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Executive Summary

Atmos Consulting commissioned Gavin and Doherty Geosolutions Limited (GDG) to undertake a Peat
Stability Risk Assessment (PSRA) for the proposed Cummeennabuddoge Wind Farm site. A peat
stability assessment is required in accordance with planning guidelines compiled by the Department
of the Environment, Heritage and Local Government (DoEHLG), where peat is present on a proposed
wind farm development.

The findings of the peat assessment showed that the site has an acceptable margin of safety and is
suitable for the proposed renewable energy development, based on select conditions and the
assurance that best practice peat management shall be undertaken during development.

The average peat depth recorded across the site is 1.3m. A localised section of deeper peat up to a
depth of 5.4m was recorded within the proposed access track. Where possible, the deeper peat
areas have been avoided by optimising the proposed layout for the site.

A desk study, site walkovers, ground investigation campaigns, stability analyses and a risk
assessment were carried out to assess the risks posed by peat failures. The risks were assessed
following the principles in Peat Landslide Hazard and Risk Assessments: Best Practice Guide for
Proposed Electricity Generation Developments (Scottish Executive, 2017).

The stability analysis aims to determine the stability of the peat slopes, i.e., the Factor of Safety
(FoS). The FoS provides a direct measure of the degree of stability of a peat slope. A FoS of less than
1.0 indicates that a slope is unstable; an acceptable FoS for slopes is 1.3 or greater. During the layout
design stage of the Proposed Development the Factor of Safety Analysis along with observations
from site walkovers and desk study review were used to develop Safety Buffer Areas. These areas of
identified potential instability were avoided where possible during the siting of the Proposed layout.
Safety buffer areas are presented in Appendix L, Figure L- 1 and Figure L- 2. A risk assessment was
carried out considering the FoS value calculated in the stability analysis along with other factors that
could influence the stability of peat, as a peat slide would be potentially very damaging to this
particular site’s environment, given the presence of sensitive water receptors downstream of the
site, including Lough Leane and a Special Area of Conservation.

The site, in association with the Proposed Development layout, was found to have both acceptable
factors of safety and levels of risk against peat instability. Outside of the footprint of the Proposed
Development some limited potential instability areas have been highlighted throughout the layout
design of the Proposed Development and will have no construction activities. In addition, peat and
spoil stockpile restriction (PSR) areas are proposed at the limited locations where the proposed
development overlaps or is adjacent to safety buffer areas. PSRs are presented in Appendix L, Figure
L- 3 and Figure L- 4, and occur in isolated localised areas of the Proposed Development where total
avoidance was not possible as some safety buffer areas extend across large extents of the site,
particularly on steep slopes along watercourses.

A separate bearing capacity, sliding check, and local and global stability assessment for the peat
repository areas was carried to examine the constructability and stability of the berms and peat

Peat Stability Risk Assessment 1 20263-PSRA-001-03
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stored within. The assessment outlines a criteria for the proposed areas and detail that the area will
be suitable for the proposed temporary and permanent storage of peat.

Outside of the peat and spoil stockpile restriction areas, the Proposed Development is considered to
have a negligible to low landslide risk and is safe for construction provided all works comply with the

methodologies and mitigations outlined in the associated Peat Management Plan (PMP), included as
Appendix 10-3 of the EIAR.

Peat Stability Risk Assessment 2 20263-PSRA-001-03
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1. Introduction

1.1. Background

Gavin and Doherty Geosolutions (GDG) was commissioned by Atmos Consulting to undertake a Peat
Stability Risk Assessment (PSRA) for the proposed Cummeennabuddoge Wind Farm site located in
Co.Kerry, adjacent to the county boundary with Co. Cork, close to the village of Ballyvourney.

GDG has been involved in many wind farm developments in both Ireland and the UK at various
stages of development, i.e. preliminary feasibility, planning, peat stability assessment, design and
construction. In addition to this, the GDG team made up of engineering geologists,
geomorphologists, geotechnical engineers and environmental scientists, has developed expertise in
landslide hazard mapping, including leading a recent national landslide hazard mapping pilot study,
which included extensive landslide runout and hazard mapping and calculation in Irish blanket peat.

