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EXECUTIVE SUMMARY

The Office of Public Works and its partners, North Tipperary County Council, South Tipperary
County Council, Kilkenny County Council, Waterford City Council, Waterford County Council,
are undertaking a catchment-based Flood Risk Assessment and Management Study for the
Suir catchment (Suir CFRAM Study). The main output from this study will be predictive flood
maps and a Catchment Flood Risk Management Plan (CFRMP), which will identify a
programme of prioritised studies, actions and works to manage the flood risk in the catchment.
The plan will also develop a series of predictive flood which can be use as a decision support
in relation to appropriate development planning. The Suir CFRAM study is one of four pilot
projects of the national approach to flood risk management and is being undertaken in-house
by the OPW.

An extensive review of historic flood related documents has highlighted that there are a
number of urban and rural areas at risk of flooding within the Suir catchment from both tidal
and fluvial flood mechanisms. These areas are referred to as Areas for Further Assessment

(AFAs) and will be the main focus of the study.

The Suir CFRAM Study will identify both the existing and the potential future risk of flooding to
communities. There are a number of drivers that can influence future flood risk in the Suir
catchment; the main drivers have been identified as being climate change, afforestation and
urbanisation. These drivers have been extensively investigated and two future flood risk
management scenarios have been proposed, a Mid Range Future Scenario (MRFS) and a
High End Future Scenario (HEFS).

A review of flow, rainfall and tidal gauge data and historic flood documentation has identified a
number of flood events which will be used to calibrate / verify the hydrology and hydraulic of
the study. In addition, a detailed review of a number of river gauges in the catchment was
undertaken. This review is published in a separate report titled ‘Suir CFRAM Study River
Gauge Review Final Report’. A summary of the conclusions of this report has been included

as Chapter 5 in this report.

This report details the hydrological assessment that has been undertaken for this study with
the objective of determining hydrological inputs for the Suir and its tributaries for specific
present day and for the two future scenario design events, (i.e. MRFS and HEFS). The
assessment is based on a review and analysis of historic flood information and use of
meteorological and hydrometric records employing Flood Studies Update (FSU) and IH124

methodologies.
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The outputs from the hydrological analysis will be used in the subsequent hydraulic modelling
phase of the study. The rainfall-runoff boundary units will be used to calibrate the hydraulic
models to known historic flood events. Following from this, the design flows will be used to
create flood maps for both present day and future scenarios. Furthermore, knowledge of the
hydrological processes and historic flooding gained from this work will support the decision

making process for the flood risk management options phase of the study.

A flow chart outlining the hydrological analysis undertaken for the Suir CFRAM Study is
presented on the next page. The relevant section of the report relating to each aspect of the

analysis is included for ease of reference.
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GLOSSARY

AEP

AFA
ALLUV
AMAX
APSR
AREA

ARTDRAIN

ARTDRAIN2

BFI

Catchment
CSO

CORINE

DEM

Annual Average Rainfall

Annual Exceedance Probability. The Probability that an event of

a specified magnitude will be exceeded in any given year
Area for Further Assessment

Proportion of extent of floodplain alluvial deposit

Annual Maximum flood series

Areas of Potential Significant Risk

Catchment Area. (See Catchment)

A flood Studies Update catchment descriptor defined as the
percentage of the catchment that is categorised as Benefiting
Lands. Benefiting Lands are defined as lands that might benefit

from the implementation of Arterial (Major) Drainage Schemes.

A Flood Studies Update catchment descriptor defined as the
percentage of the catchment river network that is included in

Drainage Schemes.

Base Flow Index. The Base Flow is the groundwater contribution
to stream flow and it is the Base Flow that enables a river to
maintain flow in prolonged dry periods. Base Flow Index = Base

flow/Total flow
The total Area of land that drains into a watercourse.
Central Statistics Office

Land database of Coordinate information on the environment

provided by European Environmental Agency (EEA)

Digital Elevation Model. A digital representation of the ground

surface topography including buildings and vegetation.
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DTM

FARL

FEH

FRA

FRMP

FLATWET

FSR

FSU

Floodplain

Fluvial

Gauged Catchment

GIS

GDSDS

HA

HEC-RAS

Digital Terrain Model. A bare earth model of the ground which

has all the buildings and vegetation removed.

A Flood Studies Update catchment descriptor which provides an

index value of the attenuation effect of reservoirs and lakes.
Flood Estimation Handbook

Flood Risk Assessment

Flood Risk Management Plan

A Flood Studies Update catchment descriptor, which defines the
proportion of time for which soils, can be expected to be typically

quite wet.

Flood Studies Report. Current industry standard for flood

estimation in Ireland.

Flood Studies Update. Current OPW project for updating the
Flood Studies Report

The land adjacent to a watercourse that experiences occasional

or periodic flooding.
Related to a river or stream.

Catchment in which river flows and/or river levels are measured

through the use of a gauge.

Geographical Information System. Software tools used for,
storing, analysing and managing data and associated attributes,

which are spatially referenced to the earth.
Greater Dublin Strategic Drainage Study
Hydrometric Area

Acronym for Hydrologic Engineering Centre — River Analysis
System. HEC-RAS. This is a one-dimensional (1D) / two-

dimensional (2D) computer hydraulic model software package
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HEFS
HPW

HEP

Hydrograph
IH124

ISIS

LA

LiDAR

MAF

MPW

MRFS

MIKE

MSL

Qmax

Qmed

Rating Curve

High End Future Scenario (Climate Change)
High Priority Watercourse

Hydrological Estimation Point. Points on a watercourse for which
design flows have been estimated based on analysis of relevant
reliable data and application of methodologies from the FSR
and/or FSU.

A plot of water flow as a function of time.
Institute of Hydrology Report No. 124

Computational Hydraulic Model developed by Halcrow and HR

Wallingford.
Local Authority

Light Detection and Ranging. An airborne mapping technique
which uses a laser to measure the distance between the aircraft
and the ground to produce a digital terrain map of the ground

below.

Maximum Annual Flow.

Medium Priority Watercourse

Mid Range Future Scenario (Climate Change)
Hydraulic Modelling Software developed by DHI
Main Stream Length expressed in kilometres.
Maximum annual flow.

At a gauged site, Qneq IS the median of the annual max flow
series. At an ungauged location Qg is calculated using a seven
variable equation and adjustments made on the basis of

Analogue or Donor locations.

A rating curve is a relationship between discharge and stage at a

given point on a watercourse, typically at gauging stations,
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RBD

Return Period

S1085

SAAR
SPR
SubDS
T

TP

Tuflow

UoM

URBEXT

where the discharge is measured across the stream channel with

a flow metre.

River Basin District. The entire geographical area drained by a
river and its tributaries; an area characterized by all runoff being

conveyed to the same oultlet;

Measure indicating the likelihood of a flood event of a certain
intensity occurring or being exceeded in any given year. (Also
see AEP)

Averaged stream slope, based on points 10% and 85% along

the stream length (m/km).

Standard Average Annual Rainfall (mm)
Standard Percentage Runoff
Sustainable Urban Drainage System
Unit of Hydrograph Time Step Interval
Time to Peak (hr).

Two Dimensional (2D) modeling software used in conjunction
with ISIS

Unit of Management

A Flood Studies Update catchment descriptor, Index of Urban

Extent
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1 INTRODUCTION

1.1 PURPOSE

The purpose of this report is to present the details of the hydrological assessment that has
been undertaken as part of the Suir Catchment Flood Risk Assessment and Management
(CFRAM) Study.

1.2 SUIR CFRAM

1.2.1 Background

The Suir CFRAM Study is being undertaken by the OPW in partnership with the local

authorities within the Suir Catchment who are listed in Table 1-1 below: -

Table 1-1: -  Suir CFRAM Study Local Authorities

North Tipperary County Council - Waterford County Council
South Tipperary County Council - Waterford City Council
Kilkenny County Council - Limerick County Council

The OPW along with the above local authorities have recognised the levels of existing flood
risk in and around the River Suir and its tributaries. This flood risk is likely to increase in the
future with predicted changes in climate and ongoing development in the catchment. A map of

the catchment is presented as Figure 1-1.
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Figure 1-1: - Map of the Suir Catchment

To address this issue, a Catchment Flood Risk Assessment and Management (CFRAM) study

is being undertaken. The study will focus on developed areas and areas subject to significant

development pressure and known to have either experienced flooding in the past or believed

to be at risk of flooding in the future. These Areas for Further Assessment (AFAs) listed in, and

shown in Figure 1-2, were decided in consultation with the local authorities in the Suir

catchment.

Table 1-2: -  AFAs for the Suir CFRAM Study
ARDFINNAN HOLYCROSS
BALLYMACARBRY KILSHEELAN
BALLYPOREEN MULLINAHONE
BANSHA MULLINAVAT
BORRISOLEIGH NEWCASTLE
CAHIR PILTOWN
CARRICK-ON-SUIR PORTLAW
CLOGHEEN TEMPLEMORE
CLONMEL (Incl.  Marlfield and THURLES
Knocklofty)
FETHARD TIPPERARY TOWN
FIDDOWN WATERFORD CITY
GOLDEN
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Figure 1-2: - Map Showing Location of Suir CFRAM St udy AFAs
1.2.2 Study Objectives

The objectives of the Suir CFRAM Study are: -

To assess current and possible future flood risk in the catchment;

To identify how future land-use and climate change may influence the risk of flooding;

To carry out a Strategic Environmental Assessment (SEA) and Habitats Appropriate
Assessment to ensure that environmental issues and opportunities for enhancement

are considered;

To consider potential options to manage the flood risk including both structural and

non-structural measures;

To develop an economically, socially and environmentally appropriate long-term
strategy (Catchment Flood Risk Management Plan, CFRMP) to manage the flood risk

and help ensure the safety and sustainability of communities in the Suir Catchment;
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1.2.3

13

To develop flood risk maps for the Catchment that can be used by both the Public and
Planners and to assist in the implementation of “The Planning System and Flood Risk

Management “ guidelines;
To comply with the requirements of both the Flood Policy Review and the European

Directive on the Assessment and Management of Flood Risk.

In addition, the Suir CFRAM Study is being used to test the emerging methodologies
for the Flood Studies Update (FSU) when applied to catchment scale flood modelling.

Study Outputs

Flood maps, which will show the predictive flood extents, flood depths and flood hazard
for high, medium, and low probability events. These maps are based on the outputs

from hydraulic modelling;

A Catchment Flood Risk Management Plan (i.e. CFRMP), which will identify a
programme of prioritised studies, actions and works to manage the flood risk in the Suir

catchment.

OBJECTIVES OF THE HYDROLOGICAL ASSESSMENT

The primary objective of the Suir Hydrological Assessment is to produce design inflows and

hydrographs for use in the hydraulic modelling phase of the Suir CFRAM Study. These design

inflows and hydrographs will be produced for both current and possible future scenario design

events for a number of strategically designated Hydrological Estimation Points (HEPS). A total

of 192 HEPs, as shown in Figure 1-3 ,will be used for the study.
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Figure 1-3: - Map Showing Locations of the Suir CFR ~ AM Study HEPs

These inflows are for specific current and possible future scenario design events. In addition to
design inflows, calibration inputs will be developed to recreate known flood events in order to

have confidence in the accuracy of the hydraulic models.

The Suir CFRAM Study is being used to alpha-test the emerging Flood Studies Update (FSU)
methodologies applied to catchment-wide flood modelling. The FSU will replace the Flood
Studies Report (1975) and will comprise a suite of new rainfall and flood estimation

methodologies.

The Suir CFRAM Study is being carried out in-house by the OPW in order to provide staff with
the necessary knowledge that will be required to effectively manage other CFRAM studies that

will be undertaken as part of the National CFRAM programme.

The objectives and approach adopted for the hydrological assessment for the Suir CFRAM

Study incorporates the following: -
Review and analysis of historic flood information;
Use of meteorological and hydrometric records;

Identification of suitable calibration and verification of known flood events and the

generation of rainfall-runoff boundary units for hydraulic model calibration;
1891_RP_Hydrology Report 5 Draft Final
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Testing of emerging methodologies from the Flood Studies Update (FSU) to determine

current and future scenarios design hydrological inputs;
Assessment of potential future catchment changes likely to influence flood risk;

Generation of design flows for present day and future scenarios for use in the hydraulic
modelling phase of the study.

To facilitate the hydrological assessment and hydraulic modeling, the catchment has been

broken down into the nine hydraulic model areas shown in Figure 1-4 below.

Figure 1-4: - The Nine Model Areas for the Suir CFR AM Study
1.4 FORMAT OF THE REPORT

The analysis presented in this report has been undertaken in order to ensure accuracy and
robust determination of flood flow estimates, which will be used to generate flood level, flood

extents and flood risk management options. This report is structured as follows:
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Chapters

Chapter 1: Introduction
Chapters 2 & 3:  Catchment characteristics and Data collection
Chapters 4 & 5: Review of the Meteorological and Hydrometric data collected

Chapter 6: Rationale for the selection of calibration events and methodology for

generation of calibration inputs

Chapter 7: Details of Hydrological Methodologies Used.

Chapter 8: Details of Future Scenarios

Chapter 9: Rational for the selection of Design Inflow events

Chapter 10: Hydrological details of existing / proposed OPW funded schemes within the

Suir catchment
Chapter 11: Sensitivity and Uncertainty

Chapters 12 & 13: Summary and Conclusions, References

Appendices

Appendix A: Catchment Characteristic Maps
Appendix B ICPSS Maps

Appendix C Rain gauge data infilling log
Appendix D Event Rainfall and Flows
Appendix E Cumulative Rainfall Plots
Appendix F Hydrometric Data Availability
Appendix G Calibration Event Hydrographs
Appendix H Growth Factor Analysis
Appendix | Design Flows

Appendix J Checks on 1960's Survey data
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2 CATCHMENT DESCRIPTION

2.1 CATCHMENT CHARACTERISTICS

The River Suir Catchment drains an area of approximately 3,520km? in the southeast of
Ireland, which represents about 4% of the country’'s land area. At 183km, the Suir is the
second longest river in Ireland. It is considered a wide river with bank-to-bank widths ranging

from 25-35m in its middle sections.

The Suir main channel and its tributaries flow primarily through the counties of Tipperary,
Kilkenny and Waterford with some small parts of the catchment in Limerick and Cork. The river
lies largely within the county of Tipperary and forms part of its border with the county of
Waterford. The main urban areas are Thurles and Templemore in the northern part of the
catchment, Clonmel and Carrick-on-Suir, in the southern part, with the city of Waterford at the
head of the estuary. The catchment is within the South Eastern River Basin District (SE RBD)

formed under the Water Framework Directive (WFD).

The River Suir rises in the Devil's Bit Mountains, near Moneygall (north of Templemore), and
flows in a southerly direction until meeting the Knockmealdown mountain range where the river
changes its course northwards. At Knocklofty, the River turns east passing north of the
Comeragh Mountains and continues on through Waterford City until it enters the sea at

Waterford Harbour. The river is tidal to a point 2.5km upstream of Carrick-on-Suir.

The Suir has a number of significant tributaries such as the Drish, Upper Clodiagh (Thurles),
Multeen, Ara, Aherlow / Ara, Tar / Duag, Nier, Anner / Clashawley, Lingaun, Clodiagh
(Portlaw), Blackwater / Pollanassa and a number of smaller tributaries including the Mall,
Lingaun, Pil and the Glen. A map of the River Suir and its significant tributaries is presented

below.
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Figure 2-1: - Map of River Suir and Significant Tri  butaries

The main land use is agriculture with 78% pasture, 12% arable, 7% forest, 2% bogs and 1%
other. Several of the Suir major sub-catchments (Aherlow and Tar) along with certain sections

of the main channel are heavily forested (See Figure A4 and Figure A9 in Appendix A).

The higher ground generally comprises Devonian and Ordovician sandstones, siltstones,
mudstones and conglomerates with progressively younger Carboniferous shales and
limestones occupying much of the valley floor. There are peat areas in the north of the
catchment and alluvium in the flood plains of the river. There are some sands and gravels
along the Suir valley. Soils and sub-soils maps along with aquifer maps have been included in

Appendix A.

2.2 FLOODING HISTORY IN THE CATCHMENT

A large number of locations along the River Suir have experienced or are under threat of
flooding with the lower reaches of the river from Cahir to the Suir estuary at Waterford
particularly susceptible to inundation. Towns, which have experienced flooding in the past,
include Ardfinnan, Clonmel, Carrick-on-Suir and Waterford. The river is tidally influenced to
Carrick-on-Suir and therefore for Waterford and Carrick-on- Suir there is a tidal component to

the flooding.
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Some of the larger urban areas also suffer flooding from small tributaries, as well as from the
Suir. For example, in Clonmel there is a risk of flooding from the tributaries of the Boulic and

Frenchman entering from the north, and the Auk and Whitening entering from the south.

In addition, several towns along the main tributaries of the Suir have experienced flooding -
Tipperary on the Ara, Clogheen on the Duag, Fethard on the Clashawley, Piltown on the Pil,

Portlaw on the Clodiagh, and Templemore on the Mall.

Figure 2-2 shows the locations of historic flood events as recorded on OPW's Flood Hazard
Mapping Website (www.floodmaps.ie). It also shows the locations of OPW funded flood relief
schemes, some of which are proposed (Templemore), some of which are currently under

construction (Clonmel and Waterford) and some of which are complete (Carrick-on-Suir).

Historic flooding events experienced by some of the larger urban areas within the Suir

catchment are discussed further in the following section.
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Figure 2-2: - Suir AFAs, Flood Relief Schemes andr  ecorded historical flood locations
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2.2.1 Waterford

In 2009, flooding occurred along the Tramore Road and the Quays.

The city was also impacted on the 27th of October 2004, where an estimated 1 in 40-year
return period (2.5% AEP) flood event occurred due to a number of combining factors including;
high spring tides, strong southeasterly winds and persistent heavy rain. The flood event
caused problems in the following areas of the city: The Quay, Tramore Road, Poleberry,

Newtown Road, Waterside, Bath St Link Road and Tramore Road/lvory Lodge.

The Waterford City Flood Alleviation Scheme was started in May 2011. The flood relief system
comprises over 1km of glass floodwall along the south quays of the River Suir and masonry
walls and earth embankments on John’s River to Hardy’s Bridge. The scheme is designed to
protect against a 200yr flood in tidal areas and a 100yr flood for areas above the tidal zone.
The final phases of the scheme which include work on the River Suir downstream of its
confluence with John’s River and on both banks of John’s River to upstream of the Tramore

Road roundabout have been completed.

2.2.2 Carrick-On-Suir

Peak water levels on the Suir at Carrick-on-Suir are a result of a combination of high tide and
fluvial events. Reliable tidal water level records are available from gauge 16062, from 1972 to

the present day.

The flood level of January 1996 is the highest on record at 3.205m OD Malin while the peak
water level of March 1995 was 2.095m OD Malin, a level difference of 1.11 metres. This level
difference is almost entirely attributable to a surge tide in January 1996, which was 0.9m
above the predicted High Spring Tide. The rest of the difference is partially attributed to a
difference in river flow but more significantly to the strong southeasterly wind effect, which
caused the surge tide to increase in height by the time it reached Carrick-on-Suir, which is

approximately 25km inland from the coast.

In 2003, flood protection walls were constructed along the channel of the Suir and its tributary
of the Glen River to address the tidal and fluvial flood risk in this area. Some flooding occurred
in Nov 2009, the extent of which is shown in Figure 2-3. This was generated from aerial
photography taken one day after the event. The effect of the flood retaining walls through the

town is clearly evident in the absence of floodwaters from the urban centre.
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Figure 2-3: - Generated November 2009 flood extent
2.2.3 Clonmel

Upstream of Carrick-on-Suir is the town of Clonmel. The 1996 Clonmel Borough Council
report, “Floodings of Years Past Clonmel and its Environs: Period from 1924 — 1995,” collates
accounts of flooding predating the gauge record. The OPW Flood Information Press Search
contained flood accounts from 1916 in addition to the events considered in the above report. A

summary of some of these events is presented in Table 2-1.
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Table 2-1: - Summary of some of the flood events in Clonmel

Event Impact Level
Old Bridge flooded. Quays. Sarsfield St as far as Bank
Lane, Boat St, Dungarvan St, O Connell Terr, Abbey St
near the convent, half of Dowd’s Lane & Nelson St, all of
Wellington St, Prince Edwards Place (Dr Crokes Place), “Almost 50 years since Old
Cordangan Bridge water mains smashed. Bridge was so significantly
November “We learn from an old survey of Ireland, unprinted, flooded”
1916 however, till 1806, that the notable characteristics of
Clonmel were its ‘4 cross streets’ and ‘bridge of 20 arches’. Exceeded normal level at
That bridge was of course, what we know now as the Old Gashouse Br by 12ft.
Bridge. At present there are only 8 arches of the Old
Bridge chain of bridges in operation and we believe, 12 are
blind”
9 Jf\;;:\ry Quays flooded, Old Br road flooded
Boulic Stream flooded streets to a depth of ‘some feet’ in
east of the town (including barracks). Mechanism quoted
15 January . s i
1925 as choking’ in its passage under _th_e military barracks.
Suir flooded all outlying fields. Christian Brothers’ school
closed due to the flooding.
1941 “Many Streets Flooded”
10 August | Old Bridge, Roaring Spring Rd, Glenegad Rd, Dungarvan | “Worst in 50 years” / “Worst
1946 Rd. Dr Croke Place, Anglesea St, Raheen Rd, Parnell St, since 1931”
Irishtown, The Mall, Waterford Rd @ Gashouse Br
Buolic & Auk Streams flooded. “Worst since 1924 / 1931"
Glenconnor railway embankment damage; Heywood Rd/ | Old Bridge: “Several houses
19 March Cashel Rd: walls knocked down; Dr Croke Place, Davis which had not in living
1947 Rd, The Mall, Military Barrcks, Parnell St, Ritz cinema, memory been flooded were
O’Rahilly Ave, Ard na Greine, Sheehy Terrace, King St 2ft invaded by the raging
deep. torrent”
6 Flooded: Old Bridge, Vocational School The Mall, Dr Croke Within 3" of 1926 floods
December Place. 4ft deep on the Quays past the Moorways and about the same as
1960 ' 1947"
21 Flooded: The Quays, Presentation Convent, Dr Croke
December Place, Old Bridge, Technical School The Mall. “Worst in 20 years”
1968 Road several feet deep at Two Mile Bridge over the Anner.
29 Oct Clonmel Restaurant “Blame James” closed by flood
1988 damage.
“Worst since 1954” (sic —
NB, no flooding noted in
Suir rose over the towns 3 bridges and flooded much of the 1954 — this is probably a
8 Feb 1990
town. reference to the gauge
record, which started in
Sept 1953)
Floodwater was over the roofs of cars on the Quays.
17 Flooded: The Quays, Sarsfield St, Waterford Road,
February Gortnafleur, Dog Track Davis Road, Old Bridge, Spring “Worse than 1968"
1990 Gardens, Anglesea Street, Dr. Croke Place, O'Connell
Terrace.

The December 1968 flood in Clonmel was the worst in 20 years, but was surpassed by the

flood in February 1990.
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The town of Clonmel suffered severe flooding during November 2000; peak flood levels came
within 70mm of the highest recorded level of the 20th Century (1946) and surpassed the more
recent severe floods of 1996 and 1997, by over 25mm.The initial flooding occurred due to the
overflowing of the Auk, the Whitening and Buolic stream (all tributaries) and was followed by
the Suir itself throughout the following two days. Over two hundred properties were seriously
damaged, with a further 60 properties affected. Over 40 households were evacuated. The
entire Old Bridge section of Clonmel was closed to traffic, along with the Dungarvan Road,
Waterford Road, Rasheen Road, the Quays, all three bridges and various other streets

throughout the town. Flood events also occurred in 2004 and 2008.

Figure 2-4: - Flooding on Convent Road Figure 2-5: - Flooding Quay Street (2008)
(2004)
Figure 2-6: - Flood flows (2008) Figure 2-7: - Flooding Quay Street (2008)

In 2009 Clonmel was particularly affected by the flood event within the Suir Catchment. Figure
2-8 shows the flood extent generated from aerial photograph taken approximately one day

after the flood event.
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Figure 2-8: - Generated November 2009 flood extent

The flooding problem on the River Suir in Clonmel has been under investigation by the OPW
and its Engineering consultants, E. G. Pettit & Co., since 1997. The OPW previously exhibited
proposals to deal with the problem in December 2001/January 2002. Those proposals
included the construction of embankments and walls, replacement of 2 bridges and re-grading
of the channel for 4km. Following concerns raised about the possibility of there being
contaminated material in the riverbed, (which might have proved very costly to remove and
could have had major environmental implications), OPW decided to re-examine the scheme.
Because of major developments in the use of demountable flood defences, it has been

possible to re-design the scheme offering a greater degree of protection.

2.2.4 Ardfinnan

Ardfinnan is a small village approximately 15km upstream of Clonmel. An earth flood
embankment has been constructed on the right bank of the Suir in the village to protect the
public road, and residential and commercial buildings. In November 2000 the village was
flooded when the Suir overflowed its banks for a distance of 50km, from Carrick-on-Suir to
Cahir. The bridge over the Suir was impassable at Ardfinnan. The village suffered a further

flooding event in November 2009.
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In 2011 a further allocation of funds was made to South Tipperary County Council under the

OPW'’s Minor Flood Mitigation Works Scheme for further works to be carried out in Ardfinnan.

2.2.5 Templemore

The town of Templemore is the most northerly town in the Catchment. This town situated on
the Mall River has experienced a number of flooding events. The OPW currently has a flood

relief scheme proposed for the town.

2.2.6 Piltown

Piltown, Co. Kilkenny has a history of flooding. This town is situated on the Pil River, which
enters the tidal reach of the Suir just upstream of Waterford City. The main flooding area is
located in the centre of the village, where the two tributaries of the Pil meet. It is estimated
from Kilkenny County Council’s records and from local interviews that the Pil River on average

bursts its banks ten times per year.

The town has been inundated by floodwaters on four occasions over the last decade, including
a major flood in November 2000. In 2003, the OPW was requested to investigate the problem.
A preliminary assessment was subsequently undertaken which recommended that a pre-

feasibility study be instigated. This was initiated in 2004 and completed in September of 2006.
2.2.7 Fethard

Abbey Street in Fethard floods periodically. The 2004 flood was apparently the worst since
1947.

