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Executive Summary

The OPW, working in partnership with Cork County Council and other Local Authorities, have
commissioned the South Western (SW) Catchment Flood Risk Assessment and Management (CFRAM)
Study. The objectives of the CFRAM Study are to identify and map flood risk and to identify viable
measures and options for the effective and sustainable management of flood risk in the Areas for Further
Assessment (AFAs).
The SW CFRAM Study Area includes 26 AFAs, including Clonakilty. Following severe flooding in
Clonakilty in June 2012, the CFRAM work for the town was accelerated to assess the risk and develop a
potentially viable flood relief scheme (a ‘Scheme’) as a matter of priority. In July 2013, the outcomes of the
accelerated work, namely flood maps and an emerging preferred Scheme option, were brought to public
consultation.
In 2014, the OPW commissioned Mott MacDonald Ireland Ltd. to develop and assist in the implementation
of a flood relief scheme for Clonakilty.
The first stage of the project, the Scheme Development and Design (Stage I) is now complete and has
identified a preferred option for mitigating flood risk in Clonakilty. This stage included a review of all the
viable flood risk management measures and options from the SW CFRAM Study.
From the objective analysis of the Multi-Criteria Assessment and in applying professional judgement, the
preferred option is the “Storage and Tidal Defences” option. For this option, a significant element of the
work is concentrated outside of the town. The works within the town will have significantly lower impacts
than other options and the cost of this option is much less than the other options.
The key elements of this option include a storage area upstream of the town and new tidal defence walls
from Bridge Street to the Croppy Road.
For the storage area, the required storage volume is approximately 407,778m3 which covers an area of
approximately 194,900m2. The top level of the proposed flood storage embankment is 14.0m AOD which
will have a maximum height (at the river bank) of approximately 5.7m. The new tidal defence walls will be
on average 1.1m high. In addition, pump stations, localised defences and repair works to the existing
channel banks will also be required.

i
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1

Introduction

1.1

Context of Study

Flooding is a natural process that occurs throughout Ireland as a result of extreme rainfall, river flows,
storm surges, waves, and high groundwater. Flooding can become an issue where the flood waters
interact with people, property, farmland and protected habitats.
Flood risk in Ireland has historically been addressed through the use of structural or engineered solutions
(arterial drainage schemes and / or flood relief schemes). In line with internationally changing perspectives,
the Government adopted a new policy in 2004 that shifted the emphasis in addressing flood risk towards:
A catchment-based context for managing risk;
More pro-active flood hazard and risk assessment and management, with a view to avoiding or
minimising future increases in risk, such as that which might arise from development in floodplains;
Increased use of non-structural and flood impact mitigation measures.
Notwithstanding this shift, engineered solutions to manage existing risks are likely to continue to form a key
component of the overall national flood risk management programme and strategy. A further influence on
the management of flood risk in Ireland is the ‘Floods’ Directive [2007/60/EC]. The aim of this Directive is
to reduce the adverse consequences of flooding on human health, the environment, cultural heritage and
economic activity.
1.2

Background to the Project

The OPW, working in partnership with Cork County Council and other Local Authorities, have
commissioned the South Western (SW) Catchment Flood Risk Assessment and Management (CFRAM)
Study. The objectives of the CFRAM Study are to:
1

Identify and map the existing and potential future flood hazard within the Study Area,
2

Assess and map the existing and potential future flood risk within the Study Area,
Identify viable structural and non-structural options and measures for the effective and sustainable
management of flood risk in the Areas for Further Assessment (AFAs) and within the Study Area as a
whole,

1

Potential future flood hazards and risk include those that might foreseeably arise (over the long-term) due to the
projected effects of climate change, future development and other long-term developments.

2

Flood risk is defined as a combination of probability and degree of flooding and the adverse consequences of
flooding on human health, people and society, the environment, cultural heritage and economic activity and
infrastructure

1
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Prepare a set of Flood Risk Management Plans (FRMPs) for the Study Area, and associated Strategic
Environmental and, as necessary, Habitats Directive (Appropriate) Assessment, that sets out the
policies, strategies, measures and actions that should be pursued by the relevant bodies, including the
OPW, Local Authorities and other Stakeholders, to achieve the most cost-effective and sustainable
management of existing and potential future flood risk within the Study Area, taking account of
environmental plans, objectives and legislative requirements and other statutory plans and
requirements.
The SW CFRAM Study Area includes 26 AFAs, including Clonakilty. Following severe flooding in
Clonakilty in June 2012, the CFRAM work for the town was accelerated to assess the risk and develop a
potentially viable flood relief scheme (a ‘Scheme’) as a matter of priority.
In July 2013, the outcomes of the accelerated work, namely flood maps and an emerging preferred
Scheme option, were brought to public consultation. The emerging preferred Scheme option for Clonakilty
under the SW CFRAM Study included:
•

Flood-water storage in an artificial, embanked online storage area upstream of Clonakilty to reduce
fluvial flood risk, and,

•

On-land flood defences to reduce coastal flood risk.

