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1. Introduction

1.1 Overview

As part of the Midleton FRS project, Arwyasasked by Cork County Council (CCC) to prepare a posht
review report fothe Storm Babeflood which severely impacted Mielon on the 18 of October2023. A
detailed report which described the impact of the event in thewasissuedn December 2023 he report
also compared the observed flood levels and extents with the hydraulic modkthegexisting scenario
which wasoriginally presenteth the scheméydraulics reportThe reader is referred to the scheme website
for access to theeport!

This report considers the impact of Storm Babehe context othedesign hydrology anthe proposed
schemdor Midleton. As Babet was an extreme event, it provides very useful data on the QH relationship at
the Ballyedmond gauder high flow eventswhichin turnallows for the rating curve for the gauge to be
reassessed. Any changeherating curvewill impact on theAmaxseriesfor the gauge and hence the
Qmedand design flow$or the whole schemgiven that the Ballyedmond gauge was used e®thed

pivotal site adjustment factéor theschemeHEPs Any upwards revisioin the design flows will impact on

the scheme given that higher flows will entail high water legtls

This report details the work undertakaspart of the hydrologgndproposedschemeaupdate anghould be
read in conjunction with the various other reports prodtcelhteas part of the project.

1.2 Scope of report

The scope oivork of the tydrology proposedschemeaeassessment in light of Storm Babegilenas
Hydrology reassessment

9 Assess and update the rating curve of the Ballyedmond gaugggerive an updatédimaxseries
91 Derive a new Qmed arigmedPivotal site adjustment factor fthe gauge

1 Review of the growth curve of tleeheme

1 Update the design hydrology floiar the scheme arga

1 Assessment of tHikely magnitudeof Storm Babeat the gaugey considering the findings of the
hydraulic modelling and separate rainfall runoff modelling

1 Modelling of Storm Babet through Midlon using thexisting scenaridydraulic modehndmakea
brief comparison with thebservedlood extents andlood depths during the event

ProposedFlood Relief Scheme reassessment

1 Assessment of the design water leweith the scheme in plaamnsidering any change to the scheme
hydrologyarising from the work noted abave

1 Update as necessary tposedschemean order to ensure that the tar@andard of Protectiorfs0P
is maintained in light of any revision to thgdrology.

1 Assessment of the performamafetheupdated scheme iffauvial event withthe magnitude of Storm
Babet were to occur again.

! https://www.floodinfo.ie/frs/media/filer_public/5b/1f/5b1f195@a2428bb419
6704c3940628/252803_storm_babet_flood_event_report_draft_v2_partl.pdf

Cork CountyCouncil Midleton Flood Relief Scheme
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1.3

Sources of data

The following datasets have been used to inforarstiady:

T

T

1.4

All the various datasets useddevelopthe Scheme Hydraulic model have been wsegart of this
study. This data is all described in the scheme hydraulics report and includes:

- OSimapping

- River geometry survey data

- Lidar data of the scheme area

Spot gaugings from the Ballyedmond Gauge which was supplied [BPt#e

Long term timeseries of recorded water levels from the gauge which is also available from the EPA and
which is also now available to download from the waterlevel.ie website

Additional geometry survey of bank and road levels in the immediate vicinity of the Ballyedmond gauge
site whichwasundertaken by Cork County Council in January 2023

Observed flood levels and extents throughoutlbtwh during Storm Babet

Shapefiles developed ftlie emergingpreferredschemdor Midleton.

Overview of the report

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

Table 1 Overview of the report

Section ‘ Section Title ‘ Description
1 Introduction Provides an overview of the report
2 Impact of Storm Babet at Ballyedmond Describes the gauge review undertaken for Ballyedmon
3 Hydraulic modelling of the gauge site Presents an overview of the development of the 1D/2D
hydraulic model of the gauge site
4 Revised rating for the gauge Presents the revised rating curve for the gauge
5 Scheme Hydrology review Assesses the revised hydrology for the scheme
6 Likely magnitude of Storm Babet at A review of the likely magnitude of the event at
Ballyedmond Gauge Ballyedmond is presented
7 Impact of the revised hydrology on the Considers the impact of the revised hydrology on the
scheme proposed flood defence scheme. An assessment is mag
the likely increase in defenced heights and extents
8 Implications for the proposed scheme if | Considers the implications if a flood event as extreme a
Storm Babet was to reoccur Storm Babet was to occur with the proposed flood sche
in place
9 Conclusions Presents the conclusions of the study

Cork CountyCouncil
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2. Impact of Storm Babet at Ballyedmond

2.1 Overview

It was evident from our site visit in the aftermath of the Storm Babet that the gjtigas extensively
flooded during the event. The gauge was also evidegpgssed byverland flowfrom the River Lamlara
such that the full flow passirtgrough the site was netjuivalent to thélow passing the gaugeithin the
main channelThere waslso likely to have beesomebypassing of the gauge by flows on tight-hand
bank of the Owenacurrae. outof bank flow on theight-handside floodplain of the river which was not
conveyed downstreamithin themain riverchannel.

An imageof the siteis presentedn the following figureand indicates the bypassing route of the overland
flow that occurred during Storm Babé#étcan be seen from tlsehemati¢hatfor theout-of-bank flow from

the River Leamlar#o get back into the Owenacuriamust first travel across the Midletdrisgooldroad

which in effect actss@a broadcrestadeir to the flow given that it is elevated above the ground on both side
and isrelatively wide in the direction of flow of the Leamlara

Once the overland flowvertopsthe road it travelacross the site immediately adjacent to the gauge which is
surrounded by a palisaflence,and which also housdise building of apumping stationvhich abstracts

water at this locatiohAOnce theoverland flowtravek across the site gets back into the Owenacurra both
upstream and downstream of the gauge locatfshown on the figure.

C .
) Wit River Owenacurra
River Leamlara

Figure 1 Bypassing mechanisms at the site

2The average abstraction rate is circa 0.03m3/s which is deemed to be very minor in the context of flood hydrology at the site

Cork CountyCouncil Midleton Flood Relief Scheme
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2.2 Observations from site visits

The following observations were made by Aruptioreedifferent site visits to the gauge in the aftermath of
Storm Babet:

1 The area in the vicinity of the gauge at Ballyedmond was very significantly flooded during Storm Babet

1 The gauge was bypassed by overland flow from the Rivamlaga and is also likely to have been
bypassed by flow on the right bank of the Oagnra(Figurel);

1 There was significardamagecausedo the local infrastructurduring the event

- A number of local roads and the parking area in front of the site wdradildamaged during the
event(Figure2);

- The boundary wall in front the site was knockiedvnduring the eventHigure3);

- Aroad bridge located circa 650m upstream of the confluence of the Owenacurra and River Leamlara
was very badlydamagediuring the event and has not béemisesince the event

- The event eroded the sides of the channel of the River Leamlara immediately upsiteam of
confluence with the Owenacurra. Thererealso signs of erosiaoto the right bankurther upstream
in between the two road bridges