1.2. Statement of Authority

This document was prepared by Gavin & Doherty Geosolutions (GDG). GDG is a specialist
engineering consultancy with a foundation in geoscience, environmental services and geotechnical
engineering.

The company was founded in 2011 and is committed to supporting projects that contribute to the
global sustainability agenda, such as enhancing infrastructure, supporting onshore and offshore
wind farm developments, and general civil infrastructure design.

The members of the GDG team involved in this assessment include:

e Stephen Curtis is the primary author of this report. Stephen was involved throughout the
development of the proposed design including several visits to the site and has carried out
the stability analysis and interpretation of the ground model, reviewed peat stability and
influence of peat handling practice at the site relating to the infrastructure design. Stephen
is a Senior Engineering Geologist on the onshore renewable team. He has over seven years
of experience in both site investigation contracting and geotechnical consultancy
environments. He is Chartered with the Institute of Geologist of Ireland (IGl) and the
European Association of Geographers. Stephen has worked on multiple renewable energy
projects, primarily solar and wind farm projects in Ireland and the UK, for over four years. He
has been involved in the feasibility study, planning, design and construction stages of wind
and solar farm developments with a particular focus on geotechnical risk management and
mitigation for construction in upland peat areas and Irish glacial ground conditions.

e Ruadh Mclntosh is the project manager and has been involved in the design of the proposed
development. Ruadh is a Senior Engineering Geologist working in the Environment team.
She has eight years’ experience working within the consultancy sector, and has been
responsible for the project management and delivery of a number of renewable energy
project components in the UK and the Republic of Ireland, largely relating to peat and

Peat Stability Risk Assessment 3 20263-PSRA-001-03
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borrow pit assessments. She is a Chartered Geologist with the Royal Geological Society of
London.

e Paul Quigley is the project director and has provided guidance and review approval for the
analysis and reporting. Paul is a Chartered Engineer with over 25 years of experience in
geotechnical engineering and a UK Registered Engineering (RoGEP) Advisor. He has worked
on a wide variety of projects for employers, contractors and third parties, gaining a range of
experience including earthworks for major infrastructure schemes in Ireland and overseas,
roads, tunnelling projects, flood protection schemes, retaining wall and basement projects,
ground investigations and forensic reviews of failures. Paul is adept at designing creative
solutions for difficult problems and has published numerous peer-reviewed technical papers.
He has also acted as an independent expert for several legal disputes centred on ground-
related issues. He is a reviewer for the ICE Geotechnical Engineering Journal, a member of
the Eurocode 7 review panel at NSAl and a former Chairman of the Geotechnical Society of
Ireland.

e Alastair Lewis has been involved in the oversight and review of the engineering design of the
Proposed Development. Alastair is a Civil Engineer with over twenty-five years’ experience in
civil and ground engineering. He oversees the delivery of multi-disciplinary development
infrastructure projects including, brownfield development, ground engineering, earthworks
platforming, mining remediation, SUDS, sewerage, flooding, bridges, windfarms, and roads.
As head of infrastructure, he developed engineering strategies in the property and energy
sectors with particular reference to planning and environmental requirements. He has
design experience of major earthworks and mine stabilisation schemes and extensive
experience in assessment of abandoned mine workings.

e Chris Engleman has carried out the ground model development, stability analysis, GIS
mapping and constaints mapping analysis for the project. Chris is a Geologist with four years
of industry experience within the onshore renewables sector and the field of geological
mapping; predominantly working on projects for peat stability and management in advance
of wind farm construction, ground investigation, rock and soil logging, GIS mapping and
geotechnical design. He has strong experience within peat stability, soil logging to BS5930,
geological mapping, site investigation and GIS mapping.

e Daniel Murphy carried out several site visits to the site for ground investigations and
engineering design. Daniel is a Graduate Engineer working in both the GDG Infrastructure
team and the Structures team. He has a Masters’ degree in Civil Structural and
Environmental Engineering from University College Cork and has been working with GDG
since graduating in 2022. Daniel has worked on a variety of Temporary Works and
Permanent Works design projects in Ireland and the UK, and is experienced at peat probing.

