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DISCLAIMER

This document has been prepared solely as a Hydraulics Report for Kilkenny County Council and OPW
as the funding authority at the instruction of the party named in this document control sheet. McCloy
Consulting Ltd accepts no responsibility or liability for any use that is made of this document other than
for the purposes for which it was originally commissioned and prepared, including by any third party.

The contents and format of this report are subject to copyright owned by McCloy Consulting Ltd save to
the extent that copyright has been legally assigned by us to another party or is used by McCloy
Consulting Ltd under licence. This report may not be copied or used for any purpose other than the
purpose indicated in this report save for where that use has been granted by Kilkenny County Council
and OPW as the funding authority.

SUSTAINABILITY

As an environmental consultancy, McCloy Consulting takes its responsibility seriously to try to operate
in a sustainable way. As part of this, we try to maintain a paperless office and will only provide printed
copies of reports and drawings where specifically requested to do so. We encourage end users of this
document to think twice before printing a hard copy - please consider whether a digital copy would
suffice. If printing is unavoidable, please consider double sided printing. This report (excluding
appendices) contains 78 pages of text - that’s equivalent to a carbon footprint of approximately 327.6g
CO2 when printed single sided.
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NON-TECHNICAL SUMMARY

The flood relief scheme is centred on Ballyhale village and the Ballyhale and Little Arrigle Rivers
previously modelled as part of the South Eastern CFRAM study, undertaken 2012-2016. This report
summarises decision making and outputs made as part of the baseline hydraulic build phase for the
scheme.

A location specific 1D-2D model was developed using Infoworks ICM using recently commissioned
ground based bathymetric and topographic survey data, combined with best available OSi 2m LiDAR to
establish baseline flood risk. Upon agreement of the baseline model it will be employed in the
assessment of options proposed as part of the flood relief scheme.

Model results indicate flooding within Ballyhale village to the rear of the Main Street houses, Chapel
Lane, Sheff’s Lane and along Main Street to Station Road. The primary flood mechanism for flooding is
attributed to structure / channel incapacity along the Ballyhale River particularly on the western church
reach to the Arrigle Business Park. Two substantial overland flow routes upstream of the village emerge
affecting lands on Chapel Lane and on Main Street.

The model was validated against available anecdotal accounts of flooding and flood mechanisms
established as part of the hydrology report. An internal model audit was completed and reported that
the model is stable and suitable for use for the study with variance in parameters assessed within
acceptable model tolerance levels.

Sensitivity analysis conducted on the model demonstrated that the model can be deemed reliable and
effects on absolute predicted water levels do not exceed normally anticipated inherent uncertainty in
flood model estimations in the majority of instances. Due to the extensively culverted nature of the
Ballyhale River, the reach is sensitive to changes in flow whereby variation in flow causes or exacerbates
culvert incapacity. Uncertainty within the model would be accommodated by ensuring appropriate
freeboard allowances for flood protection standards when designing flood relief options.

Blockage analysis was carried out on five key structures identified as having a history of previous
blockage and of higher likelihood of blockage. Flood hazard was determined by implementing a
blockage for each structure in isolation within the flood model corresponding to 25% / 50% / 75% of the
opening sizes coinciding with a 1% AEP flood. The effect of blockage causes flooding which correlates
closely with anecdotal records of flooding.

Options were developed and modelled to demonstrate the removal of flood risk to all receptors in
Ballyhale for the standard of protection / 1% AEP present day event. Options incorporated berms / flood
walls, a diversion channel to reduce flows tending to the rear of the Main Street buildings, channel
regarding and the removal of redundant watercourse structures.
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1 INTRODUCTION

1.1 Terms of Reference

This Hydraulics Report was commissioned by Kilkenny County Council and OPW as the funding authority to
summarise outputs and decision making made as part of the hydraulic modelling phase for Ballyhale Flood
Relief Scheme.

1.2 Statement of Authority

This report and assessment has been prepared and reviewed by qualified professionals with appropriate
experience in the fields of flood risk, drainage, wastewater, and hydraulic modelling studies. The key staff
members involved in this project are as follows:

o Michael Rea MEng (Hons) - Senior Project Engineer with experience in the fields of flood risk
assessment, flood modelling, drainage and surface water management design.

o Stephen Neill BEng (Hons) MIEI - Senior Engineer and modeller specialising in engineering hydrology,
flood modelling and flood risk assessment.

. Kyle Somerville BEng (Hons) CEng - Director and Chartered Engineer specialising in the fields of flood
risk assessment, flood modelling, drainage and surface water management design for public and
private sectors.

1.3 Approach to the Assessment

The objective of this report is to provide detail on work undertaken to produce a hydraulic model to inform
and assess the Ballyhale Flood Relief Scheme (FRS).

The hydrological approach is outlined in the corresponding hydrology report for the scheme (document
reference M02151-01_DGO1) hereafter termed “the Hydrology Report”.

