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Knockranny Moycullen Wing Farm Action Group, | . 3 DEC
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Pillagh, ; =1

A2E /7% 7
Moycullen,
Co. Galway

To: The Secretary, An Bord Pleanila, 64 Marlborough Street, Dublin 1, DO1 vog2

Date: 12 December 2023

Key Points of Objection:

Location Appropriateness:
The proposed site is situated jn an area classified 35 “Not Normally Permissible” for wind energy
development in the current Galway County Development Plan 202228 The grant of 3 new



whether alternative sites, more suitable for wind energy development, were adequately
considered.

Furthermore, the selection of a sjte classified as "Not Normaily Permissibja” for wind energy
development sets a concerning precedent for future renewable energy projects. It undermines
the integrity of the planning process and could lead to a scenario where unsuitable sites are
routinely considered for development, to the detriment of environmental protection and
community well-being.

issues of sustainable development and responsible planning, 1t is crucial for An Bord Pleandla to
consider these broader implications and ensure that the principles of sustainable development
are upheld in the decision-making process,

Visual Impact:

The increased height of the turbines will significantly mar the natural beauty of the region,
detrimentally impacting the visual landscape. The visual impact of the proposed increase in
turbine height at the Knockranny Windfarm is a significant concern, The augmentation from 130
meters to 150 meters represents a substantiaf change in the landscape, with the turbines
becoming more dominating and intrusive elements in the scenic views of the region. This
increase in size has the Potential to transform the character of the landscape dramatically,
affecting not only the Immediate vicinity of the windfarm but also distant views, as these larger

structures become visibje from greater distances.

The assessment of visual impact in the developer's rppnTl“ ST pevaateTt =T
Essential to ensure that the assessment adequately considers tﬁ@élﬁlwéﬁvé Cfsﬁual#hﬂpbéékoq
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conditions Jike epilepsy or autism,

The inclusion of thig admission in the developer's Submission warrants a critical examination of
the proposed mitigation strategies. |t rajses questions aboyt the extent to which these
measures can effectively minimize the impact on the affected Properties. The analysis of

well-being of residents, their right to enjoy their Properties without undye disturbance, and
addressing the potential heajth implications must be central to the decision-making process,

Noise Pollution:

The anticipated increase in noise levels due to the larger turbines is a major concern, with
potential health implications for the local Population. The noise impact of wind turbines is 3
critical issue, particularly with the proposed increase in turbine height at the Knockranny
Windfarm. Talfer turbines can produce more noise, both in terms of volume and frequency

fange. This increase in noise pollution can have significant advers .thaquali.ty-af#ff-»_—-—
for nearby residents, potentially leading to sleep disturbance, stre S, anfi BtHahEalth BUESANALA
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reports submitted in relation to Knockalough windfarm demonstrates adhering to planning
conditions and welfare of loca] residents is not 3 priarity.

Mitigation strategies proposed by the developer, such as setbacks from residential areas and
noise-reducing technologies, need to be scrutinized for their efficacy. The residents require
assurances that these strategies will be effectively implemented ang monitored to ensyre
compliance with nojse regulations and standards.

In essence, the increased noise pollution potentiai from taller turbines is a serious concern that
demands a comprehensive and rigorous assessment. The health and well-being of the
community, their right to 3 peaceful living environment, and the adherence to noise standards
are paramount considerations in the evajuation of this project.

Health Impacts:
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review to ensure that the well-being of the community is not compromised. The responsibility
lies with the decision-makers to ensure that public health considerations are given the utmost
priority in evaluating this development,

Environmental Impacts:
The development Poses significant risks to joca wiidlife and biodiversity, which has not been
thoroughly assessed and mitigated. The environmental impacts of the proposed Knockranny

cvironmental studies may be necessar Y to validate or challenge the findi ’ ;
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In essence, a thorough and unbiased assessment of the environmental impacts is essential to
ensure that the development does not cause irreversible harm to the local ecosystem. The

Inadequate Consultation:

The developer's approach to community consultation regarding the Knockranny Windfarm
project is a matter of significant concern. Effective consultation is fundamental in such
developments, ensuring community concerns are heard and addressed. In this case, the
consultation process appears to have been insufficient, raising questions about the legitimacy of
the project's community engagement efforts.

comprehensive consultation undermines the trust between the developer and the community
and may lead to a feeling of disenfranchisement among local residents.

In addition, Galway County Council refused to meet with local residents despite requests to do
50 and there is no evidence anyone from Galway County Council conducted any adequate onsite
inspection before making a decision on this development.
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As local residents we would very much welcome meeting with the An Bord Pleansla’s Inspector
in due course when on any site visit to provide any additional information required for the full
evaluation of sensitive site receptors and impact on residents of the proposed development.

Community Benefits and Impacts:

The proposal fails to offer substantial benefits to the local community while imposing significant
adverse impacts. The balance of community benefits against the impacts of the Knockranny

provide broader environmental benefits, these should not overshadow the specific impacts on

the local community. In this case,

adverse impacts on the community, without offering propottionate benefits.

it appears that the development may impose significant

The assessment of community benefits and impacts should include a detailed analysis of the
economic, social, and environmental implications for the local area. This includes evaluating the

potential for job creation,

against the negative aspects
devaluation.
Additionally,

infrastructure development, and contributions to local services
such as visual intrusion, noise pollution, and potential property

the developer's commitment to the community should be scrutinized. This involves

examining any proposed community benefit schemes for their adequacy and fairness. it is
important to assess whether these schemes are substantial enough to offset the impacts of the
development and whether they align with the community's needs and priorities. There are no
specific details provided by the developer on anything in this regard. The planning application

merely makes a reference to community benefit
example Galway City with a population of 80,000).
Council decision for 23/225 on 22/11/23 simply
commencement of development, the community
agreed in writing with the Planning Authority”. An
glaring lack of commitment to this piece in the
information was not requested by Galway Council in advance of any decision?

within a 20km radius (which would include for
Likewise Condition #15 of Galway County
States as an afterthought “Prior to the
gain proposals shall be submitted to and
Bord Pleandla must question why is there a
planning proposal and also why further

An Bord Pleandla's decision should reflect a holistic understanding of the project’s impact on

the local community. It is crucial that benefits are

required from the developer that are not only

tangible and significant but also equitably distributed among those most affected by the

development.

Decommissioning and Disposal:

The issue of decommissioning and disposal is a critical aspect of the Knockranny Windfarm
project, often overlooked in its long-term implications. Proper decommissioning plans are

essential to ensure that once the windfarm reaches the end of its operational life,

it does not

leave a lasting negative impact on the fandscape and the_ Lommunity. The process involves

dismantling the turbines, restoring the site, and respongibly isposine-of. o rec?c'ﬁﬁ’é‘fﬁg“""
materials. Wi FLEANAL
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The developer's plan for decommissioning and disposal should be thoroughly evaluated for its
feasibility, environmenta| soundness, and financial viability. This includes an analysis of the
environmental impact of dismantling the turbines and a detailed plan for waste management.

In conclusion, An Bord Pleanila should scrutinize the decommissioning and disposal plan to
ensure that it meets the highest environmental standards and adequately protects the interests
of the local community and the natural landscape.

Study Area Conside rations;

The study area for the project seems insufficiently expansive to understand the fyl impact of
the development. The adequacy of the study area defined in the Environmental Impact

area boundary, and Knockalough, Lettergunnet, Letterpeak, Inverin windfarms along with a
portion of the Galway Wind Park windfarms are also omitted. The applicant has not adequately

In essence, the determination of the study area is not Just a technical issue but one that has
significant implications for the accuracy and credibility of the environmental impact assessment.
An Bord Pleanala should ensure that the study area is agpropgately deflh'ed"toqépiu?eThe[ufl '
scope of the project's impact, AN BURU FLEANALA
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Property Devaluation:
Property devaluation is a significant concern for residents living near the proposed Knockranny
Windfarm. The presence of large wind turbines can impact property values due to factors such

as visual intrusion, noise pollution, and shadow flicker. These effects can make properties less
desirable to potential buyers, leading to a decrease in market value.

The developer's responsibility to address this issue should be emphasized. Compensation

mechanisms or other forms of redress should be considered for those whose property values

mitigate the economic impacts on the local Community. To date this has been ignored by the
developer and concerns raised by residents have not been addressed.

In conclusion, the potential for property devaluation is a tangible concern that requires careful
consideration. An Bord Pleanila should consider the economic implicaticns for local residents
and ensure that appropriate measures are in place to address any negative impacts on property
values,

We also wish to highlight the lack of onsite inspection by Galway County Council and their
refusal to meet with residents to discuss these concerns, This absence of direct engagement

transparent, inclusive, and reflective of the residents’ concerns.

This letter is supported by detailed information and evidence, as outlined on our Facebook page
(https://www.facebook.com/people/Knockrannv—MovcuIIen—Wind—Farm~Action-Group/1000913

22336092/) and

In accordance with relevant planning laws and regulatians, thfkf'ib‘iétfion}ai"'ﬁe"-s-ge{fe'ﬁafléfﬁ’fcaI
issues, These include the proposed development's ndbSbmoli i i
ABP-
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land-use designations, which classify the area as "Not normally permissible" for wind energy
development, Additionally, the Project raises significant concerns about environmental
protection, as mandated by national and EU directives, particularly regarding biodiversity,
landscape integrity, and the cumulative environmental impact. The inadequacy of community

participatory planning and decision-making enshrined in planning law. Furthermore, the
potential negative impacts on residential amenity, such as increased noise pollution, shadow
flicker, and visual intrusion, are contrary to the objectives of sustainable development and
proper planning, as outlined in planning legislation. These legal grounds form the basis of our
objection, underscoring the need for a comprehensive review by An Bord Pleandla to ensure
compliance with ali statutory requirements.

Thank you for your attention to this matter. We trust that An Bord Pleanala will make a decision
that prioritizes the well-being of our community, the integrity of our environment, and the
principles of responsible and sustainable development by refusing to allow this development
proceed.

Sincerely,

Knockranny Moycullen Wind Farm Action Group

Group Members:
Aine Bohan
Raymond Cooley
Dara Canavan
Trisha Canavan
Matthew O'Connor
Jason Bohan
Lorraine Bohan

Michael Murphy

Agnes Murphy e :
Stephen Murphy LDG.AN BORD PLEANALA
James Caulfield ABP-
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Richard Bohan
Elizabeth Bohan
Ann Maicolm
Michaela Parker
Siobhan O'Connor
Sedn O’Connor
Tommy Keady
Fidelma Keady
Orla O'Connor
Martin O'Connor
Sally Faherty
Matthew Faherty

Frank Faherty

AN BORD PLEANALA
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05/07/2023

Dara Canavan
Knockranny maycuilen wind farm
Pillagh

Moyeullan

Co Galway

TAG:  Uimb, Thag. Pleanala:
RE: Pianning ref. no.:

231225 - PERMISSIO
(Knockranny} Wind Far

Con&nirhalomnaﬁdﬂhﬂn
Galway County Council

action gioup

N for the fallowing: (1) Alterations o tha Cngc Raithni
m (Galway County Council Pianning Ref. No, 1.3/829 and An
Bord Pleanala Ref: 6724300 i

4 comprising 114 no, wind turbines with an overail ground

lo blade tip height of 150m (anincrease of 19.5m & 9.5m from 130.5m & 1 40.5m, ag
praviously Permilted), a rofor blage length of 68m or 69m & a huh height of 81m or
82m; associated increase in turbine foundations: & omission of permitted on-site

110kV substation & undergro

und cabling; (2) Pravision of underground electrical

(33kv) & communications cabling connecting the 11 no. wind turbines to the
Ardderroo wind farm subsiation far the purposes of connection o the national grid,
including & new cable service track (with walercourse/culvert Crossings) & widening of

Assessmen! Repor (EIAR) & Natura impact Statement (NIS) R
i ] Planning Authority with the Application
fin the tewnland of :

RIALACHAIN PLEANALA AGUS FORBARTHA, 2001.
2002

ADMHAIL ar AIGHNEACHT no TUAIRIM ats FAIGHTE
arJARRATAS PLEANALA

Knockranny, Ardderrog, | elter

PLANNING AND DEVELOPMENT REGULATIONS, 2001-
2002

ACKNOWLEDGEMENT of RECEIPT of SUBMISSION or
OBSERVATION on a PLANNING APPLICATION

IS DOICIMEAD THABHACHTAGH & SEQ

COINNIGH AN DOIGIMEAD S€0

ORT AN ADMHAIL SEO A THAISPEAINT bON BHORD
PLEANALA MAS MIAN LEAT ACHOMHMAIRC A

DHEANAMH AR CHRINNEADH AN

THIS 1S AN IMPORTANT DOCUMENT!
KEEP THIS DOCUMENT SAFELY. YOU wiLL BE
THIS
PLEANALA IF YOU
DECISION OF THE
PLANNING AUTHORITY

Té aighneacht/tuairim faighte i scribhinn & Knackranny

moycullen wind farm aotion group ar an 05/07/2023 maigir leis [Kna

an iarratas pleanala thuas.

Ta an taille cyj de €20 ioctha,

Té an l-aighneacht/tuairim ge 'eir na foralacha cul de Fiat
i 3 5il agus Forbair, 2001 agus cuirfigh an

AIRE
Tabhair faoi deara quré an déta is déanaf da chinneagh
ar an geomhad seo ng 26/07/2022

a chinnlii go
achomhare an Bhord Pleansla,

Administrative Officer, Planning

A submissiuniabserva!ion N writing has been received from
ckranny moycullen wind farm agtian group on 05/07/2023 1
relatian to the above Planning application

The appropriate fee of € 20 has been paid

The submissionlubservation Is in accordance with the appropnate
i of the Planning ang Development Regulations 2001

and will be 1aken into accournt by the Planning authonity in its

deterrmination of the Planning application
——————

s BORD REEANALA —
023
s

ays of

. ' Cg immediately at
(@81 509 308 or mr‘lg%{%@gaiwaypom i) in arder to
' @nsure that you t ra Meandla appeal d adlines
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you not receive notification of this decision within 3 — 8
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Knockranny Moycullen Wind Farm Action Group
Pillagh,

Moycullen,

Co. Galway

5™ July 2023

To: Galway County Council
Subject: Objection to Planning Application 23225, Knockranny Windfarm
Dear Sir/Madam,

The group has made information publicly available that we would request the Council review and
include in their decision-making process;
* Group Facebook page: https:_.'_fv.vww.face_uuu_k.:gmk.-_geqp_jg.jruoc_i-.rar-;.'"y-Mogcu!lHn—w_p__nd_-
‘Action Gr 1 137
* Information Videos o Group YouTube channel including work commissioned with a
consultant to illustrate the impact of the Proposed development including context of
surrounding windfarme: https://www !gumbg.ggmg@i(ngggra nn ywrndfarm_&jlqﬂ-_mgqg

Individualiy group members have lodged detailed objections to this Proposal that cover a range of
reasons the proposal should he refused including:

* located in an area marked as "Not normally permissible” for wind energy development
*  Visual Impact

* Shadow Flicker

* Noise

* Health impacts

* Environmental impacts

* Inadequate consultation
Community Benefits and Impacts
Decommissioning and Disposal
Study Area

Property Devaiuation

s & a2 »

We request Galway County Council visit the area to in person tg observe the impact of wing energy
developments to date as part of the decision—making process.

Sincerely,

Knockranny Maoycullen Wind Farm Action Group




Group Members:
Aine Bohan
Raymand Cooley
Dara Canavan —
Trisha Canavan
Matthew O'Connor
Jason Bohan
Lorraine Bohan
Michael Murphy
Agnes Murphy
Stephen Murphy
James Caulfield
Richard Bohan
Elizabeth Bohan
Artn Malcotm
Michaela Parker
Siobhan O'Conner
Sean O'Connor
Tommy Keady
Fidelma Keady
Qrla O'Connor
Martin O'Connor
Sally Faherty
Matthew Faherty

Frank Faherty
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Cnoc Raithni (Knockranny) Wind Farm proposed
variation.

May 2023
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Shadow Flicker Assessment

\ Cnoc Raithni (Knockranny) Wind Farm Modifications
Proi
r;fa Doc. No. Rev. Date Prepared By
22854 6007 A 08/05/2023 CF

MWP, Engineering and Environmental Consultants
Address: Reen Point, Blennerville, Tralee, Co, Kerry, V92 X2TK

Wiww.mwp.ie

Cc oo

FATH L Ab} Ty

ENGINEERS

: - e IRELAND
NSAI Certified NSAI Certifred NSAI Certified

1418

d
Checked By Apparove Status
PB CF Final

AN BORD PLEANALA

LDG-
ABP-

15 DEC 2023
Fee: € Type:

Time: By:




MWP

Rz {r Wi m N at

1. Introduction

Shadow flicker is an effect that can occur when the shadow of a moving wind turbine blade passes over 3 small
opening (e.g. a window) causing a flickering effect to be perceived. The likelihood and duration of this effect
occurring depends upon certain combinations of relative sun, turbine and window locaticns, turbine orientation,
times of day, days of the year and weather conditions. The flickering may have the potential to cause disturbance
and annoyance to residents if it affects occupied rooms of & property.

n February 2016, An Bard Pleandla granted planning permission for an 11 turbine wind farm development in
Cnoc Raithni {Knockranny}, Co. Galway {An Bord Pleanila Ref. No.: PL 07.243094), Condition 9(a) of the planning
consent stipulates the following:

9 {a} Shadow fiicker arising from the proposed development, by itself or in combination with other existing or
permitted wind energy development in the vicinity, shall not exceed 30 hours per year or 30 minutes per
day at existing or permitted dwellings or other sensitive receptors

A shadow flicker assessment had been undertaken for the Permitted Devetopment® and the potential Shadow
Flicker impact was determined to be not significant and would be compliant with the thresholds set out in the
2006 Wind Energy Development Guidelines as set out in Section 1.3.1 below.

The current proposal is now seeking to amend the turbine dimensions.

This report provides an assessment of the potential shadow flicker effect on residential amenity resulting from
the Proposed Development. The specific ohjectives of the report are to:

*  summarise the assessment methodology used in compieting the assessment;
* describe the potential shadow flicker impact of the Proposed Wind Farm Development;
® compare the effects to the previousiy Permitted Development; and

® describe the mitigation measures proposed to address fikely significant effects;

11.1 Scope of the Assessment

In general, the shadow flicker assessment methodology involves the icentification of houses within a defined
study area, which have the potential to be adversely impacted by shadow flicker. The Wind Energy Development

Guidelines (2006) provide that™aF distances greater than 10 rotor digmeters from a turbine, the potentiaf for
shadow flicker is very-tow* T Tine with best practice guidance, the study area is ustrally limited to a distance

(betweén 2 hoUsEand wind turbine) equivalent in length to 10 of the proposed wind turbine rotor diameters,
Determining shadow flicker based on using the 10 rotor diameter rule has been widely accepted across different
Eurapean countries and is deemed to be an appropriate assessment area (Parsons Brinckerhoff, 2011)

AN BORD PLEAN/
LDG- ——
ABP- —if

* As defined in Chapters 1 and 2 of the sudmitted Environmental Imbact Assessment ﬂe;ﬁarDEC 7ﬂ23
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Computer software is then used to predict the occurrence of shadow flicker at each house within the study
area, which is known to over-estimate the possible impact. This is explained in more detail in section 1,1.3.4.

The results are compared against the criteria in the existing 2006 Wind Energy Development Guidelines.
Consideration was also given to the 2019 Draft Revised Wind Energy Development Guideiines.

112 StudyArea

The study area far the Proposed Development was calculated with respect to two proposed candidate turbines,
one with a 136m rotar diameter and the other with 2 138m rotor diameter, resulting in a study area of 1.36km
and 1.38km from each turbine.

1.1.3 Factors relating to Shadow Flicker Occurrence

The key factors retated to shadow ficker occurrence are discussed below.

Itis generally considered that the occurrence of shadow flicker is very low “at distances greater than 10 rotor
diameters from a turbine” or at a distance greater than 1 kilometre (km). This is because at such separation
distance the rotor of a wind turbine will not appear to be chopping light, but the turbine will be regarded as an
object with the sun behind it.

