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1. INTRODUCTION

1.1 BACKGROUND

Hydro-Environmental Services (HES) were requested by Umma More Limited to undertake a
Stage Il Flood Risk Assessment (FRA) for the proposed Umma More Renewable Energy
Development southwest of Ballymore, Co. Westmeath. A study area location map is shown
below as Figure A.

The FRA was undertaken at the design stage in order to further understand the extents of
potential flooding at the proposed Wind Farm Site and to inform the siting of turbines and
associated infrastructure within the Wind Farm Site. The initial scoping stage of the project had
highlighted areas within the proposed Wind Farm Site which were mapped within the PFRA
Flood risk zones.

This FRA is carried out in accordance with ‘The Planning System and Flood Risk Management
Guidelines for Planning Authorities’ (DoEHLG, 2009).

A )

Ay e 7 \© L | FTBALYMORE [ /[T A

0 T :
| —— (o meters
Legend =

. ] EIAR Site Boundary

Figure A: Site Location Map

1.2  STATEMENT OF EXPERIENCE

Hydro-Environmental Services (“HES") are a specialist hydrological, hydrogeological and
environmental practice which delivers a range of water and environmental management
consultancy services to the private and public sectors across Ireland and Northern Ireland. HES
was established in 2005, and our office is located in Dungarvan, County Waterford.

HES Report No.: P1553-0_FINAL_F2 5 Report Date: 5" December 2022



Umma More Lid Umma More Renewable Energy Development

Our core area of expertise and experience is hydrology and hydrogeology, including flooding
assessment and surface water modelling. We routinely work on surface water monitoring and
modelling, and prepare flood risk assessment reports.

Adam Keegan (BSc, MSc) is a hydrogeologist with three years of experience in the
environmental sectorin Ireland. Adam has been involved in Environmental Impact Assessment
Reports (EIARs) for numerous projects including wind farms, grid connections, quarries and
small housing developments. Adam holds an MSc in Hydrogeology and Water Resource
Management. Adam has worked on several wind farm EIAR projects and associated Flood
Risk Assessments, including Derrinlough WF, Lyrenacarriga WF (SID), Cleanrath WF and
Carrownagowan WF (SID) as well as flood risk assessments for commercial urban
developments.

David Broderick (BSc, MSc) is a Hydrogeologist with 13 years environmental consultancy
experience in Ireland. David has completed numerous hydrological and hydrogeological
assessments for various developments across Ireland. David has significant experience in
surface water drainage issues, SUDs design and flood risk assessment.

Michael Gill (BA, BAI, Dip Geol., MSc, MIEI) is an Environmental Engineer and Hydrogeologist
with over 22 years' environmental consultancy experience in Ireland. Michael has completed
numerous hydrological and hydrogeological impact assessments of wind farms and
renewable projects in Ireland, as well as accompanying Flood Risk Assessments. He has
substantial experience in surface water drainage design and SUDs design and surface
wafter/groundwater interactions. For example, Michael has worked on the EIS for Oweninny
WF, Cloncreen WF, and Yellow River WF, and over 100 other wind farm-related projects.

1.3 REPORT LAYOUT & METHODOLOGY

This FRA report is structured as follows:

e Sectfion 2 describes the proposed site sefting and details of the Proposed
Development;

e Section 3 outlines the hydrological and geological characteristics of the local surface
water catchment in the vicinity of the Wind Farm Site;

e Section 4 deals with an inifial flood risk identification undertaken for the Proposed
Development based on desk studies and walkover surveys;

e Secftion 5 deals with a detailed site-specific flood risk assessment (FRA) which includes
flood level modelling;

e Section 6 provides commentary in relation to the County Westmeath Development
Plans and Justification Test; and,

e Section 7 presents the FRA report conclusions.

As stated above, this FRA is carried out in accordance with ‘The Planning System and Flood Risk Management
Guidelines for Planning Authorities’ (DoEHLG, 2009). The assessment methodology involves researching and collating
flood related information from the following data sources:

OPW Flood Studies Update (FSU) Web Portal;

Geological Survey of Ireland (GSI) maps on superficial deposits;

EPA hydrology maps;

Preliminary Flood Risk Assessment Maps (PFRA);

National Indicative Fluvial Mapping (released early 2022)

CFRAM mapping;

Westmeath County Development Plan 2021 - 2027;

Site Walkovers (conducted on 14th May, 20t June, 30t June and 14th July 2021); and,
Watercourse fopographic surveys and flow monitoring completed between
14t May and 20t June 2021.

HES Report No.: P1553-0_FINAL_F2 [ Report Date: 5" December 2022
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e Hydrological (stage) monitoring at 3 no. locations along the Dungolman and
Mullenmeehan watercourses
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2. BACKGROUND INFORMATION

2.1 INTRODUCTION

This section provides details on the topographical setting of the Wind Farm Site along with a
description of the Proposed Development.

2.2  SITE LOCATION AND TOPOGRAPHY

The Wind Farm Site is located approximately 3.5km southwest of the village of Ballymore and
approximately 14km northwest of Athlone, Co. Westmeath. The total Wind Farm Site is
approximately 487 Ha.

The Wind Farm Site comprises mainly improved grassland and agricultural pastures separated
by hedgerows and drainage ditches. A small area of forestry exists in the southwest of the Wind
Farm Site. The topography of the Wind Farm Site is slightly undulating. The majority of Wind Farm
Site is situated between 55-70 mOD with a relatively flat plain across the centre of the Wind
Farm Site near the Dungolman River. Towards the northwest and southeast of the Wind Farm
Site the topography steepens to ~100mOD. The Dungolman River bisects the centre of the
Wind Farm Site before running along the eastern boundary of the northern section of the Wind
Farm Site.

All proposed turbine locations (T1-19), with the exception of T4, are situated on improved
grassland. T4 is located in the southwest of the Wind Farm Site, in an area of coniferous forestry.
The Wind Farm Site access roads are mainly located on improved grassland, but also through
forestry near T4.

A study area location map is shown as Figure A above.

23 PROPOSED DEVELOPMENT DETAILS

The Proposed Development comprises of ? No. wind turbines, access roads, temporary
construction compounds, meteorological mast, underground cabling, a 110kV onsite
substation and associated underground 110kV cabling connecting to the existing
Thornsberry 110kV substation, spoil management, junction accommodation works, free
felling, site drainage and all ancillary works and apparatus. Rock for construction will be
sourced off-site. The full description of the Proposed Development is provided in Chapter 4 of
the EIAR.

