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Briskalagh Wind farm – Flood Risk Assessment

1 Introduction and Location

1.1 INTRODUCTION

1.1.1 General

Fluvio R&D Ltd. was commissioned by Briskalagh Ltd. to carry out a Flood Assessment (FA) for the
Proposed Wind Farm development at Briskalagh, Co. Kilkenny, Ireland (Figure 1).

The Proposed Wind Farm is located adjacent to the Tullaroan Stream and its tributaries, with a
smaller portion of the catchment on the east located close to the Breagagh stream (Figure 1).
Indicative flood maps (Figure 2) produced by the OPW are available for the Tullaroan Stream and
show flooding potential only around the existing site access road (see red arrow). The remaining
areas of the development are fully outside of flood zone A and B. OPW maps did not include three
relevant streams (Oldtownhill, Briskalagh and Knockeenglass) as shown in Figure 1 and Figure 2
(marked with red letters). It was considered that a more detailed Flood Risk Assessment would be
required for the development. This was confirmed by the Planning authority with the following
comments:

“it is noted that the crossing of the Tullaroan Stream and some access roads are proposed to be
located within a flood zone (National Indicative Fluvial Mapping). In addition, there is a history of
flood events immediately downstream of the site within the village of Kilmanagh. In this regard, you
are required to submit an updated Flood Risk Assessment (FRA) which includes detailed site-specific
hydraulic modelling of the Tullaroan Stream which should examine the potential impact on the
existing floodplain or on flood risk elsewhere downstream. The updated FRA shall also have regard
to the alterations that have been undertaken to the Tullaroan Stream within the boundaries of the
site

This Detailed Site-Specific Hydraulic Modelling Assessment focusses on two main
hydrological/hydraulic aspects of the development:

1. The impact of the Proposed Wind Farm infrastructure viz. internal wind farm road network,
new stream crossings, hardstands and turbines on the hydrology of the Tullaroan stream
catchment and Breagagh Tributary catchment at this location

2. The study also assesses the flood risk both upstream and downstream of the Proposed

Wind Farm (attention is given to Kilmanagh area also) by comparing existing and design
water levels and flow rates

Page 3
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Figure 1. Proposed Wind Farm development with river network.
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1.1.2 Methodology
The FRA involves a detailed hydrological analysis to determine a 'design flood’ flow; this is normally
a flood event which has the probability of occurring once in one hundred years with an additional
increase to take into account the effects of Climate Change (20% increase for Mid Range Future
Scenario is used). The design flood hydrograph is then used in an unsteady flow computer model
simulation to determine the water levels in the river along the entire river reach within the zone of
influence of the Proposed Wind Farm. The model includes the full extents of the flood plains of the
river and tributaries and this enables the simulation to identify the limits to which the water level
in the river extends on the flood plains. This is plotted on the detailed topographical site map to
give a Flood Extents Map. The flood mapping gives not only the flooding extents and but also the
variation in flood water depth throughout the flooded area. Using a 2D, unsteady flow, computer
model simulation enabled the effects of storage on the flood plain to be determined for the existing
green field site and for the site, post construction. This technical approach allows for an assessment
of the impact (if any) of the Proposed Wind Farm infrastructure on the flood flow rate at the
downstream end of the development and hence any impact on flooding in the village of Kilmanagh
and environs. HEC-RAS 2-D computer software v6.6. [6-9] is used for the development of the
computer model.

The assessment involved the following:
1. A hydrological analysis appropriate for this catchment area viz. the standard FSU method

[10] to determine the magnitude of the mean annual flood Qm,d, and the 100-year and
1000-year flood for the Tullaroan stream with tributaries, and also a tributary of the
Breagagh stream on the east part of the site.

2. Site visits and river survey to determine the extent of the river reach to be modelled based
on detailed river and flood plain survey data.
The collection of additional flood plain survey data (LIDAR) to develop a detailed
topgraphical DEM of selected river reach and all tributaries and drainage channels.

4. Computer model simulations to determine existing flood levels at the site for the design
flow for the existing river and flood plain.

5. Computer simulations of modifications to Proposed Wind Farm layout.
6. Evaluation of results in terms of hydrology and implications for the eventual Proposed Wind

Farm planning application.
7. Identification of the locations of any new culvert requirements or upgrading of existing

culverts.

3

1.1.3 Objectives

The general objectives of this report are to determine fluvial flood risk downstream of the
development and flood risk for the Proposed Wind Farm. The report will provide:

• Hydrological calculations for design flood flows,
• Produce flood maps for: MRFS, e.g. Q100cc (Flood Zone A), and up to Q1000cc (Flood Zone

downstream.
• Mitigate flood risks, if any, for the development.

• Assess the impact that the proposed development has on flood risk in adjacent lands and
B),

Page 6
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1.1.3.1 Flood zone concept

There are three types or levels of flood zones in accordance with the guidelines published by the
OPW and DHELG in November 2009 "The Planning System and Flood Risk Management – Guidelines
for Planning Authorities" [1].

Find Ime A

Fkvbt Zee+ 8

Fxxxl Zmo C

Indicative flood zone map

1.1.3.1.1 Flood Zone A

Is the zone where the probability of flooding from rivers and the sea is highest (greater than 1% or
1 in 100 for river flooding or 0.5% or 1 in 200 for coastal flooding).

1.1.3.1.2 Flood Zone B
Is the zone where the probability of flooding from rivers and the sea is moderate (between 0.1% or
1 in 1000 and 1% or 1 in 100 for river flooding and between 0.1% or 1 in 1000 year and 0.5% or 1 in
200 for coastal flooding);

1.1.3.1.3 Flood Zone C

Flood zone C is where the probability of flooding from rivers and the sea is low (less than 0.1% or 1
in 1000 for both river and coastal flooding). Flood Zone C covers all areas of the plan which are not
in zones A or B.

1.1.3.2 Flood zone concept in relation wind farm development

A wind farm development can be classified as an industrial development and does not come into
the category of highly vulnerable development which is normally restricted to Zone C. It is
appropriate therefore to consider wind farm infrastructure to be developed in Zones A&B provided
that there are no flood risk implications for adjacent properties and no change to the downstream
flood hydrograph flows. This FRA study will pay particular attention to these factors and the
hydrological and DEM modelling in particular will be sufficiently detailed so as to give high
resolution Flood Extents Maps and the Unsteady Flow Model gives conservative estimates of flood
hydrographs through the site and downstream of the site.
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1.2 DESCRIPTION OF THE SITE

1.2.1 Location of the site and hydrology features

The site is located just west from Kilkenny, e.g. north from the townland of Kilmanagh and south
from Tullaroan in Co. Kilkenny as shown in Figure 2. On the west boundary of the site, Tullaroan
stream flows from North to South direction. There are three significant tributaries (Oltownhill
stream, Briskalagh and Knockeenglass) flowing into the Tullaroan stream from east to west. The
stream network is shown in Figure 1 and Figure 2.

t.

y
A' d q&

B++

Kllkt' IIlly

b,' )‘

Figure 3. Site map.
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1.3 HYDROLOGICAL FEATURES

Topographical and bathymetric survey was carried out in September 2025. The survey established
the pattern of existing drainage and recorded existing hydrology features. The site has a gentle
slope in a north – south direction. Site visit has shown that Toullaroan Stream was in most of reach
dry. The surface runoff percolates underground upstream of confluence with Oldtownhill stream
due to soil configuration, e.g. layers. Photos associated with the site walkover are provided in Annex
A. Location of identified hydrological features (bridges and culverts) are shown in Figure 4 and are
listed in Table 1.

In total 12 stream/river crossings have been identified within the site and adjacent to the site
boundary, these are marked in Figure 4 below. Property access culverts/bridges are marked from
'1’ to '12’. As Bridges. Crossings characteristics are provided in Table 1.
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Table 1. Culvert details

i etail

BROI Bridge
Private dwelling access bridge. Box culvert 1.5m x 2.Om

River: Oldtownhill stream

Road bridge 2x900mm pipes. Locals noted that the bridge and

road floods. Site visit showed that pipes were partially blocked on

the u/s elevation.

