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3. AVILENGINEERING

3.1 GENERAL INTRODUCTION
This chapter describes the civil engineering design of the various elemetits Garrownagowan

Wind Farm ProjecQ a@ssociated infrastructurehoth permanent and temporarnjzundamental to the
design was theequirement to eliminate or minimisadverse effects on the environment arising from
the works during the construction and ofaional phases of the projecthe primary considerations
that were taken into account were to nrdgain the existing hydrologicakgime within the site, to
avoid pollution of rivers within and outside the site, and to ensure that there was a low risk of
occurrence of peat slides due to the works.

The following sections describe the process involved in the deditre project infragructure and
the water quality managenrg system for theproject An assessment of the site access including the
external turbine delivery route is also included.

Theoverallproject, as set out in Chapter 1 aimdsection 2.3 of Chapt&, and desdbedthroughout
this EIAR, includes both the proposed development (the wind faroh)ding substation, met mast,
access tracks, borrow pjtand works on the turbine delivery roujeand the grid connection.
Furthermore, replacement forestry lands, associatedhwthe permanent felling to allow the
construction of the wind farm, are also included a&sowerall project component. Howeven, terms
of this Civil Engineering chapterigtthecivil works associated with the wind farand its components
the worksareas along théurbine deliveryroute and thegrid connectiorthat are described.

3.2 DESIGN PROCESS

3.2.1 Constraints

The first phase in the design of the wind farm involved théedeination of all theW KA 3K f S@St
environmental, topographical, technical amshgineering constraints present within th@oposed
development sitein order to establish a potentilgl feasible buildable area Malachy Walsh and
Partners completed a detaill site assessmerso as toidentify areas of unstable ground, sensitive
ecolodcal habitatsanyknown archaeological features, noise sensitive locations, telecommunication
links and hydrologicdkaturesof the site. Buffers zones were set around theimas constraintsas

set out in Table 3.1 belowand only those areas outsidie buffer zones were considered in
determining the locations for the turbines, access roads and other associated infrastrutaine.3.1
below outlines the various constrasand criteriaconsideredas part of the initial assessmeaund the
buffers tha were applied.

Table3.1 Constraints and Buffers

Constraint SetbackBuffer Distance Reason

Houses (for thireparty 750m setback from residences. | Protectresidenial amenity

landowners) (1km achieved in final design). Distance is greater than 4 x blade tip
height

Streams and rivers: 75m buffer appliedo EPA Protect watercourses

registeredwatercourses Setbacks of up to 20m apply to forestry

activities and 50m to the use of hazardo
materials. 75m waapplied, beyond the
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Constraint SetbackBuffer Distance Reason
standard, as a conservative measure for,
the project.

Designated areas (SPA, SAQ 150m from designated sites Avoidance of sensitive habitat.

NHA, pNHA):

Sensitive ecological habitats | Avoid Minimisation of infrastructure within
ecologially valuable habitat

Archaeological features n/a No identified archaeological monuments
on site

Telecommunication links 50m Protect agaist signalinterference

ExternalRoads 170m+ 10%setback Buffer by urbine Falling distance

Site topography

¢ steep slopes (>30: - Avoid Avoidanceof stability risk

¢ slopes >10° - Avoid for turbine locations

Peat>5m depth Avoid Avoidance of highpeat risk and
constructability risk areas

The constraintshat directly affect the engineering design of thénd fam are the ground surface
slope, ground stability and hydrological features. These are described in the followisgidns.

3.2.1.1 GroundSurface Slope

The topography of the site varies considerably, with ground surface slopes varying from the relatively
flat areas at thenorthern and central area® the steeper areaat the southern endof the site The

steep areas were avoided becausdhd difficulty of transporting heavy loads on roads with excessive
gradients and also because of the excessive volurhesaterial excavation that would be required

for the construction of turbine bases and hasthnd areas. Excavation in steep ground alsries the

risk of slope instability The ground surface gradients were determined from a digital terrain model
of the site based on high densityDARJata obtained from aerial surveWith the slope data from the
LIDAR data the site was stratifiedtantiers of suitability for the various types of wind farm
infrastructure Based on experience, tlaeeas with ground sipe less than 9% were unconstrained for

all types of wind farm infrastructure. Areas with a ground slope from 9 to 15% reagligonal civil
engineering works to achieve suitability and are acceptable subject to other constraints such as peat
stability. Areas with a ground slope from 15% to 30% require substantial civil engineering works to
achieve feasibility requiring detaddnvestigation if infrastructure was required in these areas. Areas
with a ground slope in excess of 30% were deemed unsuitable.

3.2.1.2 GroundlInvestigations

Malachy Walsh and Partners started site surveys and investigations duri@g2@tontinued as part
of an iterative design process through Zb arrive at the preferred layout-ollowing the initial desk
study constraints identi€ation, investigations were carried otihiroughout therest of thesite. The
investigations cosisted of peat probinggouge ©ring and shear testinglhe analysis of this data,
together with knowledge gaineflom site walkovers was used to broadly clagsthe site in terms of
low, medium and high risk areasterms of peat landslide riskhe high risk areas weremovedfrom
areas deemed suitable fanfragructure as part of he constraints processThe analysis of the site
investigation data is detked in thePeat Sability Reportincluded inin Volumelll, Appendix9-2 of
the EIAR.
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3.2.1.3 Hydrology and Hydrogeology

All natural watercourses within the proposed development sitere given a 75m buffeas decribed

in Chapter 8¢ Water of the EIARWorks wihin buffer zones is limited to that required for the
construction of crossings and associated fell@ther streams mm the 6" maps were given a buffer
on a case by case basi$n order to minimise the rwoff requiring managementa key design
paramete was to ensure that roadside drainage does not intercept overland flow from the forest
drain network. The forestry dranage system by its nature quickly collects Haff from entire
catchments. The flow rate from these catchments would exceed the desigmmetersof the wind
farm infrestructure drainage system should they mixxsting areas of high flovare addressed in
terms of the design ohe proposedinterceptor drain network to ensure the separation of overland
from road catchments.

Onsite invesigation of the existing drainage networentified areas of the site prone to heavy
erosion. Parts of the site whereoads are running in close proximity to streamsrevavoided In this
instance new roads were théncorporated into the wind farm infrasucture design

3.2.2 Preliminary Design

When all of thehigh levelenvironmental, technical and engineeringnstraints had been identified

for the site Malachy Walsh and Partners prepared a preliminary layout thesvithin the remaining
buildableareaswithin the site These remaining areas were generally characterised by relatively low
surface gradints ard shallow peat depths.HE layout included the preliminary internal road network
and provisional locations fahe electrical substion compound permanent meteorological mast,
borrow pits and deposibn areas for excavated peat.

The technical design itgrion for the layout was to maximise the annual energy yield while
maintaining the required separatn distances between turbines.

The preliminarydesign layout was then used as a basis for a more detailed site assessment and more
specific ground inveigations on which the final detailed design would be developed.

3.2.3 Detailed Design

The detailed design of the wind farm was driven by a processtafation by avoidancas well as a
principle ofmaximising the use of suitable existing infrastructuréhs involved an iterative design
process using the preliminary design as a basis for more detailed site assessment and investigations.

Site investigabns were carried out along the proposed internal road route, at each turbine location
and at the sites ball aher infrastructural elementsThis detailed information allowed a location
specific assessment of the peat stability risk to be carried oase® on this information, turbine
positions were adjusted, relocated or removed so as to redbeeiskof peat instability.

In many cases the relocation of a turbiisea multifacetegrocess due to the the interaction between
turbinesin optimising wind power. To move one turbine due to geotechnical analysis atgnired
the moving of otheturbinesso as to maintain theptimum separation distances between thefor
their primary purpose of generating energy from wifithis in turn requird further ste investigations
so that the suitability of the revised layoabuld be fully verified. Theoute of theinternal access
road alschadto be modified and verified accordingly.
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Because of this repetitive process, a very large amount of geotechnicalwgetacolleted and

analysed for the sit€lhis resulted in a comprehensive overview of gneund conditions throughout.
The geotechnicahformation on the peat characteristics throughout the sign be foundn the Peat
StabilityReportin Volumelll, Appendix9-2 of the EIAR

3.2.4 Final Layout Outline

The iterative design process resulted in animged layout for the permanent infrastructure which
includes thanternal siteaccesgoad network,19 no. turbines,a substation compoundi permanent
meteorolagical masta visitor buildingas well as the temporary infrastructure which corisgs2 no.
site construction compounsl Three proposedon-site borrow pits within the site will be used as
sourcesf stoneaggregate for constructioand Peat deposition

Below is a selection ofigh quality 3Dimagesillustrating the optimised infrastructure layoutor
turbines, access roads, hardstands, borrow pits and watercourse crossings

Figure3-1 View of proposed winl farm looking south
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Figure3-2 View of proposed watercourse crossing near T9 turbine

Figure3-3 View of proposed T4 turbine lookingouth-east |
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=

Figure3-7 View of proposed watercourse crossing near T7 turbine looking east
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Figure3-9 View of proposed permanent meteorological masear T19 turbindooking south
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3.3 LOCAL ACCEBSUTES
The components for the 19 no. turbined! be delivered by cargo ships to either Foynes Port in County

Limerick or Galway Port in Galway City. The components for each turbine will be delivered in separate
loads, some of which are abnormal in terms of theidth and length. The components ile
transported from either Foynes Port or Galway Port to the ddegthe Motorway, National, Regional

and Local road network.

There is no requirement for any road or junction widening from either Foynes Port or Galway Port to
Junction 18 on the M1Blotorway. The following outlines works required along other sections of the
turbine delivery route.

1 An existing 90 degree bend algnthe R352 Regional road at Coolready is unsuitable for
transporting turbine bladeand therefore third party land will beequired to facilitate widening
on the northern side of the bend as shownHlanning Drawing491075057.

9 The junction of the R35and R465 Regional roads in Bodyke village is also not suitable for turbine
delivery nor are deliveries feasible at theepeding bend on the R352 Regional road.
Consequently, a new section of access road measuring 0.5km in length is required through third
party land to the south of Bodyke at Coolready and Ballydonaghan in order to access the R465
Regional road from the R3%2egional road.

1 Additionally, the existing junction of the R465 Regional road a82Pll Local road at Drummod
is bound on two sideby private houses and willlso require a new section of access road
measuring 0.2km in length through third party lands furbine deliverieso successfully turn
onto the 1-:8221 Local roaftom the R456 Regional road.

There are agreements in place faten the developer and the landowners for the third party land
required for these works.

All worksat sections abovavill be constructed witiimported 150mmcrushed stoneof Chss804, or
similaraggregate orimported 450mm crushed stoneClass 6F material and geogriebllowing the
completion of the projectthese delivery areawill remain permanent anavill be cordoned & with
fencing or a replacement ditcliom the Regional and Local roads thegund In the event that a
turbine compament requires replacemendluring the operation of the wind farm, the deliveagcess
roads will be reused fortransporting these componestagain All material generated fronthe
excavation worksat these areasvill be reused where possible or will be bgiu to an authorised
waste facility Theproposeddeliveryworks are shown iRlanning Drawingd9107%5057 to 5059vhile
Table3.2 details the breakdown afuantitiesrequired.
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Table3.2 Summary of constructionmaterial quantities for turbine delivery areas

A .
Item Unit pprqx

Quantity
Total Excavation for all Thine Delivery Areas m? 9,798
Total Imported Stone Aggregate Required for all Turbine Delivery 3 4.55
Areas ’
Total Imported Capping Material Required for all Turbine Delivery . 1038
Areas |

The main access into the wind farm development for constomcéind operatioal phaseswill enter
the site flom the north, entering at an existing Coillte forest road entrance off th@2R1in the
townland of CaherhurlyRefer toPlanning Drawing 1910301 1-A.

Figure3-10 Site Entance looking East from existing forestry entrance 08221

This local road-8221is the main designated haulage route for timber and thccesgoint is the
main entrance for this Coillte forest.

