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1. Introduction

1.1 Context

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

There are five stages to the project:

1 Stage li Development of a number of flood defence options and the identification of a preferred
Scheme.

Stage IIi Public exhibition.
Stage lllIi Detailed design, confirmation and tender.

1
1
1 Stage IVi Construction
1

Stage Vi Handover of works.
This Hydraulics report is produced as part of Stage | of the project and details the hydraulic analysis

undertaken for Midleton for the existing scenario. Hydraulic modelling undertaken as part of the
optioneering phase ofefproject will be detailed in the subsequent Midleton FRS Options report.

1.2 Scope

The purpose of this report is to detail the hydraulic analysis carried out as part of Stage | of théoproject
the existing scenario. The scope of this element of work is to

1 Review the hydraulic modelling undertaken as part of the Lee CFRAM Study;

1 Develop a dynamic1D/2D hydraulic model of all the relevant watercourses and associated fleduplain
Midleton;

9 Calibrate the hydraulic model against historic flood events (Deae2@i&, April 2018 and December
2018);

1 Simulate a range of combined fluvial/tidal design flood events for the current scenario for both fluvially
dominant and tidally dominant scenarios. The Annual Exceedance Probability (AEP) events to be
considered arés0%, 20%, 10%, 4%, 2%, 1%, 0.5% and 0.1%. Ground water flood risk and Pluvial flood
risk are also to be assessed as part of the project;

1 Produce flood maps for Midleton which integrate fluvial, tidal and pluvial flooding for both the existing
and climatechange scenario;

9 Calculate flood depths at every property within the study area for a range of return period events for use
in the economic damages assessment;

1.3 Study Areas

Figurel.l presents an overview of the catchment area upstream of MidletoscR&mearea is presented in
Figurel.2. As can be seen froffigurel.2, theschemearea includes all of Midleton, Ballinacurra and the
area in the vicinity of th&Vater RockStream.

Cork County Council Midleton Flood Relief Scheme
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The watercourses considered as part of the study are listadbl@1-1. The coordinates of the upstream and
downstream extent of each watercourse within the study area is also provided in thégatdé.2
highlights the ceng lines of the watercourses.

Table 1-1 Primary Watercourses

Watercourse lall[\)l:ét)ream extent (D”(\)lv(\;/;stream extent EPA River ID
Owenacurra 186435, 76118 187974, 71749 19003
Dungourney 192474, 74986 187967, 73112 19D07
Glenathonacash 187611, 77260 187278, 75287 19G66
Elfordstown 188204, 75975 187640, 75652 19E02
Harrisgrove 191699, 73472 189699, 74291 19H02
Ballinacurra 190523, 71922 188540, 71794 19w17
Water Rock 185584, 75434 187602,72879 19008
1.4 Standard of protection of the Scheme

The required Standard of Protection (SoP) of the
during flood events with a 1% (for fluvial floods) and 0.5% (for tidal / coastal floods) annual exceedance
probabil ity ( AE RS} notexplihlyréfesto frekbmardorequirenients] Arup have confirmed
with CCC/OPW that the target SoP is to include an allowance for freeboard which will be determined as part
of the Optioneering.

The SoP against both pluvial flooding and groundwaterding is not specified in the brief. For pluvial

flooding Arup have therefore adopted the same SoP as for fluvial flooding i.e. the 1% AEP plus freeboard
SoP. ltis difficult to specify a SoP for groundwater flooding due to a lack of historic data owlwedar

events in the town as well &g inherentincertainty over the behaviour of groundwater in diffefigrmtd

events Given that the groundwater component of the December 2015 flood event was very extreme, we have
adopted it as a proxy for the growater design event i.e. the groundwater SoP of the scheme includes all
events up to and equivalent in magnitude to the December 2015 groundwater flood event.

The project brief states that alternative Standards of Protection should be considered disepprojaict

where they would Aprovide greater benefits relati
pertinent reasonsodo. Alternative standards of prot
scheme and are detailed hetOptions report.

15 Overview of the report

Sectionl presents an overview of the Midleton Flood Relief Scheme Project and outlines the objectives of
the hydraulic mdelling element of the study.

Section2 describes the various datasets collected as part of the study. Semiiitines how both the
hydrological estimation and hydrogeological assessment have been incorporated into the hydraulic
modelling.

The development of the various elements of the model is described in Seatithe report while Sectios
presents the calibration of the model. An overview of the results design runs is presented ir6 SEci$on
section needs to be read in parallel with inspectingdhieus flood maps and hydraulic modelling results
which arepresented in the Appendices.

Sedion 7 presentsheincrease in flood risk associated with climaterdeand discusses the mechanisms of
flooding in each area associated with climate change scenarios.

Section8 of the reporpresents the finding of the Sensitiviyalysis runs. The methodology used to derive
both the pluvial and groundwater flood maps are presented in SBdion

Cork County Council Midleton Flood Relief Scheme
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The overall conclusions of the hydraulic netlthg are presented in Sectitf.

2. Data Collection

This chapter details the various datasets used in the development and running of the Midleton 1D/2D
hydraulic model.

2.1 Mapping

A suite of maps of varying resolutions (1:1000, 1:5000 and 1:50,000) have been used in the construction of
the hydraulic models and in the presentation of model results. These maps have been provided under licence
from Ordnance Survey Ireland (S

The OSi NTF dataset has also been used to define the outline of existing buildings in the 2D Tuflow grid and
also for correctly identifying different surface types in the floodplain.

2.2 River Survey Data

The 1D elements of the hydraulic models have used channel and structure cross sectional survey data from a
number of different surveys:

1 Lee CFRAM survey data;
1 Midleton FRS Infill and validation survey;
9 Detailed culvert survey.

The data from the three seys is sufficient to develop an accurate 1D model without reliance on
interpolated cross sections. Each of the three surveys are described in detail below.

2.2.1 Lee CFRAM survey data

A detailed channel and structure survey of the Lee Catchment was undestdkeltdy Land Surveys Ltd

as part of the Lee CFRAMS between February and June 2007. Approximately 250km of river channel were
surveyed which included the Owenacurra river and Dungourney stream. As both of these watercourses were
classified as Urban AreaWee r cour ses ( UAW6s) under the Lee CFRAN
approximately 100m intervals along the channel and at all structures that were deemed to be of hydraulic
significance. The cross sections extended for approximately 20m into theldlimooip either side of the

channel.

2.2.2 Midleton FRS Infill and validation survey

As part of the review and quality assurance of the Midleton Lee CFRAM hydraulic model, Arup identified a
number of areas where additional cross section survey data would inipegverformance and accuracy of

the Midleton FRS model . Al of these areas were s
Validation Survey Management Contract. In addition, watercourses in the study area that were omitted from
the Lee CFRAM andénce had no available data, were also surveyed as part of the infill survey.

Murphy Surveys undertook the infill and validation surveys in May 2017 and January 2018.

Spot levels along the banks of the Owenacurra and Dungourney rivers were also cdalpertdithe
survey in order to accurately define the bank levels along the key lengths of the reach. This data allows the
level at which water spills from the 1D to the 2D elements to be correctly represented in the model.

Figure2.1 presents the 1D cross sectional data used in the model for the centre of Midleton. The cross
sections in red are from the Infill and Validation Survey while the cross sections in blueratbdrsurvey
undertaken as part of the Lee CFRAM Study.

Cork County Council Midleton Flood Relief Scheme
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Figure 2.1 Midleton FRS Hydraulic model cross sections

2.2.3 Detailed culvert survey

A detailed CCTV and geometric survey of the structures and offtakes along two millrieéeiton was
undertaken by Amelio surveys in March 2018. The data allows for the following water courses to be
included in the 1D/2D hydraulic model:

1 Owenacurra Millrace;
91 IDL Millrace (offtake channel from the Dungourney);

The alignment of the millraces presented iRigurel1.2 while Figure2.2 presens a closeup view of the
Owenacurra Millrace alignmem\ppendix Cprovides detailed data sheér all the structures along the
millraces.

Cork County Council Midleton Flood Relief Scheme
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\ ¢ Legend
| Culvert Alignment
Open Channel =

Owenacurra

Figure 2.2 Owenacurra Millrace alignment

2.3 Digital Terrain 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 and represents a critiaapect of the model.

The DTM used in the study was undertakerBhyeSkyInternational in April 2017. The specification of the
dataset is provided as:

1 INGB65 ceordinates
1 OSGM15 Geoid model

Figure2.3 presents a snapshot of the Midleton Lidar dataset superimposed over aerial imagery.

Cork County Council Midleton Flood Relief Scheme
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Figure 2.3 Sample Lidar data from the Midleton dataset

2.4 2015 Flood event data collection

Midleton was badly flooded in December 2015. A significant amount of anecdotal data on the event was
collected both during the event and after the event by various emergency response personal, Cork County
Council Staff, as well by members of thebpa. Additionally, Arup staff collected post event data as part of

a previous commission to undertake a detailed analysis of the.event

Various data is therefore available from the event, including;

1 The mechanisms of flooding;

1 extent of inundated arsa

1 peak water levels and the time of peak water at a number of locations;

1 Number of inundated properties;

All the data collected on the event was used to calibrate the 1D/2D hydraulic model as presented i Section

of this report.