e Brian McCarthy carried out several site visits to the site for ground investigations and
engineering design. Brian is a Civil Engineer within the infrastructure team in GDG with two
years of post-graduate experience. Brian holds a Masters degree in Civil, Structural and
Environmental Engineering from University College Cork and is a member of the Institution
of Engineers of Ireland. Brian has worked on various renewable energy and infrastructural
projects in Ireland and the UK and has carried out peat probing on a number of projects
throughout Ireland.
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1.3. Proposed Development

The proposed Cummeennabuddoge Wind Farm is located approximately 8km north of Ballymakeera
town, in the Derrynasaggart Mountains, Co. Kerry. It encompasses the townlands of
Cummeennabuddoge and Clydaghroe and is 709 ha in size. The proposed access route passes
through the townlands of Cummeenavrick and Glashacormick, Co. Kerry.

A detailed map of the proposed site’s administrative locations is provided in Appendix A.

A full description of the development is provided in Chapter 4 of the environmental impact
assessment report (EIAR), however the Proposed Development infrastructure will comprise of the
following:

e Construction of 17 wind turbines and associated hardstand areas;

e One 110kV permanent electrical substation including a control building with welfare
facilities, all associated electrical plant and equipment, security fencing, all associated
underground cabling, wastewater holding tank and all ancillary structures and works;

e All works associated with the permanent 110kV connection from the proposed substation to
the national electricity grid via underground cabling to the existing 220/110kV Ballyvouskil
Substation;

e All associated underground electrical and communications cabling connecting the turbines
to the proposed substation;

e One permanent Meteorological Mast of 110 metres in height and associated hardstand area;

e New and upgraded tracks, roads and site access;

e Four borrow pits;

e Six permanent peat repository areas;

e Permanent placement of peat along sections of site access roads and hardstands (side
casting) where appropriate as part of the peat management plan for the site;

e Three temporary construction compounds;

e All temporary works associated with the facilitation of turbine components and abnormal
load delivery;

e Site drainage;

e Site signage;

e Ancillary forestry felling to facilitate construction and operation of the proposed
development; and

e All associated site development works.

The Proposed Development has been designed with an operational life of 35 years, at the end of
which the wind farm can be decommissioned.

This report examines the conditions at the Proposed Development Site, located within the red line
boundary as defined in Chapter 4 of the EIAR. The turbine transport delivery route along public
roads is not included in this assessment because minimal ground excavation is required for this and
where required, no peat is present. As very little peat or soft ground has been identified on the grid
connection route and no peat stability risk is thought to be present, this has also not been included
in the report.
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The “Proposed Development Site” or “Site” as referred to in this report is in reference to the access
road and main Development Area within the red line boundary as defined in Chapter 4 of the EIAR.

1.4. Overview of peat landslides

1.4.1. Peatlandslides types

Two general groups of peat landslides are typically referred to in the literature: peat slides and bog
bursts. Some descriptions of each type are provided in Table 1-1.

Table 1-1: Peat landslide types.

Characteristics Peat slide Bog burst

Particularly fluid failures without necessarily a

Outstanding . . clear scar margin. The liquefied basal material is
.o Shallow translational failures

characteristic expelled through surface tears followed by

settlement of the overlying mass.

Shear failure along discrete shear

Mechanism surfaces, typically at the peat- Subsurface creep, swelling
substrate interface
Peat depth <2m 215m
Slope angle 5—15° (moderate) 2 —10° (gentle), where deeper peat is more likely

A study of historical landslides, regional landslides identified within a 5km buffer of the site
boundary and a study of a landslide event at a neighbouring renewable energy development are
outlined in Section 2.6.

1.4.2. Controls of peat instability

The spatial and temporal occurrence of landslides, including peat landslides, is controlled by a
combination of conditioning and triggering factors.

The conditioning factors are responsible for the location of a landslide event, and are related to the
inherent properties of the terrain, such as:

e soil type,
e slope angle,
e curvature (convex/concave) of the slopes, and

e drainage.

The triggering factors explain the frequency of landslides. They can be distinguished between fast
and slow triggers:

e Fast triggers:
Intense rainfall (the most frequent trigger);

o Snowmelt (very frequent trigger);
o Rapid ground accelerations (e.g. from blasting rock);
o Undercutting of peat by natural processes (e.g. fluvial) or man-made; or
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o Loading the peat.

e Slow triggers:
o Low intensity but constant rainfall;
o Afforestation / Deforestation (wildfires, pollution-induced vegetation change); or
o Weathering (physical, chemical, biological).