The E8221local road from its jun@n with the RI65 Regional roatb Caherhurlyhas a paved width

of between3.0mto 3.5mbetween there and the sitentrance.This will require widening ta finished
width of 5.0m to facilitate elivery of turbine Thisincreased width will Bow for two cars or acar and

a truck to pasdy each other.This section of road will be stngthened by overlaying withOOmmof
macadamon geogrid and sealed with double surface dresdinig.envisaged thahe road widening
and strengtheningvorkswill be carriedout under a oad opening licence from Clare County Council
and that it will becarried outby the developerThe widening of the -B221 Local roadwill be
permanent and will be of lonterm benefit to local road usersThere are agreemens in place
between the develope and the landowners for the land requiréd widen thel-8221 local road

It is proposedthat a reinforced concrete slab be installed above each of the identifretje and
culvertstructures along the-B221 Local road to ensure that thdave sufficient structural capacity
to cater for the delivery of abnormal loads to the wind farfime Assessment of Existing Structures
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along the 8221 Local Road, which is includedvimlume Ill, Appendix 38 of the EIARdetails this
further. All mateaial generated from the excavation works along th@221 Local road will be brought

to an authorised waste facilitffacilities are included in Chapter 2 and Chapter 15 Material Assets)
The proposd road widening works are shovwmPlanning Drawind 9107#5012while Table 3.3etails

the breakdown of quantitiesequired.

Table3.3 Summary of construction quantities for-8221 local road widening

Item Unit Apprqx.

Quantity
Total Excavation for-8221 Local Rad Widening m3 2,564
Total Imported Stone Aggregate Required f@221 Local Road m 2 564
Widening '
Total Imported Capping Material Required fé8221 Local Road o 769
Widening

The existingsite entranceto the wind farmon the 1-:8221 Local road wirequire widening orits
easkrn side to allow the long turbine component loads turn south at this point. The widened area of
the junction will be cordoned off ta radius ofL2m for normal traffic and the space will only be made
available specifically faurbine delivery. Following completion of the project the widened area will
remain in placdy cordoning off the arewith a permanent fence installed ta 12m junction radius.
Thisareawill only be made available fany replacement turbine componeaudetliveties. The position

of this permanent fence will be consistent with the junction sight distance requirementaigised

in Section3.4. The design of the wened junction for the turning movement of the longest load, which

is the turbine blade truckhas been verified using swept path analysis software.

There isalreadya substantial network of existingccessoads within the Coilltdorest site. One of
these roads includethe L-8218 Locatounty road which willbe utilisedin providing accessto the
western side of the siteéThe 1-8218will bewidened to a drivable width of 5.0m over a lengtloatkm.

It will also be strengthened with 15m of Claus®&04 aggregate on geogrid asdaledwith double
surface dressingThe developemwill carry out theroad widening and strengthening worksnder
licence by Clare County Coun€ilo new junctions will be consicted on the 18218 Local roadithin
the forest siteso that access can be provided from the main site entrance toa$ieof thewind farm.
Eah of the two newjunctions will have widened splaysn ther western sidein order for turbine
deliveriesto turn and manoeuvre successfulllyollowing completion of the projedhese widened
splayswill be cordoned off toa radius ofl2m for normal trafic and the space will only be made
available specifically faeplacement turbine componerdeliveries A Traffc Management Plan has
been prepared adis included as Appendix8of Volume Il1.

Permanent access to the wind farm during the operationalgehaillonly be from thel-8221and L
8218Local roacentrances. Operational access from the8221and -8218Local roadwill be limited
to cars and light goods vehicleEhel-30302Localroad to the south of the site will not be used for
access to thevind farm and does not require any widening or strengtheningksd®efer toPlanning
Drawings 191075005A to 191075012A.

The majority of the turbine delery route will follow MotorwayNational Primaryand Regionalaads
as described. As such, itnist anticipated that any significant widening or strengthening of roads will
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be requiredalong the transport routes apart from waskescribed aboveTherewill be a requirement
pending final confirmation of the transportdelivery configuration at constrction stage for the
temporary removal of road signage and/or tempayawidening ofgrassroad vergesn orderto cater
for the swept path otheseabnormal delivery vehicleI.he developer will consult with the Road /
Area Engineer®f the relevant locahuthoritiesto temporarily removeany roadsignage and provide
temporary grass verge widenimghere this may be required
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3.4 JUNCTION SIGHTL®SNE
The requirements for junction sight distance are set outriansport Infrastructee Ireland (TII) "DN

GEQ®03060: Geometric Design ajunctions (priority junctions, direct accesses, roundabouts, grade
separated and compact grade separated junctionSijht distarce is measured from a point 30

from the near edgef the major road along the cerd of the minor aproach road.This distance is
NEFSNNBR -Ris (IeykKSSKBA 8Eo A f AGé RAAGEYOS | f2y3 GKS
RAAGlIyOSQ FYR A& YSIadaNBR (2 G kt®nsyTBerequirédrsigt 2 F G
distance in the vertidaplane is based on eye armbject heights of 1.08® ¢ K3 a¥ey O0SQ
requirement depends on theessign speed of the major roadlhis is 88 percentile speed which is the

speed below which 85% of vehicleavel.

Site entrance on the 48221

Thesite entianceon the L-:8221 Local roawill require appropriate sight distance in both directions
The statutory speedimit on this road is 80km/Ibut the design speedilikely to be somewhat lower.
Based on obsertionson site,a design speed of 60km/h has beken as being appropriate at this
location with asicht distance of the order of 90rdue to the restricted horizontal alignment of the L
8221 This will be achieved with the installation afimber postand rail fenceThe area outside the

fence shoulde kept free of vegetation or othexbstructionsand this will be maintained by the wind
farm operator The sight distance splays in bothaditions with theproposedmaodifications in place

are shown inPlanning Drawindl91075046 These improvements witemain in place permanently
and will benefit users of thevind farm when exiting the site onto the public raad

Sightlines at internal junctions along-8218 local road

The newinternal access road jutionson either side of thé-8218Local road will equire appropriate
sight distance in both direction¥he statutory speed limin this road is 8km/h but the design speed
would be considerably lower because of the restricted road widlttlesign speiof 60km/h has been
taken as being appropriate fohis locaion. It is proposed tanstall aboundary fence on both sides
of the road to the north and south of thjanctionsin order toachieve a sight distance o®®in both
directions fromthe accessoadsfrom anW-R A & U of §.@nSThe resulting vibility splays are shown
in Planning Drawind 91075046 The land required for the boundary fence dxtck along the-8218
iswithin the control of the developer

Sightlines at visitor compoungunction along 8218 local road
Access to the visitor buiidg will be made via a new entrance from the compound onto #8218

Local road. As stated abovbet statutory speed limibn the 1-8218 Local road is &h/h and the
design speed wibe consideably lower because dffs restricted road width Therefore alesign speed
of 60km/h has been taken as being appropriate for this lomat t is proposed tanstall aboundary
fencealong the northern side of the-8218 Local roath order toachieve a sig distance of 9min
both directions fromanWR A & (i ¢f §.@rSdken at the new entranc@he resulting visibility splays
are shown irPlanning Drawind. 91075046 The land required for the boundary fence 4etck along
the L-8218iswithin the controlof the developer.
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3.5 INTERNAROADLAYOUT
The internal si& accessroad design objectives and design rationale for the proposed wind farm

development are outlined below-heaccessoad drawings are presented in A1 formathe planning
application packThese include:

1 Proposed InternahccesfRoad Layout inctling identification of existing roads to be upgraded
and widened efer to Planning Dawings19107%5005);

1 Proposed InternafccesdRoad Detail¢refer to Planning Drawingd91075023);

Junction Sight Distancé®fer to Planning Drawing491075012); and

1 Proposed areas of clear fell associated witbcesgoads infrastructure(refer to Planning
Drawings19107%5020.

=

The primary objectives when designing the new intemadessoads was to utilise existing tracks
where possible and to locate infrastrucenvhere ground conditions are suitable.

Internal accessoadsare required in order to interconnect elements of the site and allow access to all
wind turbines and wind farm infrastructure. Maximum use has been made of exisidg The
proposed wind &m will use 8.4km of existingroadsand 11.4km of new roadswill be constructed
within the development site.

The new acceg®adswill havearunning width of 50m to accommodate the efficient transport of the
wind turbine components These roadswill be constructed using excavated and floating road
techniques depeding on the ground condition§.hese methods of construction are outlined in the
following sections.

The existing routes were identified from high resolution aerial photography anedfier from site

visits, where the existing roads were assessed in terms of their widtlljegtaand associated
drainage.The8.4km of existing roads used to access the wind farm accounts for approxinfaely

of the total road length required to servitkiswind farm.The remaining roads have been sited mostly
where suitable ground bearing formation is attainable with shallow excavation (<1m), as has been
confirmed by site investigations, and also as floating road construction where ground conditions
dictated. Table3.4 and Table 3.5below show a approximatebreakdown of thevarious types of
internal access road construction requirdtle associated lengths of ea@nd estimated material
guantities required for their @nstruction

Table3.4 Summary of internal access road infrastructure

Lenath Approx. Peat Approx. Subsoil
RoadConstruction Type (km? Excavation Excavation
Volume (n?) Volume (n¥)
Upgrade and Widening of Ekhg Roads 8.4 22,062 32 243
New Excavated Roads 7.6 50,934 ’
New Floating Roads 3.8 - -
Totals 19.8 72,996 32,243
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Table3.5 Summary of construction material quantities for internal access roads
Item Unit SES:;E
Total Site Won Stone Aggregate Required for all Access Ro m? 107,089
Totallmported Capping Material Required for all Access Ro3 m?3 15,734

The following outlines the internalccessoads design rationale:

1

Theaccesgoad desgn was based on the necessity to deliver wind turbines with a maximum
blade lengthof 68m.

Road gradints throughout the majority of the site afE2% or less which is Hicient for turbine
delivery.(Thereis ashort section of spur roatb turbine T3 whichisat approximately 2.5% and

may require a push or pull vehicle to assist turbine delivery.)

The maximum camber and crossfall gradient ondbeesgoads is 2.5%.

As turbines are normally grouped and linked in electrical circuits, considerationweasgcable
circuit layouts in the internadccesgsoads route selection process. Itpknnedto run all cables
alongthe internalaccessoads; it is important to ensure thaiccesgoutes facilitate efficient
cabling.

The construction of turbines imediately adjacent to the main site roads was avoided because
of the potential conflict witrconstruction traffic and the associated safety issues. These turbines
will be accessed from short spur roads linked to the main access roads.

Avoid stream crossgs and water bodies, where possible.

New sections oficcessroads should avoid deep peat otesp ground and natural drainage
features.

Road alignments were selected that will have adequate turning radii for delivery of turbines; and
Aerial photography©Ordnance Survey Ireland) contour data andLiDARdata were used to
inform the internal roaddesign.

The following constraints were taken into account in the final design of the intaotaissoad
layout within the site:

Site topography (OSI contodata andLiDARdata ) to avoid steep slopes for turbine delivery
vehicles;

A hydrology buffer mapwhere streams were buffered by5m, except where crossings are
required(Volume Ill, Appendix & (Figure 8.22pf EIAR;

Avoidance of ecologically sensiti@eas;

Avoidance, where possible, of risk areas as identified in the Peat Stability R@fmbame 111,
Appendix9-2 of EIAR;

Take account of existing public and forest road junctions where the winddacessoads will
interface.

The overall site layut is showron PlanningDrawings191075005

A network of existing forestry and public roads, which will be upgraded and eddéogether with
new excavated and new floating roads will be usediccess each of the turbines, tisebstation
compoundandthe meteorological masts shown orPlanning Drawings 19163005the site is well
serviced by an existing road network whichlwwe supplemented with a seried spur roads to the
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turbines.Large splays will be required at the wind farm access pointsaasgur road junctions for
the large turbine componendelivery trucks However, these splayed junctions will be coned off to
12m radii to ensure the safety of the junction for regular constion traffic. SeePlanning Drawings
19107501 2for details ofthe proposed junction layouts.