There will also be arequirement for 1 no. new watercourse crossing across the Dungolman river
as well as potential new/improved crossings/culverts at the streams/drains that are intersected
by the proposed access track alignments at 11 no. locations.

A proposed Wind Farm Site layout map is shown as Figure B below.

HES Report No.: P1553-0_FINAL_F2 8 Report Date: 5" December 2022
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Figure B: Proposed Wind Farm Site Layout Map
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3. EXISTING ENVIRONMENT AND CATCHMENT CHARACTERISTICS

3.1 INTRODUCTION

This section gives an overview of the hydrological and geological characteristics in the area
of the Wind Farm Site.

3.2 BASELINE HYDROLOGY

3.2.1 Regional and Local Hydrology

On a regional scale, the Wind Farm Site is located in the Inny River surface water
sub-catchment, which is in the Upper Shannon catchment within Hydrometric Area 26 of the
Shannon International River Basin District (SIRBD). The Inny River flows to the northwest
approximately 8.2km northwest of the Wind Farm Site. The Inny River discharges into Lough Ree
approximately 10.6km northwest of the Wind Farm Site.

On a more local scale, the Wind Farm Site is located in the Inny River sub-catchment
(Inny[Shannon]_SC_090) with the majority of the Wind Farm Site located in the Dungolman WFD
river sub basin (Dungolman_030) (refer to Figure C). A small section in the southwest of the
Wind Farm Site is mapped in the Dungolman_020 river sub-basin while the northwestern corner
of the Wind Farm Site is located in the Inny River (Inny_110) river sub-basin. However, none of
the proposed turbines are mapped in the Dungolman_020 or Inny_110 river sub-basins. A local
hydrology map is shown as Figure C.

As stated above the maijority of the Wind Farm Site is located in the Dungolman_030 river sub-
basin. The Dungolman River (EPA Code: 26D06) flows to the northeast between T4 and T5. This
watercourse then flows along the EIAR Site boundary to the east of T2 and T3 before veering
to the northeast to the east of T1. Drainage in this river sub-basin flows towards the Dungolman
River via several smaller streams and drains. In the southeast of the study area, the Raheen
stfream (EPA Code: 26R36) flows to the west approximately 150m south of T9. This waterbody
discharges into the Moneynamanagh stream (EPA Code: 26M40) 1km southwest of T? before
turning northwest and discharging into the Dungolman River 800m southwest of T5. During site
visits there was very little flow in the Raheen stream (1-2I/s), with no flow observed in the area
of the stream directly south of the proposed T9 (this area is elevated atf the upper reaches of
the stream).

The EPA also map a watercourse, the Mullenmeehan stream (EPA Code: 26M12) which flows
west along the northern EIAR Site Boundary, approximately 300m fto the north of Té6. The
Mullenmeehan stream reaches a confluence with the Dungolman River approximately 450m
northeast of T3. Although referred to as a stream by the EPA, flows in the Mullenmeehan stream
were measured at >200 |/s during site visits. The Dungolman River flows north before discharging
intfo the Tang River (EPA Code: 26102) approximately 5.15km north of the Wind Farm Site. The
Tang River confinues to flow to the northwest and eventually discharges intfo the Inny River
(EPA Code: 26101) approximately 8.3km northwest of the Wind Farm Site.

The agricultural lands which cover the majority of the Wind Farm Site contain a network of
drains which run along the hedgerows and field boundaries and discharge into Dungolman
River and the Moneynamanagh and Mullenmeehan streams. There was very little observable
flow in these drains during the site visits. The west of the Wind Farm Site in the vicinity of T4
conisists of forestry with smaller forestry drains discharging intfo the Dungolman River to the east.

HES Report No.: P1553-0_FINAL_F2 10 Report Date: 5" December 2022
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Figure C: Local Hydrology Map

3.2.2 Rainfall and Evaporation

The SAAR (Standard Average Annual Rainfall) recorded at Ballymore G.S., approximately
2.2km northeast of the Wind Farm Site, is 1,154.7mm (www.met.ie). The average potential
evapotranspiration (PE) at Mullingar, approximately 24km northeast of the Wind Farm Site, is
445.8m/year (www.met.ie). The actual evapotranspiration (“AE") is calculated to be 423.5mm
(95% PE). Using the above figures the effective rainfall (“ER")! for the area is calculated to be
(ER = SAAR - AE) 731.2mm/year.

Based on recharge coefficient estimates from the GSI (www.gsi.ie), an estimate of 22.5%
recharge is taken for the Wind Farm Site as an overall average. This value is for “Till derived
from limestones” with a “High” vulnerability rating. Some areas in the west of the Wind Farm
Site are mapped to be underlain by “Fen Peat” (although Fen Peat was not identified within
the walkover surveys). Areas underlain by Fen peat will experience lower recharge rates (5%).
The value of 22.5% recharge was chosen to reflect the dominance of till across the site and
the high drainage density. This means that the hydrology of the Wind Farm Site is characterised
by high surface water runoff rates and moderate to low groundwater recharge rates.
Therefore, conservative annual recharge and runoff rates for the Wind Farm Site are estimated
fo be 164.5mm/year and 566.7mm/year (i.e. 731.2mm/year — 164.5mm/year = 566.7mm/year)
respectively.

Table A below presents return period rainfall depths for the area of the Wind Farm Site. These
data are taken from https://www.met.ie/climate/services/rainfall-return-periods and they
provide rainfall depths for various storm durations and sample return  periods
(1-year, 5-year, 30-year, 100-year).

! ER - Effective Rainfall is the excess rainfall after evaporation which produces overland flow and recharge to groundwater.
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Table A: Rainfall return period depths for Wind Farm Site

Return Period (Years)

Duration 1 5 30 100
5 mins 3.9 6.9 12.4 17.8
15 mins 6.4 11.3 20.3 29.2
1 hour 10.3 17.1 28.9 39.9
6 hours 19.0 29.2 45.4 59.6

12 hours 24.1 35.9 54.1 69.6

24 hours 30.6 44.2 64.4 81.3
2 days 38.2 52.7 73.4 90.1

3.3 GEOLOGY

Based on the GSl/Teagasc soils mapping (www.gsi.ie) the Wind Farm Site is mainly underlain
by poorly drained mineral soils (AminPD) and to a lesser extent deep well drained mineral

(AmMInDW).