2.2.8 Coastal Flooding

The Irish Coastal Protection Strategy Study (ICPSS) has produced costal flood depth and
coastal flood extent maps for the Waterford coastline and these maps are included as

Appendix B of this report.
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3 DATA COLLECTION

3.1 INTRODUCTION

A significant amount of data was collected to provide the basis for the Suir CFRAM Study
hydrological assessment. The data collected ranges from recorded rainfall and flow records in
the catchment to anecdotal evidence of historic flood events and detailed GIS layers of land

use within the catchment. The collected data can be grouped under the following headings:

Topographical Data

Hydrometric Data

Tidal Data

Mapping Data

Historic Data

This section provides a summary of the data collected for the hydrological analysis. This data
was received in a number of different formats, which included AutoCAD, MIKE and ISIS. GIS
has been used for the spatial representation of a range of data sets, data storage, analysis,

management, calculation and graphical display.
3.2 TOPOGRAPHICAL DATA
3.2.1 Floodplain DTMs

The Digital Terrain Model (DTM) of the flood plain is a bare earth model of the ground where
all the buildings and vegetation are digitally removed. The DTM has a 2m grid resolution and
will be used in the development of the 2D hydraulic models. The DTM was generated from
Light Detection and Ranging (LIDAR), which was commissioned by the OPW from a

Framework Contractor, Terra Imaging.

The selected areas, which mainly consisted of AFAs and connecting water channels (see
Figure 3-1), were flown in the summer of 2008 and final deliverables were received in Jan

2009. The flowing survey data was received: -

10m, 5m, and 2m DTMs

2m Digital Elevation Model (DEM) —includes raised surfaces e.g. buildings and

vegetation
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Figure 3-1: - Map of LIDAR areas
3.2.2 Orthophotography

Blom Aerofilms were commissioned by the OPW to provide ortho-corrected aerial photography
for the designated areas that again mainly consisted of the AFAs. This was delivered in

August 2009. This aerial photography has a resolution of approximately 20cm.

3.2.3 Channel and Cross-Section Survey

In the early 1960’s as part of the proposed Arterial Drainage Scheme the OPW undertook an
extensive survey of the catchment. This scheme did not proceed due to a variety of reasons
beyond the control of the OPW. This data was checked for accuracy by comparing with a
number of new spot surveys throughout the catchment. The data was deemed fit for purpose.
This data will be used to model the water channels between AFAs and to supplement newer
survey works discussed below. A map of the available 1960’s survey data is presented as

Figure 3-2.

Appendix J outlines details of checks undertaken on this data and how any discrepancies were

rectified.
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Figure 3-2: - Map of OPW 1960s Survey Data
3.2.4 Defence Asset Database

As part of the Suir CFRAM study and following consultation with the Suir CFRAM local
authorities a number of AFA flood defence structures were identified. A visual condition and a
geometric survey was undertaken of these defences and the data recorded in the National

Flood Defence Asset Database.

3.3 METEOROLOGICAL DATA

See Chapter 4

3.4 HYDROMETRIC DATA

See Chapter 5

3.5 TIDAL DATA

The tidal influence on the river Suir is considered to extend to the weir just upstream of Old

Bridge in Carrick-on-Suir.

In the Suir catchment there are a number of tidal and semi-tidal gauges as listed in Table 3-1.
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Table 3-1: -  List of Tidal and Semi-Tidal Gauges in  the Suir Catchment
Station . Record
No Waterbody Location Operator Type length
(years)
16061 Suir Estuary Fiddown OPW Tidal 42
16062 Suir Estuary Carrick-on-Suir OoPW Tidal 37
16065 Waterford Great Island ESB Tidal 42
Harbour
16125 pil Piltown oPW Semi 10
Tidal
16115 | John's River Waterford OPW Semi 9
Tidal
16128 John’s River Waterford OoPW S§m| 9
Tidal
16129 |  John's River Waterford OPW Semi 9
Tidal
16135 John’s River Waterford OoPW S§m| 9
Tidal
16160 Suir Waterford OPW Tidal 10
(Adelphi Quay)
. Port of .
Suir Waterford Waterford Tidal

Semi Tidal gauges are those which are influenced by a tidal element when coastal water levels

are sufficiently high.

Tidal records have been sourced from the OPW, ESB and the Port of Waterford for these

gauges. Data has also been provided by the Irish Costal Protection Strategy Study (ICPSS),

which is currently being undertaken by the OPW as a separate project.

This tidal data will be used to establish realistic tidal boundary conditions for the hydraulic

modelling of the tidally influenced sections of the Suir Catchment.
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3.6 HYDRO-GEOMORPHOLOGICAL REVIEW
3.6.1 Introduction

Natural processes such as erosion and sedimentation along with drainage patterns influence
the response of a river system. Soil and rock from the riverbed and channel are broken down
by erosion and the sediment is transported downstream. The response is also influenced by
physical modifications made for water supply, navigation, flood protection, hydropower,
aquaculture and land drainage. Such modifications need to be considered and incorporated in

the development of accurate hydraulic models.

3.6.2 Natural Processes

The natural processes, which influence the morphology of a river, are erosion, transportation
and sedimentation. Erosion is a hydraulic action and is derived from the energy of running
water. Gravel transported by running water scours the channel and removes sediment from
the riverbed. Erosion makes a channel broader and deeper. The greater the water velocity, the
more capacity a river has for transporting sediment load. The principle drivers for these
processes are topography and the nature of the surrounding soils and/or riverbed material.
Steep channels will have a higher velocity than shallower channels. Surrounding soils and/or
riverbed materials that are light such as gravel and sands will be washed into channels and
transported with greater ease than heavy material such as impervious clays and rock. The
gradient of the main channel of the Suir is generally constant and flat particularly from
Ardfinnan to Waterford. (See Table 3-2 and Figure 3-3).

Table 3-2: - Gradients for sections of the Suir Cha  nnel from Thurles to Waterford
OD Malin Distance
Location Gradient %
(Metres) (metres)
Thurles 89.62 0 -
Holycross 83.08 16400 0.04
Golden 58.21 21500 0.116
Cabhir 37.06 19740 0.107
Ardfinnan 29.82 8860 0.082
Newcastle 24.77 7070 0.071
Knocklofty 17.4 9410 0.078
Clonmel 13.35 7500 0.054
Kilsheelan 7.86 8250 0.067
Carrick-on-Suir -1.16 12000 0.075
Fiddown -4.66 7300 0.048
Waterford -16.9 21600 0.057
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Figure 3-3: - Gradient of Suir Main Channel (Thurle s to Waterford)

The dendritic nature of the drainage pattern in the Suir Catchment can be seen from Figure
3-4. Dendritic drainage systems (from Greek , dendrites, "of or pertaining to a tree")
are the most common forms of drainage systems. In a dendritic system, there are many
contributing streams (analogous to the twigs of a tree), which are then joined together into the
tributaries of the main river (the branches and the trunk of the tree, respectively). They develop
where the river channel follows the slope of the terrain. Dendritic systems form in V-Shaped
valleys. This pattern is typical of a drainage basin that is composed of fairly homogenous rock
without control by the underlying geologic structure. This would indicate a general lack of

material for transportation and sedimentation.
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However, experience on the ground has indicated that the reach of the Suir channel between
Thurles and Holycross, which has an average gradient of 0.04%, has a lot of deposited

sediment.

Figure 3-4: - The Dendritic Drainage Pattern of the  Suir Catchment.
3.6.3 Physical Modifications

There are a number of physical modifications that require consideration when modelling the

catchment. Some of these are discussed below:

Water supply,

The Suir has a long industrial history with a number of weirs and sluices constructed to supply
water for mills. A very good example of such a structure is located at the bridge in Cabhir.

Topographical surveys of these structures will be incorporated into each hydraulic model.

The Suir catchment has very few lakes. In fact, the biggest lake, the Knockaderry Reservoir in
County Waterford, is less than 30 hectares. A small lake is located in the town of Templemore
(4.9 hectares) and a second lake at Marlfield (4.5 hectares) was constructed to supply a milling

complex which is now disused.
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Navigation,

There has been a long history of navigation on the Suir, which at one time had extended up to
Carrick-on-Suir. However navigation is now mainly confined to the Port of Waterford. There

are currently no water level control structures on the Suir.

However there are proposals to restore navigation for leisure purposes up to Carrick-on-Suir
and this will need to be taken into account when considering possible flood risk options for this

reach of the Suir.

Flood protection,

No arterial flood drainage schemes have been undertaken in the Suir Catchment. However
there are a number of urban flood relief schemes either completed, under construction or

proposed for the catchment. Theses are listed in Table 3-3.

Table 3-3: -  Urban Flood Relief schemes in catchmen t
Location Status Type
Templemore Proposed Flood Relief Culvert on Mall River
Clonmel Completed Retaining Walls and Demountable Flood

Barriers on Suir, Auk, Whitening

Carrick-on-Suir Completed RC Retaining Walls on Suir and Glen
Rivers
Waterford Completed Glass Walls on Quays, RC walls on Johns
River
Hydropower

There are no large-scale hydroelectric dams on the Suir catchment. There is a small scale

hydroelectric plant located on the Nier River in Ballymacarbry

Aquaculture

There are no significant aquaculture activities on the Suir that need to be considered as part of

the Suir morphology.

Reeds from the Pil River at Piltown were historically used to supply the basket weaving
industry at Carrick-on-Suir. When this activity ceased the reeds at Piltown were not harvested

and grew unchecked for a number years and hinder flow in the channel.
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Land drainage.

The Land Commission undertook a number of land drainage projects in the Suir catchment.
These works were generally confined to the tidal section of the Suir and Clodiagh River
(Portlaw). These types of works involved the construction of land embankment, sluices and

drainage channels

John’s River and the Lisduggan stream in Waterford historically drained an area known as the
Kilbarry Marches. This area has been drained and is currently used for commercial

development.

A map showing the location of the Land Commission embankments is presented as Figure 3-5

below.

Figure 3-5: - Land Commission embankments in the Su  ir Catchment.
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4 METEOROLOGICAL DATA REVIEW

4.1 INTRODUCTION

Recorded meteorological data from rain gauges in and around the Suir catchment was made
available from two sources: OPW and Met Eireann. Relevant radar rainfall was also available
from Met Eireann, as the higher temporal data resolution offered by this dataset would be

beneficial in generating rainfall profiles in different locations across the Suir catchment.
4.2 DATA REVIEW

4.2.1 Met Synoptic Eireann Stations

At synoptic stations a number of different meteorological parameters are collected at hourly
intervals. Met Eireann operate fifteen synoptic stations, which are listed in Table 4-1 and

shown in Figure 4-2.

Table 4-1: -  Locations of Met Eireann synoptic stat  ions
Station Name Easting (IG) Northing (1G) EIevatIiVIoglingD)
Valentia Observatory 45702.509 78721.490 11
Shannon Airport 137972.053 160256.202 6
Dublin Airport 316983.085 243380.774 71
Malin Head 241963.292 458585.761 22
Roche's Point SWS 183183.781 60049.648 43
Belmullet 69165.254 332842.345 11
Clones 250103.623 326307.451 89
Rosslare 313779.773 112173.700 26
Claremorris 134587.313 273929.641 71
Mullingar Il 242335.756 254308.858 104
Kilkenny 249476.982 157329.490 66
Casement Aerodrome 304116.721 229472.733 94
Cork Airport 166549.932 66160.104 154
Birr 207400.744 204381.832 73
Knock Airport 146305.556 295920.509 205
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Figure 4-1: - Map of Met Eireann Synoptic Stations,  Suir Catchment outlined in green.

There are 6 synoptic stations in the vicinity of the Suir Catchment, which are listed in Table
4-2. Records from these six stations will be used for calibrating the hydrology and hydraulics of
the Suir CFRAM Study. All of these stations except Cork Airport have records dating back to
the first calibration event (1960). Table 4-2 outlines the data available at these stations for

each of the calibration events.
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Table 4-2: -  Met Eireann synoptic stations to be us  ed for the Suir CFRAM Study
Station Name Stn No. Opened Elevation (mOD)
Kilkenny 1308360 1957 66
Roche's Point 401100 1877 43
Cork Airport 401390 1961 154
Shannon Airport 1806050 1937 6
Birr 1912490 1954 73
Rosslare 1507260 1956 26

4.2.2

Met Eireann Non-Synoptic Stations

There are a significant number of non-synoptic rain gauge stations located in and around the

Suir catchment which record daily rainfall totals at 09:00 UTC each day. UTC is known as

coordinated universal time and is used to avoid confusion around time zones and daylight

savings. These non-synoptic stations are listed in Table 4-3 and their locations shown in

Figure 4-2. Rainfall readings from these gauges are considered to be accurate to within 5%

(Met Eireann, 2010). Table 4-3 also presents details of the gauge records that are available for

each calibration event. Calibration is discussed in further detail in Chapter 6 of this report.

Table 4-3: - Rain gauge stations used for the Suir ~ CFRAMSs
Station Year Year Data Available for Calibration Event
) River
Station Name
Catchment 2008 In-
Ref Opened | Closed 1968 | 1990 | 2000 | 2004 | 2009
Bank
707 BELLE LAKE (FILTER BELLE LAKE 1957 NA
STN.)
908 DUNCANNON ON COAST 1994 NA
CAPPOQUIN
1106 (MT.MELLERAY) MONAVAUGA | 1944 NA
FENOR
1107 (ISLANDTARSNEY) ON COAST 1981 NA
TRAMORE ON COAST-
1207 (KNOCKANDUFF) TRAMORE BAY 1981 NA
WATERFORD
1307 AIRPORT ON COAST 1982 NA
KILMACTHOMAS STREAM-
1507 (GRAIGUERUSH) MAHON 1985 NA
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Station Year Year Data Available for Calibration Event
River
Station Name
Catchment 2008 In-
Ref Opened | Closed 1968 1990 2000 2004 | 2009
Bank
BROWNSTOWN HEAD
1707 DUNMORE EAST COASTAL 1986 NA
KNOCKADERRY
1712 RESV.NO.1 SUIR 1886 NA
1812 WATERFORD (TYCOR) SUIR 1886 NA
KNOCKADERRY
1912 RESV.NO.2 SUIR 1905 1990
CASHEL
2012 (BALLINAMONA) SUIR 1910 NA
CLONMEL
2112 (BALLINGARRANE) SUIR 1936 2000
MOONCOIN
2312 (VOC.SCH.) SUIR 1939 1994
2412 CASHEL (C.B.S.) SUIR 1940 1988
2712 TEMPLETUOHY G.S. SUIR 1943 1980
SLIEVE BLOOM MTNS. TONET-
3513 (NEALSTOWN) DELOUR 1953 NA
FERMOY (MOORE FUNSHION-
3606 PARK) BLACKWATER | 1961 NA
3612 BALLYM(';\%ARBERY NIER 1943 NA
3712 KILSHEELAN G.S. SUIR 1943 1985
3812 NEW INN G.S. SUIR 1944 1997
CAMOGE-
4111 HOSPITAL (VOC.SCH.) MAIGUE 1957 NA
DRANGAN DRANGAN-
4112 (MOANVURRIN) ANNER 1962 NA
CALLAN KILBRIDE-
4113 (MOONARCHE) KINGS R. 1978 NA
PARKNAHOWN
4213 CULLAHILL GOUL-NORE 1981 NA
STREAM-
TULLAROAN
4413 MUNSTER 1984 NA
(BALLYBEAGH) KINGS
JOHN F. KENNEDY
4514 PARK BARROW 1965 NA
4612 CAHIR (VOC.SCH.) SUIR 1951 NA
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Station Year Year Data Available for Calibration Event
River
Station Name
Catchment 2008 In-
Ref Opened | Closed | 1968 | 1990 | 2000 | 2004 | 2009
Bank
THURLES (SUGAR
4712 EACTORY) SUIR 1952 | 1985
4812 CAHIR PARK SUIR 1953 | 1980
CALLAN STREAM-
4813 (MALLARDSTOWN) | KING'S RIVER | 1990 NA
SILVERMINES MTNS.
4819 (CURREENY) MULKEAR | 1953 NA
THOMASTOWN (MT.
4913 oLen NORE 1990 NA
BANSHA (AHERLOW | STREAM-
5012 W.W.) AHERLOW | 1990 NA
WATERFORD
5112 (FATHLEGG HSE ) SUIR 1956 | 1970
BALLACOLLA
5213 (FARREN 110USE) | RIVERGULLY | 1006 NA
5306 MOUNT RUSSELL GRAIGUE | 1984 NA
GALTEE MOUNTAINS
5406 SKEHEENARINKY | FUNSCHION | 1984 NA
ITTYCHRAAN
FINISK-
5506 |BALLINAMULT (DOON)| 5 JohiSK™ | 1984 NA
CLONMEL
5512 | (oEDMONDSTOWN) ANNER 1962 NA
5714 NEW ROSS W.W. BARROW | 1985 NA
NENAGH (CONNOLLY
5819 SARR) NENAGH 1971 NA
PILTOWN (KILDALTON
5912 AGR COLL) PIL 1971 NA
6114 | POLLMOUNTY FISH | o5 | viounTY | 1987 NA
FARM
ROSCREA (NEW STREAM-
6119 ROAD) A 1984 NA
6412 CAHIR PARK Il SUIR 1980 NA
6419  |COOGA LOWER DOON|STREAM-DEAD| 44, NA
RIVER
6512 DUNDRUM (STOOK |y TEEN-SUIR| 1981 NA
W)
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Station Year Year Data Available for Calibration Event
River
Station Name
Catchment 2008 In-
Ref Opened | Closed 1968 1990 2000 2004 | 2009
Bank
STREAM
6712 LITTLETON Il B. NA M. BALLYBEG- 1982 NA
SUIR
LIMERICK JUNCTION STREAM-
6719 (SOLOHEAD) POPES RIVER 1996 NA
6812 CARRICK-ON-SUIR [l SUIR 1983 NA
GRAIGUENAMANAGH
6814 (BALLYOGAN HOUSE) BARROW 2001 NA
STREAM-
MULLINAVAT
6912 (GLENDONNELL) BLACé(L\J/\IIQTER— 1984 NA
FETHARD STREAM-
[ (PARSONSHILL) ANNER 1984 NA
CAPPOQUIN (MT
7612 MELLERAY) BLACKWATER 1988
TEMPLEMORE (OUR
7712 LADY'S) SUIR 1991 1999
MITCHELSTOWMN
7806 (CORK STREET) FUNSHION 2000 NA
MOONCOIN
7912 (CLONMORE) SUIR 1993 1994
MITCHELSTOWN STREAM-
8206 (GLENATLUCKEY) | FUNSHION | 2001 NA
8212 PORTLAW-MAYFIELD | CLODIAGH- 1994 NA
1] SUIR
8306 SHANBALLYMORE AWBEG 2002 NA
CASHEL
8312 (CASTLEBLAKE) MOYLE-SUIR 1998 NA
FAITHLEGG (GOLF
8512 CLUB) SUIR 1998 NA
ARDFINNAN
8612 (GARRYDUFF) SUIR 1998 NA
THURLES
8712 RACECOURSE SUIR 1999 NA
8812 SLIEVENAMON G.C. MOYLE 1999 NA
M. THOMASTOWN
9813 FOREST NORE 1995 NA
9906 M.MALLOW FOREST | CASTLEPOOK 1995 NA
= Data Available
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Figure 4-2: - Rain Gauges for the Suir Catchment
4.2.3 Radar

In addition to rain gauge data, radar information was also obtained from Met Eireann. This has
a temporal resolution of 15 minutes, and a spatial resolution varying between 1 and 5km
depending on the distance from the radar station. Although the quality of the radar data is not
sufficient to act as a source for calibration, it has a higher temporal resolution than many of the
rain gauge records across the catchment. It was therefore requested in order to determine if
rainfall profiles from radar could be applied to gauge data for gauges with less frequent rainfall

records.

Unfortunately the data was only available in image form, and therefore it was only possible to
use the radar records to track the movement of the storms across the catchment. No radar

data could be used to generate rainfall profiles or event totals.
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5 GAUGING STATION RATING REVIEW

5.1 INTRODUCTION

A River Gauge Review Report was prepared as part of the Suir CFRAM Study and is

summarised here.

5.1.1 Hydrometric Gauges in the Catchment

The Suir Catchment comprises all of hydrometric area 16 and has an area of approximately
3,545 km?. The EPA Hydrometric Register 2007 has 94 hydrometric gauges listed for the Suir

Catchment. This list is inclusive of staff gauges and automatic recording stations.

Figure 5-1, Figure 5-2 and Figure 5-3 below are maps of the gauges in the catchment. The
source of these is the EPA register of Hydrometric Gauging Stations in Ireland. In Figure 5-1
AFAs are shown in red, Figure 5-2 gauges are colour coded by gauge type and in Figure 5-3

gauges are colour coded by owner/operating authority.

Figure 5-1: - All Hydrometric Gauges
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Figure 5-2: - Hydrometric Gauges colour coded by ga  uge type.

Figure 5-3: - Hydrometric Gauges colour coded by ow  ner / operating authority
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There are 28 active flow gauges in the Suir Catchment (see Table 5-1) that record flow at 15

minutes intervals using loggers. Nine of theses have digitised records that are a little over 50

years in length, Seven are on the Suir, distributed from the upper reaches to near the tidal limit

at Carrick-on-Suir.

Table 5-1: -  List of Active flow recording gaugesi  n the Suir Catchment

Station No. Waterbody Location Operator Record length (years)
16001 Drish Athlummon oPW 54
16002 Suir Beakstown OPW 56
16003 Clodiagh Rathkennan OPW 56
16004 Suir Thurles oPW 56
16005 Multeen Aughnagross OPW 56
16006 Multeen Ballinclough OoPW 54
16007 Aherlow Killardry OPW 56
16008 Suir New Bridge OoPW 56
16009 Suir Cahir Park OPW 57
16010 Anner Anner OPW 56
16011 Suir Clonmel oPW 71
16012 Tar Tar Bridge OPW 46
16013 Nier Fourmilewater oPW 46
16014 Blackwater Scart Kilkenny CC 10
16020 Clodiagh Portlaw Waterford CC 35
16028 Suir Ballycarrane (end 24/10/07) | Tipp Nr CC 30
16037 Suir Knocknageragh Tipp Nr CC 31
16045 Dawn Ballyshonock Reservoir. Waterford 7
16047 Ara Carrowclogh Tipp South CC 6
16051 Rossestown Clobanna oPW 19
16116 Clashawley Moneypark Tipp South CC 7
16120 Anner Ballynacloghy Tipp South CC 9
16121 Anner Ballycullin Tipp South CC 9
16134 Thonoge Ballylooby Tipp South CC 4
16136 Mall Small Bridge, Templemore OoPW 8
16137 Suir Newcastle OPW 4
16138 Ballydonagh Suir OoPW 4

16139 Suir Knocklofty OPW 5
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In addition to the above gauges there are ten tidal / semi-tidal gauges in the catchment and

these are listed in Table 5-2.

Table 5-2: - List of Tidal /Semi-Tidal gauges inth e Suir Catchment

) Record
Station ]
N Waterbody Location Operator Type length
0]
(years)
16061 Suir Estuary Fiddown OPW Tidal 42
16062 Suir Estuary Carrick-on-Suir OoPW Tidal 37
16065 Waterford Harbour Great Island ESB Tidal 42
16125 Pil Piltown oPW Semi Tidal 10
16115 John'’s River Waterford oPW Semi Tidal 9
16128 John’s River Waterford OoPW Semi Tidal 9
16129 John’s River Waterford OoPW Semi Tidal 9
16135 John'’s River Waterford oPW Semi Tidal 9
) Waterford )
16160 Suir ] oPW Tidal 10
(Adelphi Quay)
. Port of .
Suir Waterford Waterford Tidal

5.1.2 Clonmel Flood Warning System

The town of Clonmel currently has a flood warning system, which uses flow data from a
network of eight gauges. The location and details of these gauges are shown in Figure 5-4 and
Table 5-3.
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Figure 5-4: - Location of Gauges used for Clonmel F

lood Warning system

Table 5-3: - Details of eight gauges used for Clonm el Flood Warning System

No. Gauge Reference Gauge Name River

1 16007 Killardry Bridge Aherlow

2 16008 New Bridge Suir

3 16009 Cahir Park Suir

4 16012 Tar Bridge Tar

5 16013 Four Mile Water Nier

6 16137 Newcastle Bridge Suir

7 16138 Ballydonagh Suir

8 16139 Knocklofty Bridge Suir

These eight gauges were selected for rating curve extension based on the

rating data

available and gauge performance. Using the available information, all these gauges were

assigned a low confidence level for out-of-bank high flows.
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As these gauges could provide useful flow data for the Suir CFRAM Study it was decided to
review the data from them and to model them using hydraulic models in order to have

confidence in flows generated by extension of their respective rating curves.

In June 2007, as part of the Suir CFRAM Study a Channel and Structure Cross Section Survey
(CSCS Survey) was undertaken at the sites of these eight gauges and, where required, this
survey data was extended using survey data from OPW records. The cross sections were
surveyed at regular intervals and extended over-bank to allow for tie-in to the floodplain Digital
Terrain Model (DTM). All the structures were surveyed in sufficient detail to allow accurate

representation in the hydraulic models.

For the eight gauges listed in Table 5-3, hydraulic models were developed using the CSCS
survey data to enable extrapolation of rating curves. For seven of these gauges 1D models

were constructed with a 2D model constructed for the gauge at Cahir Park.

5.1.3 National Review

The OPW, as part of the Flood Study Update (FSU) project, commissioned Hydro-Logic Ltd to
undertake a review, and where appropriate amend high flow ratings for gauging stations in the

Republic of Ireland.

In addition, the annual maxima (Anax) series and median annual flood estimates QMED were
produced by Hydro Logic Ltd. for all the gauging stations that had ratings considered to be
capable of producing high flow data of a sufficient level of quality. The results of this review for

the gauges in the Suir Catchment are presented in Table 5-4.

Table 5-4: - Summary of Hydro-Logic Ltd review of g auges in the Suir Catchment

Szl Station Name | River Name Ga“9".‘9 Classification Key*
Number Authority
Athlummon (post .
16001 14/02/1972) Drish OPW A2
Athlummon (pre .
16001 14/02/1972) Drish OPW B
16002 Beakstown Suir oPW A2
Rathkennan (pre .
16003 Weir 01/08/1978) Clodiagh OoPW A2
16003 Rathkennan (post Clodiagh oPW A2
Weir 01/08/1978)
Thurles (pre .
16004 28/02/66) Suir OPW A2
Thurles (post .
16004 28/02/66) Suir OPW A2
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16005 Aughnagross Multeen OoPW A2
16006 Ballinclough Multeen OPW B
Killardry (pre
16007 01/10/1972) Aherlow OoPW B
Killardry (post
16007 01/10/1972) Aherlow OPW B
16008 New Bridge Suir OPW A2
16009 Cahir Park Suir OoPW A2
16010 Anner Anner OPW C
16011 Clonmel Suir OPW Al
Tar Bridge (pre
16012 18/2/72) Tar OPW A2
Tar Bridge (post
16012 18/5/77) Tar OPW B
Tar Bridge (18/2/72-
16012 18/5/77) Tar OoPW Unusable for FSU
Fourmilewater (post .
16013 08/02/1972) Nier OPW B
Fourmilewater (pre .
16013 08/02/1972) Nier OoPW Unusable for FSU
16014 Scart Blackwater EPA Unusable for FSU
16020 Portlaw Clodiagh EPA Unusable for FSU
16051 Clobanna Rossestown OPW B

* Explanation of Classification Key

Al sites — Confirmed ratings good for flood flows well above Q,eq With the highest gauged flow
greater than 1.3Qnes and/or with a good confidence of extrapolation up to 2 times Qmed,
bankfull or, using suitable survey data, including flows across the flood plain. The text shown
above is what was included in the FSU report on station classifications. It effectively means

that spot gauging were taken when out of bank flow was occurring.

