flood diversion culvert Ballinacurra

4.1.45  Conveyance Improvements/Dredging

Conveyance improvements/dredging would not provide the required Standard of Protection due to the space
constraints in the area.

4.1.4.6 Pumping

In combination with other viable measuragpumping station at Bransfield Green could be installed to
ensure fluvial flows could be ovgumped into the estuary during high tides when the existing culvert is
iti de Howevdrgumping asstandaloneneasure would not be technically viable.

4.1.4.7 Tidal Barrier

A tidal barrier would not be a suitable measure for Area 5 as the source of flooding in this area is primarily
fluvial from the Ballinacurra Stream.

4.1.5 Area 6 Water Rock (includindbwy er 6 s Road)
Four of the seven measures brought forward for further assessment were considered viable for Area 6.
Details of the assessment of potentially viable measures for the area are outlined below.

4151 Natural Flood Management

Due to a lack of available dathe Water Rock catchment was excluded from the additional natural flood
management analysidowever, ahigh-level assessment found that this measurdéts ownwould not

provide the targett@ndard of Protectiofor Area6. Furthermore, if this measure was used as an ancillary
measure alongside other viable measures there would be minimal impact on thédatedigaels
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4152 Upstream Storage
A potential area upstream of the cave system was assessed to determine if an upstream storage measure
could providea solution to flooding in the area. The potential upstream area is shéugume7 below.

Legend
River Centre Ling s
Cave System

Upstream Storage

Area

Figure 7 Water Rock potential upstream area
It was found that this measure was not viable for the following reason:

1 The capacity of the cave system is likely to be severely compromised in a major flood event due to
elevated groundwater levels. The watercourse may therefore be unable to discharge into the cave such
that the upstream storage area would be required ®ts@ifull volume of the design hydrograjpirca
205,000M. As the available volume offered by the storage @rieea 120,000n) is less than the
required volumethe Standard of protection is not provided and the option is not deemed to be viable.

4153 Direct Flood Defences

Direct defences upstream of the cave system were determinedbecd technically viable solution. This

area features a complex cave system which has an indeterminable storage capacity for flood waters. When
the cave system reaches capacity, the water is restricted from entering the system, resulting in flooding to the
surrounding area. Direct defences upstream would requiregvafiser thar3.5mhigh, which would be

considered excessively high given the residential setting. In addition, the assessetitat groundwater

flooding in the areanaynot be prevented. As such, it was determined that this was not a technically feasible
measure as it does not achieve the required standard of protection.
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Legend
River Centre Line

Cave System —
Walls

Figure 8 Direct defences (upstream of the cave system)

Direct defences downstream of the cave sygsath of the N25) areonsidered to be a viable measure.

These defences may include an embankment to protect residential properties at the cave system outlet, an
embankment located nortiest of the wastewater treatment plant, with flood waters naturally stored behind

it whenhighttide conditions are preseatn d an embankment defending Dwyer
high-tide.

4.1.5.4 Diversion Channels or Culverts

The use of flood diversion chanektulverts to mitigate against flooding in the angs investigatedA
number of potential diversion channels/culverts arrangements were ageesseh the area upstream and
downstream of the cave system

Culvert under the existing railway line west of Water Rock House

A culvert under the existing railway line west of Water Rock Hous® assesseBuring flood events
residual water couldnter a diversion channel which would connect to the culvert. This measure is presented
in Figure9 below.

Legend

River Centre Line
Cave System
Diversion Channel
Diversion Culvert
Storage Area

Figure 9 Culvert under railway line to west of Water Rock House
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Theassessment determined this measure was not viable for the following reasons:

9 Standard of protectiois not providediue to an insufficient volume offered by the storage area. It is
noted that the available storage volume is limited by water spilling back into the site of Water rock house

9 Introduction of flood risk to properties to the west, requirement for additional defences
9 Difficulty draining the land following flood event

1 Flood warning system not feasible

9 Construction under railway line required

Culvert east of Water Rock House to the south under the N25

An alternative flood diversion channels/culvatsangementvas alsaconsideredDuring periods when the
cave systens at capacitythis measure would allow flow to bypass the Water Rock cave systearseries
of channels and culvertad discharge south of the N25 back into the Water Rock stidampotential
measure is presentedfigure10.

: Legend
River Centre Line

B Cave System
(8 | Diversion Channel
Diversion Culvert

)

Figure 10 Flood diversion channel/culvert to the south discharging downstream of the cave system
It was considered that this measure is potentially viable.

Culvert east of Water Rock House to discharge into the Owenacurra

A third flood diversion channels/ culverts arrangement was developed and assessed. This meassiof consist
a flow control structure which could divert flows from the Water Rock Stream ta#tevia a series of

culverts and open channedgidultimately discharge into the Owenacurra River. Two alternative alignments
were developed

1 Alignmentnorth of the existing Midletoi€ork rail line through the North Point Business Park
1 Alignmentpaséng under the rail line angdarallelin an easterly direction south of the rail line

These alignments are presenteéfigure1l The concept of both alignments is the sacheing periods of
flooding excess water would lokverted awayrom the Water Rock House area
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Downstreanof the cave system woulilsobenefitas the measures would involveealuction in water
entering the cave systeand henceedue the likelihood of flooding occurrindownstream

River Centre Line
Cave System

2l Diversion Channel
| Diversion Culvert

Figure 11 Flood diversion channel/ culvert to the east discharging into the Owenacurra
It was considered th#his measurés potentially viable.

Culvert within Wastewater Treatment Plant

A culvertmeasure was also assessed for thedoeastream of theave systenil'his measure consists of
replacing theexisting open channei the vicinity of thewastewater treatment planith aculvert to protect
thearea.This measure was considered to be viable and may form part of a flood relief solution in this area.

4,155 Conveyance Improvements/Dredging
Geo engineering measungsreassessed as a way to alleviate flooding upstream of the cave .Shiseem
measures considered to improve the conveyance through the cave system:included

1 Horizontal Directional Drilling (HDD) tdorm a direct connection between the swallow hole and the
spring

1 Localised directional drilling at the swallow hole and spring to improve localised conveyance at the
entrance and exit to the karst system

1 Grid of vertical borehole drilling along the flow path with well stimulation and acidification to improve
the karst fracture network connectivity

These measure werenot howeverconsidered viable for the following reasons:
1 Significant costs, resulting imeasureshatarenot cost beneficial
1 Significant construction complexity

9 Potential environmental impacts
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9 Difficult to confirm the Standard of Protectievith the works in place

4156 Pumping

Pumping of fluvial flood water back into the rivers or floodplains and away from properties was not

considered technically achievable in Area 6 due to the scale of flooding across a large area. Downstream of
the Water Rock Stream sedominantly impacted by tidal floodingye to the nature of tidal flooding,

pumping is not technically achievable in this area. For these reasons, pumping was not considered as a viable
measure in this area.

4157 Tidal Barrier

A tidal barrier would not be a suitable measure for Area 6 as the source of flooding in this area is primarily
fluvial from the Water Rock Stream.

4.2 Conclusion of the Further Assessment of Potentially Viable Measures

Followingthe further assessment, the potential measures considered to meet the project dojectives
outlined below:

Table 9 Summary of potentially viable measures by area

Potentially Viable Area 1&2: Area 3: Area 4: Area5: Area 6:
Measures . . : .
Tir Cluain to Town Centre Lauriston / Ballinacurra ~ Water Rock
Riverside Way and Bailick Rugby Club / (including
Road East of IDL Dwyer 6s F
Upstream Storage Y Y
Direct Flood Defences Y Y Y Y Y
Diversion Channels / Y
Culverts
Conveyance Improvements Y
Dredging
Pumping Y Y

The measures which were progressed through the screening stage will be combined to create potential flood
relief options which will manage the flood risk and achieve the scheme objeétifllowing section
further develops the potentially viable measures into reasonable alternatives.

5. Development and Description of Reasonable
Alternatives
5.1 Introduction

Most measures, whit providing some reductions in flood risk, will not manage the flood risk entirely by
themselves and achieve the objectives set by the dflehsures whichaveprogressed through the
screening stagand meet the project objectivitgerefore need to lombinedn orderto creataeasonable
alternativesbptions.

