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1. Introduction

1.1 Context

Midleton has a long history of flooding. The most notable recent flood events occurred in November 2000,
October 2004, June 2012, July 2013, January 2014, February 2014, October 2014, December 2015, January
2016 and December 2018. On thd 8 October 2023, following Storm Babet, Midleton experienced its

most significant fluvial flood event in recent memory.

Following recommendations contained within the Lee Catchment Flood Risk Assessment and Management
(CFRAM) Study and following the December 2015 flood event which had a significant impact on the town,
Arup was commissioned by Cork County Council (CCC) sess the flood risk within the Owenacurra

River Catchment and to develop a Flood Relief Scheme for Midleton.

The Midleton Flood Relief Scheme (MFRS) is structured in five stages:
9 Stage I Development of flood defence options and the identification of a preferred Scheme

i Stage 2 Outline Design and Public Exhibition, or Planning, including an Appropriate Assessment
(AA), Environmental Impact Statement (EIS) and Final Flood Risk Management Plan

9 Stage 3 Detailed design, confirmation and tender process
1 Stage 4 Construction of the Scheme
9 Stage 5 Handover of works.

A comprehensive hydrology report was completed and issued in 2018 as part of Stage 1 of the MRFS. This
report was subsequently updated in 2022 and documented analyses undertaken between 2018 and 2022.
Following Storm Babet in October 2023, a further revidsthe hydrology was recommended and

subsequently undertaken to take advantage of the additional data and improve our understanding of the
catchment 6s response provided by this extreme eve

This updated hydrology report (Issue 3) presents the latest analysis and findings, and should be read in
conjunction with other key project documents, including:

1 Midleton FRS Hydraulics Report, Arup (October 2022)
Summary of Hydrogeological Assessment of Flood Cells, 1, 5, 6 & 7, Arup (February 2019)

1

1 Midleton FRS Constraints Report, Arup (August 2017)

1 Storm Babet Flood Event Report, Arup (December 2023)
1

Midleton FRS Options Report, Arup (May 2024).

1.2 Scope

Given the complexity of the catchment, the history of significant flood events, and the evolving
understanding of flood mechanisms, particularly in light of recent extreme events such as Storm Babet, a
comprehensive review of all available data, previdudiss, and methodologies was essential. The purpose

of this review is to supplement the current report with any additional relevant information, address data gaps
or uncertainties, and ensure that the resulting design flows and recommendations aemdofbefgnsible.

To achieve this, the following key reviews and analyses have been undertaken as part of the hydrological
study:

1 Review the hydrological analysis undertaken as part of the Lee CFRAM Study

Cork County Council Midleton Flood Relief Scheme
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1

1.3
An overview of the report is presented in the following table.

Review the available records of historic flooding in the study area in order to inform the selection of
design flows

Review and update the stadischarge relationship at Ballyedmond station (19020)
Review data recordings of IDL gauges at Pitch & Putt and Shanty Bridge

Estimate flood flows and hydrograph shapes at key locations in the study area for the design flood events
using a range of methodologies including the Flood Studies Report, Flood Studies Update etc.

Produce a hydrology report which presents the key findings of the study.

Overview of the Report

Table 1-1 Report overview

Chapter Chapter Title Description
Number
1 Introduction Provides an introduction to the study
2 Catchment Description Provides an overview of the Owenacurra catchment
3 Data Rview Reviews the various datasets used to inform the hydrological analys
4 Analysis of Hydrometric Data Details the analysis undertaken on the hydrometric data
5 Ballyedmond Gauge (19020) Rating Presents the findings of the hydrometric review of the Ballyedmond
Review gauge
6 Estimation of the Index Flood Details the index flood calculations
7 Flood Frequency Analysis Details the singe site, rainfatinoff and pooling group analysis
calculations to derive growth curves/flood frequency curves.
8 Flow Hydrograph Analysis Outlines the methodology used to derive the design hydrograph shal
9 Design Tidal Water Levels Presents the tidal water levels for the study. Both calibratial design
levels are considered.
10 Fluvial and Tidal Joint Probability Presents the fluvial/tidal joint probability analysis.
11 Climate Change Details the climate change allowance uplifts used as part of the stud
12 Conclusion Provides an overall conclusion to the study
Appendix A | National Flood Hazard Mapping Presents output from the OPWGds
report
Appendix B | Hydrology calculations Presents the detailed hydrological estimation calculations for the stu
Cork County Council Midleton Flood Relief Scheme

REP/1| Issue 3 30 October 20250ve Arup & Partners Ireland Limited Hydrology Report Page2



2. Catchment Description

2.1 General

Midleton is located at the downstream end of the Owenacurra catchment in EagtiQané(1). The
catchment has a total area of circa 158&nd is drained by two primary watercourses:

1 Owenacurra River (catchment area of circa 10%km
1 Dungourney River (catchment area of circa 53km

The Dungourney meets with the Owenacurra at The B
end of Main Street. Both the Owenacurra and the Dungourney are tidally influenced at their downstream end
due to their connectivity and proximity to Cddarbour as shown iRigure2-2.

e S LGaras
f 5

L4

Figure 2-1 Owenacurra River Catchment
Two other minor watercourses are also relevant to the study:

1 Water Rock Stream (catchment area of circa 6.Z8km
{1 Ballinacurra River (catchment area of circa 2.78km

The alignment of all the primary watercourses within the scheme area is presétitpolad-2.

Cork County Council Midleton Flood Relief Scheme
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Figure 2-2 Scheme Area showing water courses (© Open Street Map)
2.2 Topography

Midleton lies in a circa 6km wide valley that runs in an East to West direction as shbiguria2-3.
Ground levels within the scheme area vary from circa 2mOD/2.5mOD in the town centre to circa
12mOD/13mOD in the Tir Cluain housing estate which is situated at the North of the town adjacent to the

Owenacurra. The elevations of the upper reaches of thgdduney and Owenacurra River catchments vary
quite considerably from circa 30mOD to circa 200m®@Qure2-3 presents a schematic of the topography
of the Owenacurra Catchment.

Cork County Council

Midleton Flood Relief Scheme
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Figure 2-3 Topography of the Owenacurra River Catchment

2.3 Land Use

The majority of the Owenacurra River Catchment consists of rural and pastureland. The primary urbanised
centre is Midleton. There are also a number of small villages located throughout the catchment such as
Lisgoold, Dungourney Village and LeamlaFagure2-4 presents the location of each of the key urban areas.

Cork County Council Midleton Flood Relief Scheme
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2.4 Geology and Soils

The Geological Survey of Ireland (GSI) mapping for the catchment is preseiigdiia2-5. It can be seen

from the map that the dominant rock types in the Owenacurra catchment consist of Sandstone and Limestone
(Ballytrasna Formation), which covers most of the upper reaches of the Dungourney and Owenacurra River.
The rock types of the loweraehes are also dominated by Sandstone and Limestone from a number of
formations.

Cork County Council Midleton Flood Relief Scheme
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Figure 2-5 Bedrock Map (GSI)

The EPA/Teagasc Subsoils map classifies the subsoils of Ireland into 16 themes which has been derived
using digital stereo photogrammetry supported by field work. The soil mapping for the catchment is
presented irigure2-6 and indicates that the dominant soil type consists of Sandstone till. The dominant soil
types in the vicinity of Midleton are made ground and Alluvium gravel.

Cork County Council Midleton Flood Relief Scheme
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2.5 Designated Sites

There are 42 designated areas, or areas proposed to be designated, for nature conservation within 15 km of
the scheme Study area. These consist of:

1 Three Special Areas of Conservation (SACs)
1 Five Special Protection Areas (SPAs); and
1 34 proposed Natural Heritage Areas (pNHAS).

There are no Natural Heritage Areas located within 15 km of the study area.

Cork County Council Midleton Flood Relief Scheme
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3. Data Review

3.1 Review of Historical Events

3.1.1 National Flood Hazard Mapping Website

The OPW6s national flood information portal (httop

flooding events throughout Ireland. Inspection of the website confirms that numerous flood events have
occurred in Midleton in the past. A summary ngp® provided in Appendix A and a screengrab from the
portal is presented iRigure3-1.
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Figure 3-1 Extract from floodinfo.ie
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3.1.2 Information Provided by CCC and OPW

Reports and other information on past flood events in the study area were supplied by CCC and the OPW
and have also been considered as part of the study.