A location specific detailed 1D-2D model has been developed using Infoworks ICM software (version 10.5)
to establish baseline flood risk and to assess options proposed as part of the flood relief scheme. The
model was prepared using detailed ground based topographical and bathymetric survey information
collected July 2020 and additional information collected December 2020.

The river channel and structures have been represented in 1D, while the floodplain and overland flow routes
have been represented in 2D.

The modelling approach for the existing scenario is summarised as follows:

. Watercourses have been modelled using detailed cross section survey data recently commissioned
for the purpose of this study.

o Structures have been built into the model based on detailed survey information obtained as part of
this study.

. Out of bank flooding has been modelled using a 2D meshed ground model. The ground model was
based upon ground based topographical survey within Ballyhale village supplemented by OSi 2m
LiDAR.

o Buildings were represented within the model based on threshold survey carried out for key buildings.

Non-surveyed buildings were represented using industry standard methodologies.

Hydraulics Report
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2 MODEL BUILD

2.1 Model Extent

The model extent which incorporates Ballyhale village and a portion of the Ballyhale and Little Arrigle
Rivers is shown in Figure 2-1 overleaf. The model extent was carefully sited to:

o Ensure coverage within Ballyhale village and all key receptors.

o Ensure the boundaries of the model are situated in places to provide sufficient fall from the main
area of interest to ensure water levels cannot be artificially influenced by downstream boundary
conditions.

o Ensure the downstream effect of any optioneering scenarios can be fully assessed.

o Incorporate the upper Little Arrigle River due to its potential to be utilised as part of the flood relief
scheme.

o Provide sufficient distance from the Knocktopher tributary for stability and to assess the impact of

any scheme on water levels downstream.

. Incorporate the Ballyhale Tributary which was previously unmodelled and its discharges to the
Ballyhale River upstream of the village. Investigations as part of the Hydrology Report indicated the
watercourse was the source of the perceived pluvial flooding within the village that was reported to
originate from ‘Sheff’s Lane’ per historical accounts. The catchment was applied to the tributary
reach and detailed survey information of the overland flow route between the tributary and the main
street of the village was captured. As outlined within the Hydrology Report, it is considered that the
remaining surface water subcatchments are of insufficient scale to cause significant pluvial risk.
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2.2 1-Dimensional Model Build

2.2.1 Modelled Watercourses

Watercourses represented within the model build are displayed in Figure 2-1. Cross sectional survey data
was collected in a bathymetric survey commissioned for use in this study and completed by a third-party
surveyor. Cross sections were taken at minimum 25m intervals in areas of ‘high interest’ (within Ballyhale
Village and potential options locations), increasing to 50m intervals outside areas of interest.

The river centreline was digitised based on bathymetric survey information and OSi Prime2 Mapping,
verified on site walkover. Bathymetric survey information was imported directly into ICM. Naming of the
sections within the model are as per survey naming.

The roughness of the river reach is represented by applying a Manning’s n roughness value to the river
sections for floodplains and river channel. Roughness values applied to the watercourses were per site
observations and surveyor photographs at time of survey. Typical Manning’s N roughness values of 0.04-
0.07 were used for the open channel, representing a clean straight channel with stones and weeds up to
less effective reaches and slopes increasing to 0.11 for unmaintained excavated channels with dense
vegetation to the highest stage of flow. Where appropriate, roughness was varied within the channel to
represent more vegetated banks.

2.2.2 Structures

Structures (culverts and bridges) located within the model extents are shown on the following figures and
are detailed in the Structures Register (Table 2-1) with corresponding geometries and details. All structures
within the model were represented as conduits with dimensions based on survey information.

Where the upstream and downstream opening size varied, the minimum cross-sectional area was applied
along the length of the conduit as being the most hydraulically critical. Characteristic Manning’s N
roughness values were applied based on conduit material and condition per site observations /
photographs. Bottom conduit roughness values varied from top roughness due to observed sedimentation
/ debris / vegetation on the bottom of structures.

Structures were applied with respective culvert inlet / outlet structures to reflect inlet headloss conditions
and allowed nominal reverse flow. Culvert inlet / outlet structures were not applied in instances where
conduits only represented clear spanning slabs across the watercourse.