2.5 2015 Estimated flood extent

Arup was provided with an estimate of the maximum extent of the December 2015 event by Cork County
Council. The extent was based on various datasets, inglud

9 Observed flood extents and mechanisms of flooding;
1 Post floodevent surveys;
91 Drone footage of the event (after the peak had passed);

When compared against the 2017 Lidar dataset, it is evident that there are a number of areas within the
estimated flod extent that could not have been inundated due to the existing topography.

Arup, Midleton Flooding Dec 2015/Jan 2016, Flood Risk Review Report. June 2016.

Cork County Council Midleton Flood Relief Scheme
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There were also a number of areas immediately adjacent to the Owenacurra River that are known to have
been inundated during the event but were not marked bp\angobeenflooded We have therefore made a
number of minor edits to the estimated extardrderto correct these anomalies. The results of the
modifications are presentedkigure2 4.

Legend
Initial 2015 extent

ZZZZ) Area removed from 2015 extent
Area added to 2015 extent

= River centre line

= Millrace centre line

Figure 2.4 December 2015 estimated extent: initial and revised (© Bing Roads Map)

Water RockHouse and its surrounding area was extensively flooded during the December 2015 event. An
estimate of the flood extent in this area was not provided to Arup by CCC and is therefore not shown on
Figure2.4.2 The L3619 road (Ballyvodock Road) in the Water Rock catchment was also inundated during
the event but is also excluded from flumd extent map.

2.6 Long term time series of water levels in the Owenacurra and Dungourney
Rivers

As part of the Midleton FRS project, Arup undertook a series of detailed hydrogeological assessments within
the study area. This involved the collection of extensive site investigatiowhiataincluded:

9 Geophysical investigation compromising ofsseic surveys, electrical resistivity surveys;

1 Intrusive ground investigation including the drilling of cable percussion and rotary boreholes;
1 Permeability testing of the sand and gravel aquifer;
1

Long term monitoring of river and groundwater levels at a number of locations as illustreigdran
25.

2t is noted that the area in the vicinity of 06Dy wdhatdhataRowasinotAn Bonn
inundated during the event.

Cork County Council Midleton Flood Relief Scheme
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Legend
¢ River level monitoring point

A Groundwater monitoring point
River centre line
m—e Millrace centre line

A

idleton

ey
A

Irish Distillers

t (fameson)

Figure 2.5 Locations of groundwater and river monitoring points (© Open Street Map)

The river monitoringlatais presented ifrigure2.6. It can be seerhat the data collection commenced in
January 2018 andeedi N January 2019. There is however a gap
unauthorised removal of the gauge from@wenacurrdy a third party. Sufficient data has however been
collected athis location to allow for the model to be calibratédditional collection of data at this location

is thereforenot deemed necessary.

There is also a minor gap in the data from the gauge at Lidl. This water level data has been used to calibrate
the Midleton Hydraulic Model as detailed in Sectaof the report.

13
12
11

10

Dungourney (Railway Bridge)
LA R e M\

Dungourney (IDL Mill race)

Stage (mOD)

ZM ._m_d_i_._l._a_ﬂ\*“”\\

1 Owenacurra (Lidl)

0
1/2018 3/2018 5/2018 7/2018 9/2018 11/2018 1/2019

Time

—RM101 RM102 RM103 —RM104

Figure 2.6 River monitoring data

Cork County Council Midleton Flood Relief Scheme
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3. Hydrological estimation and Hydrogeologl
assessment

3.1 Hydrological Estimation Undertaken as Part of the Study

A detailed hydrological analysis of the various contributing catchments has been undertaken as part of the
study. The analysis utilised a number of hydrological estimation methodslbdisgtsa range of design flows
at various points in the study area which has been used as input to the hydraulic modelling.

A summary of the hydrological estimation is provided in this chapter as well as a description of how the
hydrology was anchoredtmthe hydraulic models.

3.2 Overview of the Hydrological Estimation Undertaken as Part of the Study

3.2.1 Design flow estimation

A detailed hydrological analysis has been undertaken to determine design flows for the Midleton FRS. The
analysis applied a number of theds to establish a range of possible design flood flows at various
Hydrological Estimation Points (HEP) in the study af€igire3.1).

LY

Legend
© HEP point
== River centre line
e Millrace centre line
Underground watercourse

Figure 3.1 HEP points (© Open Street Map)

A set of index flood flow (Qmed) estimates were first produced at the HEPs in the study area. Given that
many catchments in the study area are small and predominantly unganagegk of methodsere

examined whichincluded FSU, FSR, FSR RR and IH124.

A rating review of the existing hydrometric gauge at BallyedmondundsrtakenAnnual maximum data
for two missing years of datd thhe gaugevasgenerated using the FSSR 16 method. The revatetr
curve was then used to update the high flow series at the gauge. The updated flows weresenbifised
Qmedvalueof 24.46n%/swas generated for tlgauge.

Cork County Council Midleton Flood Relief Scheme
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It was deemed appropriate to adopt the IH124 68%ile Confidence Limit index flows Ry ¢iEsmall
catchments and the FSU index flows for remaining HEPs asateepnservativeandconsistent withthe
otherhydrological estimatiomethods. The adopted index flows are presented in the follokeiblp3-1.

Table 3-1 Index Flows

HEP Location Index Flow (m?/s) HEP Location Index Flow (m?/s)

BAL1* 0.99 ows3 25.74
DG3 13.36 ow4 25.93
DG4 14.85 Oow5s* 7.54
DG6 15.48 owe6 31.63
EL1* 3.10 ow7 31.73
GL1* 4.89 ows 32.35
HAG2* 3.61 ow9 32.72
OAT1* 1.88 Ow10 45.78
OAT3* 3.56 * HEP located on small catchment

A flood frequency analysis was carried.olihisestablished a study growth curve and in turn a set of design
peak flows. The adopted growth curve was produced using the Single Site Analysis at Ballyedmond up to the
25-year return period and the FSR RR method for the more extreme events. The studggneavish

presented iTable3-2. The dsign flowsfor the HEPsarepresentedn Table3-3.

Table 3-2 Study Growth Curve

Return period Study Growth
(VEELS Curve

2 0.97

5 1.29

10 1.50

25 1.76

50 2.30

100 2.59

200 3.01

1000 3.96

Cork County Council Midleton Flood Relief Scheme
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Table 3-3 Design Flows in m%/s

Return Period (lin _years)

HEP
Location g 5 10 25 50 100 200 1000
BALL* | 0.96 128 | 149 | 174 2.28 2.56 2.98 3.92
DG3 1296 | 17.24 | 20.04 | 2352 | 30.73 | 34.60 40.22 52.91
DG4 1440 | 1915 | 2227 | 26.13 | 34.15 | 38.45 44.69 58.79
DG6 1501 | 19.97 | 2322 | 27.24 | 35.60 | 40.09 46.59 61.30
EL1* 3.01 400 | 465 | 5.46 7.13 8.03 9.34 12.28
GL1* 4.74 6.30 | 7.33 | 8.60 1123 | 1265 14.70 19.34
HAG2* | 3.51 466 |542 |6.36 8.31 9.36 10.88 1431
OAT1* | 1.82 243 | 282 |331 4.33 4.87 5.66 7.45
OAT3* | 3.46 460 | 535 |6.27 8.20 9.23 10.73 14.11
ows3 2497 | 3321 | 3861 | 4531 | 5921 | 66.67 77.48 101.94
owa4 2515 | 3345 | 38.89 | 4563 | 59.64 | 67.15 78.04 102.68
ows* | 7.31 973 | 11.31 | 1327 | 17.34 | 1953 22.70 29.86
ow6 30.68 | 40.80 | 47.45 | 5567 | 72.75 | 81.92 95.21 125.26
ow? 30.78 | 40.94 | 47.60 | 55.85 | 72.99 | 82.19 95.52 125.67
ows 31.38 | 41.73 | 4853 | 56.94 | 74.41 | 83.79 97.38 128.11
owo 3174 | 4221 | 49.08 | 5759 | 75.26 | 84.75 98.49 129.58
OW10 | 4441 |59.06 | 68.67 | 80.57 | 10529 | 11857 | 137.80 | 181.29
* HEP located on small catchment

3.2.2 Hydrograph Shape Analysis
Two different methods have been used to estimate the design hydrograph shape:

1. FSU hydrograph shape width analyisithis methodology estimates flood hydrographs in ungauged
catchments by fitting a curve to a set of recorded flood hydrographdfrdralogicallysimilar gauges;

2. The FSR rainfalrunoff method, or the unit hydrographethodi This is the traditional method of
hydrograph generation and provides the shape and volume of a flood hydrograph. The unit hydrograph is
derived fromthe catchment characteristics.