Figure 1 shows an approximation of the shadow cast by a turbine at variocus times during the day, where the red
shading represents the area where shadow flicker may occur.

. r r

a. Near solar noon b. Mid mornirg/mid-afternaan ¢. Near sunrise/sunset

Source: Shadow Flicker Assessment Helimax Energy, Dec 2008 3 ) ol
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The angle between the sun aad the rotor plane also plays a determining role for both shadow flicker occurrence
and intensity. The rotor plane is determined by the direction of the wind: because the turbine rotor continuously
yaws to face the wind, the rotor plane will always be perpendicular to the wind direction. Shadow flicker will be
most pronounced when the rotor plane is perpendicular to the sun-receptor kine of sight.

I . i e = —
1 Moving
f shadows won't
Moving p occur
SUN ﬁ shadows may SUN e e - ———
5 oceur o
Turbine viewed r Turbine viewer
from above : " from ahove <7 wind |
v ; ! direction_. |
Turbines turn to d':wntido Turbines turn to : :
face the wind... iRecuamn face thoe wind...
L — S —

Source: Wind Fact Sheet: Shadow Flicker, Noise Environment Power LLC

The shadow flicker anzlysis assumes the sun is always shining, which in Ireland is certainly not the case. It is
reasonable to factor any results by the percentage of time the sun is actually shining. Ireland normaltly gets
between 1100 and 1600 hours of sunshine each year. The sunniest months are May and June. During these
months, sunshine duration averages between 5 and 6.5 hours per day over most of the country. The extreme
southeast gets the most sunshine, averaging over 7 hours a day in early summer. December is the dullest month,
with an average daily sunshine ranging from about 1 hour in the north to afmost 2 hours in the extreme southeast.
Over the year as 3 whole, maost areas get an average of between 3 1/4 and 3 3/4 hours of sunshine each day?,

Shadow flicker was calcuiated for the proposed wind turbines using industry-standard simulation software
WindFarm, a tool which has been successfully applied to similar studies around the world. This software
identifies the study area for the assessment based on the candidate turbine dimensions. Two models were
carried out for both the proposed candidate turbines, namely

¢ wind turbine tip height of 150m and rotor diameter of 136m
* wind turbine tip height of 150m and rotor diameter of 138m

The model uses Qrdnance Survey Ireland digital 10m hefght contourdata as its only topographical reference,
Simulations are run on a ‘bare earth scenario’ without allowing forfhe ot;scug:’ng effect of x‘_egetafion or other 1

log- ey |
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obstacles between the location of the residence and the position of the sun in the sky. Nor does the model
consider ary obscuring features around residences itself, which would minimice views of the site and hence
further reduce the potential for shadow flicker, thus the WindFarm model uses a conservative assessment
scenario when reporting shzdow flicker results for the existing environment. The model assumes that:

The sun will always be shining during daylight hours, with no cloud cover or fog i.e. bright sunshine every
day.

The wind will blow continuously throughout the day and always above cut-in speed, i.e. the turbine will
always be rotating.

The wind will always be blowing from a direction such that the turbine rotor is aligned with the sun-
receptor [ine. In other words, the rotor will yaw in parallel with the sun such that the rotor blades are
always perpendicular to the sun-receptor view line.

There will be no screening by intervening structures, vegetation or trees (other than topography), l.e. a
bare earth scenario.

Assumed a North, South, East, and West facing facade window of dimensions 1m x 1m for each dwelling
with a 2 m height above ground.

An assumption is also made that the windows of the rooms, where the effects may occur, {i) directly face the
devefopment, (i} that the rooms are cccupied and (iif) that the curtains or blinds, if present, are open.

A more realistic simulation would use the following assumptions:

1.

The sun will not always be shining; therefore, it is only necessary to calculate shadow flicker for the
fraction of time when the sun would be shining.

The rotor will not be turning all the time. For example, a turbine would not be rotating during
maintenance works or low wind conditions.

The rotor blades will not always be perpendicular to the sun-receptor view line.

Trees, vegetation, local topography and buildings in the vicinity of the receptor will reduce shadow flicker
or eliminate shadow flicker.

Current assessment criteria are described in the Department ofthe Environment, Heritage and Local Government,
Wind Energy Development Guidelines, 2006. These guidelines are currently under review and replacement Draft
Wind Energy Development Guidelines were published in December 2019, which at the time of writing remain
under review. See E[AR Appendix 1-3.

o =
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Until the revised guidelines are pubiished in final form, the Governnfent h4s Allvisedfhat theelrbng violif A

guidelines remain in force. However the criteria in both documents 31,@
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hadow Flicker Assessment W

Cnoc Raithni (Knockranny) Wind Farm Modificati

121 Wind Energy Development Guidelines {2006)
icker at offices and dwellings

The current 2006 Wind Energy Development Guidelines recommend that shadow fi
y and also that at distances

within 500m of a turbine should not exceed 30 hours per year or 30 minutes per da
greater than 10 rotor diameters from a turbine, the potential for shadow flicker is very low,

1.2.2 Draft Wind Energy Development Gulidelines (2019)
The shadow flicker criteria described ir the 2019 Draft Wind Energy Guidelines is as follows:

The planning authority or An Bord Pleandig should impose condition{s} to ensure that no existing dwelling or
other affected property wilf experience shadow flicker as a resuft of the wind energy development subject of
the planning application and the wind energy development sholl be installed and operated in accordance with

the shadow flicker study submitted to accompany the planning opplication, including any mitigation measures

required.

o




Shadow Flicker Assessment
Cnoc Raithnf {Knockranny) Wind Farm Modifications

1.3 Receiving Environment

In line with best practice, the scope of this assessment extends o a distance of 10 times the maximum rotor

diameter (1.38km for the 138m rotor and 1.36km for the 136m rotor)

occur. There are 10 No. properties within the 10 x rotor diameter stud
H170)). These locations are illustrated on Figure 3.

where shadow flicker could theoretically
y area for both scenarios (H1-H6, Hi67-

igure 3 Residential Receptors within 10 Rotor Diameters of a Turbin

s -~ — ——
- s ggend
'
A ™, T @  Tuboe Locaian
i " '““-l - 1o, 2 ot 36km Bulfer
\ ",'..'—.“r"."... B 12 2 71 38k Bufler
2" i 3 .’ Dwoi'ing (Withw: 10 x Rd)
{’ I ’." B Mobie Home
;" |.! “ s B Dweing
f \ + W Permitted Dweking
‘f \ L}
‘ -
’ [, BT dl{.l‘ (g v
fﬁ | S ! Lyiicton s ‘!
S— . = + ‘
§ \ ’
4 ,\.' i o 4 [ 4
T ':‘ o4 vu. \ ; " t
Lew 2y sE .
Lot 4 JE ® =i, W t
4 ° - O P
L Y T .
LY .w 0 »
Y 1 '
‘l LR n \ "
o e = i )
* y Yy il L] & |
. / U ] . Py e — |
gm0 L | % & -~ Poiy] FES _.‘! |
- [
o — .
':‘ b | x o B prorect Tt
L% b B L4 » » Cnoc Rathre Wind ¥ amm
) ¥
l‘ .r[ I ; *' Cient Western Power Development Limited
’
. e\ - A Drawing Titie
Y, o ¥ Permitted Cooc Raithnt Turtvae and
| l,:' \\ o *_‘_-‘.’ - B Dweling Locatons
A\ Tl I .- y
/ \\\ Fialowdvi '-v' T ! Drawn JK Checked GF
L l . ¥ A
5 ’ b TS 4] ". }Da(n 27012023 Scale (Ad) 1 25 000
) . . 4 ——
' .
2 1 | M“[p

LD

AN BORD PLEANALA
el

ABP-

Fee: €

Time:

15 DEC 203
Type:

_—""—-—-—..,._
By:




1.4.1 Permitted Cnoc Raithni (Knockranny) wind turbines

The maximum rotor diameter assessed for the Permitted Development Cnoc Raithni {Knockranny) wind turbines
was 10im. Asthere were no residential receptors with 1010m (10 rotor diameters) of the proposed turbines, an
assessment area of 1.2km was considered for the zone of potential shadow flicker influence. This was to ensure
that the closest residential receptors were included in the assessment,

The output from the previous shadow flicker maodel for the Permitted Development Cnoc Raithni (Knockranny)
wind turbines identified that there were 3 residences within the assessment zone of potential shadow flicker
influence. On assessment it was determined however that these residential dwellings within the zone of infiuence
in reality would be unlikely to experience shadow flicker due to local screening and topography.

1.4.2 Proposed Wind Turbines

There are no dwellings or commercial facilities within 500m of a turbine. Therefore, the Proposed Development
would be compliant with the 2006 Wind Energy Development Guideiines recommendation that shadow flicker
at offices and dwellings within 500m of a turbine should not exceed 30 hours per year or 30 minutes per day.

The summary of the results of the shadow flicker model cutput for all houses within 1.36 km {10 rotor diameters)
and 1.38 km (10 rotor diameters) are presented in Table 1 and Table 2 below,

The output from the Shadow Flicker model determines that Shadow flicker could theoretically occur at upto 6
properties, under theoretical conservative conditions, within both the 1.36km and 1.38%m 10 rotor diameter
study areas. The predicted times of day/year occurrence for each dwelling are attached as Appendix A, House
No.s 167, 168, 169 and 170 would not experience any shadow flicker as they are due south of the wind turbines.

i Easting Northing Days per Max hours Mean hours Total hours
year per day per day per year
1 517135 734153 128 0.53 0.38 48.6
2 517137 734235 121 0.53 0.38 46.3
3 517107 734271 131 0.55 0.39 516
4 517166 734306 115 0.52 0.37 42.7
5 517175 734278 111 G.52 0.37 41.2
6 517332 734352 59 0.46 0.35 209
167 516575 732593 0 0 0 0
168 516621 732540 0 ] 0 0
169 516648 732568 0 4] 0 0
170 516685 732484 0] 0 i Al Q - 1 -
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House Easting Northing  Days per year e hoh:;a:er o
per day b hours year
1 517135 734153 128 0.54 0.38 49.2
2 517137 734235 122 0.54 0.38 46.9
3 517107 734271 132 0.56 c.4 524
4 517166 734306 115 0.53 0.38 43.3
5 517175 734278 111 G.53 0.38 41.7
6 517332 734352 94 0.47 0.35 32.8
167 516575 732593 0 0 o 0
169 516621 732540 0 0 0 0
168 516648 732568 0 0 0 0
170 516685 732484 0 0 0 o

While National Guidelines would be adhered to, as there are no dwellings within 500m of & turbine, the results of
the model presented in the Tables 1 and 2 show that best practice shadow flicker thresholds may potentially be
exceeded in theory. These results however can be considered a very conservative overestimate. As outlined
earlier this is because the model does not take into account the hours when the wind is blowing in the direction
needed to orient the turbine perpendicular to the residential dwelling, Furthermore, when this does happen it
will not always coincide with a sunny period. An assumption has also been made that there is a clear line of sight
between all dwellings and a wind turbine and that there is a window on the potentially affected wall/gable.

A more realistic simulation would be that the sun will not always be shining; therefore, it is only necessary to
calculate shadow flicker for the proportion of time when the sun would be shining,

It was possible using the 30 year average sunshine data available from Met Eireann to determine the percentage

of time shadow flicker could actually occur. Average sunshine hours Used in thisassessment age based.on ayerage

monthly figures from the years 1971 to 2000, from the Claremorris‘r\.lg:i;;-:al Meteorological Statigh. " ThEdera

presented in Table 3. e —
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Mean Daily Duration Average length of day Portion of daylight hours

Menth {hours) {(hours) with sunshine (%)
January 1.65 8.26 20
February 2.28 9.85 26

March 3.38 11.87 28

April 4.96 13.95 35

May 5.80 15.78 37

lune 5.06 16.77 30

July 4.63 16.30 28
August 4.53 14.68 27
September 3.69 12.75 29
October 2.73 10.62 26
November 2.00 8.75 23
December 117 7.70 15
MONTHLY AVERAGE 3.49 YEARLY AVERAGE 27

From the data in Table 3, it can be determined that the conditions necessary for shadow flicker {sunshine hours)
are only predicted to be present at approximately 27% of the maximum theoretical hours predicted by the
WindFarm software, Therefore, using the data from Table 3, the theoretical maximum shadow flicker as predicted
by WindFarm is multiplied by .27 {27 percent) to evaluate the more realistic potential shadow flicker impacts
from the Cnoc Raithni (Knackranny} Wind Farm. The results are presented in Tables 4 and 5. When sunshine
hours are accounted for, the potential shadow flicker reduces to well below the 30 hours per year threshold value
at alf focations.

Again, this methodology is conservative in that it does not account for times when the turbine blades are not
spinning, or when the flicker is blocked from view at 2 given receptor, or when the rotor is not perpendicular to
the sun.
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House

167

168

169

170

House

167

168

169

170

Easting

517135
517137
517107
517166
517175
517332
516575
516621
516648

516685

Easting

517135
517137
517107
517166
517175
517332
516575
516621
516648

516685

Northing

734153
734235
734271
734306
734278
734352
732593
732540
732568

732484

Northing

734153
734235
734271
734306
734278
734352
732593
732540
732568

732484

486

46.3

516

427

4].2

20.9

0

49.2

46.9

52,4

43.3

41.7

32.8

1]

Total hours per year
{Theoretical Conservative
Scenario)

Total hours per year
(Theoretical
Conservative Scenario)

|"
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Total hours per year

{Adjusted Annual Regional

Sunshine Scenario)
13.12
125
13.9
115
111
5.6

0

Total hours per year

{Adjusted Annyal Regional

Sunshine Scenario)

13.3
12.7
14.2
11.7
11.3

8.9

- 0
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The Shadow Flicker models were also run to consider the cumulative effect of the proposed wind turbines along
with the nearby Ardderroc wind turbines. As can be seen in the image below there are no residential receptors
which would potentially experience in combination Shadow Flicker effects by both wind farm developments. The
Galway Park turbines further to the west and the Knockalough Wind Farm wind turbines were also reviewed and

confirmed to have no potential for in combination effects with the Proposed Development.
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1.6.1 Pre and Post-Mitigation Effects

As outlined in Section 1.4.2 above, of the properties modelled, it is predicted that 6 no. properties may experience
daily shadow flicker levels above the Guidelines threshold of 30 minutes per day {0.5 hours). The annual figure is
compliant once adjusted for the regional sunshine average. Shadow flicker mitigation strategies are commonplace
across treland and internationally, supported where necessary by technical hardware and software measurement
and verification equipment. The mitigation strategy outlined in Tabie & below is based on the theoretical
precautionary scenario insofar that it discounts sunshine hours and other conditions discussed in preceding
sections of this report which may naturally reduce the pre-mitigation rate of potential shadow flicker at the
residential properties in question. It confirms that when any required turbine control measures are deployed,
these wil ensure the Guidetine 30 minutes per day shadow flicker is not exceeded at all houses post mitigation.

136m Rotor Diameter Turbines 138m Rotor Diameter Turbines
Housa Predicted Pre- Post Mitigation Predicted Pre- Post Mitigation
Mitigation Scenario  Scenatio (max hours Mitigation Scenaric ~ Stenario (max hours
{max hours per day) per day) (max hours per day) per day)
1 0.53 £ 0.50 0.54 £0.50
2 0.53 <0.50 0.54 <0.50
3 0.55 <£0.50 0.56 £0.50
4 0.52 <050 0.53 £0.50
5 0.52 £ 0.50 0.53 < 0.50
6 0.46 <0.50 0.47 <0.50

The developer commits to installing mitigation measures that witl eliminate any potential shadow flicker duration
greater that the accepted guideline limits.

In the first year of cperation, the shadow flicker at these dwellings will be monitared to determine if shadow
flicker accurring is exceeding the guideline limits and if 5o a strategy will be devised with the resident on how
best to address this, having regard to the foliowing: A Y] : = >
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1.6.2 Screening Measures

residential receptor locations, mitigation options will be discussed with the affected K ding:

In the event of an occurrence of shadow flicker exceeding guideline threshold vafues fﬁm’tt?n r day at
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¢ Installation of approprizte window blinds in the affected rooms of the residence;
*  Planting of screening vegetation;

*  Other site-specific measures which might be agreeable to the affected party and may lead to the desired
mitigation,

If agreement can be reached with the homeowner, then it would be arrarged for the required mitigation to be
implemented in cooperation with the affected party as soon as practically possible and for the full costs to be
borne by the wind farm operator.

1.6.3 Wind Turbine Control Measures

if it is not possibfe to mitigate any identified shadow flicker limit exceedance locally using the measures detailed
in Section 1.6.1 above, wind turbine control measures will be implemented.

Shadow Flicker Control Modules {SFCM} is a standard element of commercial wind turbine packages which
requires the identified dates and times of day of potential occurrence at dwellings within the shadow flicker study
area to be inserted into the SFCM computer program. This software considers factors such as weather conditions,
which will then automatically stop each wind turbine at times when shadow flicker would otherwise occur within
any of the houses. Once the conditions for shadow flicker to occur ne longer apply (e.g. when the sun has passed
the relevant position in the sky or once it has been clouded over), the wind turbine is restarted

The shadow flicker computer model assessment provides very detailed information, down to the exact times of
day when shadow flicker is predicted to occur and from which turbine for each receptor. This information will be
used to program the shadow flicker modules to assist in eliminating shadow flicker making sure it does not occur
at any property. Should the draft 2019 Wind Energy Development Guidelines be adopted this curtailment
measure would be capable of satisfying the recomrmended requirements concerning Shadow Flicker.

Fee: € __ Type:




The current 2006 Wind Energy Development Guidelines recommend that shadow flicker at offices and dwellings
within 500m of a turbine shouid not exceed 30 hours per year or 30 minutes per day. There are no dwellings
within 500m of a proposed turbine, therefore the development would comply with the recommended threshold
criteria.

These guidelines also state that at distances Breater than 10 rotor diameters from a turbine, the potentiai for
shadow flicker is very low,

The output from the Shadow Flicker model determines that Shadow flicker could theoretically occur at up to 6
properties, under theoretical conservative conditions, within the 10 rotor diameter study area.

The likelihood and duration of this effect occurring however depends upon certain cambinations of factors namely
sunshine, turbine and window locations, turbine orientation, weather conditions and intervening structures or
vegetation. When average annual sunshine data is taken Into account, the potential annual shadow flicker at all
dwellings falls well below the best practice threshold of 30 hours per day.

Condition 9(a) of the Permitted Development stipulates that “Shadow Hflicker arising from the proposed
development, by ftself or in combination with other existing or permitted wind energy development in the vicinity,
shall not exceed 30 hours per year or 30 minutes per day at existing or permitted dwellings or other sensitive
receptors”

The computer model provides very detailed information, down to the times of day when shadow flicker is
predicted to occur and from which turbine for each receptor. Should it be required, this information will be used
to programme shadow flicker contro! modules on turbines to pause turbine operation where necessary when
shadow flicker is predicted to occur. The correct operation of the installed shadow flicker control measures will
ensure that there will be no shadow flicker impact,

Therefore there would be no difference in the residual shadow flicker effects associated with the Proposed
Development when compared to the Permitted Development.