Structure parapet walls that would impede overtopping flows were represented using either porous
polygons or base linear structures with a porosity of zero and set to the surveyed overtopping height. Mesh
level zones were used with survey data to ensure an accurate definition of structure deck levels due to
triangulation picking up adjacent channel invert levels.
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Table 2-1 Structure Register
Reference Shape Width (mm) Height (mm) Bottom Top Manning's Comment
Manning's n n
BALLOOOT1 Arch 821 1180 0.03 (River Bed) | 0.03 (Masonry)
O1BALLY Opening 1 Opening 3 & 4
03080 - bifurcates the
Rectangular 550 1051 (B)e(()s (River 0.03 (Masonry) watercourse
(Chapel Lane diverting flows
Bridge) Opening 2 west of the
Arch 2580 1680 0.03 (River 0.03 (Masonry) CQ“rChda"d are
Bed) situated c.
0.44-1m
Opening 3 higher than
: Opening 2
Rectangular 2690 1200 gé(()s (River 0.03 (Masonry) re‘gpectigvely_
Opening 4
Rectangular 689 655 0.017 (Rough 0.017 (Rough
concrete) concrete)
O1BALLY Rectangular 2880 1100 0.03 0.013
02940 (River Bed) (Concrete)
O1BALLY Rectangular 2980 1480 0.03 0.013
02915 (River Bed) (Concrete)
O1BALLY Rectangular 2530 1190 0.03 0.013
02900 (River Bed) (Concrete)
O01BALLY Rectangular 3660 1650 0.04 0.013 Boundary wall
02890 (River Bed) (Concrete) structure.
O1BALLY Rectangular 3300 1440 0.03 0.03 Upstream
02870 (River Bed) (Masonry) opening
assessed as
(Arrigle most critical
Business Park size and
Culvert) adopted for
full length.
Noted on site
to have been
previously
extended,
bridge piers
visible on
downstream
section.
O1BALLY Rectangular 3270 900 0.03 0.013
02790 (River Bed) (Metal Span)
01BALLY Rectangular 3840 953 0.03 0.013
02760 (River Bed) (Concrete)
O01BALLY Rectangular 3750 1200 0.03 0.013
02700 (River Bed) (Concrete)
01BALLY Opening 1 Opening 2
02640 Arch 1740 1050 0.03 0.03 vegetated.
(River Bed) (Masonry) level high
Main Street evel higher
Bridge Opening 2 than Opening
Sprung Arch 2060 930 0.04 0.03 ;eg‘i‘;;ﬁtaﬁon
(River Bed) (Masonry) from survey.
O1BALLY Opening 1 Opening 1
02495 Rectangular 2270 1070 0.05 0.013 highly
(Highly (Concrete) 9 ’
Station Road vegetated
Bridge River Bed)
Opening 2
Rectangular 2270 1070 0.013 0.013
(Concrete) (Concrete)
O1BALLY Sprung Arch 8420 2324 0.03 0.03
00630 (River Bed) (Masonry)
Opening 1
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Reference Shape Width (mm) Height (mm) Bottom Top Manning's Comment
Manning's n n
03BALLY Rectangular 968 1238 0.03 0.03 Right bank
00150 (River Bed) (Masonry) wall on Chapel
Opening 2 Lane
Church Access immediately
Bridge Rectangular 968 1250 0.03 0.03 upstream
(River Bed) (Masonry) observed to be
Opening 3 reduced to
P 9 ground level to
Rectangular 2568 1233 0.03 0.03 permit
(River Bed) (Masonry) overland flows
to re-enter
channel.
03BALLY Rectangular 2141 900 0.03 0.013
0075 (River Bed) (Concrete)
03BALLY Rectangular 2320 1264 0.03 0.013
00050 (River Bed) (Concrete)
03BALLY Rectangular 1651 850 0.03 0.013
00045 (River Bed) (Concrete)
03BALLY Rectangular 2120 1088 0.03 0.03
00015 (River Bed) (Masonry)
02BALLY Opening 1
00770 Arch 1410 790 0.05 0.03
(River Bed) (Masonry)
R699 Road ) ing 2
Bridge pening
Arch 1600 805 0.04 0.03
(River Bed) (Masonry)
02BALLY Opening 1
00450 Arch 3090 1560 0.04 0.03
(River Bed) (Masonry)
Opening 2
Arch 3070 1560 0.04 0.03
(River Bed) (Masonry)
2.2.3 Bank Lines

River reach bank lines are used to define the interaction between the 1D channel and 2D ground model and
were carefully sited to define top of bank.

Bank coefficients were defined as follows:

. Discharge coefficient - varied based on bank type (1-0.8 for vegetated banks and 1.7 for walled
banks).

) Modular limit - reduced to 0.5-0.4 based on model testing to ensure stability and reduction of flow
oscillations.

Some secondary channels and land drains were modelled in 2D, where the drains connected into the 1D
channels additional detail was added to the bank lines to ensure connectivity of 1D -2D flows.

2.2.4 Formal / Informal Defences

No formal flood defences are present in the modelled area.

Walls that form part of the watercourse bank or intersect overland flow routes were identified by the
topographical survey. Structures that are identified by the flood model to withhold or affect routing of
floodwater are deemed informal flood defence assets. Those assets are indicated on the following Figure
2-4 and are primarily focused on the bank walls on the eastern church watercourse.

Informal flood defences may be made redundant as part of the flood relief scheme. Informal defence assets
will be included in