1.3

Study Aims

The overarching aims of this Project are to develop and assist with the implementation of a Scheme that
may comprise five stages, as set out below:
•
•
•
•
•

Stage I: Scheme Development and Design
Stage II: Public Exhibition
Stage III: Detailed Design, Confirmation and Tender
Stage IV: Construction Supervision
Stage V: Handover of Works

Mott MacDonald Ireland has been commissioned by the OPW to carry out the Stage I: Scheme
Development and Design.
1.4

Scope of Work

This report details the preferred option for mitigating flood risk in Clonakilty as identified during the Scheme
Development and Design stage. This stage also included a review and assessment of all the viable flood
risk management measures and options which are described in the Development of Options Report.

2
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1.5

Study Area

Following on from the SW CFRAM study, the study area for the Clonakilty Flood Relief Scheme was
extended to include the upper reaches of the Garage Stream, Cappeen Stream and the River Feagle
including its tributaries the Ahagilla Stream, Ballyhalwick Stream and Ballyvackey Stream. The extent of
the study area is shown in Figure 1.1 below.
Figure 1.1:

3

Study Area
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2

Outline Details of Preferred Flood Risk
Management Option

2.1

General

As part of this study a range of flood risk management (FRM) options were reviewed. Those which were
deemed to be viable FRM options were assessed further and these are listed in Table 2.1 below.
Table 2.1:

Summary of Viable FRM Options

Viable Flood Risk Management Options
Storage and Tidal Barrage
Storage and Tidal Flood Defences
Fluvial Flood Defences and Tidal Barrage
Fluvial Flood Defences and Tidal Flood Defences
Flow Diversion (Route 1) and Tidal Barrage
Flow Diversion (Route 1) and Tidal Flood Defences

2.2

Preferred FRM Option

From the objective analysis of the Multi-Criteria Assessment it would appear that the clear option to be
considered is:
Storage and Tidal Defences Option
In applying professional judgement with reference to the information gathered through hydrological
analysis, topographical and river survey, hydraulic modelling, environmental assessment and public
consultation there would appear to be one clear preferred option. That is:
•

Storage and Tidal Defences Option

The main reasons why this is the Preferred Option over all the others considered is that:
A significant element of the work is concentrated outside of the town.
The works within the town will have significantly lower impacts than other options.
The cost of this option is much less than the other options.

4
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2.3

Outline Details of Preferred Option (Storage and Tidal Flood Defences)

The preferred option is a viable and effective option that will mitigate both fluvial and tidal flood risk for the
design events which are as follows:
•
•

3

Fluvial Design Event = Fluvial 1.0% AEP + Tidal 143% AEP (0.7yr tide – 2.13m OD Malin)
Tidal Design Event = 50% Fluvial AEP + Tidal 0.5% AEP

Figure 2.1:

3

5

Storage & Tidal Flood Defences

Annual Exceedance Probability; this represents the probability of an event being exceeded in any one year and is an alternative
method of defining flood probability to ‘return periods’. The 10%, 1% and 0.1% AEP events are equivalent to 10-year, 100-year and
1000-year return period events respectively.
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2.3.1

Upstream Fluvial Storage

The storage measure can mitigate downstream fluvial flood risk and is based on the design event
4
hydrology (i.e. 17.9m3/s ) with a 95 percentile confidence interval (i.e. multiplied by standard factorial
5
errors of 1.17 and 1.23 for uncertainty associated with the Index Flood and the Growth Curves
respectively). The peak flow is 25.73m3/s with a permitted outflow of 6.2m3/s.
The required storage volume is approximately 407,778m3 which covers an area of approximately
6
194,900m2 up to the 13.5m contour . The top level of the proposed flood storage embankment is 14.0m
AOD (i.e. 13.5m contour plus 0.5m allowance for freeboard and settlement of earth embankment). An
overspill provision is also included in the flow control structure, set to a height of approximately 300mm
less than the top of the embankment (i.e. 13.7m AOD). The maximum height of the embankment (at the
river bank) is approximately 5.7m. It should be noted that the storage area design takes account of the
proposed North Ring Road as included in the local area development plan.
The storage measure does not mitigate upstream fluvial flood risk. Therefore, localised protection works
are required at Killgarriff Bridge and on the Ballyhalwick Stream.
2.3.2
•
2.3.3
•
•
•
2.3.4