Additional assessments were undertaken in Areas 4, 5 and 6 following the Public Participatim Pay
(PP®), which took place in March 202These assessments were undertaken due to additional information
becoming availabléo the project after this date and include:
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9 constraints arising out of interacting infrastructure projects

1 feedback from the stakeholdersthitechnica) environmental and cultural heritage constraints in the
areas.

This additional informationmesulted in the development of additional options in these.areas

Thereasonable alternatives developed for eachanelisted as

Area 1&2: Tir Cluain to Riverside Way
Option 1&2A: Direct defences with conveyance improvements along the Owenacurra River

Option 1&2B: Direct defences
Option 1&2C: Combination of direct defences and upstream storage in Water Rock Golf Course and
adjacent fields

Area 3: Town Centre and Bailick Road
Option 3A: Direct defences (only option deemed reasonable for this area)

Area 4: Lauriston Estate/Rugby Club
Option 4A: Groundwater ctdff and direct defences east of the current IDL site

Option 4B: Pumping and direct defences

Option 4C: Combine flood embankment with planned Northern Relief Rd Extension (NRRE) road
embankment with embankment at Greenway crossing

Option 4D: Combine flood embankment with planned Northern Relief Rd Extension (NRRE) road
embankment with flood barrier at Greenway crossing

Option 4E: Groundwater cutffs and direct defences east of the current IDL site and along Greenway to
mitigate impact on NRRE

Area 5: Ballinacurra
Option 5A: Direct defences

Option 5B: Upstream storage and over pumping
Option 5B1: Upstream storageRefined storage area (smaller footprint than Option 5B) and over pumping
Option 5C: Optimised direct defences and over pumping

Option 5D: Optimised direct defences, upstream storage and over pumping

Area 6: Water Rock (including Dwyerés Road)
Option 6A: Flood diversion channetulvert (north of railway line) to the Owenacurra and direct defences

Option 6B1: Flood diversion culvert (south of railway line) to the Owenacurra and direct defences
Option 6B2: Flood diversion channétulvert (south of railway line) to the Owenacurra and direct defences

Option 6C: Flood diversion channeatulvert (bypassing cave system) to the Water Rock stream and direct
defences

5.2 Description of Reasonable Alternatives

The potential flood relief option'sreasonable alternativésr each of these areas are presented bdtow

the purpose of thinitial development analssessmermf the reasonable alternatiyvesfixed freeboard level

was assumed across all optioAdetailed freeboard assessment was undertaken for the Emerging Preferred
Scheme and is included in Sectibh
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In some locations the proposed defences may obstruct existing pluvigldtbs; i.e. the route rain water

takes when discharging into rivesst these locations pumping stations would be required to over pump
pluvial water during times when intense rainfall and high water levels on the river coincide. The majority of
pumping stations proposed part of these optioase required to mitigate the effects of pluvial flooding and
would only operate during a flood event if required. In Areas 4 and 5, pumping statitwosvakesralso

proposed to mitigate against groundwater floodind tidal locking respectively. These are described in

more detail within the optioim the following sections of the report

Where flood defence works are located in proximity to existimignown proposedtilities, thedesign of the
optionwill haveto take account dhese utilities where necessaBiversions will be required to facilitate
theseworks.

5.2.1 Climate Change Adaptability
For eaclreasonable alternativéhe potential for adaptability to climate change has been assessgdhe
following criteria:

1 Adaptaltity in the future and ideally to multiple adaptation pathways with flexibility to respond to
multiple climate change scenarios and timelines

9 maintaining the required standard of protectioreatacceptable cost possible;
1 tonot impedeaanyfuture interventions
Two generalpproaches can be takienmanage future flood risk:

1 Assumptive Approachdesigning the current scheme to account for an assimoredised in flood risk
associated with a futufeood risk scenaria.e. increasing the height of defences to account for future
seal level rise;

1 Adaptive Approachundertaking regular interim modifications of the scheme after it is constructed in
order to maintain the target standard of proteci®flood risk increases due to climate change.

Both approaches have been considered as part of the optioneering for the project.

5.3 Area 1&2: Tir Cluain to Riverside Way
Area 1 and 2 is situated north of Midleton Town Centre and covers the upper reach of the Owenacurra as
we l | as the Glenathonacash and the Owenacurra Mil

Willowbank, Millbrook, the Northern Relief Road,itMeton Train Station, the Railway Cottages, Cork Road
Bridge and extends to Riverside Way.

A decision was made to group Areas 1&2 together, asgtiensdeemed feasible for both areas were the
same and could be linked together to offer a comprehensive solution.

The extent of floodingdr thecurrent 1% AEP fluvial event and the 0.5% AEP tidal evetihis areas
shown inFigure12 below.
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Areas 1&2

Tir Cluain~_

Moores Bridge

Millrace
Apartients

Legend |
Combined Q100

and T200 Existing
Flood Extent

Figure 12 Areas 1 and 2- Max flood extent 1% AEP fluvial event and the 0.5% AEP tidal event

5.3.1 Option 1A and 2A Direct Defences and Conveyance Improvements

The proposed direct defences and conveyance improvements from Tir Cluain to Riverside Way are presented
in Figurel3andFigurel4. A summary of the proposed interventions and existing constraints is provided in
Tablel0.

As can be seen in the figures, the works would involve the constructionlvhatmbankment upstream of

the bridge along the R626 road, on the south side of the Glenathonacash River. The bridge would be
replaced, with the existing embankment downstream being upgraded to 2m high. This would offer protection
to the residential propee and businesses south of Broomfield Ridge Road, as well as those situated
between the river and the R626 road. Two pumping stations would also be introduced in this area.

A 1.2m high embankment is proposed on the western side of Tir Cluain, with a smaller 0.4m high
embankment or local regrading being proposed along Riverwalk Road. These embankments would prevent
flood water from entering the residential area by contaitit@ythe existing green areas and Water Rock

Golf Course, which is already at risk of flooding.

Moorebs Bridge would be removed, with an alternat
involve the removal of a section of wall between Tir Cludihe Lawn and local private road. Two new

walls would be introduced either side of the ridewnstream fronthe Tir CluainBridge. These would be

1.1m high to the west and 0.7m high to the east.

Significant dredging works to deepen and widen the channel at river bend thereafter would also be required,
with the channel being widened by 8m and deepened by 1m at maximum extents. This option would require
regular maintenance that would see dredgingine ar ea downstream of Mooreds
maintain the conveyance improvement.
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This option continues with the replacement of a 1.0m high wall along the riverbank south of the Brook Lane
Vella Homes estate. A flow control structure would be added to limit the water flow entering the mill race
during flood events. A minor bridge dowresaim of the Northern Relief Road would be removed, with the
inclusion of a pumping station and additional 1.0m high wall that ties into the retained bridge parapet to the
north and the railway embankment to the south. The embankment at the back oftitmokiistate would

be upgraded to 0.7m high. A 0.5m wall would be constructed from the proposed embankment to the existing
Market Green bridge parapet downstream, along the eastern side of the river. A fourth pumping station
would be located behind the wal

A 0.8m high wall is required between the Market Green bridge and the GedkBRdge on the western

side downstream. A 0.5m high wall would be constructed on the western side downstream, offering
protection to the residential areas. A fifth pumping station would be located in a grassed area of The
Woodlands estate, behind the wall0.4m high embankment/regrading is required on the western side of the
bank downstream, along Riverside Way for circa 160m.

5.3.1.1 Option 1A and 2A Climate Change Adaptability

This option was found to be readily adaptable with limited difficulty, cost and impact. The option provides
no impediment to future interventions to address future risk.

An adaptive approach can be taken by designingiteetdlefences to permit an acceptable extension in
height inthefuture in order to maintain the required level of protettithe requirecgtandardf protection
can also be achieved through other means such as upstream storage instead of increasing wall heights.

Option 1A: Conveyance Improvements and Direct Defences

Sectien AA Cross Secton Showing Conveyance Improvements.