9 Grass and vegetation in the vicinity of the site was flattened by the force of the water during the event
(Figure4);

1 A wrack markwas observed by Aruacross the full length of theire fenceimmediatelyadjacent to the
Owenacurra. Theop of thewrack mark wahorizontalacross théenceandwassubsequently surveyed
by CCCto a level o26.1mOD A close up view of a small section of the wrack mark is presented in
Figureb. It is noted that thegak water level recorded at the gauge during the event was 25.85mOD

|! | : i e

Figure 2 Structural damage to the parking area in front of the site

Cork CountyCouncil Midleton Flood Relief Scheme
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Figure 4 Flattened grass within the site of the water extraction pumphouse
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Figure 5 Close up view of the wrack mark

2.3 Scope of the revised gauge review
The scope of the revised gauge review is given as:

1 Development of a detailetD/2D hydraulic modebf the Owenacurra and River Leamlara and their
associated floodplain in the vicinity of the site in ortesimulate high flows through the readine
model is to capture the mechanisms of bypassing at the gadde inform a revised rating revief
thegauge

1 Revise the rating curve based on tbhenplete set adpot gaugingat the gauge (i.e. all the spot gaugings
up to when Storm Babet occurrea)d the results of theED/2D hydraulicmode}

1 Produce an update@imaxseries for the gauge using the revised rating curve.

In order to distinguish between the rating review undertaken as part of the hydrology study in 2018 and the
current posBabet rating review described in this report, they are referred to by theiryéaeseporti.e.
the 2018 rating reviewndthe 2024 rating review.

Cork CountyCouncil Midleton Flood Relief Scheme
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3. Hydraulic modellingnodel of the gauge site

3.1 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. The findings of thedel ared inform the revised rating review at the gauge.

The 1D model simulates the-ank flows andhas 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). Both the 1D and 2D models are dynamically linked and run together as a codplad mo
MIKE FLOOD software (Version 2023).

3.2 Model domain

A schematic of the Ballyedmond model is presentdeéignre6. 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
B 1D model extent

[ 12D code layer

jﬁz Ballyedmond gauge

River Owenacurra

Figure 6 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 riweith which to develop a 2D moddbiven the steep gradient on both
sides of the rivefor this reachthe 1D only approach (with extended sections covering the width of the
floodplain) is an appropriate representatidable2 presents the Easting and Northing of the boundary
conditions of the model.

Cork CountyCouncil Midleton Flood Relief Scheme
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Table 2 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
3.3 Model resolution

The 1D model resolution is determined by the distance between adjacent cross sections and the distance
between the h points. This distanseirca 10i 20m in the vicinity of the gauging station on the Owenacurra
which issufficienty detailedto 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.-febattion
grid has been utilised in order to accurately resolve overland flow across the gauge site. The mesh can be
considered athree separate areas each with a different resolution:

1 The finest mesh size of frwas utilisedfor gauge sitend 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 bypassiagyis/ell simulated by thenodel.

1 A higher mesh resolution (Arwas utilisedor the arearound the 1Aresolutionmesh.
1 The coarsest mesh resolution (circa ) was used for the wider area of the domain.

The mesHor the whole area is presentadhe followingfigure and aloseup view of the mesh at the
gauge location is presentedrigure8.

Cork CountyCouncil Midleton Flood Relief Scheme
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Figure 8 Zoomed in view of the mesh in the vicinity of the gauge (indicated with purple square)

3.4 Geometry data

3.4.1 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.

3.4.2 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 Midh FRS modelling and was
undertaken by BlueSky International in April 2017. The specification of the dat@sevided as:

i ING65 coordinates
1 OSGM15 Geoid model

3.5 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 C@ieaembef023.

When comparing the survey data to the Lidar data it was found that both datasets weoenpamnable to
each otherThe lidar data was therefore not overwritten with the surveyagapart of the modellings the
lidar data is sufficiently accurate to provide all the critical spill levels across the model démaiverview
of this comparison for a number pbints is presented ihable3. The locatios of the points are shown in
Figure9.

Cork CountyCouncil Midleton Flood Relief Scheme
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Table 3 Lidar and survey levels

Lidar levels [m] CCC survey levels [m]
1 30.57 30.57 0.00
2 27.51 27.53 0.2
3 2666 26.6 0.00
4 2653 26.54 0.01
5 26.58 26.60 0.02
6 25.17 25.16 0.01
T T S ‘ \ I
? Legend
-1 ‘ @ 1D model nodes

s 1D model extent

[ ] 2D code layer

5 Ballyedmond gauge
@ Comparison points

JRN
-y

e el i

Figure 9 Location of the comparison points

3.6 Mannings N and Mannings M

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
9 Observations of the water course and floodplain from our site.visits

The Manning's n values for the channel were set to 0.048 for the bed and 0.06 for the banks.

Cork CountyCouncil Midleton Flood Relief Scheme
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The Manningdébs M roughness values of the 2D model
from the literature for the land use types in the model domain. These are presented in the following table.

Table 4 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)
3.7 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 buildingat the gauge siteere well represented in the model. Based on this analysis two separate
configurations of the model were considered:

9 Scenario 1 (Baseline)the whole area bounded by the palisade fence was modelled withvialomings
M value of 5. This is shown iRigure10which 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 thBlanning M for these cells was sefith a Mannings M ob. The area within the
site was set tanM value of 50 which is appropriate to the larsé in the site. 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 presenteéigurell.

It is noted that other representationaphlisade fence are possible within hydraulic models. These are
listed as:

1 Flow restrictioni application of a flow restriction parameter on the 2D grid cells. While such an
approach is possible to implement with Tuflow, such an option is not possible in MIKEdRhs
therefore not been considered as part ofatbik.

1 For fences aligned along a 1D/2D boundary it is possible to restrict the spilling from the 1D to the 2D by
manually adjusting the weir coefficient. The difficulty with this option is that it is only relevant for the
1D/2D interface and given that the patie fenceat Ballyedmonds aligned all along the boundary of
the site this approach is not deemed to be appropriate.

Cork CountyCouncil Midleton Flood Relief Scheme
25280371 | Draft 3| 19 June2024| Ove Arup & Partners Ireland Limited Scheme Update post Storm Babet Report Pagel2



[m)
76940

76920
76900
76880
76860
76840

76820

76780
76760

76740

76720

Forest area

7e700
W F
reseo (R T 8 : Compound site
M=5

185700 185750 185800 185850 185900 185950 186000
Q)]

Figure 10 Mannings (M) values adaptation based on the landscape for Scenario 1 (Baseline)

T
he Cunagh

Building i
(blocked out) e

Forest area

Compound site
M=50

N
Y

KoK
KA

o
)
TAY &

AvANYY
A
A

DX
S0

185700 185750 185800 185850 185900 185950 186000

Figure 11 Mannings (M) values adaptation based on the landscape for Scenario 2 (Sensitivity)

3.8 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 bridgeshave 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 structures did nokbloc

Cork CountyCouncil Midleton Flood Relief Scheme
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The dimensions of both bridges have been taken from the surveyed data.

3.9 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):

1 The water level in the rivathannel

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.

3.10 Model calibration

The model was calibrated to the two highest spot gaugimgcord before Storm Babet. These are listed in
the table below. It is evident from the data thath spotsare from the samevent,and both relate to in bank
flow conditions.