Further it is noted that anecdotal evidence from CCC staff suggests that the town centre of Midleton has
experienced infrequent minor flooding in the past from backp/plockage of the drainage system at Lower
Main Street, Youghal Road and St. Marybs Roa

3.1.3 Information Provided by the Public

A significant amount of information on flooding issues in the study areas was submitted by the public during
the initial public consultation process. An analysis of the information submitted is included in the Project
Constraints Study Report.

3.14 Summary of historic flooding
Table3-1 presents a summary of the historic flood records at Midleton.

Table 3-1 Timeline of major flood events in the study area

Date of Flood Event Mechanism Areas Affected

February 1993 Fluvial Water Rock
March 1995 Fluvial Water Rock
November 2000 Fluvial Water Rock, Bilburry Road, Bloomfield West
October 2004 Tidal Bailick Road
May 2005 Tidal Bailick Road

14 residential and 14 commercialareas of Distillery Walk/Lower

June 2012 Pluvial/ Tidal Main Street/Woodlands

8 residential, 10 commercials in areas of: New Cork Road, Mill R
Beechwood Estate, Youghal Road

Jan and Feb 2014 Tidal Lower Main Street and Bailick Road
Oct 2014 Tidal Bailick Road

July 2013 Pluvial

50 businesses and 20 houses in areas of Tir Cluain/ Willow Bank|
Mill Road/ Woodlands/ Riverside Walk /Lower Main Street/
Broderick Street/ Distillery Walk/ Coolbawn/ Riversfield Estate/
Lauriston/ Midleton Rugby Club/ IDL/ Water Rock

Dec 2015Jan 2016 Fluvial/ Groundwater

Dec 2018 Fluvial Flooding of agricultural lands and local roads. No property floodin

Residential and commercial pr
Willowbank, Millbrook, the Northern Relief Road, Millrace
Apartments/Market Square Area, Midleton Train Station car park,
Railway Cottages, Cork Road Bridge, Woodlands, Thomas Stree
Riverside way, Kennedy Park, Main Street, Bailick Road, Connoly
October 2023 Fluvial Street, Dickisons Lane, Connoly Street, Beechwood/Oakwood

uvia Estat e, Mi dl eton GAA Grounds,
(Storm Babet) Roxboro Close, Distillery Walk, The Green Way, Midleton Rugby
Club, Waterock, Riversfield estate.

Agricultural lands east of IDL.

Please refer to theidleton FRS Storm Babet Repbfor more
information

! Midleton Flood Relief Scheme, Storm Babet Flood Event Report Part 1 & Part 2 (https://www.floodinfo.ie/frs/en/midletdivfodpecject
documents/)

Cork County Council Midleton Flood Relief Scheme
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The following section of the report considers the key historic flood events in further detail.
November 2000

The CCC record of flooding from the event listed the inundated areas as Water Rock, Bilburry, and
Bloomfield West.

October 2004

The Area Engineer outlined the areas impacted by the October 2004 event and noted that a number of these
locations are at regular risk of flooding:

1 Bailick Road, Midletori Regular flooding resulting from periods of heavy rainfall. Flood ID 5193
1 The 96303 road floods on a regular basis which included October 2004. Flood ID 5194 & 5195

I The Rostellan road flooded in October 2004 due to the extreme tides and wind direction. This
mechanism occurs relatively infrequently. Flood ID 5196 & 5197

1 R630 at Whitegate was inundated during the October 2004. This is an infrequent mechanism of flooding.
Flood ID 5199

9 Ballycottonpier flooded during the October 2004 event and is also at risk from regular high tides/wave
overtopping. Flood ID 5200 & 5201

1 The East Ferry road (L3629) was also inundated during the event. Flood ID 5203.
June 2012
The flood event that occurred ofi Sune 2012 impacted the Distillery Walk/Lower Main Street area of the

town. The source of the flooding was described in
coinciding with high tide levels which would have prevented discharge fronutfaes water drainage
system in some parts of the town. o

The event report also states that the floodfingas due to a very significant
been exacerbated by the combined stormwater system being blocked or at capacity. Spring high tides may
al so have affected capacity of the stor mwater sys

14 residential and 14 commercial properties were impacted by the event.

The report also mentionsthataf t er di scussions with residents, wa
drive through flood may have increased severity o

The maximum flood depth was recorded as 350mm.
July 2013

Surface water sewers became overwhelmed during this event due to the intense rainfall. Combined sewers
were also surcharged in the same area. The maximum flood depth was recorded as 150mm. 8 residential and
10 commercial properties in the town centre wetgacted.

January 2014

The January 2014 tidal flood event impacted Baikck ad, The Babydés Wal k and th
Road and Main Street. No properties were impacted by this flooding event.

Bailick Road was closed to traffic dur thariyerwase eve
at street level therefore there was no positive outfall from storm water drainage .sy&tem

The maximum flood depth was recorded as 450mm at Bailick Road.
February 2014

The tidal flood event of February 2014 event occurred at high tide off iied®"' February 2014. The
areas affected were Lower Main Street and Bailick Road. No properties were impacted.

Cork County Council Midleton Flood Relief Scheme
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The OPW Flood Event Report stated that the tidal eventwas dausgd a ¢ o mb i reasterlyon of s
wi nds and Abaregstlt, theidrdiesgronoDistillery Walk were backed up from the Dungourney
River and water came out of manholes causing water to flow towards Main Street.

The Owenacurra also burst its banks at Kennedy Park and flowed onto Broderick Street and onto Main
Street. Bailick Road was closed to traffic during the event. The report statBsAhatc e ss was pr eve
Ballinacurra No.1 Pumping Station during the fl oo

The maximum flood depth was recorded as 450mm at Bailick Road.
October 2014

The tidal flood event of October 2014 impacted Bailick Road.
Winter 2015/2016

A detailed Flood Review of the Winter 202816 flood event was undertaken by Arup in the immediate
aftermath of the event. The report states thafithewo ar eas wor st affected in C
Bandon with flooding to a significant number of properties.

Heavy rainfall in the days leading up to the event elevated the groundwater levels across the catchment until
the system became saturated in some areas. The high groundwater levels resulted in a higher rate of runoff
from the surrounding lands in the leagl to the event. Analysis of the cumulative rainfall suggests that

monthly rainfall was equivalent to a return period of circa 1 in 200 years. The flood event commenced at the
end of December and lasted until tféJanuary 2016.

The reader is referred to the hydraulics report for a detailed description of the event and its impact on
Midleton.

December 2018

The December 2018 event was a fluvial event that impacted a number of agricultural lands and local roads.
No properties were inundated during the event. The peak flow recorded at the Ballyedmond was circa
27.5m¥/s, which is marginally above the Qmed.

October 2023, Storm Babet

Storm Babet was a very significant flood event that inundated large parts of Midleton. A number of other
urbanised areas in East Cork were also very badly flooded (Mogeely, Killeagh) by the event. Water levels on
all the water courses in the town rose dapin response to very heavy rainfall. Babet was an extratropical
cyclone that followed an unusual north to south t
additional moisturé In addition, due to a blocking area of high pressure over Scandinavia theaasimg

fronts were slow moving.

Rainfal]l over the Midleton catchment-9pmeosthecl®ncentr
October, then 2arfpm on the 18 October Figure3-2 presents a plot of the hourly rainfall data from IDL

(Mi dleton) gauge, Roches Point dand180ctobereadsthePar k M
corresponding recorded water levels at Ballyedmond gauge station. The peak intensity of the second burst of
rainfall is seen to have occurred between 8am and 9am on'théthghe river peaking at Ballyedmond at

12.15pm, after an initial peak on the™at 9pm.