GSl subsoils mapping (www.gsi.ie) show that limestonetills are the dominant subsoil type in the
area of the Wind Farm Site. Trial pit investigations show that the subsoils generally comprise silty
SAND and silty gravelly SAND with occasional CLAYS encountered.

Based on the GSI bedrock mapping (www.gsi.ie), the Wind Farm Site is mapped to be
underlain by Lucan Formation Limestone, with some Waulsortian Limestone mapped towards

the southeast corner.

3.4 DESIGNATED SITES & HABITATS

Within the Republic of Ireland, designated sites include Natfural Heritage Areas (NHAs),
Proposed Natural Heritage Areas (pNHAs), candidate Special Areas of Conservation (cSAC),
Special Areas of Conservation (SAC) and Special Protection Areas (SPAs).

The only downstream designated sites that are hydrologically connected to the Wind Farm
Site are Lough Ree SAC/SPA. The Dungolman river discharges to the Tang River, which
discharges fo the Inny river, which eventually reaches Lough Ree approximately 14km
downstream of the Wind Farm Site.

Other nearby designated sites include Ballynagrenia and Ballinderry Bog NHA, which is
situated 2.5km south of the Wind Farm Site. This bog is situated at the headwaters of the
Dungolman River and as such is hydraulically upgradient of the Wind Farm Site.
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http://www.gsi.ie/
http://www.gsi.ie/
http://www.gsi.ie/

Umma More Lid Umma More Renewable Energy Development

4. FLOOD RISK IDENTIFICATION

4.1 INTRODUCTION

The following assessment is carried out in accordance with ‘The Planning System and Flood
Risk Management Guidelines for Planning Authorities’ (DoEHLG, 2009). The basic objectives of
these guidelines are to:

¢ Avoid inappropriate development in areas aft risk of flooding;

¢ Avoid new developments increasing flood risk elsewhere, including that which may
arise from surface water run-off;

e Ensure effective management of residual risks for development permitted in
floodplains;

e Avoid unnecessary restriction of national, regional or local economic and social
growth;

e Improve the understanding of flood risk among relevant stakeholders; and,

e Ensure that the requirements of EU and national law in relation to the natural
environment and natfure conservation are complied with at all stages of flood risk
management.

A Stage 2 assessment has been completed as part of the EIAR for the Proposed Development,
and involves the confirmation of sources of flooding, appraising the adequacy of existing
information and determining what surveys and modelling approach may be required for
further assessment.

As per the guidance (DOEHLG, 2009), the stages of a flood risk assessment are:

e Flood risk identification — identify whether there are surface water flooding issues at a
site; and,

e Initial flood risk assessment - confirm sources of flooding that may affect a proposed
development.

Further to this, a Stage 3 FRA is a detailed flood risk assessment which assesses flood risk issues
in sufficient detail and to provide a quantitative appraisal of potential flood risk to a proposed
or existing development or land to be zoned, of its potential impact on flood risk elsewhere
and of the effectiveness of any proposed mitigation measures.

4.2  SOILS MAPS - FLUVIAL MAPS

A review of the soil types in the vicinity of the Wind Farm Site was undertaken as soils can be a
good indicator of past flooding in an area. Due to past flooding of rivers deposits of fransported
silts/clays referred to as alluvium build up within the floodplain and hence the presence of
these sails is a good indicator of potentially flood-prone areas.

Based on the EPA soil map for the areaq, large areas of the Wind Farm Site are mapped as river
alluvium. Extensive alluvium deposits are associated with the Dungolman River in the west, the
Raheen and Moneynamanagh stream in the south and the Mullenmeehan stream in the north
of the Wind Farm Site. The following turbines are mapped on alluvium: T4 in the west and T5,
T6, T7 in the northeast. In addition, lands adjacent to T9 and T8 are mapped as river alluvium.

4.3 HISTORICAL MAPPING

There is no text on local available historical 6" or 25" mapping for the proposed Wind Farm Site
that identify areas that are “prone to flooding” within the Wind Farm Site.
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44  OPW NATIONAL FLOOD HAZARD MAPPING

The OPW National Flood Hazard Maps records the occurrence of several historic and recurring
flood instances in the vicinity of the Site. However, no flood instances are located within the
Site boundaries (refer to Figure D below)

The OPW (www.floodmaps.ie) show several historic and recurring flood events in the vicinity of
the Wind Farm Site. The closest mapped recurring flood event is found approximately 250m
southwest of Wind Farm Site at Kiltober. Here low-lying lands are reported to flood annually
following intense rainfall. Similar flood events have been recorded at Tourbeg, Moate,
approximately 700m south of the Wind Farm Site. A further flood event is mapped
approximately Tkm to the north of the Wind Farm study area along the R390 af Ballymore. The
Kilbeggan area engineer notes that “localised low lying area floods after heavy rains every
year and that the road is liable fo flood".

The OPW map much of the Wind Farm Site along the Dungolman River and the Mullenmeehan
stream to be Benefited Land. Benefited land is land which was drained as part of the Arterial
Drainage Scheme. Furthermore, the primary watercourses at the Wind Farm Site including the
Dungolman River, Mullenmeehan stream and the Moneynamanagh stream are recorded as
channels for arterial drainage schemes. The secondary field drains and ditches are not
mapped within the arterial drainage scheme.
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Figure D: OPW Indicative Floods Map (Source: www.floods.ie)
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4.5 CFRAM MAPS - FLUVIAL AND COASTAL FLOODING

Where complete the Catchment Flood Risk Assessment and Management (CFRAM)2 OPW
Flood Risk Assessment Maps are now the primary reference for flood risk planning in Ireland
and supersede the Preliminary Flood Risk Assessment Maps (PFRA) maps. However, CFRAM
mapping is not currently available for the area of the proposed Wind Farm Site.

Indicative flood maps (NIFM) have been produced for all watercourses that are on the EPA
watercourse layers ‘WATER_RivNetRoutes’ and ‘WFD_LakeSegment’, and have a catchment
area greater than 5kmz2, and for which flood maps were not produced under the Natfional
CFRAM Programme. The NIFM mapping is detailed further in Section 4.7.

4.6 PRELIMINARY FLOOD RISK ASSESSMENT MAPS - FLUVIAL AND PLUVIAL FLOODING

Flood zones are geographical areas within which the likelihood of flooding is in a particular
range. There are three types or levels of flood zones defined according to OPW guidelines:

e Flood Zone A - 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);

e Flood Zone B — where the probability of flooding from rivers and the sea is moderate
(between 0.1% or 1in 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); and,

e Flood Zone C - 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.