A2 sites — Ratings confirmed to measure Qs and up to around 1.3 times the flow above Qeq.

Would have at least one gauging to confirm and have a good confidence in the extrapolation.

B sites — Flows can be determined up to Qmeq With confidence. Some high flow gaugings must
be around the Qneq Value. Suitable for flows up to Qmes. These were sites where the flows and
the rating was well defined up to Qneq i.€. the highest gauged flow was at least equal to or very
close to Qmeq, Say at least 0.95Qneq and no significant change in channel geometry was known

to occur at or about the corresponding stage.

C sites - possible for extrapolation up to Qmeq. These are sites where there was a well-defined

rating up to say at least 0.8 X Qmed
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5.1.4 Review of Gauge Records

For all active hydrometric gauges in the Suir catchment a review of available flow data was
undertaken. Full details of the gauge review process are contained in the Suir CFRAM Study
River Gauge Review Summary Report. Table 5-5 summaries the outcome of this review with

more detail on each gauge provided in the following sections.

Table 5-5: - Summary of gauge review.

. . . National - :
Station Station . Gauging : Recommendation for Suir
River Name . Review
Number Name Authority PN CFRAMs
Classification
Athlummon
16001 (Post Drish OPW A2 ,
14/02/1972) Data from 14/02/72 of required
AT P quality.
ummon (Pre .
16001 14/02/1972) Drish OoPW B
. Data of required quality for
16002 Beakstown Suir OoPW A2 Suir CFRAM study.
Rathkennan (Pre
16003 Weir Clodiagh OoPW A2
01/08/1978) Data of required quality for
Rathkennan Suir CFRAM study.
16003 (Post Weir Clodiagh OoPW A2
01/08/1978)
Thurles (Pre .
16004 Suir OoPW A2
28/02/66) Data of required quality for
Thurles (Post ) Suir CFRAM study.
16004 28/02/66) Suir OoPW A2
Data of required quality for
16005 Aughnagross Multeen OoPW A2 Suir CFRAM study.
No survey data, existing rating
16006 Ballinclough Multeen oPW B up to Qmed can be used for
study
16007 | Killardry (pre Aherlow oPW B S d ilable. 1D
01/10/1972) UI’VEY ata avgl aple, .
Killardry ( hydraulic modelling possible
lllardry (post for rating curve extension.
16007 01/10/1972) Aherlow OoPW B
Survey data available, 1D
16008 New Bridge Suir OoPW A2 hydraulic modelling possible
for rating curve extension.
Survey and LiDAR data
available,
16009 Cahir Park Suir OoPW A2 2D hydrau”c mode”ing
possible for rating curve
extension.
16010 Anner Anner OoPW Not Useable Not Useable
. Data of required quality for
16011 Clonmel Suir OoPW Al Suir CFRAM study
Tar Bridge (pre Some data of required quality.
16012 18/2/72) Tar OPW A2 Survey data available. 1D
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. : . National 3 .
Station Station . Gauging : Recommendation for Suir
River Name . Review
Number Name Authority P CFRAMs
Classification
Tar Bridge hydraulic modelling possible.
16012 (18/2/72- Tar OoPW Not useable
18/5/77)
Tar Bridge (post
16012 18/5/77) Tar OoPW B
Fourmilewater
16013 (Post Nier OoPW B )
08/02/1972) Survey data available. 1D
= n . hydraulic modelling possible.
ourmilewater .
16013 (Pre 08/02/1972) Nier OoPW Not Useable
16014 Scart Blackwater EPA Not Useable Check confidence with EPA
16020 Portlaw Clodiagh EPA Not Useable Check confidence with EPA
16028 Ballycarrane Suir EPA Not Useable Check confidence with EPA
16037 | Knocknageragh Suir EPA Not in review Check confidence with EPA
16047 Carrowclogh Ara Tipp Sth Not in Review Discrepancy with gauge datum
— not useable
16051 Clobanna Rossestown OoPW B Reliable records
. . Not in Review Reliable tide level records from
16061 Fiddown Suir Estuary OoPW (Tidal) 1968
. . . Not in Review Reliable tide level records from
16062 Carrick-on-Suir Suir Estuary OPW (Tidal) 1972
16063 / 64, Barrow Bridge, Suir Estuary Port of New| Not in Review Unable to secure records from
Ross (Tidal) operators
. Not in Review Reliable tide level records from
16065 Great Island Suir Estuary ESB (Tidal) 1962 for ESB
16116 Moneypark Clashawley Tipp Sth Not in review Good flow records up to
bankfull stage
. . . Useful data for Mullinahone
16120 Ballynacloghy Anner Tipp Sth Not in review AFEA model
. . . . Useful data for Mullinahone
16121 Ballycullin Anner Tipp Sth Not in review AFA model
16125 Piltown Pil OoPW Not in review Good tidal records from 2002
No Suir CFRAM AFAs on
16134 Ballylooby Thonoge Tipp Sth Not in review Thonoge — use data for model
tributary inflow
16137 Nevv_castle Suir OPW Not in review Survey _data avallable_. 1D
Bridge hydraulic model possible.
16138 Ballydonagh Suir OPW Not in review Survey plata ava||ab|e.. 1D
hydraulic model possible.
16139 Knocklofty Suir OPW Not in review Survey plata ava||ab|e.. 1D
hydraulic model possible.
16115 Waterford John’s River / OPW Not in Review Levels only- records of some
(Sheep’s Bridge)|Lisduggan Stream (Tidal) use for Suir CFRAM
16128 Waterford John’s River / oPW Not in Review Levels only- records of some
(Tramore Road) |Lisduggan Stream (Tidal) use for Suir CFRAM
16129 Waterford John’s River / OPW Not in Review Levels only- records of some
(John'’s Bridge) |Lisduggan Stream (Tidal) use for Suir CFRAM
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. . . National . :
Station Station . Gauging : Recommendation for Suir
River Name . Review
Number Name Authority P CFRAMs
Classification
16135 Waterford John’s River / OPW Not in Review Levels only- records of some
(Bleach Bridge) |Lisduggan Stream (Tidal) use for Suir CFRAM
16160 Adephi Quay Suir OoPW NOt('_rllii;;”eW Good reliable tidal records.
Templemore No reliable rating curve, small
16136 (Smalls) Bridge Mall OoPW Not in review number of gaugings — limited
use for study.

5.2 ATHLUMMON 16001
For this gauge the National Review made the following recommendations: -
Data post 14/02/72 assigned A2 quality rating. Use RC6 for the period from 14/02/1972 to

date. Datum shift when metric gauge board installed. Scatter at lower end of rating due to

seasonal weed growth in channel. Current HGF at bankfull stage. Use this as limit of rating.

Data pre 14/02/72 assigned a B quality rating. Use RC1 pre 14/02/1972. Datum shift when
metric gauge board installed. Few gaugings in this period with scatter at the top end around

1m. Extrapolated limit should be 1.0m.

For the purposes of the Suir CFRAM Study it is proposed to adopt the recommendation of the

National Review.

5.3 BEAKSTOWN 16002

For the purposes of the Suir CFRAM Study it is proposed to accept the recommendations of
the National Review (i.e. well-defined high flow rating, gaugings almost up to MAF, confident in
extrapolating just beyond MAF as long as flows within bank). The MAF for this gauge is

determined as 55.49m°/s.

5.4 RATHKENNAN 16003

The National Review made the following recommendations: -

Use RC4 for period up to construction of weir (i.e. 01/08/78) with an extrapolation limit of 2.7m
(i.e. 74.85 m OD Malin)

Use RC5 for period from 01/08/78 with an extrapolation limit of 2.25m (i.e. 74.4m OD Malin).

More gaugings required to extend beyond this limit

There appears to be some backwater effects from the arched bridge 10m downstream.
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The OPW Hydrometric Section indicated that the flow data is of a poor quality and should be

used for indicative purposes only.

For the Suir CFRAM Study it is proposed to adopt the recommendations of the National Gauge

Review up to stage corresponding to 73.0 m OD Malin and to use RC6 up to bankfull stage.

5.5 THURLES 16004

For the purpose of the Suir CFRAM Study it is proposed to accept the recommendations of the

National Gauge Review, which are listed below: -

Recommend that RC11 is used for reading pre 28/02/66. Upper limit of extrapolation is 1.8m

above gauge datum. Rating extrapolation will allow site to be raised to A2.

Recommend that RC11 "winter rating" be used for these readings after 28/0266. Upper limit of
extrapolation 1.8m above gauge datum with a lower limit of 0.5m above gauge datum. Rating

extrapolation will allow site to be raised to A2.

5.6 AUGHNACROSS 16005

For the purposes of the Suir CFRAM Study it is proposed to accept the recommendations of
the National Gauge Review (i.e. Use RC5 from 1975 to date limits of rating from stages of
0.5m to 1.4m.

5.7 BALLINCLOUGH 16006

For the Suir CFRAM Study it is proposed to adopt the recommendations of the National Gauge
Review and to use RC 10. It is further proposed to observe the recommendation of the OPW
gauge summary, which assigned a low quality rating to low flow values recorded prior to Oct
1974,

5.8 KILLARDRY 16007

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section
Survey Contract of the Suir CFRAM Study. This survey data was then used to construct a
HEC-RAS model. The model was calibrated using spot gaugings supplied by the OPW

Hydrometric Section.

The plot of the rating curves (see Gauge Review Report) shows a large jump at a flow
corresponding to approximately 25m?®s. This sharp change is evident in gaugings both prior to

and after Nov 2001. No satisfactory explanation could be found for this occurrence.
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The Channel and Structure Cross Section survey undertaken in 2007 indicated that bankfull
stage at the site occurred at 2.46 OD Malin while the National Review indicates 2.19 OD Malin,

a difference of 270mm. There is no reason to doubt the level as determined in 2007.

The hydraulic model output for extended flows display a good match with a number of the

maximum gaugings and also a good match with the apparent trend of these readings.

The National Review assigned a “B” classification to this gauge, as the gauged flow was at

least equal to or very close to the Qneg-

The model-generated outputs indicate a trend that would be reasonably expected of the site.
Hence for the purposes of the Suir CFRAM Study it is proposed to use the rating as suggested
in (see Gauge Review Report) i.e. Existing Rating Curve 5 up to Stage =1.85m and the

proposed new curves up to stage 3.05m and 3.45m.

5.9 NEWBRIDGE 16008

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section
(CSCS) Survey Contract of the Suir CFRAM Study. This survey data was then used to
construct a HEC-RAS model. The model was calibrated using spot gaugings supplied by the
OPW Hydrometric Section.

The CSCS survey determined bankfull depth at the gauge site as 1.98 metres while the

National Review has a bankfull depth of 2.05metres, a difference of approximately 70mm.

The National Review assigned a classification of A2 to this gauge station. An A2 classification
is defined as sites which a rating confirmed to Qneq and up to 1.3 the flow above Qmed. Qmed fOr

this site was determined as 92.32m?s. Hence 1.3Qmeq = 120m3/s

The model results display some correlation with the gaugings obtained up to bankfull stage.
However the model results do not correlate well with the seven gaugings obtained above

bankfull stage.

For the purposes of the Suir CFRAM Study it is proposed to adopt the recommendations of the
National Review up to 1.3 Qmeq (i.€. 120m3/s).

5.10 CAHIR PARK 16009

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section

Survey Contract of the Suir CFRAM Study. This survey data was then used to construct a 2D
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MIKE model. The model was calibrated using spot gaugings supplied by the OPW Hydrometric

Section.

The National Review assigned an A2 classification to this gauge. The A2 classification is
defined as rating confirmed to measure Queq and up to 1.3 times the flow above Qmed. AS Qmed
for the site has been defined as 162.21 m®/s, 1.3Qmeq is therefore 210.87m?/s.

This was the only gauge model using a 2D Hydraulic model. However when model runs were
undertaken with a flow of 150m%s it caused bypassing flow at the gauge site. Aerial
photography of recent flooding at the site confirmed the occurrence of the bypassing flow

indicated from the model runs.

For this reason the classification as assigned in the National Review would appear to be

inaccurate, as it does not take account of this bypassing flow.

Therefore for the purposes of the Suir CFRAM Study it is proposed to use the existing OPW

rating curves.

5.11 ANNER 16010

The National Gauge Review assigned a Classification of “C” to the station. This classification
is defined as “Sites where there was a well-defined rating up to say at least 0.8Qm.q. Require
more extensive gauging and/or survey information to make it possible to rate the flows to at

least”

Qmeq for the site has been defined as 43.80m?s; hence the rating limit is therefore 35.04m%/s
(i.e. 0.8Qmeq)-

Rating Curve 25 shows a good fit up to a flow corresponds to approximately 30m®s. However
there is a great deal of scatter and this may be due to the unstable nature of the gravel

channel bed.

Therefore for the purpose of the Suir CFRAM Study it is proposed to use the results from this

gauge but not to extrapolate beyond limit advised in the National Gauge Review.

5.12 CLONMEL 16011

The National Review assigned an “Al” rating to this gauge at Gashouse bridge in Clonmel
(i.e. Al sites — Confirmed ratings good for flood flows well above Q.4 With the highest gauged
flow greater than 1.3 x Qneq @and/or with a good confidence of extrapolation up to 2 times Qned,

bankfull or, using suitable survey data, including flows across the flood plain.) but not to
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extrapolate beyond a stage of 3.42m. For the purposes of the Suir CFRAM Study it is

proposed to adopt this recommendation.

5.13 TAR BRIDGE 16012

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section
Survey Contract of the Suir CFRAM study. This survey data was then used to construct a
HEC-RAS model. The model was calibrated using spot gaugings supplied by the OPW

Hydrometric Section.

The National Review has assigned the following three classifications, see Table 5-6, to the

data from this site:

Table 5-6: - Tar Bridge Data Classification

Period Reason Classification
Pre 18/02/72 A2
18/02/72 to 18/05/77 Datum shift of 0.135m on 18/2/72 C
Post 08/05/77 Drainage works in 1977 B

The recommended extent of extrapolation is up to bankfull depth. The bankfull stage as
determined by the National Review is approximately 300mm below that determined by the
CSCS survey of 2007.

The model output appears to correlate well with what would be expected at the site, a slow
increase in stage as the flood flow leaves the banks and extends over the floodplain. Therefore
for the purposes of the Suir CFRAM Study it is proposed to use the rating curves as proposed

in Figure 13.4 of the Gauge Review Report

5.14 FOURMILEWATER 16013

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section
Survey Contract of the Suir CFRAM Study. This survey data was then used to construct a
HEC-RAS model. The model was calibrated using spot gaugings supplied by the OPW

Hydrometric Section.

The National Review divided the data from this gauge in two categories namely data post and
data pre 8" Feb 1972. Data post 8" Feb 1972 was assigned a “B” classification with data pre

this date assigned the lower quality classification of “C”.
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The HEC-RAS model produces rating curves for extended flows that show good alignment
with the rating curves generated for measured flow (see River Gauge Review Report).
Therefore for the purposes of the Suir CFRAM Study it is proposed to use the rating as

outlined in the River Gauge Review Report.

5.15 SCART 16014

The National Review concluded that this gauge was not suitable for the FSU. The rating
curves supplied by the EPA are applicable for water levels from 0.44m to 1.21m. This is a
limited range as bank full level occurs at a water level of 2.44m. As the Suir CFRAM Study will
involve modelling of flows for a number of extreme events this gauge is considered to have

limited use for the study.

For the purposes of the study and in view of the location of the gauge downstream of
Mullinavat (i.e. an AFA) it is proposed to compare the water levels generated by the hydraulic
model for this cross section with the EPA rating curves in order to determine confidence in the

accuracy of the model.

5.16 PORTLAW 16020

The National Review concluded that this EPA operated gauge was not suitable for the FSU.
EPA gauges are generally concerned with low flows and as the Suir CFRAM Study will involve
modelling of flows for a number of extreme events this gauge is considered to have limited use

for the study.

For the purposes of the study and in view of the location of the gauge upstream of Portlaw (i.e.
an AFA) it is proposed to compare the water levels generated by the hydraulic model for this
cross section with the EPA rating curves in order to determine confidence in the accuracy of

the model.

5.17 BARRYCARRANE 16028

Data from the gauge is of limited use for the Suir CFRAM Study. Gauge 16004 (upstream in
Thurles) and Gauge 16002 (upstream of Holycross) are of more interest for the Suir CFRAM
Study.

However it is proposed to compare the water levels generated by the hydraulic model for this
cross section with the EPA rating curves in order to determine confidence in the accuracy of

the model.
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5.18 KNOCKNAGERAGH 16037

Data from the gauge is of limited use for the Suir CFRAM Study, as the rating curves do not

extend for out of bank flow. Limit of rating curves is to bankfull level.

However it is proposed to compare the water levels generated by the hydraulic model for this
cross section with the EPA rating curves in order to determine confidence in the accuracy of

the model for this part of the Suir.

5.19 CARROWCLOUGH 16047

The town of Tipperary is a designated AFA for the Suir CFRAM Study. Hence flow and level
data from the gauge would be of benefit to the study. As part of the Suir CFRAM study a
channel and structure cross sectional survey (i.e. CSCS Survey) was undertaken. The staff
datum as determined by the CSCS survey is 80.43m OD Malin, however the datum as given
by the EPA is 97.56 m., (i.e. a difference of 17.13 metres). Before records from this site can be

used in the Suir CFRAM Study this discrepancy would need to be resolved.

5.20 CLOBANNA 16051

The National Review gave the gauge a “B” Quality rating which is defined as “suitable for
flows up t0 Qmed (i.e. 2.85m?s). These were sites where the flow and the rating was well
defined up to Qmeq (i.€. the highest gauged flow was at least equal to or very close t0 Qmed,
say at least 0.95 Qneq) @and no significant change in channel geometry was known to occur at
or about the corresponding stage”. The National Review also added that readings from Feb 98

should be treated with caution.

This gauge is not on a channel that will be modelled as part of the Suir CFRAM Study.
However the flow data from the gauge will be useful to determine an accurate representation
of the inflows to the Suir from the Rossestown tributary. For this reason the data will be useful
for the Suir CFRAM Study. It is therefore proposed to use data from this gauge in accordance

with the recommendation of the National Review.

5.21 FIDDOWN 16061

The tide data from this gauge is considered to be of good quality and reliability and therefore

will be of use for verification of the hydrometric model for this reach of the Suir.

5.22 CARRICK-ON-SUIR 16062

For the purposes of the Suir CFRAM Study, Carrick-on-Suir has been designated an AFA.

However a previous hydraulic model and a Flood Protection scheme have already being
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completed for this town. Hence for the Suir CFRAM Study it was proposed to incorporate this
model and protection scheme into the study. Following a detailed examination of the existing
model it has been decided to develop a new hydraulic model. The tidal data for this gauge

shall be used as part of the development for this new hydraulic model.

5.23 BARROW BRIDGE STATIONS 16063, 16064, 16065, 16 066

Gauge 16063, Barrow Bridge: - This tidal gauge is located on the downstream side of the

railway over the River Barrow. The Port of New Ross operates the gauge but was unable to

provide any tidal records for this gauge.

Gauge 16064, Cheek Point: - This tidal gauge is located at the small fishing pier of

Cheekpoint. The Port of New Ross operates the gauge and was unable to provide any tidal

records for the gauge.

Gauge 16065, Great Island: - This tidal gauge was operated by the ESB and was used to

monitor tidal levels for the power generating station (now disused) located on the left bank of
the River Barrow, downstream of the rail bridge. The ESB provided all their records for this

gauge, which were only available in paper format.

Following closure of the ESB power station and decommissioning of the gauge the Port of
Waterford installed a new gauge, which they continue to operate. The port of Waterford

provided all their records for this gauge.

Gauge 14066, Barrow Bridge: - The tidal gauge is located on the upstream side of the railway

bridge and is the Barrow Catchment. The Port of New Ross operates the gauge and was

unable to provide any tidal records for the gauge.

Tidal data for the Suir Estuary is important for the hydraulic modelling element of the Suir
CFRAM Study. The tidal records from these gauges are one source of tidal data that will be
used to establish with confidence the most appropriate tidal boundary conditions for the
hydraulic model for this reach of the Suir. Data from these gauges will also be used with data

from the Irish Coastal Protection Strategy to establish tidal levels for the Suir Estuary.

As part of the feasibility study for a flood relief scheme on John’'s River, HR Wallingford
undertook a review of annual maximum tide levels at Great Island in the harbour of Waterford.

The results of this review are shown in Table 5-7 below.
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Table 5-7: - Review of annual maximum tide levels a t Great Island
Return Period (Years) Tide Level (mOD Malin)

2 2.20

5 2.38

10 2.50

25 2.65

50 2.77
100 2.88
200 3.00

Data from the Great Island gauge has been scanned and supplied to HR Wallingford as part of

the pilot research regarding Joint Probability Analysis.

5.24 MONEYPARK 16166

The EPA rating curves for this gauge extends up to bank-full stage, which is a stage height of
1.39m. As this gauge is situated on a river channel just downstream of an AFA the data from
this gauge will be useful to help check the accuracy of the hydraulic model. The level and flows

from the model will be compared with the level and flow recorded by this gauge.

5.25 BALLYNACLOGHY 16120

Data from this gauge is of some use for the Suir CFRAM Study as Mullinahone, a designated
AFA is located downstream on the Anner River. Hence as part of the Suir CFRAM Study it is
proposed to model part of the Anner River. In the development of the model, flow data from

this gauge will help provide pertinent inflows for this reach of the Anner River.

5.26 BALLYCULLIN 16121

As the gauge is located approximately 3km downstream of a designated AFA, data from the
gauge will be of use for the development of a hydraulic model. The only survey data currently
available for this reach of the Anner River is that from the OPW 1960's survey, which is
unlikely to have details of the weir constructed at the site. However the flow data from the
gauge will be of use in the development of the hydraulic model for the reach of the Anner

River.
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5.27 PILTOWN 16125

Piltown has suffered a number of flooding events and had been the subject of an OPW pre-
feasibility study (September 2006, project Ref: - 1530), which concluded that a flood relief
scheme is likely to be viable. The town is a designated AFA for the Suir CFRAM Study. The
gauge was installed in 2000 on a tidal section of the Pil River. Data from this gauge will be of

use when developing the Hydraulic Model for the Pil River.

5.28 BALLYLOOBY 16134

Data from this gauge is of some interest to the Suir CFRAM study. There are no AFAs on the
Thonoge River and hence this water body will not be included in the Hydraulic Model built of
the study. However as the Thonoge is a significant tributary to the river Suir, flow data will be

useful in the determination of representative model inflows for this tributary.

5.29 NEWCASTLE 16137

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section
Survey Contract of the Suir CFRAM Study. This survey data was then used to construct a
HEC-RAS model. However due to the turbulent flows through the arches of the bridge the

OPW Hydrometric section have been unable to obtain reliable gaugings.

As it has not been possible to model this gauge due to the lack of reliable gaugings the data
from this gauge will be of limited use for the Suir CFRAM Study. However the level data from
this gauge will help to develop confidence in the hydraulic model generated as part of the
study for this section of the Suir. This gauge was installed in mid 2005 as part of the Clonmel

Flood and hence there is a limited period of records.

5.30 BALLYDONAGH 16138

Ballydonagh, Station 16138

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section
Survey Contract of the Suir CFRAM Study. This survey data was then used to construct a
HEC-RAS model. However as there are no reliable gaugings available it was not possible to

calibrate the hydraulic model.

As it has not been possible to model this gauge due to the lack of reliable gaugings the data
from this gauge will be of limited use for the Suir CFRAM Study. However the level data from

this gauge will help to develop confidence in the hydraulic model generated as part of the
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study for this section of the Suir. This gauge was installed in October 2005 as part of the

Clonmel Flood and hence there is a limited period of records.

5.31 KNOCKLOFTY 16139

This gauge site was surveyed in 2007 as part of the Channel and Structure Cross Section
Survey Contract of the Suir CFRAM Study. This survey data was then used to construct a
HEC-RAS model. The model was calibrated using spot gaugings supplied by the OPW

Hydrometric Section.

This gauge was installed as part of the Clonmel Flood warning scheme. There were no
previous rating curves developed for this gauge. The proposed rating curve produced by
HEC-RAS shows a good correlation with the gaugings recorded at the site. However as this is
a recent site there is a limited number of gaugings, fifteen gaugings, three of which are for out-

of- bank flow.

5.32 WATERFORD (SHEEP'S BRIDGE) 16115

This level gauge is located on John’s River in Waterford. This river is a significant source of
flooding of a number of commercial and domestic properties in the city. As part of the Suir
CRFRAM Study this watercourse is being modelled in 2D. Hence the level data will be of some
use in the determination of model confidence. However as the gauge was installed in

November 2000, the usefulness of the data is somewhat limited by the length of record.

5.33 WATERFORD (TRAMORE ROAD) 16128

The level data from this gauge will be of use in the development of a robust hydraulic model
for John’s River and the Lisduggan Stream. However as this gauge is located on a tidally
influenced section of John'’s river there is no rating curve or gaugings. However as the gauge
was installed in November 2000, the usefulness of the data is somewhat limited by the length

of record.

5.34 WATERFORD (JOHN'S BRIDGE) 16129

The level data from this gauge will be of use in the development of a robust hydraulic model
for John’s River and the Lisduggan Stream. The gauge is located on a tidally influenced
section of John’s river. However as the gauge was installed in November 2000, the usefulness

of the data is somewhat limited by the length of record.
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5.35 WATERFORD (BLEACH BRIDGE) 16135

The Hydrometric section has provided level data recorded at this location from 15" Nov 2000
to 15" Jan 2007. This level data will be useful to help develop confidence in the Hydraulic
model for this watercourse. However as the gauge was installed in November 2000, the

usefulness of the data is somewhat limited by the length of record.

5.36 WATERFORD (ADELPHI QUAY) 16160

The OPW Hydrometric section has provided level data for the period 2nd Nov- 1999 to 4th
May 2010. As part of the Channel and Structure Cross-Section survey, a number of channel
cross-sections were surveyed close to the gauge. However a datum for the gauge was not
recorded at that time. Level data from the gauge will be useful for the study. The level data will
be used both to gain confidence in the Hydraulic Model for this tidal section of the Suir and

also to help develop a robust joint probability determination.