River: Oldtownhill stream

Single span (3m wide) arch stone road bridge under Oldtown
road. River: Oldtownhill stream

Culvert 2x750mm pipes

River: Huntstown stream

Single span (11.84m x 1.85m) RC road bridge under Oldtown
road. River: Tullaroan stream. Scour noted at downstream left

abutment.

Four span arch stone bridge under R695/L1009 road in Kilmanagh

town. River: Tullaroan stream.

Single pipe 600mm culvert. River: Kilmanagh IS stream

600mm pipe. Briskalagh Stream.

750mm pipe. Briskalagh Stream.

750mm Pipe on the Upstream elevation, 1.5m xl.5m Box culvert
on the downstream elevation

30C)mm pipe. Breagagh Stream.

300mm pipe. Breagagh Stream.

BR02 Culvert

BR03

BR04

Bridge

Culvert

BROS Bridge

BR06

BR07

BR08

BR09

Bridge

Culvert

Bridge

Bridge

BRIO

BRll

BR12

Bridge

Culvert

Culvert
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41

bb

Figure 4. Hydrological Features
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2 Hydrology

2.1 INTRODUCTION

In accordance with the OPW guidelines on hydrology, appropriate hydrological methods were used
in the determination of the design peak flow which reflected the size of the catchment and the
availability of river flow data in the vicinity of the Proposed Wind Farm site. The generation of a
design flood hydrograph was necessary since we are investigating hydrological system storage
effects caused by the infrastructure of the Proposed Wind Farm.

The Flood Studies Update – FSU [10] hydrological methods were used for calculation of design flow
rates

2.2 CATCHMENT AREA AND HEP’S

2.2.1 Area
The total delineated catchment area at the downstream end of the model is 40.979km2, see Figure
5 and Table 2. Since the Proposed Wind Farm extends over two catchments, the effective
contributing catchment area is split into:

Catchment area of Tullaroan stream, A. ; 40.067km2

Catchment area of Breagagh stream tributary, A. = 0.913km2.

Figure 5. Catchment area delineation for all HEPs.
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Table 2. Delineated catchment areas.
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2.2.2 HEPs

For the hydraulic model development, the site specific FRA requires a high resolution hydrological
analysis. The hydrological model for the Proposed Wind Farm site therefore, is complex involving
the combination-of a number of tributaries and drainage channels.

Figure 6. Location of HEPs.
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Each of the tributaries is assessed separately hydrologically and the runoff is calculated for a set of
Hydrological Estimation Points. The location of Hydrological Estimation Points (HEPs, e.g. “H") is
shown in 5 above. The breakdown of contributing catchment areas for each HEP is given in the
Table 3 below.

2.3 DESIGN FLOW RATES

2.3.1 Flood Study Update

The FSU Catchment characteristic approach was used to determine Qm,d values. The OPW offline
tools were used to determine BFISOIL, SAAR, FARL, DRAIND, ARTDRAIN2 and URBEXT, see table
below and Annex D.

The catchment of the selected subject site has an area of more than 40.979km2, but its sub-
catchments have much lower catchment area (Figure 5 and Table 2) which is below the FSU
minimum threshold for using FSU 7-parameter equation. Therefore, the . Qm,d was calculated using
the small catchment (5-parameter) equation

Qm,d = 0.000020951 x AREAo'9245 BFlsoil -o'903 SAAR 1-2695 FARL2-3163 S1085 o'2513 e .V

In order to satisfy OPW Mid Range Future Scenario (MRFS) a Climate Change factor of 1.20 is applied
to the Choo and ellooo. MRFS 1% AEP and 0.1% AEP flows have naming convention of Chao„ and Q,000„
respectively.
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Table 4. FSU Input parameters.
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The Pivotal site adjustment factor was not used as the flows without adjustment are more
conservative. The most conservative distribution was adopted for each sub-catchment and yielded
the Growth factors as shown in Table 5 below.

Table 5. Growth factors from FSU analysis.

B

d

distribution
Adopte GLO I GEV I LN2 LN2 1 GLO I LN2 1 LN2 1 LN2 1 LN2 1 LN2 1 LN2

0.792

1.000

1.301

1.514

1.739

1.815

1.880

1.935

2.069

2.353
2.671

3.153

3.573

0.588

1.000

1.632

2.055

2.466

2.597

2.704

2.794

3.003

3.410
3.820

4.367

4.785

0.616

1.000

1.740

2.324

2.952

3.165

3.343

3.496

3.863

4.622

5.447

6.645

7.641

0.628

1.000

1.703

2.250

2.831

3.027

3.190

3.331

3.667

4.357
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6.177
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3.190
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2.250

2.831

3.027
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4.357
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3.477
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3.165
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2.249

2.830

3.026

3.190

3.331

3.666

4.356
5.100

6.175'

7.061

0

0

0

05

100
200

500

I 000

The FSU Method was applied to the HEPs as shown in Table 6 below:
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Table 6. FSU design flows.
Return

Period

1 jyears I
ncrementat

catchment

catchment
area [km

1.3

2

5

I
20

25

3

35

5

100

100cc

200
500

1

e HP3 HP4 HPS HP 6 HP 7 HP8 HP9

8.089 1 1.097 1 o.984 1 o.898 1 o.923 1 o.464 E 1.282 1 o.257 1 o.751 1 o.781 1 o.478

a

22.969 1 6.344 1 2.231 1 1.717 1 2.373 1 o.868 1 2.825 E o.608 1 1.997 1 40.067 1 o.913

6.404

8.089

10.524

12.247

14.066

14.685

15.205

15.656

16.740

19.033

22.840

21.605

25.508

28.899

34.679

1.815

2.979

5.031

6.562

8.151

8.681

9.120

9.497

10.388

12.202

14.642

14.132

16.877

19.111

22.933

0.606

0.984

1.712

2.286

2.904

3.113

3.289

3.440

3.801

4.547

5.457

5.359

6.538

7.517

9.021

0.564

0.898

1.530

2.021

2.543

2.720

2.867

2.993

3.294

3.914

4.697

4.584

5.550

6.346

7.616

0.730

0.923

1.201

1.397

1.603

1.673

1.732

1.783

1.905

2.163

2.595

2.451

2.887

3.264

3.917

0.291

0.464

0.790

1.044

1.313

1.404

1.480

1.546

1.701

2.021

2.426

2.367

2.866

3.277

3.932

0.804

1.282

2.183

2.884

3.629

3.880

4.090

4.270

4.700

5.584

6.701

6.539

7.917

9.054

10.865

0.159

0.257

0.446

0.595

0.755

0.809

0.854

0.893

0.987

1.179

1.415

1.389

1.693

1.945

2.335

0.462

0.751

1.306

1.745

2.216

2.376

2.509

2.625

2.900

3.470

4.164

4.089

4.989

5.736

6.883

11.146

15.526

22.840

28.287

34.037

35.978

37.600

38.999

42.337

49.261

59.113

56,823

67.924

77.251

92.702

0.300

0.478

0.814

1.075

1.353

1.446

1.524

1.592

1.752

2.081

2.498

2.437

2.951

3.374

4.049

0

0

0

000

000

These flows were further processed for suitable form for hydraulic model input (see Table 7).
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2.4 HYDROLOGY – SUMMARY

The total catchment area was calculated to be c40km2.

There are no gauges at Tullaroan stream or its tributaries; the same applies for the Breagagh
tributary.

The FSU approach was used to determine Ch,d, Qloo, Qloo„ and Cllooo flood flows.

The design flows are shown in Table 6.

During low flows, Tullaroan stream is completely dry as flow is conveyed underground due to soil
properties that consist of lower layers of gravel and sand.

Figure 7. Soil Layers

Figure 8. Tullaroan stream dry riverbed
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3 Hydraulic design

3.1 MODELDESCRIPTION

The methodology described in Section 1.2.2 above requires the development of a 2-D HEC-RAS

computer model for varying flood flows to provide:

1.

2.

3.