The design of any particular length of siiecessoad will depend on local geotechnical, topographica
and hydrological condition®oth excavated and floating road construction methods will be employed
S0 as to achievereaccessoad structure appropriate to the site conditions.

Thetransition between the floated section and excavated section will be in accordance with the
Scottish Natural Heritage / Forestry Commission Scotland (Forestry Civil EngindetiBy method
illustrated below inFigure3-11.

—— ——
————
e ——
i
-
-
-

Floating road - Excavaled road

10

excavated transition of forest

brash/peat to produce a Waraine/mineral soail
gradual change in flexibility

—

Top of mineral soil

Figure3-11  FCE method of transition from floated to excavated road

The stone required for the construction of theternal accessoads hardstands and substation
compoundwill be sourced fronthree proposedn-site borrow pits. The accessoadswill be finished
with atop layer of imported limeston&om local quarriedo give a clean hardwearing running surface
for the delivery of turbinesThere ardwo quarries thatarelikely tosupply these materials, the closte

of which is McGraths quarry in Tull& second, Ballycar Quarry, lies to the south near Ardnacrusha.

During the construction phase of the works, the affected sections of the public road netvitbik
the site will be maintained and improvedhe draimge network associated with treccesgoads will
also be inspected and maintaidi¢hroughout the works periodl' heClareCounty Council Roads Area
Engineer will be consulted with prior to the works, during therkeé and on completion teonfirm
that all existing public roads are maintained to an acceptable stanttaxighout and on completion
of the project.

The selection of the location of the turbines and thecessroads, therefore, has been carefully
consicered based on the best engineering practirel has been informed by a detailed geotechnical
inspection of the site along with walkover surveys and road design methods.

Overall, the internal site layout design is an optimal one in terms of its minimakingm the existing
public road network inHle vicinity of the site, the low risk in terms of peat stability and associated
environmental impacts, the use of a well developed existing drainage network, good access and
connectivity to the public road netwkrand the ease of construction in this loicet.
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3.5.1 Internal AccesRoad Construction Methods

3.5.1.1 Upgrading and Widening of Existing Roads

For the construction of the wind farm it is proposed to utilsékm of existing internal roadsThese
roads will be widead by removing organic material and saftibsoil to formation level and
constructing a road on kyer ofgeogridor geotextile This road construction will be similar in build
up to the excavated road construction which is outlined in deémaSection3.5.12 below. The new
width of road and tle existing road surface, where required, will tepped with a 150mm layer of
hard wearing Class &¥f similarstone.

This road type will have a crossfall 03% from one edge to the othefFhe existing roadsiderains
on the lower side of the road witle used as part of the dirty watelrainage system for the sitéhe
existing roadside drains on the higher side of the road will be retained as clean water drains.

Typically the sequender upgrading and wideningxistingaccessoads will comprise thefollowing:

1. The appointed contractor will survey the area for any unforeseen hazards prior to the
commencement of workand set up warning signage as appropriate.

2. Drainage measures to ensure the separation of ovetlelean water flow from construction
run-off will be implemented as outlined in SectiBriL7.

3. Thematerial required for widening and upgrading the existing site roads is proposed to be
won fromthe three proposed orsite borrow pits within the wind farm siteAll roads will be
finished with importedl50mm crushed stone of Cla®84, or similar aggregatype material.
Sufficient passing bays will need to be constructed to allow for the safe movement of site
traffic along the &isting roadsAtraffic management plahasbeen preparedand is included
as Appendix 3, Volume Il

4. The extraction of stonaggregate from the proposed borrow pits will be undertaken by 30
60 Ton 360° excavaterand loaded onto articulated dumper truskthat will deliver the
aggregate to the required road wideningipgrading locations.

5. Widening works will begimwvith the use ofexcavatos that will first remove any topsoil /
vegetative layer which may be presenthis material will be transported to asgreed
temporary storage are@within turbine hardstand areagind maintained for rause during the
restoration phase of the wind farm construction. Topsoil / vegetative removal will be kept to
a minimum in ordera prevent any runoff of silt durinigeavyrainfall.

6. Excavators will continue to strip and excavate the soft subsoil / peat underneath which will be
temporarily stored adjacent to the access roads in accordance with approved methods with
the use of an artiglated dumper truck. Excavated materiallwnly be temporarily stored on
slopes under 5° and to a maximum height of under 1.0m until they are transported to the
selected deposition areas where they will be permanently stored.

7. Once a section of the widkeed access road is exposed to suitablerfation; a layer of geogrid
or geotextile material may be placed along its formation depending on ground conditions.

8. The stone to be used for the widening works will be delivered to the required work area and
spreal out locally with the use of excavagwn top ofthe geogrid / geotextile material. This
will be compacted with the use @ roller which will roll the stone aggregate in maximum
250mm layersn orderto achieve the required design strength.
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10.

11.

12.

13.

14.

15.

16.

The roadupgrading works will involve the use ofraller compactingthe site won stone
aggregatan maximum 250mm layetaid over the existing road pavemerit layer of geogrid

or geotextile material may be placed along the existing road pavement prior to the placement
of the stone aggregate in ordéw achieve the required design strength

All upgraded / widened access roads will be constructed to a minimivakde width of 5.0m

with a maximum crossfall of 2.5% in order that water can flow off the roads and reduce the
risk of rutting / potholes occurring

Roadside drains as per Secti&a7will be constructed to manage clean and dirty water runoff
along widened and upgraded access roads

The final running surface of the nemidened / upgradedaccess roadwill be capped with a
minimum150mm layer of hat wearing Class 6F stonesimilarusing a road grader

Any surplus spoil material generated from the road widening works will be transported back
to the borrow pits to aid final reinstatement. Excavated topsmd subsoil will be kept
separate at the esavation and storage areas.

All excavations to be carried out will be battered back to a safe angle of refygsea(ly a
maxslope angle of 4%.

Where drop offs greater than.@m in height occur alorgide road edges;physical edge
protection will be constructed in order to reduce the risk of vehicles overturning. Roadside
marker posts will also be erected to delineate road edges in poor weather.
Theappointedcontractor will ensure that all osite personné are aware of environmental
constraints / sensitive areas within the wind fasite in which works are tbe avoided.

il i

-

Figure3-12 Typicalupgradedforestry road on a wind farm

(m Malachy Walsh and Partners
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3.5.1.2 New Excavated Roads

Approximately 7.6km of new excavated road construction will be required which accounts for the
majority of new roads to be built to service the siehese will be constructed usisiie won stone
aggregate obtained from thgroposedborrow pitsand placedver alayer of geogrid, where required,
after dl organic and soft subsoil materialexcavaed to formation levelGeotextile materialusedto
separate the road building material from the subsail] alsobe laid at formation level The road will

be finished with imported150mm crushed stone of Cla884, or similar aggregate type material.

Typically the sequence of constructingw excavatedaccess roadwill comprise the following:

10.

11.

12.

Theappointedcontractor will liaise with the windlurbine supplier pior to the commencement

of the works to ensure that the design of the ne@xcavatedroads conforms with thewind
turbine supplier'sspecificationsand no works beyond that whichave received planning
permissiorwill be undertaken

The appointed contracta will survey the area for any unforeseen hazards prior to the
commencement of workand set up warning signage as appropriate.

Drainage measures to ensure the separation of overland clean water flow from construction run
off will be implemented as outlirtein Sectior8.17.

Excavatos will first remove any topsoil vegetativelayer which may be presenthis material
will be transported to an agreed temporary storage aegal maintained for raise during the
restoration phase bthe wind farm constructionTopsoil / vegetative removal will deept to a
minimum in order to prevent any runoff of silt durihgavyrainfall.

Excavatos will continue to strip and excavate the soft subsoil / peat underneath which will be
temporarily $ored adjacent to the access roads in accordance with approvetadstwith the
use of an articulated dumper truck. Excavated material will onfieb®orarily storedon slopes
under 5° and to anaximumheight ofunder 1.0m until they are transported to ¢hselected
deposition areas where they will be permanently stored.

All excavations to be carried out will be battered back to a safe angle of repessippe angle

of 459).

Once a section dhe excavatedaccessoadis exposed to suitable formatioa layer of geogrid

or geotextilematerialmay be placedlong its formatiordepending on ground conditiornghich

will be covered wittsite won aggregatstone as required compactedimaximum 250mnlayers.
Thestone aggregateequired forthe new accessoadsis proposed to be won frorthree on-site
borrow pits within the wind farm site. The extraction of stone aggregate from the proposed
borrow pits will be undertaken by 360 Ton360° excavataand loaded onto articulated dumper
trucksthat will deliverthe stone aggregate the requiredexcavatedaccessoad locations.

The stone will be delivered to the required work area and sgreat locally with the use of
excavatosand compacted withhe use ofaroller which will roll the stone aggregate in niaxum
250mm layer®n top of the geogrid / geotextile materiad order toachieve the required design
strength.

Allnew excavated accessadswill be constructed ta finished carriagewawidth of 5.0m with

a maximumcrossfall 0f2.5%in orderthat water can flow offthe roads and reducéhe risk of
rutting / potholesoccurring

Roadside drains as p&ection3.17will be constructed to manage clean and dirty water runoff
along excavated access roads

The firal running surface of the newxcavatedaccess roadsill be capped with aminimum
150mm layer of hard wearing Class 6F stoneimilarusing a road grader
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13. Any surplus spoil materigleneratedfrom the excavated acces®ad workswill be transported
backto the borrow pit to aid final reinstatementExcavated dpsoil and subsoilill be kept
separate athe excavation and storage areas.

14. Where drop offs greater than.Gm in height occur alorgideroad edgesphysicakdge protection
will be constructedri order to reduce the risk of vehicles overturning. Roadside marker posts will
al be erected to delineate road edges in poor weather.

15. Theappointedcontractor will ensure that on sitpersonnelwill be aware of environmental
constraints / sensitive areawithin the wind farm site in which works arelie avoided.

Figure3-13 Typical new excavated road on a wind farm

3.5.1.3 Floating Roads

Approximately3.8km of floating road will be required in areas of deepapéhat could not be avoided

in the design of theccess road layouthe use of floating road methods will minimize the excavation
of peat and reduce interference with the existing drainage regimehasé areas of the siteA
combination of geogrid andegtextile will be placed over the vegetation on the existing surface to be
traversed with the floing road. A minimum thickness oi50mmof site won stone, will be placed
over the bottom layer ogeogid / geotextile This will be overlain with a 150mrar$ace layer of Class
6For similarmaterial.

Where new access tracks will be constructed through forested areas, the felled trees may e used
the construction ofthe floating roadsas outlined in he Coford Forest Road Manu@004, see
references aend of document)This construction method involves layering the brash from the felling
process on the existing ground surfzaed placingthe felled trees perpendicular to the direction of
travelto benefit fromthe load spread thereby providedA combiation of geogrid and geotextile will
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be placed on top of the felled trees and the road construction completed using the same construction
method as that outlined aboveRefer toPlanning Dawing 191075023for further details.

Typically the sequence of mstructingfloating roadswill comprise the followings per guidance from
the Scottish Natural Heritage / Forestry Commission Scotlare$kg Civil Engineering=CEpn the
construction offloated roads over peat

10.

11.

12.

13.

14.

Theappointedcontractor will mark at the line of the proposed floated road using a GR&al
station;

Drainage measures to ensure the separation of overland clean water flow from construction run
off will be implemented as outlined in Secti@rL7

The intende floating road area is cleared of major protrusions such as rocks, trees, bushes etc
down to ground level butesidual stunps and roots are left in place.

The local surface vegetation and saife left in place where possible as the existing vegetation
and root mat may be the strongest layer in the system and care should be taken to preserve this
layer if at alpossible

Any local hollows and depressions are filled in with a suitable local lightweight fill such as tree
brash, logs, or geogrid / geotelgimaterialwith stoneaggregate

Aformation, 7 to 8m, wide is preparedwhere a layer of geogrid geotextile is laid out by hand
along the line of the proposed floated road

The pecification for geotextilewill be finalised by thelesignengineerat canstruction stageout
past empirical experiencen previousconstructed wind farmsvithin Ireland andScotlandhas
proven the suitability ofloated road construction over peat.