The Shacow Flicker model was also run to consider the cumulative effect of the varied Cnoc Raithni (Knockranny)
wind farm development along with the nearby consented Ardderroo wind farm. The resulis provide that there
are no residential receptors which would potentially experience in combination Shadow Flicker effects by both
wind farm developments.
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APPENDIX A

SHADOW FLICKER MODEL OUTPUT DATA
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project: 22854 Cnoc Raithni Wind Farm
Run Name V136 2023-02-22.WFK

Title : Permitted (V136)

Time : 22/02/2023 12:01

MERGED SHADOW TIMES ON EACH HOUSE DUE TO ALL TURBINES
Please note, this does not account for daylight savings

House Easting Northing Date _?T;: End Time | Duration | % Cover
1 517135 734153 15-Feb  16:56:55 17:00:48 00.03:53 100
1 517135 734153 16-Feb 16:55:24 17:07:41 00:12:17 100
1 517135 734153 17-Feb  16:54:11 17:15:02 00:20:51 100
1 517135 734153 18-Feb 16:53:13 17:19:59 00:26:47 100
1 517135 734153 19-Feb 16:52:26 17:20:37 00:28:11 100
1 517135 734153 20-Feb  16:51:48 17:21:03 00:29:15 100
1 517135 734153 21-Feb  16:51:20 17:21:19 00:29:59 100
1 517135 734153 22-Feb 16:51:00 17:21:25 00:30:25 100
1 517135 734153 23-Feb  16:50:48 17:21:22 00:30:34 100
1 517135 734153 24-Feb 16:50:44 17:21:09 00:30:25 100
1 517135 734153 25-Feb  16:50:47 17:20:46 00:29:59 100
1 517135 734153 26-Feb  16:50:59 17:20:13 00:29:14 100
1 517135 734153 27-Feb  16:51:21 17:19:29 00:28:09 100
1 517135 734153 28-Feb 16:51:54 17:18:33 00:26:39 100
1 517135 734153 Ol-Mar  16:52:40 17:17:23 00:24:43 100
1 517135 734153 02-Mar 16:53:42 17:15:55 00:22:13 100
1 517135 734153 03-Mar 16:55:09 17:14:03 00:18:54 100
1 517135 734153 04-Mar 16:57:17 17:11:29 00:14:13  83.9
1 517135 734153 05-Mar 17:01:31 17:06:47 00:05:15  10.9
1 517135 734153 18-Mar 17:39:09 18:07:22 00:28:13 100
1 517135 734153 19-Mar 17:38:20 18:07:37 00:29:18 100
1 517135 734153 20-Mar 17:37:42 18:07:41 00:29:55 100
1 517135 734153 21-Mar 17:37:13 18:07:35 00:30:21 100
1 517135 734153 22-Mar  17:36:54 18:07:18 00:30:24 100
1 517135 734153 23-Mar 17:36:44 18:06:51 00:30:07 100
1 517135 734153 24-Mar 17:36:44 18:06:14 00:29:29 100
1 517135 734133  25-Mar 17:36:55 18:05:26 00:28:30 100
1 517135 734153 26-Mar  17:37:18 18:04:26 00:27:07 100
1 517135 734153 27-Mar  17:37:55 18:03:12 00:25:17 100
1 517135 734153 28-Mar 17:38:48 18:01:42 00:22:54 100
1 517135 734153 29-Mar  17:40:04 17:59:50 00:19:47 100
1 517135 734153 30-Mar 17:41:55 17:57:23 00:15:28  99.7]
1 517135 734153 31-Mar  17:45:13 17:53:29 00:08:15 26.93
1 517135 734153 10-Apr  18:52:45 18:53:27 00:00:42 100
1 517135 734153 11-Apr  18:41:58 18:52:57 00:10:59 100
1 517135 734153 12-Apr  18:32:09 18:52:11 ,00:20:01 200
1 517135 734153 13-Apr  18:27:45_18:51:12 00:23:27 100
1 517135 734153 14-Apr 18:28:36  I18WYSTO0II34 100
1 517135 734153 15-Apr 18:29:36-518#&3‘1-—00119?05——1'00—— I
1 517135 734153 16-Apr  18:30:33 18:46:36 Pe: 15148 7{72800
1

517135 734153 17-Apr  18:33:11 18:43:52 00:10:4},1 . 51.06
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517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135

734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153

27-Apr
28-Apr
29-Apr
30-Apr
01-May
02-May
03-May
04-May
05-May
06-May
07-May
08-May
09-May
10-May
11-May
12-May
13-May
14-May
15-May
16-May
17-May
18-May
19-May
24-jul
25-Jul
26-Jul
27-lul
28-jul
29-Jul
30-Jul
31-Jul
01-Aug
02-Aug
03-Aug
04-Aug
05-Aug
06-Aug
07-Aug
08-Aug
09-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug
15-Aug
25-Aug
26-Aug
27-Aug
28-Aug

19:29:45
19:24:21
19:19:17
19:14:30
19:09:59
19:06:07
19:05:52
19:05:44
19:05:39
19:05:41
19:05:49
19:06:02
18:06:22
19:06:47
19:07:18
19:07:56
15:08:41
19:09:35
19:10:38
19:11:54
19:13:29
19:15:36
19:19:52
19:28:20
19:25:13
19:23:18
19:21:50
19:20:37
16:19:35
19:18:41
19:17:54
19:17:12
16:16:36
19:16:05
19:15:38
19:15:16
19:14:58
19:14:44
19:14:36
19:14:31
19:14:30
19:18:19
19:22:28
19:26:52
19:31:32
15:36:29"
18:36/%6
18:33:22
18:31:18

19:35:36 00:05:51 100
19:36:14 00:11:53 100
19:36:44 00:17:27 100
19:37:05 00:22:35 100
19:37:19 00:27:19 100
19:37:28 00:31:21 100
19:37:30 00:31:38 100
19:37:28 00:31:44 100
18:37:20 00:31:41 100
19:37:07 00:31:26 100
19:36:50 00:31:.01 100
19:36:28 (0:30:26 100
19:36:01 00:29:40 100
19:35:30 00:28:43 100
19:34:53 00:27:35 100
19:34:10 00:26:14 100
19:33:22 00:24:41 100
15:32:27 00:22:53 100
19:31:24 00:20:46 100
19:30:08 00:18:14 100
19:28:36 00:15:07 81.96
15:26:32 00:10:55  41.12
19:22:21 00:02:29 211
19:34:03 00:05:43 11.18
19:37:13 00:12:00 49.:1
19:39:09 00:15:51 90.43
15:40:37 00:18:48 100
19:41:49 00:21:12 100
19:42:49 00:23:14 100
15:43:40 00:24:59 100
19:44:22 00:26:29 100
19:44:58 00:27:46 100
19:45:28 00:28:52 100
15:45:52 00:29:47 100
19:46:09 00:30:31 100
19:46:21 00:31:05 100
19:46:26 00:31:29 100
19:46:26 00:31:42 100
158:46:21 00:31:44 100
19:46:09 00:31:38 100
19:45:50 00:31:20 100
19:45:26 00:27:07 100
1%:44:54 00:22:26 100
19:44:14, . 00:17:22 100
19:43:25 00:11:53 100
19227 0005TS7 00
45 d5—B6:09-+9—38.09
18:48:1t‘ T%E{S%ﬁzg 100
: 18:49:44 00:18:26 100
18:294%" $8:50:44—00:21/65 —108-

Time:
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House
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517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135
517135

Easting

517137
517137
517137
517137
517137
517137
517137
517137
517137
517137

734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153
734153

Northing

734235
734235
734235
734235
734235
734235
734235
734235
734235
734235

29-Aug
30-Aug
31-Aug
01-Sep
12-Sep
13-Sep
14-Sep
15-Sep
16-Sep
17-Sep
18-Sep
1S-Sep
20-Sep
21-Sep
22-Sep
23-Sep
24-Sep
25-Sep
08-Oct
09-Oct
10-Oct
11-Oct
12-Oct
13-Oct
14-Qct
15-Oct
16-Oct
17-Oct
18-Oct
19-Qct
20-Oct
21-Oct
22-Oct
23-Oct
24-Oct
25-Oct
26-Oct

Date

11-Feb
12-Feb
13-Feb
14-Feb
15-Feb
16-Feb
17-Feb
18-Feb
19-Feb
20-Feb

18:28:24
18:29:37
18:38:24
18:48:04
17:35:22
17:32:20
17:30:09
17:28:26
17:27:.02
17:25:52
17:24:55
17:24:08
17:23:32
17:23:06
17:22:49
17:22:41
17:22:43
17:22:57
16:37:39
16:32:56
16:30:20
16:28:25
16:26:55
16:25:43
16:24:44
16:23:58
16:23:22
16:22:56
16:22:39
16:22:30
16:22:30
16:22:40
16:22:59
16:23:29
16:24:11
16:25:07
16:26:22

18:51:26
18:51:54
18:52:08
18:52:11
17:47:38
17:49:58
17:51:25
17:52:26
17:53:08
17:53:36
17:53:51
17:53:55
17:53:48
17:53:32
17:53:07
17:52:32
17:51:46
17:33:26
16:42:52
16:47.03
16:49:07
16:50:31
16:51:31
16:52:15
16:52:47
16:53:07
16:53:18
16:53:19
16:53:13
16:52:58
16:52:36
16:52:05
16:51:26
16:50:37
16:47:04
16:39:31
16:32:28

Start Time End Time

16:42:48
16:41:53
16:41:09
16:4035

16:46:17
16:52:25
16758756
17:05:51

16:40109°Gr7:09:1p

16:39:505F
16:3940
16:39{37
16:3944e:;
16:39(52

e.

00:23:02 100
00:22:17 160
00:13:44 100
00:04:.07 100
00:12:17 6056
00:17:38 100
00:21:16 100
00:23:59 100
00:26:06 100
00:27:44 100
00:28:56 100
00:29:46 100
00:30:16 100
00:30:26 100
00:30:18 100
00:29:50 100
00:29:03 100
00:10:30 100
00:05:13 1064
00:14:07 82.06
00:18:47 100
00:22:06 100
00:24:36 100
00:26:32 100
00:28.02 100
00:29:09 100
00:29:56 100
00:30:23 100
00:30:34 100
00:30:29 100
00:30:06 100
00:29:25 100
00:28:27 100
00:27:08 100
00:22:53 100
00:14:24 100
00:06:06 100

Duration

00:03:29 100
00:10:32 100
00:17:46 100
00:25:16- 100
00:29:01 100

17:09:25
17:09:20

17:09:05

17:08:40

——

00:29:32 100

| SoBE ezt

00:29]:'%; 100
00:28:48 100

% Cover

—

By:__________-



517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137

734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235

21-Feb
22-Feb
23-Feb
24-Feb
25-Feb
26-Feb
27-Feb
13-Mar
14-Mar
15-Mar
16-Mar
17-Mar
18-Mar
19-Mar
20-Mar
21-Mar
22-Mar
23-Mar
24-Mar
25-Mar
04-Apr
05-Apr
06-Apr
07-Apr
08-Apr
09-Apr
10-Apr
11-Apr
18-Apr
19-Apr
20-Apr
21-Apr
22-Apr
23-Apr
24-Apr
25-Apr
26-Apr
27-Apr
28-Apr
29-Apr
30-Apr
01-May
02-May
03-May
04-May
05-May
06-May
07-May
08-May
09-May

16:40:12 17:08:04 00:27:52 100
16:40:43 17:07:18 00:26:35 100
16:41:25 17:06:17 00:24:52 100
16:42:22 17:05:02 00:22:40 100
16:43:39 17:03:26 00:19:47 100
16:45:27 17:01:17 00:15:50 100
16:48:25 16:57:58 00:09:34 37.67
17:26:53 17:50:52 00:23:59 100
17:26:17 17:55:52 00:29:36 100
17:25:50 17:55:46 00:29:56 100
17:25:33 17:55:29 00:29:56 100
17:25:25 17:55:02 00:29:37 100
17:25:27 17:54:24 00:28:57 100
17:25:41 17:53:35 00:27:54 100
17:26:07 17:52:33 00:26:26 100
17:26:47 17:51:16 00:24:29 100
17:27:45 17:49:42 00:21:58 100
17:29:08 17:47:43 (00:18:35 100
17:31:15 17:44:59 00:13:45 79.34
17:35:59 17:39:39 00:03:40 5.34
18:39:10 18:43:11 00:04:01 100
18:24:10 18:42:38 00:18:28 100
18:16:41 18:41:54 00:25:13 100
18:17:02 18:40:57 00:23:55 100
18:17:38 18:39:46 00:22:08 100
18:18:33 18:38:18 00:19:46 100
18:19:53 18:36:26 00:16:33 100
18:22:59 18:33:49 00:11:50 64.12
19:18:33 19:20:27 00:01:54 100
15:10:58 19:21:37 00:10:39 100
19:03:55 19:22:30 00:18:35 100
18:57:21 19:23:09 00:25:48 100
18:54:10 19:23:38 00:29:28 100
18:53:29 19:23:58 00:30:29 100
18:52:57 1%:24:10 00:31:13 100
18:52:32 19:24:15 00:31:43 100
18:52:14 19:24:13 00:31:59 100
18:52:02 19:24:05 00:32:03 100
18:51:57 19:23:51 00:31:53 100
18:51:59 19:23:31 00:31:31 100
18:52:08...59:23:04 ..00:30:56 100
18:52:24 19:22:32.( 00;30:08 100
18:52:47)19:21:54 (0:29:06 100
18:53:1854.9:21:08 00:27:50 100
18:53:57 19:70:15 002678 100"
18:54:86 19:19:14 100:24:28 77200
18:55:?1_:7,_ 1@1803 90:22‘.1.5 100
18:57:03 19:16:38 00:19:35 Avion
18:58 4limd:9:14:52 00:161d41  95.37
19:0058..19:12:28 00:11:29 45.76



517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
317137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137
517137

734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235
734235

02-Aug
03-Aug
04-Aug
05-Aug
06-Aug
07-Aug
08-Aug
0S-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug
15-Aug
16-Aug
17-Aug
18-Aug
19-Aug
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
31-Aug
01-Sep
02-Sep
03-Sep
04-Sep
05-Sep
06-Sep
07-Sep
18-Sep
19-Sep
20-Sep
21-Sep
22-Sep
23-Sep
24-Sep
25-Sep
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct

15:14:50
19:10:26
19:08:08
19:06:24
19:04:59
19:03:49
19:02:48
19:01:55
19;01:10
12:00:31
18:59:58
18:59:31
18:59:09
18:58:53
18:58:43
18:58:38
18:58:38
18:58:46
18:58:59
15:01:12
15:07:08
19:13:31
19:20:23
18:22:18
18:19:15
18:17:09
18:15:32
18:14:14
18:13:11
18:14:38
18:27:54
17:21:36
17:17:51
17:15:25
17:13:33
17:12:03
17:10:49
17:09:49
17:09:00
17:08:22
17:07.55
17:07:87
17:07{28
17:07§29 -

19:18:20 00:03:30
19:22:35 00:12:08
19:24:43 00:16:35
19:26:16 00:19:52
19:27:28 00:22:28
19:28:25 00:24:37
19:29:12 00:26:24
19:29:50 00:27:55
19:30:19 00:29:10
19:30:41  00:30:10
19:30:55 00:30:;57
19:31:02 00:31:32
19:31:03 00:31:54
19:30:56 00:32:03
19:30:43 00:32:00
19:30:23 00:31:45
19:29:55 00:31:16
19:29:19 00:30:33
19:28:35 00:29:35
19:27:41 00:26:29
19:26:36 00:19:27
19:25:18 00:11:47
19:23:43 00:03:19
18:32:09 00:09:52
18:34:33 00:15:18
18:35:59 00:18:50
18:36:56 00:21:24
18:37:35 00:23:21
18:37:59 00:24:48
18:38:10 00:23:32
18:38:09 00:10:16
17:30:29 00:08:53
17:33:31 00:15:40
17:35:14 00:19:49
17:36:23 00:22:50
17:37:11 00:25:08
17:37:43 00:26:54
17:38:02 00:28:14
17:38:10 00:29:09
17:38:06 00:29:44
17:37:53 00:29:58
17:37:31 00729752
17:36:58*°00:29:31

1726:06—00:18:37

16:22{15°716:30:51 00.08:36

16:18442
16:16:26
16:14:46¢€

16:13:26

16:13:23

16:33: 57,
16:35:47 5 qgélf“
$6:32:0400:27)19;
16:37:59 00:24:34

4.19
51.12
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
43.36
100
100
100
100
100
100
100
31.72
100
100
100
100
100
100
100
100
100
100

100 L.

100
30.05
99.75

100

100

100

——

153842 ooz@!g 100



2 517137 734235 20-0ct  16:11:33 16:39:13 00:27-40 100
2 517137 734235 21-0ct  16:10:54 16:39:33 00:28:39 100
2 517137 734235 22-0ct  16:10:25 16:39:44 00:29:19 100
2 517137 734235 23-Oct  16:10:05 16:39:46 00:29:41 100
2 517137 734235 24-0Oct  16:09:54 16:39:41 00:29:48 100
2 517137 734235 25-Oct  16:09:51 16:39:29 00:29:38 100
2 517137 734235 26-Oct  16:09:57 16:39:09 00:29:12 100
2 517137 734235 27-0ct  16:10:11 16:37:41 00:27:30 100
2 517137 734235 28-Oct  16:10:36 16:30:37 00:20:01 100
2 517137 734235 29-Oct  16:11:10 16:23:59 00:12:49 100
2 517137 734235 30-Oct  16:11:56 16:17:45 00:05:50 100
House Easting Northing  Date  Start Time End Time Duration % Cover
3 517107 734271 03-Feb  16:42:54 16:43:26 00.00:32 15.03
3 517107 734271 Oa-feb  16:39:27 16:48:22 00:08:55 71.62
3 517107 734271 05-Feb  16:37:27 16:53:33 00:16:06 100
3 517107 734271 O6-Feb  16:35:59 16:56:42 00:20:43 100
3 517107 734271 07-Feb  16:34:51 16:57:59 00:23:09 100
3 517107 734271 08-Feb  16:33:55 16:59:02 00:25:07 100
3 517107 734271 09-Feb  16:33:11 16:59:52 (0:26:41 100
3 517107 734271 10-Feb  16:32:35 17:00:31 00:27:55 100
3 517107 734271 11-Feb 16:32:08 17:00:59 00:28:57 100
3 517107 734271 12-Feb  16:31:48 17:01:20 00:29:32 100
3 517107 734271 13-Feb  16:31:35 17:01:31 00:29:56 100
3 517107 734271 14-Feb  16:31:29 17:01:34 00:30:05 100
3 517107 734271 15-Feb  16:31:30 17:01:28 00:29:58 100
3 517107 734271 16-Feb 16:31:38 17:01:13 00:29:36 100
3 517107 734271 17-Feb  16:31:52 17:00:49 00:28:57 100
3 517107 734271 18-Feb 16:32:16 17:00:15 00:27:59 100
3 517107 734271 19-Feb  16:32:49 16:59:29 00.26:40 100
3 517107 734271 20-Feb  16:33:33 16:58:31 (00:24:57 100
3 517107 734271 21-Feb  16:34:32 16:57:18 00:22:46 100
3 517107 734271 22-Feb  16:35:50 16:55:44 00:19:53 100
3 517107 734271 23-Feb 16:37:39 16:53:38 00:15:59 100
3 517107 734271 24-Feb  16:40:34 16:5025 00:09:51 39.56
3 517107 734271 10-Mar  17:19:59 17:26:14 00:06:15 100
3 517107 734271 11-Mar  17:19:22 17:49:21 00:29:59 100
3 517107 734271 12-Mar 17:18:54 17:49:19 00:30:25 100
3 517107 734271 13-Mar 17:18:36 17:49:05 00:30:28 100
3 517107 734271 14-Mar  17:18:27 (17:48:40—00:30:13 100
3 517107 734271 15-Mar  17:18:28 [17:4808! 00:36:3g 100
3 517107 734271 16-Mar  17:18:39 17:47:20 00:28:41 100
3 517107 734271 17-Mar  17:19:02 |17:46:21 00:27-20 100
3 517107 734271 18-Mar 17:19:38 [17:4509 00:25:31_ 100
3 517107 734271 19-Mar  17:20:31 [17:43:41 00:b51GEC 7687
3 517107 734271 20-Mar 17:21:45 | 41651 00:20:06 Typd00
3 517107 734271 21-Mar  17:23:35 |17:39:26 00:15:50 100
3 517107 734271 22-Mar  17:26:47 |1735:38.00-08.51 Byslzg
3 517107 734271 02-Apr  18:30:41 118:38:30.00.07.49. 100



517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
317107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
317107
517107
517107
517107
517107
517107
517107
517107
517107

734271
734271
734271
734271
734271
734271
734271
734271
734271
7342713
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271