Table 5 Calibration data

Date Flow [m3/s] Recorded Max elevation [mOD]

08/11/1994 24.76 24.81

08/11/1994 15.10 24.48

Once the model was set up and all the geometry afwbeand floodplain was confirmed, the model was

calibrated by adjusting the Mannings (n) values within the channel bed andsbaad$o match the spot

gauged levels as noted in the table abd¥e best match to the recorded data was achieved with the n for

the bed set to 0.048 and n for the banks set to 0.06. Both of these values are also deemed as appropriate whel
compared with standard roughness values from the literature for the conditibassite. The results of the
calibration are presentedtime following table.

Table 6 Model Calibration

Flow [m3/s] Recorded Max Modelled Max
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.

3.11 Inflow hydrographs

The hydrograph recorded at the Ballyedmond gauge was used as the hydrograph shape for the design runs of
the 1D/2D model. The shape is presented on the following figure along with the hydrogmjhiokem

the design model ruref theexisting scenarias presented in the scheme hydraulics repog peak of both
hydrographs in thplot have beescaled to 125m3/s to allow both shapes to be comprectly.

It is noted thathe Babethydrograph was derived by converting the sttige recordings at the gaudaring
the evento flow-time data using the revised rating curve discussed later in this Mfiwte necessary, the
derived hydrograph was then scaled to the relevant peak flow.
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Figure 12 Recorded Babet and FMP design hydrographs

Design runs were conducted for flows ranging from 10 to 3% tm establish the -Q relationship at the
gauge. The inflow hydrographs the design rungere scaledhased on their catchment ateaensure that

the sum of the peaks on both the River Leamlara and on the Owenaatrheed the peak flow of the design
run. This is presented in the figure below for the Q100 designiflibwan be seen from the plot that the
peak flow on the Owenacurra is 66.67m@a@tchment area of 55km@ile the peak on the River Leamlara
is 33.3m3/gcatchment area of 19km2).
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Figure 13 Hydrographs on the River Leamlara and Owenacurra for the Q100 event
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3.12 Model results

A series of current speed and velocity vector plots for the Q100 design flow scenhighlghtedin the
following set of figures in order tpresenthe overland flowhydraulicsof the gauge sitéor an extreme

event

Figurel4 presents the current speed and velocity vectora fione of10:0thrswhich iscirca 3 hours before
the peak of the event. It can be s#@®atthe hydraulic conditions at this momeapresent the point at which
overland flow from the River Leamlara overtops the road and begins to flogdugesite. Figure15
presents the current speed and velocity vectors for 20 milateed.e. 10:2thrs) and t can be seen that the
volume of wateovertopping the road has notably increaisetthis short duratioand thesiteis now flooded

by overland flow from the River Leamlara and also direictiyndatedrom the Owenacurra.
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Figure16 presents the presents the current speed and velocity vectors fdirétidta 1 hour and 20
minutes before the peak. It can be seen that the site is extensively flooded at thistpoafromthe North
and Soutlof the River Leamlaralhe gauge (shown with the red dot) is being bypass#gtas/erland flow
is getting back into th®wenacurraouth of the gauge. The velocities outside theadithe pumping station
alongthe Midleton/Lisgoold road are in excess of 2at/this timelt is noted that this area of high velocity
is relatively small and corresponds to the area extensively damaged during th&igueag).
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Figure 16 Current speed and velocity vector plot i 11:40

Figurel7 presents the presents the current speed and velocity vectors for the peak of the everirat 13:00
while Figure18 presents the maximum water depditthe peaklt can be seen thdte site of the
gauge/pumping station is extensively flooded with maximum depths ranging from circa 0.5m to 1m. The
velocities outside the sidong theMidleton/Lisgoold road are in excess3nh/s.
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Figure 17 Current speed and velocity vector plot i 13:20 (peak of the flood event)
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Figure 18 Total water depth i 13:20 (peak of the flood event)

4. Revised rating for the gauge

4.1 2018 Hydrology Study

A rating review of the Ballyedmonghuge (Station No: 19020) was undertaken as part of the 2018
Hydrology study. The objective of the review was to revise and update the EPA rating curve for the gauge
that existed at that time and to extend it to the highest recorded water level onTheaelised rating

curve was then used to revise the Amax series and Qmed values for the gauge which in turn were used to
inform on the design flows for the scheme.

A plot of the finalised rating curve which was presented in the Hydrology report is sh&iguia19. It can
be seen from the plot that the maximum level on the curve is circa 25.6mOD which relates to a flow of circa
55m3/s.

It is noted that the modelling work used to inform the analysis (undertaken using the 1D model Flood
Modeller Pro- FMP) did not consider bypassing of the gauge as the highest flow considered was kept in
bank upstream.
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Figure 19 Ballyedmond Rating Curve as per 2018 Hydrology study

4.2 Model results informing the rating review

Figure20 presentshe baselinenodelled maximum water levels and flows at the gauge for the full set of
design flows considered as part of the 2024 rating reviemurAber ofotherdatasets relevant to the gauge
revieware also shown and are listed as

1 Recorded spot gaugingsthe gauge undertaken by the EPA hydrometric team across the lifetime of the
gauge i.e. from 1976 to the present.deye flow values are plotted along tKeaxis along the bottorof
thegraph

1 Modelled QH points from the 20X8tingview

1 The cross section of the Owenacurra at the location of the Ballyedmond §hegsainage axis for the
cross section iplotted along th& axis at thaop of thegraph

1 TheAmaxwater levels series at the gauge. It is noted that this data has no relexasiadd the points
are plotted at zero on the primary X axis.
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Figure 20 Spot gaugings, previous 2018 modelled QH points and baseline 1D/2D model results

It can be seen frorRigure20that the QH points from the 2018 rating review (1D FMP model) and the 2024
rating review (1D/2D MIKE) are very similar for relatively low flows (< 30m3/s) as both sets of model

results are plotting on top of each other. There is however a divergencé¢hetilenv reaches circa 30m3/s
andthis divergencéncreases for higher flow values. The maximum modelled flow value considered as part
of the 2018 rating review was 50m3/s and from the plot it can be seen that the 1D FMP is predicting a water
level of 25.35mOD for this flow while the 1D/2D MIKE model ieedicting a water level of 25.20mQODa
difference of 150mm.

The divergence can be attributed to the bypassing of the gauge and also the small storage volume in the
catchment upstream of the confluence on both reaches. Both of these mechanisms reduce the flow in the
channel at the location of the gauge for a givesigh flow entering the model.

Figure21 presents the spot gauging for the gauge along withm2D MIKE modelled water levels in the

river at the location of the gauge along with the modelled water levels on the floodp&ofot

immediately adjacent to the gauge. It can be seen from the plot that the water levels on the floodplain are
higher than the levels in the rivehich would be expected given the gradient across theAditbOm3/s the
maximum water level in the river is circa 26.03mOD while the maximum floodplain level is 26.20r0OD
difference of 170mm.
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Figure 21 Baseline model results T peak water levels at the gauge and on the floodplain immediately adjacent to the
gauge

4.3 Developing the revised rating curve

Deriving a rating curve involves fittinga powery pe equati on to the r#4corded
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.