1.1m high Embankment above existing
ground level. Tying into high ground upstream
and bridae parapet downstream

1.4m nign Empankment anove exisung
ground level and tying into high ground

5

& i . \ Maintain and upgrade existing
p ‘ g - d Embankment 2m high above
0.4m high Embankment ahova axisting
ground level and tying into high ground

nm mon Vvail apove exisung grouna ievel, 1ying
~ Into bridge parapet upstream and high ground downstream

,.\
Deepen existing channel by 1m o 0
and widen by 8m at max extents

—

Figure 13 Option 1A'i Conveyance Improvements and Direct Defences
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Downstream
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Figure 14 Option 2A'i Conveyance Improvements and Direct Defences
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Table 10 Description of Option 1A and 2A- Conveyance Improvements and Direct Defences

Description of proposed works Comments

Glenathonacash

1.1m high, 187m long embankment at Broomfield Ridge In-stream works. Removal of vegetation / trees. Proximity to ESB assets.

2.0m high, 275mlong mbankment at Clohessyds Yard, In-stream works. Removal of vegetation / trees. Proximity to ESB aSseisl impact.
Clohessyds Yard

Owenacurra

1.2m high, 251m long embankment at the rear of Tir Cluain. Removal of vegetation / trees. Proximity to ESB assets

0.4m high, 139m long embankment embankment/ loegtading in Tir Cluain Removal of vegetation / trees

Removal of Mo geviged whickradcatggy e and In-stream works. Social impact.

0O.7m high, 181m |l ong sheet pile wall on In-stream works. Removal of vegetation / trees. Proximity to Cloonmullin House
1.1m high, 179m |l ong sheet pile wall on In-stream works. Removal of vegetation / trees. Proximity to ESB assets.

Widening and deepening of the Owenacurra River by 8m wide and 1m deep at maximum ( In-stream works. Regulairedging required. Disposal of dredged material. Proximity to ESB
assets.

Replacement of an existing wall with a 1.0m high, 99m long sheet pile north of the Norther In-stream works. Removal of vegetation / trees.
Relief Road.

Installation of a flowcontrol structure at the Owenacurra mill race entrance north of the Nor| In-stream works. Removal of vegetation / trees.
Relief Road.

1.0m high, 156m long sheet pile wall on the left bank downstream of the Northern Relief R| In-stream works. Removal of vegetation / trees

Removal of access bridge south of the Northern Relief Road. In-stream works. Disposal of material Removal of vegetation / trees.
Upgrade of the 0.7m high, 424m long embankment at the rear of Millbrook. In-stream worksRemoval of vegetation / trees. Proximity to ESB assets. Impact to existing
wall.

Replacement of an existing wall with a 0.5m high, 228m long sheet pile wall at the rear of | In-stream works. Removal of vegetation / trees. Proximity to IW assets.
Wharf
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Description of proposed works Comments

0.8m high, 54m long reinforced concrete wall between the Market Green bridge and Cork | Removal of vegetation / trees. Proximity to IW assets.
Bridge.
0.5m high, 124m long reinforced concrete wall on the right bank at The Woodlands. Removal of vegetation / trees.
0.4m high, 160m long embankment/ regrading on the left bank at Riverside Way. Removal of vegetation / trees.
5No pumping stations at various locations as identified. Regular maintenance required.
Cork CountyCouncil Midleton Flood Relief Scheme
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5.3.2 Option 1B and 2B Direct Defences Only
The proposed direct defences only option from Tir Cluain to Riverside Way are preséftgaed5 and
Figurel6. A summary of the proposed interventions and existing constraints is providadleil.

As can be seen from the figures, the works would involve the construction of a 2.0m embankment upstream
of the bridge along the R626 road, on the south side of the Glenathonacash River. The embankment
downstream of the bridge would be upgraded to 2.0m Aigis would offer protection to the residential
properties and businesses south of Broomfield Ridge Road, as well as those situated between the river and
the R626 road. Two pumping stations would also be introduced in this area.

A 1.2m high embankment is proposed on the western side of Tir Cluain, with a smaller 0.4m high
embankment or local regrading being proposed along Riverwalk Road. These embankments would prevent
flood water entering the residential area by containingthiéaexisting green areas and Water Rock Golf
Course, which is already at risk of flooding.

At Mooreds Bridge, the upstream and downstream pa
upstream side of the bridge would tie into the new parapet, while on the downstream side, two new walls of
0.7m and 1.1m height would connect to the nerapet and extend approximately 180m downstream.

Option1B and2B continues with the replacement of a 1.0m high wall along the riverbank south of the

Brook Lane Vella Homes estate. A flow control structure would be added to limit the water flow entering the
mill race during flood events. A pumping station and 1.0nh kgll would be constructed south of Northern
Relief Road. The embankment at the back of Millbrook estate would be upgraded to 0.7m high, separating it
from the Owenacurra River.

A 0.5m wall would be constructed from the proposed embankment to the existing Market Green bridge
parapet downstream, along the eastern side of the river. A fourth pumping station would be constructed
behind the wall.

A 0.8m and 0.5m high wall would be constructed on the western side downstream, offering protection to the
residential areas. A fifth pumping station would be located in a grassed area of The Woodlands estate, behind
the wall. A 0.4m high embankment/regnaglis required on theasern side of the bank downstream, along
Riverside Way for circa 160m.

5.3.2.1 Option 1Band2B1 Climate Change Adaptability

This option was found to be readily adaptable with limited difficulty, cost and impact. The ppiiodes
no impediment to future interventions to address future risk.

An adaptive approach can be taken by designing the direct defences to permit an acceptable extension in
height in the future in order to maintain the required level of protection. The required standard of protection
can also be achieved through other mesarch as upstream storage instead of increasing wall heights.

Cork County Council Midleton Flood Relief Scheme

252803ARUP-ZZ-XX -RP-Z-000007| Issue 1] 31 May 2024 Arup Ireland Partner
Limited Options Report Page41



"

2m high Embankment above existing
ground level. Tying into bridge parapet
downstream and high ground upstream

1.2m high Embankment above existing
ground level and tying into high ground

0.4m high Embankment above existing : > Maintain and upgrade existing
ground level and tying into high ground R M ~ Embankment 2m high above
1 L] N = . : ____ existing ground level

New bridge parapets upstream . : =¥ 1.2m high Wall above existing ground
and downstream ; level on both banks. Tying into new
= bridge parapet downstream and
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River Centre Line
@ Embankment
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B Pumping Station

Figure 15 Option 1B i Direct Defences
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Figure 16 Option 2B i Direct Defences
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Table 11 Description of Option 1B and 2B i Direct Defences

Description Comments

Glenathonacash

2.0m high, 187m long embankment at Broomfield Ridge. In-stream works. Removal of vegetation / tré&@®ximity to ESB assets.
2.0m high, 275m |l ong embankment at CI oh e| In-streamworks. Removal of vegetation / trees. Proximity to ESB assets.
Owenacurra

1.2m high, 251m long embankment at the rear of Tir Cluain. Removal ofvegetation / trees. Proximity to ESB assets

0.4m high, 139m long embankment embankment/ loegtading in Tir Cluain Removal of vegetation / trees

Parapet upgrades on Mooreds Bridge In-stream works

0.7m high, 173m long sheet pile wallonthelefa n k downstream of Mq In-stream works. Removal of vegetation / trees. Proximity to Cloonmullin House

1.1m high, 311m long sheet pile wall on In-stream works. Removal of vegetation / trees. Proximity to ESB assets.

Replacement of an existing wall with a 1.0m high, 99m long sheet pile north of the Northen In-stream works. Removal of vegetation / trees.
Relief Road.

Installation of a flow control structure at the Owenacurra mill race entrance north of the No| In-stream works. Removal of vegetation / trees.
Relief Road.

1.0m high, 156m long sheet pile wall on the left bank downstream of the Northern Relief R| In-stream works. Removal of vegetation / trees. Disposal of material

Upgrade of the 0.7m high, 424m long embankment at the rear of Millbrook. In-stream works. Removal of vegetation / trees.

Replacement of an existing wall with a 0.5m high, 228m long sheet pile wall at the rear of | In-stream works. Removal of vegetation / trees. Proximity to ESB assets. Impact to existi
Wharf stone wall.

0.8m high, 54m long reinforced concrete wall between the Market Green bridge and Cork | In-stream works. Removal of vegetation / trees. Proximity to IW assets.
Bridge.