Simulations for the existing pre-development on the Tullaroan Stream with tributaries,
Breagagh stream and flood plain site which give a benchmark for post-development
Impacts.
Hydrological simulations to determine if there are any hydrological impacts adjacent to or
downstream of the site.
Hydrological/hydraulic simulations of the final Proposed Wind Farm layout to obtain all
relevant impact data relating to the Proposed Wind Farm design and planning application.

The computer model is based on detailed river and tributary channels combined with detailed
topographical maps of the surrounding flood plains which combined, provide the 2-D component
of the full 2D HEC-RAS computer model. In addition to this, estimates of the river channel and flood
plain roughness (Manning’s-n values) are required as input parameters and these were determined
during a site inspection.

Models were developed for three River Systems:
• The Existing River System which uses the geometry of the natural river channel and flood

plains.

• The Design River System 1 that includes the geometry of the Proposed Wind Farm.

In addition to the assessment of flood risks for the development, adjacent lands and downstream
reaches the simulations provided the following information:

• Identification of locations where new or upgraded culverts would be required.
• Identification of capacity of existing culverts and the role they play in providing storage in

the hydrological system.

The 2-D model element of the overall HEC-RAS model covers an area of 7.8km2, and includes 14
bridges/culverts (Existing River System model contains 10 bridges). The layout of the HEC-RAS cross-
section locations and DTM are shown in Figure 9.
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+ +

C

+.

Figure 9. Layout of HEC-RAS model.
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3.2 MODEL INPUT DATA

3.2.1 Geometry - Survey of river bed and flood plains
A survey of the river bathymetry was carried out between 8th and 11th September 2025 by KU217
Ltd. The survey included river banks, river channel, including existing channels changes within the
WF site and flood plains, (see Figure 10). The extensive area of the flood plains was surveyed using
a LIDAR/RGB Drone surveying which was conducted by © Bluesky International Ltd. The survey
covered an area of approximately 800ha and included a river length of c. IC)km. The survey data
were processed using a GIS toolset and a Digital Terrain Model (DTM) was created. Two DTM’s were
created. The first one describes the Existing River System (including flood plains) (Figure 11) and
second one describes the Design River System with added new crossings, wind turbine hardstands
elevated above flood water levels and a road network which follows the existing terrain (Figure 12).

tV 3arl! IV B) I

: : : = F4PT:+:1:in 1 1 :::
IJbZ!!N ' ! I? unI

1HH::1:: :: 1P ++ :;: ::: : 1lin'i120 mG

It:Lb:IsIT :::1:NS
HI 1038:+, 161 11n+7

16191 tH ; ttl rN
liD gIll I 'f IS baN

ly IOtis
!!uk niT: ICH +S:+

/

Figure 10. Overlay of the Survey points and satellite images.
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Figure 11. Digital Terrain Model of the existing model area.
5(Dm J
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Figure 12. Digital Terrain Model of the design model area.

Page 24



fluVid-P
art-ro OQE81 ard 'rya’&l'k: EHreellna

Briskalagh Wind farm – Flood Risk Assessment

3.2.2 Upstream Boundary condition
The upstream boundary condition is defined with hydrographs calculated using OPW approach (see
Figure 13 and Figure 14). A total of 11 upstream boundary conditions were defined and are listed
in Table 7.

Table 7. Input design flows for the hydraulic model.

Peak Flow [m3/s]
HEC-RAS

HEPs Contribut}ng
catchment area

A [km2]

8.089

h,d I Q,o„, I Q„„..

No River

L

L

HPI

HP2ds

HP2ul

HP2u2

HP3

HP4

HP5

HP6

HP7

HP8

HP9

8.089

1.097

0.984

0.898

0.923

0.464

1.282

0.257

0.751

0.781

0.478

22.84

14.642

5.457

4.697

2.595

2.426

6.701

1.415

4.164

59.113

2.498

34.679

22.933

9.021

7.616

3.917

3.932

10.865

2.335

6.883

92.702

4.049

1.097

3IRemeen 0.984

4ITultaroan Huntstown

5ITullaroan Stream - middle
mr
o

8lKnockeenglass

9lKillmanagh 15

0.898

0.923

0.464

1.282

0.257

0.751

10ITutlaroan Stream - middle 0.781

r 0.4781
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Flow Boundaries

2D Flow Area:2D BCLlne:HPI

2D Flow Area:2D BCLlne:HPS

2D Flow Area:2D iCal enTi
2D Flow Area:2D BCLlne:HP7

2D Flow Area.2D BCLlne:HP8

2D Flow Area:2D BCLJne:HP2ds

2D Flow Area:2D BOLine:I

2D Flow Area:2D BCLlne:HP3

2D Flow Area:2D BCLlne:HP6

2D Flow Area:2D BCLlne:HP4

2D Flow Area:bB BCLlne:HP9

Figure 13. Resulting hydrographs for Qloo„ (MRFS).

Flow Boumiari es

2D Flow Area:2D BCUne:HP

2D Flow Area:2D BCLlne:HP5

2D Flow Area:2D BCLine:HP2u1

2D Flow Area:2D BCUne:HP7

2D Flow Area:2D BCLIne:HP8

2D Flaw Area:2D BCLlne:HP2ds

2D Flow Area:2D BCLJne:HP2u2

2D Flaw Area:2D BCLlne:HP3

2D Flow Area:2D BCLine:HP6

2D Flow Area:2D BCLlne:HP4

2D Flow Area:2D BCLine:HP9

C/
a)
E
Bn

LL

2026.Jan{)1 2026Jan X)2 2026.Jan+)3 2026qJan XH 2026.Jan+)5

Date

Figure 14. Resulting hydrographs for Qrooo„ (MRFS).

3.2.3 Downstream Boundary condition
The downstream boundary conditions are defined as the normal depth, d., with a defined energy
slope of 0.00595m/m for Tullaroan Stream and 0.05447m/m for Breagagh Stream,
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3.2.4 Calibration results

According to inspected site conditions, roughness values for river channel have a Manning
coefficient of n=0.035 s/ml/3. Roughness factor of n=0.045 s/ml/3 was used for the flood plains,
n;0.150 s/ml/3 was used for the forests and n=0.120 s/ml/3 was used for developed areas.
Distribution shown in Figure 15 below.
Recommended values of Manning roughness values for channels and flood plains are shown in
Annex B - Table E4.3.

5tXJm

Figure 15. Distribution of Manning’s n is/ml/3] values within hydraulic model domain.
J
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3.3 HYDRAULIC MODEL RESULTS

3.3.1 Culvert requirements

3.3.1.1 Existing Culverts

Existing culverts with location are shown in Annex A below.

The existing river system of main channels, tributaries and drainage channels has a number of
existing culverts which influence the hydrological characteristics of the catchment. These culverts
have been modelled accurately within the HEC-RAS model. The overall effect of these existing
culverts is to increase the storage within the catchment thus attenuating flood flows. The
development should not interfere with the existing storage and therefore the hydraulic
characteristics of existing culverts should not be changed.

During the site visit and survey blockage of Culvert 2 was evident (see photo in Annex A).

3.3.1.2 New Culverts

New culverts will be required at points where the proposed access roads cross waterways. Figure
16 identifies the locations where new culverts are required.

Note that the bridge openings and water level calculations around new crossings in this study are
reasonably conservative. The possible negative residual influence of new crossings and possible
blockage was tested. Final bridge and culvert design should undergo Section 50 application
procedure.

Shape: Dimensions (W, D, H, L) 1 NotesNo Crossing ID Type

Table 8. Specification of new Bridges and culverts

New BrI
New Br2

Box culvert

Single span
bridge
Culvert

Singke span
bridge

Box: W=3m H=4m L = 6m

Single span: W=18m H=2.2m L
; 6m
Box: W=4m H=1.Sm L = 6m

Box: W=10m H=3m L = 6m

Oldtownhill Stream

Toullaroan Stream

New Br3
New Br4

Briskalagh Stream
Briskalagh Stream
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Few Br1

b /8

M@

MR
ar

Figure 16. New culvert locations.
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3.3.1.2.1 New Bridge 1 (3x4m)

Figure below shows typical cross section at the location of the bridge. The channel depth
the left bank and 4m at the right bank.