Fluvial Defences – Killgarriff Bridge
1.6m high embankment along the field boundary adjacent to the road.
Fluvial Defences – Ballyhalwick Stream
1.1m high wall including headwall upstream of L8010 Bridge
0.6m high embankment along both banks downstream of the R599 Bridge
A short section of wall 1.1m high behind a storage shed along the left bank
Fluvial Defences – Garage Stream

While the Garage Stream does not give rise to flooding during the fluvial design event (1% AEP), there is a
high risk of flooding due to blockage of existing culverts. Therefore, it is proposed include the following
works:
•
•

Replace existing (2Nr.) 0.6m diameter culverts crossing at Ballyduvane with 1.0m x 0.5m box
culvert
Install a trash screen upstream of Cloheen Cottages

4

Reference report “Clonakilty Flood Relief Scheme – Hydrological and Coastal Analysis” – Table 4.7: Design Peak Flows

5

Reference report “Clonakilty Flood Relief Scheme – Hydrological and Coastal Analysis” – Section 4.4

6

Reference report “Clonakilty Flood Relief Scheme – Development of Options” – Section 12.3

6
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2.3.5
•
•
•
•
•
•

7

Tidal Defences
1.1m high flood walls on both banks between Michael Collins Bridge and the Library
Replace railings with solid parapets on Credit Union pedestrian bridge (or removal of bridge).
1.1m high flood walls on both banks between Library and Rossa Street Bridge.
1.1 to 1.3m high flood walls on both banks between Rossa Street Bridge and Seymour Street
Pedestrian Bridge
Replace railings with solid parapets in Seymour Street Pedestrian Bridge
1.3m high flood walls on both banks between Seymour Street Pedestrian Bridge and Clarke Street
Bridge.
Strengthen and raise parapets of Clarke’s Street Bridge.
1.1m to 1.3m high flood wall along the Croppy Road between Clarke Street and Facksbridge.
1.2m high flood walls from Clarke Street along the south bank, through the Waterfront
Development to boundary of Waste Water Treatment Plant.
0.7m high flood defence embankment at boundary of Waterfront Development and Waste Water
Treatment Plant. Embankment to run north south tying into existing ground levels.
1.6m high flood wall and 1.7m raised road level along 220m of the Ring Road from Facksbridge.
1.4m high flood embankment behind the houses on the Old Timoleague Road.
1.3m high flood walls behind a number of properties on Convent Road.
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2.3.6

Pump Stations

As part of the preferred option 5 Nr. surface water pump stations will be required. The pump stations will
be located as shown in Figure 2.2. It should be noted that the pump stations at the Waterfront and Wolfe
Tone Street are to be constructed by Cork County Council under separate surface water drainage works.
Preliminary designs have been carried out for the 3Nr. pump stations to be constructed under this scheme.
Pump station capacities of 500l/s have been selected in line with the unit cost database which provides a
cost estimate of €504,000 per pump station.
Figure 2.2:

8

Location of Surface Water Pump Stations
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2.3.7

Localised Protection Works (i.e. Infilling Gaps)

Based on the site walkover and sites surveys a number of areas were identified where quick wins could be
achieved by filling gaps in the river bank or raising low lying bank levels. These were verified through the
design runs of the hydraulic model.
The hydraulic modelling indicates that Clonakilty is at risk of minor flooding from the 50% fluvial AEP event.
This flooding occurs just upstream of Fernhill Bridge through a short section on the right bank which is low
lying. From here, flood waters flow through a storage yard and flood a short section of Fernhill Road and
Western Road. Overall, this flooding is minor and no properties are flooded. However, it is proposed that
this low lying gap be filled as it would provide a quick win with respect of the high frequency fluvial events.
A photograph of the area is show in Figure 2.3. It should be noted that this photograph is taken in the
upstream direction and the right bank is on the left hand side of the photograph.
Figure 2.3:

Low Lying Bank upstream of Fernhill Bridge

Source:

Channel Survey – Murphy Surveys

9
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In the town centre, close to the Fire Station on Kent Street, there is an access point to the river channel
which is approximately 300mm lower than the rest of the wall. This lower section of wall contributes to
flooding along Kent Street and Connolly Street. It is proposed to close this gap of the river wall which
would represent a quick win for high frequency fluvial events.
2.3.8