5.37 TEMPLEMORE (SMALL BRIDGE) 16136

This gauge was installed in October 2002 as part of a flood relief scheme design for the town.
Since its installation there has been four gaugings recorded and hence no reliable rating
curves could be developed. It is therefore envisaged that data from this gauge will be of limited
use for the Suir CFRAM Study.
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6 CALIBRATION

6.1 INTRODUCTION

An integral part of the modelling study is (a) the hydrological calibration of all inflows and (b)
the subsequent calibration of the Hydraulic model. In both cases the calibration is to gauge
records. The hydrological calibration process was based on rainfall-runoff modelling to
generate model inflows so that the hydrological models represent the runoff from the
catchment. For the hydraulic model calibration, modelled flows were then compared to the

recorded gauge values.

These observed values were deduced by taking recorded water levels from river gauges and
calculating corresponding flow values from the individual rating curves. This allowed a
comparison of modelled and observed flows. Details of the calibration procedure are provided

from Section 6.6.

As part of this process, historic records from a number of rain gauges, river gauges and
anecdotal flood extents were obtained. These records allow historic events to be run through
the hydraulic model, so the model can be assessed on its performance in reproducing known
water levels and extents from known inflows. Details of the date collection procedure are

provided from this point up to Section 6.6.

6.2 CHOICE OF EVENTS

In order to calibrate the hydrology and hydraulics of the Suir catchment, a number of
calibration events were required. Ayax data for river gauges throughout the catchment was
obtained and analysed to identify large events that occurred at each gauge location. The
events at each gauge were ranked in order of magnitude, and the ranking of each of the short
listed events noted. Following this process, a shortlist of 13 events was drawn up. This shortlist

is shown in Table 6-1.

Return periods for each of the short listed events were calculated based on the statistical
analysis of flows from the HEP at each gauge location. This information is presented in Table
6-2. From this, 5 events were finally selected and these are shown in bold in Table 6-2. In
addition to the 5 large flood events an in-bank event was also selected to ensure the model

performed well at lower flows.

Following this short listing, the hydrometric records at Clonmel for each calibration event were

interrogated.
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Clonmel was chosen because it is the only gauging station in Suir catchment that was
assigned an Al classification in the Rating Review, so has the greatest level of confidence
available at any gauge in the catchment. Clonmel is also the furthest downstream gauge which
is free from tidal influence. The start and end time, event duration, peak flows and levels of
each event were tabulated to allow a comparison between the different events at a point
downstream of much of the fluvially dominated catchment. This information is presented in
Table 6-3.

Following the above analysis, the following events were chosen (shown in bold in Table 6-1

and Table 6-3 and discussed further in Section 6.5).

Nov/Dec 2009
Oct/Nov 2004
Nov. 2000
Feb. 1990
Dec. 1968
Mar/April 2008 (in-bank event)
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Table 6-1: - Ranking of Short Listed Events
Event Date
g 8 /8|38 |55 (/8|8 |8 |3 8|8
Gauge o o o o o o)l o)} o)} o o o o o)
Gauge name a o o N o o :' o = e e = e
number | S S 3 d o 8 S ) S S N
N =) ~ > © @ 0 > D 3 ) N 3
N i o AN o — o o o o o N o
16001 Athlummon | Rank 12 27 21 26 44 25 23 8
16002 Beakstown | Rank 8 38 29 25 17 4 11 2 15 13 1 5
16003 Rathkennan | Rank 23 32 31 36 30 44 49 48 28 2
16004 Thurles Rank 5 20 [Missing| 14 3 13 2 19 10 7
16005 Aughnagross | Rank 13 24 9 23 6
16006 Ballinclough | Rank 24 12 1 9 10
16007 Killardry Rank 15 4 6 5 10 20 1
16008 New Bridge | Rank 3 7 13 12 10 16 8 6 4 1
16009 Cahir Park | Rank 16 9 6 19 15 18 5 12 2
16010 Anner Rank 2 1 14 17 12
16011 Clonmel Rank 9 32 1 2 7 6 21 16 8 11
16012 Tar Bridge Rank 12 4 1 7 24 31
16013 Fourmile- 1 pank 3 1 6 4 2 26 | 27
water
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Table 6-2: - Estimated Return Periods of Events
Event Date
3 S S S 3 o o 3 S 8 S 3 3
Gauge | e N S |f |8 |8 |8 /g |2 |2 |2 |2 |S | g |¢3
No J 3 2|8 |2 |2 |8 |2 |8 |8 |8 |8 |8
N S =~ > I} 0 ITe) > 0 g I} I S
N — o [qV} o — o o o o o AN o
Flow 48 33 33 32 30 - 13 19 28 17 19 39 34
16001 Athlummon
RP >1000 | >1000 | >1000 | >1000 | >1000 - 1 5 470 3 5 >1000 | >1000
Flow - 70 47 54 52 58 76 65 82 59 64 124 80
16002 Beakstown
RP - 12 1 3 2 4 24 7 60 4 6 >1000| 44
Flow 56 56* 51* 51* 47 - 51* 46* 45 42* 53% 31 30
16003 Rathkennan
RP 800 960* | 167* | 167* 48 - 167* 34* 25 15* 435* 2 2
Flow - 23 19 19 20 - 26 21 25 20 29 36 30
16004 Thurles
RP - 1 1 1 1 - 1 1 1 1 1 5 2
Flow 23 25 21%* 25 20 - 34 18 26 23 28 21 24
16005 | Aughnagross
RP 3 4 1** 4 1 - 30 1 5 3 7 1 3
. Flow 44 30 19** 42 38 - 57 16 33 25 37 - -
16006 | Ballinclough
RP 32 3 1** 22 10 - 810 1 5 1 9 - -
. Flow 105 90** - 120 113 | 113** | 103** | 85** 109 - - 124 -
16007 Killardry
RP 17 5x* - 63 30 30** 14** 4% 23 - - 94 -
) Flow 108 111 104 102 101 - 103 101 104 105 107 118 112
16008 New Bridge
RP 5 5 4 4 3 - 4 3 4 4 4 8 6
i Flow 195 183 156 187 195 | 181** | 178 176 206 178 189 200 206
16009 Cahir Park
RP 5 4 2 4 5 4x* 3 3 8 3 4 6 8
Flow - - - 62** 58** 54+** - 56** 47** - 45%* -
16010 Anner
RP - - - 2** 1** 1** - 1** 1** - 1** _
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Event Date

()] (o0] (e} < (@] N~ N~ (o] o e 0] < [e0) o
o o o o o (o)) (o)) (o] (o)) 00} (e0] (e} (e}
Gauge | geN S |8 g |g |8 |23 |2 |2 3|3 |2 |¢3
auge ame ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
No J S |2 |8 |S |3 |2 |8 |82 |8 |8 |8 |8 |9
N S = > %} o ITe) > IS 5 S 3 I
[qV} — o [qV} o — o o o o o N o
Flow 339 266 208 356 356 320 294 334 367 258 286 338 369

16011 Clonmel
RP 38 5 1 68 68 21 10 31 100 4 8 37 110
. Flow 64 - 52%** 62 74 66** 61** 57** 48 - - 58 -

16012 Tar Bridge
RP 4 - 1** 4 9 B i 3x* 1 - - 3 -
) Flow 82 - - 176 207 138 157 182 50 - - 58 -

16013 | Fourmilewater RP

Level AMAX series used to generate a flow to be converted to a return period estimate

*%

Flow estimates from AMAX series used to generate return period estimates

RP= Return Period
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Table 6-3: - Event Durations and Peak Flows at Clon mel (Chosen Calibration events in bold)
Event S e o e Duration Peak Flow | Peak Level
(hours) (m?/s) (mOD)
2009 18/11/2009 22:00 01/12/2009 17:00 307 339 20.66
2008 08/01/2008 13:00 17/01/2008 21:00 224 266 20.12
2006 30/11/2006 13:00 02/12/2006 22:00 57 208 19.56
2004 27/10/2004 23:00 06/11/2004 11:00 228 356 20.72
2000 05/11/2000 12:00 11/11/2000 00:00 132 356 20.72
1997 03/08/1997 14:00 15/08/1997 02:00 276 294 20.25
1996 06/01/1996 06:00 11/01/1996 09:00 123 334 20.49
1990 06/02/1990 05:30 11/02/1990 10:00 125 366 20.37
1988 31/01/1988 20:00 08/02/1988 00:00 172 258 19.75
1984 05/02/1984 09:00 10/02/1984 16:00 127 286 19.92
1968 12/12/1968 23:00 21/12/1968 23:00 216 338 20.32
1960 03/12/1960 10:00 11/12/1960 17:00 199 370 20.31
2008 In-Bank 28/03/2008 09:00 02/04/2008 08:00 119 104.32 15.72
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6.3 DATA AVAILABILITY
6.3.1 Rain Gauges

Following the identification of calibration events, data records were checked to ensure that
data existed for each gauge for each event. A list of the rain gauges that were removed from
the available list or had missing data in-filled is contained is Appendix C. Table 6-4
summarises the rain gauge information and Appendix D presents the rainfall and flow data

plotted for each event.

Table 6-4: - Summary of rain gauges available for e  ach calibration event

Daily storage Total number Additional

Event gauges of missing gauges
available days data removed

1968 25 11 -
1990 30 9 10
2000 33 -
2004 33 -
2009 26 - -

6.3.2 NRA Weather Data

In addition to the Daily rain gauges and synoptic stations, data was collected from the National
Roads Authority’s (NRA) weather stations that are located throughout the national road
network. As the method of measurement of rainfall for these gauges was fundamentally
different to the method for the standard rain gauges, the NRA gauges were used to augment
the synoptic data to provide an hourly profile for nearby catchments in the calibration process.
This data was particularly useful since the spatial distribution of the synoptic stations initially
used to generate hourly profiles was not sufficient and led to timing discrepancies for
subcatchments which straddled an interface between two Voronoi polygons representing

different synoptic stations.

6.3.3 Hydrometric Gauges

Appendix D presents the rainfall and flow data plotted for each event and Appendix F shows
the Hydrometric Data available for each calibration event. Possible issues with hydrometric
records were identified for the 2000 and 2004 events. For the 2000 event, gauge 16014
appears to potentially top out. For the 2004 event, gauges 16002 and 16013 have jumpy
records, which could be a sign of the gauge sticking. Gauge 16048 has some missing data
through the event, whilst gauges 16045, 16116 and 16120 appear to top out. In general

gauges 16001 to 16013 provide data for three or more of the five chosen calibration events.
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6.3.4 Tidal Gauges

The downstream boundary of the Suir model will be a tidal boundary extracted from the gauge
record at Great Island and Adelphi Quay for each event. This will take the form of a level-time
(HT) boundary and will ensure that the downstream boundary of the model is based on
observed levels. The Great Island record is only available up until the 16th January 1990 (3
weeks before the 1990 event), whilst the Adelphi Quay record is available from the 2nd

November 1999 until the present day.

6.4 TYPICAL CATCHMENT RESPONSES

Hydrographs were plotted for all the short listed events for hydrometric gauges 16001 to 16013
to give an indication of the standard hydrograph that could be expected for each gauge
catchment. The location of these gauges is shown in Figure 6-1. Indications of standard
hydrograph duration, rising and receding limb steepness and duration will help verify the
design hydrograph shapes used for design purposes. The descriptions below compare the
observed hydrograph responses with FSU theoretical hydrographs (described further in
Section 7.7 and Section 7.9). Note that the FSU hydrographs correspond to different return
periods, in order to match their peaks to the observed hydrographs. The hydrographs
described in this section are included in Appendix G of this report. Flow calibration was

achieved by adjusting the Standard Percentage Runoff (SPR) (refer to section 6.6.1).

The timing and the magnitude of the calibration inflows will then be adjusted as appropriate to
improve the goodness of the fit of the modelled hydrographs at gauge locations to the

observed hydrographs at the gauges.

6.4.1 Gauge 16001 Athlummon

All the hydrographs show a much steeper rising limb than receding limb, with an extended
duration of peak flows. There is some variation in the observed rate at which flows increase,

with a similar variation in event durations and receding limbs.

The original FSU hydrograph shows a very slow rate of rise, with a long duration peak, and
slow receding limb. The FSU rising limb is a close match to the observed hydrograph rising
limbs, however it seems to fall away too quickly and the peak duration is too short. A
combination of the adjusted FSU hydrograph rising limb, with unadjusted FSU hydrograph
peak duration and receding limb would appear to be a good match for the catchment to the

gauge.
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Figure 6-1: - Map Showing Location of Gauges
6.4.2 Gauge 16002 Beakstown

Events show a slow rate of rise and fall, with a long overall duration.FSU hydrographs appear

to match the slow rate of rise and fall, and have similarly long durations.

6.4.3 Gauge 16003 Rathkennan

All records of long durations showed a number of smaller peaks over the duration of very long

event peaks. No events with a single peak were evident.

6.4.4 Gauge 16004 Thurles

The observed record contains a mixture of long and short duration events. The rate of rise for
each is similar (although the longer events have a slower rate of rise), but the duration of high

flows, and rate of hydrograph recession vary significantly between events.

The FSU design hydrographs match the short event rate of rise better than the long duration
rate of rise. The duration of peak flows of the theoretical hydrographs is longer than the short
events, but significantly less than the long events. The receding limb of the adjusted FSU
hydrographs matches the observed receding limbs more than the original FSU hydrograph

does.
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6.4.5 Gauge 16005 Aughnagross

The gauge record shows a very consistent hydrograph response to all events, with a very
rapid response to rainfall, a very flat hydrograph peak, and a rapidly falling receding limb. The
peaks of the hydrographs always appear to show a step, perhaps indicating the arrival of a
second peak from a tributary. The second part of the hydrograph peak is always larger than
the first. The receding limbs falls very steeply, but not as quickly as the rising limb climbs. The
event duration varies, however appears to change in line with the magnitude of event, whereby

events with a longer duration will generally have a higher peak.

FSU design hydrographs, both before and after the application of hydrograph scaling factors do not fully
recreate the observed hydrograph shapes. There is no representation of the stepped hydrograph peak,
and the near right angles at the start and end of the hydrographs rising limb are also not recreated. The

receding limb drops well after the inflexion point, but too slowly before.

6.4.6 Gauge 16006 Ballinclough

Records show an exceptionally steep rising limb, distinct peak, and steep receding limb.
Durations appear to vary with event magnitude. The two smallest peaks have shallower rising
and falling limbs, although this may be indicative of base flow forming a significant part of the
event response. The 2004 event shows a very different response, with much shallower rising

and falling limbs, however the peak shows a sudden change to rapid rise and fall hydrograph.

Both the unadjusted and adjusted FSU hydrographs show a much longer duration event, with
a much flatter rising and falling limb, and much too long duration peak, around 4x the event

duration observed from recorded hydrographs.

6.4.7 Gauge 16007 Killardry

The hydrograph shows a “classic” hydrograph shape, although the duration varies with event

magnitude. The receding limb often has a similar gradient to the rising limb.

The FSU hydrograph has a much slower response, with flatter rising and receding limbs, and a
much longer duration. The rising limb has a similar gradient to some of the smaller, flatter

observed hydrographs. Peak flows last much longer than observed hydrographs.

6.4.8 Gauge 16008 Newbridge

Many events appear to be very long duration with minor fluctuations producing the “peak”. Where single
peak events are found, they seem to have a small peak superimposed on top of a regular hydrograph
shape. This could either be symptomatic of two large hydrographs combining to produce the standard

event hydrograph at the gauge, or a single large hydrograph.
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6.4.9 Gauge 16009 Cahir Park

Many of the observed hydrographs have a steep rate of rise, short peak duration and long
receding limb. The adjusted FSU hydrograph shows a very good rate of rise compared to the
observed hydrographs. The original FSU hydrograph has a shallower rate of rise. The peaks of
the FSU hydrographs generally last longer (generally by a factor of 2) than the observed
peaks. The receding limbs of both original and adjusted FSU hydrographs recede much faster

than the observed hydrographs.

6.4.10 Gauge 16010 Anner

This gauge was not included in the FSU and therefore there is no FSU hydrograph available
for comparison. However, the individual calibration event hydrographs for this gauge have
been included in Appendix G. The hydrographs shows a “classic” hydrograph shape with a

single distinct peak and very similar gradients for the receding and rising limbs.

6.4.11 Gauge 16011 Clonmel

All of the observed hydrographs show a very similar and steep rising limb. Peak flows are
often quite short in duration. The receding limb shows a very slow rate of decline. Some of the

events show a second peak, which is frequently separated from the first peak by a fall in flows.

The FSU hydrographs match the rising limb very well, with the peak also matched well and the
receding limb showing similar rates of decline. The rising limb and peak of the adjusted FSU
hydrograph is perhaps a slightly better match with its longer duration, and the adjusted

hydrographs receding limb with its slower rate of decline performs slightly better.

6.4.12 Gauge 16012 Tar Bridge

The observed hydrographs show a consistent rate of rise, and peak flow duration. The
receding limb varies in gradient, with some events showing a second, smaller, peak either

from a second rainfall event or from a tributaries flow.

The original FSU hydrograph shows a very good rising limb and peak flow duration, which very
closely matches one of the events. The receding limb shows a similar gradient to the observed

events, and again for one-event matches it very closely.

6.4.13 Gauge 16012 Fourmilewater

Three of the four observed hydrographs show a similar response with very steep rising and
receding limbs and a number of peaks in between. No FSU hydrograph was prepared for this

gauge.
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6.5 EVENT DESCRIPTION
6.5.1 2009 Flood Event

The 2009 event was chosen as it is the most recent high flow event and it also represents the
catchment under current conditions. Extensive information is available throughout the
catchment on this flood event. However, there is no reliable peak flow gauge data for the 2009
event, as it appears that all gauges malfunctioned due to the exceptional flows and the levels
involved. Instead, it is only possible to rely on observations and recorded marks to give an idea

of the maximum flood extent.

The 2009 event shows a number of event peaks in the build up to the main flood peak. These
occur on the Suir and a number of tributaries between the 30" October and 17" November.

However the main peak occurs on the 19"/20" November.

At Clonmel the hydrograph shows a distinct step in the rising limb, perhaps indicating that
flood flows from the Tar, Nier, and Suir do not quite coincide at Clonmel. The records indicate
that at New Bridge (16008) the Suir responds very slowly, but at Cahir Park (16009), the
hydrograph shows a greater response, indicative of the joining of the Aherlow (as shown by
the Killardry gauge record). Flows at New Bridge remain between 80 and 105m®s for the
period 1% November to 29" November, indicating that it is the contribution from the main
tributaries in the south and west of the catchment (Aherlow, Tar and Nier) which cause the
floods at Clonmel. This would appear to corroborate the findings of Walsh (2010), shown in
Figure 6-2, which indicate higher rainfall totals over this part of the catchment. The Aherlow
and Tar show a uniform response, producing a classic hydrograph shape. The Nier however
responds much faster, with the hydrograph indicating a very flashy response even at the peak

of the hydrograph.

The downstream boundary for the event is taken from the observed record at Adelphi Quay.
The data shows noticeably higher water levels from the high tide at 07:45 on the 19"

November until the low tide at 02:30 on the 20" November.
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Figure 6-2: - Rainfall Depths in November 2009 (Wal sh, 2010)
6.5.2 2004 Flood Event

The 2004 event was chosen as it is a high-ranking event at all locations, particularly at

Clonmel, which is an important location due to its history of flooding.

The rainfall profile for the 2004 event shows a very similar profile and magnitude in the lead-up
to the main rainfall event, with a total depth of 30mm. Following the main rainfall of 26" to 28"
October, with a total depth of 140mm, although the majority of gauges record between 110mm

and 130mm for the period selected.

1891_RP_Hydrology Report 67 Draft Final



River Suir CFRAM Study Hydrology Report

The 2004 event is the only twin peaked event at both Clonmel (16011) and Cahir Park
(16009). At all other hydrometric gauges there is a single peak. This is the largest event
recorded at Clonmel and it has the largest number of gauges with available data. As noted
previously a number of gauges have data issues for this event. The Nier again shows quick
responses to any rainfall in the catchment, with both the main peaks showing a number of
smaller peaks contained within them. The gauge at Beakstown (16002) shows a large
response, probably to a different rain event than that occurring over the rest of the catchment,
as the response is over a much larger duration, and peaks after the main peak at Clonmel.

Thurles (16004) shows a strong and well-defined response.

The Adelphi Quay gauge will be used as the downstream boundary for this event. The
recorded data series shows a marked increase in water levels from the low tide at 00:00 on the
27th October. There does appear to be an issue with the data, however, as the tidal response

from the event occurs approximately 48 hours before the fluvial event is recorded at Clonmel.

6.5.3 2000 Flood Event

The 2000 event was selected as data records were available at all gauges throughout the

catchment, it is a recent event, and ranks quite highly at all locations.

For the 2000 event, the rain gauges show a similar response, if different magnitudes, until the
4™ November. By this stage, the spread of rainfall totals is around 50mm. The rainfall on the 5"
November shows different timing and a much larger range of magnitude at different gauges.
The range of event totals recorded after this rainfall is 140mm. This indicates the rainfall profile
varied significantly across the catchment, and that the event was probably more severe in

some areas of the catchment than others.

The 2000 event is another single peaked event at most hydrometric gauges, except
Ballinclough (16006) and Aughnagross (16005). Both these gauges on the Multeen River have
twin peaks, however the timing between the gauges is quite different, indicating different
responses in the two catchments. Killardry gauge (16007) on the Aherlow shows a single very

large response.

The Fourmilewater gauge (16013) records a peak flow of 206m?®/s, which is only surpassed by
the 2004 event.

The Adelphi Quay gauge will be used as the downstream boundary for this event. The gauge
record shows slightly elevated levels between the high tide at 03:30 on the 6™ November and

low tide at 10:45 on the 7" November.
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6.5.4 1990 Flood Event

The 1990 event was chosen as it ranks quite highly at most gauges, particularly those at the

upstream end of the catchment.

Most of the gauges record between 85 and 180mm of rainfall for the event, however one rain
gauge (5012) records 256mm for the period and another (4819) 220mm. Gauge (5012)
records more rain at the start of the event (up to the 1st February), and also at the main rainfall
event around the 4™ February. Gauge (4819) records more rainfall around the 6th February

than other gauges. The other gauges appear to have very similar responses over the event.

This is a single peak event at most hydrometric gauges, although Aughnagross (16005) shows
a very long duration peak. Aughnagross, Tar Bridge (16012) and Fourmilewater (16013) all
show a second, smaller, peak around 21:00 on the 8" February. The gauge at Thurles (16004)

is again very slow to respond, although it does show more of a response than on other events.

6.5.5 1968 Flood Event

The 1968 event was chosen as it is a high ranking event, records are available at most
gauges, and it represents flooding at the time when the original OPW topographical survey

was gathered and so will allow this component of the model to be tested.

The rainfall records for the event period show a range of rainfall depths between 110mm and
225mm. Many of these differences stem from the first rainfall event on the 12" November,
where all the rain gauges with the highest total rainfalls recorded a significant event, whereas

other gauges did not.

The 1968 event has a single main flow peak, with a small second peak several days later. It is
the largest event recorded at Beakstown (16002), with an estimated return period of over 1000
years. It is also the second biggest event recorded at New Bridge (16008), however the

estimated return period is only 2 years at this location.

The Great Island record is used as the downstream boundary for the event. Observed record s
show little influence of the fluvial event due to the gauges location at the confluence of the Suir

and Barrow, where the influence of a fluvial event on the Suir will be less noticeable.

6.5.6 2008 Low Flow Event

The 1968 event was chosen as it provided a means of testing the model at lower flows. There
was a significant period of dry weather preceding the event and gauged levels were

interrogated at all gauged to ensure the banks were not overtopped during this event.
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6.6 HYDROLOGICAL CALIBRATION
6.6.1 Introduction

As mentioned in Section 6.1, the the hydrological calibration of all inflows to gauge flows is an
integral part of the study. The hydrological calibration process was based on rainfall-runoff
modelling to generate model inflows so that the hydrological models represent the runoff from

the catchment.

Once the initial model run has been completed, modelled flows at the gauge locations will be
compared to the observed values from the various river gauges. These observed values were
deduced by taking recorded water levels from river gauges and calculating corresponding flow
values from each individual gauge rating curve. This allowed a comparison of modelled and
observed flows. The peak flow, event volume and timing of the peak were checked at each
gauge for each event, to assess the hydrological performance of the models. The timing and
magnitude of the calibration inflows were then adjusted as appropriate to improve the
goodness of fit of the modelled hydrographs at gauge locations to the observed hydrographs

at the gauges.

6.6.2 Generating Rainfall Boundaries

In order to run the calibration events, rainfall boundaries were required for each Hydrological
Estimation Point (HEP) catchment throughout the Suir study area. HEPs are discussed further
in section 7 of this report. Most of the gauges in the catchment only have a daily record and
this does not offer sufficient temporal resolution to enable a high quality calibration of the
hydrology and hydraulics. Consequently, it was necessary to apply the rainfall profiles from the
synoptic stations (which have an hourly rather than daily record) to the daily rain gauge totals.
NRA gauges that provide hourly profiles were also used to effectively increase the temporal

resolution of the rain gauge record.

In order to decide which synoptic station would act as a donor to which daily rain gauge,
Thiessen polygons were generated for the synoptic stations that had data available for the
target event. Thiessen polygons comprise individual areas of influence around one input point.
Every location in the polygon is closer to its associated point than to the point in any other
polygon. The daily rain gauges, which had available data for the event, were then identified.
The two sets of Thiessen polygons were then overlaid. Where a daily rain gauges Thiessen
polygon was completely covered by the Thiessen polygon from a synoptic station, the rainfall
profile from the synoptic station was applied to the daily rain gauge. This was the case for the

majority of daily rain gauges.
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Where the Thiessen polygon of a daily rain gauge overlapped two or more synoptic station
polygons, hybrid records combining the daily rain gauge total with the different synoptic
profiles. This produced different rainfall profiles fitted to each gauge. Where a daily rain gauge
was covered by more than one synoptic station, and one of the synoptic stations recorded rain,
but the other(s) did not, the available synoptic profile was applied to the other synoptic

station(s).

The combined synoptic/daily station Thiessen polygon layer was then overlaid onto the HEP
catchments to identify which hybrid daily/synoptic profiles covered each catchment. Each of
these hybrid records was then weighted according to the area of the catchment that they

covered and combined to produce the final rainfall profile for each individual catchment.