146

is Sm at

145

E 143
C
0
rD>
al 142

141

Station (m)

2 4 6 8

Brige elevation (opening 6x4m) and widening of the channel is shown in figure below.

139
0 10 12 14
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3.3.1.2.2 New Bridge 2 (18m x 2.2m)

The figure below shows typical cross section at the location of the bridge. The channel depth at the
location of the bridge is c. 4.8m.

109 5

109 0

108.5

:E

108 0

107 5

107 0

106.5
252015 3010

StatIon (m)

Brige elevation is shown in figure below. Note that during simulation runs of the Design River
System, a bridge opening between 10m and 20m was tested. Finally, an 18m span was applied.
However, it is recommended that this should be further investigated during a Section 50 application
and design.

hbwBr2

la9 S

!09

108 S

:E

IOBO

107 S

107

10 25 30 3520IS
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3.3.1.2.3 New Bridge 3 (4m x 1.Sm)

The figure below shows a typical cross section at the location of the bridge. The channel depth at
the location of the bridge is c. 1.8m.

111.0

110.5

b
$ 110.0
3
LU

109.5

109.0
0 2 4 6 8 10 12 14

Station (m)

Brige elevation is shown in figure below.

E
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3.3.1.2.4 New Bridge 4

The figure below shows a typical cross section at the location of Bridge 4. The channel depth at the
location of the bridge is c. 2.5m.

156.5

156.0

155 .5

155.0

g
C0
$ 154.5>
a)
El

154.0

153.5

153.0

152.5

Station (m)

The bridge elevation is show in the figure below. For the purpose of the HEC-RAS Design River
System simulations, a 10m span bridge is used. This could be potentially downsized in a more
detailed Section 50 design.
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3.3.2 Longitudinal Profiles

3.3.2.1 Choo„ MRFS Longitudinal profiles

The results are shown for Existing and Design River Systems for Q,oo„ (MRFS) year flow as follows:

• Qloo„ MRFS Longitudinal profiles for Tullaroan stream main channel showing
water levels for Existing and Design river systems (Figure 17).

Longitudinal profiles are coincident indicating no change in water level between Exisiting river
System and Design River System

• Choo„ MRFS Longitudinal profiles for Tultaroan stream main channel at the
downstream end of the model in Kilmanagh town showing water levels for
Existing and Design river systems (Figure 18).

Longitudinal profiles are coincident indicating no change in water level between Exisiting river
System and Design River System

• Qloo„MRFS Longitudinal profiles for Oldtownhill stream main channel showing
water levels for Existing and Design river systems (Figure 19).

There are some changes in water surface profiles at the bridge location shown in red box. However
these are not considered to be significant.

• Clloo„ MRFS Longitudinal profiles around the 4 new bridges/culverts as part of
WF road network showing water levels for Existing and Design river systems for
new Bridges 1-4 as shown in Figure 19 to Figure 23.

These impact of changes in water level upstream are assessed using the flood extents maps
in Figure 20(b) to Figure 23(b). The flood extents maps shown in Figure 20(b) to Figure 23(b)
shown very little perceptible change in flood pam for Existing and Design River Systems.
(changes would be highlighted in red).
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Briskalagh Wind farm – Flood Risk Assessment

3.3.2.2 Qlooo„ MRFS Longitudinal profiles

The results are shown for Existing and Design River Systems for Cbc>oo„ (MRFS) year flow as follows:

• Qlooo„ MRFS Longitudinal profiles for Tullaroan stream main channel showing
water levels for Existing and Design river systems (Figure 24).

• Qlooo„ MRFS Longitudinal profiles for Tullaroan stream main channel at the
downstream end of the model in Kilmanagh town showing water levels for
Existing and Design river systems (Figure 25).

• Q,000„MRFS Longitudinal profiles forOldtownhill stream main channel showing
water levels for Existing and Design river systems (Figure 26).

• Qlooo„MRFS Longitudinal profiles around new bridges/culverts as part of WF
road network showing water levels for Existing and Design river systems for
new Bridge 1-4(Figure 27-Figure 30).

The impact of changes in water level upstream are assessed using the flood extents maps
in Figure 27(b) to Figure 30(b). The flood extents maps shown in Figure 27(b) to Figure 30(b)
shown very little perceptible change in flood pam for Existing and Design River Systems.
(changes would be highlighted in red).
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Briskalagh Wind farm – Flood Risk Assessment

Flood Levels in Kilmanagh

Special attention was given to flood levels in Kilmanagh town with focus on:
a. Kilmanagh hurling pitch located on the right floodplain (West) downstream of Kilmanagh Bridge
b. Industrial areas upstream of Kilmanagh Bridge (Left Floodplain – East)
c. Farmers facilities/buildings upstream of Kilmanagh Bridge (Right Floodplain – West)
d. Road levels at Kilmanagh Bridge
e. Left floodplain (East) downstream of Kilmanagh Bridge

Figure 31 shows longitudinal profile with Qloo„ water levels at Kilmanagh. Levels of the hurling pitch
are marked with green dashed line (100.71mOD). Also locations of two cross sections A-A and B-B
are marked on the longitudinal sectioh. Two cross sections showing river channel and aIDO,' water
levels are shown below the longitudinal section. Analysis showed that the hurling pitch does not
flood on during Qloo„ flood flows since water levels bounding the pitch vary between 99.95mOD
and 100.51mOD.

Figure 32 shows longitudinal profile with Qlooo„ water levels at Kilmanagh. Levels of the hurling
pitch are marked with green dashed line (100.71mOD). Also locations of two cross sections A-A and
B-B are marked on the longitudinal section. Two cross sections showing river channel and Qlooo„
water levels are shown below the longitudinal section. Analysis showed that the hurling pitch is at
higher risk of flooding for Qrooo„ as the levels are marginal reaching just 100.70mOD immediately
upstream of the hurling pitch, however the hurling pitch does not flood.

Figure 33 and Figure 34 show layout with water levels (depths are shown in Annex C Maps 5&6)
around Kilmanagh bridge for Choo„ and Qlooo„. Small triangles in the figures show Survey levels. The
analysis concluded that:

• The hurling pitch, e.g. downstream right floodplain does not flood for Choo,' and Qlooo„.
• Downstream left floodplain is subject to flooding as it falls within flood Zone A and B with

levels varying between 100.71mOD and 100.47mOD for Clloo„, e.g. 100.97mOD and
100.63mOD for C}loco„.

• Some flooding at the farmer facilities on the upstream right floodplain (in respect to bridge)
is possible as the road levels are at 100.83mOD. For Clloo„ only minor flooding occurs with
depths <0.10m since flood levels vary between 100.75mOD and 100.83mOD. For Q,000„
flood is more extensive with depths less than <0.28m since flood levels vary between
100.88mOD and 101.11mOD.

• Some flooding in industrial zone (left floodplain u/s of the bridge) has parking lot/road
levels at 100.38mOD, and flood levels are between 100.75mOD (upstream of the bridge)
and 101.17mOD (upstream of the industrial zone) for Clloo„. For Qlooo„ these levels are
101.0C)mOD (upstream of the bridge) and 101.46mOD (upstream of the industrial zone).

• Road at the yield between R695 and R691 Knockeebaun road (east of the bridge) has levels
between 100.65mOD and 100.41mOD and is prone to flooding. Downstream pastures
(South from the yield) adjacent to road are also prone to flooding.