Slow triggers can start landslides by themselves and can also act as preparatory factors for fast
triggers by lowering their threshold to start landslides.

1.4.3. Failure indicators

The presence of conditioning factors and low-pace triggers before failure is often indicated by
ground conditions, features and morphologies that can be identified remotely or during the
fieldwork by the geomorphologist or through basic monitoring techniques.

According to the updated guidelines provided by the Scottish-Executive (2017), the following critical
features are indicative of the susceptibility or proneness to failure in peat environments:

e Presence of historical and recent failure scars and debris;

e Presence of features indicative of tension (e.g. cracks);

e Presence of features indicative of compression (e.g. ridges, thrusts, extrusion features);

e Evidence of peat creep (typically associated with tension and compression features);

e Presence of subsurface drainage networks or water bodies;

e Presence of seeps and springs;

e Presence of artificial drains or cuts down to substrate;

e Presence of drying and cracking features;

e The concentration of surface drainage networks;

e Presence of soft clay with organic staining at the peat and (weathered) bedrock interface;
and

e Presence of iron pans or similar hardened layers in the upper part of the mineral substrate.

Other evidence of peat instability not related to landslides has been considered, namely quaking
peat in horizontal areas with very low bearing capacity.

1.5. Peat Stability Risk Assessment workflow

GDG has carried out the PSRA for the Proposed Development Site following the principles set out in
the Proposed electricity generation developments: peat landslide hazard best practice guide (Scottish
Executive, 2017). This guide has been used in this report as it provides best practice methods to
identify, mitigate, and manage peat slide hazards and associated risks with respect to consent
applications for electricity generation projects.

Figure 1-1 shows a workflow diagram showing the general methodology for the PSRA. The
methodology can be summarised into the following steps:
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1. Completion of the desk study.
2. Undertaking a walkover and fieldwork to:

o Carry out geo-investigations, especially concentrated at the proposed infrastructure
areas, including peat probing and hand shear vane testing, Russian core sampling
and trial pitting;

o Record geological and geomorphological features, including exposures of the soil
profile and evidence of peat instability; and

o Record hydrologic and vegetation features.

3. Risk assessment, including:

o Interpolation of the peat probe values and generation of the peat depth map;

o Creation of the Factor of Safety (FoS) maps using a deterministic approach
(Bromhead, 1986) for drained and undrained conditions;

o Qualitative hazard assessment by combining the FoS with observations of the peat
condition identified both on aerial imagery and during fieldwork.

Qualitative consequences assessment;
Calculation of the peat landslide risk by multiplying hazards and consequences;
Reclassification of the risk values into four classes:
= Negligible;
= Low;
=  Medium; and
= Serious.
4. Proposal of actions required for each infrastructure element.
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Figure 1-1: Workflow of the PSRA methodology for the acceptability of the proposed site layout
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2. Desk study

A desk study is conducted to carry out a preliminary assessment of the ground conditions at the site

and the local peat conditions. The following information have been assessed as part of the desk

study:

WO NU A WDN R

Geology and Quaternary sediments (subsoils);
Soils;

Moisture;

Hydrogeology;

Multi-temporal aerial / Satellite imagery;
Topography;

Landslide inventories and landslide susceptibility;
Hydrology;

Land cover and land use;

10. Relevant academic literature and publications.

2.1. Geology and Quaternary sediments

According to the GSI bedrock geological map of Ireland at 1:100,000 scale (Figure B-1 in Appendix B)

(GSI, 2018a), the bedrock under the proposed site is green sandstone and purple siltstone from the

Glenflesk Chloritic Sandstone Formation. The Glenflesk Chloritic Sandstone Formation is an Upper

Devonian (Frasnian) age sandstone & siltstone. The lithology is characterised by green, mostly

medium-grained sandstone, conglomerate and pebbly sandstone, together with green and purple

siltstone.

South of the southern site boundary, the Gun Point Formation, which is also Upper Devonian

(Famennian) in age but older than the Glenfesk sandstone, is mapped. The Gun Point Formation

consists of green-grey to purple, medium to fine-grained sandstones (locally pebbly), interbedded

with green and red to purple siltstones and fine sandstones. This rock may be present on site;

however, based on mapping, it would not be expected to be extensive.