The FSU methodology has beatopted a it provides a number of aantages in comparison to the FSR
rainfall-runoff method including:

1 The FSU method is based on river gauge recordings and utilises long term time series data from the
Ballyedmond Gaugwhich thereforgrovidescatchment specific hydrograph characteristics

1 The FSU method does not consider rainfall recordings and therefore bypasses any errors in rainfall
recording and uncertainty in its conversioratoydrograph shape

1 Both the Owenacurra and Dungourney River catchments are reasonably large and #ieridore
most catchments available for hydrograph width analysis as part of the FSU database.
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The reader is referred to the hydrology report for a detailed analysis of the hydrograph shap€ analysis.

3.2.3 Small Catchment Hydrology Sensitivity

As part of tleir review of the draft hydrology repddr the study OPW requested Arup to undertake a
sensitivity analysis on the small catchment hydrology by considering an alternative and more conservative
hydrological estimation method to the IH124. Arup therefdilssed the FSSR 16 rainfall runoff method to
provide a second estimate of the design peak flows for the small catcluhr@study areal he impact of
adopting these more conservative inflows as the design flows for the small catchments is caasiokited

of a hydraulic modelling sensitivity analysis which is presented in Segwvbithis report

3.3 Integrating the Design Flows into the Hydraulic Model

3.3.1 Insertin of the Hydrological Estimation Points

The design flows estimated at the upstream boundary HEP points were not used as the upstreantdoundary
the model Instead, the higher design flow from the H&ERhedownstreanend of the reactvas used as the

inflow boundary This conservative approach was used in order to ensure the model does not underestimate
the design flow anywhere along the reach. Hpigroactis illustrated graphically for the upstream boundary

of the Owenacurra River fRigure3.2. It can be seen from the figure that the Q100 design flow for OW4 is
67.15nd/s. This flow estimate was used as the Q100 inflow for HEP OW3 which is located upstream.

\ b Q100 in
model=12.65m?/s
Taken from GL1
GL1
EL1
e Q100 in
: model=8.03m°/s
Taken from EL1
model=67.15m?/s
Taken from OW4
- (((\VG’

Figure 3.2 Inclusion of HEPs in the hydraulic model (© Open Street Map)

3.3.2 Anchoring of design flows in the Hydraulic Model

In hydrological estimation, the sum of the design flows from two or more sub catchments can exceed the
estimated desigfiow for the whole catchment due to differences indteraging otatchment
characteristiover catchment areashis can lead to an overestimation of flows downstream of confluences
and consequently an overestimate of design water levels in a reazdm Be seen from

3 Midleton FRS Hydrology Report, Arup 2022
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Table3-3, the design flows in the study area from one or more sub catchments are generally within 5% of the
design flow for the whole catchment.

To further illustrate thisFigure3.3 presents the 1% AEP design flows at the Owenacurra/Dungourney
confluencelt can be seen fronme figurethat the Q10@ownstream of the confluence is 118.5/&while

the sum of flows upstream of the confluence is 124381(84.75n¥s + 40.09m3/s) which represents an
increase oft.8%. Without any adjustment of the design flows on either of the reaches in the hydragic mo
the flow downstream of the confluence will therefore be overestimated by 4.8%.

We have adopted a conservative approach in our model set up by not making any adjustment to the design
flows upstream of confluences to account for the minor overestirhtite iow downstream of the

confluence. In the example presented above, our design flow will therefore be overestimated by 4.8%. This
assumption will be revaluated as part of the optioneering to ensure its conservatism does not result in flood
relief measres that fail to meet any economic, social or environmental criteria.

; * o ]
LOwenacurrd® —s

< ‘:\

y

ow10 : \
Q100 =118.57m3/s e W .

Figure 3.3 Design Q100 flows at the Dungourney/Owenacurra confluence

3.3.3 Low Flows in the Hydrograph

A minimum flow of circa 1n¥s was applied to the hydrogtapto ensure hydraulic model stability at the
start of the run.

3.34 Coincidence of the Design Hydrograph Peaks

It was assumed that the design flow peaks of aHcabhments occur simultaneously. We note that this is a
conservative approach as the flashidr-satchments are likely to peak before the main Owenacurra and
Dungourney rivers.

3.3.5 Downstream Tidal Boundary Conditions

The downstream boundary condition of the hydraulic model for both the calibration and design runs is the
tidal signal in the Owenacurrastaary. A noted in the project hydrology report, the calibration model has
utilised recorded tidal water levels the Port of Cork Gauge at Cobh from the event as the downstream
boundary. The tidal boundary for the design runs has been derived usingdsetsiat

1 The extreme value tidal water level analysis undertaken as part of the Lee QFtRisMlata has been
used to set peak water levels in the outer harbour;

1 Recorded tidal water levels from the Cobh tidal gautjeis data has been used to definedhape of the
tidal curve in the outer harbour;
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Tidal signal in the outer harbour area however is not equivalent to the tidal signal in the Owenacurra estuary
(where the downstream boundary of our 1D/2D model is located) due to the hydrodynamic andjicedtrolo
effects associated with the propagation of tide through the harbour. As noted in the hydrology repert, a two
dimensional MIKE 21 model of Cork Harbour has therefore been used to calculate the design water levels in
the Owenacurra estuary.

The peakitlal water levels for the Owenacurra estuary are presenieable3-4. The reader is referred to
the project hydrology report for further detail on the design tidgaémlevels.

Table 3-4 Peak Tidal Water Levels

Peak Tidal Levels in Owenacurra

Design Event (AEP) SSVETRY

(mOD Malin)
50% 2.37
20% 2.48
10% 2.55
4% 2.64
2% 2.71
1% 2.78
0.5% 2.84
0.1% 3.00

3.3.6 UrbanDrainage Network

Arup reviewed all the available existing data and reports on the Urban Drainage Network in Midleton which
included a detailed report by Byrne Looby from 202 part of their study, BL assessed the performance

of the existing surface water drainage networ k al
Midleton and proposed a series of engineering measures to improve the performance.

As part of this poject Arup has developed a new hydraulic model of the surface water drainage network in
Midleton using Microdrainage software. CCTV and Manhole survey data collected as part of the Midleton
DAP® was incorporated into the model in order to infill the dgtps as previously identified by Byrne

Looby. The key finding of the drainage modelling is that much of the existing drainage network in the town
centre is undersized and consequently, somédyling areas of the town are at risk of surface water flooding
for low period events.

Pluvial flood depths for the existing scenario have been used to derive pluvial flood damages as part of the
optioneering assessment. Optioneering to address the pluvial flood risk is discussed in the Options report.

3.3.7 Fluvial Tidal Joint Probability
Midleton is at risk of both tidal and fluvial flooding. Both sources will therefore contribute to the design
flood event and their dependence needs to be assessed through the use of Joint Probability analysis.

4 Midleton Surface Water Drainagel@®mei Surface Water Drainage Scheme. Byrne Looby. October 2015

5The Midleton Drainage Area Plan is current being advanced by Irish Water and involves the modelling of the surfacefaalteeaed networks
in the town. Data from the study has been enadhilable to the Midleton FRS project.
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A joint probability analyss has therefore been undertaken as part of the study in order to derive Joint
Probability pairings of tidal and fluvial events. The reader is referred to the hydrology report which describes
in the work in detail.

The fluvial/tidal scenarios for the existing scenario in Midleton are tabulafeabile3-5 (Fluvial
dominated) and

Table3-6 (Tidal dominated) below. The scenarios highlighted in red represent the required standard of
protection the schemee. the preferred flood relief option for Midleton will bequired to defend up to and
included these fluvial/tidal events.

Table 3-5 Design fluvial-tidal joint probability scenarios i Fluvial Dominant

Scenario Design Event Fluvial contribution Tidal contribution
Fluvial Q2 Q2 T2

Fluvial Q5 Q5 T2

Fluvial Q10 Q10 T2

Fluvial Q25 Q25 T2

Fluvial Q50 Q50 T2

Fluvial Q100 Q100 T5

Fluvial Q200 Q200 T10

Fluvial Q1000 Q1000 T50

Table 3-6 Design fluvial-tidal joint probability scenarios 1 Tidal Dominant

Scenario Design Event Fluvial contribution Tidal contribution
Tidal T2 Q2 T2
Tidal T5 Q2 T5
Tidal T10 Q2 T10
Tidal T25 Q2 T25
Tidal T50 Q2 T50
Tidal T100 Q5 T100
Tidal T200 Q10 T200
Tidal T1000 Q50 T1000
3.4 Hydrogeological assessment

As part of the Midleton FRS project, Arup was commissioned by Cork County Council to undertake a series
of hydrogeological assessments to determine the risk of groundwater flooding in Midleton. The study
divided Midleton into different flood cells as indied inFigure3.4 below.
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Figure 3.4 Flood cells
The conclusions of the assessment for the individual flood cells are summarised as:

34.1 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.