All above applies for Existing and Design flood levels since there is no significant change in water
levels between Existing and Design flows and water levels, e.g. water depths.
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Briskalagh Wind farm – Flood Risk Assessment

Kilmanagh Hurling Level = 100.

q:B'I

Water Surface Elevation on 'Tullaroan Stream in Kilmanagh
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Figure 31. Kilmanagh town Tullaroan Stream longitudinal profile and two cross sections showing water
levels in the river channel for Existing and Design River System for Chao„.
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Briskalagh Wind farm – Flood Risk Assessment

Water Surface Elevation on 'Tullaroan Stream in Kilmanagh'

Q ’ 330-Exlstlrg WSE 'M ax'

a llCcc-)esigF6 vVSE lblax
'Erlskala3t-Terr31r' Pro'lb

-- 'Eri5kalagF-TerrairDe3igr'Profk
100 6bilmanagh Hurling Le'

'q iB <i'X „,?,:.„, '''
Water Surface Elevation on 'Profile A. A'

+ !C ' 40 T 63

– Q -:31-Ex15tlrg WSE 'MaR
a '::'3cr-C)esi9r6 b'JS;'R'4 lx
'Eriskal3ahT err air ' Profk

'Erilk3l3ghT err31r3esigr' Froqe

J ' , alt:

33, SC:

:--3'’C

g
tI 9, :)[:

IF I. :H :

gg.30

3 5 73 2G 25 3 :

StatIon [m:

Water Surface Elevation el 'Profile B B'

JC: 45

a KC-ExISt?nO 'y\’SE'N Jg

T CCC = = =e) lanG \\IS: FJ 3 h'

– MI iTelr31LliBm
• '2pl'.kdlaghTelr dlrDellgn' ibn+

ItXIVI

+J JI

SQtX>f [m]

Figure 32. Kilmanagh town Tullaroan Stream longitudinal profile and two cross sections showing water
levels in the river channel for Existing and Design River System for Qlooo„.

a 6 ! C 6 I

Page 52



t/)
a)
iF
9
al

bH
a
a)
aD
IDC
IDE
U
3aE
V)
U)
a)e

Je
LI
ID
a
q==P

g
a
Inab+

ann
C
no
V)
ala
la
C
10
an
C
'Dtri

=

LU
UHHP

a
10

E
al

>

a)

a
+

10
3

laa0
&:

C
Ba

+

Eno
10
C
10
E
i?
C

E
10
a)
Ibn

and

t/)
e
10
a
rD

3
1-
tH
fr)
a)b
3
aD
fa

I-+6 Cfl 3.

+

& 1
IfI

•

fr)
Ln
a)
hD
CDa

\ 4 1 1
I

'\

bg

&B
I

FIIPB
18

t
q

q

+

C
a)

E
t/l
V)al
VI
V)

<

Je
V)

}7
laa
0

LL

I
E
IDLb,

la
C

g
£
an
CD

ID
AC
trI
C

aD

e 1

3+

+,

aa

t I
F



V)
a)

n••Hl•

:tin
a
a

bb
a
a)he
(B
C
rD

=

U

B
aE
C/)

t/)
a)
C

=••Hl•

Jt
L)
10

rD
BUng

g
8
a
lb
0

BI
aOnb

C
aD
n/
a)a
U
C
CD

aD
C

'€
=

LU
qUUP

al
rg
E

al
>

a)
lb
a)
+1
(B

B
nDa
aE
C
aaW
a
hD
10
C
10
E
:a
C

E
CO
al
iMW

cr)
e
CDalb
rD

3
1-
\i
rn
a)\n3
aD
It

sr
Ln
a)
bO
rDa

+

+

C
a)

E
cr)
C/I
a)
VI
V)

<

J£
C/)

hP

la
0
0

LL
I
E
10

bb=

IO
C

g
E
hD
CD

rD
JC
t/)

Q=

g

L



PfluVid-
bbC rc ooH! ard qH’uk; E''green ’a

Briskalagh Wind farm – Flood Risk Assessment

3.3.3 Flood Maps

Figure 35 gives the Flood Map for the Clloo„ (MRFS) flood event which has the probability of
occurring approximately every 100 years, and includes an increase of 20% in flow to account for
Climate Change. The map shows that, in general, there is minor flooding of the access road at the
Oldtown road with water depths less than <0.10m. Turbines, hardstands and sub-station are
outside flood Zones A.

Figure 36 gives the flood map for the extreme 1000-year flood with Climate Change factored in
(Qlooo„). The main access roads affected are in the vicinity of turbines T7, T8 and T9 where there is
significant flooding with relatively high water depths. It is important that the turbine hardstands at
these locations should be elevated constructions with ground levels 0.Sm higher than the extreme
flood level. The access roads to these elevated hardstands should be ramped at a suitable gradient.
The Design model used in the hydrological/hydraulic simulations has accounted for elevated
hardstands and ramped approach roads.

Figure 37 and Figure 38 give a comparison of the flood extents maps for the Existing and Design
systems for CIloo„ and Ctlooo„ respectively. The flood extent comparison confirms that change is
minimal, almost imperceptible. More detailed figureg of these affected areas are shown in 20b-3b
for Choo„ and Figure 27b-Figure 30b for Qlooo„.

Hi-Resolution flood maps are shown in Annex C.
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Figure 38. Comparison of Existing and Design River System flood extent (Flood extent for Design System is
shown in red fill) for Qrooo„ design flow.
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3.3.4 Hydrograph comparisons
The hydrographs for the existing river system were compared to the hydrograph for the design
River system at a number of locations as shown in Figure 39 below.

c) DS (Klhan,Hh)

Figure 39. Hydrograph comparison locations for aIDO„ design flow.

Figure 40 gives the comparisons of calculated flow rates for existing and design river system along
the Tullaroan Stream (a) Upstream end of the stream, (b) middle reach immediate downstream of
new bridge 2 and (c) downstream reach at Kilmanagh town. It is clear that there is only minor
changes in the sub-catchment flood flow values at the downstream points (in some cases there is
a flow reduction).

Figure 41 gives comparison of calculated flow rates for existing and design river system along the
Oldtownhill Stream, e.g. (a) shows calculated flow rates upstream of existing stone arch bridge 02,
before the flood flow diversion onto the floodplain, (b) shows calculated flow rates downstream of
the bridge 02 and figure (c) shows the amount of flow rate that (due to reach of flow capacity of
the bridge 02) is diverted over the floodplain.

Figure 42 shows comparison of calculated flow rates for existing and design river system for (a)
Briskalagh Stream, (b) Knockeenglass Stream and (c) Breagagh Stream.

It is clear that there is only minor changes in the sub-catchment flood flow values at the
downstream points (in some cases there is a flow reduction). The highest flow increase of +0.05
m3/s is evident at Briskalagh Stream due to construction of two new crossings, e.g. local increase of
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roughness. This can be mitigated in Section 50 applications and the final by ensuring culvert bottom
roughness similar to gravel bed as in the natural channel.
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Figure 40. Hydrograph comparisons along the Tullaroan Stream for Qloo„ design flow.
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Figure 41. Hydrograph comparisons along the Oldtownhill Stream for Qloo„ design flow.
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Figure 42. Hydrograph comparisons along the Oldtownhill Stream for Q„„, design flow.

Page 63



Pflukid'
the,f : aOIcal ar d +rJ'aulb t:nCr eeIH' ]

Briskalagh Wind farm – Flood Risk Assessment

4 Conclusions

1. The extensive area of the flood plains was surveyed using a UDAR/RGB Drone surveying
which was conducted by © Bluesky International Ltd. In order to capture channel
bathymetry, check road levels and address existing channels changes within the WF site
detailed topographical and bathymetric survey of the stream(s) bank and bed levels was
carried out in September 2025 (see Figure 10).

2. A hydrological analysis for the total catchment draining to the Proposed Wind Farm site
gave aIDO„ 'Design Flows' and Choo„ (including a climate change factor of 1.2) obtained from
FSU methodology for 11 Hydrological Estimation Points (HEPs) as shown below:

Peak Flow [m3/s]
HEC-RAS

HEPs Contributing
catchment area

A [km2]
8.089

1.097

0.984

0.898

0.923

0.464

1.282

0.257

0.751

0.781

0.478

Ched I Qloo„ I Qlooo„

No River

HPI

HP2ds

HP2ul
HP2u2

HP3

HP4

HPS

HP6

HP7

HP8

HP9

ML laroan Stream - upstream 8.0891

1.0971

0.9841

0.8981

0.9231

0.464

1.282

0.257

0.751

0.781

0.478

22.84

14.642

5.457

4.697

2.595

2.426

6.701

1.415

4.164

59.113

2.498

34.679

22.933

9.021

7.616

3.917

3.932

10.865

2.335

6.883

92.702

4.049

2ITuttaroan Oldownhill

3IRemeen
L

L

6IBriskalagh

7IFoylatalure

8lKnockeenglas!