Figure21 presents a logpg plot of the spot gaugings attte MIKE modelled points. We note that all of the
previous 1D FMP modelled data points used in the 28ti8g reviewhave been discarded from the analysis
and have not been used to developub@atedcurveas they are all superseded by the 1D/2D MIKE model
results.

Power functions have been fitted to three separate groups of points that follow a consistent trend:
T Stage values up t ol TheseAddluas réldteaddafldweahditidGndtoechannd )

7 Stage values above 0.71m but lessthabm.9( | a b e | | ieTthesévalued rélateetd highertiank
flow conditions

1 Stage values above-Thes®values relateatdoritiof band flod wherptlee gduge is
beingbypassed.

Thestraight lineequations on thplot presets the parameters of the powaw coefficientsvhich were used
to construct theevisedrating curveas outlined in the following sections of the report.
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Figure 22 Baseline model results T peak water levels at the gauge and on the floodplain immediately adjacent to the

gauge

A number of differensegment linesvere fitted to the pointis orderto test the sensitivity. It was found that

the derived flows from the rating curves are somewhat sensitive to minor adjustments to the fitted lines and
this is discussed later in the report.

The derived rating curvieom the baseline assessmanpresented ifrigure23 along with the spot gaugings
and modelled flows. It can be seen from the figure than the revised ratinditsitie modelled QH points
for all flow values. There is a slight kinik the plot at the point at which the curve transitions from the
middle to the upper ratind@ his corresponds to the point at whighterat the gauge location gedsit of

bank on the RH$ hence a slight kink in the curve is observéle finding of the study are not sensitive to
thisand no manual adjustment of ti@ve was undertakein order to modify it

Theratingcurve was taken forward and used to updatéthexand Qmed values for the gaud#is is
discussed in the following section of the report.
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Revised rating curve for the gauge
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Figure 23 Revised rating curve for Ballyedmond gauge

5. Scheme Hydrologyeview

5.1 Updated dataset

The 2018 hydrology study used data up to and including 2017 in order to estimate that@algcddmond
gauge Since this time an additional five years of data has been collected. Before considering the revised
rating curve for Ballyedmond, it ibereforevery informativeto first update the Qmed for the gauge using
the most up to datBmax series using the rating curve derived as part of the 2018. $dityg so allows for

the influence of including the additional years to aatdahe design flowt bedistinguished from the
influence of the revised rating curas presented in the previous section of the repbé results are
presented in the following table. To allow a comparison with the 2018 study, results from the hydrology
report are also included on the table.
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2018 Hydrology Study |2024 update
Notes Parameter Unit Mid FRS Rating Mid FRS Rating
BallyEd Gauged Qmed m3/s 24.46 |25.49
FSU WP2.2. Section 13.1  |SE adjustment 1.05 [1.05
BallyEd Final Gauged Qmed m3/s 25.74 |26.82
BallyEd Catch Charact Qmed m3/s 16.22 :16.22
Pivotal site adj factor 1.59 :1.65
Percentage increase j4.2'|%

Figure 24 Revised hydrology for the scheme: complete dataset with 2018 rating curve

It can be seen fromRigure24 that the Qmed is increased from 24.46m3/s to 25.46m3/s when the additional
years of data are included in the assessment. When the updated Qmed is carried through the hydrological
calculations following the same approach as per the 2018 Hydrology stegyydial site adjustment factor

for the gauge is increased from 1.59 to 1.65. This in turn results in an overall uplift in the design flows of
circa 4.21% when compared to the 2018 Hydrology report. This calculation assumes that the growth curve
remains uchanged which is discussed later in the report.

52 Revised Amax series

Oncethe revised rating curve for Ballyedmond gauge was finalised, it wdgsaigenerate a neymax
series at the gauder the entire data recoige. from 1976 to the present data.

The revisedAmaxseries for the gauge is presentefigure25. It has been assumed that Storm Babet
represents thAmax for the hydrological year of 2024t is further noted that the peak flow for Storm Babet
derived from the rating curve suggests a marginally lower flow value (circa 104m3/s) than derived directly
from the results of the model. This difference is due to the rating curve sitting justtbelovedelled QH

points for ths flow value.

3 The hydrological year starts on th&df October and runs until the last day of September on the following year
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The updated Qmed and pivotal site adjustment faet@ presented in the following table. It can be seen that
the Qmedn the 2018 hydrology repoid increased from 24.46m3/s to 25.73m8Fen the revised rating

curve at the gauge and the complete Amax series are accountéthéor thisupdated Qmeélow value is
carried through thaydrologicalcalculation it can be seen that the pivotal site adjustment factor for the
gauge is increased from 1.59 to 1v@7ich results in an overall uplift in the desifows of circa 5.2%rom

the 2018 Hydrology reporagsuming no change to the growth ciirve

2018 Hydrology Study 2024 update 2024 update
Notes Parameter Unit Mid FRS Rating Mid FRS Rating 2024 updated FRS Rating
BallyEd Gauged Qmed m3/s 24 .46 25.49 25.73
FSU WP2.2. Section 13.1  |SE adjustment 1.05 1.05 1.05
BallyEd Final Gauged Qmed m3/s 125.74 26.82 27.08
BallyEd Catch Charact Qmed m3/s 116.22 16.22 16.22
Pivotal site adj factor :1.59 1.65 1.67
Percentage increase 4.21% 5.20%

Figure 26 Revised hydrology for the scheme: complete dataset with revised 2024 rating curve

5.4

Growth curve

The growth curvefor the study as calculated in the 2018 hydrology stsigyesented in the following table.
It can be seen th#te growth curveutilisesgrowthfactorsderivedfrom two separate assessments:

1 The Ballyedmond Sirlg Site analysis was used for the lower return period events (2, 5, 10, 25)

1 The FRS RR analysis was used for the higher return period events (50, 100, 200 and 1000).
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Table 7 Growth Curve for the scheme

Return Period (years) FSR RR Derived QT/Qbar Single Site Analysis Study Growth Curve
(Gumbel)
2.33/2 1.00 0.97 0.97
5 1.41 1.29 1.29
10 1.66 1.50 1.50
25 2.01 1.76 1.76
50 2.30 1.96 2.30
100 2.59 2.15 2.59
200 3.01 2.35 3.01
1000 3.96 2.80 3.96

There is a notable difference in the 100 year return period growth factor for the two methods considered: for
the single site analysis the GF is 2.15 while for the FRS RR method it is 2.59. Adopting the higher value was
therefore ensuring that the desi¢mwf for the scheme was conservative.

The growth curve derived as part of the 2018 study has been utilised as part of this hydrologgngpdate
changes have been made td'te justification for this approach is that including data from Storm Babet in a
revised single site analysis for thef2ddosgpmssthe n ot
FSR RR factor of 2.5@hich informs on the design flows.

The single sitanalysisfor the gauge will however be updated as part of Stage 2 of the study as it will
influencethe lower return period events i.e. the 2, 5, 10, 25 ewrtss therefore relevant to flood mapping
of these events and the damages assessment.

5.5 Updated design flows
The revised design flows for the HEP closest to the Ballyedmond gauge are presented in the following table.