The first properties to be inundated were in Tir Cluain at circa 11.30am. The event peaked in the town centre
at circa 2.15pm. A total of 395 residential and 286 commercial properties were flooded in Midleton by the
event. The maximum flood depths were exgnced at the downstream end of Main Street and were

equivalent to circa 1.2 1.3m of water.

2 hitps://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdfiweatherdeant’ukpast
events/interesting/2023/2023 08 storm_babef{gutfessed 02/05/2025]
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https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/weather/learn-about/uk-past-events/interesting/2023/2023_08_storm_babet.pdf
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/weather/learn-about/uk-past-events/interesting/2023/2023_08_storm_babet.pdf

The reader is referred to the Midleton FRS Storm Babet Flood Event report for a detailed description of the
event and its impact on the to#n.
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Figure 3-2 Plot of rainfall at IDL gauge and flow at Ballyedmond gauge station

3.2 Review of Previous Studies

The Lee Catchment Flood Risk Assessment and Management Study (CFRAMS) was commissioned by OPW
in August 2006. The Lee CFRAMS covered the River Lee catchment and included the Owenacurra and
Dungourney River catchments. The study was commissioned as aoheadgrstanding the flooding

problem and managing the flood risk through the development of a Catchment Flood Risk Management Plan
(CFRMP). The outputs from the Lee CFRAMS are available for download at https://www.floodinfo.ie/.

Of particular importance in the context of this study is the analysis of the flood risk and possible options in
Midleton. The CFRAM recommended the following options:

9 Fluvial and tidal forecasting system, combined with a targeted public awareness and education campaign
and individual property protection/flood proofing; and

1 Permanent flood walls/sea walls/revetments/embankments (to manage both tidal and fluvial risk).

These options have been reviewed as part of the Optioneering which was undertaken as part of Stage | of the
study, and which is detailed in the project Options report.

3 Midleton Flood Relief Scheme, Storm Babet Flood Event Report Part 1 & Part 2 (https://www.floodinfo.ie/frs/en/midletdivifodpecject
documents/)

4 https://www.floodinfo.ie/frs/media/filer_public/e2/e5/e2e51&FHbb-43409c9¢0d44535a773a/options_report_issue_1_252808-zz-xx-rp-z-
000007_ch35.pdf
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3.3 Groundwater Assessment

Groundwater flooding was a known mechanism of flooding during the Winter 2015/2016 event and affected
a number of areas in Midleton. The scope of the Midleton FRS therefore requires a detailed assessment of
groundwater flood risk to be undertaken out. Triteraction of the groundwater with the river flow is

therefore an important consideration.

As part of the study Arup therefore arranged for extensive site investigation to be carried out in order to
support the hydrogeological analysis. This work consisted of geophysical investigation, intrusive ground
investigation combined, water level monitay and tracer testing. This data collection is outlined in the
following section of the report.

3.3.1 Overview of Site Investigation
This investigation was carried out in five phases:

Phase 1:Geophysical investigation comprised seismic survey along seven survey lines of 4,200m in total
length and electrical resistivity tomography (ERT) along sections of the seven survey lines covering a total
length of 2,200m (Apex, 2017). The purpose of thiestigation was to establish the width, depth and extent

of the paleochannel between rock valleys, depth to rock head, type and thickness of overburden, weathered
and fractured zone and the presence of any voids or cavities.

Phase 25: Intrusive ground investigation (PGL, 2018). This works comprised cable percussion and rotary
boreholes (24 boreholes), the installation of river water and groundwater monitoring installations (4 and 13
installations respectively). Long term digital datgders fitted in 4 of the river monitoring installations and

9 of the groundwater monitoring installations.

Permeability testing of the sand and gravel aquifer was completed with rising and falling head tests and one
pumping test. Groundwater level monitoring continued until January 2019.

Separate to the Hydrogeological Site Investigation, a LIDAR survey was completed for the Midleton Flood
Relief Scheme and the Digital Terrain Model (DTM) created informed the hydrogeological assessments.

3.3.2 Findings of the hydrogeological assessment
This section presents a summary of the findings of the hydrogeological assessment. The study divided
Midleton into different flood cells as indicated in on the following map.
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Figure 3-3 Flood cells
The conclusions of the assessment for the individual flood cells is summarised as:

3.3.3 Flood Cell 2, 3 and 4

There is a negligible contribution from groundwater flooding in these three flood cells due to the absence of
any historic record of groundwater flooding in these areas.

3.34 Flood Cell 1

The results of this assessment concluded that the groundwater contribution to the Owenacurra River is
negligible. Additional inflows to the river from groundwater sources is therefore not required.

3.35 Flood Cell 5 and 7

The results of this assessment concluded that the groundwater contribution to both the Owenacurra River and
the Water Rock Stream is negligible. Additional inflows to the river from groundwater sources is therefore

not required.

3.3.6 Flood Cell 6

Analysis of the river water level and groundwater monitoring data collected in Flood Cell 6 indicate that the
Dungourney River loses water to the gravel and limestone aquifers in this area. The follow key points
highlight the groundwatesurface water intactions:

The hydrogeological conceptual model highlights that river is in hydraulic connection with the gravel aquifer
and discharges water into the aquifer during peak flow conditions. The limestone aquiferdsrsfamed
with groundwater levels that are loweah in the overlying gravel aquifer and the river.

The groundwater elevation in both the gravels and limestone aquifers are consistently below that of the river
water level, indicating that the river is losing flow to the gravel aquifer, rather than the reverse.
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There is a time lag from when the maximum water level occurs in the river, followed by the maximum that
occurs in the gravels or limestone demonstrating the aquifer responding recharge which may be from the
river.

The response in groundwater level in the gravel aquifer dampens with distance from the river and also
vertically which demonstrates the influence of aquifer storage effects as water travels from the river through
the aquifer.

These factors are of importance as they indicate that the groundwater is not a contributing factor to high
water levels seen in the river, but rather the Dungourney River is losing water to the aquifer, even during
high rainfall events.

The groundwater is flowing from east to west through the Lauriston Mews/Midleton Rugby Club study area,
as is demonstrated by the ripple effect of peak water levels emanating from the Dungourney River towards
the Owenacurra River and the gradient obseagedss groundwater level monitoring wells.

As groundwater does not contribute to high water levels in the Dungourney River in this area the hydraulic
model has not included any groundwater source discharges. Neither has the model included hydraulic sinks
to account for the impact of the DungourriRiyer losing water to the aquifer. Our approach is therefore
conservative as the volume of water that is lost during extreme events is assumed to be contained within the
watercourse and floodplain.

For further information and detailed findings of, please refer to the GW Assessment Report (Arup, January
2019).
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4, Analysis of Hydrometric Data

4.1 Rainfall Data

The Met £ireann rain gauges most relevant to the
as shown irFigure4-1 below. It is noted that each of these gauges are located circa 20km/30km from
Midleton.

Moore Park Legend
—— Watercourse
©._.+ Study Boundary
@ Hourly Rainfall Gauge -
> ~.~¢-"-?i-—'/‘ -.'\‘\ IDL (Dungourney)

Roches Point

0 5 10 km
I @

Figure 4-1 Met Eireann Rain Gauge Locations

Two rain gauge stations owned, operated and maintained by the Irish Distillery Limited (IDL) are also
shown inFigure4-1 and have also been considered as part of the study. Both rain gauges are located on IDL
landsi one within their site in the town centre (operational since 2008) and the other at their site in
Dungourney circa. 11km to the north of Midleton (operatiomales2023).

4.2 River Gauge Data
There are a number attivehydrometric gauges in the scheme area:

1 Ballyedmond Gauge (1902D)operated by the EPA/CCC
1 Dungourney Bridge Gauge (191li6pperated by the OPW/CCC
1 Midleton Town Park Gauge (19117 pperated by the OPW/CCC.
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The locations of the Hydrometric Stations are indicateBigare4-2 and are also listed ifiable4-1.