Table 6.5 givs the event totals at each daily rain gauge for the six calibration events chosen.
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Table 6-5: -  Calibration event totals for daily storage rain gauges
1968 1990 2000 2004 2008 in-bank
Gauge | Rainfall | Gauge | Rainfall | Gauge |Rainfall | Gauge |Rainfall | Gauge |Rainfall
Number| (mm) |Number| (mm) |[Number| (mm) [Number| (mm) |[Number | (mm)

707 114 707 90 707 96 707 108 6512 23
1106 214 1106 153 1106 156 1106 163 4819 27
1712 146 1107 99 1107 43 1107 114 8112 12
1812 119 1207 86 1207 45 1207 116 4413 16
1912 147 1507 140 1307 98 1507 149 5012 32
2012 149 1712 109 1507 61 1812 79 6712 11
2112 140 1812 48 1712 41 2012 45 4112 28
2312 147 1912 110 3612 37 4112 114 4113 29
2412 110 2012 166 4112 54 4113 99 3612 35
2712 144 2312 99 4413 62 4413 89 5512 34
3606 154 3513 139 4514 41 4514 139 7112 40
3612 219 3513 139 4612 40 4612 53 7612 31

3712 157 3612 172 4813 30 4813 123

3812 134 4111 142 4819 91 4819 126

4111 169 4112 133 4913 33 4913 122

4112 143 4113 114 5012 132 5012 189

4514 100 4413 155 5406 129 5306 186

4612 138 5012 132 5506 153 5506 145

4712 122 5406 184 5512 44 5512 187

4812 137 5506 153 6119 73 5714 272

4819 216 4819 220 6412 102 5506 124

4514 87 5012 256 6419 132 5512 160

4612 149 5406 168 6512 125 6119 86

5012 239 5506 157 6712 58 6412 114

5112 109 5512 118 6812 37 6419 98

5512 142 6412 149 7112 53 6512 106

6419 136 8312 73 6712 99

6512 163 8612 98 6719 112

6712 134 8712 38 6812 111

7112 114 8812 44 7112 113

8612 128

8712 118

8812 82
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6.6.3 Model Inflows

Calibration rainfall boundaries for each event were added to the ISIS hydraulic models as
Flood Estimation Handbook (FEH) boundary units at HEP locations. In general, some of the

FEH parameters have an FSU equivalent. They are as follows:

FSU Descriptor Name FEH
AREA same
SAAR same
BFlsoil Approximately the same as BFIhost
FARL same
DRAIND different
S1085 different
ARTDRAIN2 Nothing similar in the FEH
URBEXT different

These rainfall-runoff boundary units require some general catchment information (AREA,
URBEXT, SAAR, Catchment Wetness, Standard Percentage Runoff) as well as event rainfall
data. The catchment information was taken from the FSU Physical Catchment Descriptors
(PCDs) for the HEPs, and the CWI calculated as a function of SAAR. The URBEXT value was
adjusted for the different event dates using an FEH technique that relates URBEXT to the
period of record in use. The Standard Percentage Runoff (SPR) was calculated based on a
relationship, developed by the FEH, between SPR and BFI. The FEH boundary units use this
catchment information alongside the event rainfall data to generate inflow hydrographs for the
models. The hydraulic models will be run for each calibration event using these unique

inflows.

At locations where the hydraulic model is split, flow-time (QT) boundaries will be extracted
from the downstream end of the upstream model, and used as the inflows to the downstream

model reach.

6.6.4 Downstream Boundaries

The downstream boundary of the Suir model is a tidal boundary extracted from the gauge
record at Great Island or Adephi Quay for each event. This takes the form of a level-time (HT)
boundary and ensures that the downstream boundary of the model is based on observed
levels. The Great Island record is available until the 16th January 1990, 3 weeks before the
1990 event commences. The Adelphi Quay gauge record is available from the 2nd November

1999 to the present day.
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6.7 HYDRAULIC CALIBRATION

Following the hydrological calibration, the hydraulic calibration was undertaken. After the flow
volumes were optimised, model parameters, (such as Manning’s values and weir coefficients),
were reviewed and adjusted where necessary to improve the levels obtained from the model to

better match observed levels and event outlines, where available.

The general description of the calibration process and how this has provided confidence in the
outputs from the hydraulic modelling process by demonstrating that the models are a suitable

representation of past events is given in the Hydraulics Report, Section 5.1.

The actual calibration details themselves and any specific changes made to the models are
given in more detail in the model specific part of the Hydraulics report . Generally the models
represented the five chosen calibration events listed above very accurately and very few, if
any, changes were made to any of the model parameter. Where there were changes made

these are discussed in each model specific chapter of the Suir Hydraulics report.
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7 DEVELOPMENT OF DESIGN HYDROLOGICAL INPUTS

7.1 INTRODUCTION

The Suir CFRAM Study is the first catchment wide pilot study in the use of the new Flood
Studies Update (FSU) methodologies. This section describes the application of these
methodologies in the areas of index flood estimation, production of growth curves, and the
synthesis of design hydrographs for both gauged and ungauged locations in the study area. In
addition to the FSU methodologies, some more traditional hydrological techniques were

applied where required and are also discussed in this section.

7.2 HYDROLOGICAL ESTIMATION POINTS

The FSU system facilitates the estimation of flood-flows and other hydrological variables for

thousands of ungauged non-tidal river locations in the Republic of Ireland.

These locations have been demarcated by placing node-points or Hydrological Estimation
Points (HEPs) spaced every 500 metres and at confluences along the entire Irish river
network. For each of these node-points, the contributing catchments to that point were
delineated based on the national OSI Digital Elevation Model, using an automated GIS
procedure. There are approximately 134,000 such nodes on the Irish river network. The
catchment specific parameters for each of these “un-gauged locations” have also been derived
(hereafter referred to as “Physical Catchment Descriptors” or “PCDs”). There are 26 of these
parameters for each node point, expressed as numerical values. A Physical Catchment
Descriptor summarises a particular facet of a catchment. For example, drainage area (AREA)
summarises catchment size and average-annual rainfall (SAAR) summarises the relative
wetness of its climate. PCDs are also referred to as catchment descriptors, catchment
attributes or catchment characteristics. Catchment descriptors are broken up into two
categories, gauged and ungauged. The ungauged catchment descriptors relate to the pre-
designated node points, and the gauged descriptors relate to those at locations where an

established river gauge is present.

The FSU research has used these catchment descriptors to derive generalised expressions for
estimation of the index flood, growth curve derivation, and synthesis of design hydrograph
shapes. Approximately 270 HEPs were chosen for use in the Suir CFRAM Study. These HEPs
are located upstream, downstream and in the middle of AFAs, at major confluences and at
intermediate points between AFAs. These HEPs were sited to produce inputs for use in
hydraulic models for the flood mapping stage of the project. Figure 7-1 shows the location of
the 270 HEPs that were chosen.
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Figure 7-1: - Map Showing Location of Suir CFRAM St udy HEPs
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7.3 DERIVATION OF INDEX FLOOD (Q mep)
7.3.1 FSU Methodology

For the ungauged locations that correspond to the HEPs with catchments > 30km? the new

FSU method was used to calculate the Qneq- The FSU method uses a 7-variable equation:

Qmed rural = 1.237 x 10 AREA% % BFI gy %% SAARM®FARL??"" DRAIND®**" S g5

(1+ARTDARIN2)*4® .. Equation 7.1
Where:
AREA —is the contributing catchment area down to that point;
BFls,i —is the Base flow Index derived from soil data;
SAAR —is the Standard Period (1961-'90) Average Annual Rainfall
FARL —is the Flood attenuation from reservoirs and lakes (O<FARL<1)

DRAIND - is the Drain density (no. of confluences per catchment area)
Sioss — is the slope of the main stream down to the HEP of interest;

ARTDRAIN2 - is an index of arterial drainage.

This equation yields the unadjusted Qnes Value, and represents the Qmey value for the
catchment when assumed to be 100% rural. If necessary this value must be adjusted in two

stages.

Firstly, the initial Qmeq €Stimate at the subject site is adjusted based on a pivotal site. This uses
estimates from a similar gauged catchment (pivotal site) so that the figure may be related back

to reality.

The Pivotal Site is the FSU gauged site that is most relevant to a particular flood estimation
problem. Ideally, it will lie a short distance upstream or downstream from the Subject Site.
Where there is no pivotal site in the upstream or downstream direction from the subject site,
we use a measure of hydrological similarity to choose the pivotal site. The similarity measure
is based on the Euclidean distance between two points. Instead of using map point co-
ordinates, we use the three descriptors Area, BFI, and SAAR to define the similarity between

the subject site and another gauged site.

2

ij

\/ In AREA- INAREA °  InSAAR-InSAAR °  InBFI, - InBFI,
= + +

S In AREA S In SAAR S In BFI

Equation 7.2
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Once the pivotal site has been selected, the adjustment is made as follows:

d
Qmed

Qnsqed( Adj) - Qr?"ned( rural) Qd

med(rural)
Equation 7.3
Where:
Q°med(rural) — is the Qneq €Stimate from the 7-variable Qneq rural equation
Q% med — is the Qneq Of the pivotal site from the gauged Amax series
Q% med(rural) — is the Qneq at the pivotal site calculated from the 7-variable equation.
Q°med(ad) — is the adjusted initial Qmeq €Stimate at the subject site ;

The second adjustment applied to the Qneq €Stimate is that for urbanisation, as follows:

Qwep = Qmeprural (1 + URBEXT)MSZ

Equation 7.4
Where:
URBEXT -is an index of Urban Extent

The process of estimating Qmeq Was automated in a simple spreadsheet. The selection of the
pivotal site was carried out manually based on engineering judgement considering both the

location of the subject site and the hydrological similarity as described earlier.

7.3.2 FSU Methodology for Small Catchments (Less th  an 30km?)

For HEPs with catchments <30km?, the derivation of Qpmeq using the FSU methodology is not
applicable. The reason for this lies in the fact that very few small catchments (<30km?) were
used in the development of the FSU Qneq estimation methodology. FSU Work Package 2-3
Final Report provides more detail on the composition of the dataset used in the development
of the Qmeq €Stimation method. For the purposes of the Suir CFRAM Study the loH124 method
was used to determine Qbar which was then used to derive Qneq for catchments of less than

30km? area.

7.3.3 Gauged Locations

At gauged locations in the study area, the Quq values were calculated directly from the

gauged Annual Maximum series.
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7.4 REGIONAL GROWTH FACTOR ANALYSIS SUMMARY

The 1975 Flood Studies Report (FSR) presented a single growth curve for the entire island of
Ireland. The Flood Studies Update (FSU) has developed new site-specific methods for the
derivation of growth curves. A GIS layer prepared for the FSU identifies positions for
“ungauged catchment descriptor nodes”. These nodes are located at 500m centres and at
confluences along the entire Irish river network. There are 26 Physical Catchment Descriptors

(PCDs) associated with each node.

7.4.1 Pooled Flood Frequency Analysis Methodologies for Ungauged Catchments

Using FSU spreadsheets, the gauged records from a group of hydrologically similar stations
are pooled to generate a flood frequency curve. The groupings are categorised based on three
PCDs: Area, SAAR and BFIl. The comparison can be further enhanced by also using the
URBEXT, FARL and FLATWET values for each station. The Pool Flood Frequency Analysis
spreadsheet generates growth curves based on six different probability distributions. The best

fitting probability diagram is selected by visual assessment.

7.4.2 Growth Factor Analysis for Suir CFRAM Study

In the Suir CFRAM study, Hydrometric Estimation Points (HEPs) have been positioned at
hydrologically significant locations and also to coincide with the locations of “ungauged
catchment descriptor nodes” in the Suir river network. The location of these HEPs can be seen
in Figure 7-1. Using the FSU Pooled Frequency Analysis, growth curves were generated for all
HEPs in the Suir River Network.

In a number of cases, when the growth curves for a stretch of river were applied to the relevant
Qmeq it was found that the design flow did not increase in value going downstream. To address
this inconsistency and in order to simplify the application of the curves, a regional analysis of

growth curves was undertaken.

7.4.3 Regional Analysis of Growth Curves

A single growth curve was calculated, by taking the average and the standard deviation of the
individual growth curves for the entire Suir Network. The average, rather than the median
growth curve, was chosen for this analysis as it took into account the possibility of any outliers.

The growth curves with the required return periods are listed in Table 7-1.
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Table 7-1: -

Average Growth Curve and Standard Devi

ation for all HEPs

Returm No. of HEPs = 268
Period (T) HER () Average Standard
Deviation

50 1.00 0.00

20 1.25 0.04

10 10 1.41 0.07

20 1.56 0.11

50 1.75 0.15

100 1.89 0.19

200 0.5 2.02 0.23

1000 0.1 2.33 0.32

Based on a statistical analysis of estimated growth factors at all individual HEPs, a threshold

limit for acceptable standard deviations was set at 0.1 for 1% AEP event and 0.2 for 0.1% AEP

event. The standard deviations were outside the prescribed threshold and it was therefore

decided to sub-divide this group into four categories and calculate growth curves for each. The

average and standard deviation for these curves were determined. The groupings and the

results of assessments are as follows:

1. Suir Main Channel HEPs

An average was taken of the growth curves from all the HEPs located along the Suir Main

Channel except for those with a catchment area < 25km?. The resulting average growth

curve and standard deviations are presented in Table 7-2.

Table 7-2: -

Average Growth Curve and Standard Devi

ation for Suir Main Channel

HEPs
et No. of HEPs = 58
Period (T) HEE ) Average Standard
Deviation
50 1 0
20 1.22 0.01
10 10 1.35 0.02
20 1.47 0.03
50 1.61 0.04
100 1.72 0.05
200 0.5 1.82 0.06
1000 0.1 2.05 0.08
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The standard deviation values for the 1% and 0.1% AEP events are well within the
assigned thresholds. Given the high degree of uniformity in this sub-group no further
division within the Suir Main Channel sub-group was deemed necessary. The average
growth curve for this sub-group, as listed in Table 7-2 will be applied to all HEPs on the

Suir Main Channel.
Major Tributary HEPs

Major tributaries are defined as tributaries which contain more than two HEPs with
catchments > 25km?. Growth curves were generated for 14 major tributaries by taking the
average of the single curves for each HEP along the tributary. The standard deviations
were within the assigned thresholds. Based on the similarity of growth curve values and in
order to simplify the calculation of design flows in the Suir CFRAM study, these curves
were banded into 3 sub-categories (A, B and C). The group growth curves are listed in
Table 7-3. The list of the major tributaries in each group is included in the full report, which

can be found in Appendix H.

Table 7-3: -  Average Growth Curve and Standard Devi  ation for Major Tributary Groups
Major Tributaries
Group A Group B Group C
Return No. of HEPs = 54 No. of HEPs = 30 No. of HEPs = 10
Period |AEP (%)
" Growty |Standard | ‘TR | standard | (SR | standard
Curve Deviation Curve Deviation Curve Deviation
50 1 0 1 0 1 0
20 1.22 0.02 1.24 0.02 1.28 0.02
10 10 1.35 0.03 1.39 0.04 1.46 0.04
20 1.48 0.04 1.53 0.05 1.64 0.05
50 1.63 0.06 1.7 0.08 1.87 0.07
100 1.74 0.07 1.83 0.09 2.04 0.08
200 0.5 1.84 0.08 1.95 0.11 2.21 0.09
1000 0.1 2.08 0.11 2.23 0.16 2.6 0.12

As can be seen in Table 7-3 the standard deviation values for the for the 1% and 0.1%
AEP events are still within the assigned thresholds. The growth curves in Groups A to C

will be used for the major tributaries in the Suir CFRAM Study.
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3. Minor Tributary HEPs

HEPs were allocated to the Minor tributary category if they did not fit into any of the other
sub groups. The average growth curve and standard deviations for this sub-group are
within assigned thresholds and will therefore be applied to all minor tributaries in the Suir

network.

Table 7-4: -  Average Growth Curve and Standard Devi  ation for Minor Tributary HEPs

No. of HEPs = 21
PeRr?;lér?T) AEP (%) | AYerade | siandard
Curve Deviation
50 1.00 0.00
20 1.27 0.02
10 10 1.44 0.03
20 5 1.61 0.05
50 2 1.82 0.08
100 1 1.97 0.10
200 0.5 2.13 0.12
1000 0.1 2.49 0.17

The standard deviation values for the for the 1% and 0.1% AEP events are within the
assigned thresholds. The growth curves will be used for the minor tributaries in the Suir
CFRAM Study.

Small Catchments <25km ? HEPs

FSU methodology is not suitable for calculating Qmed for small catchments <30km2. The
Qmed for these catchments was calculated using the Institute of Hydrology (IH) 124
method of estimating average flow. The associated growth curves were generated using
FSU methodologies and their average was calculated. It can be noted from Table 7-5 that

the standard deviations calculated were outside acceptable threshold values.

Table 7-5: -  Average Growth Curve and Standard Devi  ation for HEPs with Catchments

< 30km?2
No. of HEPs = 94
Return 9 Average
Period (T) HEP () Grow'?h Star)dgrd
Deviation
Curve
2 50 1.00 0.00
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5 20 1.29 0.04
10 10 1.48 0.07
20 5 1.66 0.10
50 2 1.89 0.14
100 1 2.06 0.17
200 0.5 2.23 0.20

1000 0.1 2.63 0.29

The small catchments were examined further using two FSU PCD categories: Slopeiogs
and BFls,;. The average and standard deviation of each group’s growth curve was
assessed. There was little improvement in the standard deviations for either group. These
catchments contribute relatively little flow to the Suir Network and it was therefore decided
to adopt the single average growth curve for this sub-group as listed in Table 7-5.
However, where a small catchment node (<25km?) lies along a major or minor tributary the
appropriate growth curve for the tributary should be applied to the small catchment node,
that is, the tributary growth curves take precedence over the small catchment growth

curve.

7.4.4 Final Growth Curves used for Suir CFRAM Study

Growth curves for all HEPs in the Suir Network were generated using the FSU flood frequency
analysis methodologies. The standard deviations for the average growth curve were
considered to be unacceptable and therefore further analysis was required. This investigation
resulted in the generation of 6 growth curves, which simplified their application and also
increased accuracy when determining peak design flows for the desired return period. Table
7-6 lists the final growth curves allocated to each group. Full details on the Growth Factor
Analysis for the Suir Catchment Flood Risk and Management Study can be found in Appendix
H.

Table 7-6: -  Final Growth Curves for use in Suir CF RAM Study

Return Major Major Major

. AEP | Suir Main , . . : . . Minor Catchment
Period | ", Tributaries | Tributaries |Tribut aries |- . : )
) (%) Channel Group A* | Group B* |Group C*+ Tributaries | < 25km

2 50 1 1 1 1 1 1
5 20 1.22 1.22 1.24 1.28 1.27 1.29
10 10 1.35 1.35 1.39 1.46 1.44 1.48
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20 5 1.47 1.48 1.53 1.64 1.61 1.66
50 2 1.61 1.63 1.7 1.87 1.82 1.89
100 1 1.72 1.74 1.83 2.04 1.97 2.06
200 0.5 1.82 1.84 1.95 2.21 2.13 2.23
1000 0.1 2.05 2.08 2.23 2.6 2.49 2.63

*Group A = Lingaun, Clashawley, Clodiagh / Cromoge, Anner, Multeen, Drish, Nier, Ara / Aherlow
** Group B = Tar / Duag, Blackwater, Pollanassa
***Group C = Pil, Mall, Glen

7.5 DESIGN PEAK FLOWS

Design peak flows were produced by applying the relevant growth curve derived from the
Regional Growth Factor Analysis to the Qneq €stimate for each HEP. This generated peak
flows for each of the 8 AEP events (50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.1%) for all 270
HEPs. These flows will be compared against gauged data to ensure the best hydrological

estimates are applied in the hydraulic models.

7.6 HYDROLOGICAL ANALYSIS AT GAUGED SITES

There are 12 FSU river gauges located within the Suir CFRAM Study area. The location of
these gauges and their associated Annual Maximum (Amax) series are presented in a

separate document titled ‘Suir CFRAM Study River Gauge Review Summary Report'.

7.6.1 Single Site Flood Frequency Analysis

The FSU has developed a Single Site Flood Frequency Analysis tool for analysing gauged
Amax series. At present this tool is spreadsheet based but will be incorporated into a web-
based applications portal in the future. A Single Site Analysis was carried out for all 12 FSU

gauges in the Suir CFRAM Study area.

The analysis spreadsheet requires the user to input the gauged Amax data. The spreadsheet
then calculates the L-moments associated with the dataset and fits the data to 3 no. two-
parameter probability distributions (EV1, LO, LN2) and 3 no. three-parameter probability
distributions (GEV, GLO, LN3). Two and three-parameter L-moment ratio diagrams are also
generated along with growth curves for each probability distribution. The best fitting probability
distribution is chosen by the user by inspection of the diagrams. The growth curve associated
with the best fitting probability distribution can then be applied to the gauge Qmeq to produce

peak flows for this site for the 8 no. AEP events. However, care must be taken when applying
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the growth curve, as the peak design flow return period (T) should not be extrapolated much

beyond the Amax period of record (N).

7.6.2 Peak Design Flows at Gauge Sites

The 12 FSU gauges within the Suir CFRAM Study area have Amax periods of record (N)
ranging in length from 35 years to 71 years. Given that current FSU guidance does not
recommend extrapolating peak design flows much beyond N, the growth curves generated by
the Single Site Analyses could not be used for the higher AEP events in this study. To
overcome this difficulty, the appropriate growth curve from the Regional Growth Curve
Analysis could be applied to the gauge Qneq Values to generate peak design flows for higher
AEP events. However, to avoid the use of different growth curves for different AEP events, it

was decided to completely abandon the Single Site Analysis growth curves in this study.

Therefore, the growth curves from the Regional Growth Curve Analysis were applied to the
gauge Qneq Values (2% AEP event) to generate peak design flows for the remaining 7 AEP
events. These gauge peak design flows are presented in Table 7-7 and Table 7-8. The growth
factors in table 7.6 compare well with the inferred growth factors from the gauge peak design

flows presented in Table 7-7 and Table 7-8.

The peak design flows at the gauge sites are the best estimate of flow in the study area. These
flows will be used as 'anchor points' in the network around which other hydrological inputs will
be fitted.
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Table 7-7: - Gauge Site Peak Design Flows — Table 1  of 2
Gauge Site
AEP 16001 16002 16003 16004 16005 16006
50% 15.02 53.09 30.06 20.72 21.85 27.76
20% 18.32 64.77 36.67 25.28 26.66 33.87
10% 20.28 71.67 40.58 27.97 29.50 37.48
5% 22.23 78.04 44.49 30.46 32.34 41.08
2% 24.48 85.47 49.00 33.36 35.62 45.25
1% 26.13 91.31 52.30 35.64 38.02 48.30
0.5% 27.64 96.62 55.31 37.71 40.20 51.08
0.1% 31.24 108.83 62.52 42.48 45.45 57.74
Table 7-8: - Gauge Site Peak Design Flows — Table 2 of 2
Gauge Site
AEP 16007 16008 16009 16011 16012 16013
50% 80.91 93.20 179.09 244.47 48.09 84.00
20% 98.71 113.70 218.49 298.25 59.63 102.48
10% 109.23 125.82 241.77 330.03 66.85 113.40
5% 119.75 137.00 263.26 359.37 73.58 124.32
2% 131.88 150.05 288.33 393.60 81.75 136.92
1% 140.78 160.30 308.03 420.49 88.00 146.16
0.5% 148.87 169.62 325.94 44494 93.78 154.56
0.1% 168.29 191.06 367.13 501.16 107.24 174.72

7.7 HYDROGRAPH SYNTHESIS

The Suir CFRAM project is intended as a testing ground for the emerging methodologies from

the FSU. In contrast to the FSR and FEH which both use a design event method such as the

unit hydrograph method, the FSU uses a statistical approach to hydrograph synthesis based

on the median widths of observed hydrographs.
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The outcomes of Work Package 3.1 of the FSU were used to synthesise Design Hydrographs
for the Hydrological Estimation Points (HEPS) in the Suir catchment. This is the first catchment
wide use of this method in Ireland and during the course of the project some issues were
identified, which required further investigation for the purposes of establishing an agreed
approach to synthesising hydrographs in the Suir Catchment. The following sections describe

this process as well as giving an introduction to the methodologies.

7.7.1 Methodology as described in the FSU WP 3.1 Fi  nal Report

The Hydrograph produced by the FSU methodology is made up of two distinct parts. Defining a Gamma
distribution Curve produces the first part of the hydrograph. This represents the rising limb of the
hydrograph up to, and past the peak down as far as the point of inflection on the receding limb. The
second part of the hydrograph is represented by an exponential decay curve that is “tacked on” to the
point of inflection of the Gamma curve. This effectively represents the remainder of the receding limb of

the hydrograph.

In order to plot the hydrograph at an ungauged location, the following three parameters are
used.

1. Shape parameter of a Gamma hydrograph....n
2. Translation or location parameter of a Gamma hydrograph (hour)....T,

3. Recession parameter of an exponential recession curve (hour)....... C

At gauged locations, the n, T,, and C parameters are calculated using the proprietary
Hydrograph Width Analysis (HWA) software that was developed by NUI Galway in Work
Package 3.1 of the FSU. These parameters were developed for a total of 79 Al rated gauged

locations around the country.

Furthermore, Work Package 3.1 used regression relationships against catchment descriptors
to define a means of calculating, n, T, and C at ungauged locations. These parameters are

derived using physical catchment descriptors as follows:

n = 3.86 BFI*% FARL?"®
T, =54.98 BFI™* (1+ALLUV) 3% (1+ARTDRAIN)>"° S5 %%
C = 310.75 BFI*** FARL ™58
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These are then used in the curve equations as follows: -

n-1
y= X+T, EXp - M ............... Gamma Curve

— X - Xo
y = Yy,Exp - T .................. Recession Curve
-1
T X, +T X (n-1)
Xo - r yo - 0 r EXF . 0
Jn- T T

n-1 ' L Point of inflection
Where:
y = the ordinate of the curve Xo = time at point of inflection
X = time in hours Yo = Ordinate of the point of inflection.

Note:- The value of T, is analogous but not the same as the Time to peak.

The Hydrographs produced by using the parameters n, T,, and C are referred to as the UPO-
ERR hydrograph.

The curves produced using this methodology start at a flow value of zero, rise up to the peak,
and fall back to zero again. This does not include a value for the base flow, which must be
introduced after the hydrograph has been synthesised. The baseflow is calculated using the

method described in the Flood Studies Supplementary Report no. 16. as follows:

Baseflow = [33(CWI-125) + 3*SAAR + 5.5] * 10°

This value is then superimposed onto the hydrograph as shown in Figure 7.2.

It should be noted that it the value for baseflow is not added to the ordinates of the UPO-ERR
hydrograph.. The methodology noted above was initially applied to each of the Hydrological
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Estimation Points (HEPS) in order to assess the performance of this method of hydrograph

synthesis.

Figure 7-2: - A typical UPO-ERR Hydrograph shape wi  th baseflow superimposed

7.8 PROBLEMS NOTED WITH THE FSU HYDROGRAPH METHODOL OGY
7.8.1 Unusually high T r Values

When the method is applied to some of the small upstream HEPs of the Suir that have small
Si10s5 Values, the Time to peak on the rising curve greatly exceeds that of much larger sub-

catchments that are further downstream. See the examples given below:
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Example 1

km?.

of nearly 100km?.

Looking at the section of the Ara that flows from west to east in the Image One above,

the T, values at the upstream (western) end are generally of the order of 80 hours.