Where there is a drainage requiremesuitably sizetHDPE drainage pipes shadllaid on top of
the installed gegrid / geotextik prior to the placement of stone aggregat€rcss drainswill be

laid at apprgriate intervals to maintain the existg drainage regime on the site.

The stone aggregateequired forthe floated access mmsis proposed to be won frorthree
proposed onsite borrow pits within the wind farmsite. The extraction of stone aggregate from
the proposed borrow pits will be undertaken by-80 Ton 360° excavatarand loaded onto
articulated dumper truckghat will deliver the stone aggregatéo the work faceof required
floated accessoads.

Wide tracked 360° excavatos will be used for constructinghe floated roads by cascadiray
minimum 450mm thicknessf site won stone aggregate over the geogrid / geotextibe
suitable site worstone aggregatshouldbe suitably sized in order to achieveauad interlock
with the geogrid / geotextilenaterial It is common practicdor floated road constructioron
wind farmsthat the compaction of thestone aggregate is dam by the wheels and tracks of
construction plant alone.

An additionallayer of geogrid geotextile may beplaced overthe stoneaggregataf necessary
before a minimum capping layer of 150mm of &s6F or similar material is laid out with
excavatos.

All floated accessoadswill be constructed t@minimum drivable width 05.0m withamaximum
crossfall o2.5%in orderthat water can flow ofthe roads and reducte risk of rutting potholes
occurring

Roadside drains as p&ection 3.17will be constructed to manage clean and dirty water runoff
along floated roads

Where drop offs greater than.@m in height occur alorgideroad edgesphysicakdge protection
will be constucted in order to reduce thesk of vehicles overturning. Roadside marker posts will
also be erected to delineate road edges in poor weather.
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15. To allow for the safe movement of site traffduring the construction of floated roada site
traffic managemat plan will beprepared by he appointedcontractorin accordance with the
TMP(Volume lll, Appendix-8) submitted with this applicationCarewill be taken when reversing
vehicles on floating road® ensurethat they do not run along the edge of theao but stay
within the delineated safe runningone.

16. Theappointedcontractor will ensure that on sitpersonnelwill be aware of environmental
constraints/ sensitive areasvithin the wind farm siten whichworks areto be avoided.

Figure3-14  Typical floated road on a wind farm

3.6 TURBINEOCATIONS
The final step in positioning turbines was to minimise the volume of excavated peat and to achieve a

balance of cut and fill of theinderlying stata at each turbine locationThis was ackved by
orientating the tubine base and crane hasthnding area with its long axis parallel to the ground
contours as much as possible while taking account of access criteriaefwerg of turbine
components.This generally required some adjustment teoetposition of the access road on the
approach to the turbine siteTable 3.6yives information of the site, ground slope and peat depth at
and in the vicinity of each of the proposed turbines.

Engineering and Environmental Consultants
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Tabk 3.6 Ground parameters at turbine sites
Turbine Land use category Slope Peat depth
T1 | Cutaway blanket bog 6.35° Varies, ~0.65m
T2 | Youngconiferous 7.30° Varies~1.20m
forestryadjacent to an with deeper peat to the north and west
existing road
T3 | Coniferous foestry 8.75° Varies, ~1.10m
with deeper peat to the north andast
T4 | Coniferous forestry 10.70° | Varies, ~20m
T5 | Youngconiferous 2.00° Varies, 2.30m
forestry with deeper peat to theeast
T6 | Coniferous forestry 6.85° Vaiies, ~210m
adjacent to an existing
road
T7 | Youngconiferous 5.70° Varies, ~100m
forestry adjacent tdire with deeper peat to thenorth west
break
T8 | Coniferous forestry 7.00° Varies, 4.40m
T9 | Coniferous forestry 3.45° Varies, ~20m
adjacent to an existing with shallowerpeatto the south
road
T10 | Youngeoniferous 3.25° Varies, ~I70m
forestry
T11 | Coniferous forestry 6.80° Varies, 4.90m
with shallowerpeatto the east
T12 | Youngeoniferous 7.40° Varies, 2.40m
forestryadjacent to an with shallowerpeatto the east
existing road
T13 | Youngeoniferous 3.65° Varies, 2.30m
forestryadjacent to an with shallowerpeatto the north
existing road
T14 | Coniferous forestry Nominal | Varies, ~2.40m
with shallowerpeatto the west
T15 | Coniferous forestry 5.70° Varies, 0.50m
with deeper peatto the west

(% ~Malachy Walsh and Partners
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Turbine Land use category Slope Peat depth
T16 | Coniferous forestry 4.15° Varies, 4.00m

with shallower peat to the west and deepeg
peatto the east

T17 | Cutaway blanket bog 4.50° Varies, ~0.20m

T18 | Youngeoniferous 4.35° Varies, ~0m
forestry

T19 | Coniferous forestry Nomind | Varies, 4.20m

with shallowerpeatto the west

3.7 TURBINE CRANE HARDSTANDS
The layout of the crane hardstand is designed to accommodatéeligery of the turbine components

prior to their erection and to supgt the cranes during erection. Hardstandse also used for
maintenance during the operation of the turbine. The hardstands will be rectangular in shape with
additional minor hardstantingers to lay the turbine blades across once delivered. The area of a single
hardstand is approximately 40m long &ym wide.Refer toPlanning Drawind.9107%5021for further
details.Due to the significant loadkat will beimposed by the outriggers of the main lifting crane
during theturbine erection processit is intended that the hardstands will be constructeding
excavation methods over the footprint of the hardstand area / turbine b&stimated material
guantitiesrequired for the construction of the hardstands are showf #@ble 3.7

The proposed works will be restricted to thebine locationsand willcomprise the following:

1.

Eachcranehardstandwill be formedon competent subgradefdhe underlying subsoil rock
whichwill compriseof site won stoneaggregateobtained fromthe on-site borrow pitslaid on

a geotextile filter membrane.

Any existingoeat or soilfound within the footprint of the turbine hardstand will be excavated
out during the course of formation works. The excavation works will be carried out using
hydraulic excavators where surplus peat / subsoil material will be transportedetmksite
deposition areas via articulated dumper trucks or tractor and trailer for subsequent reuse in the
permanent reinstatement of the borrow pits.

Thestone aggregatdor the turbine hardstandsvill be compacted in 250mm layers and will
vary from appoximately 3@mm to 900mm deep depending on the depth of peat and gradient
of the underlying subgradéurbine locations have been selected to minimise the impact on
peat which will minimise the volumes of peat needed to be excavate@dch crane hardstand
Temporaryset down areawvill be formedto facilitate the storage othe turbine components

at each crane hardstan@.g.the rotor hub assemblythe turbine blades,the turbine towers

and nacelle) Each temporary set down area will be constructesing compacted stone
aggregatevhichwill be fully removed andeinstated afterall turbines have beearected

Plate bearing test results will be undertaken on the finished hardstand surface to check if
ground bearing strengths are to the wind supplier's sfieaiions. Ace complete the assembly
craneswill be set up on the hardstand and erect the wind turbin® place
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Figure3-15 Typical finished hardstnd on a wind farm

Table3.7 Summary of construction material quantities for turbine hardstands

Approx.
Item Unit PR .

Quantity
Total Site Won Stone Aggregate Required for 19 no. Hardst m?3 45,957
Total | ted Capping Material Required for 19 no.
otal Imported Capping Material Required for 19 no . 6.686
Hardstands
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3.8 TURBINE BASES
It is proposed thafl9 no. wind turbinesvill be constructedvhere each turbine will have a reinforced

concrete base pad foundation with a central pedestal above the base, that will in turn support the
wind turbine tower. Eachurbine base will bear onto rock or other such suitable bearing stranch

will be constructeditilising a spread foundation, which is wide and shallow. A typical foundation will
be approximately24m in diameter and will generally be installed to a depfhapproximately 3.0m
below grade Approximately 70%of concrete and 100 tonnes of steel vii# used in the construction

of eachturbine base.The final dimensions of the turbine bases willdmnfirmedas part of detailed
engineering.Estimated materibquantities required for the construction of the turbine bases are
shown inTable3.8. Refer toPlanning Drawing 1910%021for further details.

The proposed works will be restricted to thebine locationsand will comprise thdollowing:

I.  The extent of the rcavation will be marked out and will include an allowance for trimming
the sides of the excavation to provide a safe working area and slope batter

II.  Any existing peafound within the footprint of the turbine basewill be exavatedout during
the course of formation works at the adjacent crane hardstand area. The excavation works
will be carried out using hydraulic excavatevhere surpluspeat / subsoil materialvill be
transportedto the onsite deposition areagiaarticulateddumper trucksor tractor and trailer
for subsequent reuse in the permanemtimstatement of the borrow pits;

lll.  Standing water in turbine base excavations is likely to contain an increased concentration of
suspended solids. Dewatering of turbine baseagations carresult in significant flow rates
to the drainage and settlement system if high capacity pumps are used. In order to avoid the
need for pumping it is proposed to provide drainage channels from the excavations@o as t
prevent a build up of wate Where thi is not feasible, temporary storage will be provided
within the excavations and dewatering carried out at a flow rate that is within #pacity of
the settlement ponds;

IV. The excavated surface will be levelled and adequate drainage measuireég wut inplace
along with suitable set back areas to facilitate placing of stone and ultimately the erection of
shuttering for the turbine base;

V. Inthe event that poor ground conditions are encountered during excavation and a significant
depth to subformation isrequired, a piled foundation may be considered. A piled foundation
requires the use of giling machine equipped with aauger drill torotary bore a number of
holes around the area of the turbine base tbe subformation depth determined at
constructionstage. Once all the holes halieenbored, reinforcement steel is inserted into
each with concrete poured afterwards.

VI.  Suitablestone aggregatewill be usedto form a solid level working foundation surface. The
stone will be rolled and compaaldo a suitdle formation level;

VII.  Shutters and steel reinforcement will then be put in place and the foundation of the turbine
will be prepared for pouring of concrete;

VIIl. A layer of concrete blindingpproximately75mm thickwill be laiddirectly on top othe newly
exposed formation, tamped and finished with a screed board to leave a flat level surface. The
concretewill be protected from rainfall during curing and all surface water runoff from the
curing concretawill be prevented from entering surface ve drainagedirectly;

IX. High tensile steel reinforcement will be fixed accordance with the desigirawingsand
schedules. The foundation anchorage system will be installed, levelled and secured to the
blinding using steel box section stools;
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X.  Ductwork wil be instaked as required, and formwork erected around the steel cage and
propped from the backside as required;

Xl.  The foundation anchorage system will be checked both for level and line prior to the concrete
being installed in the base. These checks wéllpassed tahe turbine supplier for their
approval;

XIl.  Readymix concrete will be delivered teachturbine baseby a fleet of readymix concrete
trucks via the internal access roadSoncrete willplacedinto each baseéby meansof a
concrete pumpvherevibrating pokers will be used to ensure that full and proper compaction
of the concrete around the reinforcement in the turbine base has been méalftmn
completion of the concreting works the foundation base will be covered and allowed to cure;

XIll.  Steel shutteswill be used to pour the circular chimney section;

XIV. Following curing, the shuttering around the turbine base will be struck and removed

XV. Earth wires will be placed around the base; and,

XVI.  The foundation will be backfilled with a cohesive material, whersspée using the material
arising during the excavation and landscaped using the vegetated soil set aside during the
excavation. A gravel footpath will be formed from the access track to the turbine door and
around the turbine for maintenance.