0.5m high, 124m long reinforced concrete wall on the right bank at The Woodlands. Removal of vegetation / trees. Proximity to IW assets.
0.4m high, 160m long embankment/ regrading on the left bank at Riverside Way. Removal of vegetation / trees.
5No pumping stations at various locations as identified. Regular maintenance required.
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5.3.3 Option 1C and 2C Upstream Storage and Dirdaefences

The proposed upstream storage and direct defences option from Tir Cluain to Riverside Way is presented in
Figure17 andFigure18. A summary of the proposed interventions and existing constraints is provided in
Tablel12.

As can be seen in the figures, works would involve the construction of a 2.0m embankment upstream of the
bridge along the R626 road, on the south side of the Glenathonacash River. This would offer protection to
the residential properties and businessethsoiuBroomfield Ridge Road. A single pumping station would

also be introduced in this area.

The storage area would be located on the Owenacurra River and would consist of a 3.0m high embankment
along the southern side of the R626 Road, beginning from west of the junction with the L3601 Road before
cutting across the existing agricultural land amghing between the western side of Tir Cluain and the

Water Rock Golf Coursé\ flow control structure to limit water flowing downstream during a flood event
would be constructed within the embankmé&ume local realignment of the river channel where it

meanders would occur just beyond the downstream section of the embankment.

Two 3m high embankments would be constructed on Water Rock Golf Course, adjacent to the neighbouring
properties to the west, with a 0.7m high embankment running adjacent to the Owenacurra River on its
southern side, which would tie into the main embanknmetiite east. This smaller embankment would limit

the occurrence of flooding to the golf course during lesser flood events but would overtop by design for the
design flood event.

The storage area would see umpproximatelyl 05,000 of agricultural land and 170,006mf Water
Rock Golf Course land being inundated during Q100 design flood event. While the extent of downstream
works is reduced by this option, some defences adjacent to the channel remain necessary.

From an operational perspective, the option could
Active systems require manual intervention, while passive systems can operate based on fixed design
parameters without any additional interventiShould an active system be considered, a flood forecasting

and water level monitoring system would be required to indicate when the storage is required, and the flow
control structure is to be put into operation. Upstream gauges would need to be itsstafl@n this flood
forecasting system. Maintenance requirements would likely be significant to ensure that functionality was
maintained. Active controls, such as actuated gates or valves, would need to be routinely serviced alongside
the ancillary compoents which inform its operation. This would include visual inspections, monitoring of

motor and gauge data and the repair/replacement of parts where deemed necessary.

A passive systemwould be designed to allow a fixed maximéiow of waterfrom the storage area. This
would eliminate the need for manual intervention during a flood event. Upstream gauges would not be
required. Passive controls, such as throttled culverts or Hydrobrakes, would require inspection to ensure
sediment build up doe®t occur that could restrict flows.

Regardless of what manner of control system is implemented, some general maintenance works would be
common to both. Embankments would require visual inspections for signs of erosion or vegetation growth,
with the crest inspected for signs of sunken areasiply indicative of settlement or culvert failufetrash

screen at th#ow controlfculvert entrance would require maintenance to remove debris which may
accumulate over time and restrict flow.

The option continues with the replacement of a 0.8m high wall along the riverbank south of the Brook Lane
Vella Homes estate. A flow control structure would be added to limit the water flow entering the mill race
during flood events. The embankment atlthek of the Millbrook estate would be upgraded to 0.5m high,
separating it from the Owenacurra River. A 0.3m wall would be constructed from the proposed embankment
to the existing bridge parapet downstream, along the eastern side of the river. A seqaind ptation

would be constructed behind the wall.

A 0.8m and 0.5m high wall would be constructed on the western side downstream, offering protection to the
residential areas. A third pumping station would be located in a grassed area of the Woodlands estate, behind
the wall.
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A 0.4m high embankment/regrading is required oretdern side of the bank downstream, along Riverside
Way for circa 160m.

5.3.3.1 Option 1C and 2C Climate Change Adaptability

This option was found to be readily adaptable with limited difficulty, cost and impact. The option provides
no impediment to future interventions to address future risk.

An adaptiveapproach can be taken by designing the direct defences to permit an acceptable extension in
height in the future in order to maintain the required level of protection. The required standard of protection
can also be achieved through other means such a®adddirect defences, conveyance improvements or
increased upstream storage.

{Option 1C: Upstr torage and Direc Defences

V S e o =
3m high Embankment above existing
ground level, tying into high ground

|

1

4

0.7m high Embankment existing

Figure 17 Option 1C i Upstream Storage and Direct Defences
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j Option 2C: Ustream Storage and Direct Defences

~ : X e ' , ® Details of the proposed upstream storage area are
/ S %> outlined as part of the Tir Cluain/ Willowbank Option 1C.
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ground level. Tying into bridge parapet downstream
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Figure 18 Option 1C and 2C- Upstream Storage and Direct Defences
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Table 12 Description of Option 1C and 2C i Upstream Storage and Direct Defences

Description Comments

Glenathonacash

2.0m high, 187m long embankment at Broomfield Ridge.

In-stream works. Removal of vegetation / trees. Proximity to ESB assets.

Owenacurra

3.0m high, 836m long embankment Northeast of Water Rock Golf Club with seepage cut @

Removal of vegetation / trees. Proximity to ESB assets.

3.0m high, 147nbong embankment West of Water Rock Golf Club along road with seepage
off.

Removal of vegetation / trees. Proximity to ESB assets.

3.0m high, 157m long embankment West of Water Rock Golf Club behind properties at wit
seepage cut off.

Removal ofvegetation / trees. Proximity to ESB assets.

0.7m high, 700m long embankment adjacent to riverbank.

In-stream works. Removal of vegetation / trees.

Installation of an active flow control system at Water Rock Golf Club that would require a f
forecasting system (river and rainfall gauges installed in the catchment) and human intervg
(monitoring, maintenance, etc.).

In-stream works. Flood forecasting system required. Regular maintenance required.

Realignment of channel downstream of flow control structure.

In-stream works.

Drainage upgrades to Water Rock Golf Course

Removal of vegetation / trees.

Replacement of an existing wall with a 0.8m high, 99m long sheet pile north of the Norther
Relief Road.

Flow control structure at th®@wenacurra mill race entrance north of the Northern Relief Roa

In-stream works.Removal of vegetation / trees.

Upgrade of the 0.5m high, 424m long embankment at the rear of Millbrook.

In-stream works. Removal of vegetation / trees. Disposaladérial.

Replacement of an existing wall with a 0.3m high, 228m long sheet pile wall at the rear of
Wharf

In-stream works. Removal of vegetation / trees.

0.8m high, 54m long reinforced concrete wall between the Market Green bridge arlRdadrk
Bridge.

In-stream works. Removal of vegetation / trees. Proximity to ESB assets. Impact to existi
stone wall.

0.5m high, 124m long reinforced concrete wall on the right bank at The Woodlands.

In-stream works. Removal of vegetation / tré&®ximity to IW assets.
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Description

Comments

0.4m high, 160 long embankment/ regrading on the left bank at Riverside Way.

Removal of vegetation / trees. Proximity to IW asdeteximity to GNI assets. Proximity to
ESB assets.

3No pumping stations at various locations as identified.

Removal of vegetation / trees. Regular maintenance required.
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54 Area 3: Midleton Town Centre and Bailick Road

Area 3 includes Midleton Town Centr e, sout hern si
adjacent to Dungourney River and Bailick Road. The area is at risk of fluvial flooding from the Owenacurra
and the Dungourney as well as tidal flooding.

The extent of flooding from the Q100 and T200 Events in this area are shéiguial9 below.

Cork Rdv.‘ég'
Bridge

&
Legend ™ Bailick
Combined Q100

and T200 Existing

Flood Extent

Figure 19 Area 3: Midleton Town Centre and Bailick Road

54.1 Option 3AT Direct Defences Only

This was the only option deemed technically viable for this area, due to the constraints identified by the
Preliminary Technical Assessment. The option is presenteigume20. A summary of the proposed
interventions and existing constraints is provided@iable13.