03-Apr
04-Apr
05-Apr
06-Apr
07-Apr
08-Apr
09-Apr
16-Apr
17-Apr
18-Apr
19-Apr
20-Apr
21-Apr
22-Apr
23-Apr
24-Apr
25-Apr
26-Apr
27-Apr
28-Apr
29-Apr
30-Apr
01-May
02-May
03-May
04-May
05-May
06-May
07-May
04-Aug
05-Aug
06-Aug
07-Aug
08-Aug
09-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug
15-Aug
16-Aug
17-Aug
18-Aug
15-Aug
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug

18:13:40
18:11:30
18:11:53
18:12:31
18:13:27
18:14:49
18:16:59
19:12:16
19:04:06
18:56:32
18:49:31
18:48:39
18:47.57
18:47:24
18:46:59
18:46:39
18:46:27
18:46:22
18:46:23
18:46:32
18:46:47
18:47:10
18:47:41
18:48:20
18:49:09
18:50:11
18:51:28
18:53:07
18:55:27
19:09:22
19:04:42
15:02:17
15:00:29
18:59:00
18:57:46
18:56:42
18:55:47
18:54:59
18:54:19
18:53:44
18:53:15
18:52:52
18:52:34
18:52:22
18:52:16
18:52:15
18:52:21
18:52:34
18:52;55
18:58:31

18:37:55
18:37:.09
18:36:10
18:34:57
18:33:27
18:31:31
18:28:49
19:16:05
19:17:12
19:18:03
19:18:41
19:19:08
19:19:27
19:19:38
19:19:42
19:19:39
19:19:29
19:19:14
19:18:52
19:18:25
19:17:51
19:17:11
19:16:23
19:15:28
19:14:24
15:13:10
12:11:42
19:09:52
19:07:23
19:12:38
19:17:08
19:19:20
19:20:55
19:22:08
19:23:07
19:23:54
19:24:32
19:25:02
19:25:23
19:25:37
19:25:44
19:25:44
19:25:37

1925733 _00:33:01 .
19:253162

19:24:33
19:23:57
1Q:-2-331ﬁ
19;22:18
19:71%4

00:24:15
00:25:39
00:24:17
00:22:27
00:20:00
00:16:42
00:11:50
00:03:49
00:13:06
00:21:31
00:29:10
00:30:29
00:31:30
00:32:12
00:32:43
00:32:59
00:33:02
00:32:52
00:32:29
00:31:53
00:31:04
00:30:01
00:28:43
00:27.08
00:25:15
00:22:59
00:20:14
00:16:45
00:11:56
00:03:16
00:12:26
00:17:03
00:20:26
00:23.08
00:25:21
00:27:11
00:28:45
00:30:02
00:31:04
00:31:53
00:32:29
00:32:52
00:33:03

00:32:46

00:32:18

00:31135
00:30:39
00:29:23
80:22:42

100
100
100
100
100
100
62.76
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
99.4
48
3.54
52.09
100
100
100
100
100
100
100
100
100
100
100,
100
100
100
100
DERogny3
+100
100
5100



517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
317107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107
217107
517107
517107
517107
517107
517107
517107
517107
517107
517107
517107

Easting

517156
517166

734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271
734271

Northing

734306
734306

25-Aug
26-Aug
02-5ep
03-Sep
04-Sep
05-Sep
06-Sep
07-Sep
08-Sep
09-Sep
21-Sep
22-Sep
23-Sep
24-Sep
25-Sep
26-Sep
27-Sep
28-5ep
29-Sep
30-Sep
01-Oct
02-Oct
03-Oct
17-Oct
18-Oct
19-Oct
20-Oct
21-Oct
22-Oct
23-Oct
24-Oct
25-Oct
26-Oct
27-Oct
28-0ct
29-Oct
30-Oct
31-Oct
01-Nov
02-Nov
03-Nov
04-Nov
05-Nov
06-Nov
07-Nov

Date

08-Feb
09-Feb

19:05:21
19:12:43
18:16:19
18:13:06
18:10:55
18:09:14
18:07:54
18:06:48
18:06:02
18:16:40
17:11:42
17.08:29
17:06:14
17:04:29
17:03:03
17:01:53
17:00:55
17:00:09
16:59:34
16:59:08
16:58:52
16:58:44
16:58:48
16:13:30
16:09:56
16:07:42
16:06:02
16:04:44
16:03:41
16:02:52
16:02:14
16:01:45
16:01:26
16:01:14
16:01:11
16:01:15
16:01:28
16:01:50
16:02:21
16:03:01
16:03:53
16:04:59
16:06:22
16:08:12
16:10:52

Start Time

16:35:13
16:34:23

19:19:56
19:18:22
18:25:48
18:28:21
18:29:51],
18:30:51
18:31:32
18:31:57
18:32:10
18:32:11
17:23:13
17:25:43
17:27:16
17:28:19
17:29:04
17:29:33
17:29:50
17:29:56
17:29:52
17:29:38
17:29:15
17:27:00
17:02:39
16:21:54
16:25:05
16:26:58
16:28:17
16:29:16
16:30:01
16:30:35
16:30:58
16:31:13
16:31:20
16:31:20
16:32:12
16:30:58
16:30:36
16:30:08
16:29:31
16:28:47
16:27:52
16:26:45
16:25719
16:20:12

16:18322

BP-
End Time

16:87:21
16:43:01
lime:

00:14:35
00:05:39
00:09:29
00:15:15
00:18:56
00:21:36
00:23:38
00:25:09
00:26:08
00:15:30
00:11:31
00:17:14
60:21:02
00:23:50
00:26:00
00:27:41
00:28:55
00:29:47
00:30:18
00:30:30
00:30:24
00:28:16
00:03:51
00:08:24
00:15:09
00:19:16
00:22:15
00:24:33
00:26:20
006:27:43
00:28:44
00:29:28
00:29:54
00:30:05
00:30:01
00:29:42
00:29:08
00:28:18
00:27:11
00:25:45
00:23:59
00:21:46
00:18:57
00:12:01

Duration

00:02:08
00:08:38

% Cover

C 2023

TydO0

100

By ___



517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166

734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306

10-Feb
11-Feb
12-Fehb
13-Feb
14-Feb
15-Feb
16-Feb
17-Feb
18-Feb
19-Feb
20-Feb
21-Feb
22-Feb
23-Feb
24-Feh
05-Mar
10-Mar
11-Mar
12-Mar
13-Mar
14-Mar
15-Mar
16-Mar
17-Mar
18-Mar
19-Mar
20-Mar
31-Mar
CGl1-Apr
02-Apr
03-Apr
04-Apr
05-Apr
06-Apr
07-Apr
13-Apr
14-Apr
15-Apr
16-Apr
17-Apr
18-Apr
19-Apr
20-Apr
21-Apr
22-Apr
23-Apr
24-Apr
25-Apr
26-Apr
27-Apr

16:33:43
16:33:12
16:32:50
16:32:35
16:32:27
16:32:28
16:32:34
16:32:49
16:33:13
16:33:47
16:34:34
16:35:36
16:37:01
16:39:05
16:43:07
17:18:06
17:17:32
17:17:08
17:16:54
17:16:50
17:16:55
17:17:13
17:17:44
17:18:31
17:19:39
17:21:19
17:24:08
18:12:00
18:07:21
18:07:36
18:08:04
18:08:49
18:09:57
18:11:41
18:15:02
18:58:16
18:49:15
18:42:32
18:41:36
18:40:50
18:40:13
18:39:45
18:39:24
18:39:12
18:39:06
18:39:09
18:39:20
18:39:38
18:40:06
18:40:44

16:49:01
16:55:22
17.00:38
17:00:53
17:00:57
17:00:52
17:00:38
17:00:14
16:59:39
16:58:52
16:57:52
16:56:36
16:54:55
16:52:34
16:48:14
17:27:54
17:46:08
17:46:01
17:45:43
17:45:14
17:44:34
17:43:42
17:42:36
17:41:14
17:39:32
17:37:17
17:33:52
18:33:10
18:32:32
18:31:41
18:30:36
18:29:15
18:27:33
18:25:14
18:21:19
19:08:14
19:09:12
19:09:54
19:10:23
19:10:43
19:10:53
19:10:56
19:10:50
19:10:38
19:10:19
19:09:52
19:09:19
19:08:38
19:07:49

19:06:5p

00:15:18
00:22:10
00:27:49
00:28:18
00:28:29
00:28:25
00:28:03
00:27:25
00:26:26
00:25:05
00:23:18
00:20:59
00:17:54
00:13:30
00:05:07
00:09:48
00:28:36
00:28:52
00:28:49
00:28:25
00:27:39
00:26:29
00:24:52
00:22:44
00:19:54
00:15:58
00:09:44
00:21:10
00:25:10
00:24:06
00:22:33
00:20:26
00:17:35
00:13:33
00:06:17
00:09:58
00:19:57
00:27:21
00:28:48
00:29:53
00:30:40
00:31:10
00:31:26
00:31727
00:31:12

06:30:43
00:29:59

00:28:59
00:27:43
0026:07

| Time:

—

100
100
100
100
100
100
100
100
100
100
100
100
100

80.96

11.01
100
100
100
100
100
100
100
100
100
100
100

40.27
100
100
100
100
100
100

88.46

17.93
100
100
100
100
100
100
100
100
100
100

100

100

100

! S06E

100 Tyng.

—

By: _

C 2023

————



517166 734306 28-Apr  18:41:33 19:05:42 00:24:09 100

517166 734306  29-Apr  18:42:36 19:04:21 00:21:45 100
517166 734306 30-Apr  18:43:58 19:02:42 00:18:43 100
517166 734306  01-May 18:45:51 19:00:34 00:14:43  80.14
517166 734306  02-May 18:48:52 18:57:19 00:08:28 25.89
517166 734306 10-Aug  18:57:11 19:05:49 00:08:38 26.82
517166 734306  11-Aug  18:53:58 19:08:44 00:14:45 80.13
517166 734306 12-Aug  18:51:50 19:10:33 00:18:43 160
517166 734306 13-Aug  18:50:09 19:11:52 00:21:43 100
517166 734306 14-Aug  18:48:47 19:12:53 00:24:06 100
517166 734306 15-Aug  18:47:38 19:13:41 00:26:03 100
517166 734306  16-Aug  18:46:38 19:14:17 00:27:39 100
517166 734306 17-Aug  18:45:48 19:14:44 00:28:56 100
517166 734306 18-Aug 18:45.05 19:15:01 00:29:56 100
517166 734306 19-Aug  18:44:30 19:15:11 00:30:41 100
517166 734306 20-Aug  18:44:01 19:15:12 00:31:11 100
517166 734306 21-Aug  18:43:39 19:15:05 00:31:26 100
517166 734306 22-Aug  18:43:24 19:14:51 00:31:28 100
517166 734306 23-Aug  18:43:15 19:14:29 00:31:14 100
517156 734306 24-Aug  18:43:12 19:13:59 00:30:47 100
517166 734306 25-Aug  18:43:17 19:13:20 00:30:03 100
517166 734306  26-Aug  18:43:30 19:12:32 00:29:03 100
517166 734306  27-Aug  18:43:52 19:11:34 00:27:42 100
517166 734306 28-Aug 18:48:24 19:10:23 00:21:59 100
517166 734306 29-Aug  18:56:30 19:08:58 00:12:28 100
517166 734306  30-Aug  19:05:22 19:07:13 00:01:51 100
517166 734306  05-Sep 18:09:05 18:20:29 00:11:24  60.69
517166 734306  06-Sep 18:06:22 18:22:31 00:16:10 100
517166 734306  07-Sep 18:04:25 18:23:47 00:19:22 100
517166 734306  08-Sep 18:02:54 18:24:37 00:21:43 100
517166 734306  09-Sep 18:01:41 18:25.09 00:23:29 100
517166 734306  10-Sep 18:00:42 18:25:27 00:24:45 160
517166 734306 11-Sep 17:59:56 18:25:31 00:25:35 100
517166 734306 12-Sep 18:14:45 18:25:24 00:10:39 100
517166 734306 23-Sep 17:08:03 17:19:52 00:11:49 59,74
517166 734306 24-Sep 17:05:03 17:22:09 00:17:06 100
517166 734306  25-Sep 17:02:;56 17:23:35 00:20:39 100
517166 734306  26-Sep 17:01:17 17:24:32 00:23:15 100
517166 734306  27-Sep  16:59:57 17:25:12 00:25:15 100
517166 734306  28-Sep 16:58:52 17:25:37 00:26:45 100
517166 734306  29-Sep 16:57:59 17:25:49 00:27:49 100
517166 734306  30-Sep 16:57:20 17:25:50 00:28:31 100
517166 734306  01-Oct 16:56:50 17:25:41 00:28:51 100
517166 734306  02-Oct 16:56:30 17:25:22 00:28:52 100
517166 734306  03-Oct 16:56:20 17:24:54 00:28:34 100 ¥
517166 734306  04-Oct 16:56:20 17:04:20L_OO:07:59 100 L
517166 734306  17-Oct 16:17:48 16:17:59 ,(00:00:1T 0.01
517166 734306  18-Oct 16:11:26 16:23:58 00"12'31 6857
517166 734306  19-Oct  16:08:55 16:26:07 00:17:13 | 5199C 2003
517166 734306  20-Oct  16:07:07 16:27:3{1.___99:20:27 10(}398'

— By: .
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House
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517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166
517166

Easting

517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175

734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306
734306

Northing

734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734273
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278

21-Oct
22-Oct
23-Oct
24-Oct
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct
31-Oct
01-Nov
02-Nov

Date

12-Feb
13-Feb
14-Feb
15-Feb
16-Feb
17-Feb
18-Feb
18-Feb
20-Feb
21-Feb
22-Feb
23-Feb
24-Feb
25-Feb
11-Mar
12-Mar
13-Mar
14-Mar
15-Mar
16-Mar
17-Mar
18-Mar
19-Mar
20-Mar
21-Mar
22-Mar
01-Apr
02-Apr
03-Apr
04-Apr
05-Apr
06-Apr
07-Apr

16:05:45 16:28:37 00:22:52 100
16:04:40 16:29:24 00:24:44 100
16:03:50 16:29:59 00:26:09 100
16:03:11 16:30:23 00:27:12 100
16:02:42 16:30:38 00:27:56 100
16:02:23 16:30:44 00:28:21 100
16:02:12 16:30:43 00:28:31 100
16:02:10 16:30:34 00:28:24 100
16:02:16 16:30:18 00:28:01 100
16:02:32 16:27:04 00:24:32 100
16:02:56 16:20:38 00:17:42 100
16:03:31 16:14:35 00:11:04 100
16:04:16 16:08:53 00:04:37 100
Start Time End Time Duration % Cover
16:38:30 16:43:38 00:05:08 100
16:37:57 16:50:04 00:12:07 100
16:37:33 16:56:56 00:19:23 100
16:37:17 17:04:14 00:26:57 100
16:37:09 17:05:43 00:28:34 100
16:37:08 17:05:36 00:28:28 100
16:37:14 17:05:19 00:28:05 100
16:37:29 17:04:53 00:27:23 100
16:37:54 17:04:15 00:26:21 100
16:38:29 17:03:24 00:24:56 100
16:39:17 17:02:20 00:23:04 100
16:40:22 17:00:58 00:20:37 100
16:41:51 16:59:11 00:17:19 100
16:44:.05 16:56:37 00:12:32 69.04
17:22:30 17:41:58 00:19:28 100
17:21:56 17:50:32 00:28:36 100
17:21:33 17:50:24 00:28:50 100
17:21:18 17:50:04 00:28:45 100
17:21:15 17:49:34 00:28:19 100
17:21:22 17:48:52 00:27:30 100
17:21:41 17:47:58 00:26:18 100
17:22:13 17:46:50 00:24:37 100
17:23:02 17:45:26 00:22:24 100
17:24:13 17:43:40 00:19:27 100
17:25:58 17:41:19 00:15:21 100
17:29:0417:37:37 ~00:08:34 30.89
18:32:11 18:37:08~'00:04-57 100
18:13:37, L &35 :
18:11:11 AE®35:55 00:24:44 100
18:11:30, 18:35:00 0 :53‘ gc qug
18:12:03] 18:33:51 Og: 1.@
18:12:56| F5#:3@:23  00:19:28[ype: 100
18:14:14] 18:30:31 00:16:17 100
| Time: By: .



517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175

734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278

08-Apr
14-Apr
15-Apr
16-Apr
17-Apr
18-Apr
19-Apr
20-Apr
21-Apr
22-Apr
23-Apr
24-Apr
25-Apr
26-Apr
27-Apr
28-Apr
29-Apr
30-Apr
01-May
02-May
03-May
04-May
08-Aug
09-Aug
10-Aug
11-Aug
12-Aug
13-Aug
14-Aug
15-Aug
16-Aug
17-Aug
18-Aug
19-Aug
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug
27-Aug
28-Aug
03-Sep
04-5ep
05-5ep
06-Sep
07-Sep
08-Sep
09-Sep

18:16:20
19:10:53
19:01:56
18:53;40
18:46:53
18:45:59
18:45:15
18:44:41
18:44:15
18:43:56
18:43:44
18:43:40
18:43:44
18:43:56
18:44:15
18:44:43
18:45:21
18:46:10
18:47:13
18:48:34
18:50:24
18:53:16
19:01:58
18:58:59
18:56:56
18:55:20
18:54:01
18:52:54
18:51:57
18:51:08
18:50:27
18:49:52
18:49:25
18:49:03
18:48:49
18:48:40
18:48:38
18:48:43
18:48:55
18:49:17
18:54:18
19:01:44
15:09:48
18:15:05
18:11:55
18:09:47
18:08:09
18:06:52
18:05:49
18:04:59

18:27:54
19:11:18
19:12:33
19:13:29
19:14:09
19:14:38
19:14:56
19:15:06
19:15:09
19:15:04
19:14:52
19:14:33
19:14.07
19:13:34
19:12:55
19:12:07
19:11:10
19:10:04
19:08:45
15:07:10
19:05:07
19:02:03
19:11.08
19:13:52
19:15:37
19:16:55
19:17:55
19:18:42
19:15:19
19:19:46
19:20:04
19:20:14
19:20:16
19:20:11
19:19:58
19:19:37
19:19:09
19:18:32
19:17:46
19:16:50
19:15:41
19:14:19
19:12:37
18:24:14
18:26:43

18:28:10

18:29:05

18:29:44'

18:30:06

18:3045

00:11:34
00:00:24
00:10:38
00:19:48
00:27:16
00:28:39
00:29:41
00:30:26
00:30:54
00:31:08
00:31:07
00:30:52
00:30:23
00:29:39
00:28:39
00:27:23
00:25:48
00:23:53
00:21:32
00:18:35
00:14:43
00:08:47
00:09:10
00:14:53
00:18:41
00:21:35
00:23:54
00:25:48
00:27:22
00:28:38
00:29:37
00:30:21
00:30:51
00:31:07
00:31:09
00:30:57
00:30:31
00:29:49
00:28:51
00:27:33
00:21:23
00:12:35
00:02:49
00:09:08
00;14:48

00:18:23
100:20:57—
00:22:53.