The bedrock is encountered as outcrop or subcrop in the south-east corner of the Proposed

Development, with more prolific bedrock outcropping in the area to the south and southeast of the

development boundary. Rock is mapped as outcropping south of the majority of the eastern cable

route. The thickness of superficial soil along the cable route is therefore predicted to be minimal.

The map of Quaternary sediments at 1:500,000 scale shown in Figure B-2 (GSI, 2022) shows that the
main Proposed Development wind farm area is located on blanket peat. The south of the Proposed

Development contains some soils classified as Podzols (Peaty), Lithosols, and Peats.

Alluvium is mapped along some of the hillside streams that runs off the eastern Proposed

Development slopes. It is expected that some form of alluvium would be present adjacent to most of

the watercourses that cross the site. Alluvium follows the River Clydagh, which runs westwards

adjacent to the northern site boundary.
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Two pockets of Till, derived from Devonian sandstones, are mapped along the northern boundary
within the Proposed Development, whilst Till and bedrock outcrop are mapped along the final 500m
of the proposed cable route to the east and along the majority of the first 1.6km of the proposed site
access track route. Till typically comprises a heterogeneous mix of sand, gravel, cobbles, and
boulders, often held in an overconsolidated clay matrix.

2.2. Soils

The Irish soil map at 1:250,000 scale is shown in Figure C-1 (EPA, Teagasc, & Cranfield University,
n.d.) The proposed site is covered by peat. It is noted that the presence or absence of peat cover in
the regional scale maps (Figure C-1) must not be taken as exact. The depth and extent of peat
deposits may vary over short distances as a function of local underlying geology, past and ongoing
geomorphological activity and management history. Therefore, these maps have been
complemented by peat probes and field observations, which are described in Section 3.

2.3. Moisture

Water reaching a slope can produce the following processes:

e Lubrication. It reduces the friction along discontinuities (joints or stratification) in rock or soil
(Wu, 2003). In clay sails, lubrication is due to the presence of water that produces a
repulsion or separation between the clay particles.

e Softening. It mainly affects the physical properties of filler materials in fractures and fault
planes in rocks.

e Pore pressure. Water in soil pores exerts pressure on soil particles, changing the effective
pressure and the shear strength. The negative impact of pore pressure changes is
particularly evident in partially saturated or unsaturated soils, where the increase in
moisture content causes the development of a wetting front that converts beneficial
negative suction stresses within the capillary structure of the soil to a fully saturated positive
pore pressure. When soil is saturated, capillary stresses and adhesion between particles
diminish, and, as a result, soil shear strength decreases.

e Confined water pressures. The confined underground water acts as an uplifting pressure on

the impermeable layers, decreasing the shear strength and producing hydrostatic pressures
on the layers where permeability changes. These lifting stresses can cause material
deformation or failure, and pore pressure decreases soil resistance.

e Fatigue failure due to fluctuations in the water table. Some landslides occur in episodes of

rain with lower intensity than previous ones. This phenomenon is explained by Santos et al.
(1997) as a case of soil fatigue due to cyclical pore pressures. In temperate climates,
seasonal temperature variations can lead to slight variations in the water table. These
changes are much more significant in tropical climates (Xue & Gavin, 2008).
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e Washing away of cement material. The groundwater flow can remove the soluble cement

(e.g. calcium carbonate) from the soil and thus, decreases the cohesion and the friction
angle. This process is usually progressive.

e Density increase. The presence of water in soil pores increases the bulk density and weight
of the materials in the slope. Therefore, shear stress increases and the slope safety factor
decreases.

e Internal hydraulic forces. The movement of groundwater currents creates hydrodynamic

pressure on the ground in the direction of flow. This force acts as a destabilizing element on
the groundmass and can appreciably decrease the safety factor of the slope. The
hydrodynamic or seepage/flow force can also cause the movement of the particles and the
destruction of the soil mass (piping).

e Collapse. Collapsible soils (alluvial soils deposited very rapidly and wind soils or loess) are
very sensitive to changes in humidity. When water content increases, their volume
decreases, and the microstructure collapses.

e Desiccation cracks. Changes in humidity can cause cracking, and these cracks can determine

the extension and location of the surface of failure and have a significant effect on the safety
factor or possibility of sliding.

e Piping in clays. Some clayey soils disperse and lose their cohesion when saturated. The result
can be the soil structure's total collapse and landslide activation.

e Chemical weathering: Processes of ion exchange, dissolution, hydration, hydrolysis,

corrosion, oxidation, reduction and precipitation (Wu, 2003).

e Erosion. The detachment, dragging, and deposition of soil particles by water flows modifies
the relief and the stresses on slopes and can activate a landslide, especially when erosion
undercuts slopes.