9lKillmanagh 15
10ITuttaroan Stream - middle

r

3. An unsteady flow analysis was required for the FRA to assess the development impact on
storage and consequently a number of hydrographs for each of the constituent rivers,
streams and channels were developed as shown in Figure 13 and Figure 14.

4. A number of simulations using Qloo', were carried out as follows:
a. Existing river system for Choo„.
b. Proposed Wind Farm layout with aIDO„

5. The results from the simulations showed that in general there is no significant change on
the longitudinal profile water levels of the Qroo', floods for Existing and Design River
Systems. This is confirmed in Figure 17 to Figure 20.
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6. There are some changes in water surface profiles adjacent to of the proposed bridges as
shown in Figure 20 and Figure 22. However the changes in water surface profile does not
impact the flood extents maps at these locations as shown in Figure 20(b) and Figure 22(b).

7. Special
on:

a.

attention (section 0 and ) was given to flood levels in Kilmanagh town with focus

Kilmanagh hurling pitch
• During the Survey in September 2025, levels of the Kilmanagh hurling pitch

were taken. Surveyed levels are 100.71mOD.
The flood levels for Q,oo„ vary between 99.95mOD and 100.51mOD. This means
that Hurling pitch is outside flood zone A not flooded during Cllm„ floods with
freeboard of 0.20m

The flood levels for Qlooo„ reach 100.70mOD upstream of Hurling pitch is not
flooded, but there is no freeboard

Industrial areas upstream of Kilmanagh Bridge (Left bank – East)

• During the Survey in September 2025, levels of the industrial lot, e.g. open
space were taken. Surveyed levels are 100.38mOD.
This means that the portions of industrial areas, e.g. parking lots are located in
Zone A and B and are prone to flooding.

Farmer facilities/buildings upstream of Kilmanagh Bridge (Right bank – West)
• During the Survey in September 2025, levels of the private farm road around

Bridge/culvert 7 were taken. Surveyed levels are 100.83mOD.
This means that some flooding at the farmer facilities is possible and that
portions of farm lands are located in Zone A (with water depths <0.10m) and
Zone B (with water depths <0.28m).

Road levels at Kilmanagh Bridge
Number of road level points are taken along the Kilmanagh Bridge R695/L1009
road.

LIO09/R695 road levels at the bridge and west of the bridge are higher than
Choo„ and CLooo„ flood levels.

As the road levels drop below 100.7mOD east from the bridge, the R695road
becomes prone to flooding and falls within flood zone A and B.
Road at the yield between R695 and R691 Knockeebaun road (east of the
bridge) has levels between 100.65mOD and 100.41mOD and is prone to
flooding. Downstream pastures (South from the yield) adjacent to road are also
prone to flooding.

Areas downstream of Kilmanagh Bridge
Whole left floodplain (east) is prone to flooding and falls within Zone A and B
in both existing and design river system.
Kilmanagh hurling pitch is outside flood Zone(s) A and B.

•

e

•

•

•

•

e

b.

C.

d.

e

e.

•

All above applies for Existing and Design flood levels since there is no significant change in
water levels between Existing and Design flows and water levels, e.g. water depths.

8. A comparison of flood extents maps in Figure 35 and Figure 37 confirms that there is no
significant change in the flood extents for the Quo„ flood event, which means that there is
no change in flood risk to adjacent properties.

9. A comparison of flood extents maps in Figure 36 and Figure 38 confirms that there is no
significant change in the flood extents for the Cllooo„ flood event, which means that there
is no change in flood risk to adjacent properties.
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10. The impact of the development of the storage capacity of the Proposed Wind Farm site was
assessed and was demonstrated to be minor by comparing the hydrographs for existing
and design river systems at a number of locations of the site as shown in Figure 40, Figure
41 and Figure 42. The hydraulic model results suggest that there is no significant change in
the flow rate downstream of the WF site and this confirms that downstream flooding will
not be impacted. Total catchment area upstream of Kilmanagh is c. 40km2, and the
proposed development footprint is -0.087km2, -0.22%, so the ability of the proposed
development to effect downstream flows is very small. Furthermore, a 0.22% increase in
flow at Kilmanagh Bridge is not a significant change as this very small predicted increase is
offset by the conservative nature of the modelling approach (which includes 20% increase
in flows to account for potential climate change and does not account for other mitigation
measures at the WF site). The proposed mitigation also includes for attenuation of drainage
from the development WF footprint to greenfield runoff rates, so after mitigation is
included the net effect is “no change" in flow rates.
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Annex A - Photos of hydrological features
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Type of
structure

Detail

Local road culvert 2x900mm pipes. Culvert was partially blocked due to debris accumulation on

the upstream elevation. Locals report that bridge is often overtopped and road flooded. River:
Oldtownhill stream

Upstream elevation Downstream elevation

Bridge 02

Upstream elevation Downstream elevation

Bridge 03

Road

stone

arch

bridge
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structure
Detail

Road crossing – Huntstown/Oldtownhill road

Bridge 04

2x750mm

pIpes

Single span RC road bridge. Oldtown road.

River: Tullaroan stream

Upstream elevation Downstream elevation
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Bridge 05
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Four span arch stone bridge under R695/L1009 road in Kilmanagh town. River: Tullaroan stream.

U/s elevation

Type of
structure

Detail

Bridge 06 1 D/s elevation

Page 72



#fluVi6“
Acr; ocE•1 ard dwr'•utE EHreerl''g

Briskalagh Wind farm – Flood Risk Assessment

Type of
structure

I etail

Single pipe 600mm culvert. River: Kilmanagh IS stream, Located at dwelling in Kilmanagh town.

U/s elea

$4
r+'

;

% .} .'-
b + !+

Bridge 07

Bridge 08 1 600mm pipe. Briskalagh Stream. No photo

750mm pipe. Briskalagh Stream.

Bridge 09

'/s elevation
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Type of
structure

B etail

750mm Pipe on the Upstream elevation, 1.Sm xl.5m Box culvert on the downstream elevation

U/s elevation 1 D/s elevation

Bridge 10

Bridge 11

Breagagh
stream

300mm

pIpe

D/s elevation
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U/s elevation

Type of
structure

B

D/s elevation

etail

Bridge 12

Breagagh

stream
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Annex B – Tables with various coefficients

5.1.1 Manning n values

Table E4.1. Manning’s “n" for Closed Conduits Flowing Partially Ful
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0013

0014
0016 0015

0017

Sutxlr ain

Stornl Drlrn

( ul 1 ug.It+d IItt.tI
0017
0 0:1

0019
0 0:+

00:1
0 030

Luclt e:
GI,lis:

t el WIll ,

a 003

DODD

0010
0011

0009
0 010

0011

0013

0010
0013

0013
00 IS

Neal surtrtc
XIan.u

( OUt-I rte;

CII]'.vt \tra gIlt and Rec of debrIS
C nITell \nth &nds calll>fcncHi\ .IDa yanK abob
Frnrs IIta

Sara \\IIb :uutholes Inlet ec $ungbt
L-nhru'IbN \tecl farrn
L'nalushcd tllX:XJth A cxxi form

L-a£wsbc\i laugh n oed ft-liu

0010
0011
0011
0013
001:
001:
0015

0011

0013
001:
001 S
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0014
0017

001 1
001+
0014
0 01 7
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0016
0 0:0

StaRt
Lurrlnrtcd tlc.IIed

\\ DO(1:

0010
0015

001:
0017

0014
0 0:0

( h\ :