00:24:17
00:25:15

Time:

63.2
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
80.81
28.1
30.51
82.34
100
100
100
100
160
100
100
100
100
100
100
100
100
100
100
100
100
100
100
38.36
100
' 100
100

100

1 51(3@0 2023

- T'.

y -
=z

By,
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House

mmmmmmmmmmmmmmmmmmm

517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
317175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175
517175

Easting

517332
517332
517332
517332
517332
517332
517332
517332
517332
517332
517332
517332
517332
517332
5317332
517332
517332
517332
517332

734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278
734278

Northing

734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352

10-Sep
21-Sep
22-Sep
23-Sep
24-Sep
25-Sep
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep
01-Oct
02-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
21-Oct
22-Oct
23-Oct
24-Oct
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct

Date

07-Mar
08-Mar
09-Mar
16-Mar
11-Mar
12-Mar
13-Mar
14-Mar
15-Mar
156-Mar
17-Mar
05-Apr
06-Apr
07-Apr
08-Apr
09-Apr
10-Apr
11-Apr
12-Apr

18:16:28
17:14:00
17:10:53
17:08:42
17:07:01
17:05:39
17:04:33
17:03:39
17:02:58
17:02:27
17:02:06
17:01:54
17:01:53
16:17:05
16:14:22
16:12:28
16:11:01
16:09:52
16:08:59
16:08:17
16:07:46
16:07:25
16:07:12
16:07:08
16:07:13
16:07:27
16:07:50
156:08:24

Start Time

17:22:49
17:22:09
17:21:40
17:21:22
17:21:15
17:21:20
17:21:38
17:22:11
17:23:02
17:24:21
17:26:28
18:54:33
18:40:36
18:37:16
18:35:55
18:34:50
18:33.59
18:33:20
18:32:51

18:30:12
17:25:11
17:27:36
17:25:04
17:30:03
17:30:44
17:31:09
17:31:22
17:31:24
17:31:15
17:30:56
17:30:27
17:18:09
16:28:46
16:31:05
16:32:36
16:33:41
16:34:29
16:35:05
16:35:29
16:35:44
16:35:49
16:35:47
16:35:36
16:28:47
16:21:47
16:15:13
16:09:03

End Time

17:34:50
17:47:05
17:47:04
17:46:51
17:46:26
17:45:49
17.44:57
17:43:50
17:42:25
17:40:32
17:37:50
18:55:32
18:57:19
18:58:30
18:59:19
18:59:52
19:00:12
19:00:20
19:00:18

00:13:44 100

00:11:11  53.22

00:16:43 100

00:20:22 100

00:23:02 100

00:25:05 100

00:26:37 100

00:27:43 100

00:28:26 100

00:28:48 100

00:28:50 100

00:28:33 100

00:16:16 100

00:11:40 59.01

00:16:44 100

00:20:09 100

00:22:41 100

00:24:37 100

00:26:06 100

00:27:12 100

00:27:58 100

00:28:24 100

00:28:35 100

00:28:28 100

00:21:35 100

00:14:21 100

00:07:23 100

00:00:40 100

Duration % Cover

00:12:01 100

00:24:56 100

00:25:24 100

00:25:29 100

00:25:11 100

00:24:29 100

00:23:20 100

00:21:40 100

00:19:22 100

00:16:11 100

00:11:22 63.64

00:00:59 93.88

00:16:43 £, 100

00:28- 100 .
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00:26:12 10
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House Easting
167 516575

734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
734352
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734352
734352
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734352
734352
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Northing
732583

There are no shadows cast on this window

House Easting
168 516621

Northing
732540

There are no shadows cast on this window

13-Apr
14-Apr
15-Apr
16-Apr
17-Apr
18-Apr
19-Apr
20-Apr
21-Apr
22-Apr
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug
27-Aug
28-Aug
29-Aug
30-Aug
31-Aug
01-Sep
02-Sep
03-5ep
04-Sep
05-Sep
06-Sep
25-5ep
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep
01-Oct
02-Oct
03-Oct
04-Oct
05-Oct
06-Oct

18:32:31 19:00:07 00:27:36 100
18:32:20 18:59:46 00:27:26 100
18:32:20 18:59:17 00:26:57 100
18:32:29 18:58:38 (00:26:09 100
18:32:50 18:57:48 00:24.59 100
18:33:22 18:56:47 00:23:25 100
18:34:09 18:55:33 00:21:23 100
18:35:16 18:54:.01 00:18:45 100
18:36:50 18:52:02 00:15:12 100
18:39:20 18:49:09 00:09:49 41.05
18:44:42 18:53:38 00:08:56 33.59
18:41:35 18:56:15 00:14:39 93,65
18:39:30 18:57:49 00:18:19 100
18:37:53 18:58:55 00:21:02 100
18:36:35 18:59:42 00:23:07 100
18:35:31 19:00:14 00:24:44 100
18:34:38 19:00:35 00:25:57 100
18:33:55 19:00:44 00:26:49 100
18:33:21 19:00:43 00:27:22 100
18:32:56 19:00:32 00:27:36 100
18:32:40 19:00:12 00:27:32 100
18:32:33 18:59:43 00:27:10 100
18:32:34 18:59:03 00:26:29 100
18:32:45 18:58:11 00:25:27 100
18:33:08 18:57:08 00:24:00 100
18:33:45 18:55:49 00:22:04 100
18:34:42 18:54:10 00:19:29 100
18:44:54 18:52:03 00:07:08 100
17:13:37 17:17:27 00:03:50 6.86
17:08:51 17:21:31 00:12:40 79.66
17:06:22 17:23:19 00:16:57 100
17:04:34 17:24:26 00:19:52 100
17:03:10 17:25:11 00:22:00 100
17:02:04 17:25:38 00:23:33 100
17:01:13 17:25:50 00:24:37 100
17:00:35 17:25:50 00:25:16 100
17:00:09 17:25:39 00:25:30 100
16:59:53 17:25:17 00:25:24 100
16:59:49 17:24:43 00:24:54 100
16:59:58 17:10:53 00:10:56 100
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House Easting Northing
169 516648 732568

There are no shadows cast on this window

House Easting Northing
170 516685 732484

There are no shadows cast on this window
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Chapter12

1.NOISE AND VIBRATION

This chapter of the EIAR descnbes the assessment undertaken of the potential noise and vibration impacts
associated with the Preposed Development. This application seeks to smend the Permitted Development
comprising alteraticns to the dimensions of the 11 no. wind turbines permitted as part of the Cnoc Raithr
{Knockranny} Wind Farm (, omission of the permitted onsite substation, whilst seeking permission for proposed
underground electncal and communications cabling connecting the 1% no. wind turbines o the Ardderrao
substation, as well as extension fo substation control building and new step up transformer. A full description of
the Proposed Development 1s provided in Chapter 2 of this EIAR. There are 270 no. noise sensitwe locatians
{NSLs) within 3.3 km of the proposed turbine locations.

An environmental noise survey to guantify the existing baseline noise environment at NSLs was previously
conducted by Malachy Walsh and Partners as part of the planning assessment for the Permitted Development,
The details of the environmental baseline noise survey are presented Section 12 4.

Bxasting, permitted zand proposed wind farm devefopments have been identified in the wider EIAR Study Area
and the cumulative impact of these developments has been considered ir this assessment in Iine with guidance
setoutin the Institute of Acoustics (I0A) dacument A Good Practice Guide 1o the Application of ETSL-R-97 for
the Assessment and Rating of Wind Turbime Noise {2013} (IOA GPG). Further details on each of these
developments is provided in Chapter 2 of this EIAR.

12.1.1  Fundamentals of Acoustics

A sound wave travelling through the air 1s a regular disturbance of the atmospheric pressure. These pressure
fluctuations are detected by the human ear, producing the sensatron of heanng. To take account of the vast range
of pressure fevels that can be detected by the ear, it is convenient to measure sound in terms of a loganthmic ratio
of sound pressures. These values are expressed as Sound Pressure | evels (SPL) in decibels (dB).

The audible range of saunds expressed in terms of Sound Pressure Levels (SPL} 15 OdB (for the threshold of
hearingl 10 120dB (for the threshald of pain). In general, a subjective impression of doubling of loudness
corresponds to atenfold increase n saund energy which conveniently equates to a 10dB increase in SPL. It should

be noted that a deubling in sound energy (such as may be caused by a doubling of traffic flows) increases the SPL
by 3dB

The frequency of sound 1s the rate at which a sound wave oscillates is expressed in Hertz (Hz). The sens:tivity of
the human ear to different frequencies in the audible range is nat undorm. For example, hearng sensitiity
decreases markedly as frequency falls below 250Hz In order to rarnk the SPL of various noise sources, the
measured level has to be adjusted to give cemparatively more weight to the frequencies that are readily detectoed
By the human ear The ‘A-waighting' systern defined 1n the international standard, BS 150 2262003 Acoustics

S

Normal Equal-toudness Level Contours has been found to provide the best correlat

with human respanse to
perceived loudness SPL's measured using ‘B-weighting’ are expressed in terms of dB(A)
An indication of the level of some common sounds o the dB(A) scale is presented in Tmﬂ:m ,_”u. 1 Lvnmq aix 12-
1 contains a glossary of acoustic terminology used throughout this chapter E
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The assessment of impacts has been undertaken with reference to the most appropnate guidance documents
relating to noise and vibration for both the operational and construction phases of the Propesed Cevelopment,

which are set out within the relevant sections of this chapter.

In additen to the specific guidance documents outhined below, the Environmental Impact Assessment (EIA)
guidelines histed in Section 1.4 1 of Chapter 1 were considered and consulted for the purposes of preparing this

EIAR chapter.

The methodology adopted for this noise impact assessment is summarised as folfows:

" Revew of apLrcpnate gu dance dertf, aoprc proate noise andy brator

ntena for bot st e

rutruct on and crerat.cnal phay
* Characterse the rece ving envionrmert tn ugh Daseline r surveys at vutous NSLs surraard
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* Undartabe PredinT ve caltulation ¢ to assess e potertr S50 ated with the Operat or "ase of
the Presowsd Deyelaimens at NSLs evaluate the potertal nons or A2 DIatGn imy dacts an o edferte
tOSPOUY Mtiyaten seasures fedaie where necessary the dert fayg vutentigl outvard e, elatny

to nase and s orat ar fom the Preposed Developrricnt and,

* Descnibe the sgnibcance of the residual porse and v bration effecs 1ssocated with t e Propased

Dovelopmert

1221 Guidance Documents and Assessment Criteria

The following sections review best practice guidance that is commonly adopted in relation to developments such
as the one under consideration here.

12.2.1.1. Construction Phase

Construction Noise

There is no published Statutary frish gurdance relating 10 the maximum permissible noise lavel that may be
generated during the canstruction phase of a project. Lacal authonties normaliy control construction activities by
imposing limits on the hours of construction works and may consider nose limits at their discretion.

In the absence of specific noise limits, appropriate critera relating to permissible constructon noise levels for 4
development of this seale may be found in the British Standard 5228-1:2009+41.26 14 Code of practice for noise
and vibration controf on construction and open sites - Noise

The approach adopted here calls for the designation of a NSL inte 2 specific category (A B or C) based on existing
ambient noise levals i the absence of construction noise. This then sets a threshold noise value that, f exceeded
{eanstruction noise only) at the fagade of residential, noise sensitive locations, indicates a potential significant
noise impact is assaciated with the construction activities.

Table 121 sets out the values which, when excoeded potentally signify significant effect at the facades of
residentiaf receptors as recommended by 8S 5228-1 These levels refate to construction naise only

Table 12.1 Example Threshold of Potential Significant Effect at Noise Sensitive Locations

Assessment category and threshold value period (M | Threshoid values, LAeq,T dB

Category A Hote Colegory B Tlote Cateqgary C Note

A B C

45 50 55
55 60 65
65 70 75

Note & Cutegory A- threshold values o use when ambrent noise levels {when rourded tothe nearest 5oB) are less thar these values

Now B Category B, thresnalg values 13 use when amb ent po se lesels (when rounaca 1o the nearest 5B} are tae same g category A
values
Note C
values

Categary C- threshald values 1o use when arb ent no se lavels fwman Fourde o the nearest 5dB) are Pugher tha- category A

AN

LEANALA

hawe D 15 7300 weekdays 13 00 - 23.00 Saturdays and 07 05 - 23 an Sundays LLJ H

J &
The following assessment mathod is only valid for recidential properties, . [

¢ ﬁ LuJ
For the appropriate period {e.g. daytime) the ambient noise fovel is determined snd r _.iauu to the nepresCRYIB.
In this instance, with the rural nature of the site, propertiss near the development have day amifient pyise
levels that typically range from 40 to 50 d8 [ ... Therefore, as a precautionary appioachtall ofoperies withbe
afforded & Category A designation. m L

nolse level

See Section 12.4 2 for the detailed assessment in relation to this site. if the mbmn‘mn .M,m_m:c

exceeds the approprate categary value (e.g 65 dB Lacg - during weekday %:.::S..q v-ﬁwam_.n en m,ms_mnmjﬁ.u
f " o0

effect s deemed 1o have occurred. %

- <C w
e o

Additional Vehicular Activity on Public Roads

There are no specific guidelnes or limits relating 1o traffic related sources along the local or surrounding roads.
Grven that traffic from the construction of the Proposed Development will make use of existing roads aiready
carrying taffic volumes, it is anproprate to assess the caleulated increase in traffic nose levels that will arise
because of vehicular movernents assotiated with construction works.

In order 10 assist with the assessment of construction traffic noise, reference is made 1o the Design Marual for
Reads and Bridges LA 111 {DMRB), Highways England Company Limited, Transport Scotland, The Welsh
Government and The Department for Regional Development {Northern Ireland), (hereafter referred 10 a5 DMRB)
The DMRB has been used to assess the likely magnitude of effect assoctated with changes in traffic noise levels
along an existing road. Table 12.2 below presents the likely effects associated with change m traffic noise leval
and is adapted from Tahle 3.17 of the DMRB to include a calurmn on the significance of effects in EPA/EIAR terms.

Table 12.2  Likely Impacis Associated with Change in Traffic Noise Level {Source DMRB, 2020)

Change in Sound Level Subjective Reaction Magnitude of Impact

EPA Significance of

Effect

Less than 1 dB Inaudible Negligible {rperceptible

10-2¢ Barely Perceptible Minor Not significant

30-49 Percepuble Moderate Slight, Moderate

5+ Up to & doubling of Major Significant
loudness

tn accordance with the DMRB, construction neise and censtruction traffic noise effects shall constitute &
significant effect where it is determined that 2 major or moderate magnitude of effect will occur for a duration
exceeding

U TN ar e e daye or rghts in any 15 corsacut ve day or

By:

Time
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associated with the construction of the Proposed Development Where an impacetis identfied due to the change
In traffic noise level, reference will be made to the overall predicted noise level from canstruction traffic in the
centext of the construction noise criter cutlined in Section 124,11

Construction Vibration

Vibration standards come in twe vaneties: those dealing with human comfort and those dealing with cosmetic or
structural damage to buildings. With respect to this development, the range of relevant criteria used for ouilding
protection is expressed in terms of Peak Partcle Velocity (PPV) in mm/s.

Guidance relevant to acceptable vibration within buildings 15 contained n the foliowing documents

* BS/3B5-tLvaluaton and measurement |
greurdosme vibraton (1993); ard

Eration in by ldings - Bant 2 Guide te aamage levels from

® BSS5228- Code of zract ce for rose ard sibraton control an consiruct cn and oper sites - Parg o
Vibration 2009+ 41 2614)

BS 7385 states that there should typically be no cosmenic damage fransient vibraton does not exceed 15 mm/s
atlow frequencies rising o 20 mm/s at 15 Hz and 50 mm/'s at 40 Hz and above.

The Transport Infrastructure ireland {Th} (formerly National Roads Authonty (NRA)) docurnent Good Practice
Gurdance for the Treatment of Noise during the Planning of Natonal Road Schemes {Tll, 2014} also contains
infarmation on the permissible construction vibration levels during the canstruction phase as shown in Table 12 3.

Table 12.3  Transient Vibr:

ion Guide Values for Cosmetic Building Damage

Less than 10Hz 10 to 50Hz

50 to 100Hz (and above)

Brmm/s 12.5 mmi/s 20 mm/s

12.21.2. Operational Phase

Noise
The roise assessment summarnsad inthe following sections has been based on guidance in relation to acceptable
tevels of noise from wind farms as contained in the document “Wind Energy Devefopment Guide
by the Department of the Enviranment, Heritage and Local Government in 2006 (keroafter r fer
These guidelings are in turn based on detaded recommendations set out in the raﬂ:zm of Trade & Indust
(UK) Energy Technology Suppor Unit (ETSU) publication “The Assessment and R ingf Nobe frdm Wind Farmi
{1998). The ETSU document has been used to supplement the guidance contain &aﬂr.; the WBDG publicatign
where necessary, -

Commentary on the current plannin condition apphcable to the Permitted Develppment s prdvid Sectfen
plznning P 13 praudc

1243
,_ i | & ..
Wind Energy Development Guidelines ] u. fam)

arlberia i relg] 1on,tpgwind farm

&

Section 5.6 of the WEDG addresses noise and outlines the appropriate r
developments.

- —

The followng extracts from this decument should be considered

"An appropaate balance must be achie.ed belvneen pover garer,

% %:D_ e imgact
f

. qQp
While this comment is noted it should be stated that the Guidelines give n specii gk 1n relation mw what 53

consttules an ‘appropriate balance’ In the absence of this, guidance will be t n Zom m_ﬁmqamm.ﬂ_lm andE
appropriate publications, =
‘i the case of wind v gy developrient, a nose sensnye Cation mcludes any accugpg

hiouse. hostel Feast buiiding or place of ~orshipr and may include areas of particular scemic
aualty or sorcial recroananal mportarce. Noise hmits shou'd acply enh to ose arcas
frequenty used far relasation of acttes for which 3 quiet emvurenreny i hughly desvable
Norse i shou'd be apphied to external locations ana should refloce the varaton w both
turiune sourco noise ar d batkground rase 4db w ng speed

As can be seen from the calculations presented later in this chapter the various issues identifred in this extract
have been incorporated into aur assessment.

"In gencrat a fower foed it of 454814 I maarnum ncioase of 54874 ahove back groun.d
hise at nearyy rose sensdive focat.ons 15 cons-derod pproprate o provide protechor. ro
wrd energy development neighhaurs

This represents the commonly adopted daytime noise crterion curve in relation to wind farm developments.
However, an important caveat should be noted as astaled in the following extract

“However, in vory gue tareas, the wse of a margm of § 1B(A} above vackground noise at negrhy
OIS0 SLEE D LS00 05 15 not ne o A7y 10 Gy g reasonablo degree fprotection ang

andul, restricr energy deveicpmer:: which shouid e ‘ecognised a5 having wordar

ratonal and gicbal berefits, fstoad o vose enarctmerts where background nome
tesy thay 30aE:4) ¢ 5 recommended that the gamime level o ine LAYQ 10min of the wind
energy developrent se bmitad 1 an ol fodevel gatbun the rangn of 35 - J0dB(A)

In relation to night-time periods the fallowing guidance is given:

Afxed bme of 338 Alw protect slecn nside prog rtes dur g e night
< :



This bmit 1s defined in terms of the Laso e parameter This represents the commonly adopted mght-time lowear
lirmt neise criterion curve in relation to wind farm developments.

I summary, the Wind Energy Development Guidelinas outlings e following guidance to identify appropriate
wind turbine noise ceriteria curves at noise sensitive locations:

* Ananpropnats lute it la vel for qu /T Me enviranments vtk packgraund r o e
than 30 dB

* 450R| Game environments &t nackground r greater than 15 ora
maxmumanzreate ¢f 5 6B akove backg noize {whiche 4 cher) and,

= 43dr for bt i ot

While the caveat of an increase of 3dB(A) above background for might-time operation is not explicit within the
current guidance it 1s commonly applied in noise assessments prepared and 1s detailed in numerous exarnples of
planning condivons ssued by local authorties and An Bord Fleanala, ncluding the current planming permission
for the Permitted Development Therefore, a night-time allowance for SdB{A} above background as also been
adopted for this assessment.