This optionincludesa 1m high wall south of the IDL site. At the existing mill race, a-retarn flap valve

would be constructed at the mill race outlet, preventing water from passing back upstream through it and
causing floodingn the IDL site The 1m high wall would connect to a proposed 1m high embankment to be
constructed through the Peopleds Park. The exi sti
high wall, with the existing mill race outlet also being fitted with a-retam flap vdve. The wall would tie

into Lewis Bridge, where the parapets would be raised to 1.2m above ground level.

Drainage network upgrades would be r @hpseinclugll al ong

1 The construction of a new stormwater drainage network seiffarate outfall and neeturn valve to
supplement the existing network along Youghal Road
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T The construction of a new stormwater system al ot
combined foul system and hetpitigatesurface water flooding of Main Street.

A pumping station would also be required in this area. Between Lewis Bridge and Bailick Road Bridge, a 1m
high wall on the northern side of the Dungourney River would be constructed. The parapets on Bailick Road
Bridge would be raised to 1.0m above groleakl. A pumping station would be required in this area.

Downstream of the bridge, a 1.2m high wall would be constructed on the northern side of the river, which
would then connect to a 0.7m high wall proposed along the eastern bank of the Owenacurra River. A 0.7m
high wall and pumping station would be requilbetween the GAA pitches and Beechwood Drive.

The option continues with the upgrade of an existing embankment on ®®Rgkmwest of the estuary, to

0.8m to protect against tidal flooding in this area. Two new embankments and upgrades to existing
embankments are proposed at Choctaw Park. An embankment is proposed adjacent to Bailick Road car park.
These would be 0.6m, 0.8amd 0.6m high respectively. A pumping station would be required in the car

park. A 0.6m high wall is proposed at the back of the residential properties at The Moorings, tyinghinto hi
ground or existing walls on either side. A pumping station would be required at a low point adjacent to
Cherrywood Ridge.

A 1.3m high wall would replace the existing wall along Bailick Road, south of The Granary, which would
extend to beyond the disused industrial site overlooking the river. A 1.2m wall would run from here to the
rear of Charlestown Wharf, Charlestown Malsrand north of Ballinacurra Estuary along Bailick Road,

some extents will replace existing walls and others will be new walls set back from the existing quay walls.
A pumping station would be located in vicinity of Charlestown Maltings.

On the opposite side of the estuary, a 0.8m high wall would run along The Maltings and South Quay, before
connecting to a proposed 0.8m high embankment which would connect to the R630 Road. A pumping station
would be situated south of the embankment, ingteen area.

In this area, construction adjacent to the Cork Harbour SPA and to the Great Channel SAC will be required.
Construction methodology will have to take into consideration these environmentally protected sites.

Construction will also be required adjacent to existing historic quay walls, the flood defence walls will be set
back as far as possibldowever some remediation works will be required to the existing quay walls where
the new flood defence walls require support.

54.1.1 Option 3AI Climate Change Adaptability
This optionwas found to badaptable for th#lid Range Future ScenariMRFS) at moderate to significant
cost, difficulty and impact. It provides no impediment to future interventions to address future flood risk.

An adaptive approach can be taken by designing the direct defences to permit an acceptable extension in
height in the future in order to maintain the required level of protection for the MRW&ver, these
adaptation measures would have negative implicat@agsvery high (greater thah.7m) direct defencesr
demountables

This option would not be adaptable for the High End Future Scenario (HEFS) as the required defence height
would have significant negative implications with defence heights greater than 2.2m in public areas.

It is noted that there are no reasonable alternative options for this area ahetheéfencesarethe only
viable current option. Alternative options, such as a tidal barrier, nayr®viablein the futurewhen
adapting the scheme for the MRFS and HEFS.
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Figure 20 Option 3A i Direct Defences
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Table 13 Description of Option 3A i Direct Defences

Description Comments

Owenacurra and North of the N25

0.7m high, 217m long sheet pile wall at rear of Funeral Halog left bank of Owenacurra In-stream works. Removal of vegetation / trees. Proximity to ESB assets.

Upgrade existing embankment on Dwyer Rd (west of estuary) with a 0.8m high, 94m long| Removal of vegetation / trees. Proximity to B&sets.
embankment

0.6m high, 70m long embankment North of Choctaw Park Removal of vegetation / trees. Within Cork Harbour SPA. Proximity to Great Channel SAC
0.8m high, 42m long embankment North of Choctaw Park Removal of vegetation / trees. Within Cork Harbour SPA. Proximity to Great Channel SAC
Dungourney

0.7m high, 209m long wall at GAA Pitches Removal of vegetation / trees.

1.0m high, 117m |l ong wall tying into emb| Removalofvegetation/trees. Proximityto GNI assets.

2 nonreturn valves at outlets of IDL Mill Radeupstream of Baby Walk and upstream of Proximity to IW assets.

Peoplebs Park

1.0m high, 203m |l ong embankment through Removal of vegetation / trees. Proximity to GNI assets.

Upgrade of thexisting wall along Baby Walk with a 1.2m high, 150m long wall In-stream works. Removal of vegetation / trees. Proximity to IW assets.

Upgrade of bridge parapet at Lewis Bridge Proximity to protected structuielLewis Bridge

1.0m high, 313m long wall with seepage-offtwest of Lewis Bridge In-stream works. Removal of vegetation / trees. Proximity to IW assets. Proximity to ESB
assets.

Upgrade of bridge parapet at Bailick Road Bridge

1.2m high, 132m long shepile wall at ESB site along thiégght bank of the Dungourney Proximity to IW assets. Proximity to ESB assets.
Local upgrades to the drainage system along St. Mary's Road Proximity to IW assets. Proximity to ESB assets.
Local upgrades to the drainage system along Youghal Road Proximity to ESB assets.

3No pumping stations at various locations as identified.
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Description Comments

Estuary (South of the N25)

0.6m high, 66m long embankment at Bailick Rd Carpark south of N25

Removal of vegetation / trees. Proximity to Great Channel SAC and Cork H&Baur
Proximity to ESB assets.

0.6m high, 16m long wall at THdooringsDevelopment

Proximity to SAC and SPA.

1.3m high, 223m long tidal defence wall from tBeanaryto rear of derelict site/warehouse

Proximity to SAC and SPA. Proximity to GNI, E2Bd IW assets. Proximity to existing quay
walls.

1.2m high, 547m long tidal defence wall rear of Charleston Wharf, Charleston Maltings an
north of Ballinacurra Estuary along Bailick Road

Proximity to SAC and SPA. Proximity to GNI, ESB and IW assets. Proximity to existing qu
walls.

0.8m high, 146m long tidal defence embankment at South Quay (south of Ballinacurra Est

Removal of vegetation / trees. Proximity to SAC and SPA. Proximity to IW assets.

0.8m high, 175m long tidal defence wall at The Maltings, South Quay (south of Ballinacurr
Estuary)

Proximity to SAC and SPA. Proximity to ESB assets. Proximity to existing quay walls.

4No pumping stations at various locations as identified.
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55 Area 4: Lauriston Estate/Rugby Club/East of IDL

Area 4 includes the IDL site, Midleton Rugby Club, Lauriston Estate, Townspark Industrial Estate and the
land to the east of the Irish Distillers Limited (IDL) site adjacent to the Dungourney.

The Midleton to Youghal Greenwagcurrently under constructicandpasses through this arélhe
proposed Northern Relief Road extensigh also pass through this area, although the alignment is not yet
confirmed.

The area is at risk of fluvial flooding from the Dungourney as well as groundwater flooding. The extent of
flooding from the Q100 and T200 Events in this area are shoWwigime21 below.

Note on the sluice gatehich isrelevant to all options: The existing sluice gate located adjacent to
Cahermone Castle would be maintained and upgraded to prevent flooding within the IDL site. It is intended
to maintain no flow or a low flow through the IDL millrace This decision wilubdertaken in consultation

with the IDL. If a low flow is to be maintained, it is envisaged that the sluice gate will be designed such that
the max flow entering the millrace does not exceed the required low flow rigtenitisaged to be passive in
design and will not require human intervention.