The Ballyedmond gauge station has been active since 1977 but has a few years of missing data as discussed
later in the report in Section 6. The Dungourney Bridge Gauge and the Midleton town park station were
installed in 2024

There are also a number of old historic river gauges on the catchment that are no longer active. The locations
of these gauges are at the old Pitch

& Putt cours
IDL site), Shanty Bridge (upstream @l site) and in Dungourney village (the same site as the recently
installed OPW/CCC gauge).
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Figure 4-2 Location plan of river gauges

Table 4-1 List of River Gauges

Station Easting Northing Waterbody Responsible Active
Authority

Ballyedmond 19020 Recorder 185923 76618 Owenacurra EPA Yes
Dungourney staff 19038 Staff Only 193284 79487 Dungourney EPA No

B u ¢ kdBadged NA Recorder 188912 73588 Dungourney IDL No
Pitch & Putt NA Recorder 188662 73398 Dungourney IDL No
Shanty Bridge NA Recorder 189766 74512 Dungourney IDL No
Midleton Town Park | 19117 Recorder 188629 73414 Dungourney OPW/CCC Yes
Dungourney Bridge | 19116 Recorder 193288 79488 Dungourney OPWCCC Yes
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The following table presents the details on the gauges.

Table 4-2 Details of River Gauges

Gauge No. Gauge Name Time Period Significant Gaps (>30 days) ‘ Comments

19020 Ballyedmond Jun 1977 Present Dec 2004 Apr 2005 July 2005 | Available to view on
Sep 2005 Mar 2009Apr 2009 waterlevel.ie
Apr 2010- July 2010

19038 Dungourney Staff Mar 1991- Jul 2011 N/s Staff only gauge
19005 Buckleyl s Bridge Sept 1980 Apr 1986 None 6 years data record
N/A IDL - Pitch and Putt | Jan 2014 Jan 2017 Jan 2014 Dec 2014 2 years of data availabl
and is of poor quality
N/A IDL i Shanty Bridge | Aug 2015/ Jan 2016 None Only 4 months of data
availableand is of poor
quality
19117 Midleton Town Park | October 2024 present | None Available to view on
Gauge waterlevel.ie
19116 Dungourney Bridge | October 2024 present | None Available to view on
Gauge waterlevel.ie
4.2.1 River Gauge Data Review

Ballyedmond Gauge

The Ballyedmondjauge was installed in June 1977 and is currently active. Data from the gauge has been
deemed suitable for use in the study. The gauge was offline for a number of periods asTeséelh2.

The most significant of these periods was from 2014 to April 2017 which includes the December 2015 event.
The Annual Maximum data for these missing years has therefore been derived as part of the study
undertaken in 2018sing the FSSR16 methodology (refer to Sedi@nl).

Dungourney Staff Gauge

The old gauge at Dungourney was a staffy gauge where spot gaugings have been undertaken historically.
It is a discontinuous timeseries and is remote from Midleton Town. It has therefore not been considered as
part of the hydrological flow estimation the study.

Buckleyb6ébs Bridge gauge, Pitch and Putt c¢club and a

There is six years of Amax data available for the
September 1980 to April 1986. This gauge was located circa 300m upstream from the Pitch & Putt gauges
which were operated by the IDL from 2012017.Datd r om t he | DL and Buckl eyods
therefore overlap in time. Only four months of data is available from the Shanty Bridge.

Data from these three gauges was investigated in order to determine if it was suitable for use as part of the
Qmed estimation for the Dungourney River. Following this review the data for all three gauges was not
deemed to be suitable and was thereforeadigd. The justification for this approach is given as:

1 There is a large variability in the flow estimates from both of the IDL gauges (i.e. Pitch and Putt and
Shanty bridge) for the overlapping period and the quality of the data from both gauges is questionable
and not deemed to be reliable

1T The Buckleyds Bridge gauge was decommi ssioned o0\
occurred which impact on the hydraulics and hence the QH relationship.
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Midleton Town Park Gauge

The Midleton Town gauge is an automatic recording gauge that came online oft tfe028ber 2024.

Only circa nine months of data is available from the gauge which is too short to assist in the hydrological
flow estimation. It has therefore not been considered as part of the hydrological flow estimation in the study
but will be consideed as part of any future revisions to the study.

Dungourney Bridge Gauge

This gauge was installed in October of 2024 and came online on'tlod @@tober 2024. It is located at the
same point as the old Dungourney staff gauge. At the time of writing only circa nine months of data is
available from the Dungourney Bridge Gauge which is too short to assist in the hydrological flow estimation.
It has therefore not been considered as part of the hydrological flow estimation in the study. It will however
be considered as part of any future revisions to the study.

Conclusions

Having reviewed the various gauged data in detail, only data from the Ballyedmondsymuge to be of
sufficient length and quality to inform the hydrological flow estimation for this study. A detailed rating
review of this gauge has been undertaken, and the findings of the analysis are presented md@e¢iaton
report. Data from the Midleton Town Park and Dungourney gauges will be extremely useful for any future
revisions of the hydrology and well as providing data for any future hydraulic model calibration/validation
runs.

4.3 Tidal Gauges

Two water level recorded gauges were installed by the OPW in the Ballinacurra estuary in March 2022 in
order to record tidal water levels. The gauges are referred to as Bailick Road U/S (19165) and Bailick Road
D/S (19166). The location of both gaugesdicated inFigure4-3.

Data from the tidal gaugdes been reviewed in detail and is deemed to be of very good quality. It has
therefore been used to inform on the optioneering for the tidally dominated reach and is discussed in the
Options Report.
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Figure 4-3 Tidal Gauge Locations (orange circles)
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5. Ballyedmond Gauge (19020) Rating Review

51 Introduction

A rating review of the Ballyedmond gauge (Station No: 19020) has been undertaken as part of the study. The
objective of the review was to revise and update the existing rating curve and to extend it to the highest
recorded water level at the gauge. Thaesed rating curve is then used to calculate the Qmed (index flood)
value for the gauge with an improved level of confidence.

The EPA rating for the gauge was initially updated by Arup in 2018 and presented as part of the first Issue of
this hydrology report. Following Storm Babet, the rating curve was howeearained and subsequently
updated due to evidence of overland flmutes bypassing the gauge during the event (see sbaf)oithis

updated posBabet rating curve is presented in this Issue 3 of the hydrology report and supersedes the earlier
rating curve developed in 2018 by Arup which is not presented in the report.

5.2 Overview of the key steps of the rating review
The following key steps were undertaken as part of the review:

1 Collate and review all the spot gauging collected at the gauge by the EPA

1 Determine if any of the spot gauging on record are erroneous

1 Development of a detailed 1D/2D hydraulic model in order to simulate high flows through the reach
1 Determine QH points for high flows based on the model results

1 Revise the rating curve based on the spot gauging and the results of the hydraulic model

1 Comparison of the revised rating against the previous rating curves for the gauge.

5.3 Ballyedmond Gauge

The Ballyedmond gauge is located circa 2.8km upstream of Midleton on the Owenacurra River and circa
50m downstream of the confluence of the Leamlara River and Owenacurra River (coordinates 185923E
76618N).Figure5-1 presents an image of the gauge locationkigdre5-2 presents a photograph of the
gauge which was taken as part of our first visit site in March.2017
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Figure 5-1 Gauge location

Figure 5-2 Gauge at Ballyedmond (March 2017)
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Figure5-3 presents a plot of the water level recordings for the gauge from 1977 to the present day. As
discussed in the previous section, the gauge record has a number of gaps which are evident from the plot.
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Figure 5-3 Water level recordings at Ballyedmond

Water levels at the gauge are subject to open channel control as there is no structure (such as a weir) in the
vicinity of the gauge that acts as a contFajure5-4 presents the gauge characteristics as presented on the
present version of the EPA datagtiee the gauge. It can be seen that control at the gauge is unstable and
that the rating is subject to change.