The PFRA flood maps were therefore queried for potential areas prone to flooding. The maps
show that areas in the west and north of the Wind Farm Site are mapped in the 100-year and
the Extreme Event fluvial flood zones (Zones A and B respectively) as outlined below. The
majority of the Wind Farm Site is however located in Flood Zone C (Low Risk).

The 100-year flood zone is mapped along the Dungolman River within the Wind Farm Site. In
the southwest of the Wind Farm Site, the flood zone extends up to 200m from the mapped river
course and is mapped in the area of T4. Further north, T2 is also mapped on the border of the
Flood Zone B area, ~300m west of the main river channel, while T1 and T3 are located 50m and
180m west of this mapped flood zone respectively.

The 100-year flood zone along the Mullenmeehan stream in the northeast of the Wind Farm
Site does not extend as far south as any of the proposed turbine locations. The topography is
slightly steeper away from the river bank along this stream. There are no fluvial flood zones
located in the southeast of the Wind Farm Site.

The general blocky shape of the PFRA map is due to the coarse scale nature of the topography
data used to create the map. Typically, 2m contours are used to create these maps. In zones
where the topography only varies by 1-2m over large areas of lands, the extents of the flood
zones can be overestimated.

The GSI Historical 2015/2016 surface water flood map3 shows fluvial and pluvial floods during
the winter 2015/2016 flood event. This map does not show any flooding within the Wind Farm
Site, with only small-localised areas of flooding in the surrounding lands.

The flood zones indicated on the PFRA mapping are shown on Figure E below.

2 CFRAM is Catchment Flood Risk Assessment and Management. The national CFRAM programme commenced in
Ireland in 2011,and is managed by the OPW. The CFRAM Programme is central to the medium to long-term strategy
for the reduction and management of flood risk in Ireland.

3 GSl Historical flood mapping principally developed using Sentinel-1 Satellite Imagery from the European Space
Agency Copernicus Programme as well as any available historic records (from winter 2015/2016 or otherwise)
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Figure E: PFRA Flood Zone Mapping

4.7 NATIONAL INDICATIVE FLUVIAL MAPPING

The National Indicative Fluvial Flood maps for the Wind Farm Site were released in early 2022.
These maps supercede the older PFRA maps, and are carried out in areas where the more
detailed CFRAM mapping has not been undertaken. The online flood mapping database,
Floodinfo.ie4 states;

The National Indicative Fluvial Maps provide an indication of areas that may flood, during a
flood of an estimated probability of occurring. As detailed in the Technical Data, a number of
assumptions have been made in order to produce a dataset suitable for national level flood
risk assessments.

The National Indicative Fluvial Maps are not the best achievable representation of flood
extents and they are not as accurate as the Flood Maps produced under the National
Catchment Flood Risk Assessment and Management (CFRAM) Programme.

The maps should not be used to assess the flood risk associated with individual properties or
point locations, or to replace a detailed site-specific flood risk assessment.

From the NIFM map of the site, turbines T1 — T9 are located outside both the Low probability
and Medium probability flood zones. Turbine T3 is located within both probability zones,
however both the low probability and medium probability flood zones are mapped with
unusual areas along the western side of the Dungolman river. Turbine T3 is located within a
mapped flood zone which is separated from the river channel by ~250m of land not mapped

4 https:/ /www.floodinfo.ie/map/nifm_user_guidance_notes/
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within the flood zone (presumably interpreted as higher ground). The mapped flood zone
creates islands of higher ground nearer the river channel, particularly along the western side
of the channel with areas of mapped flood zones further west of these “islands”.

In reality, these areas of high ground do not exist from site walkover data and from Lidar data
sourced for the more detailed flood modelling outlined in Section 5.3. It is assumed that the
NIFM modelling is using coarser topographic data, which is interpreting areas of high and low
ground based on contour data, which is not detailed enough for a site-specific assessment.

The flood zones indicated on the NIFM mapping are shown on Figure F below.
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Figure F: National Indicative Flood Mapping

4.8  WATER LEVEL MONITORING

Water level monitoring was undertaken at 3 no. locations along the Dungolman and
Mullenmeehan stream between July 2021 and December 2022. Water levels in these rivers
were recorded using in-situ OTT EcolLog 1000 loggers recording at 30 minute intervals. These
water levels were then normalised to mOD, following a topographic (dGPS) survey of the water
level at the logger locations. SW1 is located at the southern end of the Wind Farm Site, ~ 475m
southwest of the proposed onsite substation. SW2 is located at a small bridge along the
Mullenmeehan stream, ~400m northeast of turbine Té, while SW3 is located 1.2km north of the
site on a bridge which crosses the Dungolman river. The water levels are shown below in Figure
G.

Water levels at SW1(Dungolman river) at the southern end of the Wind Farm Site range
between 54.7 — 56.4 mOD, while water levels at SW2 (Mullenmeehan stream) range between
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53.7 — 55.5 mOD. Further downstream at SW3 (Dungolman river), water levels range between
51 -52.3 mOD. The water levels were recorded to compare with the modelled flood elevations
(Section 5.3). The water levels at SW2 are approximately near the centre of the Wind Farm Site
and are the most representative of water levels near the Proposed Development
infrastructure.
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Figure G: Water Levels (moD) at 3 no. monitoring locations (Dungolman and Mullenmeehan
stream)

4.9 SUMMARY - FLOOD RISK IDENTIFICATION

Based on the information gained through the flood identification process, it would appear that
sections of the Wind Farm Site are susceptible to fluvial flooding. While the majority of the Wind
Farm Site is mapped in Flood Zone C, PFRA mapping shows areas of the Wind Farm Site
adjacent to the Dungolman River and Mullenmeehan stream as Flood Zone A. Turbines T2 and
T4 are located on the edges of the mapped PFRA flood zones, along with sections of existing
roads and proposed new roads. NIFM mapping of the Wind Farm Site shows that furbine T3 is
located within the Low probability and Medium probability flood zone.

This is discussed further in Section 4.4 below where a site-specific flood risk assessment is carried
out to further assess the risk of potential flooding at the Wind Farm Site.