C cwianon draIn fe tIle
\-!tlr£cJ exer
\-ltrrEcd sena :nth ubvlholc\ Inlet etc
\'iUr£ed Sutxlram nUb apu) JOInt

o all I o013 1 11017
0011 1 001+ 1 0017
o013 1 o015 1 ool’
o ol+ I o 016 1 o als

B11t kl\ Ol k:

Glazed
LIned u lth ccirrcbt nx)rt.I
S.urtar; sen a, called '.\rIb ,et Ice slurz ur th bald\ and caukccrrons

PI\Vd In',m be\\or snnolhbonam
RIa:bIc runson:\ ccirrntcJ

OQll
001:
DOI:
0010
a GIS

0013
0015
C) 013

0019
0 0:5

001 S
0017
0016
0 0:0
0 030

[ Chow. 1959}

Table E4.2. Manning’s “n" for Corrugated Metal Pipe
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Table E4.3. Manning’s “n” for channels and flood plaiins

IJ\ )e of Channel aad Drsc ription =\linirnu m __ \or ural \larlnrurn

A Xattrrai StreaDtS

I \lnirr ('hrnnol\
a Clean. straIght full. no IIfts or deep pools
b Same as at,o\ c but tnorc stones and \\'ccdb

c ('lcul \\'rndrrlg \onlc pools and shoals
d SonIC as at+o\c but solnc needs and storIes
e S;arne a, aba\ c In\\ PI $ta8cs nlorr lneffectl\ e slopes and

0 0:5
O ORO

0033
Q 035

O O+O

o 030
a D iS
Q 040
ODIS
o 048

0033
0 (IIII
004)
0 050
00):i

sectIons
f SatIre a b "d' but lrrore storrcb

g Sltrggtsh rcacllcq \\'ccdv deep pool\
II \'cr} \\ cell\ reaL-IIes deep pools or Hood\\a\ b \\' ItIl IIen\r stands
of tlrrrbcl arrd 11111 bh

O O+5

0 050
0 070

a 1) SO

0070
a IC'0

0 060
0 080
alio

FIt)o(1
a

It

Plains
Pablute tIn blu> II

I Short Flash
: ll19l1 Flash

C- tIlt r\ .IIed area'.

I No clap
J \laturc lou crops
J Nlaturc f'lcld crops

Br 115l1
1

l

O O'' S

aolo
0 1) ;0
C) 03 S

OC):-
0 050

O O:0

0 0: 5
O 030

U 030
0035
n O It:I

0 040
a 045
0 Qqo

Scattered brus}I hed\ \ \veris
1_ trIlt brush and tiers in \\ liner
LIght bIll'ih and tIers in \trlrrnicl
XIcdluIII to dcnlc I.IIl'III in \\ Inter
\ledlUIIr in dense bIll'.II in bunlrllcl

o o iS
0 03 S
0 040
C) 045

O OTC)

Q 050
0 D=1)
o 060
0 070
O I l-'I)

0070
a 060
0 080
O IIO
o 1611

}

+

-i

TI CC B
1

d
('lcarccl laIrd \\’ItIl tIer 5111111l>', no \jlrout'I
Sartre as aLlo\ c but hea\ ) Sj>I013t\
l]ca'.'\' stand of tImber fc\\ do\\'n tIres IIttle
under BIo\\1l1 . no\\ belt)\\ bI anrllcs
Sanre as allo\ r but \\ lth flo\\- ulto blanches
Dense \\IIlo\\ s burrrnlcl ,tldre Irt

0 030
0 050
o 080

0 DID
o 060
0 leD

0 050
0 080
01:0

(I ILI)

o 1 III

0 1.'0

01 'o

L) 160

Q :1)G

; llountaia Str'eanr\. no \eBetation in channel. bank\ usnaII) steep.
with tree\ arId lir'uslr OII banks 'luI>rrrerged

; B : : : : : = = : ITS :: :: \: d 1 ) 1 :1: F =LIr:dJ :Jc :o u ( 1 c r $ 8 : j : C) I)JO

O O)C)
0 0 SO
Q 0 JO

Continue below (source HEC-RAS Hydraulic Reference Manual v4.1, 2010)
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Type of Channel and Description \Iininr unI Normal 31aIimum

B L tIled or Bt4t::-t'p Cii,rune is

I Concrete
a Trou'el flntsh
b Float FinIsh

c FInIshed u'rth gra\'el bottom
d UnfinIShed

GaII
O_013

0.015

O 01.4
Q 016
ODIS
0.017
O O==

0.013
Dais
aol-
001-
0 019

0 0::

0.0:0
0 037

0015
0016
0 o:a
0 0:0
0 0:3

a 0:5
e Gunite, good section
f Gunrte, \va\\ section

On good cxca\-ated rock
On Irregular exca\ ated rock

a

h

Concrete bottom float finished with sides of:
a Dressed stone in morTar
b Random stone in mortal

c Cement rubble masonry plaste led
d Ccarent nIbble masonrY

Dry rubble on riprape

0.01 5
0.017
0 016
0 0:0
a o:a

001-
0.0:0
0.0:0
0 0:5
0 030

0 0:0
0 0:4
0 C):+
0 030
0035

I Gravel bottom \\itIl sides of:
a Formed concrete
b Random stone in mortal
c Dry rubble or rlprap

0.017
O O=C)

O C, 23

0.020
o 0:3
0 033

0 0:5
0 0:6
0 036

+ Brick
a Glazed
b in cement mortar

0011
O C'1:

0013
0015

0015
0018

: \Ietal
a Smooth steel surfaces

b Corrugated metal

0011
0.0: 1

0 01:
0.0: 5

0 014
0 030

6 Asphalt
a Snrooth
b Rough

O C.13

0 016

0.030

0013
0 016

\'e:etal lining 0 500

IIFe of C'hanrltIp nfl lje\rriirti_Tn \[ininruur \or' rtl al \la\irrrurrr

C E\ca\ated or Dredged C'l\altttc ts

1 Ear lb, 'ltraight Ind unifor'lrr
a Clean. tecetltl\' cotnplcted
II C-traII aftct ueathclltrp
c Gla\ el utlrfolrn .Bcctl,in clean
d \\'rtlr sIloII grab\ fc\\ \vecds

o a 16
O C) 1 S

0 0::
O OJ:

0018
0 0::
0 0:5
0 0: ;

Q 0:0

0 0:5
0 030
U 033

I Far lh, u irldiug and \lrlggi\h
a No \ eget alion
b Glass sornc needs
c Dense \toed\ at aqtlatrc plants in deep channels
d E.drtlr bottotlr nIId rut.bIc 'hIde
c Stun\ bottonr und \\ ccd\- b,tIIL\
f ('olltrIe bolt,IItI IItIl ,-Ie,Ill 'bltlr\

O O:3
0 0:$
C) 030
C) (J.1 S

C) 0:5

o ORO

00::i.
0 030
00 iS
oo;a
0035
0 04(1

0 030
0 033
G 0 in
DOS)
D 04ti
O O=.o

i Dr'aglirre orca\ated or' dretJgPfl
a No \ cgetatrotr
li I.19llt tII It'll on batIk\

U 0:)
0 o IS

O O:8
O O SO

O 033
Q 060

t Rock cut',
a Srlrooth Incl unrfol nr

b Jagged and lrrcgtllar

0 CJ: i
(JO IS

003)
a 040

a 040
0 050

5 € '1rarlrrt.Is rIot in.rintairrl.II. \\etd\ allrl Ill-IIsII

a ('lcarl t>,lttonr llnl sIt ntl '.tIle i
b Satnc as ako\ c. Irlpllcst stage of non
c Dell'ic weed', Ill gh a', no\\ depth
d Dcnbc blush Ill?h sta?e

(1 (14(1

U (I1 )
a 050
O OSU

C) 0 in
0 070
0 080
o IOt.