General Repairs

A condition assessment of the river channel, banks, walls and other structures was carried out along the
River Feagle from Dunnes Stores to Facksbridge where flood mitigation measures have been considered.
The assessment was carried out in accordance with the Environment Agency Condition Assessment
Manual which grades from Very Good to Very Poor. Figure 2.4 shows the extent and results of the
condition assessment carried out.
Where channels, banks or structures are graded as “Poor” or “Very Poor”, these are to be replaced or
repaired if possible. For all other grades a detailed structural assessment will be required at detailed
design stage to determine if the walls etc. can be incorporated into the preferred scheme.
At this stage, where walls are proposed as part of a viable method, it has been assumed that any existing
walls will be replaced irrespective of the grade.

10

332149/EDE/CCW/R005/C 27 April 2015
332149-EDE-CCW-R005-C

Clonakilty Flood Relief Scheme
Final Report

Figure 2.4:

11

Condition Assessment of River Channel, Bank and Structures
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2.3.9

River and Tide Level Gauges

To inform the operation of the flow control structure a series of river and tide level gauges are required.
Together, upstream gauges 1, 2 and 3 will provide information on total flow into the storage area while the
remaining gauges will be used in the control logic. These are detailed in Table 2.2 and Figure 2.5.
Table 2.2:

List of River and Tide Level Gauges

Gauge Nr.

Location

1

Killgarriff Bridge

River Level

2

Ballyhalwick – GAA Bridge

River Level

3

Cappeen Stream – Bridge

River Level

4

Flow Control Structure

River Level

5

Garage Stream – culvert inlet

River Level

6

Feagle / Garage Downstream

River Level

7

Rossa Street Bridge

River Level

8

Clonakilty Bay

Tide Level

Figure 2.5:

12

Level

Locations of River and Tide Level Gauges
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2.3.10 Control Logic
A control logic will be required for the operation of the sluice gate to limit the flow in the downstream
7
channel to approximately 10m3/s during fluvial events. This logic will determine when the permitted
outflow is to be limited and adjust the height of the sluice gate accordingly.
•
•
•
•
•

Gauge 4 – Flow in River Feagle / Permitted Outflow
Gauge 5 – Flow from Garage Stream
Gauge 6 – Combined Feagle and Garage Flow (without downstream lateral inflows)
Gauge 7 – River Feagle downstream flows (including downstream lateral inflows)
Downstream Lateral Inflow – difference between Gauge 7 and Gauge 6

Gauge 7 is located in the tidal reach of the River Feagle. Therefore, the flow at Gauge 7 will be determined
through an analysis and comparison of the water levels at Gauge 7 and Gauge 8.
The control logic will be based on the following:
Permitted flow at Gauge 4 = 10m3/s – flow at Gauge 5 – difference between flow at Gauge 7 and Gauge 6
If the actual flow at Gauge 4 is less than the permitted flow, no flow control is required. Table 2.3
summarises the permitted outflows for the various fluvial events.
Table 2.3:

Summary of Flows and Permitted Outflows for various Fluvial Events

Flows (m3/s)

50% AEP

20% AEP

10% AEP

5% AEP

2% AEP

1% AEP

Garage Inflow (Gauge 5)

0.809

1.205

1.314

1.514

1.783

1.984

Downstream Lateral Inflow

0.765

1.106

1.201

1.378

1.615

1.792

1.574

2.311

2.515

2.892

3.398

3.776

10.0

10.0

10.0

10.0

10.0

10.0

8.426

7.689

7.485

7.108

6.602

6.224

7.4

11.0

11.9

13.7

16.1

17.9

(Gauge 7 – Gauge 6)
Total Inflows downstream of Storage
Area
Capacity of Channel
Permitted Outflow Flow (Gauge 4)
Actual Flow (Gauge 4)8

7

The permitted outflow was determined based on capacity of the downstream channel, structures and proposed works. This is
detailed in Section 12.0 of the report “Clonakilty Flood Relief Scheme – Development of Options”.