4.10 INITIAL FLOOD RISK ASSESSMENT SURVEY

4.10.1 Site Survey

An initial  walkover  of  the Wind Farm Site was undertaken on
14th May 2021, and a subsequent survey was undertaken on 20t June 2021. During both site
visits the lands, specifically the areas identified from the PFRA and OSI base mapping
(discussed above), were surveyed for any signs or anecdotal evidence of flooding. The local
landowners were also consulted in relation to historical flooding on their lands, of which there
were no notable instances of anecdotal flooding within the Wind Farm Site.
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A walkover survey of the Wind Farm Site, particularly along the banks of the Mullenmeehan
stfream, idenftified ~1-1.5m deep drains which flow north discharging to the stream. These
drains are emplaced along most field boundaries. The majority of the drains at the site are
oriented in a north-south direction and discharge to the Mullenmeehan stream, before
reaching the Dungolman River. There was typically no/low flow rates in these drains during
site visits, with the largest drains discharging ~1L/s.

Soil samples taken from trial pitting, carried out on 30t June 2021 encountered CLAY within
some trial pits, particularly at TP-1.2 and TP-2 which generally impedes drainage. Elsewhere,
SANDS and gravelly SANDS were typically encountered which may be alluvial deposits,
although the thickness is considerable, and a glacial origin is also likely.

4.10.2 Hydrological Flood Conceptual Model

Potential flooding in the vicinity of the Proposed Development can be described using the
Source - Pathway — Receptor Model (“S-P-R"). The primary potential source of flooding in this
area, and the one with most consequence for the Proposed Development, is fluvial with minor
pluvial flooding. The primary potential pathway would be fluvial overbank flooding of the main
river channel (Dungolman River) which flows through the Wind Farm Site, during significant
rainfall events. The potential receptors in the area are infrastructure and land as outlined
below.

4.10.3 Summary - Initial Flood Risk Assessment

Based on the information gained through the flood identification process and Initial Flood Risk
Assessment process, the sources of flood risk for the Proposed Development are outlined and
assessed in Table B.

Table B: Initial S-P-R Assessment of Flood Sources for the proposed development

Source Pathway Receptor Comment
Tidal Not applicable. Land and | The proposed site is >90km from the
infrastructure. coast and there is no risk of coastal
flooding.
Fluvial Overbank flooding Land and | Based on the PFRA mapping areas of
infrastructure. the proposed infrastructure, there

are 2 no. areas located inside a
mapped fluvial flood Zone:

1: Proposed road and river crossing
near TS extending to and including
areas of the proposed T4 hardstand
are located within Flood Zone A and
B.

2. Proposed Turbine T2 and the
sections of proposed road north and
south of the furbine are mapped
within Flood Zone B.

Pluvial Ponding of rainwater Land and | No pluvial flooding is mapped within
on the route right of infrastructure. the site boundary
way.
Surface water | Surface ponding/ Land and | Same as above (pluvial).
Overflow. infrastructure
Groundwater Rising groundwater Land and | Based on local hydrogeological
levels. infrasfructure. regime and PFRA mapping. there is
no apparent risk from groundwater
flooding.
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5. DETAILED FLOOD RISK ASSESSMENT

5.1 INTRODUCTION

In order to carry out a Stage lll level site-specific FRA for the Wind Farm Site and to assess the
capacity and design flood levels of the Dungolman River and flood plain, a detailed
topographic survey of the Dungolman River channel was undertaken as part of this site-
specific assessment along with use of Lidar data to determine ground elevations for the wider
site and flood plain area. The river channel survey is described in Section 5.1 below. This
combined topographic data was used to create a river channel/flood plain 2-dimensional
flow model for the section of Dungolman River channel and valley within the Wind Farm Site.

Flood level modelling for the Dungolman River was undertaken using HEC-RAS™S open
channel flow software. HEC-RAS is a 2-dimensional flow model which can calculate channel
water depth/level using parameters such as flood volumes, channel dimensions, slope and
friction coefficients (Mannings n number). To investigate the potential for flooding within the
Wind Farm Site, modelling of design flood volumes (i.e., 10-year,100-yr and 1000-yr) was
undertaken for the river and its flood plain.

Apart from the PFRA and the more recent NIFM, no direct CFRAM flood studies or modelling
have been completed for the Dungolman River catchment itself, and therefore the OPW FSU
Web Portal was used to calculate the Qmed (flow) for the river at the Wind Farm Site.

The design flood event growth factors applied in the River Shannon CFRAM study¢ were used
to calculate the 10 -year, 100-year and 1000-year design flood flows in the Dungolman River
(Qmea x Growth Factor x Climate Change). A potential increase in flow of 20% was applied to
account for future climate change scenarios. The design flood flows for the Dungolman River
and conftributing streams are shown in Table C below.

Table C: Design Flood Flows

Qmed 10-yr Design 100-yr Design 1000-yr Design
Channel (m¥/s) Flood Flow Flood Flow Flood Flow
(m3/s)* (m3/s)* (m3/s)*
Dungolman River (Upstream of site) 3.82 6.7 2.3 11.9
Southern Tributary 1 1.75 2.43 3.12
Northern Tributary 5.25 9.2 12.8 16.38
Total (Downstream of site) 10.07 17.64 24.53 31.42

+Growth factors of 1.46, 2.03 and 2.6 were used to estimate the 10-year, 100-year and 1000-year design floods.
Includes 20% increase for climate change

For the stretch of the Dungolman River at the location of the Wind Farm Site in the flood model,
a friction coefficient (Mannings n number) of 0.07 was used to reflect the weedy and slow
moving nature of the channel and for the surrounding lands a coefficient of 0.035 was used
for grassland (short grass) and 0.1 for forestry (dense forestry).

The slope of the Dungolman River channel as it flows through the Wind Farm Site was
determined from the topographic survey and this is calculated to be 0.00049 upstream of the
site and 0.0004 downstream of the Wind Farm Site.

5 HEC-RAS - Hydrologic Engineering Centre — River Analysis System
6 Shannon Catchment-based Flood Risk Assessment and Management Study — Hydrology Report Unit of Management 25/26
(OPW/Jacobs, 2016.)
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5.2  SITE SURVEY

A total of 14 no. open channel cross-sections of the Dungolman River were taken in the vicinity
of the Wind Farm Site between 14th May and 20t June 2021.

Cross-sections were taken from the southern Wind Farm Site boundary, near the unnamed
road which runs between the townlands of Raheen and Lissanode, to the northern Wind Farm
Site boundary just west of the existing sand and gravel quarry.