3.4.2 Flood Cell 1

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

3.4.3 Flood Cell 5 and 7

The results of this assessment concluded that the groundwater contribution to botletiae@ra River and
theWater RockStream is negligible. Additional inflows to the river from groundwater sources is therefore
not required.

344 Flood Cell 6

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

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

The groundwater elevation in both thaggels 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

There is a time lag from when the maximum water level occurs in the river, folloybeg 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 demortsates the influence of aquifer storage effects as water travels from the river through
the aquifer
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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 thm@ourney 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 enwfratimthe Dungourney River towards
the Owenacurra River and the gradient observed across 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 includehy groundwater source discharges. Neither has the model included hydraulic sinks
to account for the impact of the Dungourney River losing water to the aquifer. Our approach is therefore
conservative as the volume of water that is lost during extremésaseassumed to be contained within the
watercourse and floodplain.
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4, Model Development

4.1 Introduction

A onedimensional (1D) and twdimensional (2D) model of the primary watercouraed their associated
floodplainin Midleton has been constructed tmsiate flood eventwithin the scheme aredhe 1D model
simulates the #bank flows and has been constructed in Flood modeller Pro 1D (Version 4.4) software. The
2D model simulates the out of bank floodplain flows and it has been developed in Tufloaredi@rsion
201709-AC-iSP-w64). Both the 1D and 2D models are dynamically linked and run together as a coupled
model.

4.2 Model Development

A 1D hydraulic model of the Owenacurra and Dungourney River was developed as part of the Lee CFRAM
Study. The readesireferred to the Lee CFRAMS Hydraulics Report for a detailed description of this model.

The Midleton FRS hydraulic model was developed using the Lee CFRAM hydraulic model as a starting
point, but represents a significantly more accuratedatailed version of the model. The development of the
Midleton FRS model using the Lee CFRAM model involved a humber of steps which can be summarised as
follows:

1 Replacement of the overland flow domain in Midletori The floodplain of the Lee CFRAM model
was represented by reservoir units and parallel channels all of which has been replaced by a 2D grid in
the Tuflow model.

1 Additional watercourses and millracesi A number of watercourses and millraces within the study area
that were not included in the Lee RAM model have been included as part of the Midleton FRS model
as listed in the following section.

1 Infill and Validation Survey i As detailed in Sectiof.2, Arup identified a number of areas where
additional river survey data was required in order to improve the performance and accuracy of the
Midleton FRS model over the Lee CFRAM model. Additionally, Arup also identified a number of areas
where modifications to thever channels (and floodplain) have occurred since the Lee CFRAM survey
was undertaken. All of these areas were subsequently surveyed as part of the Infill and Validation Survey
Management and incorporated into the model.

1 Model Parametersi A number of he model parameters used in the Lee CFRAM model were altered in
the Midleton FRS model. These include channel roughness and structure coefficients which are described
in Sectiord.4 of this report.

4.3 Model Extents

43.1 Midleton FRS Model

A schematic of the Midleton FRS model for the Owenacurra and Dungourney rivers upstream of the N25
road is presented figure4.1. The 2D model domain is represented with the green shading in thedigiire

it can be seen that it covers the main urban area of Midleton. The keftmarik flooding mechanisms

within Midleton are therefore modelled in two dimensions which offers a significant improvement over the
Lee CFRAMS model. The red nodes in the figoresentthe location of the 1D model cross sections. It is
noted that the downstream boundary of the model is located circa 1.2km downstream of\ilidniN2be
Owenacurra estuary
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Figure 4.1 Schematic of the Midleton FRS model (© Open Street Map)

Separate hydraulic models of the Ballinacurra\fader Rockwatercourses have also been development as
part of the study. The/ater RockModel is a 1D/2D model while the Ballinacurra model is a standalone 1D

only model. Schematiasf these models are presented in the folloviimg figures. A full detailed schematic
of each of thdnydraulicmodels is included in the appendices.
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Figure 4.2 Ballinacurra Hydraulic model (© Open Street Map)
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Figure 4.3 Water Rock Hydraulic model (© Open Street Map)
Figure4 .4 presents a schematic of the 1D components of each of the models
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Figure 4.4 1D elements of all the hydraulic models

4.4 Model Parameters

4.4.1 Labelling System

The model nodederived from the infill survey followed the same labelling format as used foethe
CFRAM modelde.g., The Owenacurra River labels are provided in the for3O8VE_MOOO, with
chainage starting from 0 at Owenacurra Estuary). The original infill seresg section name has been
included in thé=lood Modeler Pro Comments to allow for ease of cross checKinigapproach also
ensures that a direct reference can be made to both the CFRAM and Infill surveys.

For reaches that were not included as path®fLee CFRAMstudy (e.g., Water Rock and Ballinacurra), the
naming convention provided by the surveyor was adopted and informed the model node names. For the
majority of cross sections these labels include an arbitrary reach number followed by a dleainafike
Ballinacurra Stream labels are provided in the form ofR®00, with chainage starting from 0 at
Owenacurra Estuary/ Ballinacurra Inlet confluence).

4.4.2 Model Resolution

The 1D model resolution is determined by the distance betadjanent cross sections which changes
throughout the model domain. For the key urban area, this distance never exceeds 50m and is frequently
much less than this. This is of sufficient resolution to appropriately model thdireasional flow in the
channé

The 2D model resolution is defined by the spacing of the 2D grid. Defining this parameter involves a trade
off between accurately resolving the tgdimnensional flow in an urban environment using a Higgolution
grid and the computational run time betmodel which is reduced with the lower resolution grids.

A 2m grid resolution has been selected for the Midleton FRS 2D model domain. This is a very high
resolution which accurately resolves flow in the urban areas as it allows for the division aimdj glitow
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to be captured in the model. The relatively short duration of the design runs combined with the relatively
small domain ensure than the computational burden of the model runs is manageable.

4.4.3 Manningés n for the 1D and 2D Model s

The roughness Wzes 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 use of panel mankevtP.

Some cross sections located in the 2D domain of the model have no left or right bank as they link to the 2D
model domain at the point where the left/right bank begins.

The Manningds n roughness val ues cdanalysigofdndmbero d e |
of datasets as follows:

1 Model calibration (December 2018, April 2018 and December 2015 event).
1 The values previously used in the Lee CFRAM study.

1 Survey photographs.

1 Site visits undertaken by Arup

Typical values used in the studsegresented the table below. A detailed description dfitlaening values
used is provided in Appendix C of the report.

Table4-1Manningdéds n for rivers

Channel Characteristics Manni ngb6s n
Main Channel

Clean, straight 0.03

Stones, weeds and meandering 0.045

Banks

Heavy weeds and vegetation 0.045

Trees and thick vegetation 0.08

Manningbés n floodplain values were selected based
calibration. The datasets used were:

9 Land use derived from OSi NTF mapping;
1 Site visits undertaken by Arup; and
9 The calibration of the model against the 2015 flood event.

Typical values used in the study are presented in the table below. The valubsdragelected based on
standard values in the literature and our extensive experience in undertaking hydraulic modelling.

Table4-2Manningds n for floodpl ain
Land use Manni ngbs n
Roads 0.02
Openparkland 0.03
Forestry 0.06
Buildings 0.1
Cork County Council Midleton Flood Relief Scheme
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A sensitivity analysis on the Manningbds number wa
Section8 of the report.

4.4.4 Representation of the River Structures

All of the bridges in the model have been modelled using the Bridge ARCH unit as this is the most suitable
bridge model within Flood Modeller Pro for modelling the bridges along the Owenacurra/Dungourney River
due to their relative size. Overtopping oé thridges has been accounted for in the 2D domain with the
exception of the Mooreb6s Bridge which has been mo

In-line weirs have been modelled using spill units while culverts have been modelled through use of the
condut units. The reader is referred to Appendix C which presents a datasheet for all the key structures
included in the Midleton FRS model.

It is noted that the dimensions of all the hydraulic structures have been taken from the surveyed data.

A sensitivity analysis on the bridge head loss units as well as specification of the bridge hydraulic units was
undertaken as part of the study and is detailed in Segtbthe report.

445 Representation of Buildings and other Structures in the 2D grid

The buildings in the 2D domain were accounted fo(d)p p pl yi ng a hi gh Manningos
grid cels which form part of the building footprinand (b) setting thi#goor level equal to the surveyed FFL

of the building. Wieresurveyed FFLs were not available the floor level was set equal to the averaged lidar
data across the footprint of the buildingiplthreshold allowance df50mm

Representing the buildings in this manner allows for the storage volume within the buildings to be accounted
for. It also allows for flow paths through the buildings to be simulated. TheMidggh ni ngds val ue e
that the reduction in flow and velocitaused by the fabric of the building is represented.

The approach is deemed accurate and appropriate given that a significant number of buildings were
inundated during the 2015 event. It is noted that the accounting for the buildings by blocking qlanheir
areas from the model domain wouetlucestorage areas in the model and also lead to incorrect flow paths
being simulated by the model.