Table 8 Design flows for the OW3 HEP

Return Period (years) ‘ 2018 Hydrology study 2024 updated assessment
2 24.97 26.27

5 33.21 34.94

10 38.61 40.62

25 45.31 47.67

50 59.21 62.29

100 66.67 70.14

200 77.48 8151

1000 101.94 107.24
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6. Likely magnitude of peak flow of Storm Babet at
Ballyedmond gauge

6.1 Overview

The likely magnitude of Storm Babetthe Ballyedmond gauge has been investigated using two different
approaches:

1 The results of the 1D/2D MIKE hydraulic model have been used to estimate the flow required to match
the observed peak water level at the gauge and on the floodplain durewgthe

1 Rainfall runoff modelling of the Owenacurra catchment at Ballyedmond, using rainfall data from the
event, has been used to generate a storm Babet flood hydrograph at the gaugsémtthe

The estimated flow arising from this analysis has then been validated by modelling the flow through
Midleton using the existing scenario FMP/Tuflow model. By comparing the results of the model to the
observed flood depths/extents for the event, the realighe derived flow at Ballyedmond can be assessed.

The findings of the assessment are presented in the flooding sections of the report.
6.2 Hydraulic modelling results

6.2.1 Baseline Mannings value in the river
The maximum recorded peak water level at the gauge during the event was 25.85mOD. The wrack mark on
the wire fence was surveyed as 26.1mOD.

From the baseline model runs a maximum modelled water level of 25.85mOD is achieved at the gauge when
the total flow into the model is circa 118m3/s. The water level on the floodplain for this flow simulation is
calculated as circa 26.0mQDcirca 100mm laver than the observed wrack mark.

From sensitivity testing of the model, it was found however that the Scenario 2 representation of the
pumping station/palisade fence (described in Section 3.7) generates marginally higher water levels on the
floodplain. From this sensitivity run the modslifloodplain level at the gauge matched the surveyed wrack
mark level of 26.1mOD for the 118m3/s design flow. It is noted that the Scenario 2 representation of the
floodplain does not lead to any notable change in the maximum water levels in the rinerontpared with

the baseline.

It can therefore be concluded that bothdbeervednaximum water level in the channel (28.85mOD) and

on the floodplain (26.1mOD) during Storm Babet are simulated by the hydraulic model when the peak flow
in the model is circa 118m3/s and when the Scenario 2 representation of the floodplain is utilised. The
Scenario 1 representation also matches the peak water level in the river but marginally underestimates the
maximum level on the floodplain.

6.2.2 Mannings sensitivity in the river
The model is sensitive to the mannings value selected for the 1D chdrigleér roughness values in the
channewill lead to higher water levelshich in turn wil lead to a lower estimate of Storm Babet.

The results of a mannings sensitivity run is presented in the following(Tedddée9) for a peak flow of
125m3/sbut with a higher roughness values in the channels of fa0Both thebed and sidehannel. While

a value of 0.08 for the bed is deenaethigh, it is noted that a number of tragewingat the sides of the
channeklopein towards the centraf the watercoursdn high flow events these trees would exert a greater
influence on the hydraulics than at low flows. A mannings n value of 0.08 for trenbdeside channeéd

therefore not unrealistior high flow eventavhen these trees are considered. ftated that a value of 0.08

falls within theroughness i mi t s f or river channels as presented

Cork CountyCouncil Midleton Flood Relief Scheme
25280371 | Draft 3| 19 June2024| Ove Arup & Partners Ireland Limited Scheme Update post Storm Babet Report Page27



It can be seen fromable9 that with the higher roughnesaluesthe maximum water level at the gauge is
increased from 25.940Dto 26.18nOD1 a difference of 270mm. For this sensitivity scenario, a flow of
circa 85m3/s is sufficient to achieve the maximum water level of 25.85c@ibg Storm Babethich we
note is33m3/s lower than for the baseline model resiiliss lower flow value can be taken asower
bound estimate of the likely magnitude of the event.

Table 9 Roughness sensitivity

Scenario Total flow into the model (m3/s) Maximum Water Level at the gauge
(mOD)

Baseline 125 25.91

1d bed roughness: 0.048

1d channel sides roughness: 0.06

Roughness sensitivity 125 26.18

1d bed roughness: 0.08

1d channel sides roughness: 0.08 Delta: 270mm

In assessing the roughness of the 1D channel it must be considered that the baseline roughness values were
used to inform the model calibration simulations. As presented in S&cti@rihe model was well matched

to the observed water levels for twehank high flow events. This therefore gives us confidence that the
baseline roughness values are appropriate for use in the 1D insjdrild the higher values have been

adopted for the calibration events the model would have overestimated the recoetddwats.

It must howevenlsobe considered that while our modeinisl| calibrated, both of thealibrationeventsare

for flow events that wermuch less than what occurred during Storm Babigther inchannel roughness
valuesfor much largefflow eventanaythereforebe more appropriatgiven the influence that the trees along
the bankexert on the hydraulics f@auchhigh flow conditions There is no data available with which to
calibrate the model for high flow evergsch that ocertainty in the modébr high flow eventss therefore
unavoidableCare needto be taken wheuasing the findings athemodel to estimate the magnitude of any
historic high flow flood evenat the sitesuch as Storm Bahédtilising a second approach with which to
estimate the magnitude of the event is therefore very usefutasatt asa check on the findings of the
model. This is presented in the following section of the report.

6.3 Rainfall runoff modelling

As part of our assessment of the likely magnitude of Storm Babet, a second approadhinfaihgunoff

modeling wasalsoused to estimate the magnitude of the event at Ballyedmond. This work involved running
the FSSR16 rainfall runoff model of the Owenacurra catchment developed as part of the 2018 hydrology
study with recorded rainfall data from Storm Babet in order to gémerflow time series #tegauge. The

reader is referred to the Hydrology report for details on the development and calibfatiemainfall runoff
model.

As part ofthe 2018 hydrology study w@eviously established thdata from theMo o r e 6rain qawgesk
representative of the Owenacurra Catchniretgrms of rainfall profiles and the associaltwdrograph
shapesdn the river.This finding is confirmed by the results presented later in this chapter.

The tot al rainfall a mo u nStornr Babets howeweal likedytto uMieresteke 6 s P ar
the total amount that fell on the Owenacurra catchnfentetailed in Table 2 of the first Storm Babet

report, the total rainfall depth recorded on the 17th and 18th of Oaaber Mo o r ie£.8mnP Ata k

number of other daily CAMP rain gauges in the vicinity of Midleton howevetotlaérainfall depthover

thesetwo days are higher:

9 At the Ballinacurrig ACS dailyainfall gauge the total recorded depth was 74.7%wer the two days
1 At the Midleton bypass ACS gauge the total depth reasrded ag03.2mm.

While the data from the CAMP gauges is less reliable dadéa fromMet Eireann stations they are still
useful indicators of rainfall depthis.isthereford i kel y t hat the tot al rainf al
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is less than what fell on the Owenacurra catchrdennhgthe eveheven though the rainfall profile shagie
Mo o r e disdegmado ke representative.