The survey cross-sections were extended across the floodplain and study area using Lidar data

The locations of the cross-sections are shown on Figure H - Figure J below. Cross-sections
elevation data (in HEC-RAS format) are aftached as Appendix I.
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Figure H: Southern site Channel Cross-Sections
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53 FLOOD MODELLING

Prior fo modelling the design flood flows, the flow in the Dungolman River and Mullenmeehan
on the day of the topographic survey was run to assess the accuracy of the model. There are
no historical flood flows with known water levels available for flood flow calibration. The flow in
the main Dungolman River channel on 20t June 2021 was measured to be 0.33m3/s upstream
of the site and 0.54m3/s downstream.

The modelled water levels for measured flows on 20th June 2021 are shown in Table D below.
There is good correlation between measured and modelled water levels at the model cross-
sections. The overall model average difference between the measured and modelled level is
0.132m which is generally within acceptable tolerances according to HEC-RAS guidance? (i.e.
<0.150m).

Table D: Comparison of Measured and Modelled Levels on 20/06/2021

Cross-section Measured Level (m OD) Modelled Level (m OD) Difference (m)
1 53.091 52.87 0.221
2 53.168 52.95 0.218
3 53.168 53.01 0.158
4 53.159 53.04 0.119
5 53.342 53.13 0.212
6 53.551 53.35 0.201
7 53.576 53.43 0.146
9 53.695 53.72 -0.025
10 54.026 53.89 0.136
11 54.231 54.09 0.141
12 54.264 54.13 0.134
13 54.203 54.16 0.043
14 54.222 54.21 0.012

The CFRAM design flood flows were then modelled and the results are shown in Table E below.
The primary areas of concern were along the main channel, between X5 and X19, as the PFRA
mapping identified these areas as being potentially flood prone. These areas are low lying and
they coincide with the proposed locations of a number of turbines and site access roads. The
proposed infrastructure towards the east of the site, particularly T6 and T7 are significantly
above any modelled flood levels. These furbines are at elevations of 60-61mOD based on
available Lidar data, ~5-6m above the maximum modelled flood elevations.

HEC-RAS model output tables for the design flood modelling are attached as Appendix Il.

7HEC RAS River Analysis System — User’s Manual (February 2016)
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Table E: Modelled River Flood Levels in the Dungolman River

Cross-section 10-year Flood 100-year Flood 1000-year Flood
Level (m OD) Level (m OD) Level (m OD)

1 55.1 55.38 55.66
2 55.24 55.52 55.78
3 55.53 55.77 55.93
4 55.6 55.81 55.96
5 55.64 55.84 55.98
) 55.67 55.86 56

7 55.68 55.86 56

8 55.72 55.88 56.01
9 55.74 55.89 56.02
10 55.78 55.91 56.02
11 55.81 55.93 56.04
12 55.84 55.95 56.04
13 55.92 56.07 56.21
14 55.99 56.16 56.31

The modelled flood level for the 100-year flow (1% AEP) (Flood zone A) for the Wind Farm Site
ranges between 56.16 mOD at the southern upstream section of the Wind Farm Site, to 55.38
mOD at the northern downstream section near the existing sand and gravel quarry. During the
modelled flood conditions a slope of 0.03% is calculated between the northern and southern
sections.

The modelled flood level for the 1000-year flow (0.1% AEP) (Flood zone B) ranges between
56.31 mOD at the southern upstream section of the Wind Farm Site, to 55.66 mOD at the
northern downsfream section near the existing sand and gravel quarry. This modelled 1000-yr
flood level is ~0.3m higher than the modelled 100-year flood level.
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5.4  SUMMARY- DETAILED FLOOD RISK ASSESSMENT

Using the modelled flood levels (100-year (1% AEP) and 1000-year (0.1% AEP) flood levels) along
with the Wind Farm Site topography and Lidar data, a site-specific flood zone map for the
Wind Farm Site was created and this is attached as Figure 1.

Based on the information gained through the flood modelling, the areas of the Wind Farm Site
at risk of flooding with regard the proposed development are outlined and assessed in Table

F.

Through an iterative process of flood modelling and the design of the infrastructure locations
around the modelled flood zones, the layout of the Wind Farm Site has been optimized. The
only remaining infrastructure within a modelled flood zone is a small section (~110m) of access
frack between T4 and T5. This can be mitigated by building up the road within this section
above the modelled flood elevation (100 year — 55.86 mOD, 1000 year — 56 mOD).

Table F:Summary of Flood Risk Based on Site Specific Flood Modelling

Source Pathway Receptor Desk Study Data Site Specific Modelling
Data
Tidal Not applicable. | Land and | The Wind Farm Site is | No modelling completed
infrastructure. | >90km from the coast and | on tidal flooding as not
there is no risk of coastal | applicable given the
flooding. distance involved.

Fluvial Overbank Land and | Based on the detailed | Allturbines (T1-T9) located

flooding infrastructure. | flood risk assessment and | outside of modelled 100
site-specific  flood zone | year and 1000 year flood
map: zones.
1: Proposed road and | lterative process of site
river crossing near T5, as | layout design and flood
well  as the furbine | modeling, only 1 no.
hardstand area at T5 are | section of access road
located within Flood Zone | (110m) between T4 and T5
A and B. is mapped within the 100
year and 1000 year flood
2: Proposed Turbine T2 | zones.
and the sections of
proposed road north and | The temporary site
south of the turbine are | compounds, spoil
mapped  within  Flood | management areas and
Zone A and B. substation are not
located within modelled
flood zones.

Pluvial Ponding of Land and | No pluvial flooding is | No  pluvial  modelling
rainwater on infrastructure. | mapped within the site | completed due fto a
the route right boundary review of the desk study
of way. data and the soils/subsoils

information from the trial
pitting (generally
permeable sands)

Surface Surface Land and | Same as above (pluvial). | No surface water

water ponding/ infrastructure modelling completed
Overflow. due to a review of the

desk study data and the
soils/subsoils  information
from the ftrial pitting
(generally permeable
sands)
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Groundw | Rising Land and | No risk from groundwater | No modelling completed
ater groundwater infrastructure. | flooding. —no risk from groundwater
levels. flooding on this site.