Old Rail Area 4
/Line

o

“Midleton
Rugby
Club
Lauriston —
EStatvc /

Legend
Combined Q100

4 and T200 Existing
Flood Extent

Figure 21 Area 4: Lauriston Estate/Rugby Club/East of IDL

55.1 Option 4A T Groundwater CuOff and Direct Defences
Option 4A is presented iRigure22. A summary of the proposed interventions and existing constraints is
provided inTable14.

It can be seen from the figure that the proposal includes a 2.4m high embankment to the east of the IDL site,
circa 90m to the east of tippoposed NRRHKalignment to be confirmed)t is proposed that the Greenway

would be regraded to pass over the proposed flood embankment resulting in a passive scheme, i.e.
demountables would not be required. This alignment would impact the vertical alignment of thea8IRRE

the NRRE would have to pass over the Greenwhag embankment would tie intibe existinghigh ground

northand south
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An alluvium/gravel layer in the area provides an underground route for groundwater. A sheet pile cut off is
required for circa 210m of the flood embankment to prevent groundwater passing through the shallow
gravels.

In order to mitigate the risk of ground water flooding behind the flood embankment, it is proposed that a
pumpng station be installed on the dry side. This purggstationwould pump water back to the wet siofe

the embankmendr discharge south to Dungourney. This would only be required in the unlikely event that a
groundwater route was still present after the sheet pile cut off is installed.

The embankment would require routine inspections to be carried out to ensure it retains its functionality.
Visual inspections for vegetation, which could create flow paths and weaknesses in the embankment, would
need to be conducted. Additional inspectiammaild be required to ensure seepage is not occurring on the

west face.

It is proposed thahk existing sluice gate located adjacent to Cahermone Gasidéntained anr
upgraded to prevent flooding within the IDL site.

55.1.1 Option 4Ai Climate Change Adaptability

This option is adaptable at moderate to significant cost, difficulty and impact. It provides no impediment to
future interventions to address future flood risk.

It is proposed that the assumptive approach be adopted in the present day and that the embankment be
designed to accommodate the MRFS and HEFS required standard of protection. This approach will have
minimal future cost or intervention, however there will be a minimum increase in present day capital costs.

The assumptive approach for the groundwatewoffus also applicable to accommodate the MRFS and
HEFS required standard of protection.
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Figure 22 Option 4A'i Groundwater Cut-Off and Direct Defences
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Table 14 Description of Option 4A i Groundwater Cut-Off and Direct Defences

Description Comments

Dungourney

2.4m high, 550m long embankment across Greer(feagner railway line) to cubff surface
water.

Proximity to GNI and ESB assets. Proximity to proposed NRRE. Removal of vegetation / t

8m deep, 20m long sheet piles across Greenway (former railway line) tof€ground water.

Proximity to GNI assets. Proximity to proposed NRRE. Removal of vegetation / trees.

Upgrade of the flow control structure at IDL mill race sluice gate.

Instream works. Proximity to Cahermone Castle.

1No pumping station west of the embankment.

Regular maintenance required.

Cycleway regrading on approach to Greenway crossing.
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5.5.2 Option 4Bi Pumping and Direct Defences
Option 4B is presented igure23. A summary of the proposed interventions and existing constraints is
provided inTable15.

It can be seen from the figure that the proposal includes a 1.6m high embankment to the east of the bridge
over the railway line. It is proposed that the Greenway would be regraded to pass over the proposed flood
embankment resulting in a passive scheme, i.e. demountables would not be required. This alignment would
not impact the vertical alignment of the NRRdbject to review once alignment is confirmed)

The IDL embankments would also have to be upgraded to flood defence standard and any drainage through
the IDL embankments would be blocked up. Routine inspections would be required along the embankments
to ensure there is no vegetation growth or seepagdwiould damage the embankments.

In order to mitigate the risk of ground water flooding behind the flood defence embankment, it is proposed
that a pumimg station be installed on the dry side, in the vicinity of the rugby club. This ipgrstation
would pump water back to the wet siofehe embankment

It is proposed that the existing sluice gate located adjacent to Cahermone Castle is maintained and/or
upgraded to prevent flooding within the IDL site.

5.5.2.1 Option 4Bi Climate Change Adaptability
This option is adaptable at moderate to significant dif§iculty and impact. It provides no impediment to
future interventions to address future flood risk.

It is proposed that the assumptive approach be adopted in the present day and that the embankment be
designed to accommodate the MRFS and HEFS required standard of protection. This approach will have
minimal future cost or intervention, however there will be a minimum increase in present day capital costs.

The assumptive approach for elements of the pumping systems is also applicable to accommodate the MRFS
and HEFS required standard of protectiegy. pump chambers could be designed to accommodate larger/
more pumps in the future but the capacity of the pump would not be upgraded until required.
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Figure 23 Option 4B i Pumping and Direct Defences

Cork County Council Midleton Flood Relief Scheme
252803ARUP-ZZ-XX-RP-Z-000007| Issue 1] 31 May 2024 Arup Ireland Partner Limited Options Report Page6C



Table 15 Description of Option 4B i Pumping and Direct Defences

Description Comments

Dungourney

1.6 high,60m long embankment across Greenway (former railway line) tof€surface water. | Proximity to proposed NRRE. Removal of vegetation / trees.

Upgrade of the existing IDL embankments to flood defence standard, 730m in length Removal of vegetation / trees.
1No pumping station west of the embankment. Regular maintenance required.
Upgrade of the flow control structure at IDL mill race sluice gate. Instream worksProximity to Cahermone Castle.

Cycleway regrading on approach to Greenway crossing.
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5.5.3 Option 4Ci Combine Flood Embankment with Planned Northern Relief Road Extension
(NRRE) Road Embankment with Embankment at Greenway Crossing

Option 4C is presented Figure24. A summary of the proposed interventions and existing constraints is

provided inTable16.

It can be seen that the FRS embankment and NRRE are combined into one embankment element. This
option proposes the Greenway passes under the NRRE and over the flood embankment at the same location,
allowing for a passive scheme. The NRRE would remain fomatiduring a flood event. No manual

intervention would be required to prevent flooding to the west of the embankment, as the embankment would
be designed to an appropriate flood defence level height.

The core of the road embankment for the extent of use as a flood embankment, circa 370m, would have to be
designed appropriately as a flood defence (impermeable material to the required defence level). The
proposed flood embankment extends circa 215memdinth beyond the NRRE to tie into high groufide
embankment would also tie into the existing high ground to the south.

An alluvium/gravel layer in the area provides an underground route for groundwater. A sheet pile cut off is
required for circa 220m of the flood embankment. This would restrict flows from travelling underneath the
embankment and flooding areas to the west.

In order to mitigate the risk of ground water flooding behind the flood embankment, it is proposed that a
pumpgng station be installed on the dry side. This pump would pump water to the wef Hide
embankmenbr discharge south to Dungourney. This would only be required in the unlikely event that a
groundwater route was still present after the sheet pile cut off is installed.

It is proposed that the existing sluice gate located adjacent to Cahermone Castle is maintained and/or
upgraded to prevent flooding within the IDL site.

This option would require integration with both the Northern Relief Road Extension and the Midleton to
Youghal Greenway, increasing project delivery risk. However, the land required would be reduced in
comparison to Option 4A.

5.5.3.1 Option 4Ci Climate Change Adaptability
This option is limited in its ability to adapt to future climate change requirements due to its combination with
the NRRE, which will be designed to a fixed height.

However,it is proposed that the assumptive approach be adopted in the present day and that the embankment
be designed to accommodate the MRFS and HEFS required standard of protection. This approach will have
minimal future cost or intervention, however this worgdult in an increase in present day capital costs.
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Figure 24 Option 4C T Combined Design with Embankment at Greenway Crossing
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Table 16 Option 4C i Combined Design with Embankment at Greenway Crossing

Description Comments

Dungourney

2.5m high, 600m long embankment across Greenway (former railway line}aff sutface
water

Proximity to GNI and ESB assets. Coordination with NRBuired. Removal of vegetation /
trees.

8m deep, 220m long sheet piles across Greenway (former railway line)dff gambund water.

Proximity to GNI assets. Coordination with NRRE required. Removal of vegetation / trees

Upgrade of the flovzontrol structure at IDL mill race Sluice gate.

Instream works. Proximity to Cahermone Castle.

1No pumping station west of the embankment.

Regular maintenance required.