This set of criteria has been chosen as it is in fine with the intent of the relevant frigh guidance The proposed

operational noise criteria curves for wind torhine noise al various noise sensitive locations are presented in Section
1242,

The Assessment and Rating of Noise from Wind Earms — ETSU-R-97
As stated previously the core of the noise guidance contained within the Wind Energy Development Guidelines
is based on the 1996 ETSU publication The Assessment and Rating of Noise from Wind Farms {ETSU-R-97),

ETSU-R-97 calis for the control of wing turbine norse by the apglication of noise Jimits atthe nearest noise sensitive
properties. ETSUR-97 cansiders that sbsolute aoise hrits applied at ali wind speeds are not suited to wind
twrbine developments and recommends that noise hmits should be set relative to the existing background nose
levels at noise sensitive locations. A critical aspect of the noise assessment of wind energy proposals relates to the
identification of baseline roise levels through on-site najse surveys,

ETSU-R-97 states on page 58, . abselute noise hmits and margins above background should relate 1o the
cumulative effect of alf wind turbines in the area which contnbute to the noise received at the properties in
question..." Therefore, the noise contribution from all wind turbine developments inthe arez should be wcluded
inthe assessment,

Institute of Acoustics Good Practice Guige

The gurdance contained within e nstitute of Acoustics {I0A) document A Good Practice Guide to the
Application of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise (2013) (I0A GPG) and
Supplementary Guidance Notes are considered to represent best practice and have beer adooted for this
assessment The IOA GPG states, that at a mirimum centinuous baseline noise monitering should be carred out
atthe nearest noise sensitive locations far typically a two-week penod énd should capture a representative sample
of wind speads in the area {ie cutin speeds to wind speed of rated sound power of the proposed turbing).
Backgrouad noise measurements (e, LAZ0,10mim) should be related to wind speed measurements that are
collated at the site of the wind turbme development Regressicn analysis is then conducted on the data sets to

derive background noise levels at various wind speeds to establish the appropriate day and night-time noise
critenion curves.

Noise 2missions associated with the wind turbine can be predicted in afcor lance pth SO 2613+ Achustics

Attenuation of sound outdoors Part 2: General method of caleulation mﬁ kehis 15 b noide prediction §tandard
that considers noise attenuation offered, amongst others, by a_ﬂm:n,& graund
atmospheric absorptian. Noise gredictions and contours are typscally pregared s
predicted lovels are compared against the relevant noise chiterion curyel
appropriate noise critena 3

1, directity ana
wird speedsjand thd
btratg complance fvith thd

= [a g

- [}
Where noise predictions indicate that reductions in noise emissions are retilbli in ofder {o m@ m:%qo,owma
critena, consideration can be given to detalled downwind analysis and cpee igs 1in low :om oo
which s typically offered oy modern wind turbine units. | A Cu g L
Reference has been made to the 10A GPG for guidance on the methodols greiund noisg survey
and operation impact assessrment for wind turbine noise. L LE)

—

World Health Organisation (WRO) Noise Guidelines For the European Region) | =
The WHO Environmental Noise Guidelines for the European Region (2018]_ar. guifance on piptecting.
human health from exposure to environmental noise. They set health-based o megdagons based .\m@._mqm%
envirenmental noise exposure of several scurces of environmental ndise, ndlud w..m ind E&_%m :omm_m..l-
Recommendations are reted as either strong’ or ‘conditional’ A strong retg i ¢ ! iy

e

palicy n mast situations” whereas a cenditional recommendation, “requires a policy-making process with
substantial debate and involvement of vanous stakeholders. There is less certainty of its efficacy owing to lower
quality of evidence of 5 net benefit, opposing vaiues and preferences of individuals and populations affected ar
the high resource implications of the recommendaticn, meaning there may be circumstances or settings in which
itwill not apply”.

The objactive of the World Health Organisation (WHO) Frvironmental Noise Guidelines for the Furopean Region
that was published in October 2018 15 1o provide recommendations for pretectng human heatth from exposure
to environmental norse from transportaton, wand farm and leisure sources of nowse. The quidehnes pressnt
recommendations for each noise source type in terms of Lden and Lright levels above which there s potential for
adverse health risks

In refation to wind turbine noise the WHO Guideline Development Group (GDG) state the following

For averaye no'se exccsure the G2G condicnally recormmencs educing nose lave
produced by wna fucbines halogs 45 dB Lai

as wind turbure bove this fey

Crated v 1.4 hoalth offoct
N7 recommendation i made for rage might no se exposure I right of amnd turoines The
ity of oy denze of ght bMe cxposure 10 wind turbere nn 5 wotn alloa a
Conm
To reduce health etects the GDG watenaly recommends that MIKOFS 1My nt
bl measures o TEUULE NOISC 0xBCELe o wingd turbro Dputation s J
[

Eveis ahbove the gudelne values for EIOGE noise eanosure Ng ewdenre i avaiable
£ P

OWEVOr, t0 facitte the rocormmerdaton of ¢ portcular tyno of ictor, ention ever ar e

The quality of evidence used for the WHO) research is stated as being ‘Low’, the recommendations are therefare
conditonal.

The WHO Environmental Noise Guidelines aim to support the legislation and polcy-making process on local,
natonal and international level thus shall be considered by Irish policy makers for any future revisions of Irish
National Wind Erergy Guidelnes.



There is potential increased uncertainty due to the parameter used by the WHG for assessrment of exposure {1.g,
Lden), which 1t 1s acknowledged may be a poor characterisation of wind turbine noise and may lirmit the ablity to
observe associations between wind turbine noise and health outcomes, as stated below.

Even though corrsiatians botecon novse ndicators tend ty be fugh fecpecatly benweer LAvg
e mocatern) and canversions betmeon widicators do not norsall, influence the correatior s
Detvecr the nore ndicater and a parneu'ar eaftn effoce INPGHAn dSLUMBLONS reman vt

)

CXROSUI [0 aind turbine noise m Lden s com erted from ongnal scuad pressure
The conversion reguires, as vamable the st 1 stical dhstr. bt
partcular height which depends on the tepe ofwad furkr

a particular geogranhical Incation Such gt Larables may
in other st wthout spocf M
however, because of practical Lrmitat.ons G lack of data ang resources This can foad e
ncrcased uncertamty o the gssessment of the relatior ' g betwoon wind turbiee noise
ath cutcomies. Basea on all these factors
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Based upon the review set out above, 1t 15 concluded that the conditional WHO recommendead average nolse
exposure level (i.e. 45dB Lden) should not currently be applied as target noise criteria for an exsting or proposed
wind turbing development in Ireland.

Future Potential Guidance Change

In December 2019, the Draft Revised Wind Energy Develapmant Guidelnes December 2015 ireferred to here as
the Draft Guidelines) were published for consuitation and therefore have yet to be finalised. I 1s Important to nate
that as part of the public consultation a number of concerns in relation tc the proposed approach have been
expressed by various parties ard 1t 15 the opinicn of the authors' of this asseserment that the Draft Guidelines
decument does not outhne s best practice approach in terms of the assessment of wind turbine noise. Speciiic
concerns expressed by a cross party group of mterested professionals can be reviewed at:

httos:/fonva 102 ery uk vand cnergv Jeeelooment quidehr o

department-ho sEng-planang-contiuniy, and
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The following statemant i of note from the above submission:
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Itis also ncted that the Department has sought to commission a review of the gurdelines,

Therefare, in line with best practice, which includes ESTU and 10A methodologies as desenbed above the
assessment presented in the EIAR is based on the current best practice guidsnce outhned in Section 5.6 of the
WEDG

The onginal ETSU-R-97 concepts on which the WEDG 15 based undenwent a thorough standardisation and
modernisation in 2013 with the Institute of Acoustics publication of the A Good Practice Guide to the Application
of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise including & Suppleme tary Guidance Notes,

all of which bring 1ogether the combined experience of acoustic consulta T the UK and Trefang n he
application of these methads Numerous improvements in the accuracy ahd robustdess _UB described, n
particular the treatment of wind shear and the general acaptation to larger wirnd nau_:mu The pssessment i the
EIAR takes cognisance of these amendments and 15 therefore in full accord ngefvith fhe Itest best-praduice
methods

=
In the event that updated Wind Energy Davelopment Guidelines are publizh u.t«ma.:am @ application profess
for the Proposed Development it is anticipated that any relevant changes cx&._ﬁm“rn oise il m@o_c. regsed
through an appropriate planning condition, orwhere a suppierentary mmmmmm‘_.w.: shecedsary, "rq@ prqysion
of addiwenal information. -

o

! & &
14 (o [ = fis)
0
| | o
Permitted Development Planning Condition . " = Lo
Concition 8 of the grant of planning permission refates to naise and is as .n___u# 50 ——
-
8 Noise mitgaton messures outred i the environmental impgcPetiioment ad in o
further micrmaton submited 1o the plantung avthonty shal' be careg P il The plio.w.rg
v
., vy shaih 3 ' it ¥
conditions skafl be comphod aith 4 A ' _ 5 =
(42 ) - ™% @

{at Vond turbine nose wsag from the proposed vt cron mu.v E
comb nation with other ex shing or permtiod wind o oo™ e i the L i~
wicimty sha'l not exceed the greator of

. 5 dBiAl above hackgrourd noise loveis or

L] 43 JEA)

when measured prlerialy ot deellings or ether sensite receplc
8! otz cormmencoment of fevelerment the Teveloper shal suormit to and agree

Shtng wth the ply-
develspment o
Al noise measarements shall pe carned out
ASEErEsn,

.1.@ mc}c:‘.‘( ;;0mDnJ:ﬁ:inﬁmEO.:..R:._..: oragramme for the « et
UG F any mibigation measures such as the de rat ng of porbcular turb es
accardance wnth IS0 Rccommoendation R 1994
oot Nose adth Respect to Comeiut, Respons de amended by 150
Recommendanons R 15961 The rosults of the cntal noe compharcn monitoning shall Fo

ubmitted 1o, ard agreed in wotng wtn, the planming autiors, wirbun sis ronths ot
comnussicimg o the wind farm

Reason in the wterest of rosidontiy! emeniy

The noise condition reters to cumulative wind turbine noise fovels The wording of the noise limits s such that if it
can be demonstrated that the cumulative wind twrbine noise level at a noise-sensiive location 15 43 dB Lew 15 or
less, then the noise level is compliant with the condition, without reference to the background noise levels.

12.2.2  Special Characteristics of Turbine Noise

12.2.2.1. Infrasound/Low Frequency Noise




Low Frequency Moise is rnose that 's dominated by frequency components less than approximately 200Hz
whereas Infrasound is typically described as sound at frequencies below 20Hz. In relation to Infrasound, the
following extract from the FPA document Guidance Note for Noise Assessment of Wind Turbine Operations at
EPA Licensed Sies (NG3}H{EPA, 2011 }is noted here.

"There is similarly no significant infrasound from wand turbines. Infrascund is high level sound at frequencies
below 20 Hz. This was a prominent feature of passive yow “downwind” turbines where the blades were positioned
downwind of the tower which resulted in a charactenstic “thumpg” as each blade passed through the wake caused
oy the turbine tawer. Wit modern active yaw turbines (i.e. the blades are upwind of the tower and the turbine 15
turned to face into the wind by a wind direction senser on the nacelle actvating a yaw motor) this 15 no longer a
significant feature *

With respect to infrasonic noise levels below the ring threshold, the World Health Organisanon {WHO)
document Community Noise {WHO, 1995) has stated that:
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In 2010, the UK Heath Protectian Agency published a report enntled Health Effects of Exposure 1o Ultrasound
and Infrasound, Report of the ndependent Advisary Group on Non-ionising Radiation The exposures considerad
in the report reiated to medi-al applications and general environmental exposure. The report notes
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The UK Insttute of Acoustics Bulletin n March 2009 included a staternent of agreement between acoustic
consultants regularly employed on behalf of wind farm developers, and conversely acoustic consultants regularly
employed on behalf of Cormmunity groups campaigning ggamst wind farm develapments (IAO JSZ009). The
ntent of the article was to promote consistent assessment practices, and to 2ssistin restriching wind farm noise
disputes ta legtimate matters of ceneern In relation to the 1ssue of infrasound, the article statas the following:
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Areportreleased in danuary 2013 by the South Australian Environment Protection Authorty’ !L Inffasound
levels near windfarms and in ather environments [EPA, 2013} found that the level cfinfrasoundFoflu nd furb des
is nsignificant and no different to any other source of noise, and that the worst contribgtors 4o holiseh Id
infrasound are air-conditioners. traffic and noise genereted by people h ”
The study included several houses in rural and urban areas, hoth adjacent to and away fro uﬂzumquqw..lm:a
measured the levels of infrascund with the wind farms operating and switched off o 0
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There were no noticeable differences in the leveis of infrasound under all these different co Lo o a
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lowest levels of infrasound were recorded at one of the houses closest to a wind farm, whereas the highest {evels
were found in an urban affice building.

The EPA's study concluded that the Jevel of infrasound at houses near wind turbines Wwas no greater thar m ather
urban and rural environments, snd stated that:
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In conclusion, there is a significant body of evidence to show that the infrasound associated with wind turbines
will be below perceptibility thresholds and typically in ine with existing bascline levels of infrasound within the
environment.

122.2.2. Amplitude Modulation

In the context of this assessment, amplitude modulation (AM) is defined in the 104 Noise Working Group (Wind
Turbine Noise) Amplitude Modulation Working Group (AMWG) document A Method {or Rating Ampiitude
Modulation in Wind Turbine Noise {IOA, 2018) as

FPeredic Luctuations n the leve f auddale £ froma turb rowindd turbr tn
froguor 3Etne Hact t ons b ng related to the blade prasang begoen EFF) ot W
rator(s).

Itis row generally accepted that there are two mechanisms which can cause amplitude medulaticn.
Neemal Al

- Gther A2 T seferred ty Excessiie AM

In hoth cases, the result 15 a regular fluctuation in amphitude at the Slade Passing Frequency {RPF) of the wind
turbine blades (the rate at which the blades of the turine pass a fixed pont). For a three-blgded turbine rotating
at 20 rpm, this equates to 3 modulation frequency of 1 Hz.

‘Normal' AM  An abserver at ground level close to a wind turbine will experience ‘blade swich’
because of the direct:anal characteristcs of the noise radhated from the trailing

edge of the biades as it rotates towards and then away from the abserver.

This effectis reduced for an observer an or close to the turbine axis, and therefore
would not generally be expected to be significant at typicafl separation distances,
atleast on relatively lavel sites.

The RenewableUK AM project (Renewable UK, 201 3) has coined the term normal’
AM (NAM] for this inherent characterstic of wind turbine noise, which has fong
been recognised and was discussed in ETSU.R.97 10 1996,

‘Other’ AM Ir some cases AM is observed at large distances from a wind turbine (or turbines).
The sound 15 generally heard as a periodic ‘thumping’ or ‘whoomphing’ at

relatwvely low frequencies.
y 9

On sites where 1t has been reported, occurrences appe g7 Lo al
although they can persist for several hours under s0Me con .m:Onm. dep ‘mzmm —: cn
atmospheric factors, including wind speed and direction. |

r
It was proposed in the RenewshleUK 2013 study that the _@,_u:m__..:m_ caube of
this type of AM s transient stall conditions Geeurring as the biade s rothte, giving
rise to the perodic thumping at the blade passing frequendy

Transient stall represents a fundamentally different mechani
and can be heard at relatively large distances, primarily dgwh
blade.

The Renewablelik AM project report adopted the term ‘Other .__J. {CAM) tdr th
charactenistic. The terms ‘enhanced’ or ‘excess’ AM ﬁmb_sm have beeh usdd by
others, although such definitions do not distinguish betw
mechanisms and presuppose 2 normal’ level of AM, presutatly
blade swish as described in ETSU-R-97 A
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Local Government (CLG) investigated the issue of AM associated with wind turbine noise. The resalts were
reviewed and published in the report Research into Aercdynamic Modulation of Wind Turbine Noise (2007). The
broad conclusions of this report were that aerad,namic modulation was only considered to be an issue at 4, and
a possible issue at a further 8, of 133 sites in the UK that were aperational at the tme of the study and considered
within the review. At the 4 sites where AM was conlirmed as an issue, it was considered that conditicns associated
vith AM mught occur between about 7 and 15% of the bme. |t also emerged that for threc out of the four sites the
complaints have subsided, in one case due Lo the ‘ntroduction of a turbine conirol system. The research has shown
that AM 55 a rare and unlikely occurrence at operational wind farms.

ltshould be noted that AM is associated with wind turbine operation and it is riol possible to predict an cecurrence
of AM at the planning stage 1t should also be noted that it1s arare event associated with a imited number of wind
farms. While it can occur, it is the exception rather than the rule.

RenewableUK Research Document states the fellowing in relation to matter:

Page 68 Module F - “even on those limited sites where it 7as been reported, its frequency of

occurrence appears to be at best infrequent and intermittent.”

Page 6 Module f "Ithas afso been the experience of the project team that, even at those wind
farm sites wnere AM has been reparted or identified to be an issus. its
occcurrence may be relatively infrequent Thus, the capture of ime periods
when subjectively significant AM cceurs may involve elapsed periods of

several weeks or even months *




Page 61 Module ' “There is nothing at the planning stage that can presently be used to
indicate a positive likelihoad of OAM oceurring atany given proposed wing
farm sire. based either on the site's general characteristics or an the known
charactanstics of the wind turbines to be instailed.”

Assessment of AM

Research and Guidance in the area 1s ongoing with recent publications being issued by the Institute of Acoustics
(IOA) Noise working Groug (Wind Turhine Noise) Amplitude Modulation Working Group (AMWG) namely, A
Methed for Rating Amplitude Modulation in Wind Turbine Noise {August 2016) (The Reference Methad), The
document propnases an cbjective mothod for measuring and rating AM The AMWG does not propose what level
of AM is likeiy to result in adverse commuraty response or propose any lirmits for AM The purpose of the group is
simply to use existing research to develop a Reference Methodolagy for the measurement and rating of ampl tude
modulation,

The definition of any hmits of acceptability for AM or consideration of how such limits might be incorporated into
awind farm planning conditicn, is outside the scope of the AMWG s work and is curcently the subject of a separate
UK Govemment funded study. In the absence of published guidance to date, it 1s considered best practice to
adopt the penalty an arcle published in the Institute of Acoustics pubhcation Acoustics Bulletin (val. 42 No. 2
March/April 2017} tiled Perception and Control of Amplitude Modulation 17 Wind Turbines Noise rating and
assessment scheme contained in

Where it occurs, AM s typically an intermittent occurrence, therelore assessment may nvolve long-term
measurements during the operational phase of the propesed development. The 'Reference Method" for
measuring AM outlined in the 104 AMWG document will provide a robust and reliable indicator of AM and yietd
important information on the fequency and duration of Qceurrence, which can be used to evaluate different
operational conditions includmg mitigation.

122.2.3. Comments on Human Health Impacts

Health effects of wind turbine noise are discussed in Chapter 14, Fopulatior ang Human Health The peer
reviewed research outlined 1n Chapter 14 supports that there are ne negative heslth effects on people with long
term exposure o wind turbine noise.

12.2.3  Vibration

A report pubiished in Germany by the State Office for the Environment, Measurement and Nature Conservation
of the Federal State of Baden-Wurttemberg in 2016, “1 ow Frequency Noise mel. infrasound from Wind Turbines
and Other Sources”. Conducted vibration measurements study for an operational Nordex N 117 -2 4 MW wind
turbine. The report concluded that at distances of less than 300m from the turbine vibration levels had dropped
so far that they could no longer be differentiated from the background vibration levels,
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12.2.4.2. Input Data and Assumptions
The calculation sethings, input data and any assumptions made in the assessment are described in the following

sections. Additiona! information relating to the noise model nputs and calculation settings 1s provided in
Appendix 12.2,

12.2.4.3. Turbine Details

Table 12.4 details the co-ordinates ofthe 11 no. proposed turbines that are being considered in this assessment,

Table 12.4 Proposed Development Turbine Co-ordinates
fdinates - Insh Transverse Mercator (ITM
Northing
TO1 516,137 733,670
T02 316,053 733,980
TO3 515,637 733678
T05 515,363 734,036



o6 515,199 733,570
T07 514,875 733.361
TOB 516,103 734,530
TO% 515,090 734 468
™m 514,908 733,868
T13 515,865 734,285
T4 514,806 734,228

For the purpeses of this assessment, two turbine technologies have been selecteq:
= the Dnercon 138 41 a hub he gkt of 81m, and

= theVestas V136wt hup keght of 82m

Tables 12.5 and 12.6 detail the norse spectra used for noise modelling purposes for the Proposed Development.