I : P s m\ ook e
Figure3-16 Typicalconstruction of a wind turbine base
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Table3.8 Summary of construction material quantities for turbine bases

ltem Unit Apprqx.
Quantity

TotalConcree for 19 noTurbine Basg(Approx 700n® per base) m?3 13,300

Total Steel for 19 no. Turbine Bases (Approx 100 tonnes per bi tonnes 1,900

3.9 INTERNAL SITFABLES

A network of underground cabling serving each turbine with electrical power and signsirtigsion
will be installedwithin the site The distribution system will electrically conndéoe wind turbines to
the substationcompoundby underground electricatablesalong the internal access roadSable
jointing bayswill be required to allow cabkto be joinedfrom the turbines to the substation
compound.

Cabling on sitavill consist of singl@r twin cable trenchesvithin internal access roads. The typical
build up for the internal site cable trenches will consist of selected excavated backéilb of bedding
materialthat will bespecifiedby the electrical designer. The minimum codepth overthe ducts will
be 750mmwhich is measuredrom the top of the cable duct toexistingground level Asductingis
within internal access roagshe cable trench will be backfilled with leamix concrete in order to
protect ducting frombeing damaged blgeavy axle loadhat will pass above. The excavated material
generated from therencheswill be reusedas backfillvherepossibleor elseit will be deposited within
the proposed onsite borrow pits following their reinstatement.

Where anopen dran or watercourse is encounteredudng the installatiorof the internal site cable
trenches the cable trenches witlrossthe opendrain or watercoursewithin the road carriageway via

new or existingroad crossingpointsto ensurethat no in-stream worksoccur.

Refer toPlanning Drawing 19108027 for further details.
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3.10 GRID CONNECTION
The underground grid cableetween the Carrownagowan Wind Farm atite existing 110kV

substation in Ardnacrushna almost entirely confined to the existing road network, diverging slightly
from it at water course crossings and at some joint bay locatidrtse full length of the
Carownagowan Wind Farm grid connection teusapproximately25km.

The gridconnectionroute, which is part of the overgliroject, will be installed along a series of public
roads between the wind farm site and the existing substation in Ardnacrushnajmirough the
townlands of CloongaheeWest, Cloongaheen East, Killeagy, Ballymoloney, Ballyquin Beg, Ballyquin
More, Springmount, Leitrim, Fahy More South, Aharinaghmore, Tooreen, Cloghera, Trough,
Knockdonagh, Roo West, and Lakyle.

3.10.1.1 Excavation and Dect Installation

The proposed grid conntion cable will be carried within single cable trenclwvhich will be 1.316

in depth and 0.6m in widthrurther detail is included in Appendix22the Grid Connection Package,
in Volume 11l of this EIAR.

The instdlation of the grid connection along thgublic, forestry and wind farm roads involve the

following process.

9 Prior to works commencing the area where excavations are planned will be surveyed and all
existing services will beonfirmed All relevant bodiese. ESB Networks, EirGrid, Gas Network
Ireland, Eir, Clare County Council etc. will be contacted and drawings for all existing services
sought. A road opening licence will be obtained where required from Clare County Council for the
relevant road sectins. All plant operators and general opéives will be inducted and informed
as to the location of any services.

9 Prior to works commencing a dilapidation survey will be carried out photographing and noting any
existing damage or defects structures or road surfaces. A copy of this surveybeilsubmitted
to Clare County Council prior to works commencing.

9 Prior to works commencing the route will be inspected and marked out on the ground. Standard
good practice preparatory measures are thaut in place along the extent of the route. Tkl
include any required warning notices, temporary barriers, etc.

9 Prior to works commencing a traffic management plan will be prepared by the appointed
contractor and agreed with Clare County Coungiltraffic management plan is included
Appendix3-4 of Volume |1l of the EIAR.

9 During construction works, the trench lbe excavateadlown through the existing stone in the
road using an excavator machine. As stone fill is removed it is temporarily stockpiled adjacent to
the trench for reuse in backfilling.nl some instances some soil or unsuitable material may be
encountered in the trench and this is removed from site and brought to an appropriate licensed
facility for disposal.

1 The trench is then prepared to receive concrete bedding and surround for ths.dlive ducts
are surrounded by concrete with adequate coveenthe duct.

1 Once the concrete is suitability set, appropriate imported stone material is placed over the
concrete surround and filled back up to the top of trench. Suitable warning tapesalsollbe
installed in the trench. Once the trench is filled, thenching and ducting process will move along
the road in planned stages.
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The trench surface receives a temporary surface dressing of either spray and chip or macadam.
Once the overall scheme completed, the grid connection route and associated roacdaxeill
receive a new permanent macadam finish as agreed with Clare County Council.

Joint bays are to be installed where required along the grid connection route in the public road or
along tre grass margin of the public road. Once installed they are tearpy reinstated until they

are opened again to allow for pulling cables through the ducts and jointing the cables afterwards.
The joint bays will then be permanently backfilled and reinsdate the satisfaction of Clare
County Council.

Directional driing will be used where there is insufficient cover on a bridge crossing to allow the
grid connection route pass over the crossing in a standard trefoil formatRmoeposed locations

are descibed in Table 3.10 belavirhe launch and reception pits to beade in the public road or
grass margin will be permanently backfilled and reinstated to the satisfaction of Clare County
Council.

The asbuilt location of the ducting will be surveyed usiagotal station / GPS. Marker posts will

be installed along thgrid connection route to also denote the location of ducting on the ground.

A condition survey will be carried out on the roads impacted by the grid connection route, both
pre and post constretion. This will include a video survey of the road extent itly significant
dilapidations further recorded by photography and local surveying as required.

Further information on the construction of the proposed grid connection can be fauttte Outine
Construction Methodology 110kV Underground Cable Connedtireport included in the Grid
Connection Packagde Appendix2-2 of Volumelll of the EIAREstimated material quantities required
for the construction of the grid connection are showriliable3.9.

Table3.9 Summary of construction material quantities for grid connection

Item Unit Sszrr](t)l)t(y
Total Excavated Material from Trenching Works m3 19,725
Total Imported Concrete Bedding and Surround for Ducts m?3 9,600

Total Imported Stone Material for Backfilling Trenches m?3 10,125
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Figure3-17 Typical excavation works for a gritbnnection cable trenb

Figure3-18 Typical ducting installation works for a grid connection cable trench

| Malachy Walsh and Partners Page3l| 64
m ineering:and Enviranmental Consuttant MAIN EAR- VOLUME 2



EIAR CARROWNAGOWAN WIND FARM Chapter3| CIVIL ENGINEERIN

IR &

Figure3-19 Typical permanenteinstatement works for a grid connectio cable trench

3.10.2 GridConstruction at Watercourse Crossings

There are a total of 9 nanajorwatercourse crossings along the proposed grid connection route. The
preferred methodologies for the provision of tlyggid connection route at these locations ared seit

in Table3.10, which provides a summary of the bridge survey and description of works for bridge
crossingsas outlined in the Outline Construction Methodology 110kV Underground Cable
Connection reporincludedin Appendix2-2 of Volumelll of the EIAR

A description of each crossing option is provided belowsti@eam works are not required alorthe
proposed grid connection route.

Option 1- Crossings over Bridgesimg Standard Trefoil Formation

Watercoures will not be directly impacted as nastream works or bridgalterations are proposed.
Where adequate cover exists above a bridge, a stehtt&foil arrangement will be used where the
ducts will pass over the bridge without any contact with tbe of the bridgeor watercourse. The
ducts will pass over the bridge in a standard cable trench as outlinglde Outline Construction
Methodology- 110kV Underground Cable Connection repocludedin the Grid ConnectioRackage
in Appendix 22 of Volumelll of the EIAR.

Option 2- Flatbed Formation over Bridges

Where ducts are to be installed over an existing bridge and sufficient cover cannot be achieved by
installing astandardtrefoil arrangement, the ducts will be laid in a much shallower trench. Tleésdu

will be laid in a flatbed formation over the existing bridge and encased with galvanized steel plates in
a concrete surround. This method of duct installation is further dieddn the Outline Construction
Methodology- 110kV Underground Cable Conrieatreportincludedin the Grid ConnectioRackage

in Appendix 22 of Volume 11l of the EIAR.
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It may be necessary to locally raise the level ofghkistingroadin order to acleve the required cover
overthe ducts. The increased road level will be aehikby overlaying the existimgad with a new
wearing coursevhere any addition of new pavement will be tied baokto the existing road. Any
works to locally raise thievel ofthe existingoadand potentially the bridge parapetse to be agreed
with Qare County Councjirior to commencementvith all works and reinstatement carried out to
their satigaction. Once the ducts have crosgbe bridge the ducts will resume to ttetandardtrefoil
arrangement. This method of duct installation is further détd in the Outline Construction
Methodology- 110kV Underground Cable Connection repociudedin the Grid ConnectioRackage
in Appendix 2-2 of Volume Il of the EIAR.

Option 3- Directional Drillingunder Bridges and Watercourses

In the event that noe of the above methods are appropriate, directional drilling will be utilised, which
will require a service trench (launch pit) for tdell in the road either side of thevatercourse The
directional drill process will require that the depth of the seevtrench will deepen in a defined slope
as it approaches the&atercoursecrossing on either side, as to have sufficient passing depdieruthe
watercourse.

The direction drill will be carried out as follows:

9 The directional drilling machine will set apa launch and reception pit (an enlarged portion
of onroad trench, i.e. a service trench on either side of the crossing point appiopriate
distance back from thevatercoursg. The drill will then bore in an arc under the watercourse
feature.

1 Thedrilling head of the boring tool has a series of nozzles that feed a liquid bentonite mix
along the bore direction, which provides botliblication and also seals the cut face of the
bore.

1 Once the bore reaches the far side, the duct is then attachededtill head and the duct is
pulled back along the route of the bore to the original drilling point.

1 Any bentonite mix is deposited hin the bore shaft and spillage is collected at either end of
the bore with dedicated sump; all excavated material adess bentonite will be removed
from site and brought to an authorised waste facility.

1 Once the duct is in place under the watercourde normal process of road trenching can
continue from either side of the watercourse structure.

1 The launch and recéipn pits will be backfilled in accordance with normal specification for
backfilling excavated trenches and to thatisfaction of Clare County Council.

The directional drilling methodology is further detailedthe Outline Construction Methodology
110kV Underground Cable Connection reporiudedin the Grid ConnectioRackage i\ppendix 2
2 of Volume IIl othe EIAR.
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Figure3-20 Typical directional drilling rig and launch pit
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Table3.10 Summary of proposed crossing methodology
Crossing| Bridge UM _r Watercqurse Extent of In
Level to top of Description Crossing
No. Type : . stream works
Bridge Option
Due to lak of cover over Trougl
Two Bridge, located on the-£0661 local
Span road, the grid connection ducts wi None. No in
1 b 340mm beinstalled under the watercours¢ Option 3 stream works
concrete - - .
bridge by means of directional drilling. N required
contact will be made with the
watercourse during the works.
Due to lack of cover over thi
bridge, located on the RA47]
Single reg|onallroad, .the grid connectio None. No in
span ducts will be installed under the .
2 450mm Option 3 stream works
concrete watercourse by means O required
bridge directional drilling. No contact wil q
be made with the watercourse
during the works.
Due to lack of cover over thi
bridge, located on the RA47
Two . . .
regional road, the grid connectio .
span . . None. No in
3 ducts will be installed under the )
stone 600mm Option 3 stream works
watercourse by means  of .
arch . - . required
bridge directional drilling. No contact wil
g be made with the watercourse
during the works.
The grid connection ducts will b
Single laid in standard trefoil formation
span over Ahngor Bridge, located or None. No in
4 stone 2.2m the L3022 local road, due t¢ Option 1 stream works
arch sufficient cover present. No conta required
bridge will be made with the watercourse
during the works.
Due to lack of cover over thi
Single bridge, located on the-B022 local
span road, the grid connection ducts wi None. No iR
5 stone 575mm be installed under the watercours¢ Option 3 stream works
arch by means of directional drilling. N required
bridge contact will be made with the
watercourse during the works.
Due to lack of cover over th
Single bridge,located on the £7004 local
span road, the grid connection will b None. No in
6 stone 520mm installed under the watercourse b Option 3 stream works
arch means of directional drilling. N required
bridge contact will be made with the
watercourse during the wosk
. It is proposed to lay the gri
Single . . .
connection ducts in a flat formatiol .
span : : None. No in
over this bridge, located on the | .
7 stone 750mm : Option 2 stream works
7004 local road. No contact will b .
arch : . required
) made with the watercourse during
bridge
the works.
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Crossing| Bridge UM N _r Watercqurse Extent of In
Level to top of Description Crossing
No. Type : : stream works
Bridge Option
Due to lack of cover over thi
Sinale bridge, located on the-Z004 local
S a% road, the grid connection ducts wi None. No in
8 P 610mm be installed under the watercours| Option 3 stream works
stone N ) .
bridge by means of directional dlihg. No required
contact will be made with the
watercourse during the works.
Due to lack of cover over thi
Single bridge, located on the-Z004 local
span road, the grid connection ducts wi None. No iR
9 stone 600mm be installed under the watercours{ Option 3 stream works
arch by means of directional drilling. N¢ required
bridge contact will be made with the
watercourse during the works.