Station No. 12020 Catchment Area (km®): 75.0
Location: BALLYEDMOND Long Average Rainfallimm/annum): 1224

Estimated losses (mm/annumj: 436
River: OWENNACURRA Long average runoff (mm/annumj: 738

Long average runoff expressed in m?/s; 1.76
Body responsible; COR

Estimated dry weather flow (m?/s): —
NGR: Was59766 Estimaled 95 percentile flow(m?®/s): -_—
Type: Velocity-area station with Staff gauge readings available for the years: -—

natural control.
Conlinuous water level records commenced: APR 1877

Comment: Unstable control. Rating Period for which records are digitised: 1977-83
subject to change, although Period for which records are processed: 1978-63
can be stable for a number of Average flow (m?¥s) in this period: 1.82
years. 85 percentile flow (m?/s) in this period: 0.20

Figure 5-4 Gauge characteristics (from EPA datasheet)

5.4 Description of bypassing the gauge site

Arup visited the gauge site immediately after Storm Babet in October 2023. It was evident from our
observations that the site was extensively flooded during the event and that the gauge was bypassed by
overland flow from the River Leamlara. The full flowgsing through the site during the event was therefore
not equivalent to the flow passing the gauge within the main channel. There was also likely to have been
some bypassing of the gauge by flows on the iigimd bank of the Owenacurra, i.e. out of béhmk on the
right-hand side floodplain of the river which was not conveyed downstream within the main river channel.
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A schematic of the site is presentedrigure5-6 and presents the likely bypassing route that occurred during
Storm Babet. It can be seen from the schematic that for thef-atnk flow from the River Leamlara to get
back into the Owenacurra, it must first travel over and across the Midletgoold 10ad which in effect acts

as a broadcrested weir to the flow given that it is elevated above the ground on both sides and is relatively
wide in the direction of flow.

River Owenacurra

Bypassing of the gauge

Figure 5-5 Bypassing mechanisms at the site

Once the overland flow overtops the road it travels across the site immediately adjacent to the gauge which is
surrounded by a palisade fence, and which also houses a pumping station which abstracts water at this
location® Once the overland flow travels across the site it gets back into the Owenacurra both upstream and
downstream of the gauge location as shown on the figure.

Circa 20m downstream of the gauge the topography opeinsoug wide and expansive floodplain along the
left bank of the river which was extensively flooded during Storm Babet. The topography in the immediate
vicinity of the gauge (taken from the study lidar dataset) is presenkéguire5-6.

5 The average abstraction rate is circa 0.88mwvhich is deemed to be very minor in the context of flood hydrology at the site
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Figure 5-6 Topography data in the vicinity of the gauge  (left), with Bing Maps(right)

5.5 Spot Gauging and the gauge zero

The EPA provided Arup with the complete set of spot gauging for the station which consists of circa 275
measurements of flow and water level. The first spot gauging was taken in August 1976 and the most recent
gauging (relative to the current study and-Bebet) was taken in August 2022.

A series of posBtorm Babet spot gaugings have also taken by the EPA but have not been considered as part
of this issue of the hydrology report as the QH relationship is very likely to have changed as a consequence
of the impact of Storm Babet on the gezing of the channel.

The gauge zero has changed historically at the gauge. The correct gauge zero for each historic period has
therefore been applied to the spot gauging record and are presehadtkis-1 to OD Malin OSGM15. Itis

noted that these values were confirmed by the EPA to Arup in 2024 following on from a detailed assessment
of the gauge record by the EPA p@stbet. This work included resurveyed the gauge in January 2024 in

order to confirm thathe gauge zero was not impacted by Storm Babet.

Table 5-1 Gauge zero for Ballyedmond station

Date ‘ m OD Malin OSGM 15
11/11/1975 23.126

10/01/1978 23.235

10/07/1980 23.23

21/07/1994 23.237

03/09/2002 23.24

16/07/2012 23.301

There were a number of points in the spot gauging dataset that on inspection appeared to be erroneous. An
investigation of the dataset discovered a text formatting error in the file supplied by the EPA which caused
these points to be incorrectly represenfehe points were subsequently adjusted, and the gauge record was
corrected. The corrected spot gaugings (adjusted to OD Malin) and cross section at the gauge are plotted in
Figure5-7. It can be seen from the figure that there is a reasonably consistent trend over the full range of
flows. However, it can also be seen that the majority of spot gaugings are for low flows (X0 only

two points exceed 15tts. There are no spot gaugings at or above bank full level which represents a
limitation on the use of the spot gaugings data as part of the study.
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Spot gaugings at Ballyedmond Gauge
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Figure 5-7 Spot Gauging and Cross Section

5.6 Previous EPA Rating Curves

Nine separate rating curves have been developed by the EPA since the gauge was commissioned in 1977.
Each curve corresponds to a particular historic period as indicated in the following table. It is noted that the
most recent EPA rating on record datesfr2017¢

Table 5-2 Historic periods for which the EPA developed a rating curve for the gauge

Period From To

1 08/1976 08/1977
2 01/1978 07/1980
3 10/1980 11/1996
4 05/1987 11/1987
5 04/1988 10/1991
6 03/1992 11/1994
7 03/1995 10/1995
8 02/1996 07/2012
9 08/2012 03/2014
10 02/2017 Present day

5 The EPA have noted to Arup that they have developed a new rating for the gauge in January 2024 that takes accourgofakerrgst Storm
Babet but this is not deemed relevant to this issue of the hydrology report.
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Spot gaugings for different historic periods
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Figure 5-8 Spot gaugings formatted to reflect the period (rating) that they represent

Figure5-8 presents the spot gaugings for each of the different historic periods. It can Bégsees-8 that
there are two general trends for flow less thad&m

1 Spot gaugings for periods 1, 7 and 8 all show a consistent trend

9 Spot gaugings for periods 2, 3, 5, 9 and 10 all show a consistent trend

1 Spot gaugings for period 6 lie in between these two different groupings.

Above 5ni/s however all the data points demonstrate a reasonably consistent trend.

It is evident therefore that the rating for low flows varies historicaidy instance that for a level of
23.6mOD the flows range from circa 1.¥ato circa 2rs.

Since the gauge cross section is natural and not fixed, it is reasonable to assume that the riverbed at the gauge
location changes with time. As the river geometry changes over time, new flow conditions appear which is
particularly evident for low flowsWe investigated if seasonal changes along the channel (i.e. higher

vegetation in summer than in winter) may also contribute to the historic variation in rating. The spot gauging
data for bottsummer and winter monthwere therefore considered separately. It was evident from the

analysis that there is robear pattern or trend in the summer/winter groupings. Seasonal changes in

vegetation along the channel is therefore not likely to have any significant impact on the rating.

5.7 Hydraulic Modelling of the gauge site

5.7.1 Introduction

A onedimensional (1D) and twdimensional (2D) model of the relevant reaches of the River Leamlara and

the Owenacurra, as well as their associated floodplain, has been constructed in order to simulate flood events
at Ballyedmond gauge and support thengtieview at the gauge. The 1D model simulates tfank flows

and has been constructed in MIKE 11 software (Version 2023). The 2D model simulates the out of bank
floodplain flows and it has been developed in MIKE 21 software (Version 2023).

" Winter defined as: Oct, Nov, Dec, Jan, Feb, Mar. Summer defined as: Apr, May, Jun, July, Aug, Sept
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Both the 1D and 2D models are dynamically linked and run together as a coupled model in MIKE FLOOD
software (Version 2023).

5.7.2 Model domain

A schematic of the Ballyedmond model is presentdednre5-9. The model extends approximately 250m
upstream of the confluence of the rivers on the River Leamlara and approximately 750m upstream of the
confluence of the rivers on the Owenacurra. The downstream boundary is located circa 950m downstream of
the confluace.

Legend

@ 1D model nodes
BN 1D model extent

[ ]2Dcode layer

3’1{ Ballyedmond gauge

River Owenacurra

Figure 5-9 Schematic of the Ballyedmond gauge model (© Open Street Map)

The initial circa 500m length of the Owenacurra is represented in 1D only as there is no available Lidar
coverage for this section of the river with which to develop a 2D model. Given the steep gradient on both
sides of the river for this reach the 1D oafpproach (with extended sections covering the width of the
floodplain) is an appropriate representatidable5-3 presents the Easting and Northing of the boundary
conditions of the model.