Table 12.5

Saund Power Level Spectra Used for Enercan E138 at a hub height of 81m

Wind Speed | Sound Power Level, dB at Octave Band Centre Frequency, Hz dB Laa
(m/s)

a 76.3 835 89.2 916 938 90.5 804 736 97.9
5 81.3 B7.9 928 95.8 976 94.2 852 67.4 101.8
) 853 91.6 95.9 99.3 100.7 97.5 89.0 716 105.1
7 86.8 92.7 96.3 99.7 101.8 982 89.8 727 105.9
5 87.8 93.3 26.2 ?9.4 102.0 98.5 0.4 735 1046.0
9 8g.2 93.4 96.0 992 102.0 98.7 209 735 106.0

LA

-
™
[ )

Table 12.6

Sound Power Level Spectra Used for Vestas V136 at a hub height of

A
L )
BAI

A

o e
Wind Speed | Sound Power Level, dB at Octave Band Centre Frequency, Hz m.a nW:
(m/s)
a
5
6 . [+ @
g o @ =
[y =] @® =
7 849 925 972 990 9% 938 869 769 1039 3 < L =
8 850 926 972 990 979 939 87.0 773 103.9
g 852 926 972 990 579 939 87.2 7758 103.9

An appraisal of the surrounding area around the site dentified the patential for cumulative impacts from the
operation of the Preposed Development in combination with other wind farms. The wand farrms which are included
1n the noise assessment are listed below:

* Clogsh - Opzratonal gevelopment of 22 turb r o5 vath an asseciates HH of 90

=

* lettcrpeak - Cperat.eral developmert af 7 4rbings with an assocated HH ot 78m
* Uagocl- Cgerat cral do-elopraent of & turbe os vith an asscoated HH of $0m

* Sgpcon -

uevelopment of 16 Lurbices wtn an assomated HH of Wm

= lentereatioe - Operatonal development of & turp res with an fssurred HH ef 80m
* knackalough - Ogeratcnal ot 11 turbines w th an as3ncatod HH of 77 Sm

' Cleosh Drrernsion

P oposed developmient of 9 wurh nes 1 assurmed HH of 99,

* Ardderrso - Proposea acvelopiment of 55 tarbines sath BH ot 103 5m

The sound power levels for the wind farms hsted above are presented 0 Appendix 12-3. The manufacturer's
turbine sound power levels in the Table 12.5 and Table 12.6 are derved based on measurements in terrns of the
Lieq acoustic parameter® In accordance with best practice guidance contaned within the Institute of Acoustres



Good Practice Guede (IOA GPG), an aliowance for uncertainty in the measurement of turbine source levels of
+2dB is added to all turbine scund power levals presented in the tables above.

Moreover, as explained in Section 12.2.7.2, appropriate guidance 1s couched in terms of a L. parameter. Best
practice guidance in the |OA GPG states that “ass levels should be determined from calculated L, levels by
subtraction of 2 dB”. Therefore, a 2d8 reduction has been applied to the noise model output All predicted noise
levels in this chapter are preseated in terms of Lav, e this reduction of 2dB is included the values presented in
the interest of clanty, the levels presented in the tables above are the corrected levels following the adding and
subtracting of 2dB.

Finally, best practice specifies that should any tonal component be present, a penaity shall be added to the
predicted noise levels The leve! of this penalty 1s described in ETSU-R-97% and s refated to the level by which any
tonal components exceed audibility. For the purposes of this assessment o tonal penalty has not been included
within the predicted noise levels, A warranty will be provided by the manufacturers of the selected turbine to
ensure that the noise cutput will net require a tanal noise correction under best practice guidance

The predicted cumulative turbine noise level from the Propesed Development and contributing permitted and
proposed developments in the area will be compared against the current planning conditions and any
exceedances of the limits will be identfied and assessed Where necessary, appropriate mitigation measures will
be outlined.

12.2.5  Study Area for Environmental Noise

The IOA GPG states the following n refanon to the extent of the study area, in section 2.2

The study area ‘or background noie surieys (370 Nneise asses-ment) shouly a5 @ Mmmym
e the area vathin shch nosse levels fram the Propoesed conserited and et SPLE NI SRt
may exceed 35 6B Lo« atup to 10 m/s wand spoed (Note Laless srated in this docamoen:® t
wind specd refurence Jor Faise dito s the 10 motre stardhiraised 4 2upeed. denvod Fon: the
wind speed at turbme ub hewht as exgiamed i Sechion 2.8

If there were no other wind farms to be considered, the study area is simply the 35 dB Lew noise contour at
maximum sound power tevel for the turbine, due to the preposed development only. The inclusion of ather wind
farms in the roise mode) has the potential to increase predicted noise levels 1o above 3548 Lass at a wider set of
N5Ls. In this instance, NSLs within the 25 d8 contcur for the praposed development only are included 1n the
assessment; this reaches to approximately 3.3 km from any Proposed Development wrbine.

The coordinates of the resulting 270 N&Ts are presented i Appendix 12-4.

An environmental noise survey to quantify the existing bascline noise enviranment at NSLs was conducted by
Malachy Walsh Partners as part of the planning assessment for the Permitted Development The details of the
envirenmental baseline noise survey are presented in the following sections

1231 Wind Speed Measurement
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In this instance, wind speeds were measured at 10m height above ground fevel. Tha | b.ﬁm. pliohshed at in
the same year as the survey, formalised a number of emergmg best practices in relation _c tht meagurenbent and
znalysis of baseline noise levels for wind turbine noise assessments, One of the main retomnenddtiony wagihg
denvation of the ‘standardised 10m wind speed” based on wind speeds measured at Sudulited Heighfs alfard:
ground in order ta give due consideration to the 1ssue of wind shear. Up to that time, wasg comfnon praciite,
including in Irefand, te obtam this specific wind speed dataset by the measurement of t:E-b ced direftly g 30

m above ground with no correction of the issue of wind shear typically being applied. ._ P
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The DA GPG states that wind speeds measured directly at 10 m above ground can be r%maum_..nm nappropriate
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Cwrrectiun By subtracting the folleaing factors from the 4 nd speed

the turbire credictons: 1 ms for tuibine hub he.ghts of up to 30 4

hengets ¢t L 1o 60 m and 3 mss for hiub henghits of mere thar a0 m Such a gene .

agpreach would be suttable in the contest of a <tudy, made astng a 10 momastto
335 n the absence of site-spec e data

it

]

455 Ifat can be demaonstrated that the predicied levels are below the spphcable loaer
brod Tl regardiess of wind specd it can be recn thas wrd shear voulkd not hate
SN CISCT Gh e @assessmuoert, and s may form the fras 2f 3 sutable planmr
condhen

In Chapter 10 of the submitted EIS for the Permitted Development a correction of 3 mis was applied to the

predicted noise levels in the noise assessment, in accordance with Section 4.5.4 of the IOA GPG. The parameters

and findings of the noise surveys summanised n the fellowing sections

12.3.2  Choice of Measurement Lccations
Coordinates for the two noise rmonitoring locations are detailed in Table 12.7 and iliustrated in Figure

Table 12.7  Measurement Location Coordinates

Location Coordinates - Irish Transverse Mercator (ITM)

122

Hoo2 517139 734232

H157 514269 732026




12.3.3 Measurement Periods

Noise measurements were conducted at cach of the montoring locations over the periods cutlined n

Table 12.8 Msgasurement Periods

HO02 IN1 in EIS) 14 May 2013 23 May 2013

H157 (N2 in EIS) 14 May 2013 23 May 2013

A vanety of wind speed and weather condriions were encountefed aver the survey periods in questen
12.3.4  Background Noise Levels

12.3.41. Location HOO2

§ <C
i
Daytime Periods j = u.u_
The background noise levels measured at HOG?, which was named N1 in the criginal EIS, xm-..mu,mmm ntedfin Figure
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Night-time Periods
The background noise levels measured at HODZ are presented in Figure 12 4 for night-time ceriods
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Daytime Periods
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12.3.4.3. Wind Turbine Noise Criteria -
i
Tre noise condiuion for the Permitted Developmert (See Section 12.2.1.2) are stated as "the 3....“» rofl 43 dBjL.« nnfn.._ .
or background + 5 4B" On review of the measured background noise levels, it 15 clear if n_ﬁ.ﬁ.. d ncpse lgvels ] 50
are 43 dB Lo or less, then compliance with this plarning condition is demonstrated. The w 3 turbine rbise™ _,W m
cntena are, therefore, for both day and night-time penads: _ i .U o)
| “ Lo
| O —
Table 12.9  Wind Turbine Noise Criteria _ a
Wind Turbine Noise Criteria (dB Lax) at standardised Wind Speed at 10 m above ground ew' @
SIS a
& E
= 0 =

43 43 43 43 43 43 43

Moreover, as the noise criterion is constant with respect to wind speed, the effect of wind shear does not have an
effect on the assessment, and the fact that wind speeds were measured directly at 10m 1n the baseline noise
survey, is not at concern

12.41 Do Nothing Scenario

If the Proposed Development were not to procead the already permitted 11-turbine Jayout will proceed under
the terms of the Gelway County Council Planning Ref. No. 13/829 and An Bard Pleanals Ref. 07.243094 panning
permissions  The opporumity to increase the energy output from County Galway's valuabie renewakble energy
resource would be lost, as would the opportunity to further contribute to meeting Government and LU targets for
the production and cansumption of electricity from renewabie resources and the reduction of greenhouse gas
emssions.

12.42  Assessment of Effects During Construction

The construction phase noise impacts of the Permitted Development were assessed in the EIS submitted with that
planning applicaton. This Proposed Development seeks to increase the overall height of the permitted 11 no.
wind turbines from a combination of 130.5m and 140.5m to 150m with asscaiated turbine foundation alteration,
ormission of the permitted on-site substation, alteration to the underground cabling connection ncluding road
upgrade and provision of a new cable service track, and extension to the Ardderroo Substatian to faciitate the
revised gnid connection,

The EIS for the Permitted Development fully assessed the likely significant efects of the 11 na. turbine tayout and
proposed mitigation measures to avoid or reduce these effects The findings of the assessment and proposed
mitigation measures will not be altered as 3 result of the Proposed Development

12.4.2.1. Turbines and Hardstands




The construction phase noise impacts of the Parmitted Development were assessed in the FIS submitted with that
planning apphcation, The EIS for the Permitted Development fully assessed the likely significant effects of the 11-
turbine layout and proposed mitigation measures to avoid or reduce these effects. The findings of the assessment
ana proposed mingation measures will net be altered as 3 result of the Proposed Develogment

In terms of these the canstructon activites, the overall associated efiects remain negative, not sianificant and
short-term.

12.4.2.2. Grid Connection Route

The Proposed Development includes

from within the wing farm roads, widened forestry road,
and the new cable sarvice track along the southern verge of the road serving Ardderroo substation

The nearest noise-sensitive location to this element of the works are H1 52 and H154 at a distance of the order of
26k,

Due to the nature of construction activities, 1t 15 difficult to calculate the actual magnitude of noise emissions to
the focal environment. However, the standard best Practice approach used to predict typical noise levels at the
nearest sensitve receptor is by using gudance set out 0 BS 5228-1-20094 41:2014 Code of practice for noise
and vibration control on construction and open sites - Nouse,

The methodology adupted for the assessment of construction nose is to analyse the various elements of the
construction phase ir isalation For each elament, the typical construction naise sources are assessed along with
tymical sound pressure fevels and spectra from BS 5228 at various distances from these warks.

The noise levels referred to 1n this section are indicatve only and are intended to assess whather it is likely that
the contractor can comply with current hest practice guidance. The predicted fevels are expected to occur for
only short periods of ime at a very limited number of properties Construction noise lavels will he lower than
these levels for mest of the time at most properties in the vicinity of the Proposed Developrant site

Several indicative scurces that would be expected on a site of this nature have been identifed and noise
precictions of therr potential impacts prepared to nearby houses.; construction naise levels will be lower at
properties located further from the works.

Table 12 10 details the noise levels associated with typical construction noise sources assessed i this Instance
along vath typical sound pressure levels and spectra brom BS 5228 - 1. 2009. Calculations have assumed an on-
time of 66% for each item of planti.e 8 hours over a 12-hour assessment penod

Table 12.10  Noise Levels due te grid connection construction

Item (BS5228 Ref) Plamt

Noise | Highest Predicted Joise Lewt| at Stated

Level at 10m | Distance from Edge of W urks (1B L
Distance (dB -
Laact) & 1500m  § 2000 | 2500 m
_3
) na
HGY Movement (C.2 .30} 79 31 27 mb 22 o _W &
Ll
( W o
Tracked Excavator (C 4.64) 77 29 25 -y 20
L | Ny
.q.”.-.. —
Dursper Truck (C.4.4) 76 28 24 iy 19
-
Vibrating Rollers (D.8.29) 77 2 25 L ,'», @5
| &g g £
R =
Generator (C.2.44) 77 29 25 22 — 2% -
Tetal Construction Noise 35 32 29 27

{cumulative for all activities)

These levels of noise are well within the canstruction ncise criterion outlined in Table 12.1, therefore 1t 1s
concluded that there will be no significant neise impact associated with the construction of the gnd connection,
therefore no specific mitgation measures are required.

12.4.2.3. Substation

The Proposed Development proposesto omit the permitted on-site substation and instead connect the propesed
wind turbines to the electrical gnd at Ardderroo substation, as discussed in the previous section. An extension of
the Ardderroo substation will be constructed to accommodate gnd connection 10 Knockranny wind farm The
averall noise emission from the substation will be similar to the cermitted substation therefore no significant noise
arwvibration effects due to the substation extension are Iikely.

12.4.2.4. Additional Traffic along Turbine Delivery Route

In respect of the potential noise effects of additional traffic of surroundinig roads, the following comments are
made for the construction phase, the assessment and findings 1n the EIS for the Permitted Develapment remam
applicable and valid with the exception of traffic during the concrete pouring phase.




However, as a result of the increased size of the foundations due to the ncrease in size of the turbines as part of 12-5. For brevity, the noise levels are presented in Table 12,12 for a subset of iocations, b = clofest NSis in
the Proposed Development, additional concrete deliveries will be made to the site. The infarmation presented in different directions from the Praposed Develupment
Chapter 5 has been used to inform the assassment of the updated traffic flows for this phase of the construction.

if (E1R8)
Changes in traffic noise levels along the proposed raute have been estimated and presented in Table 12 11
Predicted Noise Level dB LAS0 t Standardised Win { S.ed at
Table 12,17 Estimated Changes in Traffic Noise Levels during Construction Phase ,ﬂ NS Dpiee Lave aa iy T o M_.JLJ
Om AG.L [
o~ o
Link Chings tn thoes ok chi Change in noise levels | Significance of Effect for o B Ru.va
- due to proposed Proposed Development Ly
to permitted development o)
dB Lo development dB
. o Predicted il
(-
0.4 05 Imperceptible Criterion 43 43 43 43 43
Excess - - - - - | A
0.3 04 i tibi ' I Y
E . mperceptible 0. o i)
Predicted 29.6 33.6 370 3ie 380 38000 oy % E
— = L =
g = Slight to Moderate Criterion 43 43 43 43 43 43
Excess - - - - - -

Based on the criteria in Table 12 2, the associated effect with the Proposed Development 1s negative, slhight to
maoderate and short-term, just as it is for the Permitted Developmant Predicted 299 339 37.3 381 382 38.2

In respect of the remaining phases, which are delivery of large equipment and other deliveries, the traffic flows

. i 4 4
are the same as those for the Permitted Development. The effects remain negatve, shght and short-term. Criterion 3 43 a3 e i 3
Excess - - = = - &
) : P 5. 29. ! ¥ ) 4.
12.43  Assessment of Fffects During Operation redicted s ¢ o e A 345
The roise levels for the Proposed Development site have bean caleulated for all noise sensitive recewers identified Critesion 43 43 43 e 44 43
within the EIAR Study Area for naise a5 described in Section 12.2.5,
Excass -- - » - - o
Note that this assessment refers to a cumulative situation as required by the 104 GPG:
, Predicted 24.9 289 324 334 335 335
514 During scop ng of a new wind farm development conz Jeration chould be guen to
cumulative notse impaets from any ether wind farms in the local by Fthe proposed vand Criterion 43 43 43 43 43 43
farm produzes ro.se lovels witmn 1048 Of any existing wend frrmis at the same recepiar
_awm?\:‘c then a cumutative rose IMTACt 335055M0cNt s rocosa, . Excess N » - . . N

As such anoiseimpact assessment considering the Proposed Develzpment misolation s not included., The resuhs
of the cumulative assessment are presented in the sections below, where two scenarios are cansidered, each Fredicted 25.7 29.8 33.3 34.3 34.4 344
representing ane of the two candidate turbine technologies (E138 and V134).

Criterion 43 43 43 43 43 43
12.4.3.1. Enercon E138 Excess - N - . - "
Using the sound power levels in Table 12 5, the cumulative noise levels at all 270 NSLs have been calculated in Predicted 25 300 335 345 344 346

accordance with the guidance in section 12.2.1.2. The full set of predicted noise levels is presented in Appendix
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Predicted Noise Level dB LA90 at Standardised Wind Speed at
10mAG.L

Criterion 43 43 43 43 413 43

Excess - - - - - "

Contours of noise levels for £138 standard mode operation rated pawer wind speed {1.e. highest noise ermission)
have been presented in Appendix 12-6, The predicted noise levels for all turbines operating in standard mode
shews that all predicied noise ievels are within the planning criterion of 43 d8 Las..

With respect to the EPA cntena for description of effects, the potential predicted effects at the nearest nose
sensitwe locations associated with the operation of the wind turbines 15 negative, moderate and long-term.

12.4.3.2. VestasV136

Using the sound power levels in Table 12.6, the cumulative noise levels t all 270 NSLs have been calculated in
accordance with the guidance m section 12.2.1.2. The full set of predicted nasse levels is presented i Appendix
12-7. For brevity, the noise levels are presented in Table 12.6 for a subset of locations, being the closest NSLs in
different directions from the Preposed Development.

Table 12.13  Review of Cumulative Predicted Turbine Noise Levels against Relevant Crite

Predicted Noise Level dB LA90 at Standardised Wind Speed at
10m AG.L

Predicted 274 323 359 358 368 36.8
Criterion 43 43 43 43 43 43
Excess - - - - -~ -
Predicted 27.4 322 359 387 36.8 368
Critenon 43 43 43 43 43 43
Excess - - = . . .

Predicted 27.6 325 36.1 369 37.0 37.0
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Predicted Noise Level dB LAS0 at Standardised Wind Speed at
10mAG.L

Predicted Noise Level dB LAS0 at Standardised Wind Speed at
100mAGL

Critenion 43 43 43 43 43 43 Criterion 43 43 43 43 43 43
Excess - - = - - = Excess - - - = - -
Predictea 289 337 376 391 393 393 Predicted 256 30.4 34.3 355 357 35.7
Criterion 43 43 43 43 43 43 Criterion 43 43 43 43 43 43
Excess - - - - - - Excess - N - - - -
Fredicted 286 334 37.4 389 39.1 391 Predicted 238 285 32.4 336 318 33.8
Criterion 43 43 43 43 43 a3 Criterion 43 43 43 43 43 43
Excess - - - - - - Fxcess - - - -~ - -
Predicted 282 33.0 37.0 185 388 388 Predicted 23.6 283 322 334 33.6 336
Criterion 43 43 43 43 43 43 Criterion 43 43 43 43 43 43
Excess - - . - - - Excess - - - = - -
Predicted 28.0 327 367 383 385 385 Predicted 234 283 322 334 336 336
Criterion 43 43 43 43 43 43 Criterion 43 43 43 43 43 43
Excess - - - - - - Excess - -- - - - -
Predicted 264 312 35.0 361 36.3 363

Contours of noise levels the V136 for standard mode cperation rated power wind specd (1.e. highest noise

Criterion 43 43 43 43 43 43 emission) have been presented in Appendix 12-8 The predicted roise levals for all turbines operating in standard
made shows that all predicted noise levels are within the planning criterien of 43 dB Le .
Excess - - - - - -
With respect to the EPA cniteria for description of effects, the potential worst-case associated effects at the nearest
Predicted 26.1 0.9 34.7 358 160 36.0 noise sensitwe focations associated with the operation of the wind turbines s negative, moderate and long-term.
Criterton 43 43 43 43 42 43
e B B B B _ B 12.4.3.3. Comparison of Proposed Development with Permitted Development
Predicted 26.0 308 347 358 6.0 360 Table 12.14 compares the predicted cumulative naise levels due ta the Permitted Development with the

proposed development. Note that the values in the ‘Permitied” column have heen calculated with the GE 2.85 Mw
turbine at a hub heights of 80 and 90 m, and that the calculations include the other wind farms as listed in Section



12.2.4.3. Therefore the predicted noise levels differ shightly from those in the FIS associated with the Permitted
Development.