3.10.3 Grid Connection Construction at Land Drainage Ditches
Where land drains are enaatered on the proposed gridonnection route there are two scenarios,
as follows:

I.  In the event that there is adequate cover over the drain crossing, then the nevs dndt
trench will pass over the drain without interruption to the drain. No works wilkdxuired
within the drain athese locations. The trench at these locations will be installed in the existing
public / access road.

II. In the event where there is insufficient cover over a drain crossing point, the grav
connectionroute will have to beristalled underneath the exiistg drain crossing. In order to
do this the following approach is adopted:

1 The drain is blocked upslope of the crossing and a sump is formed using sandbagging
and stable clay soil material. This sump will accumulate water iflothe drain (if it
exists) ad will facilitate the use of a 50mm or 100mm submersible pump to over pump
(fluming) the drain water across the road and back into the drain on the down flow
section below the road.

T Two silt fences and filters will be putface on thedownslope of the crossing point to
prevent siltation/sedimentation. Once the sump and oy&imping mechanism is in
place, then the service trench excavation will progress.

1 A section of drain crossing (pipe or stone culvert) is temporarily vetido allowthe
trench and duct to continue. The duct will pass under the drain and once in place it will
be surrounded with lean mix concrete and then the trench will be backfilled with suitable
stone from excavations, or imported.

1 The drain will then & put back implace, surrounded with stone/lean mix concrete and
the track restored to its finished level. The oy@mping measure can then be removed
and normal drain flow resumes. The duct/trench work can then progress over the
remaining length of the gblic / acces road.
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3.10.4 Grid Connection Construction argxisting Underground Services

All relevant bodies i.e. ES®tworks EirGrid, Gas Networks Ireland, Eir, Clare County Council etc. will
be contacted and drawings for all existingdergroundservicesalong the gid connection route
sought. Any underground services encountered wmiitially be surveyed for levelsn order to
determine ifthere is adequate cover availabler ductingto pass over thee services. A minimum
clearance of 300mris requiredfrom the bottom of the ductingo the top ofany undergroundervice

as per ESB Networks requiremenifsthis clearance cannot be achieved, the ducting will patswv

the service with aninimum300mm clearancenaintainedfrom the top of the ductingo the bottom

of the service.

If the required separation distances cannot be achieved by either going above or below the
undergroundservice, then a number of alternative construction options are availabtautlined in

the previoussections All excavationsvill be kept within the public roadway boundaries i.e. in road or
grass margins.

3.10.5 Grid Connection Constructiodioint Bays and Communication Chambers

Joint bays are preast concrete chambers that will be required along the grid connection route over
its entire length. They are required to join cables together to form one continuous cable. They will be
located at various points along the grid connection route approximately every 80000 metres
depending on gradients, bends etc. It is proposed to instairoximately % no. joint bays and
communication chambers along the proposed grid connection route. These locations might deviate
from those shown in tl layoutdrawings and for this reason the potential impact of locating these
alongthe full route haseenassessed anthey will be within the existing/permitted corridor of road
network seeVolume lll, Appendix 2 Grid Connection PackayeThe finalocations will be agreed

in advance with Clare County Council.

Where possible, joint bays will be loedtinareas where there isuitablewideningor grass margin on
the road in order to accommodate easier constructamd disrupt less traffic.During construction,
the joint bay locations will be fenced off and will be incorporated into gniel connectiontraffic
managementplan. A traffic management plan is includa@dAppendix3-4 of Volumelll of the EIAR.
The raffic managemeniplan will befinalised andagreed with Clare County Council prior to the
commencement of works. Once the joibays have beerconstructed they will be temporarily
backfilled until they are rexcavated later to allow for the pulling and jointing of catdésach joint
bay. Once complete, thgoint bayswill be fully backfilled and permanently reinstated to the
satisfaction of Gire County Council.

The joint bays, communication chambers and sheath link boxes will be either precastiarsitasin

order to place the boxes, the area of excavation will first be marked out on the ground and any
necessary preparaty protection mesures put in place to avoid any run off or loss of soil materials.
These include appropriate siltation measures along road side drainage (silt fences, check dams etc.).

The material excavated from the joint bay chambers will be removexh fsite and braght to a
suitably licensed facility. Prior to the chamber being installed in a compacted layer of suitable stone
or lean mix concrete, appropriate material will be placed in the excavation to a level surface. The boxes
are then positionedn situand backilled around them with imported crushed stone material. The
precast concrete joint bay chamber cover is then put in place at a suitable level to allow for a new
road surface and chamber cover ovefigure 321 shows a typical joint bay $tallation. Further
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information on the construction of thgint bays and cable installatiazen be foundn the Outline
Construction Methodology 110kV Underground Cable Connection regadiudedin Appendix2-2
of Volumelll of the EIAR.

-

Figure3-21 Typical joint bay constrution

3.11 SUBSTATIOBOMPOUND AND BUILDINGS
This section describes the construction methamyés that will be used for both theirGrid and IPP

substationbuildings as wellas the substatiomompourd. Estimated material quantities required for
the construction of the substation infrastructure is showable 311.

The proposed works will be restricted to the site construction area and will compridelibeing:

1 Prior to construction, intercepdin ditches will be installed upslope of the proposed substation
compound to intercept any existing overland flows (clean water) and convey it downslope in
order to limit the extent of surface water coming intortact with the works. The clean water
conveyed will be discharged via a level spreader downslope of the works over existing
vegetation.

1 The area of the substation compound will be marked out using ranging rods or wooden posts
and the soil stripped and reoved toa temporarystorage aredin developnent footprint) for
later use in landscapingAll remaining excavated material will be brought to the-gite
borrow pits for final depositionThe areawill be surveyed and all exisg services will be
identified. All plant operators and general operags/will be inducted and informed as to the
location of any services.

9 Perimeter drains will be installed or upgraded to collect surface wateroffiirom the
substation compound which will include the installatiof check dams, silt traps and level
spreacers to cater for surface ruoff.

Engineering and Environmental Consultants
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91 All soils/peat on the substation site will be removed and replaced gitthhwoncompacted
crushed rock or granular fill;

9 Formation of the substation compoundwill be achievedwhere the compound will be
constructed with canpacted layers of suitable hardcore;

1 The foundations for both substation buildings will be excavated and appropriately shuttered.
Reinforced concrete will be laid over it.

1 The blockwork walls for each buildinglMoe built up from the footings to DPC &hand the
floor slab constructed, having first located any ducts or trenches required by the follow on
mechanical and electrical contractors;

1 The blockwork will then be raised to wall plate level and the gadndinternal partition walls
formed. Scaffa will be erected around the outside of the two buildings for this operation;

9 The concrete roof slabs will be lifted into position using an adequately sized mobile crane;

1 The construction and components of thebstation buildings will be to EirGrid andEES
Networks specifications;

9 The timber roof trusses at each building will then be lifted into position using a telescopic
loader or mobile crane depending on site conditions. The roof trusses will then be felted,
battened, tiled and sealed against the weath

1 Installation of a domestic wastewater holding tank to hold efflueairf the toilets withinthe
substationbuildings

1 Installation of a Class 1 full retention oil separator to collect and treat oil sytllgn the
substationcompound.

1 Installation ofa rainwater harvesting tank to collect rainwater from the roofs of the substation
buildings for toilet flushing and hand washing.

1 Commencement of civil works associated with the construction of the transformer bund,
equipment plinths etcwithin the subgation compound.

T Commencement of civil works associated with construction of underground cable ducts and
trenches within the substation compound.

1 Installation of electrical equipment within the substation compound and buiklinguding
transformers, bushrs, circuit breakers, cable supports, switchgear, panels etc. and all
associated cabling.

9 Installation of palisade fencing and associated gates to perimeteeaubstation compound.

Table3.11 Summary ofconstruction material quantities for substation compound and buildings
Item Unit Apprqx.
Quantity
Total Site Won Stone Aggregate Required for Substation Compoy  m?3 25,865
Total Imported Capping Material Required for SubstaGampound m?3 3,141
TotalConcrete for Substation Infrastructure . 500
(including substation buildings, transformer and equipment plinthg
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Figure3-22 Typical substation building and compound

3.12 PERMANENT METEOROLOGICAL MAST

A permanent meteorological mass proposed for the sitéo monitor the wind regime while the wind
farm is inoperation Themastwill be located adjacent to the turbine accessdat T19 andis situated
in an area of low surface gradient and negligible petbility risk.The meteorological mast will be
installed to a height of up t@00m whichwill be representative of the hub height of the turbind$e
meteorological mast Wl be surrounded by a galvanised steel palisade fence, 2.4m in hBigtdils
of the meteorological mast are shown Rlanning Drawindl9107%5022 Excavated material will be
reused forbackfill/adjacent landscapingr will be relocated to thé no.on-site deposition area.

Figure3-23 Typicalmeteorological masibn a wind farm
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3.13 VISITOR BUILDING

Upon completion of the wind farm developmeritis proposed to install arefabricatedmodular

building within the compound of Temporary Site Construction Compound Nd@h& building will
function as a learning hub wheitwill host workshops for school groupsdmembers of the public
andalsoactasa base for guided tours of the wind fawhring its @eration Thebuilding will beB6m?

in areaandwill accommodatea classroom antbilet facilitiesfor up to 30 visitorsduring the lifetime
of the wind farm

The bundationof the buildingwill consist of a concrete slathile access to the building will be made
via concrete stairs or ramp§he temporary site construction compourad this lo@tion will be
repurposed for usasacar parkandsurrounded by a 2.6m higfalvanised stegdalisade fenceThere

will be a verysmall water requirement for toilet flushing and hand washing and therefore it is
proposed to harvest water from the roof ohe building.The discharge from the toilet within the
building will go to a holding tank located within the compound where theieffl will be temporarily
stored and removed at regular intervals.

Detailsof the visitor building and compound are showrPlanning Drawindl91075047.

Figure3-24 Typical prefabricated modular building

3.14 SITECONSTRUCTION COMPOBND
The2 no.temporarysite construction compounslwill be used for the construction phase of thind

farm. The2 no.compoundwill have dimensions df00Om x50mand56m x 24m respectivelyas shown
on Planning Drawingd 91075044 and 5045The peat depth athe compoundocatiors within the
northern area of the sitésnominal as it is less thah4m in depth.The peat will be excavateddn
to the underlying stratumAll excavied materialwill be taken to theon-site depositiorareas.This is
discussed in more detail Bection3.16.