Other structures such as walls and embankments can influence the movement of water in the floodplain.
Where appropate these structures have been correctly represented in the model through the use of Z lines
shapefiles. For the December 2015 calibration model all the walls and embankments as indiigied in

45 have been included in the model as there is no record of any of the structures having collapsed during the
event.

For the design runs up to and including the Q50 event, it has been assumed that these walls and
embankmentwvill not fail. For the Q100 and Q1000 events however the walls and embankments have been
excluded from the model as their structural integrity cannot be guaranteed during the design event given that
none of them were designed as formal flood defenceststes.

It is noted that the heights of each wall have been estimated from site visits.
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Figure 4.5 Walls and embankment Z lines (© Open Street Map)

4.4.6 Representation of the Cave system in the Water Rock Hydraulic model

The cave sytem on the Water Rock stream has not been explicitly represented in the model due to
significantuncertainty on the internal geometry of the system and the unknown influence of groundwater
levelsin drowning out the available storage within the cave wimidhrn impacts on water levels in the
Water Rockstream upstream of the Cave. Other sources of uncertainty include:

1 The irregular and unknown geometry of the entrance to the cave (sh&iguia4.6);

1 The unknown conveyance capacity of the sink hole at the entratie @ave which allogwater to
ingress into the cave.

Figure 4.6 Primary entrance to the Cave System
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We have accounted for the cave system entrance by including it as a culvert uait asgociateentry

head loss unih themodel The parameters of the culvert and head loss units were adjusted until a good

match was achieved between the maximum observed water level at Water Rock House and the results of our
model for the 2015 calibration run. The reader is referred to Séctmrdetails on the calibration.

4.5 1D and 2D Model Linkage

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

9 The water level in the river channel

1 The elevation of the bank of the chanmnel. the elevation at which water spills from the river to the
floodplain.

The water level in the river channel @eulated by the 1D model. The elevation of the bank however is

defined in the model by the user using the topographic survey data. It is a very important dataset in the model
as it controls the volume of water that spills into the 2D domain of the nitedebrrect specification is

essential in ensuring an accurate and credible hydraulic model.

The elevation of the left and right banks throughout the 2D model domain of the model were defined from
actual surveyed elevations from the river channel surrdyngere accounted for in the model through the

use of Z lines in Tuflow. These Z lines were defined for the entir@Peach of the model and ensured an
accurate representation of the volume of water spilling from the 1D to the 2D domain.

4.6 Hydraulic Modelling of the Options

The Midleton FRS model will be modified to model the various flood relief options considered as part of the
development of the scheme. This element of work is described in the Options Report.
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5. Model Calibration

51 Introduction

5.1.1 Overview
The Midleton hydraulic model has been calibrated and validated against three separate flood events:

1 December 2018 eventmodel calibrated against measured water level timeseries on the Owenacurra
river,;

1 April 2018 flood event modéd validated against water level timeseries on the Owenacurra river;

1 December 2015 flood evehtmodel calibrated against flood event data collected by various authorities
during the December 2015 flood event;

We note that the model was first calibratedimasfathe December 2018 flood event and then validated against
the April 2018 event. The model was then used to simulate the December 2015 event. Each of these model
calibration/validations are described in this section of the report.

5.1.2 Blockage assumptions calibration model
It was assumed initially that all bridge and culvert units were unblocked as part of the calibration hydraulic
mo d el run. As described in the following sections

Bridge and the culvés along the Owenacurra Millrace.

5.1.3 Model tolerance

The Midleton FRS brief statésh at t h e ¢ o n s u shallalearly denonstratelthe calibrated e ct 1
model s | evel of ac c ur Ehe lyief dogsatthoweversphcifysahyquantitatved e v e n't
tolerance of model performance.

The project brieg of more recent flood relief scheme tenders issued by the OPW in Ireland however do
specify tolerances as regattie required accuracy of calibrated moddiey state that thenodel calibration

ishall aim to achi el@@Gmyardnb greatarlthare@Omm wharccongparedadof  + /

recorded flood event point datao. Furthermore, it
(SEPA) guidance documentonhydrh i ¢ model |l i ng states that #@Ahigh ¢
of Al ocal scale or detailed studieso is achieved

+/-1 5 0 mnede quantifative tolerance of model performance havefdhetgeen considered as part of
the Midleton FRS hydraulic modellirgnlibrationand are referenced further in the following sections

5.2 Calibration Hydrology

521 2018 flood events

The Ballyedmond gauge was operational throughout 2018. Recorded evats and flows (derived from

the revised rating curve) are therefore available for both of the 2018 calibration/validation flood events and
has been used to derive the inflow boundary for the Owenacurra river for the calibration hydraukc model
Inflows for all the other boundaries of the model for both of these events (i.e. Dungourney Jivegretc
derived by scaling the recorded Ballyedmond data to the relevant catchment using Qmed ablabsl.
Theuncertairly associated with this approach is nog@gen the spatial and temporal variation in rainfall and
groundwater baseflow acroi®e variouscatchmentGiven the relative size and proximity of the various
catchments to each other however anthe absence of any other data for any of the other tributaries for this
period, this method is deem#mlbeappropriate.
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Table 5-1 Peak inflows for each of the catchments for the April and December 2018 event

Qmed m3/s

(from Qi Peak Inflow Apr el Irory
Watercourse Hvdrolo Ballyedmond / 2018 event Dec 2018

y 9y Qmed catchment

Owenacurra 25.74 1.00 27.4 27.1
Dungourney 13.36 0.519 14.222 14.066
Glenathonacash 4.89 0.190 5.205 5.148
Elfordstown 3.1 0.120 3.3 3.264
Harrisgrove 3.61 0.140 3.843 3.801

5.2.2 December 2015 event

The Ballyedmond gauge was offline during the December 2015 event and theasfiooe be used to derive
inflows for the eventlnstead, the rainfall/runoff model FSSR16 was used to calculate the inflows using
hourly rainfall data from the rain gauge at Moore Park. The total pniaghich inflows were derivedias
from 1 November 205 until 30 December 2015.

As noted in the Midleton FRS hydrology report, rainfall data from Moore Park is broadly representative of
the rainfall patterns across the Owenacurra River Catchment. There is however uncertainty associated with
applying rainfdl data from one catchment to a neighbouring catchment given the spatial and temporal
variability in rainfall that can occur during storm events accasshments. We therefore cannot state with

high confidence what the peak flam any of the watercoursase likely to have beeior the event

We have addressed this uncertyin the studyby considering both a lownd and higkend estimate of the

peak flowduring the evenfThe lowend estimate was calculated directly using the FSSR16 metabte(

5-2). Various highend flow estimates were considered by applying percentage uplifts on teadoflow.

Peak water levels associated with each of the-bighflow estimate were then calculated withe

hydraulic model and compared against the December 2015 recorded data at a number of locations. It was
found that a 20% uplift in flow derived the best match between the modelled and recorded data. A 20% uplift
has thereforéeen adopted as the highd flow estimate. Both the Ieand and higkend flow estimates are
presented in the following table.

Table 5-2 December 2015 event i peak inflows

Peak Inflow calculated using Peak Inflow calculated

Watercourse FSSR 16 (m%s)i Low end assuming FSSR 16 +20%
estimate (m3/s) i High end estimate
Owenacurra 43.86 52.416
Dungourney 21.77 26.124
Glenathonacash 8 9.6
Elfordstown 5.84 7.008
Harrisgrove 6.13 7.356
5.2.3 Estimated return periods for each recorded event

The peak flows for the calibration/validation events for the Owenacurra River in the study area are listed in
Table5-3. In order to assess the approximate return period of each event, the design flows for HEP OW3
(also located at the upstream @fdhe scheme argare presented iRigure5.1. By comparing the peak
calibration flows against the design flows it can be seen that both of the 2018 events approxiciata to a

Q3 event on the Owenacurra. The fend estimate of the December 2015 event correspondsrza&?25

event on the Oenacurravhile thehigh-endflow estimate approximately tocrcaQ45 year event.
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Table 5-3 Magnitude of calibration events

i Return Period
Calibration Data Estlmatsed FEEIS
Flow(m*/s) (Lin _years)

Wrack Marks / S )

December 2015 Observations Calibration 4353 2545
Water Levels o

December 2018 ) Calibration 27 ~3
recordings

) Water Levels o

April 2018 . Validation 27 ~3

recordings

HEP Return Period (lin _ years)

Location
2 5 10 25 50 100 200 1000
OwW3 24.97 33.21 38.61 4531 59.21 66.67 77.48 101.94

Figure 5.1 Design flows for OW3

5.3 Calibration data for the 2018 flood events

The calibration/validation events of ApAiD18and Decembe2018are highlighted with dashed lines in
Figure5.2. A strong correlation between the water levels at each of the four locations is evident in the data
across the full record period
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Figure 5.2 Recorded water level timeseries
54 2018 calibration/validation - Owenacurra River

54.1 December 2018 calibration at Lidl bridge

The water level calibration for the December 2018 event at the Lidl Bridge gauge is preseigacei.2.