Table 5-3 Boundary condition locations

‘ Easting Northing
Owenacurra Inflow 186272.2 77108.8
River Leamlara Inflow 185676.2 76880.5
Downstream boundary (QH relationshi| 186436.4 76116.1
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5.7.3 Model resolution

The 1D model resolution is determined by the distance between adjacent cross sections and the distance
between the cross sections of the modlkls distance is circa 1020m in the vicinity of the gauging station

on the Owenacurra which is sufficiently detailed to ensure accuracy in the modelling of the 1D flow in the
channel.

The 2D model resolution is defined by the size of the grid cells within the flexible mesh.-feba@ttion
grid has been utilised in order to accurately resolve overland flow across the gauge site. The mesh can be
considered as three separate areaswtlbla different resolution:

{1 The finest mesh size of Biwas utilised for gauge site and along the banks of the River Leamlara.
Adopting this very high resolution allows for the division and splitting of flow to be accurately captured
by the model thereby ensuring that the mechanism of bypassing is verymugiited by the model

1 A higher mesh resolution (Aywas utilised for the area around the?tesolution mesh
1 The coarsest mesh resolution (circa 5) was used for the wider area of the domain.

The mesh for the whole area is presented in the following figligere5-10) and a closeip view of the
mesh at the gauge location is presentdéignure5-11.
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Figure 5-10 2D mesh for the whole model domain

Cork County Council Midleton Flood Relief Scheme
REP/1| Issue 3 30 October 20250ve Arup & Partners Ireland Limited Hydrology Report Page29



76940 |
i ; ’
76930 ; ‘ AT SRR R AP N R e | - 3 1m
2 -

76920

76910 - ; ik 3 7 m2
76900 : g g ¢
i &y .
6890 ¥ . t : 49 m?
. -
76880 3 : & L 2 § nnd B 2
76870 1
76860 3
76850
76840 4
.
76830 ¥
L
76820 S
6703 / 24, T e T N e e & oan BRA K AR Y
H . e .
76800 3 e B Mg 5, S4Bt i A AR S ] O Py~~~ ==~~~ Sy B R s GRS b
76790 4
76780 4 % SN
.
76770 / : B3 S
/ L1 % Dy
76760 7 ? i 5 l :
d 3 . 38

——— SR, " ; ROt A
SO L per Ao L R e ,‘,',, ATy A oA ATy et el BT L _,,
76730
76720
76710
76700
76690 1 ¥ ] . . !
76680 7
76670 7
76660 7
76650 1

76640

Y
185600 185650 185700 185750 185800 185850 185900 185950 186000

Figure 5-11 Zoomed in view of the mesh in the vicinity of the gauge (indicated with purple square)

5.7.4 Geometry data

1D model

Cross sections from both watercourses were taken from the Midleton FRS model. This data was collected as
part of the projectébés infill and validation surve
2018.

2D model

The Digital Terrain Model (DTM) is a bare earth representation of the floodplain topography in which all the
buildings and vegetation have been removed. It is used in the model to define the ground elevations of the
2D model grid. The DTM used in the stuidythe same data used in the Midleton FRS modelling and was
undertaken by BlueSky International in April 2017. The specification of the dataset is provided as:

i ING65 coordinates
1 OSGM15 Geoid model.

5.7.5 Additional topographic survey data

In order to facilitate the modelling for the gauge review, CCC undertook an additional geometric survey of
the bank, road and site levels in the vicinity of the site. The purpose of acquiring the data was to ensure that
accurate spill levels along the barnif the Leamlara as well as ground levels along the road were
representative. The survey was undertaken by CCC in December 2023.

When comparing the survey data to the Lidar data it was found that both datasets were largely identical to
each other. The lidar data was therefore not overwritten with the survey data within the model as the lidar
data is sufficiently accurate to providk the critical spill levels across the model domain. An overview of

this comparison for a number of points is presentéhbie5-4. The locations of the comparison points are
shown inFigure5-12.
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Table 5-4 Lidar and survey levels

Lidar levels [m] CCC survey levels [m] | ]| [ m]

1 30.57 30.57 0.00
2 27.51 27.53 0.02
3 26.66 26.66 0.00
4 26.53 26.54 0.01
5 26.58 26.60 0.02
6 25.17 25.16 0.01
A 8 S ‘ \ I
Legend
1 [ @ 1D model nodes
& [ s 1D model extent
0] [ 12D code layer
T Ax [ sk Ballyedmond gauge
[/ @ Comparison points

"

e : >

Figure 5-12 Location of the comparison points

5.7.6 Mannings n and Mannings M values

The roughness values of the 1D model have been defined for three separate components of each cross
section: (1) The left bank, (2) The main channel, and (3) The right bank. These components of each cross
section in the model are defined through the ugemoél markers in MIKE 11.

The Manningds n roughness values of the 1D model
of datasets as follows:

1 Model calibration to the high spot gaugings on record (see below)
1 Survey photographs
1 Observations of the water course and floodplain from our site visits.

The Manning's n values for the channel were set
M roughness values of the 2D model across the site were selected based on standard values from the
literature for the land use types in the model domThese are presented in the following table.
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Table 5-5 Mannings M for the 2D domain

Land use type ‘ Manning M value (n value)
Forest 15 (n = 0.07)
Road 50 (n =0.02)
Site of the pumping station 5(n=0.20)
5.7.7 Representation of the site of the pumping station

Several different configurations of the model were tested in order to ensure that the palisade fence and pump
house building at the gauge site were well represented in the model. Based on this analysis two separate
configurations of the model were consielgr

1 Scenario 1 (Baseline)the whole area bounded by the palisade fence was modelled with a low Mannings
M value of 5. This is shown iRigure which also presents the Mannings values for the immediate
vicinity.

9 Scenario 2 (sensitivity):The footprint of the palisade fence around the site was defined by a very thin
layer of cells and the Mannings M for these cells was set with a Mannings M of 5. The area within the
site was set to an M value of 50 which is appropriate to the land use sité. The pump house was
blocked out from the model by setting the elevation of the grid cells which occupy the footprint of the
building to 100mOD. This configuration is presenteéigure5-1328
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Figure 5-13 Mannings (M) values adaptation based on the landscape for Scenario 1 (Baseline)

8t is noted that other representations of a palisade fence are possible within hydraulic models: (1)Flow restpiglication of a flow restriction
parameter on the 2D grid cells. While such an approach is possible to implement with Tuflow, sutddnae oot possible in MIKE 21 and has
therefore not been considered as part of the work, (2) For fences aligned along a 1D/2D boundary it is possiblehe spéiitgy from the 1D to
the 2D by manually adjusting the weir coefficient. The diffigulith this option is that it is only relevant for the 1D/2D interface and given that the
palisade fence at Ballyedmond is aligned all along the boundary of the site this approach is not deemed to be appropriate.

Cork County Council Midleton Flood Relief Scheme
REP/1| Issue 3 30 October 20250ve Arup & Partners Ireland Limited Hydrology Report Page32



T
he clllragh

Building o
(blocked out) [

AVEN

o i
"“'4@23:% i Compound site

L7 ; =
A;{% M =50

-~

oy
%

AV

N/
AVAA

W
X

185700 185750 185800 185850 185900 185950 186000
[m)

Figure 5-14 Mannings (M) values adaptation based on the landscape for Scenario 2 (Sensitivity)

5.7.8 Representation of the River Structures

The two bridges in the model have been modelled using the Arch Bridges (Hydraulic Research) unit in
MIKE 11 as this is the most suitable bridge model within the software for modelling the bridges along the
River Leamlara due to their size. Overtoppinghaf bridges has been accounted for in the 2D domain.

Both bridges have been assumed to be unblocked in the model. Given the lack of information available in
this area at the time of the flood event, it is unclear if these bridges may have had a partial blockage. Hence it
was therefore assumed the structutesiot block.

The dimensions of both bridges have been taken from the surveyed data.

5.7.9 1D and 2D Model Linkage

There are two main parameters which control the volume of water that spills onto the floodplain (the 2D
model domain) from the river channel (the 1D model domain):

91 The water level in the river channel

1 The elevation of the bank of the channel, i.e. the elevation at which water spills from the river to the
floodplain.

The elevation of the left and right banks within the 2D model domain of the model were defined from
surveyed elevations from the river channel survey and were set as the spill level between the 1D and 2D
models.