The exposed surface will be levelled out by cutting and fillimgy \&ill be overlain with a layer of
crushed stondrom the proposedon-site boriow pits. The finished surface will be formed with a layer
of Class 6F or similaggregate imported from local quarridsach of the two site compounds will be
graded and compzted out before the welfare container facilities are installed.
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The compound will be constructed early in thdevelopmentin order to provide site offices and
accommodation for staff and for the delivery of materials. Any surface water management, gundin
waste management measures etc will also be put in place at theetubite security will have to be

put in place adjacent to the entrance and will have to be maintained throughout all phases of the
work. The compounswill be in place for the duratioof the construction phase and will be removed
once commissioning is completath the exception of Temporary Site Construction Compound No. 2

as described i®ection3.13

Areas within the compoursiwill be consructed as access roads and used as vehicle hardstandings

during deliveries and for parking;

1. A bunded containment area will be provided within the compoundgHe storage of lubricants,

oils and site generators etc.;
2. The compound will be fenced and seedrwith locked gates,

3. During the construction phase, a self contained golbo with an integrated waste holding tank
will be used on site for toilet facilits. This will be maintained by the service contractor on a
regular basis and will be removed fincthe site on completion of the construction phase.

4. Upon completion of theconstruction phasethe compound will be decommissioned by
backfilling the area wit the material peat arising during excavation, landscaping with topsoil as

required.

Table3.12 Summary of construction material quantities for temporary site compounds

Item Unit Apprqx.
Quantity
Total Site Won Stone Aggregate Required for Temporary Site Comp( m? 6,682
Total Imported Capping Merial Required for Temporary Site o 1.040
Compounds '

N o

-

Figure3-25 Typical temporary siteconstruction compound on a wind farm
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3.15 BORROW PITS
There arethree borrow pits proposedwithin the site which wilbe usedto obtain approximately

126,627m%f site wonstone aggregatelhese borrow pitsirelocatedwithin the central, eastern and
western areas of the sitwhere theywill be used as sources of hardcore tioe construction ofaccess
roads, crane hardands and construction compounds.

Table3.13 Site won stone requirement

Item Approx.Volume (n¥)
Estimated Stone Required for Access Roads, Hardstands, Substd

185,826
Compound works etc.
Include additnal 5% forcontingency 9,291
Estimated Stone Required 195,117
Estimated Spoil Material to be Generated from Excavation Works 139,775
Assume Approximately 50% of Total Spoil is Reusable as Site W 68.490
Stone =
Total Site Won Stone Required from Bow Pits 126,62?®

Prior tothe stripping of peatverburden over the area of the proposed borrow pas interceptor

drain will first be excavated upslope in order to intercept existing overland flows and divert them
around the borrow pits prior to dis@arge via a buffer zone on the downslope side. Sihalow peat
overburden will then be stripped and temporarily stockpiled, vegetatield upwards adjacent to the
borrow-pit in order for itto be reused in its reinstatement on completiomemporary stoggiles will

be maintained less than 1m in height, emen ground within the development footprinny subsaoil
material overlying the rock will then be excavated and stockpiled separately from the peat. The
stockpile will be sealed and a perimeter draintatied to intercept any ruroff so that it can be
discharged through an appropriately designed silt trap.

Standing water and any surface water runoff from the borrow pits is likely to contain an increased
concentration of suspended solidRunoff from theborrow pits will be isolated from the clean
catchment runoff by means of a series of open drains that will be constructed within the area. These
drains will be of check dams that will attenuate the flow and provide storage for the increased runoff
from exceptional rainfall events.

Inspections of thdorrow pits will be made by geotechnical engineer through regular monitoring of
the opening works. Thappointedcontractor will review work practices at the borrow pitshere
periods of heavy rainfadlre expectedwherework will be stopped so as to goexcessive runoff from
being generatedExcavators will extract the stone using buckets and a ripper attachorertck-
breaker attachmentsnaybe utilised in the borrow pit locatia It is expectedhat 30-60 Ton360°
excavatos will be utilised in tandem in the extraction of rock from the borrow pits. Tdrger
excavatos will extract rock from the face and floor of the excavation using digging buckets and rock
rippersand will be assisted by smaller ex@dors, removing rock s it is broken, stockpiling locally
within the excavation as well as loadiagiculated dumper trucksremoving rock as required for
distribution within thewind farmsite. The sides of the excavations will be battered back to ablat
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angle of repose tde determined by the nature of the rock present. Regular examination of these
batters will be carried ouby a geotechnical engine&s ensurethat there is no risk of collapse. There
will be nopublicaccess permittedo or within the borrow pits.Secure dge protectionand fencing

will be erected around the borrow pstwith warning signage erected. A bemnill be constructed as
required, at the leading edg®e ensure thatarticulated dumper trucksare stoppedat a safe distance
from the edge of the borrow pit during loadimg extracted stone aggregate

On completion of extraction activities at the borrow pitisese areas will be used for the permanent
storage of some of the excavated peatd materialfrom the infrastructure construction. This is
outlined further in Section3.16 The proposed locationsf the borrow pitsare shown orPlanning
Drawings19107%5029 to 5031

3.16 PEATAND SPOISTORAGE

3.16.1 Excavated Peatnd SpoilVolumes
The quantity of peat and spoil material, requiringmagement on site has been calculated as shown
in Table3.14 below. A peat and spoil management plan is includadAppendix3-3 of Volumelll of
the EIAR.
Table3.14 Peatand spoil cavationvolumes

Approx. Peat Approx. Spoil
DevelopmentType Excavation Volume Excavation Volume
(m?) (m°)
19. no Turbine Base and Hardstand Area 63,964 59,755
Substation Compound 2,108 38,296
2 no. Site Construction Compounds 1,670 9,231
Access Road 72,996 32,243
Permanent Meteorological Mast Hardstan 37 250
Total 140,775 139,775
Total Peat and Spoil to be Managed 280,550

It has been calculated that there will be approximat280,550m° of material excavated during the
construction of Carrowrgowan Wind Farm. Of this, an estimatdd0,775m* will be peat and
139,775 will be spoil. Excavated peat, estimateds8t370m?, and spoil, estimated at 19,894will

be reused for the backfilling, landscaping and restoration around wind farm infrasteustich as
turbines and hardstands. Peat will be deposited only within the buildable areas around the turbines
to a maximum height of 0.3m and will not impact any of the constrained areas as defined at the
preliminary stages of the design process.

Bems will be formed along sections of floated access roads in order to atoaelditional volume of
9,713n3 of excavatedpeat These bermwill also act as a physil edge protectiomeasure to prevent
vehicles falling off the raised floated road edge. Ttnisn of storage will be provided on both sides of
the internal floated roads where the overall dimensions of the berms will be 1m high by 2.5m wide.

The remaindr of the surplus excavated peat and spoil material, estimatdd 4f083n3will bestored
within the 3 no. deposition areaat the proposed orsite borrow pits.Additionally storage will be
provided for peat that is stripped at the borrow pit locationgdaany remaining peat which cannot be

| Malachy Walsh and Partners Page44| 64
Q]; ineeri : ‘ . MAIN EAR- VOLUME 2



EIAR CARROWNAGOWAN WIND FARM Chapter3| CIVIL ENGINEERIN

stored within theseborrow pit areasThe proposed locatns for the peaaind spoilstorage are shown
on Planning Dawings 191072028

A summary of the peaand spoilstorage volumesare shown inTable3.15. Note aconservative
assumption has been made thayp to 50% d the total spoil material excavatedn site(68,490m%) will

be reusable asite won stoneaggregate and therefore will not require storage.

Table3.15 Peat and spoil storage volumes

Peatand SpoilStorageArea Approx.Volume (n¥)
Backfilling, landscaping and restoratiaround Turbine Bases and

88,264
Hardstands
RoadsideBermsalong InternaFloatedAccesRoads (at 1m height) 9,713
3 no. Deposition Areast Borrow Pit Locations 114,083
Total 212,060

3.16.2 Restoration of PeaDepositionAreas

Peat is characterised by two distinct layers, the losatotelmlayer of highly humified peat and the
upperacrotelmlayer of fibrous peat which contains the live seed bank. aldnetelmlayer should be
regarded as arecological resource that can be uskx habitat restoration rather than simply as
surplus excavated material.

As peat is excavated ttacrotelmlayer will be stripped first and set aside temporarily fouse. As
the peat deposition areas are filletiey will be covered over with thacrotelmlayer. This includes
the outerfaces of the containing berm$he peatdepositionareas need to be copteted and restored

in a continuous cycle so as to minimise the length of timeabmmtelmis stored and to kow the
vegetation to be reestablished as quickly as possible. It is important thatatmtelmis handled
carefully and that it is not allowkto dry out while it is being stored. Regular watering may be
necessary during dry weather periods.

3.17 SITE DRINAGE

3.17.1 Design principles

The site drainage system was designed integrally with the wind fafrastructure layout as a
measure to ensure that the proposal will not change the existing flow regime across the site, will not
deteriorate water quality and wikafeguard existing wateuality status of the catchments from wind
farm related sediment runoff.

A fundamental principle of the drainage design is that clean water flowing in the upstream catchment,
including overland flow and flow in existing draiissallowed to bypass theorks areas without being
contaminated by silt from the works. This will be achieved by intercepting the clean water and
conveying it to the downstream side of the works areas either by piping it or diverting it by means of
new dmins or earth mounds.

This process will cause the normally dispersed flow to be concentrated at specific discharge points
downstream of the works. In order to disperse this flow, each clean water drain will be terminated in
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a discharge channel runningnadlel to the ground cordgurs that will function as a weir to disperse the

flow over a wider area of vegetation. An alternative method is to allow the water to discharge through
perforated pipes running pallel to the ground contourdBoth of these methds will prevent erosion

of the ground surface and will attenuate the flow rate toetllownstream receiving waterg.he
specific drainage measures to be used at each location are shown on the drainage drawings included
with the planning applicatiorThe clean water interceptor drais or earth mounds are all positioned
upslope to prevent any mixingf the clean and dirty water.he outflow from these drains is then

piped under the road at suitable intervals and at low pointsetafing on the site topography.

Separating the clean drdirty water will minimise the volume of water requiring treatment. The dirty
water from the works areas will be collected iseparate drainage system and treated by removing
the suspended solids befomverland dispersal Dity water drains will be pvided on both sides of
the access roads and along the periphery of the turbinesne hardstands, swdbation compound
met mast, borrow pitandthe temporary siteconstruction compounsl

The treatment system will consist okaries of settlement ponds at designatledations throughout
the site.(Refer toSection3.19below). The outflow from the treatment system will be dispersed over
vegetation in the same manner as the clean watepélision and will become diluted throbgontact
with the clean water runoff in the buffer areas befomventually entering the downstream
watercourses.

The site drainage layout is presentediianning Drawingd91075013 to 5019with drainage details
presented inPlanning Drawind9107#5024and 5025 The drainage layout is overlaid background

OSImappingin the Al drawings that accompany the planning applicatibhe Surface Water
Management Plajwhich isincludedin Appendix3-2 of Volumelll of the EIARdetails the proposed
drainage neasuredurther.

3.17.2 Flood Attenuation

The creation of impermeable areas within a development site has the effect of increasing rates of
runoff into the downstream drainage system and this may inaefhsod risk and flood severity
downstream. This appliesagicularly to urban areas that drain to closed pipe systems which do not
have the capacity to catdor increased hydraulic loadsheCarrownagowaiVind Farndevelopment

is located within a large rural catchment with an open drainage system. The faotgrithe
impermeable areas and the associated increase in runoff rate is very small in the context of the
catchment size and therefore represents a negligibtezease in downstream flood risk. However, it

is proposed to provide some attenuation in order limit the flow rate into the settlement ponds
during high intensity storm events so that they do not become overloaded. This will also attenuate
the flowto the downstream watercourses.

The volume of water requiring attenuation relates to direct pp&ation on the roads and other
infrastructure footprint only. The developed surfaces have some permeability and this reduces the
attenuation requirement. @nventional attenuation systems use proprietary flow control units but
these can become blockeditiv debris and vegetation and require regular maintenance. They are,
therefore, not appropriate for use within a forestry environment or where loegn routine
maintenance would not be practical.

| Malachy Walsh and Partners Page46 | 64
Q]; ineeri : ‘ . MAIN EAR- VOLUME 2



EIAR CARROWNAGOWAN WIND FARM Chapter3| CIVIL ENGINEERIN

It is proposed to provide temporary storage within theamage channels by creating stone dams
within them at regular intervals. The spacing of the dams is typically 100 metres but depends on the
channel slope, wit steeper channeal requiring shorter intervalsThe dams, which are constructed
with small sizedcaggregateheld in place by large aggregai@so reduce the flow rate through the
drainage system and are an effective means of providing flow control. eBde$ will also provide
storage and flow control.