It can be seen that there is a very good match between the modelled and recorded water levels. The peak
modelled water level is within circa 10mm of the peak recorded water level which deatemtieaccuracy

of the modeln simulaing peak water levels at this location for the event which as noted previously
approximates to a-Bear return period everithe performance of theodel at the peak of the event is

therefore well within tH®O0OMWan ds BeEEPiAfoise d hti glhe rcaam
of +/- 150mm.

It can also be seen froRigure5.2 that the model is well able to simulate changes in water level throughout
the eveni the modelled water level is in phase with the recorded data and reproduces both the timing and
peaks in water level throughout the simulation gkrithe model overestimates low water levels by circa 10
20mmwhich is deemed to be marginal
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Figure 5.3 Lidl Bridge Water Level Calibration

We note that the recorded peak water level (circa 2.8mOD)ianhk at this locatiorThis is indicated in
Figure5.4 which plots the cross section at the Lidl bridge with the 2.8mOD waterilediehted with the
dashed red line
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Figure 5.4 Cross section at Lidl bridge

An analysis orthe differences between the modelled and measured waterdagetzarried outt foundthat
the maximumand minimumdifferences are circa 140mamd-130mm respectively whictepresents very
good model performanc&he average difference is Omm.
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5.4.2 April 2018 validation at Lidl bridge

Having calibrated the hydraulic model against the water level timeseries recorded at the Lidl bridge for the
Decembe 2018 flood event, a validation modehs runusing the April 2018 flood eventata The water

level validation plot is presented figure5.5. It can be seen that theodelled water level timeseries is very

well matched to the observed water level timeseries faduhation of theevent. The model overestimates

the peak water level by circa 8&mThe performance of the model at the peak of the event is therefore well
within the OPWOs shbECmmhiandd tdERAGN c@®hiod h-¥Dom.f i denc
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Figure 5.5 Lidl Bridge Water Level Validation - April 2018

A statisticalanalysis on the differences betweenAlpeil 2018 modelled and measured water levels was
carried out. It found that the maximum and minimum differences are29@am and-150mm respectively.
The maximum differenceccurs on the rising limb of the flood event on th& a6April and fom an
inspection of the water leva@{Figure5.5) it can be seen that tladference is largely due to thmhase lag
between the modelled and measured time satitsmt momeinin time. Any slight shift in either of the time
series would reduce this maximum differentle average difference is circa 70mm.

54.3 September 2018 validation at Mooreod6s bridge
The gauge at Mooreds Bridge was r emyonddyd?0l8inanm t he
unauthorised action. It is therefore not possible to both calibrate and validate the hydraulic model at this

l ocation. We have therefore only calibrated the m
surveydataatthis location is not deemed necessary as a sufficient ammbdatahas been collected to allow

for the accuracy of the model at this location to be demonstrated.

The model <calibrati on aRigurébd.dticam besseeB from thg fegure tisat theer e s e n
modelled peak water level is very well matched to the recorded peak water level as the difference is less than
circa 80mmThe performance of the modéla t he peak of the event is ther
specified toleranceof 4 0 0 mm and SEPAG6s O6hi gh-18om.fi denced tol e
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Figure56 Moor eés Bri dge Water Level Calibration

The modebverestimates low water levels by circa 200mm and there are a number of likely reasons as to
why:

1 The methodology for deriving inflows on the tributaries is approximate and may lead to uncertainties
in the flowsand particularly so for low flows

1 The Basdbw contribution at low flows can be a significant fraction of the total flow and may be
under or overestimated in the model;

Thedifferences at low flows is nodeemedtritical to the studygiven that the objective of the study is to
assess flood risk iMidleton and hence the primary objective of the hydraulic model is to accurately
reproduce peak water levels on all the primary courses.

It is noted thathie parameters of the model could have been adjusted to improve the calibration at low flows
ie.tet Manningds n value and head | oss coefficients
low flows. This however would have reduced the accuracy of the model at high flows i.e. the model would
not have achieved as good a calibration for thmgsrof high flows. This woulthereforehave reduced

confidence in the model as a tool to assess flood risk in Midleton and was not explored. The calibration of

t he model at Moorebs Bridge clearly deantpeakwateat e s
levels at this location and is therefore considered suitable for use in the study.

Figure57pr esent s the cross sect i savedwateNeved from thesAptir i d g e
2018 event superimposed on the plot. It can be seen that the peak water levédamksanthis location
during the event.
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Figure57Moor eés Bridge Cross Section
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Astatistical analysis for the val iwhacoridated si mul at i

The average difference between the modelled and recorded watemasdtsund to bd50mm which is
higher that the difference in the peak water levalsg@80mm). The average difference is influenced by the
differences at low flows which act to skew the average differences.

55 December 2015 flood event calibration

Midleton was extensively flooded by a fluvial flood event in December 2015. As describectiong of
this report, a considerable amount of data was collected during and after the event by various authorities
which has been used to calibrate the model.

An overview of the model calibration folhe whole of the scheme aresg$uming no blockages of any of the
structureyis presented in Sectidn5.1 The model calibration for individual areas of the town are then
assessed in detail in Sectibrb.2to Section5.5.8 which consider both unblocked and blocked scenarios.

As nokd in Sectiorb.2.2 in orderto address the uncertairtyerinflows for the everttwe have considered
both a lowend and higkend estimate of the flows. Both scenarios are considered throughout the
presentation of the calibration results.

The calibration model does not include any discharges from groundwater. The flood extent iimitlyeofic
the Rugby club in Midleton is therefore underestimated by the hydraulic model.

55.1 Overview of December 2015 calibration

Once a very good calibration against both of the flood events from 2018 was achieved (as detailed in the
previous sectionsf therepor), the December 2015 event was simulated with the hydraulic model using
both thelow-end and higkend flow estimates. The model simulation covered-bael6 period and ran from
29/12/2015 04:00 to 31/12/2015 02:00.

The modelled and recorded maximélood extent for the event is presentedrigure5.8 for the unblocked

and lowend inflow scenaridt can be seen from the figure that the maximum flood extent aE{aedy

the model is very well matched to the recorded maximum extent in some areas (i.e. in Tir Cluain housing
estate, North of the Northern Relief Road and along the Dungourney river) while in other areas the model is
underpredicting the maximum floodtent (i.e. North of the railway crossing at Millbrook Crescent and at

Mooreds Bridge). Each of these areas is considere
SWhich is due to applying rainfall data from the rain gauge at Moore
Cork County Council Midleton Flood Relief Scheme
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Figure 5.8 December 2015 flood eventi maximum extents for entire area

Maximum water levels from the hydraulic model are compared against observed peak flood levels at a
number of locations in the table below. The locations of these points are mapped out spatially in the zoomed
in figures in the following seains of the report. It is noted that Lauriston Estate and the Rugby Club area are

not included in the table as the 1D/2D model does not simulate groundwaténglood

Table 5-4: Modelled and observed water levels from the 2015 event

Location

Observed

(mOD)

Modelled
(mOD)

Comment

Model tolerance

Tir Cluain (West)

16.2mOD

16.3mOD

Model overestimates by circa 0.1m

Within OPW/SEPA model

Supervalu

at this location

tolerance
Tir Cluain (East) | 15.7mOD 15.8mOD Model overestimates by cir€alm Within OPW/SEPA model
tolerance
Moore's Bridge %r%%OD 13.4mOD Model underestimates Outside OPW/SEPA tolerance
Garden of Private
Property ds of Model does not predict any flooding
Moor eds 13.9mOD na within thegarden of the property n/a
on right bank
Model overestimates by circa 0.1m.
Modelled depths however are . o
Railway Cottages| 7.4mOD 7.51mOD sensitive to the specification of Outside OPW tolerance but within
) .| SEPAtolerance
culvert blockages as detailed later ir
the report.
Darling Buds 6.9mOD 6.9mOD Minimal difference between model | Within OPW/SEPA model
Preschool and recorded tolerance
Maxol Station/ 5 15moOD n/a Model does not predict any flooding n/a
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. Observed Modelled
Location (mOD) (mOD) Comment Model tolerance
Community 4.7mOD 4.7mOD Minimal difference between model | Within OPW/SEPA model
Centre and recorded tolerance
Woodlands Estate 3.5- 4.1i Model overestimates by circa 0.4m | Outside OPW/SEPA tolerance
3.6mOD 4.2mOD ’
Model does not predict arfipoding
Thomas Street 3.3- n/a at this location. The flooding is likely n/a
3.4mO0D to be due to a local drainage capaci
issue
Lower Main 29- - Within OPW/SEPA model
Street 3.2mOD 3.15mOD Accurate model prediction tolerance
3.7 3.01 . Within OPW/SEPA model
The Baby 32mOD 3.1moD Accurate model prediction tolerance
55.2 Calibration at Tir Cluain/ Moorebds Bridge