5.7.10 Model calibration

The model was calibrated to the two highest spot gauging on record before Storm Babet. These are listed in
the table below. It is evident from the data that both spots are from the same event, and both relate to in bank
flow conditions.

Table 5-6 Calibration data

Date ‘ Flow [m %/s] Recorded Max elevation [mOD]
08/11/1994 24.76 24.81
08/11/1994 15.10 24.48
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Once the model was set up and all the geometry of the river and floodplain was confirmed, the model was
calibrated by adjusting the Mannings (n) values within the channel bed and banks so as to match the spot
gauged levels as noted in the table above.bBsé match to the recorded data was achieved with the n for

the bed set to 0.054 and n for the banks set to 0.07 as noted earlier in this section. Both of these values are
also deemed as appropriate when compared with standard roughness values fremttire lior the

conditions at the site. The results of the calibration are presented in the following table.

Table 5-7 Model Calibration

Flow [m %/s] Recorded Max Modelled Max | o [ mOD]
elevation [mOD] elevation [mOD]

08/11/1994 24.76 24.81 24.82 0.01
08/11/1994 15.10 24.48 24.47 0.01

This calibrated model was taken forward and used to inform the coupled (1D/2D) design model runs.

5.7.11 Inflow hydrographs

The hydrograph recorded at the Ballyedmond gauge during Storm Babet was used as the hydrograph shape
for the 1D/2D model run simulations. It is noted that the Babet hydrograph was derived by converting the
stagetime recordings at the gauge during the ¢verflow-time data using the revised rating curve discussed
later in this report. Where necessary, the derived hydrograph was then scaled to the relevant peak flow.

Design runs were conducted for flows ranging from 10 to 3% tm establish the -Q relationship at the

gauge. The inflow hydrographs to the design runs were scaled based on their catchment area to ensure that
the sum of the peaks on both the River Leamlara and on the Owenacurra matched the peak flow of the design
run. This is illustrated in the figure below for the Q100 design flatacan be seen from the plot that the

peak flow on the Owenacurra is 66.67sr(catchment area of 55Knwhile the peak on the River Leamlara

is 33.3ni/s (catchment area of 198m
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Figure 5-15 Hydrographs on the River Leamlara and Owenacurra for the Q100 event
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5.7.12 Model results

A series of current speed and velocity vector plots for the Q100 design flow scenario are highlighted in the
following set of figures in order to present the overland flow hydraulics of the gauge site for an extreme
event.Figure5-16 presents the current speed and velocity vectors for a time of 10:00hrs which is circa 3
hours before the peak of the event.

It can be seen that the hydraulic conditions at this moment represent the point at which overland flow from
the River Leamlara overtops the road and begins to flood the gaudégite5-17 presents the current

speed and velocity vectors for 20 minutes later (i.e. 10:20hrs) and it can be seen that the volume of water
overtopping the road has notably increased in this short duration and the site is now flooded by overland
flow from the River_eamlara and also directly inundated from the Owenacurra.
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Figure 5-16 Current speed and velocity vector plot 1 10:00
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Figure 5-17 Current speed and velocity vector plot 1 10:20
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Figure5-18 presents the presents the current speed and velocity vectors for 11:40hrs circa 1 hour and 20
minutes before the peak. It can be seen that the site is extensively flooded at this point in time from the North
and South of the River Leamlara. The gaugewshwith the red dot) is being bypassed as the overland flow

is getting back into the Owenacurra south of the gauge. The velocities outside the site of the pumping station
along the Midleton/Lisgoold road are in excess of 2m/s at this time. It is notedishatea of high velocity

is relatively small and corresponds to the area extensively damaged during the event.
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Figure 5-18 Current speed and velocity vector plot 1 11:40
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Figure5-19 presents the current speed and velocity vectors for the peak of the event at 13:00Higurkile
5-20 presents the maximum water depths at the peak. It can be seen that the site of the gauge/pumping
station is extensively flooded with maximum depths ranging from circa 0.5m to 1m. The velocities outside
the site along the Midleton/Lisgoold road are in asoaf 3m/s.
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Figure 5-19 Current speed and velocity vector plot 1 13:20 (peak of the flood event)
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Figure 5-20 Total water depth 1 13:20 (peak of the flood event)
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5.8 Model results informing the rating review

Figure5-21 presents the modelled maximum water levels and flows at the gauge for the full set of design
flows considered as part of the rating review. A number of other datasets relevant to the gauge review are
also shown on the plot and are listed as:

1 Recorded spot gaugings at the gauge undertaken by the EPA hydrometric team across the lifetime of the
gauge i.e. from 1976 to October 2023 (i.e. up to Storm Babet). The flow values are plotted along the X
axis along the bottom of the graph

1 The modelled 1€d QH points

1 The cross section of the Owenacurra at the location of the Ballyedmond gauge. The chainage axis for the
cross section is plotted along the X axis at the top of the graph.

Revised rating curve for the gauge
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Figure 5-21 Spot gaugings , cross section and baseline 1D/2D model results

It can be seen from that the modelled QH points follow the general trend of the spot gaugings quite well
where they overlap which his expected given that the model is well calibrated to the data.

5.9 Developing the revised rating curve

Deriving a rating curve involves fittinga powery pe equati on to the rdcorded
relationship as derived from the hydraulic model. Our methodology assumes that the spot gaugings are a
correct representation of hydraulic conditiamshe channel at the time at which the spot gaugings were
recorded and that no adjustment to the points is required in order to account for the varying bed level.

The following figure Figure5-22) presents a lotpg plot of the spot gaugings and the MIKE modelled
points. Power functions have been fitted to three separate groups of points that follow a consistent trend:

f Stage values up t ol Thesehé@ues réldteaddmvifldweahditidrs o the achanpel

T Stage values above 0. 76m b utTheteevauss ralatedorhighkria®id m (| @
flow conditions
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T Stage val ues abov e-Thesdvalumes relateatd ortiofl band flow wherptlee gaude is
being bypassed.

The straight line equations on the plot presents the parameters of the power law coefficients which were used
to construct the revised rating curve as outlined in the following sections of the report.

The finalised rating curve is presentedrigure5-23.

Deriving the rating curve for Ballyedmond
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Figure 5-22 Deriving the rating curve for Ballyedmond gauge
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Revised rating curve for Ballyedmond
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Figure 5-23 Revised rating curve

5.10 Impact on AMAX Series
Figure5-24 presents two different Amax series for the gauge:

1 Amax derived from the EPA rating curve
1 Amax derived from the updated Arup rating curve as derived in the previous section.

It can be seen from the plot that the two Amax series are largely identical up to cifts Ihis is because

both rating curves are informed by the spot gaugings data which relatbankrilow conditions. Bypassing

of the gauge commences at around 36m35nt/s which his circa 5Afs greater than the highest spot

gauging on record (circa 5fs). Bypassing is explicitly accounted for as part of the revised Arup rating
curve but is not accounted for as part of the EPA rating which extrapolates higieebased on the ibank
flows. The two rating curves therefore diverge for flows greater thai/8@ith the Arup rating curve
estimating higher flow values than the EPA rating curve. It can be seen from the plot below that the higher
the flow, the greater the difference between the EPA and Arup rating curve derived flows as the impact of
the bypassig increases as the flow increases. The largest difference is for Storm Babet which was the
highest flow for 2023 the Amax is calculated as 58.8mfrom e EPA rating and 103.6¥s from the

Arup ratingi a difference of 44.8#s.
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Figure 5-24 Comparison of the generated AMAX series for Ballyedmond using the EPA rating curve and the revised
Arup rating

0. Estimation of Index Flood

6.1 Overview

In order to establish the present day flood risk, it is necessary to provide estimates of flood flows for a range
of return periods, up to and including the 0.1% AEP fluvial flood event. This is typically achieved by
calculating an index flood flow and dicey it up by a growth curve to derive the flood frequency growth

curve.