The Normalized Difference Moisture Index Colorized GIS service from the United States Geological
Survey (USGS) has been used to estimate moisture levels in the soil across the Proposed
Development site. This service is based on the analysis of multispectral Landsat 8 OLI images. Using
on-the-fly processing, the raw digital number (DN) values for each Landsat band are transformed to
scaled (0 - 10000) apparent reflectance values and then, the Normalised Difference Moisture Index is
obtained using Equation 2-1 (Gao, 1996):

NDMI = (Band 52— Band 63) / (Band 5 + Band 6) Equation 2-1

! Landsat 8 includes 8-band multispectral scenes at 30-meter resolution which are typically used for mapping
and change detection of agriculture, soils, moisture, vegetation health, water-land features and boundary
studies.

2 Near Infrared (NIR)

3 Short Wave Infrared 1 (SWIR1)
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Figure D-1 in Appendix D illustrates the levels of estimated soil moisture across the proposed wind
farm site. Much of the site is covered in wetlands and other heavily vegetated areas with high levels
of moisture appearing as dark blue. Some isolated areas of lower moisture are identified within the
site and in areas surrounding the site. Regions of high elevation (e.g. south of the site boundary) and
some isolated slope areas that face east exhibit lower values of moisture and are represented as
light blue through green, yellow, and red. These results should only be considered indicative as much
of the site is covered in forestry, which will augment the results. It is noted that satellite RADAR and
aerial LIDAR images also provide estimates of terrain moisture. However, these have not been used
in this report due to their high cost and the time frame for this project.

2.3.1. Consideration of the effects of climate change

As the planning application is being sought for a relatively short period, ten years for construction
and an operational and decommissioning period of 35 years, the effects of climate change on the
development are not considered to be severe. However, they have been considered in the
assessment of the environmental conditions at the site.

The annual rainfall considered in Ireland is outlined in Figure 2-1 (Noone et al., 2015) with an
average annual rainfall of between 1050 and 1150mm/year. Consideration needs to be given to the
geographical location of the site, with areas of Kerry and the west of Ireland experiencing higher
periods of rainfall than the rest of the country. Studies indicate an average rainfall in the region of
the site of approximately 1200 to 1400mm/yr. The weighted factor considerations used in the risk
assessment exercise for this site assumes the worst case (highest factor) for annual rainfall
>1400mm/yr.

Island of Ireland Annual Rainfall 1850-2015

288
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Figure 2-1: Average annual rainfall in Ireland (Noone et al., 2015)

Although sleet and snow are common on upland areas in the region, it has been noted that in the
past a prolonged period of snow cover would not be expected. This stability assessment considered
vertical loading of the site as per the Scottish Executive Guidelines (2017) for a vertical surchange of
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10kPa. This would be the equivalent of a minimum 3.5m of snowfall (approx. density of snow =
200kg/m?3 + 1kg per day on ground). This should be more than adequate for considering any applied
loading due to an increase in the frequency or duration of snow and sleet cover events due to
climate change.

2.4. Multi-temporal aerial / satellite imagery

The aerial / satellite imagery used for this report is the ESRI orthophoto (OTF), Bing Maps Aerial
Imagery and the Google Earth multi-temporal imagery (2010 onwards). This imagery has been used
to:

e |dentify any evidence of peat failures;
e |dentify pre-conditioning factors for failure (where visible at the resolution of the imagery);
e Observe, where possible, vegetation cover, drainage regime and dominant drainage
pathways; and
¢ |dentify evidence for land management practices with the potential to influence ground
conditions (e.g. burning, artificial drainage, peat cutting and forestry).
It is noted that the time-lapse of the available imagery is too short to identify old peat instability
evidence that may have been eroded or re-vegetated with time or changes in land management.