The areas of these catchments contributing to these HEPs are in the range of 3 to 20

Moving downstream (in the easterly direction) the T, values decrease and at the

junction with the mainstream of the Suir, the T, value is 64 hours for a catchment area

Another alarming issue is that there are upstream catchments with areas less than

20km? that produce a T, of between 98 and 150 hours.

Image One: T, decreasing in the downstream direction
(Dark green=high T,, light green = low T,)
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Example 2

A further example of the inconsistency in T, values is shown below in Image Two. The
map is taken from the downstream end of the Suir. The T, value for the node outlined in

red is 65 hours and the contributing catchment area is of the order of 2,700 km?.

On the very small tributary that joins the main stream a little further downstream, the T,

value is 70 hours, and the contributing catchment area is only 2.7 km?.

Image Two: Further inconsistencies in the T, parameter

The examination of HEPs with large Tr values led to the conclusion that the equation for Tr can
yield unusually high values for Tr. It was decided that the application of the UPO-ERR method
was still valid, however the implementation of the method was adjusted instead to include the
use of a pivotal site for hydrograph synthesis. This method for selecting pivotal sites for the

hydrograph synthesis is somewhat different to that for the calculation of Quep.
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7.9 SYNTHESISING HYDROGRAPHS AT UNGAUGED LOCATIONS

The three main descriptors that influence hydrograph shapes when using the UPO-ERR method are
S1085, BFI, and FARL.

In order to assign a hydrograph shape to an ungauged site, we use these catchments three
descriptors from the subject site and compare them against gauged locations that have been
assigned n T, and C Values. The most hydrologically similar gauged site is found using the

Euclidean distance measured in 3-dimensional space.

The similarity measure is based on the S;ogs, BFI, and FARL descriptors as follows:.

2 2

INS1085 - InS1085 °  InBFI, - InBFI, ° INFARL - InFARL, *

S In S1085 S In BFI S In FARL

Where:
subscript “i” refers to the subject site (ungauged)

subscript “j” refers to each of the gauged locations that we are examining for similarity,

and that already have n, Tr, and C values assigned to them. (j=1 to 79)

It is expected that the similarity measures should be different. The similarity measure for
QMED estimation is based on the AREA, SAAR, and BFIsoil catchment descriptors, while the
similarity measure for Hydrograph shapes is based on Slope, BFlsoil and FARL. It is not clear
why the gauge flows dont agree with the flows at the nearest HEPs. If QMED values have
been adjusted using the nearest gauge and regional growth curves then the flows should be

the same.

The most hydrologically similar catchment is that which produces the lowest value of dj

The initial n, Tr and C values are then multiplied by adjustment factors that are derived from
the most hydrologically similar site values. This adjustment can be carried out either once or

twice, allowing for sites in between gauges to be adjusted by two pivotal sites.

An adjustment is then made for the urban extent of the catchment, and new values of N, Tr
and C are found. Figure 7.3 below shows the initial red hydrograph, the most hydrologically
similar sites respective hydrographs in green and the final hydrograph as a result of using

35071 as a pivotal site.
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Figure 7-3: - Adjustment on initial hydrograph shap e using pivotal site

In Summary the steps involved in synthesising a hydrograph at an ungauged locations are as

follows:

0] Find the relevant catchment descriptors for the subject site (S1085, BFlsoil, and
FARL)

(i) Use the Dij measure to find the most hydrologically similar gauged catchment that
possesses n, Tr and C values (obtained using the HWA software (i.e. the Pivotal
Site)

(i) Adjust the initial UPO-ERR hydrograph shape by using adjustment factors derived

from the n, Tr and C values of hydrologically similar sites.

As a check on hydrograph volumes, plots were produced for each point moving in an upstream
to a downstream direction to ensure that the volumes were reasonable moving from upstream

to downstream. This is presented in Figure 7-4
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Suir Catchment 16_774_4 LEGEND
Schematic 21.38 I’ﬁ/S Model 1 -
Model 2 [
16_500 3 Model 3 |
29.84 nils Model 4 -
Model 5
163874 1 oce =
34.26 nils Model 6 ]
HEP Name
16_3997_7 1% AEP Model Flow
36.32 nils

16_3876_1
78.03 ni/s

16_3922 6
127.03n/s

16 1147 4
9.86 nils

16_4173 4
6.50 ni/s
16_4108 11 16_2358_8
45.20 m/s 24.21 niis
16 1441 1
79.98 nils

16_3979 2
96.53 nils

I 16_4149 2
479.36 nils

Models 7, 8
&9

16_4005_3

16_3945 3
28.96 nils

16_3888_4

95.51 nils

16_2417 7

16_540_3

16_3865_1
128.68ni/s

16 541 1

16_4045 2
427.36 nils

16_3099 3

16_3107 12
411.95 ni/s

16_3098_4

16_3107_4
410.29ni/s

16_3987_7

16_3953_1 16_3747_3

16_3092_4 16_3082_2

16_639 2 |l 16 3038 5 16_1059 5

Figure 7-4: - 1% AEP Model Flows at chosen HEPs
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8 FUTURE ENVIRONMENTAL AND CATCHMENT CHANGES

8.1 INTRODUCTION

There are a number of drivers that can impact on the hydrological cycle and consequently
influence future flood risk in the Suir catchment. These include changes in climate, land use
and urban growth. As these are likely to change over time, it is important to appreciate how the
drivers could affect future flood risk across the catchment. To achieve this, it is necessary to
test possible future scenarios to help in considering what protection levels may be required to

mitigate future flooding

Figure 8-1: - Hydrologic Cycle

This section sets out the possible implications of climate change (Section 8.2), afforestation
(Section 8.3) and urban development (Section 8.4) on the hydrological processes in the Suir

catchment and proposes two future flood risk management scenarios (Section 8.5).
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The potential impact of the two future scenarios will be tested within the hydraulic models
produced as part of the Suir CFRAMS and the impacts of the future drivers on flood risk will be

documented in the Hydraulic Modelling Report. Two future scenarios are considered:

The ‘Mid Range Future Scenario’ (MRFS), which estimates the more likely changes to

the drivers that can influence future flood risk.

The ‘High End Future Scenario’ (HEFS) allows for future adaptability of flood defence

measures to accommodate extreme changes in the drivers.

8.2 CLIMATE CHANGE
8.2.1 Introduction

The impact of climate change needs to be considered in the development of flood risk
management measures and the design of flood relief schemes. Changes in sea level, rainfall
depths and intensities, could have significant implications for flood risk management and the
subsequent design of flood risk management measures and relief schemes. It is therefore,
sensible to design such schemes so as to incorporate climate change estimates and to allow

for future adaptability.

The 2007 Environmental Protection Agency (EPA) report (McElwain and Sweeney, 2007)
identifies the need for planning and action to avoid the worst effects of climate changes. The
report highlights the need to predict the impacts of climate change at local, regional and

national levels in order to devise adaptation strategies.

An extensive amount of climate change research exists, both within the UK and Ireland. A
climate change literature review was undertaken as part of the Suir CFRAM Study. The aim of
the literature review was to provide a range of potential values for sea level rise (Section 8.2.3)
and increase in precipitation (Section 8.2.4) for the Suir catchment. These values will be used
to inform the Suir CFRAM Study and will be incorporated into potential catchment flood risk
solutions, either directly within design levels or through providing future adaptability to defence

solutions.

8.2.2 Guidance Policy

A single, rigid policy for the design of flood relief schemes and flood risk management
measures, incorporating the potential impacts of climate change has not yet been adopted by
the OPW. A provisional policy is, however, in place, whereby the predicted increases in flows

and/or water levels are to be included where possible. The current OPW operational guidance
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note ‘Design Considerations of Possible Climate Change for Flood Risk Management Practice’

(2006) requires the following: -

Sea level rise: climate change allowance to be added to design levels in all tidal
situations; an additional allowance is to be added for ground level movement. The
allowance is to be considered as a component of the design water level and not as

freeboard.
Increase in flood flows:

0 Sensitivity-guided design - the sensitivity of the design of a scheme to climate
change is tested e.g. by testing the parameters subject to change, such as peak

flow.

o Design for enhancement - flood relief scheme designed so that defence levels

/capacities can be increased / enhanced in the future.

o Design for climate change — Flood relief works designed to cope with predicted

future conditions.

Climate change on a regional scale in Ireland was investigated in the literature review by
Bruen (2003), which was commissioned by the OPW. This included the potential change in

river flows and extreme water levels in coastal areas during the 21st century.

The Department for Environment Food and Rural Affairs (DEFRA) in the UK has produced
guidance on impacts of climate change for operating authorities (including Environment
Agency, Local Authorities and Internal Drainage Boards). Several documents exist to inform
climate change consideration: The Flood and Coastal Defence Project Appraisal Guidance -
overview (FCDPAG1), sets out the basis for considering climate change; detailed sea level
rise allowances are recommended in FCDPAG3; and FDCPAG4 also sets out advice on

sensitivity testing.

Supplementary guidance to FCDPAG3 (DEFRA, 2006) has been released to reflect the most
recent findings such as land movement and the effects of thermo-expansion of the sea. The
guidance provides new allowances for sea level rise, which should be used to determine base
cases and options to be compared to the base case. Indicative sensitivity ranges for peak
flows, extreme rainfall, extreme waves and winds are given which should be used to test the

base case and options to determine how a decision is affected by climate change impacts.
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8.2.3 Net Sea Level Rise

The estimations of future net sea level change are based on two components: Isostatic
changes, which refer to adjustments in the absolute elevation of the land; and Eustatic
changes, which refer to variations in the absolute elevation of the sea surface caused by
variations in the volume of the oceans. Together they are used to estimate net sea-level

change, taking into account changes in both land and sea surface level (UKCIP, 2007).

0] Isostatic subsidence

The south part of Ireland is undergoing isostatic subsidence in its recovery from the ice age. At
present there is little information on land movement for Ireland. Work undertaken in 2005 as
part the Greater Dublin Strategic Drainage Study (GDSDS) includes estimates of land
movement of -0.3mm/yr for the Dublin area. Since 2005 there is a continuous global
positioning system (CGPS) receiver measuring land movement at Castletownbere, which is
being operated on behalf of Department of Agriculture Fisheries and Food. Due to the short

period of record of this dataset, it was not considered for use in this study.

The DEFRA guidance policy adopts a value of -0.5mm/yr for land movement for the south
west of England and Wales collectively. This estimate is based upon the latest work by
Shennan and Horton (2002).

Table 8-1 shows the magnitude of land subsidence that is estimated for three different future

time horizons.

Table 8-1: - Land movement (mm) estimates applicabl e for the Suir CFRAMS

Land Land Subsidence (mm)
Source Movement
(mm/yr)* 2050 2080 2100

Shennan and Horton (2002)

-0.5 31 46 56
— Wales
Shennan and Horton (2002)
_ SW England -1.0 61 91 111
DEFRA FCDPAG3 (2006)
— SW England and Wales 0.5 31 46 56

* Negative represents subsidence
(Sourced from UK literature sources for three future time horizons, baseline for calculating land movement for a

given year is taken from 1990).
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Details of the values adopted for use in the Suir CFRAM study are contained in Table 8-13.

(i) Eustatic changes

Global and Ireland specific estimates of eustatic change in sea level are available from climate
change literature. Table 8-2 shows the range of predicted increases in sea level for three
different future time horizons. It should be noted that all values of sea level rise given in this

table do not include land movement, except the DEFRA FCDPAG3 values.

The DEFRA estimates of global mean sea level up to 2080 are based on the
Intergovernmental Panel on Climate Change (IPCC) Third Assessment Report (TAR) (2001)
High emissions scenario (A1FI). The Post 2080s projections are based on an extrapolation of
the 2020s, 2050s and 2080s global mean sea level estimates. The respective IPCC TAR
global average sea level rise range, for the 2050s and 2080s respectively is, 9-36cm and 16-
69cm.

Table 8-2: - Sea level rise (cm) estimates applicab le for the Suir CFRAM

Sea level Rise (cm)
Source Comment
2050 | 2080 2100

IPCC

(scenario A2)* 23-51 | Global average sea level rise

I(E((:ie(r:lario A1F1) 26 - 59 Global average sea level rise
?A/nglii?nz_mgh scenario) 15 30 Global average sea level rise
?Hfgf:%oczenario) 18 36 Global average sea level rise
Sweeney et al (2003) 49 Global average sea level rise

Best estimate of sea level rise

Rahmstorf (2007) 55-125 .

based on range of scenarios
DEFRA FCDPAG3 33 65 93 Based on guidance policy [SW
(2006)** England and Wales]

* A2 equivalent to Medium-High UKCIP02 scenario;
** The DEFRA estimates account for vertical land movement and therefore represent ‘net’ sea level rise

Details of the values adopted for use in the Suir CFRAM Study are contained in Table 8-13.
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8.2.4 Increase in Precipitation and Flows

Global and Ireland specific estimates of future increase in precipitation are available from a
wide range of climate change literature. Table 8-3 shows the range of predicted increases in

precipitation for four different future time horizons and their source literature.

Table 8-3: - Estimates of increase in precipitation (%) applicable to the Suir CFRAM

Study
Source 2050 | 2060 2080 2100 Comment
UKCIPO02 0 0 Increase in winter
(Medium-High Scenario) 10% 15% precipitation
UK_CIPOZ _ 10% 15% Incrga_se in winter
(High scenario) precipitation
Sweeney and Fealy 11%- Increase in winter
(2006) 17% precipitation
McGrath et al (2005) 10% Increase in December
precipitation
Sweeney, et al 119% Increase in winter
(2003) 0 precipitation
Based on guidance policy
DEFRA FCDPAG3 20% | 20% | 20% | 20% | [peak river flow, for large
(2006)
catchments]

* The values included represent sensitivity range to be adopted for peak river flow

Maps of the pertinent Suir Catchment Geology (i.e. Aquifer Map, Aquifer Vulnerability and
Karst Features) are included as Figures Al to A3 in Appendix A. The Geology Survey of
Ireland (GSI) has classified the vulnerability of the aquifers as per Table 8-4 below. The
vulnerability classification can be interpreted as the ease by which surface water and
pollutants can enter into the aquifer. Hence, the more vulnerable the aquifer, the more
susceptible it is to the entry of precipitation and therefore vulnerability can be interpreted as a
measure of its attenuation capacity. However, during prolonged rainfalls periods such
vulnerable aquifers may reach their capacity and therefore their attenuation effect would be

reduced.
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Table 8-4: - GSI Vulnerability Classifications and ~ amount of Aquifers in the Suir

Catchment
Aquifer Vulnerability % Of Catchment
Extreme 22.74
High 14.40
High to Low 61.50
Low 0.42
Moderate 0.94

The map of karst feature shows a number of swallow holes throughout the mid- catchment
area and a number of cave features around the southwest part of the catchment. These
geological features have the potential to reduce the effect of increased rainfall on flow.
However, for the purpose of the Suir CFRAM Study, it is proposed to adopt a conservative
approach to the impact of these geological features on increased precipitation and resultant
flows. It is therefore assumed that the percentage change in rainfall will translate to the same
percentage change in river flows. The values adopted for use in this study are contained in
Table 8-13.

8.3 AFFORESTATION
8.3.1 Introduction

Forestry policy in Ireland is implemented according to the 1996 Strategic Plan; ‘Growing for the
Future'. The strategy sets a target for afforestation in Ireland of 20,000 hectares per annum,
between the years 2000 and 2035. The increase in forestry was deemed necessary to create
the critical mass required to supply a competitive processing sector. Actual average annual
afforestation of approximately 14,000 hectares per annum was noted in the period 1996 —
2003 (Peter Bacon & Associates, 2004). The species to be planted will be in the order of 70%

conifers and 30% broadleaf species.

8.3.2 Ireland Forest Cover and Practice to Date

The Corine 2000 - Ireland Land Cover Update (2004) assessment shows that significant
growth in forestry has occurred in Ireland between 1990 and 2000, increasing land cover from
10.2% to 11.9%. At present around 383km2 (11%) of land area of the Suir catchment is
covered by forest. The forests in the Suir catchment are composed of predominately
coniferous forest (214km2) and transitional woodland (Scrub) (152km2) with some broad
leaved (13.4km2) and mixed forest (3.6km2), and are dispersed throughout the catchment
(see Table 8-5 and Figure 8-2). A large-scale map of the forestry areas in the Suir Catchment

is included as Figure A4 in Appendix A.
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Table 8-5: - Details of Forest and Woodland in Catc  hment (Source = CORINE)

Colour Code in . 0
Type Figure 8-2 Area (km?) Y% Of Catchment
Coniferous Forest Dark Green 214 6.1
Transitional Woodland vellow 152 43
(Scrub)

Broad Leaved Forest Brown 13.4 0.4
Mixed Forest Bright Green 3.6 0.1

P il©i© A ——€—§—€—€——A—siu
Total 383 10.9

Figure 8-2: - Forestry map for the Suir Catchment (  Source CORINE)

The forests are harvested on a 40 to 50 year cycle. All forest operations in Ireland are carried
out in compliance with the principles of Sustainable Forest Management (SFM) to meet high
environmental, social and economic standards and are implemented through national

standards, guidelines and a Code of Best Forest Practice (Forest Service, 2000).
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8.3.3 Impact on Hydrological Processes

In the upland areas where forestry is increasingly concentrated, land is usually poorly drained
and peaty, so that the soils often require artificial drainage. Pre-afforestation land drainage
generally involves the removal of surface water, the drying of the soil and the suppression of
vegetation on the overturned turf ridges and in the excavated ditches. The drainage causes an
immediate increase in both high and low flows: flood flows tend to be peakier, with shorter
response times and higher peaks, whilst baseflows generally increase. In the 10-year period
following drainage and planting, there is a tendency for the response times, peak flows and
baseflows to begin to regress towards their pre-drainage values. This is a result of the decay
of the drainage ditches and infilling with vegetation, in addition to the increasing consumption
of water by the growing tree crop. The overall effect of mature forests on flows is still the
subject of debate. The steady growth of trees on drained land appears to result in a steady
reduction in peak flows, caused largely by a reduction in runoff volumes. It is likely that
baseflow will also eventually be reduced as the forest matures further (Flood Estimation
Handbook (FEH), 1999).

The impact of afforestation on flood generation is difficult to predict and is perhaps subjective.
A range of field trials has been undertaken, producing a variety of results. A project undertaken
by DEFRA / EA in England & Wales, Review of Impacts of Rural Land Use and Management
on Flood Generation: Impact Study Report (2005), summarises a variety of field studies. A

selection of these catchment-based studies, relevant to afforestation is briefly described below.

8.3.4 (1) Coalburn (England)

Now the longest running experimental catchment in the UK. Catchment discharges have been
monitored over a period of more than 30 years, starting in 1967. The various analyses of the
study data have revealed significant increases in storm runoff and decreases in the time to
peak immediately following drainage, with a recovery to pre-drainage responses after about 20
years. This recovery was interpreted as being the result of forest growth and a decrease in the
efficiency of the surface drains, although to a proportionately smaller degree. In the first couple
of years following drainage, lag times were about one-fifth to one-third shorter, and hydrograph
peaks actually increased by 20% in the first 5 years after forest planting. This demonstrates
that in the early stages of afforestation it is the ditches rather than the young saplings that

exert the dominant hydrological influence.
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8.3.5 (2) Forest of Bowland (England)

A paired catchment study of the effects of forests on water yield, supplemented by a plot scale
study of surface runoff under planted conifers suggested that runoff generation from forest
plantations was as large, if not greater than from pasture, at least in the early stages of the

growth cycle.

8.3.6 (3) Balquhidder (Scotland)

Comparison of flows in a largely forested sub-catchment and largely grassland sub-catchment.
Based on this and other UK studies, Calder (1993b) concluded that conifer forests would
reduce water yield irrespective of whether they replace grass or heather moorland. There is
gquantifiable evidence for the effect of conifer afforestation, but it is difficult to interpret. Most
catchment monitoring studies in the UK have focused on upland catchments dominated by
conifer forest or rough grassland. There is evidence that afforestation affects peak flows and
times to peak. However, this evidence shows that the impact of forests on flood generation is
difficult to predict. In their general review of the history of forest hydrology, McCulloch and
Robinson (1993) conclude that forests should reduce flood peaks, except for the effects of
drainage and forest roads. A review of results from 28 monitoring sites throughout Europe
(Robinson et al., 2003) concluded that the potential for forests to reduce peak flows is much
less than has often been widely claimed, and that forestry appears to "... probably have a
relatively small role to play in managing regional or large-scale flood risk". In summary, there is
gquantifiable evidence that both afforestation and field drainage can affect flows in the surface
water network but the impacts can fluctuate, depending on the local soil type and specific

management practices used.

8.3.7 Identification of Future Stages for Suir CFRA M Study

Forest cover in the Suir catchment is predicted to rise to around 12% by 2035, in line with
government strategy (Forestry Service, 2006). This will increase the catchment area covered
by forest by approximately 38Km2. The increase is likely to occur throughout the catchment,
most likely in the poorly drained areas as shown in Figure A7 of Appendix A. Any new forests
will be managed in accordance with SFM principles, including a requirement that broadleaf
buffer strips be planted in commercial forests adjacent to streams and rivers to slow runoff
(Forest Service, 2000). Research has shown that the impacts of a forest on flood generation in
a catchment depends on several factors, such as the amount of surface cover during the year,
the stages of the forest life cycle (planting/growing/maturing/logging), and on forestry

management procedures.
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The various stages of the afforestation process impact on runoff in different ways e.g. flow,
time-to-peak, etc. It is therefore advisable to consider the impact of these stages on the Suir

catchment.

It is suggested that the future scenarios consider two main stages of the afforestation process,
as listed in Table 8-6. To assess the stages of forest development it is necessary to apply an
adaptation to the hydrological parameters. Based on the research of real life studies as
detailed in the previous section, it is proposed to adjust the Standard Percentage Runoff (SPR)
and Time-to-peak (T,). The modifications to SPR and T, aim to incorporate a range of

conditions whereby flood risk would increase and decrease.

Table 8-6: - Future afforestation stages — hydrolog y parameters
No Stage of afforestation Change to SPR Changeto T,
1 Clearing of land/drainage + 10% -1/3
2 Mature forest -10% No change

The suggested stages and parameters are consistent with policy guidance as provided by the
Environment Agency for England and Wales, Catchment Flood Management Plan (CFMP)

future scenario guidance (2006).
8.3.8 Application to Modelling

The afforestation is likely to occur in the poorly drained areas throughout the catchment (see
Figure A7 in Appendix A) and around existing forest and woodland areas (see Figure A4 in
Appendix A). These areas are within all of the model areas (see Figure 8-3), and therefore the
scenarios suggested in Table 8-6 will be tested for all of the Suir CFRAM Study hydraulic
models.
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Figure 8-3: - Forest and Woodlands areas shown with Model areas 1 -9
8.4 LAND USE AND URBANISATION
8.4.1 Introduction

One of the many factors influencing the catchment’'s response to rainfall is land use and
urbanisation. Drainage of agricultural land and increase of impermeable surfaces will increase
the rate of run-off. In order to assess possible future flood risk in the catchment it is necessary

to examine both current and possible future land use and urbanisation.

8.4.2 Land Use

Figure A9 and Table A9 in Appendix A shows current land use in the catchment as defined by
the CORINE 2006 dataset.

Agricultural land use accounts for approximately 97% of the catchment and over the period
2000 to 2006 has shown very little change. Approximately 95% of the catchment has been
classified as Pasture in the CORINE dataset.

In order to determine likely future growth of urban areas it is first necessary to examine
previous growth records to establish any existing patterns along with national and local
development plans and strategies. A map of the catchment showing the population change is

also included in Figure A12 in Appendix A.
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(a) County Population Change

The Suir catchment principally covers parts of the counties of North and South Tipperary,
Kilkenny, Waterford and Waterford City. Population data from 1841 to 2006 for the counties in
the Suir Catchment, as supplied by the Central Statistics Office (CSO), is shown in graph

format in Figure 8-4 and tabular format in Table 8-7

Figure 8-4: - Population trends for the Counties in the Suir Catchment (Source CSO)

Inland Marches and Bog accounts for >1% of the catchment. Urban areas in 2000 amounted
to approximately 0.16% of the catchment and this increased to approximately 0.2 % in 2006. It
is anticipated that urbanisation is likely to be the most influential factor for future flood risk in
the catchment. Also the AFAs for the Suir CFRAM Study are either currently urban areas or

likely to be developed as urban areas.
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Table 8-7: - Population Summaries for Countiesint  he Suir Catchment

Census Kilkenny North Tipperary |South Tipperary Waterfgrgigounty

Year
Total |AAPC*| Total |AAPC* | Total |AAPC*| Total AAPC*

1841 | 202,420| --- |[201,161 -- 234,392 -- 196,187 --
1851 | 158,748 | -2.16 | 147,161 | -2.68 |184,403| -2.13 [(164,035| -1.64
1861 | 124,515| -2.16 109,220 | -2.58 |139,886| -2.41 (134,252 -1.82
1871 | 109,379 | -1.22 | 93,617 | -1.43 |123,096| -1.20 [123,310| -0.82
1881 99,531 | -0.90 | 86,331 | -0.78 [113,281| -0.80 |112,768| -0.85
1891 87,261 | -1.23 | 76,220 | -1.17 | 96,968 | -1.44 | 98,251 -1.29
1901 79,159 | -0.93 | 67,815 | -1.10 | 92,417 | -0.47 | 87,187 -1.13
1911 74,962 | -0.53 | 62,881 | -0.73 | 89,552 | -0.31 | 83,966 -0.37
1926 70,990 | -0.35 | 59,645 | -0.34 | 81,370 | -0.61 | 78,562 -0.43
1936 68,614 | -0.33 | 56,551 | -0.52 | 78,284 | -0.38 | 77,614 -0.12
1946 66,712 | -0.28 | 58,103 | 0.27 | 77,911 | -0.05 | 76,108 -0.19
1951 65,235 | -0.44 | 57,009 | -0.38 | 76,304 | -0.41 | 75,061 -0.28
1956 64,089 | -0.35 | 55,697 | -0.46 | 73,718 | -0.68 | 74,031 -0.27
1961 61,668 | -0.76 | 53,696 | -0.72 | 70,126 | -0.97 | 71,439 -0.70
1966 60,463 | -0.39 | 53,843 | 0.05 | 68,969 | -0.33 | 73,080 0.46
1971 61,473 | 0.33 | 54,337 | 0.18 | 69,228 | 0.08 | 77,315 1.16
1979 69,156 | 1.56 | 58,476 | 0.95 | 75,265 | 1.09 | 87,278 1.61
1981 70,806 | 1.19 | 58,984 | 0.43 | 76,277 | 0.67 | 88,591 0.75
1986 73,186 | 0.67 | 59,552 | 0.19 | 77,097 | 0.22 | 91,151 0.58
1991 73,635 | 0.12 | 57,854 | -0.57 | 74,918 | -0.57 | 91,624 0.10
1996 | 75,336 | 0.46 | 58,021 | 0.06 | 75,514 | 0.16 | 94,680 0.67
2002 80,339 | 1.11 | 61,010 | 0.86 | 79,121 | 0.80 |101,546 1.21
2006 | 87,558 | 2.25 | 66,023 | 2.05 | 83,221 | 1.30 |107,961| 1.58
2011 95,360 | 1.78 | 70,219 | 1.27 | 88,433 | 1.25 (113,707| 1.07

* AAPC = Average Annual Percentage Change
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From 1841 to the 1961 all the counties show a year-on-year population decline with the
exception of North Tipperary in 1946, which displayed a growth of 0.27%. From 1971 almost
all of the counties displayed a year—on-year population growth with different upward trends in

each county.
(b) Suir Catchment Population Change

The smallest spatial scale unit used by the CSO is Small Area Population (i.e. SAP), however
this is a recent unit with little historic data presented at this scale The second smallest spatial
scale used by the CSO for population census is the District Election Division (DED). There are
currently 246 DEDs either wholly or partially within the Suir Catchment. In order to determine
an approximation for the catchment population a summation of all these DEDs was undertaken
for census years 1911 to 2006. The results of which are presented in Table 8-8. The data

gives insight into the magnitude of the Average Annual percentage Change.