Data from a number of differehburly synoptic rainfall stations has beesed to inform the rainfall runoff

modelling Two different catchment percentage runoff coefficients were considered in the analysis: 70%, and
ng

80%. While both of these PRO0s are noted as bei
flood eventsuch as Babathich was generated by two separate rainfall events that occurred in quick
successiorFigure27pr esent s the recorded rainfall data at
visible from the image. It ikkely that the first rainfall event on the 1.@f October lead to saturated
conditions within the catchment such that the percentage runoff for the second event (&rofr@ct8ber)
was therefore very higéuch that PR valuexf 70% and 80% are justified.
Moore's park Rainfall data
Second rainfall event on
8 the 18 of October
, \
( \
_ b6
=
-§- 5 First rainfall event on the
2 17" of October
g A
= ( \
e 3
T
oc
2
1
O [ ]
00:00:00 12:00:00 00:00:00 12:00:00 00:00:00
Date/Time
—e—Moore's park
Figure27Hour ly rainfall wvari at i"and18oob@cwbes Par k for the 17
The peak fl ows generated by the rainfall runof f

Park, Roches Point and Youghal are presentddlite10. It can be seen from the table that the peak flow

val ue using t he Mo oconsisienwitRthe flaw estimatenbased dn thelfmdings ofthe e

MIKE model as noted in the previous section of the réptire peak flow with the 70% runoff is 88m3/s
while the peak flow with the 80% runoff is 99.9m3/s.

The peak flow values generated usingRoches Point rainfall data are lowibat the peak generated using

Mo o r e 6whictPisacorisistent with the observed pattern of rainfall during the event in which the higher
intensity rainfall wa®bserved to benore concentrated further North than at Roches Point. The flow values

generated using the Youghal rainfall data are considerably higher and are not likely to be representative of

flow values at the gauge as the recorded rainfall data at Youghal is utdibkeyrepresentative of rainfall
within the Owenacurra catchmeifiitie peak rainfall data for Youghal is also based on sufefigpoint
which adds uncertainty as @ise to of this particuladateset

Table 10 Peak Flows from the Rainfall Runoff model

Station PR1T 70% PR T 80%
Mooreds Park 88 m3/s 99.9 m3/s
Cork CountyCouncil Midleton Flood Relief Scheme
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Station ‘ PRT 70% PR T 80%

Roches Point 69.3 m3/s 78.8 m3/s

Youghal 170 m3/s 193.94

Three separate timeseries are presentéifime28:;

T The generated hydrograph at Ballyedmond from
data for the 80% percentage runoff coefficient

T The actual recorded r aiPar al | from the event at

1 The recorded hydrograph from the Ballyedmgadige which has been generdtgdonvertinghe
recorded water levebt the gauge to flowsing the revised rating cur{yeote: the peak of the event is
104 m3/<).

It can be seen from the plot thadth hydrographs are very well correlated as regards their shape and peak
values- the timeto-peak of the hydrograpenerated from the rainfall runoff modelcirca 1.5 hours longer
than the hydrograpgenerated from the recorded water levels at the gang¢he totalidth of the RR
generated hydrograps alsomarginallywider. The good correlation between the hydrographs indicates that
the rainfalldata recordedt Mo or ed6s Par k i s iprefifewhach elilonthe i ve of
Owenacurra dahment during Storm Babet in termsstdrm profileshape It is also representative in terms

of intensity.

Moores Park Rainfall and Generated Q at Ballyedmond (m3/s)

110 11.00
100 -
90 9.00
80 y
= 70 /== 7.00
0 5 £
- £
@ 60 /
£ / =
= X 5.00 !=U
= 50 / F =
9 / . =
L
40 / 3.00 &
30 & .
20 P . 1.00
———a N Tt o B
10 et - ——
0 -1.00
18/10/2023 04:27 18/10/2023 08:32 18/10/2023 12:37 18/10/2023 16:42 18/10/2023 20:47
Date/Time

Ballyedmond Rec Q «-RR Generated Q  —»—Rainfall depths at Moores Park

Figure 28 Revised hydrology for the scheme: complete dataset with revised 2024 rating curve

4 As noted earlier in the repdrtthe findings of the baseline hydraulic model indicate that a flow of 118m3/s is needed to match the recorded peak
water level at the gauge during the event. When this level is however converted to flow using the kegittedlow estimate is 104m3/s. The
difference between the 118m3/s and the 104m3/s is due to the rating curve sitting marginally below the modelled Qkthpabséwved peak
water level on the day of the event.
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6.4 Hydraulic modelling of Storm Babet through Midleton i Existing scenario
with no flood scheme in place

6.4.1 Overview

The existing scenario FMP/Tuflow model of Midleton was used to simulate the likely maximum peak flow
value of Storm Babdestimatedas118m3/srom the baseline hydraulic mogié&hrough the town by

specifying the flowas the upstream boundary condition on the Owenacurra. The results from the model were
compared with the observed extents and depths from the event in order to assess if the estimated peak flow is
a realistic representation of the flavhich occurred during thevent.This comparison is in effect a

validation of the estimated flow from the hydrological analysis.

6.4.2 Relevant model assumptions

A number of assumptions were adopted as part of the development and running of the hydraulic model and
are listed as:

1 The peak flows of all water coursieding into the mdel were scaled based on fimelings of the
gauge review for the Owenacurra. This was considered appropriate as the catchments are in close
proximity such that the hydrological forcing on all the catchments would have been very similar during
theevent

1 The hydrograph shape at Ballyedmond was use as the hydrograph shape fatladirtechments
While it is likely that the hydrograph shapes of the smaller catchments would have a shorter time to peak,
the differences are not significant enough to affect the accuracy of the model and impact the results;

1 The timing of the peaks of the inflow hydrographs were set such that they would align at the confluences
downstream. This may be a conservative assumption as anecdotal data suggests that the Dungourney
peaked at circa 17:00hrs through The Babys Walk &ifvaurs after it peaked on the Owenacurra

1 The peak on the Owenacurra coincided with low tide. The recorded tidal data was used as the
downstream boundary of the model. It is noted that the tidal gauge in the estuary recorded a water level
of circa-0.1mOD at the time of the fluvial peak of tBevenacurra

1 All the walls in the study area have been excluded from the model as per the assumption made for the
design existing scenario model runs. While some walls in Midleton collapsed during the event, a number
of walls in the floodplain remained standing suddt thur assumption has been partly validated by the
impact of Storm Babet. This assumption needs to be considered when comparing the new Storm Babet
model extents against the observed Storm Babet extents given that some walls omitted from the model
would have diverted flood water during the event

91 Additionally, it is noted that all of the wall collapses occurred after the flood had been in progress for a
number of hours and hence would have influenced the overland flow routes up to the moment in time at
which the collapseccurred

1 The Storm Babet model run assumed zero blockage at all the structures. It was evident from our site visit
however that blockages occurretMo or e 6 s Bri dge during the event s
considered when comparing model resultthamnbservedtxtents

1 The hydraulic model assumed that the Finished Floor Levels (FFLs) of all the propertes
represented by adding 150mm to the avexad@eof the ground elevation across the footprint of the
building as estimated from the Lidar data. While in most cases this is an accurate asstonpitonall
number of propertie$ maylead to a slight overor underestimation of the FFLs in the modiich in
turn may impact on the overland flow roufdss also needs to be considered when comparing the
results otthe model to the observed flood extents.
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6.4.3 Assessment of water levels and exténiidodel vs Observed

Flood extent rapping of thg1) observedstorm Babeflood extent and (2) thenodelledStorm Babeflood
extentarepresented in the Appendices foe key areas of the study

1 Area 1&2i Tir Cluain to Riverside Way

9 Area 3 Northi Cork Road Bridge to the N25 (i.e. the town centre)

9 Area 4i Lauriston Estate, Rugby Club and the East of the IDL site

A number ofobserved and surveyedack marks across Midleton have been compared against the modelled

Storm Babet maximum water levelsTable11. The differencebetween both datare indicatedn the table

with positive values denoting that the wrack mark is at a higher elevation than the model and negative values

indicate that the wrack mark is lower than the model.