I the case of the E138, the predicted changes in noise fevels are -0.6 10 -0.1 dB and for the v136, the changes
are 0.0 to +0.2 dB In both cases, the differences in predicted noise levels between the Permitted Dovelopment
and either scenario for the Proposed Development are imperceptible.

Table 12.14  Review of differences in predicted noise [evels at 8 m/s wind speed at standardised 10m
height

Predicted noise levels at 8 m/s wind speed at standardised 10m height

Permitted E138 vs | V138
Permitted

368 38.0 +1.2 36.8 G0
36.7 38.0 +1.3 368 +0.1
37.0 38.2 +1.2 37.0 0.0
338 345 +0.7 138 0¢
327 335 +0.8 328 +0.1
336 34.4 +0.8 337 +0.1
338 34.6 +0.8 339 +01
32.2 324 +0.2 321 -0.1
322 32.5 +0.3 322 0.0
322 324 +0.2 20 0.1
39.6 39.6 0.0 393 -0.3
394 394 G0 391 0.3
39.0 39.0 0.0 388 0.2
388 387 01 85 0.3
36.3 371 +0.8 36.3 0.0
36.0 387 +0.7 20 00
380 36.8 +0.8 36.0 0.0
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335 347 +0.6 336 oq.o
O o
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Construction Phase o % w

Asthe wind turbine construction methods will be tne same as those for the Permitted Development, the mitigation
measures presentad in the previous EIS apply also to the Proposed Development, re-iterated here:

Reference will be made to British Standard BS 5228-1:2009+A1.2014 Code of practice for naise and vibration
control on construction and Gpen sites - Noise, which offers detailed guidance on the cantro! of noise & vibranon
from demolition and construction activities The following best practices will e employed

12.5.1.1.
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Noise

The contract documents will clearly specify that the Contractor undertaking the construction of the works will be
obliged to take specific na se abatement measures and comply with the recommendations of British Standard BS
3228-1:2009+A1:2014 Code of practice for noise and visration control on construction and open sites - Noise.
The following list of measures will be considered, where necessary, to ensure compliance with the relevant
CONsStructon noise criteria
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Where rock breaking is employed, the following are examples of measures that will be employed, to mitgate
noise emissicns from these actities:
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12.5.2 Operational Phase

An assessment of the operational noise levels has been undertaken in accordance with best practice guidelines
and procedures as outlined in Section 12.2.1.2 of this Chapter. The findings of the assessment confirmed that the
predicted aperational noise fevels will be within the relevant best practice noise criteria curves for wind farms at
alllocations and therefore no mitigation measures are required.

If alernative turbine technalegies are considered for the site an updated noise assessment will ke prepared to
confirm that the noise emissions associated with the selected turbines w comply with the relevart operational
critéria associated wath the grant of planning for the Proposed Davelopment. If necessary, sustable curtailment
“trategies will be designed and implemented for alternat ve technologes to ensure compliance with the relevant
noise criteria curves, should detaled assessment conclude that this is necessary.

In the unlikely event that an issue with low frequency nowse is associated with the Preposed Development, it s
recommended that an appropriate detarled investigation be undenaken. Due consideration should be given to
guidance on conducting such an Investigation which is outlined in Appendix VI of the EPA document entitled
Guidance Note for Noise. Licence Applicatons, Surveys and Assessments i Relation to Scheduled Activities
(NGAIEPA, 2016). This guidance is based on the threshold values outlined In the Salford University document
Procedure for the assessment of low frequency noise complaints, Revision 1, December 2011

Inthe unlikely event that a complamt is received which ndicates patential amplitude modutation (AM)] associated
with turbine operation, the operatar shall employ an independent acoustic consultznt to assess the level of AMn
accordance with the methods cutined in the Institute of Acoustics (I0A) Noise warking Group (Wind Turbine

I
3

Tl ""

Noise] Ampirude Modulation Working Group (AMWG) namely, A Method for Rating Ampleude _...:”E_m:f
: .
Wl

Wind Turbine Noise {August 2018) or subseguent revisions.
)
The measurement methed outlined in the QA AMWG document, known as the :_F,h...... ethod’, wil
. . b5y
an indicator of AM and yield important information on the frequency and duration of arcurmence hohic
used 1o evaluate different operational conditions ncluding mitigatian. ]
12.5.2.1. Monitoring 1 O

ﬁo?i_mm_D:Sm noIse surveys are recommended to ensure compliance with any naise uo:a,_.w pphigd to the
Praposed Developmant In the unlikely instance that an exceedance of these neise otems is Hentfied, the
assessment guidance outlned in the 10A GPFG and Supplementary Guidance Nare S P st Cgmp
Measurements (July 2014} should be fallowed and relevant cormective actions will be taken f am_m.»%wm..n_...mmm?

For example, implementation of noise operational modes resulting in curtalment of ..m.._ opdrawdn can be
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impfernented for specific turbines in specific wind conditiens o ensure predicted no te levels are within the
relevant noise criterian curves/planning conditions.

Past-cammussioning of the Proposed Development turbines, it je recommended that the noise monitonng
detailed in the relevant section of this report be repeated with consideration of the guidance outlined in the I0A
GFG and Supplementary Guidance Note 5.

1253 Decommissioning Phase

In relation to the decommissioning phase, similar overall noise levels as those caleulated for the construction
phase wauld be expected, as similar tools and equipment will be used. The noise and vibration Impacts associated
with any decommissicning of the wind turbines are consdered to be comparable to those outlined in relation to
the construction of the Perrmitted Development With reference to the Construction Enviranmental Management
Plan, there 15 no tem of pfant that would be expected to give rise to noise levels that would be considered out of
the ordinary or in exceedance of the levels autlined n Section 12.2.1 1

Considering that in all aspects of the construction and decommissioning the predicted noise jevels are expected
1o be below the approprate Category A value (i.e, 65dB L3} at current noise sensitve locations for the
decommissioning phase, therefore the nojse and vibration sffects are not significant

12.5.3.1. Decommissioning Phase Mitigation

The mitigation measures that will be consiciered in refation to any decommissioning of the sie are the same as
those proposed for the construction phase of the development, 1.e., as per Sectian 12.4.2,

12.6.1  Construction Phase

Buring the construction phase of 1he project there will be some effect on nearby NSLs due 10 noise emissions
from site traffic and other construction actvines However, given the distances between the main construction
works and nearby NSLs and the fact that the construction phase of the devefopment is short-term in nature, it 15
expected that the various noise sources will not be excessively intrusive. Furthermore, the application of binding
noise Iimis and hours of cperstion, along with implementation of appropriate noise and wvibraticn control
measures, will ensure that the noise and vibration effect = keptto a mirnmum,




With respect to the EPA’s critenia for description of effects, in terms of these construction activites the potential
worst-case associated effects at the nearest NS_s associated with the vanous efements of the construction phase
are negative, nol significant and short-term,

12.6.2 Operational Phase

The predicted noise levels associated with the Proposed Development will be within best practice noise critena
curves recommended in Insh guidance WEDG" therefore, it s not considered that a significant effect s associated
with the Proposed Development.

The predicted residual operational naise effects are summarised as follows: negative, moderate and long-term

1274 Wind Farm Developments

12.7.1.1, Construction Phase

I general, potential constriuction noise impacts may occur if other developments are constructed at the same
time as the proposed development. In this instance, the closest other wind farm included in the cumulative
assessment is Ardderroo, which s already partially construcied; similarly the next nearest wind farms, Uggool and
Cloost and Knockalough are also operational.

Due to the distances between NSLs considered here and the other wind farms yet to be constructed, 1s not
censidered that significant cumuiative noise and vibration effects are likely.

Forestry operations on the site will be concurrent wirk the construction ghase but are rot expected to have a
significant cumulative noise effect.

12.7.1.2. Operational Phase

The noise assessment presented in this EIAR chapter i mherently an assessment of cumulative wind turbine rioise,
as required by the 10A GPG.

12.7.2  Other Developments

Develcpment other than wind farms are considered here are as follows
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12.7.2.1. N59 Maigh Cuilinn (Moyculien) Bypass

Due to the distances between the NSLs conssdered ir this azsessment and the proposed Moycullen bypass, it is
considered that cumulative effects are not significant for either the construction or operational phases.

12.7.2.2. Connemara Greenway

The Connemara Greenway passes to the east of the NSLs used in this assessrment, NSLs along the N59 are at
distances of the order of 2.5 km from the propesed development; similarly, distances are such that there 15 ne

|
likefikcod of a significant cumulative impact due to the construction of the greeiw

oper
the greenway 1s not expected to generate any sigruficant noise and cannot ! Ead
cumulative noise iImpact with the propesed development. ; ]
Nane. | |w
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015)
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BS 5228-1:2009+41:2014 Code of practice for noise and wibration control on ¢ nstruction ang opgn sites - me.—w ,

EPA Advice Notes for Preparing Fnvironmental Impact Statemnents, (Draft, mmn“m.;_

BS 5228-1:2009+A1 2014 Code of practice for noise and vibration cortrol on cofstryc 4..‘@“..» .._...m.ﬁ,._ ns
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BS 7385-2:1993 Fvaluaten and measurement for vibration in buldings. Guide to ¢
groundborne wibratian;

Design Manual for Roads ang Bridges LA 111 Sustamability & Environmental Appraisal Noise and Vibration Rev
2{2020);

150 1994 2017: Acoustics - Description, measurement and assessment of environmental noise.
World Health Orgenisaton Fovironmental Noise Guidehines for the Furopean Region, 2018

Institute of Acoustics: A Goad Practice Guide to the Application of ETSU-R-97 for the Assessment and Reting of
Wind Turbine Noise (2013)

Wind Energy Development Guidelines” putlished by the Department of the Environment, Heritage and Local
Government 2004

Department of Trade & Industry (UK} Energy Technology Support tnit (ETSU} "The Assessment and Rating of
Noise from Wind Farms” {1996).
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Appendix 12.1 - Glossary of Acoustic Terms

A variety of acoustic parameters and terminology are used throughout this chapter. Significant
definitions are identified at this stage to inform the reader.

A - Weighting

Background Noise

dB (decibel)

dB(A)

Hub Height Wind Speed

Mertz (Hz)

LAeq,T

The "A” suffix denotes the fact that the sound levels have been “A-
weighted” in order to account for the non-linear nature of human
hearing.

The noise level rarely falien below in any given location over any given
time period, often classed according to day time, evening or night
time periods. The LA90,10min is the parameter that is used to define
the background noise level in this instance. LAY0 is the sound level
thatis exceeded for 90% of the sample period. It is typically used as a
descriptor for background noise.

The unit normally employed to measure the magnitude of sound. It is
defined as 20 times the logarithm of the ratio between the RMS
pressure of the sound field and the reference pressure of 20 micro-
pascals (20 u Pa).

An ‘A-weighted decibel’ - a measure of the overall noise level of
sound across the audible frequency range (20 Hz - 20 kHz) with A-
frequency weighting (i.e. A - Weighting) to compensate for the
varying sensitivity of the human ear to sound at different frequencies.

The wind speed at the centre of the turbine rotor.
The unit of sound frequency in cycles per second.

This is the equivalent continuous sound level. It is a type of average
and is used to describe a fluctuating noise in terms of a single noise
level over the sample period (T).The closer the Laxg value is to either
the Lario or Lareo value indicates the relative impact of the intermittent
sources and their contribution. The relative spread between the
values determines the impact of itermittent sources SUCH s raffie on
the background. | AL -A
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LC!EH

Low Frequency Noise

Noisg

Noise Sensitive Location (NSL)

octave band

Pascal (Pa)

Scund Power Level (Lw)

Sound Pressure Level (Lp)

Refers to those A-weighted noise levels in the lower 20 percentile of
the sampling interval; it is the level which is exceeded for 90% of the
measurement period. It will therefore exclude the intermittent
features of traffic and is used to estimate a background level.
Measured using the "Fast” time weighting.

Refers to the Lawg noise levels over a whole day, but with a penalty of
10 dB{A} for night-time noise (23:00-07:00) and 5 dB{A) for evening
notse (19:00-23:00), also known as the day evening night noise
indicator.

LFN - noise which is dominated by freguency components towards
the lower end of the frequency spactrum.

Sound that evokes a feeling of displeasure in the environment in
which it is heard and is therefore unwelcamed by the receiver.

Any dwelling house, hotel or heostel, health building, educational
establishment, place of worship or entertainment, or any other facility
or other area of high amenity which for its proper enjoyment requires
the absence of noise at nuisance levels.

Afrequency interval, the upper limit of which is twice that of the lower
limit. For example, the 1,000Hz octave band contains acoustical
energy between 707Hz and 1,414Hz. The centre frequencies used for
the designation of octave bands are defined in ISO and ANSI
standards.

Pascal is a unit of pressure and so sound pressures are measured in
Pascals,

The sound power level radiated by a source is defined as:
74

LW =10 IOglOWO dB

Where W is the acoustic power of the source in Watts (W) and W is a
reference socund power choser in air to be 1072w,

The sound pressure level at a point is defined as:



P
LP = 20 lng—' dB
P(l
Where P is the sound pressure and Po is a reference pressure for
propagation of sound in air and has a value of 2x10°5Pa,

Sounds which cover a range of only a few Hz which contains a clearly
audible tone i.e. distinguishable, discrete or continuous noise (whine,
hiss, screech, or hum etc.) are referred to as being 'tonal.

Tonal

The wind speed measured by an anemometer at a
specified height above ground level, averaged over a
10-minute period.

10 Minute Average Wind Speed {(m/s)

Wind Shear The increase of wind speed with height above ground.
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Appendix 12.2 - Calculation Parameters and Settings for Noise Medel

Prediction calculations for turbine noise have been conducted in accordance with 1SO 9613:
Acoustics - Attenuation of sound outdoors, Part 2: General method of calculation, 1994. Guidance in
terms of the calculation settings has been obtained from the Institute of Acoustics {loA) Good Practice
Guide to the Application of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise (2013)
{loA GPG) and its associated supplementary guidance notes. The following are the main aspects that
have been considered in terms of the noise predictions presented in this instance.

Directivity Factor: The directivity factor {D) allows for an adjustment to be made where
the sound radiated in the direction of interest is higher than that for
which the sound power level is specified. In this case appropriate
consideration is given to the issue of wind directivity as detailed in the
relevant sections of the chapter,

Ground Effect: Ground effect is the result of sound reflected by the ground
interfering with the sound propagating directly from scurce to
receiver. The prediction of ground effects is inherently complex and
depend on source height receiver height propagation height
between the source and receiver and the ground conditions.

The ground conditions are described according to a variable defined
as G, which varies between 0.0 for hard ground (including paving, ice
cancrete) and 1.0 for soft ground (includes ground covered by grass
trees or other vegetation) Predictions have been carried out using a
source height corresponding to the hub height of the proposed
turbines, a receiver height of 4m and a ground effect factor of G=0.5.

Geometrical Divergence This term relates to the spherical spreading in the free-field from a
point sound scurce resulting in an attenuation depending on
distance according to the following equation:

Ageo =20x |Og(d] + 11
where d = distance from the source

A wind turbine may be considered as a point source beyond a
distance corresponding to one rotor diameter.

Atmospheric Adsorption Sound propagation through the atmosphere is atienuated by the
conversion of the sound energy into heat. This attenuation is
dependent on the temperature and relative humidity of the air
through which the sound is travelling and is frequency. dependent
with increasing attenuation towardshighez frequenciad. b

‘DG'/\

In these predictions, a temperat ABRY 10= ative humidity of
70% have been used, which gi‘e refativity |OV\1 |5vﬁ§@f atimdsphere

attenuation and corresponding orst case noise predi'.ctigns.
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Barrier Atienuation The effect of any barrier between the noise source and the receiver
position is that noise will be reduced according to the relative heights
of the source, receiver and barrier and the frequency spectrum of the
noise. The barrier attenuations predicted by the 1IS0O9613 model have
been shown to be significantly greater than that measured in practice
under down wind conditicns. 3D ground topography data supplied
by MKQ was used in the noise prediction modelling. Attenuation from
topography screening has been limited to a maximum of 2 dB in the
tabulated results in accordance with the loA GPG.

Wind Turbine Valley Carrection

The IOA GPG recommends & correction of +3 dB should be added
to the calculated overall A-weighted ncise level for propagation
“across a valley”, i.e. a concave ground profile, or where the ground
falls away significantly, between the turbine and the receiver location.
The following criterion of application is recommended:

hm = 1.5 x(abs (hs - hr) /2)

where h. is the mean height above the ground of the direct line of
sight from the receiver to the source (as defined in 15O 9613-2, Figure
3), and h, and h are the heights above local ground level of the source
and receiver, respectively. The recommended Valley correction has
been incorporated into the turbine prediction calculations.
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Table 3: Sound Power Level Spectra Used for Letterpeak wind farm with a Hub Height of 78 m.

Sound Power Level, dB at Octave Band Centre Frequency, Hz

70.0

75.6

79.4

82.5

83.6

81.9

82.1

85.9

89.0

70.1

B8.6

86.8

20.6

93.7

94.8

91.9

92.3

96.1

99.2

100.3

88.6

94,7

98.5

101.6

102.7

80.7 69.8 66.5 95.2

89.5 78.6 713 28.0

933 824 75.1 101.8

964 85.5 78.2 104.9

97.5 86.6 79.3 106.0

Table 4: Sound Power Level Spectra Used for Cloosh Wind Farm Extension with a Hub Height of 99 m.

Sound Power Level, dB at Octave Band Centre Frequency, Hz

77.8

83.1

86.6

87.2

87.2

83.2

88.5

92.0

92.6

92.6

86.5

91.8

95.3

95.9

95.9

89.3

94.6

98.1

28.7

98.7

92.1

97.4

100.9

101.5

101.5

92.5 88.6 755 §7.6

97.8 23.9 80.8 102.9

101.3 974 84.3 106.4

101.9 980 84,9 107.0

1019 980 84.9 107.0
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Appendix 12.3 - Sound Power Levels

Table 1: Sound Power Level Spectra Used for Cloash, Seecon, Uggool wind farms with a Hub Height of
90 m.

Sound Power Level, dB at Octave Band Centre Frequency, Hz dB Lwa

4 70.3 82.2 88.9 922 88.9 81.0 70.1 66.8 95.5

5 75.0 86.9 93.6 96.9 93.6 85.7 74.8 715 100.2
6 79.6 91.5 78.2 101.5 98.2 90.3 7.4 76.1 104.8
7 81.4 93.3 1000 103.3 1000 921 81.2 77.9 106.6
=8 81.8 93.7 1004 1037 1004 925 81.6 78.3 107.0

Table 2: Sound Power Level Spectra Used for Lettercraffroe with a hub height of 8¢ m and Knockalough
with a Hub Hoight of 79.5 m.

Sound Power Level, dB at Octave Band Centre Frequency, Hz

4 70.0 81.9 88.6 91.9 88.6 80.7 69.8 66.5 05.2
5 74.6 86.5 93.2 26.5 93.2 85.3 744 711 99.8
6 79.3 91.2 7.9 1012 979 ¢0.0 79.% 75.8 104.5
7 81.3 93.2 §9.9 1032 999 92.0 81.1 77.8 106.5
=8 81.8 93.7 1004 1037 1004 925 81.6 78.3 107.0
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87.2 815 72.3 ?5.0

5 81.6 88.2 ?1.9 ?4.0 95.3 934 83.8 75.9 100.3
6 85.6 92.2 95.9 98.0 99.3 97.4 87.8 79.9 104.3
7 87.5 94.0 97.7 99.8 1011 993 89.7 81.8 106.1

=8 87.8 ?4.0 97.7 1003 1010 98.5 ?0.9 82.9 106.1
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