Cycleway regrading on approach to Greenway crossing.
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554 Option 4Di CombineFlood Embankment with Planned Northern Relief Road Extension
(NRRE) Road Embankment with Flood Barrier at Greenway Crossing

Option 4D is presented figure25. It can be seen that the FRS embankment and NRRE are combined into

one embankment elemeAtsummary of the proposed interventions and existing constraints is provided in

Tablel7.

The core of the road embankment for the extent of use as a flood embankment, circa 370m, would have to be
designed appropriately as a flood defence (impermeable material to the required defence level). The
proposed flood embankment extends circa 215memdtinth beyond the NRRE to tie into high groufide
embankment would also tie into the existing high ground to the south.

This option proposes the Greenway passes under the NRRE, however instead of the Greenway passing over
the flood embankment, a flood barrier (i.e. gate or demountable) would be deployed during a flood event.
This would eliminate the requirement to revise Greenway and NRRE vertical alignments.

The inclusion of a flood barrier would require a flood forecasting system to determine when the barrier
should be deployed. This would be considered an active system, requiring intervention prior to a flood event.
Given this area is fluvially dominated, stpeam gauges would need to be installed to inform this flood
forecasting system. Failure to deploy the barrier in advance of a flood event would likely result in flooding to
the west.

Maintenance work would be required for the barrier to ensure it remains functional when required. Upstream
monitors would also require maintenance to ensure data is being captured correctly in advance of any
potential flood event.

An alluvium/gravel layer in the area provides an underground route for groundwater. A sheet pile cut off is
required for circa 220m of the flood embankment.

In order to mitigate the risk of ground water flooding behind the flood embankment, it is proposed that a
pumpgng station be installed on the dry side. This pump would pump water back to the wadtthiele
embankmenbr discharge south to Dungourney. This would only be required in the unlikely event that a
groundwater route was still present after the sheet pile cut off is installed.

It is proposed that the existing sluice gate located adjacent to Cahermone Castle is maintained and/or
upgraded to prevent flooding within the IDL site.

This option would require integration with both the Northern Relief Road Extension and the Midleton to
Youghal Greenway, increasing project delivery risk. However, the land required would be reduced in
comparison to Option 4A.

5541 Option 4Di1 Climate Change Adaptability
This option is limited in its ability to adapt to future climate change requirements due to its combination with
the NRRE, which will be designed to a fixed height.

However, it is proposed that the assumptive approach be adopted in the present day and that the embankment
be designed to accommodate the MRFS and HEFS required standard of protection. This approach will have
minimal future cost or intervention, howeveistivould result in an increase in present day capital costs.

However this would not be applicable for the design of the flood barrier, which would have to be adapted in
the future.
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Lﬁe:i‘v’ercmune Option 4D: Combined Flood Embankment with NRRE, Flood Barrier at Green
Mill Race | - '

~ (Man-made Channel)
@ Embankment
@ Pumping Station
Indicative NRRE Route (TBC)
== = Sheetpile Cut-off

Sheetpile to 8m deep for
groundwater cut-off

Flood forecast monitoring equipment
to be introduced upstream

2.5m high Flood Defence Embankment built into core
of NRRE. Greenway passes under the NRRE.
Flood barrier deployed during storm event.

Maintain and upgrade
existing sluice gate

Figure 25 Option 4D i Combined Design with Flood Barrier at Greenway Crossing
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Table 17 Option 4D i Combined Design with Flood Barrier at Greenway Crossing

Description Comments

Dungourney
2.5m high, 600m long embankment acr@ssenway (former railway line) to coff surface Proximity to GNI and ESB assets. Coordination with NRRE required. Removal of vegetatig
water. trees.
8m deep, 220 long sheet piles across Greenway (former railway line}aéf gpbund water. Proximity to GNI assets. Coordination with NRRE required. Removal of vegetation / trees
Upgrade of the flow control structure at IDL mill race Sluice gate. Instream works. Proximity to Cahermone Castle.
1No pumping station west of the embankment. Regular maintenance required.
Upstream flood forecasting and monitoring equipment. Regular maintenance required. Instream works.
Demountable flood barrier to be installed in advance of flood event occurring. Manual intervention required during flood event. Regular maintenance required.
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555 Option 4Ei Groundwater CuOffs and Direct Defences along Greenway
Option 4E is presented Figure26. A summary of the proposed interventions and existing constraints is
provided inTable18.

It can be seen from the figure that the proposal includes a 3.1m high embankment to the east of the IDL site,
circa 90m to the east of the proposed NRRE.

It is proposed that the Greenway would be regraded to pass over the proposed flood embankment resulting in
a passive scheme, i.e. demountable defences would not be required to prevent flooding to the west.
Maintenance works would be reduced as a result.

As can be seen in the figure, sections of the embankment would extend parallel to the Greenway on the north
and souttof the GreenwayThe offsetpositioningof the embankment crossing the Greenwayld

facilitate the NRRE without impacting on its vertical alignmdtris noted that the NRRE could be

combined with the proposédibod embankment however the underside of the NRRE would need to be
increased to provide sufficient clearance for the Greenway to pass underneath, this would not impact how
Option 4 functions or the standard of protection offered by the opliags proposed that impermeable

material be filled in the area between proposatiaped embankment to mitigate the groundwater flow/seep
underneath 1shaped embankment and then along current railway line and over sheet pile T off.
embankment would tie into the existing high ground north and south.

An alluvium/gravel layer in the area provides an underground route for groundwater. A sheet pile cut off is
required for circa 220m of the flood embankment.

In order to mitigate the risk of ground water flooding behind the flood embankmenirapissed that a
pumpgng station be installed on the dry side. This pump would pump water back to the wadttbiele
embankmenor discharge south to Dungourney. This would only be required in the unlikely event that a
groundwater route was stpgresent after the sheet pile cut off is installed.

It is proposed that the existing sluice gate located adjacent to Cahermone Castle is maintained and/or
upgraded to prevent flooding within the IDL site.

5.55.1 Option 4Ei Climate Change Adaptability
This option is adaptable at moderate to significant cost, difficulty and impact. It provides no impediment to
future interventions to address future flood risk.

It is proposed that the assumptive approach be adopted in the present day and that the embankment be
designed to accommodate the MRFS and HEFS required standard of protection. This approach will have
minimal further cost or intervention, however there Ww#la minimum increase in present day capital costs.

The assumptive approach for the groundwateofius also applicable to accommodate the MRFS and
HEFS required standard of protection.
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Legend
River Centre Line

Mill Race
(Man-made Channel)

== = Sheetpile Cut-off
@ Embankment
Pumping Station
Indicative NRRE Route (TBC)

Option 4E: Groundwater Cut-off and Direct Defences

Sheetpile to 8m deep for
groundwater cut-off

3.1m high Embankment above existing
ground level tying into high ground

Maintain and upgrade
existing sluice gate

Figure 26 Option 4E T Groundwater Cut-Off and Direct Defences along Greenway
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Table 18 Option 4E i Groundwater Cut-Off and Direct Defences along Greenway

Description Comments

Dungourney

3.1m high, 968m long embankment across Greenway (former railway line}adf sutrface
water.

Proximity to GNI and ESB assets. Proximity to proposed NRRE. Removabetation / trees.

8m deep, 220m long sheet piles across Greenway (former railway line)dff gmbund water.

Proximity to GNI assets. Proximity to proposed NRRE. Removal of vegetation / trees.

Upgrade of the flow control structure at IDL mmidice sluice gate.

Instream worksProximity to Cahermone Castle.

1No pumping station west of the embankment.

Regular maintenance required.

Cycleway regrading on approach to Greenway crossing.
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5.6 Area 5: Ballinacurra

Area 5 covers Ballinacurra village and upstream along the Ballinacurra watercourse. The extent of flooding
from the Q100 Event in this area are showRigure27 below.

Legend
Combined Q100

and T200 Existing
Flood Extent

Figure 27 Area 5: Ballinacurra

5.6.1 Option 5AT1 Direct Defences

The direct defences option for the Ballinacurra Watercourse is preseigdiia28 below. A summary of
the proposed interventions and existing constraints is provideabile19.