Proposed turbines T1 - T? are located outside of the modelled flood zones. The proposed onsite
substation and temporary construction compounds are also mapped outside of the modelled
flood zones. The only area of the Wind Farm Site which is mapped within the modelled flood
zones is a small section of access road (110m) located ~300m west of turbine T5. As mentioned
above, this can be mitigated by building up the finished access road level above the
modelled flood level.
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6.1

6. PLANNING POLICY AND JUSTIFICATION TEST

PLANNING POLICY AND THE WESTMEATH COUNTY DEVELOPMENT PLAN

The following policies are defined in the Westmeath CDP 2021-2027 (Table G) in respect of
flooding, and we have outlined in the column to the right how these policies are provided for
within the Proposed Development design:

Table G: Westmeath County Development Plan Objectives/Policies and Project Responses

No. Policy Development Design Response

CPO 10.96 Implement and comply fully with the This FRA is consistent with the
recommendations of the Strategic Flood Risk requirements of the “Planning
Assessment prepared as part of the System and Flood Risk
Westmeath County Development Plan 2021- Management — Guidelines for
2027. Planning Authorities” and is in line

with the recommendations of the
SFRA prepared as part of the
Westmeath County Development
Plan 2021-2027.

CPO 10.97 Have regard to the Guidelines for Planning This FRA is consistent with the
Authorities on the Planning System and Flood requirements of the “Planning
Risk Management (DoEHLG/OPW 2009) and System and Flood Risk
Circular PL2/2014, through the use of the Management — Guidelines for
sequential approach and application of the Planning Authorities”

Justification Tests in Development

Management. A Justification Test (JT) for the
Proposed Development is
undertaken in Section 6.2 below.

CPO 10.98 Ensure that a flood risk assessment is carried Included to the scale and nature of
out for any development proposal, within the Proposed Development.
200m of a watercourse and aft risk of flooding,
in accordance with the Planning System and
Flood Risk Management (DoEHLG/OPW 2009).

This assessment shall be appropriate to the
scale and nature of risk to the potential
development.

CPO 10.99 Support the implementation of This FRA is in line with the
recommendations in the CFRAM Programme management policies outlined in
to ensure that flood risk management policies the objective.
and infrastructure are progressively
implemented.

CPO 10.100 | Support the implementation of N/A
recommendations in the Flood Risk
Management Plans (FRMP’s), including
planned investment measures for managing
and reducing flood risk.

CPO 10.101 | Consult with the OPW in relation to proposed OPW mapping has been consulted
developments in the vicinity of drainage and access o either side of
channels and rivers for which the OPW are managed channels will be
responsible, and to retain a strip on either side maintained
of such channels where required, to facilitate
maintenance access thereto.

CPO 10.102 | Assist the OPW in developing catchment- No plan in place currently for the
based Flood Risk Management Plans for rivers Wind Farm Site
in County Westmeath and have regard to their
provisions/recommendations.

CPO 10.1038 | Protect and enhance the County’s floodplains | No alteration of hydromorphology
and wetlands as ‘green infrastructure’ which is recommended within this report
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provides space for storage and conveyance or within the overall development
of floodwater, enabling flood risk to be more plan for the Proposed

effectively managed and reducing the need Development.

to provide flood defenses in the future, subject

to normal planning and environmental criteria.

CPO 10.104 | Protect the integrity of any formal (OPW or No existing defences at the Wind
Westmeath County Council) flood risk Farm Site. OPW access to arterial
management infrastructure, thereby ensuring drainage areas will be maintained
that any new development does not as outlined above.
negatively impact any existing defense
infrastructure or compromise any proposed
new infrastructure.

CPO 10.105 | Ensure that where flood risk management No flood risk management works i.e
works fake place that the natural and cultural flood barriers, recommended.
heritage, rivers, streams and watercourses are
protected and enhanced.

CPO 10.106 | Ensure each flood risk management activity is No flood risk management activity
examined to determine actions required to recommended.
embed and provide for effective climate
change adaptation as set out in the OPW
Climate Change Sectoral Adaptation Plan
Flood Risk Management applicable at the
fime.

CPO 10.107 | Consult, where necessary, with Inland Fisheries N/A
Ireland, the National Parks and Wildlife Service
and other relevant agencies in the provision of
flood alleviation measures in the County.

6.2 REQUIREMENT FOR A JUSTIFICATION TEST

The matrix of vulnerability versus flood zone to illustrate appropriate development that are
required to meet the Justification Test® is shown in Table H below.

The Proposed Development is considered to be a ‘Highly Vulnerable Development’ due to the
nature of the turbine infrastructure and the onsite substation.

The majority of the Wind Farm Site is situated within Flood Zone C, however a proposed section
of accessroad between T4 and T5 (110m) is located within the modelled extents of Flood Zone
A and B therefore a justification is required for this area. A justification test for this layout is
presented as illustrated below.

Table H: Matrix of Vulnerability versus Flood Zone

Flood Zone A Flood Zone B Flood Zone C
Highly vulnerable development
(including essential Justification test Justification test Appropriate
infrastructure)
Less vulnerable development Justification test Appropriate Appropriate
Water Compatible . . .
development Appropriate Appropriate Appropriate

Note: Taken from Table 3.2 (DoEHLG, 2009)

8 A ‘Justification Test’ is an assessment process designed to rigorously assess the appropriateness, or otherwise, of particular
developments that are being considered in areas of moderate or high flood risk, (DoEHLG, 2009).
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Bold: Applies to this project.

Box 5.1

of “The Planning System and Flood Risk Management Guidelines” (PSFRM Guidelines)

outlines the criteria required to complete the “Justification Test"”.

Table I:

Format of Justification Test for Development Management

Box 5.1 Justification Test for Development Management
(to be submitted by the applicant)

When considering proposals for development, which may be vulnerable to flooding, and that would
generally be inappropriate as set out in Table 3.2, the following criteria must be satisfied:
1.

The acceptability or otherwise of levels of residual risk should be made with consideration of the type
and foreseen use of the development and the local development context.

The subject lands have been zoned or otherwise designated for the particular use or form of
development in an operative development plan, which has been adopted or varied taking
account of these Guidelines.
The proposal has been subject to an appropriate flood risk assessment that demonstrates:
i The development proposed will not increase flood risk elsewhere and, if practicable,
will reduce overall flood risk;

ii. The development proposal includes measures to minimise flood risk to people,
property, the economy and the environment as far as reasonably possible;

iii. The development proposed includes measures to ensure that residual risks to the
area and/or development can be managed to an acceptable level as regards the
adequacy of existing flood protection measures or the design, implementation and
funding of any future flood risk management measures and provisions for
emergency services access; and

iv. The development proposed addresses the above in a manner that is also
compatible with the achievement of wider planning objectives in relation to
development of good urban design and vibrant and active streetscapes.