8

Actual flow taken from report “Clonakilty Flood Relief Scheme – Hydrological and Coastal Analysis” – Table 4.7

13
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2.3.11 Operation of Sluice Gate during Fluvial Design Event
The key parameters of the sluice gate for the fluvial design event (1% AEP) are as follows:
•
•

Max. design water level = 13.5m
Max. permitted outflow = 6.2m3/s

Based on the above, the dimensions of the sluice gate at the flow control structure are as follows:
•
•
•
•

Top level of structure = 14.0m OD Malin
Top level of overspill = 13.7m OD Malin
Orifice invert level = 7.1m OD Malin
Orifice width = 3.0m (same as existing river channel width)

A range of the control heights for the sluice gate are summarised in Table 2.4.
Table 2.4:

14

Operation of Sluice Gate to Limit Flow to 6.2m3/s

Top of Water Level

Height of Water

Orifice Height

(OD Malin)

Above Invert (m)

(m)

7.94

0.84

1.00

8.1

1

0.73

8.6

1.5

0.53

9.1

2

0.44

9.6

2.5

0.38

10.1

3

0.35

10.6

3.5

0.32

11.1

4

0.30

11.6

4.5

0.28

12.1

5

0.26

12.6

5.5

0.25

13.1

6

0.24

13.4

6.3

0.23

13.5

6.4

0.22
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3

Preferred Option

3.1

Hydraulic Model

Hydraulic models were developed to represent the storage area and the tidal flood defences as part of the
preferred option. These models showed that the combined measures (i.e. the preferred option) were
effective in mitigating flooding from both the fluvial (1% AEP) and tidal (0.5% AEP) design events. Figure
3.1 shows the combined flood extents for the fluvial and tidal design events following construction of the
preferred option.
Figure 3.1:

Preferred Option – Flood Extent

It can be seen in Figure 3.1 that the localised protection works at Killgarriff Bridge and on the Ballyhalwick
Stream are effective. The minor flooding of the GAA pitch has been allowed to remain. The extent of the
storage area is clearly identified and minor flooding of grassed areas can be seen downstream at Fernhill
Bridge and at Bushmount. However, these are grassed areas and not vulnerable to flooding. At the east of
the town at Facksbridge, it can be seen that the tidal flooding has been contained to the Ring Road and
Deasy’s Quay.

15

332149/EDE/CCW/R005/C 27 April 2015
332149-EDE-CCW-R005-C

Clonakilty Flood Relief Scheme
Final Report

3.2

Adaptability of Preferred Option to Climate Change

If climate change were to lead to an increase in peak flows and extreme sea levels, the works included in
the preferred option would have to be physically altered to adapt to these changes to maintain the standard
of protection. The key elements of the preferred option are the embankments, walls and pump stations.
The adaptability of these elements has been assessed and the following considerations have been made:
•
•
•

3.3

For embankments, the width of the crest allows for future increases in height to be made without
changes to the footprint or slope of the embankment.
The foundation design of the walls will allow for future increases in wall height.
Within the pump stations, the sumps will be oversized to allow pumps with greater capacity to be
installed in the future.
Monitoring and Maintenance Regime

To ensure that the flood relief scheme remains in an operational state it will be necessary to carry out
routine monitoring and maintenance on the different elements of the scheme. However, following an
extreme flood event it will be necessary to check all structures, gauges, flap valves and gullies.
Embankments should be checked twice a year and after every extreme flood event. The embankments
should be checked for any subsidence or damage that might lower the standard of protection.
The flood walls should be checked annually and after every extreme flood event for any damage. Damage
to joints should be repaired using an appropriate sealant, following the manufacturer’s instructions.
Pump Stations should be checked annually and after every extreme flood event. Pumps and other
equipment should be checked twice a year or in accordance with the manufacturer’s instructions.
Electronic gauges should be checked every three months and after an extreme flood event. The reading
should be checked against the actual river level.
Flap valves and gullies should be checked every month and after an extreme flood event. The flaps valve
should be checked for obstructions and to ensure they close fully and the gullies should be cleaned out.
Record Sheets for routine and post flood event maintenance should be completed and maintained locally
with copies issued to others as appropriate.
3.4

Cost Estimate and Scheme Benefit

The total cost estimate for the preferred option is €12,350,027.52. The benefit of the scheme is estimated
to be €25,817,605.19. A breakdown and summary of all cost estimates and benefits is provided in the
report on the Development of Options.

16
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4

Conclusion & Recommendation

4.1

Conclusion

From the objective analysis of the Multi-Criteria Assessment it would appear that the clear option to be
considered is:
Storage and Tidal Defences Option
In applying professional judgement with reference to the information gathered through hydrological
analysis, topographical and river survey, hydraulic modelling, environmental assessment and public
consultation there would appear to be one clear preferred option. That is:
•

Storage and Tidal Defences Option

The main reasons why this is the Preferred Option over all the others considered is that:
A significant element of the work is concentrated outside of the town.
The works within the town will have significantly lower impacts than other options.
The cost of this option is much less than the other options.
4.2

Recommendation

It is recommended that the preferred option of Storage and Tidal Flood Defences be taken to detail design
stage.
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