Table 8-8: - Population of Suir Catchment based on ~ summation of DEDs

Year Population Percentage Gapin Average Annual
Total Change Years % Change

1911 193,634 0.00 0 0
1926 180,369 -6.85 15 -0.46
1971 166,440 -7.72 45 -0.17
1979 183,720 10.38 8 1.3
1981 186,595 1.56 2 0.78
1986 190,497 2.09 5 0.42
1991 184,081 -3.37 5 -0.67
2002 191,388 3.97 11 0.36
2006 202,368 5.74 4 1.43

(c) Suir Catchment Population Centres.

Table 8-9 and Figure 8-5 show the changes in population recorded by the Central Statistic
Office (CSO) for the period 1991 to 2006 for a number of population centres in the Suir
Catchment. From examination of the data it can be seen that there is no clear and obvious

catchment wide trend for population growth or decline in the catchment.
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Table 8-9: - Changes in population for 1991 - 1996 and 2002 — 2006.

Population Change 1991 to 1996 Population Change 2002 to 2006

City / Town

1991 | 1996 | Change |% Change | 2002 | 2006 | Change |% Change
Ardfinnan 868 848 -20 -2.3 779 747 -32 -4.1
Ballymacarbry - - - - - - - -
Ballyclerahan - - - - 408 678 270 66.2
Ballyporeen 324 293 -31 -9.6 295 304 9 3.1
Bansha 293 288 -5 -1.7 302 272 -30 -9.9
Borrisoleigh 585 564 -21 -3.6 598 626 28 4.7
Cahir 2055 | 2236 181 8.8 2794 | 3381 587 21.0
Carrick-on-Suir | 5145 | 5172 | 29 0.6 5542 | 5856 | 314 5.7
Urban
Carrick-on-Suir
Environs - 45 45 - 44 50 6 13.6
Cashel Urban 2473 | 2346 | -127 -5.1 2403 | 2413 10 0.4
Cashel Environs 341 341 - - 367 523 156 42.5
Clogheen 499 518 19 3.8 325 313 -12 -3.7
Clonmel Borough| 14531 ([15215( 684 4.7 550 509 -41 -7.5
Clonmel Environs| 1031 967 -64 -6.2 15739 |15482| -257 -1.6
Cheekpoint - - - - 1171 | 1526 355 30.3
Fethard 946 900 -46 -4.9 1388 | 1374 -14 -1.0
Fethard Environs 485 497 12 2.5 302 326 24 7.9
Fiddon - - - - - 194 194 -
Galbally 244 246 2 0.8 235 257 22 9.4
Golden 293 262 -31 -10.6 268 255 -13 -4.9
Holycross 396 447 51 12.9 610 700 90 14.8
Kilmacow 596 599 3 0.5 566 526 -40 -7.1
Kilsheelan - - - - 497 520 23 4.6
Littleton 566 544 -22 -3.9 500 463 -37 -7.4
Mullinahone 379 358 -21 -5.5 348 372 24 6.9
Mullinavat 283 275 -8 -2.8 309 255 -54 -17.5
Piltown 717 716 -1 -0.1 778 968 190 24.4
Portlaw 1151 1176 25 2.2 1183 | 1495 312 26.4
Templemore
Urban 2188 | 2115 -73 -3.3 2159 | 2255 96 4.4
Templemore
Environs 137 129 -8 -5.8 111 129 18 16.2
Thurles Urban 6687 | 6603 -84 -1.3 6852 | 6831 -21 -0.3
Thurles Environs 268 336 68 25.4 573 851 278 48.5
Tipperary Urban 4772 | 4640 | -132 -2.8 4546 | 4415 -131 -2.9
Tipperary
EnVirons 191 214 23 12.0 418 650 232 55.5
Twomileborris 298 325 27 9.1 474 550 76 16.0
\Waterford County
Borough 40328 |42540| 2212 5.5 44594 45748 1154 2.6
\Waterford
Suburbs, 1525 1615 90 5.9 2142 | 3465 | 1323 61.8
Kilkenny

Suir AFA shown in brown, non-AFA shown in Blue. (Source = CSO)
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Figure 8-5: - Graphical Representation of the data  from Table 8-9
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As an additional analysis, the CSO DEDs population dataset was examined. Using GIS
software the DEDs in which either an AFA or a population centre existed were selected to form
a data subset. The results of the population changes for these DEDs are present in Table 8-10

below. Once again no clear trends are discernable.

Table 8-10: - Results of population changes for DED s

. Percentage Gapin |Average Annual %
Year Population Total Change Years Change
1911 86,651 0.00 0 0
1926 81,430 -6.03 15 -0.46
1971 89,148 9.48 45 -0.17
1979 99,743 11.88 8 1.3
1981 100,634 0.89 2 0.78
1986 102,744 2.10 5 0.42
1991 98,343 -4.28 5 -0.67
2002 102,435 4.16 11 0.36
2006 106,998 4.45 4 1.43

(i.e. DEDs which have either an AFAs or Population centre)

(d) Population Growth Modeling.

The CSO has undertaken Regional Population projections based on the following four models:
M2F1 Recent, M2F1 Traditional, MOF1 Recent and MOF1 Traditional. The assumptions for

each model are outlined below:

Total Fertility Rate

F1: - To remain at it's 2006 level of 1.9 for the lifetime of the projections;

Migration Assumptions

M2: - Annual net inward migration in the period to 2041 assumed to be 21, 400

MO: - Annual net inward migration in the period to 2041 assumed to be 0

Inter Reqgion Fl ows

Recent: -

The pattern of inter-regional flows observed in the year to April 2006 is applied up to 2026.
Traditional: -

The 1996 pattern of inter-regional flows is applied in 2016 and kept constant thereafter, with
the difference between the 2006 and 1996 patterns apportioned over the years between
2006 and 2016
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For the South East region the projections produce results for the period 2006 to 2026 as

presented in Table 8-11.

Table 8-11: - Average annual population changes pre

dicated for the South East Region

Model Tvoe M2F1 M2F1 MOF1 MOF1
yp (Recent) | (Traditional) (Recent) (Traditional)
Average Annual % Increase 1.8 1.3 1.2 0.7

8.4.3 Ireland Urban Cover to Date

Assessment of Corine 2000 - Ireland Land Cover Update (2004) indicates that a significant

increase in the area of land covered by artificial surfaces has occurred in Ireland between

1990 and 2000, growing from 1.5% to 1.9%. All of these increases are probably related to the

economic growth in Ireland in the 1990's and the demand for new housing and commercial

premises. There was also an extensive building of new infrastructure (mainly motorways)

during this period. Urban development and associated infrastructure covers 43.23km? or

approximately 1.2% of the Suir catchment, as shown on Figure 8-6 and Figure A10 in

Appendix A. The National Spatial Strategy Plan has not identified any development hubs

within the Suir Catchment.

Figure 8-6: - Existing urban developments in the Su

ir catchment (Source CORINE)
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8.4.4 Impact on Hydrological Processes

It is generally accepted that urban development increases runoff because of the greater
impermeability of urban surfaces, which has a marked effect on the flood behaviour of a

catchment. Typically it accelerates and intensifies the flood response.

8.4.5 Identification of Future Scenarios for Suir C ~ FRAM Study

The impact of urbanisation on flood risk in a catchment depends on the spatial distribution of
the urban cover. Current development plans for the Suir Catchment predicted an increase in
urban growth in the order of 18%. It is suggested that two future scenarios be developed as
listed in Table 8-12.

Table 8-12: - Future urban development scenarios —  hydrology parameters

Stage of Urban

Scenario
Development

Change to URBAN

Based on current Current urban trend
1 Development plans Growth rate 0.80% increase in urban area per
P P year to 2020 & 0.15% to 2100

Based on future Future urban trend
2 development Growth rate 0.80% increase in urban area per
Trend year to 2100

This is based on a pragmatic and flexible approach, acknowledging that there is a high level of
uncertainty associated with predicting development trends many years ahead. The current
economic downturn is likely to have a significant impact on urbanisation in the catchment but
an analysis of historic population records, which would have included previous recession, have
not supplied any trends that could be applied now on a catchment wide scale. As the rate of
urbanization is unlikely to continue at the same rate as recent years, a growth rate of 18%

could be considered high and an upper limit.

The suggested scenarios and parameters are consistent with policy guidance as provided by
the Environment Agency for England and Wales, Catchment Flood Management Plan (CFMP)

future scenario guidance (2006).

8.4.6 Application to Hydraulic Models

Urban development will occur throughout the catchment and the scenarios suggested in Table
8-12 will therefore be applied to the whole catchment via adjustment of the URBEXT value for

each HEP catchment.
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8.5 FUTURE SCENARIOS FOR FLOOD RISK MANAGEMENT

As detailed in Sections 8.2 to 8.4, there are a number of drivers that can influence future flood
risk in the Suir catchment and the estimates of these drivers vary. Table 8-13 collates potential
future changes to these drivers, in the form of two future scenarios. The ‘Mid Range Future
Scenario’ (MRFS) considers the more likely estimates of changes to the drivers by 2100. To
allow for future adaptability of flood defence measures, a ‘High End Future Scenario’ (HEFS)
has been included, representing extreme changes in the respective drivers by 2100. It is worth

noting that these future estimates will not necessarily impact cumulatively.

Table 8-13: - Combinations of drivers to provide bo  undaries for future flood risk

Relevant combinations of drivers to provide boundar ies for future flood risk
Scenarios
Drivers Mid Range Future Scenario High End Range Future
(MRFES) Scenario (HEFS)

Climate gﬂ]ﬂié net sea + 55e¢m + 105¢m
Climate change — fluvial flows + 20% + 30%

Land use change — 16T +10% SPR
afforestation P -1/3T,

Current urban trend
Growth rate 0.90% increase
in urban area per year to
2020 & 0.15% to
2100

Future urban trend
Growth rate 0.90% increase
in urban area per year to
2100

Land use change —
urbanisation

The future scenarios will be used when considering the design level of flood mitigation options

in the Suir catchment.

Mid Range Future Scenario (MRFS) - Flood risk management options should be
undertaken so as to not impact on existing flood risk in current conditions, and should
be adaptable to the MRFS.

High End Future Scenario (HEFS) - When considering option appraisal, sensitivity
analysis to the HEFS should be undertaken to enable the adaptability of each option to

be assessed (to cater for more extreme changes in the future).
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8.5.1 Explanation of Adopted Values
a) Climate Change - Net Sea Level Rise

MRES: A net sea level rise of 55cm by 2100 is based on Sweeney et al (2003) [49cm by 2100]
and incorporating isostatic subsidence of 0.5mm/year [5.6cm by 2100] based on Shennan and
Horton (2002) for Wales in the UK. Isostatic subsidence of 0.5mm/year is supported by the
DEFRA FCDPAG3 (2006) guidance policy.

HEFS: A net sea level rise of 105cm by 2100 is based on Defra FCDPAG3 (2006) guidance
policy — as assessed for South West England and Wales. This incorporates isostatic
subsidence of 0.5mm/year [5.6cm by 2100] based on Shennan and Horton (2002). In addition

a 100mm allowance for surge is incorporated.

Investigations into the effect of climate change on the frequency and severity of storm surges
are at an early stage. Initial modelling up to the year 2100 has produced inconsistent results
depending on which models are used. Some models indicate an increase in extreme surge
heights whilst others indicate a potential reduction. In view of this high degree of uncertainty, it
is not possible at present to give guidance on whether allowances for changes in storm surge

due to climate change should be used. However 100mm has been included as OPW policy.

(b) Climate Change - Fluvial Flows

MRES: An increase of 20% to fluvial flow by 2100 is based on Sweeney and Fealy (2006)
[17% by 2080 for winter precipitation]. This is supported by DEFRA FCDPAG3 (2006)

guidance policy where 20% is used as a sensitivity range to be adopted for peak river flow.

HEFS: An increase of 30% is assumed based on Murphy et al (National Hydrology Seminar on
"Water Resources in Ireland and Climate Change"), predicting watercourse flow increases of

up to 30% for winter months on the Suir catchment.

(c) Land Use Change — Afforestation

MRES: It is considered unlikely that all areas of large sub-catchments will be subjected to the
identical stage of afforestation at any one time, but rather clearing/drainage and mature growth
will occur simultaneously in different parts of the sub-catchment. Therefore it is assumed that
the clearing/drainage process could increase the SPR by 10%, but that the mature growth
stage of the process could decrease SPR by 10% - therefore it is assumed that these changes
negate each other. T, is estimated to decrease by 1/3 for the clearing/drainage process - this
will be further reduced to 1/6 as a result of the average of the two processes. It is assumed

that current land policy practice is adopted until 2100.
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HEFS: Assuming that the clearing/drainage process dominates the hydrological process an
increase to the SPR of 10% is estimated, with a reduction in the T, by 1/3. Changes in land
use are normally tested on the catchment scale to gain an indication of the sensitivity of the
catchment to change. However it is known that the afforestation in the Suir catchment will
occur in the marginal middle ground areas of the upper Suir catchment (Forest Service, 2000),
therefore changes to the hydrological parameters will be applied to the respective sub-
catchments in the upper Suir to enhance representation of the process. By doing this we are

localising the possible impacts of afforestation, as would occur in reality.

There is no further information available on the exact location of the proposed afforestation
over the next 100 years that can be applied. Applying the change in hydrological parameters
on an even smaller scale, than we already propose, is not possible or advisable. Research to-
date has not provided a detailed relationship on which to support such downscaling of the

suggested relationship.

(d) Land Use Change — Urbanisation

MRES: An 18% increase in urban growth is predicted to 2020 based on current development
plans when compared to Corine 2000 land use data (equivalent to 0.90%/year). This
percentage is considered a high rate and an upper limit on growth. Based on current
population and projected population figures growth of 13% is predicted from 2020 to 2100
(equivalent to 0.15%/year). HEFES: The current urban growth trend of 18% by 2020 is assumed
to continue to 2100(equivalent to 0.90%/year).

The increase in urban growth will be applied to the current urban areas within the Suir

catchment.

8.6 POLICY TO AID FLOOD REDUCTION
8.6.1 Sustainable Urban Drainage Systems (SUDS)

Current evidence suggests that interventions which seek to reduce near-source drivers and
pressures associated with land use change are likely to prove most effective and efficient, as
the drivers themselves are policy driven. This involves discouraging inappropriate land use,
farming practices and development where these are clearly linked to increased run-off and
flood risk. The diffuse nature of rural land management and related flood generation suggest
that, on its own, mandatory regulation would prove ineffective and inefficient, being difficult and
costly to administer and enforce, and possibly insufficiently flexible to deal with local
circumstances and practices. Instead, the best approach would appear to be a mix of policy

instruments: economic and voluntary measures, supported by advice and technical support.
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There are many measures that can be taken to mitigate local flooding by delaying runoff from
agricultural, forested or developed land using Sustainable Urban Drainage Systems (SUDSs)
such as grass buffers, appropriate ditching permeable surfacing, infiltration/filter trenches, filter
strips, soakaways, swales, detention basins, constructed wetlands, and ponds. An integrated
approach is needed in applying these measures so that the maximum overall benefit is gained

for flood and pollution mitigation and erosion reduction.

At present there is no national policy in Ireland requiring SUDs to be incorporated into new
developments, although some local authorities do require sustainable drainage systems as
part of planning conditions (i.e. GDSDS) In addition, future policy guidance on SUDs may not
specify uptake by all types of development; therefore it is difficult at this stage to account for
which percentage of future development would apply SUDs. The future scenarios presented in
the ‘combination of drivers table' already presented will provide an upper limit on the runoff
expected from the planned future development in the catchment. If within future guidance
SUDs are enforced then the runoff can be assumed to be lower. It should be noted that SUDs
are normally designed for a specified frequency event, such as the 3% annual exceedance
probability (AEP) event. Therefore it could be assumed that when flood producing events with
low AEP occur for example 0.5% AEP, even developments with SUDs will not be able to

attenuate the runoff.
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9 HYDROLOGICAL INPUTS TO HYDRAULIC MODELS

Hydrological inputs are required for the Suir CFRAM Study river network for 8 AEP events
(50%, 20%, 10%, 5%, 2%, 1%, 0.5%, 0.1%) for both Present Day and Future Scenarios. The
methodology behind the creation of these inputs is discussed in Section 7 of this report. This

section to follow is concerned with the final inputs chosen for the study.

9.1 ADJUSTMENTS TO INITIAL DESIGN INFLOWS

The peak design, (1% AEP), flows at gauge sites will serve as hydrological ‘anchor points' in
the Suir CFRAM Study river network. These flows are presented in Table 7-7 and Table 7-8 in
Section 7.6.2 of this report. The gauge site peak flows were compared against the design peak

flows from the nearest HEPs and the results are presented in Table 9-1.

Table 9-1: - % Difference Between Gauge Site and HE P Design Peak Flows

Gauge Site % Difflflfvcce in
16001 6.4%
16002 2 1%
16003 -20.7%
16004 3.2%
16005 3.1%
16006 1.0%
16007 1.3%
16008 2.5%
16009 11.0%
16011 7.8%
16012 35%
16013 8.5%

To fit the HEP design peak flows around the gauge site data, flow adjustments were required.

The HEP flows were adjusted as needed in the following different ways:
1. Adjustment by the ratio of gauge site to HEP design peak flow as presented in Table 9-1;

2. Adjustment by the flow per area value at gauge sites;
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3. Significant tributary inflow values chosen through dependence analysis within limits of

gauge site flows;
4. Minor tributary inflows taken as difference between upstream and downstream HEPs.

In some locations the estimated peak flows at HEPs do not increase with increasing catchment
size. This can be due to differences in the FSU Physical Catchment Descriptors (PCDs) or
changes in Qneq pivotal stations. To remedy this, flows were ‘'smoothed' along river reaches by

carefully distributing flow over the relevant area.

9.2 DEPENDENCE ANALYSIS - FLUVIAL/FLUVIAL

It can reasonably be assumed that a particular AEP event occurring on the Suir main channel
will not simultaneously occur throughout the entire river network. For this reason the Suir
CFRAM Study River network has been broken up into discrete units, each of which can expect
a particular AEP event to apply to that whole unit at one time. These units and their required
hydrological inputs are presented in Table 9-2. FSU Work Package 3-4 (Guidance for River

Basin Modelling) was used as a guide in selecting appropriate units.

To calculate appropriate significant tributary inputs for the Suir AEP events and downstream
boundaries for the tributary AEP events it was necessary to carry out a dependence analysis.
This analysis was carried out in two ways; a Desk Top Joint Probability Analysis (JPA) and the

methodology described in FSU Work Package 3-4.
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Table 9-2: - Suir CFRAM Study AEP Units and Require  d Hydrological Input
Unit River Required Hydrological Inputs Downstream Boundary
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Tidal Boundary (Present Day Scenario)
1 Suir (Present Day Scenario)
50%, 20%, 1_0%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Tidal Boundary (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
2 Mall (Present Day Scenario)
50%, 20%, 1_0%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
3 Drish (Present Day Scenario)
50%, 20%, 1_0%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Drish (Present Day Scenario)
4 Poulaneigh (Present Day Scenario)
50%, 20%, 1_0%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Drish (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
5 Clodiagh (Thurles) (Present Day Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
6 Multeen (Present Day Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
7 Aherlow (Present Day Scenario)

50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows
(Future Scenario)

Water Level in Suir (Future Scenario)
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Unit River Required Hydrological Inputs Downstream Boundary
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
8 Tar (Present Day Scenario)
50%, 20%, 1Q%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
9 Nier (Present Day Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
10 Anner (Present Day Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
11 Clashawley (Present Day Scenario)
50%, 20%, 1Q%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
12 Glen (Present Day Scenario)
50%, 20%, 1Q%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
13 Lingaun (Present Day Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
14 pil (Present Day Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Future Scenario)
(Future Scenario)
15 Clodiagh (Portlaw) 5006, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows in Sui ;
0, 0, 0, 970, 3.9370, £70, 170, U.070, U.£70, U. 170 Water Level in Suir (Present Day Scenario)
(Present Day Scenario)
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Unit River Required Hydrological Inputs Downstream Boundary
(Future Scenario)
50%, 20%, 10%, 5%, 3.33%, 2%, 1%, 0.5%, 0.2%, 0.1% AEP Flows Water Level in Suir (Present Day Scenario)
(Present Day Scenario)
16 Blackwater
(Future Scenario)
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9.2.1 Desk-Top Joint Probability Analysis

A Desk-Top Joint Probability Analysis (JPA) was carried out on data from the 12 FSU river
gauges within the Suir CFRAM Study area. This JPA technique was developed under the
DEFRA and the Environment Agency Flood and Coastal Defence R&D Programme and is
described in the document titled “Use of Flood Probability Methods in Flood Management: A
Guide to Best Practice” (R&D Technical Report FD2308/TR1 and TR2).

The Desk-Top JPA technique is a spreadsheet-based tool to establish dependence between
two variables. The user is asked to input design peak flows for the gauges to be analysed
along with the joint exceedance return periods of interest. The user is also asked to input a
measure of dependence between the gauges. The spreadsheet returns a table of appropriate
combinations of flows for the joint exceedance return periods of interest along with a graph

showing joint exceedance contours for each return period.

There are 5 FSU gauges along the Suir main channel and 7 gauges located on significant
tributaries within the CFRAM Study area. Details of gauge locations can be found in the Suir
CFRAM Study Rating Review Report.

There are 10 significant tributaries in the Suir CFRAM Study river network; the Drish, Clodiagh
(Thurles), Multeen, Ara / Aherlow, Tar, Nier, Anner, Lingaun, Clodiagh (Portlaw) and
Blackwater. Of these 10 tributaries, the Drish, Clodiagh (Thurles), Multeen, Ara / Aherlow, Tar
and Nier contain FSU gauges. The Anner has a river gauge (16010), which has been rated by
the OPW, but has not been included in the FSU dataset.

A JPA was carried out for the FSU gauge pairs presented in Table 9-3.
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Table 9-3: - Desk-Top Joint Probability Analysis —  Gauge Pairs Analysed
Gauge 1 River Gauge 2 River R? Value
16001 Drish 16002 Suir 0.71
16001 Drish 16004 Suir 0.60
16002 Suir 16004 Suir 0.81
16002 Suir 16008 Suir 0.68
16003 (CT'ES':I"SS 16002 Suir 0.63
16005 Multeen 1 16006 Multeen 2 0.74
16005+16006 Multeen 1+2 16008 Suir 0.50
16007 Aherlow 16008 Suir 0.44
16007 Aherlow 16009 Suir 0.62
16008 Suir 16009 Suir 0.82
16009 Suir 16011 Suir 0.89
16010 Anner 16011 Suir 0.76
16012 Tar 16009 Suir 0.62
16012 Tar 16011 Suir 0.68
16012 Tar 16013 Nier 0.48
16013 Nier 16009 Suir 0.22
16013 Nier 16011 Suir 0.30

To establish a measure of dependence between the FSU gauge pairs, scatter plots were

created using daily maximum flow records. Trendlines were added to the scatter plots and R?

values displayed. The R? values associated with each of the FSU gauge pairs are included in

Table 9-3. The closer the R? value is to 1 the better the correlation between the datasets.
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Figure 9-1: - Sample Scatter Plot Used to Establish ~ Dependency

The R2 values derived from the scatter plots were used to guide the choice of a dependence
measure (chi) for use in the JPA spreadsheet based on the degree of correlation between the
two gauges. Further details on this process can be found in NTCG Guidance Note 20 — Joint

Probability Guidance.

The requirement for the user to input a measure of dependence between the two gauges
introduces a level of subjectivity into the analysis. However, by creating scatter plots from the
daily maximum flow data a degree of correlation between gauges was established. The return
period contour plots produced from the JPA were used as a guide in choosing appropriate
tributary inflows to the Suir. Figure 9-3 shows the relationship between flow at two gauges,

and the curves that follow the common return periods for each.

A comparison with values deduced using FSU WP 3.4 was carried out but the DEFRA method
proved the most versatile as offered a degree of flexibility in terms of user-defined
dependence measure. As such the DEFRA method was adopted for all modelled tributaries

and all significant point inflows.

1891_RP_Hydrology Report 126 Draft Final



River Suir CFRAM Study Hydrology Report

Figure 9-2: - Joint Exceedance curves showing flow in m3/s

9.2.2 FSU Work Package (WP) 3-4 (Guidance for River Basin Modelling)

The FSU WP 3-4 Final Report titled “Guidance for River Basin Modelling” was completed in
June 2010. This report is offered as a guide to dividing river reaches into discrete units and
choosing appropriate hydrological design inputs to ensure the same AEP event applies
throughout each unit. The report presents specific guidelines for setting design inputs for river
models and these guidelines were applied throughout the Suir CFRAM Study river network in

an effort to establish dependence between river reaches.

When a specific AEP event has been chosen for a river channel, appropriate incoming
tributary flows need to be assigned. To do this, the guidelines ask that a pair wise comparison
be made between a HEP on the incoming tributary and one downstream of the confluence

with the main channel. The comparison is made in the following ways:
Are the HEP catchment centroids within 25km?
Is the ratio of HEP catchment areas within 2.77?

Is the difference between HEP FARL values less than 0.07?
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Depending on the answers to these questions and the AEP of interest on the main channel, an
AEP can be assigned to the expected incoming tributary flow. An example of the results from

this analysis is presented in Table 9-4.