Figure5.9 presents the modelled and estimated maximum flood extent for the area of Tir Cluain and
Mooreds Bridge which we not e Figured8huthmeimstcadoamedin o t he
on this area. It can be seen from the figure that the model captures the primary mechanism by which Tir
Cluainwasflooded during the event: water entering the edtata the Northwest fromWater Rockgolf

course through the perimeter fence. The entry goedicated by the model imwever is furtheto the

north than whereresentedhn the estimated extent. We note however that flood water is unlikely to have

enterel the estate ahis location given that thground levelst this pointare highethan the ground levels at

the locationvhere the model is predicting water entetting estate

Once flood water entered the estate during the event, water flowed adomgithroad and inundated a

number of residential properties as indicated on the figure. The model captures this overland flow route quite
well although we note that the modelled extent is larger than the estimated extent. This difference can be
attributedto uncertainty in the design inflow and to the influence of landscaping features (such as kerbs and
paved areas etc.) which influence overland flow paths at shallow d&ptse featurdsavenot been

included in themodel.

| Legend
Estimated extent oy
| Modelled extent (low-end) [N
Modelled extent (high-end)

e \{ v
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Figure59December 2015 Maxi mum fl ood extent calibration at Tir Cluai

Maximum modelled flood depths in Tir Cluain for the lend estimate of flows vary spatially across the

site from circa 70mm to 180mm. This correlates well with anecdatal which suggests that the flood

waters in the estate wer e Heraedtirmhate ofdleve gredon averagedrch d e p
20mm higher than the lownd estimatée. maximum flood depths are circa 270mm to 380mm.

It can also be seendim Figure 27 that the modelled extent at the confluence of the Owenacurra and the
Glenathonacash Stream in the vicinity of the junction at the local road to the East Cork Golf Club and the
R626 is well matched to the recorded extent. The model is al#dprimduce the mechanisms of flooding and
overland flow paths in the vicinity of the junction.

Figure59al so i ndicates that the flood extent downstre
on both the right and left bank which is a consequence of the model underpredicting maxiraulevekst

throughout the reach. We have quantified the underprediction by comparing the results against the estimated
peak water levels which were derived from a post flood event survey of wrack marks along theigeaeh.
510presents the comparison. The chainage on the gr
the river circa 160m downstream oferstotfhemaximumdge. Th
modelled water level as extracted from the model. The Energy grade line is not presented on the plot.

It can be seen from th@ot that the model underestimates peak water lematsediatelydownstream of the
bridgeby circa 0.7m forhie lowend flow estimate and by circa 0.6m for the higitd flow estimate. The
difference between the model and the recorded legdiscedurther downstrearof the bridge
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Figure510Peak water | evel s dowimndgd maedelled aodrechtdenir e 6s Br

As noted earlier in the chaptehe hydraulic model casccuratelyreproduce peak water levels from the
April 2018 e v e nThis howeviM s aot thetcatm Be Deakmber. 2015 evesd themodel
is unpredicting pak water levels by circa 0.6m/0.7m which is deeassignificant.

It is therefore likely that water levels in the December 2015 event throughout this reach were influenced by
factors not accounted for in the gt of hydraulic model. Treszarelisted as

1 Changes in the channel geometry;

1 Changes in the vegetation

"The energy grade line through the reach will however be considered as part of the optioneering for the reach
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9 Blockages that occurred in the channel and/or floodplain during the event;

1 Ineffective flow areas associated with the circa 90 degree bend on the river that is located circa 250m
downstream of the bridge

Each of these are now considered.
Changes in the channel geometry

We are not aware of any significant chanigethe channel geometry that have occurred in recent years
throughout this reacihis is therefore unlikely to be causfethe model underprediction.

Changes in the vegetation

Vegetation in the channel is subject to seasonal change and there is therefore likely to be some variation in
Manningbés value between April and Dedenimdher . Whi |l e
calibrationmodelby considered differelannings values for different stages of the ydease variations

arevery unlikely to account for theotedunderprediction of peak water level for the December 2015 event.

Blockages in the channel

Figure51llpr esent s a photograph of Moorebs Bridge take
the trunk of a small tree is caught in one of the openingsedridge and is acting as an obstacle to the flow.

It is also evident that other debris has collected upstream of the bridge as a consequence of both the small
tree and the bridge piers. It is possible that during the December 2015 event a muchateateof debris

was lodged upstream of the bridge and succeeded in blocking the opening at this location. Such an event
would thereforehave significantly elevated water levels upstream of the bridge.

RN o S

Figure5.11Bl ockage at Mooreds Bridge

Figure512pr esents a photograph of t he Ouiehrwasakenafter d own
the event. It is evident from the figuteat a large tree has fallen into the channel and is acting as an obstacle

to the flow. It is possible that debatsocollected on the upstream face of the fallen thegng the

December 2015 eveandthereforeincreased theverall size of thélockagein the channel.
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Figure512Tree in the river downstream of Mooreds Bridge

Figure5.13 presents a photograph of the old weir in the chatimrelwn st r eam of Mooreds b
significant vegetation on top of the weir which may well have become blocked during the event.

o, et ~ - x = g - 1y

Figure513Remnants of ol d weir on | eft bank downstream of Mooreds Br

There is therefa evidence to suggest thagt to three separakel ockages occurred in th
Bridge and/or downstream of the bridge during the December 2015 event. While the severity and magnitude
of the blockages cannot be determide@ to the absence of daitais clearthat anyone of these three
blockagesvould have elevated water levels in the river during the event. As our model has not considered
blockages through this reach, comparing its results against recorded dateefmrartis thereforenota

like for like comparison.

A sensitivity analysis on the head loss coefficients of the structures at this location is considered later in this
report for the design event in Sect@nThe underprediction of the model at this location will be considered
in detail as part of the freeboard analysis for the preferred scheme in the Options report for the project.

Ineffective flow areas

Anothersource of uncertainty which may contribute to the model underpredicting peak water levels from the
December 2015 along the reach is the presence of ineffective flow areas associated with the circa 90 degree
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bend on the river located circa 250m downstreéamadvo or e 6s br i dge. From our s
ineffective flow areasnthe righthand side of the channel (upstream of the bendpatige lefthand side
of the channel (immediately downstream of the bend).

Figure5.14 presents an image of the bend in the river taken on one of our recent site visits. The thick dashed
red lines distinguish between the effective and ineffective flow areas and the thin ddiiesehighlight the
approximateextentof the ineffective flow areas. It is evident from the plot that a significant fraction of the
crosssectional area of the river at this location is ineffective at the time of the site visit. The 1D model at this
location may therefore be too efficient as it assumes that as the fullserssnal area of the watercourse is
conveying flow.

The ineffective flow areas at this location will be further considered as part of the optioneering of the
scheme.

Figure5.141 nef f ecti ve fl ow areas downstream of Moorebs Bridge

5.5.3 Calibration at Railway crossing/Northern Relief Road

Figure5.15 presents the modelled and recorded maximum flood extent for the area in the vicinity of the
Northern Relief Road. It can be seen from the figure that the flood extent immediately adjdoent to t
Owenacurra upstream of the Northern Relief Road is a good match to the estimated extent.

The brick wall along the left bank of the river has bieetudedin the model given that there is no record of
it having collapsedor partially collapsedduringthe event. The wall ensurdsatwater is kept in bak at

this locationlt is noted however that there is an opening in the wall thrthegykentrance and exit ofrat
which was constructed to house hydraulic equipraadtis integrated into the brick ivaTheseopening

have not been included in the model given ttied finished floor level of thaut (8.59mOD) is set abouwbe
modelled flood level for thBecember 2018vent.

The estimated extent downstream of the railway line does not indicateyhéd@ding occurred adjacent to
the watercourse. This extent is very likely to be incorrect as the threshold of flooding for this reach-is the 10
year event which is less than the magnitude of the December 2015 event.
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Figure 5.15 December 2015 Maximum flood extent calibration at Railway crossing/Northern Relief Road

FromFigure5.15it can be seen th#te model does not capture the out of bank flooding on the left bank of

the Owenacurra River between the Northern Relief Road Bridge and the Old local bridge. Consequently, the
model does not simulate flooding of the R626 and the Railway cottages ostleegatexi overtopping of the

railway line.

The minimum elevation dheleft bank of the Owenacurra river between the Northern Relief Road and the
Old access Road bridge is circa 7.81mOD. The peak water level in the model at this location is 7.604mOD
for the lowend estimate and is therefore circa 0.2m below the level of the left bank. The peak water level in
the model for the higlend flow scenario is 7.80mOD which is marginally below the level of the bank. The
peak modelled water level is therefore claséhe threshold of flooding of the watercourse at this location.

We note however that existing ground levels between the Owenacurra and the Railway Cottages (circa
8.145mQOD) are higher than the level of the left bank. Floodwater will therefore havettpdhes high
point for overland flow reach the Railway cottages.

It is possible that water levetiiring the evenivere influenced by factors not accounted for in theupedf

hydraulic model such as changes in channel geometry or blockages in thel cAarwe are not aware of

any significant changes in the channel geometry that have occurred in recent times, blockages are considered
the most likely mechanism to have elevated water levels during the event at this location.