Table 11 Comparison of Wrack Marks vs Max Modelled Water Levels (mOD)

Location Wrack Mark Modelled Water Delta (mm)
(mOD) Levels (mOD)

Rear of Tir Cluain 16.81 16.89 -80
Clohessgs Yard 15.04 15.07 -30
Right Bank immediately Downstream of MoGeridge 13.83 13.22 610
Right Bank along Moo Lane 12.56 12.55 10
Willowbank Court 11.50 11.50 0
Entrance to Willowbank (Mill Road) 11.06 10.92 140
Owenacurra Millrace Offtake 9.45 9.36 90
Bridge Downstream of NRR Bridge 9.10 8.8 300
Level Crossing otUpper Mill Road 8.16 8.19 -30
MyPlace 5.50 549 10
Midleton Garda Station 5.032 5.00 32
The Woodlands 4.55 4.84 -290
Thomas Street 4.15 3.96 190
Wat er 6-&idlEdge 3.91 3.87 40
AnStorDr uryds Avenue 5.15 4.64 510
ObFarrell 6s Funeral Home 3.22 3.18 40
Junction of Main Street and Broderick Street 3.62 3.54 80
Three StoreLower Main Street/ Distillery Walk 3.79 3.55 240
Babys Walk directly upstream of Lewis Bridge 3.6 3.57 30
Downstream of Lewis Bridge 3.6 3.4 200
Bailick Road (UiscéEireann) 3.2 3.17 30
Bailick Road (Chadwicks) 3.00 3.01 -10
Beechwood Drive 4.78 4.01 770
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As can be seen from an inspection ofdifeerencesdn the table there is a very good match between the
wrack marks and the hydraulic model across the study oegeerof the 22locations have a delta within
+100mmwhich is deemed to be a very good match.hi¢eof thelocationsthe deltais in excess of
+300mm These three locations include

T Right Bank i mmedi ately Downstream of Mooredbds Bri

As discussed in the model assumptions the bl ockeza
Flood event was not included in thgdraulic modebkuch that the modeinderestimads the water levels

locally.t i s noted that further downstream on Moorebd
wrack marks and the model resulés the delta is10mm.

1 AnStor-Drurydés Avenue (Delta +510mm)

This wrack mark isocatedcirca 250m east of the Owenacurra Riged is therefore at the outer extent
of the floodplain. Thaliscrepancy betweehe observed anthodelled water levaetan thereforde
attributed to the complexity of the overland flow pb#tween the river and this location atsd
representation ithe model: the floodplain mannings values, representation of buildimytheir impact
on storageinclusion/exclusion of garden and/or boundary walise impact of the drainage system

1 Beechwood Drive (Delta +770mm)

Water levels in the Beechwood Drive and Oakwood Lodge Estates are underdstirttegenodeby
circa 770mmThere are two reasoffar this

- The existingstonewall runningbetween The PeogigPark and The Baby Wadind which is aligned
perpendicular to the Dungournbgis been excluddtm the modelGiven that the wall did not fall
during Storm Babett would have exerted a significant afflux on the water levels upstream in the
Pe opl eadndonkea GAA pitcheduring the event and this was not captured by the model
Hence the maximum water levels upstream would have been underestimated by the model.

- The peak of the fluvial event on the Dungourney may have occurred lateviibahas been
assumed in the model at a time closer to high tide. This may also have contributed to the model
underpredicting water levels on the reach

It is recommended that the representation oftbaewall in the modelas well as thdéaydrograph shape
on the Dungourneye assessed in further detail as part of the Stage 1l of the project in order to inform
the planningdesign.

6.5 Conclusion

The likely magnitude of the peak flow of Storm Babet at Ballyedmond has been investigated using a number
of different approaches: hydraulic modelling at the gauge site, rainfall runoff modelling of the catchment and
modelling of the event through Miton town.

From the modelling of the gauge site it was concluded that the peak flow of the event was circa 118m3/s for
the baseline model scenario. There is however uncertainty associated with this estimate given that the model
is quite sensitive to the specificatiohthe mannings value in the main charinelhen higher mannings are
adopted the peak flow is estimated as lower given that lower flows will attain the peak flood level observed

at the gauge during the event when the roughness is higher. It was se#drefeoralysis that with a higher

(0.08) mannings the peak of the event was estimated as 8&hi8/sacts as a lower bound estimate of the

likely magnitude of the evenin the absence of high flow calibration data model uncertainty is unavoidable.

When the second method of assessing the likely magnitude of the event at Ballyedmond is considered (i.e.
rainfall runoff modelling) peak flows of <circa 88
Park which is located outside of the Owenacuai@hment. This suggest a slightly lower peak flow than

what was estimated using the baseline hydraulic model (i.e. 118m3/s).

IninterpretingthdRRr esul t s t he appr opr i daadmie Osenacdrra ecatthmang Mo o
must be considereds detailed in the chaptdris very likely thatthe total rainfall depth recorded at
Mo o r e bisles®than what fell on tHewenacurra catchmeduringthe event
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Shouldmore accurate rainfall data have been available and been used to infoamféierunoff modelling

the estimated peak flow for the evantBallyedmondvould be greater thathe valuesestimated using

Moor e 6 s P agre&ter ttha88na3 tq 10Qm8)s These higher valuagould be closer, and possibly
evengreater, that the value of 118m3/s estimated frolMiiE modelling.It is therefore evident that when
the limitations of theainfall input data are considerdgberesults of the RR modlang are comparable with

the findings of theMIKE modellingi.e. the peak flow of the event at Ballyedmond is likely to be in range of
118m3/s.

When the third method of assessing the likely magnitude of the event is considered (i.e. mdtbeiing
Babetthrough Midletorwith a peak flow of 118m3)st was seen thahe modelled extents and depths in the
town were representative of what was observed on the day of the event. There are however a number of
locations where the model underestimates the levels observed on the day.

When the findings of each of these thassessmentreconsideredit can be concluded that the peak flow
of Storm Babettthe Ballyedmondgaugeis likely to have been in theegion ofcirca118m3/swith a+/-
band of30m3/swhich is based on the findings of the mannings sensitivity.

7. Impact of the revised hydrology on tReoposed
Scheme

7.1 Overview

This section of the report considers the impact that the revised hydrology hagpooptheedschemeor
Midleton. For detailed information on the scheme, the readeferred to th€ublic Participation Day No 3
posterswvhich describeghe various components of the scheme.