3.18 WATERCOURSE CROSSINGS

3.18.1 Major Watercourse Crossgs

On Carrownagowan Wind Farns it proposel that 4 no. major watercourse crossings will be
constructed using clear span preast concrete culvert crossings such as a bottomless arch or
bottomless box culvert(Figure 326). The crossings are on the Gasnagowan River and
Inchaluchoge River andoslg an unnamed tributary of samie. general the major watercourses within
the wind farm site hamelythe Carrownagowan, Coumnagun and Inchalughoge rivers, are cut into
relatively deep channels. These channeteild require significant upfill to maintairextical alignment
criteria for turbine deliveries along access roads. Clear spancgsie concrete culverts are
advantageous in several manners for this type of installation. As spans increase the heighiezaeinc
accordingly allowing significant lighgenetration under the culvert. The increase in height is
complimentary to the vertical alignment requirements for access road de8gfer toPlanning
Drawing191075026for further details.

P N
Construction Compound Borrow Pit / Peat Deposition Area No.3
No.2/ Visitor Building : 15 51
reron ; L\ 2 2§
- &, e -~

% Proposed Substatio 3 :
Construction Compound No. > ing 0.4
v A A | 1

[P

Watercourse
\ Crossing No.2

Borrow Pit/ Peat Deposition Area No.2-

] Borrow Pit / Peat Deposition Area No.

Figure3-26 Location of 4 major watercourse crossings

The selection criteria for crossing natural streams and rivers within the site were:
9 Avoid crossing streams or rivers at acute angles;
1 Avoid meanders at the crossing ltica;
1 Cross where foundations could be constied without excess excavation;

Engineering and Environmental Consultants
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1 Consider vertical alignment requirements;

The design of a clear span prast concrete culvert crossings will ensure that:

1 The existing channel profile within the watercoursemaintained,

I Gradients within the watercose are not altered;

9 There is unrestricted passage for all size classes of fish by retaining the natural watercourse
stream / river bed;

9 There are no blockages within the watercourse. The large size of a phracslvert allows
for the passage of debris the event of flood flow conditions;

I The watercourse velocity is not changed,;

1 The clear span of a culvert will ensure that the existing stream / river bank is maintained during
construction which will in turvoid the occurrence of iatream works;

Corstruction of thefour clear span crossings will be supervised by the Construction Manager, a
suitably qualified engineer, the project manager and the Environmental Managecordance with
Inland Fisheries Itend "Guidelines on Protection of Fisheries During ConstructiorksMa and
Adjacent to Waters2016' and Office of Public Work&Construction, Replacement or Alteration of
Bridges and Culvert2013".

Typically he proposednstallation works for a chr span precast concrete culvenvill comprise the
following:

I.  Prior to the commencement of works the design of the culvert will be submitted for approval to
the Office of Public Works (OPW) under Section 50 of the Arterial Drainage Act, 1945 andio Inlan
Fisheries Ireland (IFI);

II.  Upon design approval the extent ofalexcavations required for the culvert foundations at either
side of the watercourse will be marked out. The foundations are to be set to an agreed minimum
distance by IFI from the existing teacourse so as not to impact on the riparian habitat. Health
and safety measures such égbuoys on stakes will be installeshd where appropriate life jackets
will be provided to persons working near the watercourse;

Ill.  Appropriate environmental control sasures such as silt curtains, silt traps, mats eid. be
erected on both sides of the watercours€hese environmental control measures weliiuce the
potential for sedimentation of the watercourse

IV. Excavatorsvill begin to excavate the foundations formation level where all excavations will be
battered back toa safe angle of repose (minimum slope angle of 45°)camaply with the final
Construction and Environmental Management Plan (CEMP) to be produced by the appointed
contractor for CarrownagowaWind FarmAll excavation works will stop in the event of hgav
rainfall.

V.  All excavated material will be transported tioe onsite depositionareas located outside of the
75m hydrology buffer zonat the proposed borrow pitsSome of the rcavated mateaal will
subsequently be reused as backfill around the culvbdtaents and structure upon installation.
Bare grounawill be minimised.

VI.  Once formation is reached at suitable ground conditions; steel reinforcement and shuttering will
be installed. The cubrt abutments will be prepared for the pouring of concrete byvaéering
standing watemwithin the excavationsyhichis likely to contain suspended solid$a a pumpo
an adequately sizedettlement pond located outside of the 75hydrology buffer zoneThe
standing water will be treated through the settlement poadd clean filtration stone prior to
outfall over vegetation away from the watercourse
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VII.

VIII.

XI.

XII.

XIII.

Readymix concrete will be delivered to the culvert abutments by ready concrete truckand
placed inb each abutment by means ekcavators During the concreting works the watercourse
will be temporary covered over with a tarpaulin so as to protect the watercourse from concrete
spills.Upon completion the abutments will be covered and allowed to cure;

Following curing, the shuttering arounthe abutments will be struck and removed. A small
temporary hardstand will be constructed so that a lifting crane, which will install thecgste
concrete culvert components onto the abutments, can be set up;

Deliveies of the precast concrete culvertamponents will arrive to site. These components will
be individually fitted and manoeuvred into position by the lifting crane onto the concrete
abutments. The components will be inspected to ensure that each unites déad secure;
Backfilling on eitheside of the culvert will commencesing excavated materialn particular
larger rock of a uniform size will be placed along the edge

The access road surface will be laid over the culvert structure using site wenagregate and
compactedn maximum B30mm layerswith the use 0f10-20 Tornrollers. An internal cable trench
will be installed within the carriageway of the culvert so that it can cross over the watercourse;
Vegetated soil bundswill be installedo divert dirty water generated on the sectioof road over

the culvert crossinginto the dirty water systenoutside of the 75m hydrology buffer zon€his

will ensure that dirty water will not entahe clean watercoursg

Steel parapet railings and timber postdarail fencing will be installed ah¢ sides and on the
approaches to the culvert. This will prevent persons or vehicles falling into the watercourse while
travelling across the culvert;
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Figure3-28 Completed clear span preast concrete culvert crossing over existing watercourse
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3.18.2 Drainage / Stream Channel Gisings

Where the crossin@f an existing natural or artificial drainagestream channel is unavoidable, a
suitable crossing will be designed. Typically this will be in the form of precast concrete or HDPE pipes.
All crossings will be designed for a minim 1 in 200 year returrainfall event. The invert of the pipe
is submerged appro¥ 4 of its diameter below the originalrainage bedWhere natural gradients
allow, a nominal back fall in the pipe will be incorporated to prevent scour and promoteetiing

of natural materal along the invert of the pipeAn example of a permanedtaincrossing is illustrated
in Figure 329below. New turbine service roads will be required to crosgesal minor drains / strams
within the site.All such crossings and widening will ibeaccordance with this application and/or
conditions attached to a grant of planning permission and atp@ed with Inland Fisheries Ireland
prior to construction. Alconstruction method statments for crossings will be approved by Inland
Fisheries Ireland.

Figure3-29 Typical drainage channel crossing

Figure 330shows a typical measure to be put in placelatinageand watercourserossing in order

to ensure dirty water des not enter clean watercourses. Ftre Carrownagowan Wind Farm, the
intention is to use vegetated soil bunds to divert dirty water generated on the section of road over
the crossings tdhe dirty water systemAlternatively silt curtains as shown irFigure3-31, can be
placed alondhe existingroadswithin the 75m buffer zone. These silt curtains can longitudinal to
watercourseswith alayer of stone placed along the bottotn prevent any seepagié there is a risk

of silted runoff.
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Figure3-30 Dirty water containment at watercourse crossings
" e

Figure3-31 Silt curtain contanment along existing roads near watercourses
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3.19 WATER QUALITWANAGEMENBYSTEMS

3.19.1 General
Sediment such as peat, clay,9lt can cause significant pollution during the construction phase of a
civil engineering project due to the erosion of exposed bysurface water runoffThe water quality
management system has been prepared in order to control erosion and prevemhesidrunoff
during the construction phase of tHeéarrownagowawind Farmdevelopment The implementation
of sediment and erosion conttaneasures is essential meventing sediment pollutionThe system
was designed having regard to:

! Knowledge ofthesi®a SYPBANRYYSy Gttt O2yRAGAZ2YAT

9 Previous construction experience of wind farm developments in similar peat environments;

9 Previous experiete of environmental constraints and issues from construction of wind farms

in similar environmental conditions;
9 Technical guidance and best management practice marfseésreferences)

The folbwing site specific informatiowas used in the design of thizainage and treatment system:
High resolution aerial photography;

LiDARyround surface information;

Wind farm infrastructure layout (turbines, service roads and ancillary development);
Hydrology maps (watercourses and buffer zones);

Soil and land use map

Baseline water quality assessments; and

Met Eireann extreme rainfallada.

= =4 -4 4 -4 -8 -

The settlement ponds and check dams described infolewing subsectiors provide the essential
mechanism for the removal of silt from construction related runoff and the adlet return of the
treated runoff to he downstream watercourses.

Thedrainage and treatment system will ensure that the construction and early-gmstruction
phases ofCarrownagowawind Farm will not create adverse effects on the aquatic enviroritmen

3.19.2 Constructions Works Areas

Runoff from the internal roadways, hardsids and other wind farm infrastructure will be isolated
from the clean catchment runoff by means of a series of open drains that will bergotest within
the works areasThese drais will be directed to settlement ponds that will be constructed througho
the site, downhill from the works areaand as shown on tharainage layoufplanningdrawings
submitted with this applicationEach drain will incorporate a series of check danas Will attenuate
the flow and provide storage for the increaseohoff from exceptional rainfall event$he ponds have
been designed to a modular size to cater for a single turbine and hardstand arda20Gm? areaof
internal access road.

Dewaterng of turbine base excavations can result in significant flowsrab the drainage and
settlement system if high capacity pumps are used. In order to avoid the need for pumping it is
proposed to provide drainage channels from the excavations so as temre@ build up of water.
Where this is not feasible, temporasyorage will be provided within the excavations and dewatering
carried out at a flow rate that is within the capacity of the settlement ponds
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Figure3-32 Stone check dam with large aggregate downstream side

3.19.3 Treatment Process

Contaminated runoff can be generated on the site access rdmatsow pits, met mastconstruction
compound sub-station sites and turbine hard standing areas aneha@nly due to excavation for the
infrastructure or moverant of deliveryvehicles and ossite traffic.

Drains carrying construction site runoff will be diverted into settlement ponds that reduce flow
velocities, allowing silt to settle angducing the ediment loading A modular approach has been
adopted for the design of the settlement ponds which have been sized to cater for a catchment area
of 1,200n% works areaThis is equivalent to a road length of 240m or the area of a typical turbine base
and crane hardstand.

The settlement ponds have bedesigned as three stagdiered system and this has been proven to
work effectively on wind farm construction sites. Tiheee stagesystem also facilitates effective
cleaning with minimal contamination of wex exiting the pond.
The settlement ponds ha been designed with regard to the following:

1 Runoff flow rate for the modular catchment area;

1 Met EireannExtreme Rainfall Data (statistical rainfall intensity / duration table);

1 Character of the impermeableeas (runoff coefficients); and

1 Design partile size and density.

The treatment process consists of primary, secondary and tertiary treatment as follows:

1 Theprimary treatmentconsists of a three stage settlement pond with an etggping weir at
each stge. The first chamber will remove most okteediment load, while the remaining
two chambers will remove most of the remaining load.

1 Before the water is released onto the existing ground surface, it passes throaggoadary
treatmentsystem in the fornof a graded gravel filter bed.
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