In addition tathe overtoppng of the left bank of the Owenacurra, the Railway cottageshasdirrounding

area is also at riskom overtoppingof the left bank of the millrace immediately upstream of the railway
culvert as indicated iRigure5.16. We note that there is a record of this mechanism having occurred during
the December 2015 event. We have therefore assessed the risk of blockage at both of these locations.
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Figure 5.16 Mechanisms of flooding North of the Railway Line

Through inspecting photographs of both the old access road bridge and the railway Eigueeb(16) it is
evident that both structures are at risk of blockage:

1 From the post flood event photographs, it is evident that a service pipe has broken from its bracket at the
old access road bridge and is protruding into the channel. Debris in the channel duringethbdde
2015 event was therefore able to snag on the pipe and cause a blockage at the upstream face.

1 There is significant vegetation immediately upstream of the Millrace Railway culvert witidbiock
flow into the culvert. At the time at which the photagh was taken (April 2017) the right hand opening
of the twin culvert is almost completely blocked. There is also significant vegetation further upstream of
this location Figure5.17 presents a photograph at the location marked as poinFyume5.16. It can
be seen that there is significant vegetation at this locatiich can block the flow.

R 2N A g 28

Figure 5.17 Downstream face of culvert on Millrace (Refer to Point A on Figure 5.16)

1 There is a significant amount of silt in the chan@ehelio noted thathere is approximately 800mm of
silt and sand in the bed of the vedly culvertand provided @hotograph of the culverF{gure5.18) in
order to illustrate thextent of the siltation.
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Figure 5.18 Photograph of the Millrace railway culvert i upstream face

We have therefore undertaken a sensitivity analysis on the calibration model by considering blo¢kages at
the local access road downstream of the Northern Relief, Rod(R) at the railway culvert. Various
combinations of blockage scenarios were assessed as part of the sensitivity analysis at both locations.

Figure5.19 presents té findings of the blockage sensitivity which shows the modelled and estimated flood
extent associated with 40% blockage at the old access road bridge and 95% blockage at the millrace culvert.
It can be seen from the figure that in this scenario the atbe &ailway cottages is flooded by water from

the Owenacurra and the millrace culvert. It can also be seen that water has overtopped the railway line and
has inundated Mill Road at shallow depths. The modelled route of flooding from the Owenacurra is also
captured by the model.

BT

Legend
Estimated extent 2
Modelled extent (low-end) [N
Modelled extent (high-end) |

Figure 5.19 40% blockage at the old access road bridge and 95% blockage at the millrace culvert
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The estimated peak water level at the Railway cottages during the event was recorded as 7.4mOD from a
post flood event survey. The peak modelled water level at the Railway cottages is 7.27mOD forette low
scenario and 7.51mOD for the highd scenario. This demonstrates the ability of the blockage scenario
model to reproduce the observed flood level extént at this location as the low flow estimate and high

flow estimate bound the recorded peak flood level.

It is therefore evident from the sensitivity analysis that the model can reproduce the mechanisms of flooding
and flood extents downstream of tHerthern Relief Road when blockages in the channel are included.

Although there is no direct record of a blockage having occurred at either of these locations during the
December 2015 event, it is noted that there is no record of these structures hewimgpected during the

event. There is however clear evidence to suggest that a blockage at both locations did occur at one or both
of these locations during the event. There is no way however to assess the severity of what may have actually
occurred dung the event. This uncertainty will be addressed as part of the optioneering for the scheme.

5.5.4 Calibration at downstream end of the culvert millrace

Figure5.20 presents té model calibration for the downstream section of the millrace culvert for the
unblocked scenario. It can be seen from the figure that water escapes the left bank of the millrace
immediately upstream of the culvext shownn Figure5.21. Once water exits the millrace at this location it
flows easbntothe main street anttienflows southbeforeinundaing a large area of the town at shallow
depths.

There is no record of water having escaped the millrace at this location during the 2015 event and neither is
there evidence to suggest that the area of the town inundated from overtopping at thiswesdlomded

during the eventlt is therefore likely that themodel overestimates water levels at the downstream end of the
millrace and peak water levalsmain inbank

Estimated extent NN
Modelled extent (low-end) ([N
Modelled extent (high-end)

1l

i

Figure 5.20 Water escaping the downstream end of the millrace
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Figure 5.21 Downstream end of the millrace

There are a number of reasons as to theynodel may be overestimating water levels at the downstream
end of the millrace for the December 2015 event:

1 Water may have escaped the mdkaupstream of this location during the event as described in the
previous section of the report. This scenario would lead to a reduced flow rate in the millrace and hence
reduced water levekt the downstream ends this mechanism may not be capturedhgymodel, the
flows and water levels at the downstream end of the millmaoebe overestimatt

1 Siltation and/or additional blockages may be throttling the flow in the millrace further upsiieam.
model may therefore be over predicting the flow thteugh the millrace and hence overestimating
water levels at the downstream end;

1 There is an old and discussed sluice gate at the entrance to the millrace. It is our understanding that this
structure is no longer in use. However, it may have been adtiaghaottle on the flow during the 2015
eventand therefore reducing water levels downstream of it.

Based on our assessment of the mechanisms of floodingeordied flood extestall along the mill race
culvert,we haveutilised the95% blockage of theailway culvert upstrearscenariqwhich was presented in
the previous section of the repdrt)order toassess water levels at the downstream end of the Millrace for
the December 201&vent In this casethe flow rate through the downstream end of the culvert is reduced
andhencepeak water levels amdsoreducedTable5-5 presents the results of theodel It can be sen from
the table that peak water levels are sufficierglyuced in ordeto prevent water escaping the millrace a&t th
downstream end which is in keeping with what occurred during the.event

Table 5-5 Water levels at downstream end of culvert

Difference between WL and
Overtopping level (5.58mOD)

Scenario Water level at culvert (mOD)

Unplocked, lowend flow 5744 0.164
estimate
Un_blocked, highkend flow 5.778 0.198
estimate

0 .
95% blockage at. railwagulvert, 5082 -0.498
low-end flow estimate

0 .
9_5/0 blockage at_ra|lway culvert 5481 -0.099
high-end flow estimate
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5.5.5 Calibration in the town centre (Owenacurra dominated)

Figure5.22 presents the modelled and estimated maximum flood extent for the main area of the town
impacted by the Owenacurra for the millrace blocked scenario. It can be seen from the figure that the flood
extent along the main channel of the Owenaadsrveell matched to the recorded extent for the fegt

flow scenario.

| Estimated extent
Modelled extent (low-end) [N
Modelled extent (high-end)

A

Figure 5.22 Flood extent calibration in the town (from Owenacurra)

FromFigure5.22 it can be seen that Thomas Street was flooded during the December 2015 flood event by
overland flowfrom the left bank of the Owenacurra. This mechanism of flooding majaveevernave
occured for a number of reasons:

1 There is no recordf Riverside Way (i.e. the road adjacent to the Owenacheiap inundated
during the event;

1 There is a brick wall in between the Owenacurra and Thomas Figetg5.23) which would have
limited floodwater from the Owenacurra inundating Thomas Street (it is however noted that there are
two sets of steel doors located along the brick wall and water maybawueable to flow through the
gaps between the gates and the walls).

1 The threshold of flooding of the Owenacurra in the immediate vicinity of Thomas Street is circa
73m?/s which is greater than the flow experienced during the event i.e. there is utdikalye been
a sufficient volume of water in the river to overtop the left hand bank during the event which would
have lead to Riverside Way and Thomas Street being inundated.

The source ofheflood water on Thomas Streisttherefore likely to have be@luvial i.e.the local drainage
systemwasunable to accommodate tlielume ofrain falling in the localised urban catchment. This
mechanisnwould have beemacde more severby thehigh water level in the Owenacumndoich would have
prevented surface watfrom Thomas Stredtom draining into the river
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Figure 5.23 Boundary wall between Thomas Street and the Owenacurra

5.5.6 Calibration at the upstream end of the Dungourney River

CCC installed a trench box to cut off (ole@ast significantly reduce) the inflow to the IDL Millrace during
the December 2015 flood eveRidure5.24). This scenario has been considered by including a blockage
unit in the model on the millrace immediately downstream of its confluence with the Owenacurra. It has
been assumed that the Trench ads to ®0% blockage of the millrace for the peak of the event.

Figure 5.24 Photo of trench box installed by CCC to limit the inflow to the millrace

Figure5.25 presents the modelled and estimated maximum flood extent for the upper reach of the
Dungourney rivewithin the study area. While the trench box is included in the model, we note that all the
other structures in the Dungourney have been assumed to be unblocked.

It can be seen from the figure that the modelled extent is well matched to the recordeibetttentpper
reach. We note that discharges from groundwater have not been included in the model. The inundation of the
area in the vicinity of the Rugby Club and Lauriston estate is therefore underestimated in flood extent map.
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