7.2 Methodology

An iterative approach has been adopted in order to assess the impact that the revised hydrology has on the
proposedscheme. This can be summarised as:

1 Theproposedschemehydraulic model was run with the updated Q100 floWse tidally dominated
(T200) event was also simulated with the updated Q10 joint probability flows to assess the impact of the
updated hydrology in the tidal reacfhe results from #&semodek were used to identify where the
defences of the scheme would be bypassetdorovertopped

1 The defences were subsequently revised (i.e. increased in length and/or made higher) where necessary in
order to eliminate any bypassingértopping

9 The scheme model was rerun in order to confirm that the revised defences areradhtaimthe target
SoP of the scheme

The revised defences are presented in the following section of the report.

|t is noted that this version of the model includ
downstream of the NRR, both of which are likely to be remoegédterim measures. This is considered
further later in the chapter in Sectiér8.5

7.3 Model results

The following set of tables list the direct defences that need to be modified in order for the scheme to
accommodate the revised and updated hydroloagytder aid the reader in assessing the changes associated
with the assessmentnly defences which need to be modified are listed in the table i.e. any defence which
can accommodate the revised hydrology is not presented.
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7.3.1 Area 1 & 2 Tir Cluain to Riverside Way
The changes to the scheme are presented in the followingatadfiégure29. It is noted that the heights are
the total heightd.e. freeboard and climate change allowance are included.

Table 12 Revisions to the proposed defences in Area 1 & 2

Defence Ref. Location Description Proposed Proposed Post Babet Post Babet
Scheme - Scheme - Update - Update -
Defence Defence Defence Defence
C01_EO001_R | Rear of Tir Embankment 1.0m 171m 1.05m 171m
Cluain
C01_EO01_R | Rear of Tir Existing 1.0m 82m 1.05m 82m
Cluain Embankment
C01_EO002_R | Tir Cluain Embankment | 1.1m 139m 1.25m 158m
CO01_EO01 L | Cl ohes s| Embankment | 1.32.0m 139m 1.452.15m 139m
Yard
C01_LO001 R Moor eds| Wall 1.1m 311m 1.15m 312m
C01_L001 L Left Bank Wall 1.1m 173m 1.15m 173m
Downstream of
Moor eds
Bridge
C01_E002_L | Willowbank Existing 0.4m 453m 0.45m 453m
Embankment
C01_L002 L Left Bank Wall 1.1m 108m 1.15m 108m
Upstream of
Northern Relief
Road
C01 _EO003 L Left Bank Embankment | 1.0m 175m 1.15m 175m
Downstream of
Northern Relief
Road
CO01_E004_L Millbrook Existing 0.4m 425m 0.45m 425m
Embankment
C01_L003 L Mill Race Wall 0.6m 228m 0.7m 228m
Apartments/
My Place
C01_L002_R Right Bank Wall 0.8m 36m 0.9m 38m
Upstream of
Cork Road
Bridge
C03_E001_L Left Bank Embankment | 2.0m 200m 2.15m 207m
Upstream of
Carrigogna
Bridge
C03_E002_ L | Cl ohes s | Embankment | 1.3m 124m 1.45m 126m
Yard
It is noted that the future status of Mooreobs
Cork CountyCouncil Midleton Flood Relief Scheme
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Figure 29 Area 1&2 Refined Proposed Scheme

7.3.2 Area 3 Town Centre and Bailick Road

Legend

Flood Defence Embankment
Existing Embankment
Culvert Maintenance

Flood Defence Wall

01_L003

The changes to the scheme are presented foltbeing tableandFigure 30.

It is noted that two additional defences are proposed in Area 3 due to the increase in design flows,

CO01_E003_R and COE003 L.

Table 13 Revisions to the proposed defences in Area 3

Refence Ref. Location Description Proposed Proposed Post Babet Post Babet
Scheme - Scheme - Update - Update -
Defence Defence Defence Defence
height length height length
C01_LO03_R | The Wall 0.8m 124m 0.9m 124m
Woodlands
C01_EO003_R | Upstream of Embankment | - - 0.5m 36m
Lidl Bridge
C01_EO005_L Riverside Way | Embankment | 0.4m 183m 0.45m 183m
- Thomas
Street Lower
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Refence Ref. Location Description Proposed Proposed Post Babet Post Babet
Scheme - Scheme - Update - Update -
Defence Defence Defence Defence
C01_L004_L Riverside Way | Wall 1.2m 176m 1.25m 176m
- O'Farrell's
Funeral Home
C01_L005_L Kennedy Park | Wall 1.1m 76m 1.1m 76m
ESB Site
C05_EO001_R | lIrish Distillers | Embankment | 0.85m 36m 1.05m 45m
T WWTP
C05_E002_R | lIrish Distillers | Existing 1.1m 250m 1.3m 250m
T WWTP Embankment
C05_L001 L GAA Grounds | Wall 1.5m 215m 1.7m 215m
C05_EO003_R | lIrish Distillers | Embankment 1.4m 127m 1.65m 127m
CO5_EO004_R | Peoples Park | Embankment | 1.7m 212m 2m 212m
C05_L001_R | The Baby Walk| Wall 1.2m 159m 1.45m 159m
C05_L002_L Roxboro Close | Wall 1.1m 162m 1.35m 168m
C05.1.003 L Left Bank Wall - - 1.0m 105m
downstream of
Lewis Bridge
C05_L002 R Midleton Wall 1.2m 286m 1.25m 286m
House and
Upstream of
Bailick Rd
Bridge
C05_Loat L Downstream of | Wall 1.2m 81m 1.25m 81m
Bailick Road
Bridge
C05_DB001_R| The Baby Walk| Demountable | 1.2m am 1.4m 4am
Barrier
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Figure 30 Area 3 (North) Refined Proposed Scheme

7.3.3 Area 4 Lauriston Estate/Rugby Club

As presentedn the Public Participation Day No 3 postelis is proposed that the assumptive approach be
adopted in the present day in Area 4 and that the embankment (C09_E001_R) be designed to accommodate
the MRFS and HEFS required standard of proteclibe. dimensions of #hproposed defencesl|

therefore be revised to ensure the uplift in the flow is accommodated.

7.34 Area 5 Ballinacurra

As presentedn thePublic Participation Day No 3 posteisis proposed that the assumptive approach be
adopted in the present day in Aredl'Be upstream storagdll thereforebe designed to accommodate the
MRFS and HEFS required standard of protectidre dimensions ahe proposed defencassociaté with
the storage option will therefore be revised to ensure the uplift in the flow is accommodated.

7.3.5 Sensitivity Runs
A sensitivity run of the model was simulated withbbto or e 6s Bri dge and the brid
Northern Relief Road (NRREmMoved.

From the results it was seen tHadite was a significant reductiohcirca 700mm irthe water levels

immediately upstream dflo o r Bridgse. The length over which the water level was impacted upstream was
circa 240m. There was also a corresponding increase in the maximum water level of circa 100mm
downstream of Mooreb6bs Bridge along Mooreds Lane.

Similarly, there was éocalisedreduction of circa 200mnm the maximum water level in the Owenacurra
when the bridge downstream of the NRR Bridge was removed from the model.

It is recommended that furthassessmermn the impact ofemoving theséridges be carried out as part of
Stage 2 of the project
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