Note: this table has been adapted from Box 5.1 of “The Planning System and Flood Risk Management Guidelines”, (2009).

Referring to Point 1 and Points 2 (i) to (iv) inclusive:

The section of the access fracks located in the mapped flood zones (110m) are
located within the Wind Farm Site, providing access between the Proposed
Development turbines and ancillary infrastructure. The closest third-party sensitive
receptor to the section of the access tracks located in the mapped flood zones is
approximately 578 metres. During the site selection process, one of the criteria
considered was the identification of an area that can maintain an appropriate set-
back from third-party sensitive receptors. Having reviewed the settlement patterns in
the vicinity, along with a number of other criteria, the Wind Farm Site was identified as
a suitable location for the provision of a renewable energy development of the scale
proposed.

The Proposed Development has been the subject of a flood risk assessment (this report)
and the following has been determined:

i. Due to the relatively small footprint of the Proposed Development and the only
portion of the Proposed Development within a modelled flood zone being a
110m section of access track, the Proposed Development is predicted to have
an unmeasurable/imperceptible impact on flood water levels downstream of
the Wind Farm Site. No increase in downstream flood risk is antficipated.

i. The design of the Wind Farm Site has undergone an iterative process following
the flood modelling, moving proposed turbines and all other site infrastructure
(aside from the 110m road section) outside of the modelled flood zones. These
measures will mitigate against any potential disruption to the natural hydrology
of the Wind Farm Site. No increase in flood risk to people, property, the
economy or the environment during exireme flood events as a result of the
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Proposed Development is predicted due to the appropriate design measures
which will result in unmeasurable/imperceptible upstream and downstream
effects;

iii. Detailed flood level and flow modelling have been undertaken to assess the
effects of locating some sections of access fracks within fluvial flood zones
whereby both the upstream and downstream impacts has been determined to
be unmeasurable/imperceptible. Further mitigation is deemed not necessary;
and,

iv. The Proposed Development is compatible with the wider planning objectives of
the areaq, including the provision of wind energy developments at appropriate
locations and the proper planning and sustainable development of the area.
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7. FRA CONCLUSIONS

7.1 CONCLUSIONS
There is no CFRAM mapping available for the Wind Farm Site areq;
The PFRA mapping and NIFM flood mapping is available for the Wind Farm Site.

They are “broad scale” and based on OSI conftour data. Some of the Proposed
Development is located within flood zones indicated by the PFRA and NIFM mapping;

» HES have completed site-specific flood modelling for the Proposed Development
areas identified as being in mapped flood zones (PFRA/NIFM mapping):

o The assessmentin Section 5.2 and 5.3 above show there are no turbines located
within modelled flood zones;

o The substation and Wind Farm Site underground electrical cabling connection
are also located outside of the modelled flood zones;

o The access roads (proposed/upgraded) are located outside of the modelled
flood zones apart from 1 no. section (110m) of access road located ~300m west
of T5;

» There is therefore, 1 no. section of 110m of access road which remains within a
modelled flood zone. In order to mitigate this flood risk, all proposed Wind Farm Site
access fracks within the modelled flood pluvial zones will have the track surface
raised at least 500mm above the 1000-year flood level. There is an existing field drain
which will be culverted under the proposed access track. This culvert will provide a
drainage outlet for flood water following a significant flood event. This will prevent
any damming effect from the proposed access road within this section during
significant flooding events.

» Based on the iterative design process, designed around the site specific flood
modelling, any potential upstream and downstream flood impacts associated with the
proposed development will be unmeasurable/imperceptible; and,

> Therefore, there will be no increase in flood risk to people, property, the economy or
the environment during extreme flood events.

k %k %k ok ok ok ok 3k ok sk ok ok ok ok 3k ok sk ok ok ok 3k X%
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APPENDIX I: DUNGOLMAN RIVER CHANNEL SURVEY
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E N Elevation Distance WL
1 220335.5 245876.7 58.131 0
2 220341 245885 57.883 10
3 220346.6 245893.3 57.612 20
4 220352.1 245901.7 57.378 30
5 220357.7 245910 57.179 40
6 220363.2 245918.3 57.071 50
7 220368.8 245926.6 56.982 60
8 220374.3 245934.9 56.915 70
9 220379.9 245943.3 56.85 80
10 220385.4 245951.6 56.757 90
11 220391 245959.9 56.643 100
12 220396.5 245968.2 56.613 110
13 220402 245976.6  56.522 120
14 220407.6 245984.9 56.416 130
15 220413.1 245993.2 56.37 140
16 220418.7 246001.5 56.371 150
17 220424.2 246009.8  56.418 160
18 220429.8 246018.2 56.429 170
19 220435.3 246026.5 56.42 180
20 220440.9 246034.8 56.405 190
21 220446.4 246043.1  56.397 200
22 220452 246051.4 56.387 210
23 220457.5 246059.8 56.409 220
24 220463.1 246068.1 56.454 230
25 220468.6 246076.4 56.535 240
26 220474.2 246084.7 56.617 250
27 220479.7 246093  56.774 260
28 220485.3 246101.4 56.775 270

21.1 620433 746124 56.797 271.85 54.94
21.2 620435 746127 56.5 275.17 54.94
21.3 620436 746127 55.184 276.76 54.94
21.4 620437 746128 54.257  277.63 54.94
21.5 620437 746128 54245 277.64 54.94
21.6 620437 746129 54.113 278.80 54.94
21.7 620438 746130 54276 279.94 54.94
21.8 620438 746131 55.283  280.57 54.94
21.9 620438 746132 55.963 282.14 54.94
21.1 620439 746134 56.839 283.95 54.94
220496.7 246121.9 56.874 293.95
220501.1 246130.9 56.719 303.95
220505.4 246139.9 56.603 313.95
220509.8 246148.9 56.542 323.95
220514.1 246157.9 56.556 333.95
220518.5 246166.9 56.522 343.95
220522.8 246175.9 56.461 353.95
220527.2 246184.9 56.416 363.95
220531.5 246193.9 56.428 373.95
220535.9 246202.9 56.44 383.95
220540.3 246211.9 56.477 393.95
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