Q 081)

allo
0 l:a
(J 140
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5.1.2 Entrance coefficients
Table E5.1. Entrance Loss Coefficient for Pipe Culverts

1 \ pr III \II ur lulu .Ind llc\ian III t nlluurr I llcllit it'll

( fulrrrlr l’ipr l’lll}rrling lljlln I iII I nil brad\\ all)

\lit kcl col.1 . 11 pIj\'
\qu.llc ,ut CIlt1 q. I

t lint l-t'lr Pipt u ilII IIt- lulu ,III lu II,- iIrIna II rnII \\ ing\\ ,III\:

\r.,kct cnJ ll1 rIpe I cjint\ c,I clrJ J

\qu,llc ,ut cnd ll1 pIpe
ICq.un,lcd c:Ill.lil,c '.\ liII jltutrLllny r.ldluh 1:

I llntr ctc IJjpc

\IIla rd :1.,11jrll'r in III fIll
[ IILI he, Iii'n L\qll„lnrL-,J l1' IIII -l111\-

It(\ cIt\J ,\Icr\ \ \ - 1l1 is J,' grt\' I\'\ cl
\Idc hI ' td 1,IItt

I tlrl uunluil \ IcI,tI I’IIrr nI l’Ipr- \ItIl.

I’l11let lcd Ir. .tII tIll ltll' build.\ :IIII
liu.id\\ ,Ill t'l llb ,Id\\ .III ,In\J ' I In: ,\ .III- ul.i.uc cbI=L
\lltrl cLI -r1,b'nl11nrl III IIII \ljll','
End qc.ln'n 'lull11ruk',J It1 t-III \III\'
li(\ cIbII ,' blues : : 1+l + q ,1:ntt llc\ cl

ctI IIII\-1\IdC \ILlpC

Table E5.2. Entrance Loss Coefficient for Reinforced Concrete Box Culverts

I Ilt'flil il-nI k,"l}pt' IIl \II ur luI t' rnII III \1211 III I IIII .InIt

Ic.III\\ III I),II .rllul ttl I nIh.rnknrrnl I nII \\ Ing\\ ;III\ )

\quluc CLiVe J 1'II tItter eLl sc .

Ihrc: cd:th il'ulIJcd III I,IaIn+ I'l I I = h nrrl Jlilrr11qll'II

\\ Ing\\ .III. ,II III tII -5 tICaI Ct \ III II.II-I'CI.

\,ILI.IIe eLIIe ,it ,III\\ n

i tIP '.I'rn,.'I llltul,lcd ILl I ILllrl\ III I I :l'.I' Icl Jtt)IL•tt\It'tl

\\ ing\\ ,III.. .II III III : R tlcur ut\ III ll;rl'l'c

c'c\Iuc ,it \ 111\\\

\\ ing\\ .III\ p.II ;tlll'l It'\Itn\1IIn tIl \illr\

c-cJyc :It tIll\\ I)\\,

SIde t.I

Table E5.3. Entrance Loss Coefficient for ConSpan Culverts

Type of Entrance Coefficient, k,,

Eltended alrgwalls 0 degree;

45 degree wtngwalli

StraIght Headwall

Source: HEC-RAS Hydraulic Reference Manual
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@
FEMI Flood Estimation Report

OPW
CLIENT

PROJECT

DOC. TITLE

REFERENCE

suBJEcr

Briskalagh Ltd

Briskalagh Renewable Energy Develuplnent

C]med and Peak Flow Calculations for HP01ds

05IE

CALCULATION OF QMED & PEAK DESIGN

FLOWS IN UNGAUGED CATCHMENTS

Checked IK

Approved: EMcK

Selection of the Subject SiteA

Al Ungauged Node ID

A2 Ungauged Node Catchment Descriptors:

15 1622 3

Physical Catchment Descriptors
AREA (kmA2) 22.97

BFlsoils (index) 0.589
SAAR (mm) 883.48

FARL (index) 1.000
DRAIND (km/kmA2) 0.832

S1085 (m/km) 19.485
ARTDRAIN2 (prop) 0.000

URBEXT (%) 0.0000

Node East

Node North

Centroid East
Centroid North

ALLUV

ARTDRAIN

FOREST

238517

155319

235860

157710

0.0412

0.0000

0.0819

B Module 1: Estimation of the Index Flood (QMED)

B.1. Estimation of QMED without the use of a pivotal site 4.18

3.05

5.08

B.2. Estimation of QMED by using one pivotal site: 30004

B.3. Estimation of QMED using three pivotal sites: 14057, 14014, 13001

p.4. Final chosen QMED estimate: Using the small catchment equation

Module 2: Estimation of the flood growth factors and design flood magnItudesC

C.1. Selection of Pooling Group for flood frequency analysis

station no. Location similaFitY No. of Yrs of data
measure

t2 L-CV
13

L-Skewness

t4
L-Kurtosis

16051

6033

16001

14009

36031

10021

25040

CLOBANNA

CONEYBURROW BR

ATHLUIVIMON

CUSHINA

LISDARN

COMMON’S ROAD
ROSCREA

0.33

0.86

1.02

1.03

1.04

1.15

1.26

32

47

51

43

25

41

37

0.219

0.232
0.129

0.144

0.151

0.244

0.154

0.267

0.093

0.000

0.064

0.291

0.244

0.120

0.196
0.137

0.108

0.166

0.215

0.126

0.081



36018 ASHFIELD

9037 BOTANIC GARDEN

TALLANSTOWN

LEIXLIP

1.30

1.32

1.34

1.36

0.156

0.342

0.216
0.305

0.231

0.207

0.194
0.100

0.197

0.139

C.2. Selection of the best fit flood frequency distribution to the pooled data
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D Module 3: Generation of Design Hydrograph Shape Parameters

D.1. Generation of Initial Design Hydrograph Shape Parameters

Catchment Wetness Indicator (CWI)
Baseflow:

4.90 49.06

D.2. Selection of most hydrologically similar catchments

Station
Trn

No

30004 0.187lst most similar 59.440

7FITiflis-t-tir;fIT;; 25021 31.7393.335
3rd most similar 16004 3.236 62.757

Adjusted parameters using most hydrological ly similar catchment, 30004D.2. Option 1:

C

46.420

281.315

76.105

n

4.901

Tr

1 36.343

C

40.089 ]

D.2. Option 2: Adjusted Shape parameters using 3 no. Pivotal Sites, 30004, 25021, 16004
n

3.493

Tr
25.735

C

139.403

D.3. Final Hydrograph Parameters:

Chosen parameter selection method:

Adjusted parameters using most hydrologically similar catchment, 30004
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Hydrograph Plot Data:
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CALCULATION OF 6MED & PEAK DESIGN

FLOWS IN UNGAUGED CATCHMENTS
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Approved: EMcK

Selection of the Subject SiteA

Al Ungauged Node ID

A2 Ungauged Node Catchment Descriptors:

15 1728 3

Physical Catchment Descriptors

AREA (kmA2) 2.23
BFlsoils (index) 0.565

SAAR (mm) 846.60

FARL (index) 1.000

DRAIND (km/kmA2) 0.878
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B Module 1: Estimation of the Index Flood (QMED)

B.1. Estimation of QMED without the use of a pivotal site 0.37

0.27

0.46

B.2. Estimation of QMED by using one pivotal site: 30004

B.4. Final chosen QMED estimate: Using the small catchment equation

C Module 2: Estimation of the flood growth factors and design flood magnitudes

C.1. Selection of Pooling Group for flood frequency analysis

B.3. Estimation of QMED using three pivotal sites: 14057, 25040, 10021

station no. Location
similarity
measure

No. of Yrs of data t2 L-CV
13
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C.2. Selection of the best fit flood frequency distribution to the pooled data
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Final Growth Factors and Design Flows:
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Module 3: Generation of Design Hydrograph Shape Parameter!

D.1. Generation of Initial Design Hydrograph Shape Parameters

Catchment Wetness Indicator (CWI)
Baseflow: Im;/s



D.2. Selection of most hydrologically similar catchments

Dij similarityStation
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D.2. Option 2: Adjusted Shape parameters using 3 no. Pivotal Sites, 16004, 30005, 26019
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Adjusted parameters using most hydrologically similar catchment, 16004

D.3. Final Hydrograph Parameters:
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