Table 9-4: - FSU WP3-4 — Sample Results
Main Channel Tributary
Suir AEP | Suir Flow (m °s) | Drish AEP | Drish Flow (m */s)
50% 49.25 57.0% 21.77
20% 60.09 30.0% 25.32
10% 66.49 17.0% 28.67
5% 72.4 9.4% 31.33
2% 79.3 4.3% 34.59
1% 84.72 2.3% 36.93
0.50% 89.64 1.2% 39.29
0.10% 100.97 0.3% 43.88

The results in Table 9-4 present the Suir main channel AEP and flow values for a node
downstream of the confluence with the Drish and the associated AEP and flow values for a

node on the Drish.

9.2.3 Summary

In summary, the choice of appropriate tributary inputs for the Suir AEP events were guided by
both the Desk-Top JPA and FSU WP3-4. However, the gauge design flows along the Suir
main channel provided the most accurate data on expected inputs and any estimates from the

JPA and the FSU WP3-4 were applied within the limits of these 'anchor point' flows.

9.2.4 Downstream Boundary Conditions for Modelled T  ributaries

To establish appropriate downstream boundaries for the modelled tributary AEP events, the
FSU WP3-4 Final Report was again consulted. The report contains tables of results from
dependence model analysis undertaken. These results present the dependence between

catchment pairs based on the following five characteristics:
Whether the sites are connected (i.e. on the same watercourse);

Distance between catchment centroids;
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Difference between BFlg,; value;
Ratio of AREA values;

Difference between FARL values.

These five characteristics were defined for the modelled tributaries and the receiving
watercourse in the Suir CFRAM study and dependence was then established by reference to
the FSU WP3-4 results tables. The dependence is expressed as an expected AEP flow event
on the receiving watercourse given a particular AEP event on the modelled tributary. In
practice, the expected AEP flow events on the receiving watercourse will be converted to
water levels and these water levels will provide the downstream boundary conditions for the

tributaries.

A sample of the proposed downstream boundary conditions for one of the modelled tributaries
derived using FSU WP3-4 is presented in Table 9-5. Tables of proposed downstream

boundary conditions for all modelled tributaries are presented in Appendix I.

Table 9-5: - Downstream Boundary Condition Sample R esults
Tributary Receiving Watercourse
Drish AEP | Drish Flow (m %s) | Suir AEP Suir Flow (m ¥s)
50% 23.07 74% 42.05
20% 28.14 46% 49.81
10% 31.14 30% 54.03
5% 34.14 18% 60.88
2% 37.60 9% 66.49
1% 40.14 5% 72.52
0.5% 42.45 2.8% 76.48
0.2% 45.68 1.3% 82.22
0.1% 47.98 0.7% 86.83

9.3 FUTURE SCENARIOS

Tables of final design inflows for the Present Day Scenario are presented in Appendix I.

Two possible future scenarios will be modelled as part of the Suir CFRAMs study, a Mid
Range Future Scenario (MRFS) and a High End Future Scenario (HEFS). Both of these
scenarios are detailed in Section 8 of this report. Tables of final design inflows for the MRFS

and HEFS are presented in Appendix I.
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9.4 JOINT PROBABILITY ANALYSIS - FLUVIAL/COASTAL
9.4.1 Introduction

Joint Probability Analysis (JPA) refers to the probability of two or more conditions occurring at
the same time to produce a response of interest. It is relevant in flood risk management as a
flood event is often the result of two variables occurring simultaneously (river flow, tidal
elevations, waves, rainfall, surge etc). A number of AFAs in the Suir catchment (i.e. Waterford,
Carrick-on-Suir) are at risk from both fluvial and tidal flooding. The probability of a design flood
event occurring in these towns is therefore related to the combined probability of occurrence of
both the fluvial and tidal events. Joint probability methods allow the determination of the
combination of fluvial and tidal events which will produce a specified combined design event.
For instance a JPA study might determine that a 0.2% AEP tidal event occurring at the same

time as a 0.5% AEP fluvial event will together produce a 1% AEP combined flood event.

A number of approaches can be used in joint probability analysis, however the Desk Study
approach (a.k.a. the simplified method) has been selected as the most suitable for the Suir
CFRAM, due to data availability. This approach to JPA was developed under a joint Defra /
Environment Agency research project and is described in the March 2005 report: “Use of Joint
Probability Methods in Flood Management — A Guide to best practice, R&D Technical Report
FD2308/TR2". Included, as part of the report is an Excel spreadsheet that enables the

simplified model be executed, which was used to perform the Suir JPA.

This chapter provides an outline of the methodology used in the Suir CFRAM Joint Probability

Analysis.

9.4.2 The Desktop approach to Joint Probability An  alysis — An overview

The spreadsheet model in the desk study approach requires the derivation of high and
extreme values of each of two variables (river flow and coastal water level), together with a

simple representation of the dependence between the two. The steps in the analysis are:
1. Derive high and extreme values for variable 1 - River Suir flow.

2. Derive high and extreme values for variable 2 - Total Water Level in Waterford

Harbour.

3. Estimate the dependence (if any) between the two variables.

4. Decide the joint return periods of interest.
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5. Enter all the relevant data into the spreadsheet model developed as part of R&D
Technical Report FD2308/TR2. This spreadsheet model calculates the joint
exceedance tables and curves for the joint return periods of interest specified by the

user.
The five steps are now detailed in the following sub-sections.

9.4.3 Deriving high and extreme values for variabl e 1 — Suir River Flow

Data from two gauges in the Suir Catchment — 16010 and 16011 — has been used to derive
high and extreme values for flow in the River Suir. The yellow markers in Figure 9-3 highlight
the locations of the gauges. These gauges were chosen, as they are situated the furthest

downstream on the Suir, without being tidally influenced.

Figure 9-3: - Suir Catchment — Gauges 16010 and 160 11

Gauge 16010 is located on the River Anner approximately 3.6km upstream of the Anner and
Suir junction. The catchment area of the gauge is 437km? and the catchment area of the
downstream junction where the Anner meets with the Suir is 444km?. Gauge 16011 is located
in Clonmel and is 4.1km upstream of the Anner and Suir junction. The catchment area at the
gauge is 2,143km? while the catchment area of the point at which it meets with the Anner is
2,182km>.
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It is of most benefit to this analysis if the flows from these gauges are considered in
conjunction with each other at a point immediately downstream of the Suir and Anner
confluence. In order to derive this dataset, flows from both gauges were scaled to the flows
expected at the junction and then combined. This approach is reasonable given the close
proximity of both gauges to the junction. Flows from gauge 16010 were multiplied by 1.016,
which was obtained by scaling up from 437km? to 444km?. Likewise flows from gauge 16011
were multiplied by 1.018, obtained by scaling up from 2143km? to 2182km? The resultant
scaled datasets were added together to form one dataset, appropriate to the flows

immediately downstream of the Suir and Anner confluence.

The FSU Single Site Flood Frequency Analysis was undertaken for the dataset, in order to fit
an appropriate statistical distribution and produce representative growth curves. Upon
analysis, it was decided that not enough years of gauge data were available to produce
reliable growth curves for the more extreme AEPSs, and thus the FSU Pooled Analysis proved
more appropriate. This extreme value analysis was used to derive flows for a range of AEPs

by fitting an EV1 distribution to the dataset.

9.4.4 Deriving high and extreme values for variable 2 — Total Water Levels for
Waterford Harbour

Extreme values of the total sea level in Waterford harbour (tide plus surge) were taken from
the Irish Coastal Protection Strategy Study (ICPSS) — Phase 3 South Coast report produced
by RPS in May 2011. This study consisted of an assessment of the hazard and potential risk
from coastal flooding and erosion at a strategic level. The study established extreme flood
outlines for a range of exceedance probabilities for the South Coast of Ireland. The accurate
estimation of extreme water levels was therefore a critical part of this study. They were derived
using sophisticated numerical modelling techniques coupled with extreme value analysis
performed on model outputs.The reader is referred to the final report from the ICPSS Phase 3

study for a detailed description of the modelling study and extreme value analysis.

9.4.5 Estimating the dependence between the two va  riables

Dependence between fluvial flow and coastal water levels has been proven to occur at many
sites under FD2308 The degree of dependence between datasets will vary from location to
location as the relative importance of the various hydraulic, topographical and meteorological
effects causing the dependence can change quite considerably. Correlation coefficients have
been established as part of FD2308, available to the spreadsheet user. However analysis
under this study did not extend to Ireland, and thus a degree of correlation (if any) between

fluvial and coastal events must be determined by analysing available, limited datasets.
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As part of the ICPSS, a review of historical datasets was carried out in order to determine the
most relevant extreme events occurring on the south coast of Ireland since the 1960s. Using
meteorological data, these events could then be hindcast using the RPS detailed model for the
Waterford Estuary, in order to establish extreme water levels during these storms at various
points in the estuary. As can be seen from Figure 9-4, ICPSS Point W5 is the most relevant
water level point for the Suir Joint Probability Analysis. RPS supplied OPW with modelled
water level data for each of the extreme events simulated for the Waterford Estuary. This
dataset proved extremely useful in establishing the relationship between coastal and fluvial

events on the Suir.

Figure 9-4: - Location of ICPSS points W_1to W_5

Using the dataset at ICPSS Point W5, dates and durations of extreme events were noted,
along with the corresponding maximum fluvial flow values during the entire simulation period.
It was observed that it was not uncommon for both the peak fluvial flow and coastal level to
occur on exactly the same day, however analysis indicated a wide spread of results, with
fluvial flow occurring days before the coastal peak and vice versa (Figure 9-5). Nonetheless,
there is a small degree of correlation evident, implying that the datasets are not entirely

independent.
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Figure 9-5: - Relative Timings between Fluvial Flow  and Coastal Water Level during
extreme events

The analysis was taken further by comparing directly the flows in the Suir at the time of the
coastal extremes at Point W5, with the modelled coastal water levels. Daily maximum and
daily mean flows for Gauges 16010 and 16011 were compared both independently and
together, with little difference in the result. Daily mean flows produced a slightly more defined

correlation than the daily maximum flows and thus were taken forward for further analysis.
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Figure 9-6: - Correlation between extreme flows in Suir/Anner Combined and extreme
water levels at W5

In order to truly understand the relationship between the datasets, it was necessary to express
each value in terms of its return period so that 'like with like' data could be compared. The
following plots (Figure 9-7 to Figure 9-10) are a sample of the plots investigated in the
determination of correlation. It was concluded that there was a low degree of correlation

between the datasets.

Figure 9-7: - Correlation of return periods between extreme flows in Suir/Anner
Combined and extreme water levels at W5
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Figure 9-8: - Correlation of return periods between extreme flows in Suir/Anner
Combined and extreme water levels at W5 - Omitting higher values

Figure 9-9: - Correlation of return periods between extreme flows in Suir/Anner
Combined and extreme water levels at W5 - Focussed  on coastal extremes only
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Figure 9-10: - Correlation of return periods betwee  n extreme flows in Suir/Anner
Combined and extreme water levels at W5 - Log Scale

Further to this, Suir flow data was also compared with measured tide gauge data at Waterford
Harbour. However the tide gauge data was very limited, only available for 2 years, and thus it
was not sufficient for a full analysis. Nonetheless, the recorded river flow from the Suir was
plotted against total sea level data from Waterford Harbour, allowing a relationship to be
determined between the two variables. In line with previous results, only a very low degree of

correlation is apparent.
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Figure 9-11: - Correlation between extreme flows in Suir/Anner Combined and
Waterford Harbour tide gauge

From the analysis undertaken in this study and using engineering judgement, along with
trends from similar sites in England under the FD2308, it was established that there was
evidence of very low correlation between Suir fluvial flows and Waterford Estuary tidal water
levels. Using guidance from FD2308, it was deemed that a representative Chi value for
correlation should be 0.015. This implies that they are neither independent nor fully dependent

events, but should not be discounted as having a low degree of correlation.

Figure 9-12: - Chi Values- Class Divisions (FD2308)
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9.4.6 Deciding on the joint return periods of inte  rest
The joint return periods of interest to be obtained from the spreadsheet were:

0.1%
0.5%
1%
2%
5%
10%
20%

50%

9.4.7 Using the spreadsheet model

The main worksheet of the spreadsheet model developed as part of the Desk study approach
is presented in Figure 9-13. The return period values for the two selected variables, Suir river
flow and ICPSS water levels were entered, along with the measure of dependence expressed
in terms of the 'chi' parameter and the 'Number of records per year'. The joint return periods of

interest were also entered for definition of the output.

Figure 9-13: - Spreadsheet Model Inputs
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The main outputs from the spreadsheet model are joint exceedance curves, together with data
tables for this study. Each curve consists of a number of paired fluvial and tidal values which

together give a combined return period event for that curve.

Figure 9-14: - Spreadsheet Model Exceedance Curves

Often the values from the joint exceedance curves and their associated data table can be
used as boundary conditions in hydraulic models, such as river models. In this case, it is the
table of data expressed in return period form that is of most interest (Table 9-6). Pairs of return
periods would be useful to the modeller, allowing them to vary water levels and associated

flows, depending on the location of the model boundaries.
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Table 9-6: - Spreadsheet Model Output - Pairs of Ma  rginal Return Periods
Marginal
return Joint exceedance return period (years)
period
(years) for 2 5 10 20 50 100 | 200 1000
1.3 0.001 | 0.004 | 0.017 | 0.069 | 0.433 | 1.731 | 6.923 173.077
2 0 0.003 0.011 0.045 0.281 1.125 4.5 1125
5 0.001 | 0.005 | 0.018 | 0.113 0.45 1.8 45
10 0.002 | 0.009 | 0.056 | 0.225 0.9 22.5
13 0.007 | 0.043 | 0.173 | 0.692 17.308
20 0.005 | 0.028 | 0.113 0.45 11.25
50 0.011 | 0.045 0.18 4.5
100 0.023 0.09 2.25
130 0.069 1.731
200 0.045 1.125
500 0.45
1000 0.225

However, as correlation has proven to be so low between the datasets, the pairs of output
values from the results table show very small return period flows for the associated return
period water levels. As such, it is recommended to apply a conservative approach, which is in

line with other CFRAM study modelling and consider joint probability pairs as follows.

The joint probability design event for a coastal dominated scenario should be defined by
simply combining a coastal extreme event of the same return period, with a fluvial event with a
return period of 2 years. Likewise the joint probability design event for a fluvial dominated
scenario should be defined by simply combining a fluvial extreme event of the same return
period, with a coastal event with a return period of 2 years. Sensitivity analysis should be

carried out to ensure that no pairs of mid curve events are more critical.

A tidal curve can be fitted to the tidal level and entered into the model as the downstream HT
boundary condition, where appropriate. FSU methodology is used to fit a hydrograph to the

extreme flow rate and is entered as the upstream QT boundary condition.
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10 EXISTING / PROPOSED OPW SCHEMES

A number of OPW funded flood relief schemes within the Suir catchment are currently
proposed, under construction or completed. Details of the hydrological inputs, developed for

these schemes, are detailed in the following sections.
10.1 TEMPLEMORE

For the purposes of the Suir CFRAM Study it was decided to adopt the flood mapping from the
OPW Templemore Scheme Study,

A Flood Relief Scheme for the town of Templemore on the River Mall in North Tipperary is
currently proposed by the OPW. A hydrologic and hydraulic analysis has been carried out for

the scheme and the salient hydrological findings are presented here.

A hydrometric gauge was installed on the River Mall at Small's Bridge in Templemore in
October 2002. Design flows for the scheme were developed through a peak over threshold
(PoT) statistical analysis of records from this gauge. From this analysis the Qmeqs at Small’s

Bridge was estimated as 5.72m%/s..

The design flows (exclusive of climate change) for the Templemore Scheme are presented in
Table 10-1.

Table 10-1: - Templemore Flood Relief Scheme Design  Flows

Maximum
AEP Event Flow
(m?/s)
50% 5.72
20% 7.81
10% 9.66
2% 15.17
1% 18.02
0.50% 21.38
0.20% 26.62

While the hydrological methods used for the Templemore scheme are different to those used
by the Suir CRAM study, they are considered appropriate as they make the best use of the
available catchment specific gauge data. For further information on the derivation of the

design flows for Templemore, the reader is directed to report reference: SW1210-01/RP/01
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10.2 CLONMEL

A flood relief scheme was constructed in the town of Clonmel. The works were undertaken in
two phases namely Clonmel West and the Clonmel North / East Phases. Mott MacDonald
Pettit undertook the scheme design with Hydraulic modelling being completed by HR
Wallingford. The scheme design was brought to public exhibition in May 2005 and is designed
to protect properties in Clonmel against a flood with a 1% probability of occurring in any given
year. The defences are so designed, that they can be further raised at relatively little
additional cost, should there subsequently be a clear need to do this, for reasons of climate
change or otherwise. An early flood warning system, which has already been of benefit in
recent flood events, was developed by OPW for the River Suir. The overall scheme for
Clonmel, will benefit approximately 568 properties. Total value of the scheme is

approximately €44m.

The Clonmel West Phase was awarded to SIAC at a cost of €8.18m. Works commenced in
April 2008 with an anticipated duration of 18 months. This phase consisted of the following
works:- construction of flood walls, storm water drainage and a pumping station in the Church
Lane area of Marlfield, flood walls and land drainage at the Presentation School on the
Convent Road, flood walls and surface water draining to the North Quay, flood walls, surface
water drainage and pumping stations to Grubb’s Quay, Stretches Island, the Green
Lane/Bridge Street area and the Old Bridge Raheen Road area, flood walls and land drainage
to the Auk Stream on the Dungarvan Road, flood walls along the Whitening Stream in Old

Bridge and a new culvert for the Whitening Stream.

Clonmel North and East phase was awarded to Ward and Burke Construction Ltd in

September 2010 at a cost of €7.43m with a contract duration of 18 to 24 months anticipated

This phase of the works involved the construction of walls, embankments and other protection

measures along the River Suir between the Old Bridge and Sir Thomas' Bridge at Ferryhouse.

The Suir CFRAM study will not undertake any additional hydraulic modelling in the town and
will route the flows through the town. Flood extent maps as required by the “Flood Directive”

will be based on the model outputs of the Hydraulic Modelling completed by HR Wallingford.

The OPW are currently in discussions with both Mott MacDonald and Atkins with the aim to
have these consultants undertake the production of the Flood maps and Flood Risk

Management Option for Clonmel.
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11 SENSITIVITY AND UNCERTAINTY

11.1 KEY AREAS OF UNCERTAINTY

The Suir CFRAM study requires an understanding of sensitivity to hydrological and hydraulic
parameters in order to inform the uncertainty analysis in those processes to follow. The
hydrological analysis used to develop design flows are known to be changing over time.
Generally the following factors may affect the quality of both the historic events and the

estimation of the future flood extents;
A) - Hydrometric data available

B) - Calibration data available

C) - Flow estimation data available

D) - Climate change , future catchment changes, afforestation urbanisation.

11.2 A)- HYDROMETRIC DATA AVAILABLE

This includes record length and gaps, data quality (classified in terms of the rating confidence
under FSU WP 2.1). The Suir catchment has an extensive networks of gauges which are
generally operated by either the OPW or EPA / Local Authorities. There was a vast amount of
good quality data collected during the early phases of the study as outlined in the early
chapters of this report. There is no clear way to test the sensitivity of the study area to the
amount of data available and it must just be recommended that all data sources continue to be

investigated for all future work in the catchment.

11.3 B) - CALIBRATION DATA AVAILABLE

There was an extensive exercise carried out to ensure the best calibration quality of
hydrological models. The objective of the calibration process is to provide confidence in the
outputs from the hydraulic modelling process by demonstrating that the models are a suitable

representation of past events.

As part of this process, historic records from a number of rain gauges, river gauges and
anecdotal flood extents were obtained. These records allow historic events to be simulated
using the hydraulic model, in order to assess the model on its performance in reproducing

known water levels and extents from known inflows.
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In order to calibrate the hydrology and hydraulics of the Suir catchment, five calibration events
were used for calibration. They were chosen as they represented the best spatial distribution
of high ranking events throughout the catchment. In addition to the five large flood events, an
in-bank event (March/April 2008) was also selected to validate model performance at lower

flows.

Full detail on this calibration is given in the 'Hydraulic Modelling Approach' of the Suir CFRAM
Hydrraulics Report. TO summarise, it is felt that the range of flows used in the calibration
allowed a very thorough and detailed comparison of modelled and observed flows to be
carried out. It was felt that there was no further requirement for sensitivity testing of the
calibration after the detailed work that was done in this area, as reported in the Hydraulics

report.

11.4 C)- FLOW ESTIMATION DATA AVAILABLE

This area look at any uncertainty around the flow estimation based on catchment descriptor

based techniques.

Consideration was given to what factors should be altered across the Suir CFRAM study to
best reflect the level of confidence in the hydrology. It was felt that the hydrology was
generally robust as the Suir catchment has an extensive network of gauges which are
operated by either the OPW or EPA / Local Authorities.

With this in mind any sensitivity concerning this field will be more appropriate at the hydraulic
modelling stage of the study and should focus mainly on two variables, i.e confidence in the
index flood QMED and confidence in the derivation of the growth curves. QMED confidence
range is assessed using the equations for SE and FSE provided in the FSU WP2.2 report.
These are provided for estimates derived from catchment descriptors, which gives rise to a
scaling factor of 1.37 for use in the sensitivity analysis. Likewise a scaling factor of 1.2 should
be used to reflect the confidence in the growth curves. Model flows were thus adjusted for all
1% AEP simulations, by factoring flows by 1.644 (1.2*1.37). This was achieved by adding a

flow multiplier to each boundary unit used within the IED files.

Additional detail is given on this sensitivity testing in the Hydraulics Report for the Suir CFRAM
study.
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115 D) - CLIMATE CHANGE, FUTURE CATCHMENT CHANGES,
AFFORESTATION URBANISATION.

Following completion of the present day and future scenario models the assessed cumulative

uncertainties can be rationalised into a sensitivity / uncertainty factor for each scenario such

that a series of hydraulic model runs can be performed which will inform the potential error on

the flood extent maps.

To facilitate the assessment of potential future flood risk, two future flood risk management
scenarios have been proposed, a Mid Range Future Scenario and a High End Future
Scenario. The range of parameters incorporated in each of the future scenarios has been
determined from a comprehensive review of current research. This is a topic, which is actively
being researched, and it is recommended that the outcomes of this research be used to inform

future catchment studies.

In the future scenarios climate change has been defined as a potential source of significant
uncertainty due to the inherent uncertainties surrounding climate change science and how

these will translate into changes in fluvial flood flows in Ireland.

Within the Suir catchment it is considered that urbanisation is not generally a source of high

uncertainty in the prediction of future flood flows.

Afforestation has been not identified as a potential source of future uncertainty within the
catchment and thus does not require any sensitivity to this field but is deemed to be more
appropriate that this is considered through roughness factors in the modelling at the next

stage of the study.

11.6  AREAS FOR UNCERTAINTY MOVING FORWARD

In addition to these the list of factors which could potentially affect the uncertainty and
sensitivity of the assessment of flood risk in the Suir catchemnt is subject to further
uncertainties and sensitivities related to the hydraulic modelling and mapping stages. This
includes building representation and head loss at key structures. There is more detail given on

these factors in the hydraulics report chapter 'sensitivity analysis'.
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12 SUMMARY AND CONCLUSIONS

12.1 KEY OUTPUTS

A detailed hydrological assessment has been undertaken as part of the Suir CFRAM Study.
FSU and FSR methodologies have been used to analyse meteorological and hydrometric data
to estimate extreme flows for the Suir main channel and its significant tributaries. The key

outputs from this assessment include:

The use of emerging FSU methodologies on a catchment scale project;

Rainfall-runoff boundary unit for hydraulic model calibration;

Design flows for a range of durations for the 50%, 20%, 10%, 4%, 2%, 1%, 0.5% and
0.1% AEP events for present day conditions for each HEP catchment;

Design flows for a range of durations for the 50%, 20%, 10%, 4%, 2%, 1%, 0.5% and
0.1% AEP events for the two future scenarios (Mid Range Future Scenario and High
End Future Scenario) for each HEP catchment.

12.2 RECOMMENDATIONS
12.2.1 River Gauges

The Suir catchment has an extensive networks of gauges which are generally operated by
either the OPW or EPA / Local Authorities. The exception is the tidal gauge at Great Island,
which is operated by the Port of Waterford. There are three gauges operated by the OPW that

may need to be reviewed and these are listed below;

-Gauge Ref: - 16001 Athlummon, gives a very flat growth curve and seems to be experiencing

greater than 0.1% AEP events regularly.

-Gauge Ref: - 16137 Newbridge, which was installed in mid 2005 as part of the flood warning
system for Clonmel. However due to the turbulent nature of the flow through the bridge at the
gauge site it has not been possible to obtain any reliable gaugings. Hence data from the

gauge was of limited use for the Suir CFRAM Study.

-Gauge Ref: - 16138 Ballydonagh, which like the previous gauge was also installed as part of
the flood warning system for Clonmel. However due to the inaccessible nature of the gauge
location, particularly due to high flow events, there are no reliable gaugings and hence the

gauge was of limited use for the Suir CFRAM Study.
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12.2.2 Rain Gauges

A number of rain gauges were installed in 2005 by the OPW as part of the Clonmel Flood
Warning system. However due to both the brevity and the non-continuous records, these were
of limited use for the study. If the reliability of both the gauges and their records were improved

this dataset could be of benefit for future updates of the Suir CFRMP.

12.2.3 Digitised Records

While there is extensive meteorological and hydrometric data available in the Suir catchment,
there have been difficulties in obtaining digitised data. Digitising large amounts of paper charts
was not possible within the timescales of this study. It is recommended that the full data record
be digitised to enable future reviews of the Suir CFRAM Study hydrology, including peak over
threshold statistical analysis and unit hydrograph analysis. It is also recommended that a joint
EPA and OPW review be undertaken to ascertain whether further collaboration is possible in

accessing, storing and disseminating data from gauges.

12.2.4 Records for Future Risk

In addition to determining the existing flood risk, there are a number of drivers that can
influence future flood risk in the Suir catchment, including climate change, afforestation and
urbanisation. In relation to climate change and net sea level rise, it is recommended that
subsequent revisions of the Suir CFRMP consider data available from a CGPS station at

Castletownbere in assessing isostatic subsidence along the south coast of Ireland.

To facilitate the assessment of potential future flood risk, two future flood risk management
scenarios have been proposed, a Mid Range Future Scenario and a High End Future
Scenario. The range of parameters incorporated in each of the future scenarios has been
determined from a comprehensive review of current research. This is a topic, which is actively
being researched, and it is recommended that the outcomes of this research be used to inform

future catchment studies.

12.3 CONCLUSIONS

In conclusion, the outputs from this hydrological analysis will be used in the subsequent
hydraulic modelling phase of the study. The rainfall-runoff boundary units will be used to
calibrate the hydraulic models to known historic flood events. Following from this, the design
flows will be used to create flood maps for both present day and future scenarios.
Furthermore, knowledge of the hydrological processes and historic flooding gained from this
work will support the decision making process for the flood risk management options phase of

the study.
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