The works would consist of the construction of a 0.5m and 0.7m high wall on the north and south side of the
Ballinacurra Watercourse respectively, bet ween th
stations would be required on the dryesaf the walls. If during design it was found that the walls were not
feasible due to the proximity of the existing properties, a cuteertd insteacbe constructed.

Downstream, these walls would connect to a proposed 0.9m high embankment running along the southern
edge of the agricultural |l and at Kearneyds Cross.
along the embankment.

As the stream passes through the residential area
existing walls on the north and south side, and to rebuild them to 1.3m and 0.7m high respectively. Two
additional pumping stations would be requicedside the walls, one on the north side and another on the

south. The upstream and downstream bridge parapets at Father Murphy Terrace Bridge would require raising
to 1.1m above the existing deck level. Downstream of the bridge, the existing wall ontthside of the

channel would be replaced by a 1.1m high wall. This would connect the new raised parapet to the existing
culvert headwall at the Dairygold culvert inlet.

A pumping station located near the inbet Bransfield Greewould be required to mitigate risk of tide
locking. This would be connected by a rising main under the DairygoldpCsite and the R630 (Whitegate
to Midleton Road) tmutfall intothe estuary.

The existing nosreturn flap valve would be maintained and upgraded at the estuary, preventing tidal water
from flowing back up the culvert and flooding upstream. Routine inspections would be required to ensure
that the valve retains its functionality.

Given the large number of direct defences situated in a predominantly urban setting, maintenance works
wouldincludevisual inspections of walls to ensure no structural deterioration occurs i.e, due to car
collisions. Where the channel is proposed to be r
to ensure that debris and st not accumula Maintenance work may be required to clear any

accumulation if necessary.

5.6.1.1 Option 5AI Climate Change Adaptability
This option was found to be adaptable for the Mid Range Future Scenario (MRFS) at moderate to significant
cost, difficulty and impact. It provides no impediment to future interventions to address future flood risk.

An adaptive approach can be taken by designing the direct defences to permit an acceptable extension in
height in the future in order to maintain the required level of protection for the MRF&e High End

Future Scenario (HEFS), the required defence height would have significant negative implications with
defence heights greater than 1.5m in public areas. The required standard of protection can also be achieved
through other means such gsstream storager demountablemstead of increasing wall heitg.
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| Upgrade existing bridge parapet upstream and
downstream (1.1m above existing deck level)

Replace and extend existing walls with 1.3m high
Wall above existing ground level tying into high ground

Replace and extend existing walls with 0.5m high
Wall above existing ground level tying into high ground

0.7m high Wall above existing ground
level and tying into high ground

0.9m high Embankment above existing
ground level tying into high ground.

Replace and extend existing walls with 0.7m high Realign river channel locally

Wall above existing ground level tying into high ground

Replace existing wall with 1.1m high Wall above
existing ground level. Tying into culvert headwall
downstream and upgraded bridge parapet upstream

! Maintain and upgrade &
existing flap valve

Figure 28 Option 5A i Direct Defences
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Table 19 Option 5A i Direct Defences

Description Comments

Ballinacurra

0.5m high, 111m long wall along the right bank adjacent to the local road upstream, betwel Removal of vegetation / trees. Instream works.
residential properties east of Kearneyods

0.7m high, 113m long wall along the left bank adjacent to the local road upstream, betwee| Removal of vegetation / trees. Instream works.

residenti al properties east of Kearneyods

2No pumping stations either side of new walls. Regular maintenance required.

0.9m high, 235m |l ong embankment i n f i el d| Impacton existingstone wall. Instream works.

Fl ood defence walls of various heights f I Removalofvegetation/trees. Instream works. Proximity to ESB assets.

Father Murphy Terrace. 295m total length.

2No pumping stations on either side of new flood defence walls. Regular maintenance required.

Existing bridge parapet to be upgraded. Regular maintenance required.

Upgrade of existing wall from Father Murphy Terrace Bridge to the Dairygold culvert inlet t| Instream works. Proximity to GNI assets. Impact on existing stone wall.
flood defence standard, 1.1mgh, 105m long.

1No pumping statioradjacent tdairygold culvert inleand associated infrastructure to Regular maintenance requirdttoximity to GNI assets. Proximity to IW assets.
discharge into Owenacurra Estuary

Upgrade of existing flap valve. Instream works. Proximity to Great Island Channel SAC and Cork Harbour SPA.
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5.6.2 Option 5B1 Upstream Storage and Over Pumping
The upstream storage and over pumping option for the Ballinacurra Stream is presEigect20 below.
A summary of the proposed interventions and existing constraints is providadla20.

Using a flow control structure and embankments, a sufficient volume of water could be held upstream during
a flood event. The flow control structure would be designed to limit the volume of water passing downstream
such that the capacity of the channeias exceeded which may result in flooding. In order to maintain flow,

a minimum volume of water will be allowed to pass downstream at all times and at no stage will the channel
run dry during a flood event.

The works would consist of a 2m high embankment that would cross the watercourse, positioned in an area
of agricultural land to the west of Ballinacurra.

This embankment would have a flow control device constructed within it, allowing a limited flow of water to
pass downstream. A 0.6m high embankment would be constructed north of Geragh Road, with a 1.3m high
embankment constructed south of Rocky Road. § hdslitional embankments would protect nearby

properties and shape the storage area. Additional land would be required immediately downstream of the 2m
high embankment to allow for ground regrading, so that any water overtopping the embankment could be
sakly directed back into the watercourse chanrehn overflow spillwayThis spillway would be designed

such that in an exceedance event the overtopping of the embankments could be managed and would ensure
that the properties to the east and south are not aLask.access would also be a requirement for operation
and maintenance works.

Downstream, |l ocalised river channel realignment w

As there is a potential that flow may backup when a fluvial event coincidesigithide, (i.e. the culvert is
Afitide |l ockedo due to the high head at the culvert
estuary), it is proposed that a pungpstation locatecdjacent tahe Dairygold culvert inlet will over pump

any residual flow directly into the Owenacurra Estudihis would be connected by a rising main under the
Dairygold Coeop site and the R630 (Whitegate to Midleton Road) to outfall into the esfiasypumng

station may also be utilised during tidakemt s when t he Dairygold culvert
would be over pumped allowing the upstream storage system to remain passiitevafidw in the

channel at all times.

The existing nowreturn flap valve would be maintained and upgraded at the estuary, preventing tidal water
from flowing back up the culvert and flooding upstream.

This option could be designed to be either an fdac
considered, a flood forecasting and water level monitoring system would be required to indicate when the
storage is required, and the flow control stunetis to be put into operation. Upstream gauges would need to

be installed to inform this flood forecasting system. Maintenance requirements would likely be significant to
ensure that functionality was maintained. Active controls would need to be rpEmeiced alongside the

ancillary components which inform its operation. This would include visual inspections, monitoring of motor
and gauge data and the repair/replacement of parts, where deemed necessary.

A passive system would eliminate the need for manual intervention during a flood event. Upstream gauges
would not be required. Passive controls would require inspection to ensure sediment build up does not occur
that could restrict flows.

Regardless of what manner of control system is implemented, some general maintenance works would be
common to both. Embankments would require visual inspections for signs of erosion or vegetation growth,
with the crest inspected for signs of sunken areasiply indicative of settlement or culvert failure. The

trash screen at the culvert entrance would require maintenance to remove debris which may accumulate over
time and restrict flow.

5.6.2.1 Option 5Bi" Climate Change Adaptability
This option is adaptable at moderate to significant cost, difficulty and impact. It provides no impediment to
future interventions to address future flood risk.
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It is proposed that the assumptive approach be adopted in the present day and that the upstream storage be
designed to accommodate the MRFS and HEFS required standard of protection. This approach will have
minimal future cost or intervention, however there will be a minimum increase in present day capital costs.

However the assumptive approach would not be applicable for the channel maintenance, pumping station
and flow control structures. The replacement of pumping station and flow control structures will still be
required in the future.

Cork County Council Midleton Flood Relief Scheme

252803ARUP-ZZ-XX -RP-Z-000007| Issue 1] 31 May 2024 Arup Ireland Partner
Limited Options Report Page75



Figure 29 Option 5B i Upstream Storage and Over Pumping
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