As part of this study, a range of methods have been applied to give estimates of the index flood:
Statistical analysis of gauge data (refer to Se@ién

Flood Studies Update methods (refer to Sediidh

Flood Studies Report Statistical Method (refer to Se@ién

Institute of Hydrology Report No. 124 Method (refer to Sec@id)

=A =/ =2 =4 =

Flood Studies Report RainfdRunoff Method (refer to Sectidh7).

These are discussed in the following sections of this report. This work was originally carried out in 2018;
where results are dependent on the flow record at Ballyedmond these have been updated in the current
version of the report. Sections which have begnd at ed i ncl ude 620246 in the

Flow estimates produced by studies prior to 2018 are also considered and are described B.&ection
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6.2 Hydrological Estimation Points

Hydrological Estimation Points (HEPs) were identified along the modelled watercourses. These include
locations the Owenacurra, the Dungourney and a number of tributaries. These points are located at the
upstream limits of the hydraulic model, at the juoictof tributaries and at flow check points.

The location together with the watercourse name, HEP label and basic catchment descriptors is provided in
Table6-1 and illustrated irfFigure6-1. Please refer to Appendix 2 for further details on HEPs.

Table 6-1 Details of HEPs

Easting Northing Watercourse
BAL1 188980 71743 Ballinacurra 2.55 1014 0.58
DG3 189700 74300 Dungourney 37.57 1161 11.60
DG4 189440 74020 Dungourney 49.52 1137 11.19
DG6 188387 73348 Dungourney 52.43 1132 9.94
EL1 187909 75800 Elfordstown 8.25 1103 26.22
GL1 187595 76000 Glenathonacash 12.72 1171 17.37
HAG2 189680 74300 Harrisgrove 10.33 1059 1.90
OAT1 186241 74114 Oatencake 4.21 1051 1.77
OAT3 187460 72900 Oatencake 10.33 1047 1.77
OowWs3 185923 76618 Owenacurra 73.95 1179 11.02
ow4 187160 75400 Owenacurra 77.09 1177 10.40
ows5s 187620 75620 Owenacurra 21.34 1143 17.34
owe6 187185 74900 Owenacurra 98.98 1168 9.89
ow7 187540 74460 Owenacurra 99.47 1168 9.68
ows 187924 73800 Owenacurra 105.10 1163 8.88
ow9 187980 73320 Owenacurra 105.87 1162 8.90
ow10 187961 73072 Owenacurra 158.51 1147 8.90
Cork County Council Midleton Flood Relief Scheme
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Figure 6-1 Location map of HEPs
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6.3 Analysis of Gauge Data

6.3.1 Ballyedmond Gap analysis

In the 2018 study a gap analysis of the entire flow record at Ballyedmond was carried out. The analysis
showed a data gap of 1 day was exceeded 59 times during the entire datia®&62 present the

findings of the analysis . The AMAX series at Ballyedmond was checked for consistency to the AMAX and
POT records for at Ballea and Mogeely which are gauges on nearby watercourses.

A data gap longer than 30 days was exceeded 5 times; these occurred in water years 2004 (twice), 2008 and
2009 with a significant gap between April 2014 and March 2017. For water years 2004, 2008, 2009 and
2013 the recorded AMAX dates at Ballyedmond medthkimilar dates in the AMAX record at Ballea and
Mogeely, therefore were retained in the AMAX series. However, of more significance was that the
Ballyedmond gauge ceased to record in April 2014 and did not recommence until March 2017. Therefore,
the verysignificant winter 2015/2016 flood event was therefore not recorded by the gauge.

Table 6-2 Number of occurrences with data gaps of varying duration in the Ballyedmond record prior to 2018

Duration (days) No. of gaps in data record

1-4 26
5-9 13
10-19 6
20-29 9
>=30 5

Rainfall data was assessed for the data gap period for water years 2014 and 2015 in order to assess if the
gauged river flow data could be infilled using rainfall runoff methods i.e. using the rainfall data as input to a
rainfall runoff model in order toanerate river flow data for the catchment at the gauge.

The hourly rainfall data from Cork Airport and Moore Park was therefore assessed in order to derive missing
flow values for the hydrometric years (HMY) of 2014 and 2015. It was found that rainfall data from Moore
Park was more representative of the weapla¢terns of the Owenacurra River Catchment than rainfall data
from Cork Airport when the derived hydrograph shapes were considered. As a result, the FSSR16 rainfall
runoff method was used to derive flows using rainfall data from Moore Park in ordéH théngaps

(Figure6-2).

20142015
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Figure 6-2 Simulated Flows for HMY 2014 and 2015
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Calibration of the FSSR16 model was carried out using recorded flows for the period for which rainfall data
was available (2007 2017). The Time to Peak of the unit hydrograph was reduced to 3 hours as part of the
calibration in order to better match thleserved hydrograph shape. Adjustment factors were also derived for
each of the events and ranged from 0.69 to 1.60 with an average of 1.08. This was subsequently applied to

the simulated flows at the gauge

Figure6-3 presents an example of 2 calibrated events. It can be seen from the plots that a good match
between the actual and simulated flows was achieved. This gives us confidence in the suitability of the
FSSR16 rainfall runoff method for deriving river flows la¢ BBallyedmond gauge and subsequently for

infilling gaps in the gauge record.
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Figure 6-3 Calibrated events of actual flow and FSSR prediction method

6.3.2 Ballyedmondi Qmed Estimation
For the recent revision to the hydrology in 2024 the AMAX series has been extended to include water year
2023 (Storm Babet), and calculated using the updated rating post Storm Babet.

Figure6-4 presents the complete Annual Maximum series for Ballyedmond which consists of 46 years of
record. The Index Flood (Qmed) was calculated4a81n¥/s. This includes the derived AMAX values for
HMY 2014, 2015. This value compares to an index flood of 24329without the derived AMAX values for
water years 2014 and 2015; the more conservative results have been taken forward.

The Factorial Standard Error (fse) for QMED from observations was calculated using the approach outlined
in the FSU based on Standard Error (se):

fse = 1+ (SE/QMED)
se = 0.3&iN
N = length of AMAX record.

Fse was estimated at 1.053, resulting in an upgépégentile confidence interval estimate of QMED of
26.13nd/s.
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Figure 6-4 Bar chart showing complete Annual Maximum (AMAX) series - Ballyedmond

6.4 Flood Studies Update

The FSU Programme was undertaken by the OPW from 2005 with a view to developing new flood
estimation methods for Ireland. The FSU represents a substantial update of the FSR and the IH124 methods
and was developed using revised datasets specific to Iréi@mdonsidered by OPW as the primary
methodology for flood estimation in Ireland. The FSU Web Portal was launched in 2014.

The OPW acknowledge that other methods should also be used in large hydrological estimation studies such
as this one. Hence the FSR IH124 and FSR Unit Hydrograph methods were also employed as part of this
study.

All hydrological estimation methods have limitations, particularly in relation to small catchments, and these
should be considered when reviewing flow estimations in this report. The following issues were identified
with regards the applicability of the theds to this study:

1 OPW states that the FSU method is typically suitable for catchments greater thadnmn2aiea.
However, a recent pagerepared by OPW states that the method is also suitable for use in catchments
as small as 5kfnBelow this limit, the resolution of the underlying FSU data is expected to become a
significant source of error along with the fact that the FSU gauging stations are typically situated on
much larger catchments (the median catchment area of the Fldstat215kr).

1 The findings of the Ballyedmond gauge rating review should be taken into account in determining the
adjustment factor for QMED estimates. For further detail, refer to se&tdoh

Since the 2018 study OPW have released an update to the FSU in which the number of gauges included has
been reduced but the number of years included at the gauges has increased to include water year 2022. When
the 2024 update to the hydrological analysisMidleton was being undertaken an early release of the

update was issued to Arup for testing. This was used to estimate a revision to the pooled growth curve at
Ballyedmond; however, as the spreadsheet was still under development, the results inditedechiinge

in the pooling group growth curve and did not include Storm Babet, the results have not been included in this
report.

Fasi | Ger br e & Flépt Estingation iN $ntalhamd Wsbamsed Catchments in
Irelandd, (2012)
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