2.5. Topography

Four different data sources were used to analyse the topography:
Aerial survey Sintegra, 2020.

Bluesky orthophoto, 2018.

Transport Infrastructure Ireland LiDAR 2m, 2022.
Copernicus 10m digital elevation model (DEM) (EEA, 2022).

i e

Sintegra (2020) and Bluesky (2018) data were used for most of the analysis.

The site's topography is dominated by the northern valley formed by the River Clydagh (E-W).
Twelve watercourses run perpendicular (S-N) to River Clydagh, which generates small depressions in
the topography within the slope. The site's topography can be described as undulating hills,
consistent with typical dendritic drainage patterns incising into the hillsides. The elevation varies
between 298 m to 522 mOD (meters above ordnance datum).

A topographic map of the site is shown in Figure F-1 in Appendix F, generated using the digital
elevation model (DEM).

The LiDAR dataset has collected slope angles at the site ranging between 0° and 89°. The terrain at
the site predominantly ranges between 0° and 10°, with some areas outside of the footprint of
Proposed Development with terrain slopes of up to 30°. Some limited isolated areas display slopes
over 60°; these areas are typically adjacent to watercourses and are considered to be locally eroded
slopes and riverbank areas. The vast majority of the area within the Proposed Development
footprint indicates slopes ranging between 0° and 5°.

The curvature of the terrain can also influence the soil stability in the following ways:
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e Plan curvature (across slope): This variable influences the capacity of the slope to retain

surface water. Regions of higher concavity allow greater funnelling of surface water, while
regions of higher convexity allow greater surface water dispersion.

e Profile curvature (downslope): This affects the speed of surface water runoff along the

terrain, influencing the infiltration rate and erosion capacity of surface waters. Convex
profile slopes are more prone to landslides.
An assessment of the terrain profile and curvature is carried out in the stability Risk assessment, as
outlined in Section 4.

2.6. Landslide mapping

A desk study of landslides case studied in similar landscapes in Ireland and the UK was carried out, as
well as identifying any local historical landslide events, to aid in assessing landslide probability and
potential trigger mechanisms at the Proposed Development site.

2.6.1. Historical peat slide case studies

Numerous peat slippages and failures have been recorded in Ireland and the UK over the past 20 to
30 years, some of which have been high profile, resulting in environmental and asset damages.
These landslides have varied failure and deformation types, resulting from natural and man-made
trigger mechanisms.

The type and nature of the failures depend on inherent factors such as slope and soil type and
independent factors such as intense rainfall events, the development of tension cracks due to dry
weather, loading due to construction, excavation or peat cutting and historical land uses.

Table 2-1 outlines examples of peat failures in Ireland in recent decades. Examples where published
assessments have been carried out have been included and, where known, the published cause for
the landslide has been included.

As outlined in the case studies in Table 2-1, the most common trigger mechanisms for peat
landslides in Ireland include:

e Weather: prolonged or intense periods of rainfall or dry weather,

e Terrain and slope: Peat slides were recorded occurring at slope angles of 3° up to 60°, with
steeper slopes being more susceptible to slippages.

e Human interaction: Construction, industrial or agricultural activities influence on the
environment, triggering a peat slide event.

Many of the events outlined in Table 2-1 are recorded as slide events. However, in most cases, they
developed into a peat or debris flow as they propagated downslope, with water-suspended material
flowing downslope over the in-situ terrain.
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Table 2-1: Notable past landslide events in Ireland

Fail

Over surcharging deep peat
areas during access track
Meenbog, . construction for a wind farm
Co. Donegal 13/09/2020 Slide 138 development. The failure
triggered a preceding failure at
the site.
Slieveanorra, . Intense rainfall triggered an area
Co. Antrim 25/08/2020 Slide Unknown of repeated historical slides.
Shass Mc?ur}tain, 28/06/2020 Slide 3.6 Period of dr'y weather followed
Co. Leitrim by heavy rainfall.
Ballincollig Long periods of extended
Co. Kerry ! 22/08/2008 Flow 3 rainfall triggered areas of
intense peat harvesting.
Clare Island, 14/12/2006 Unknown | Unknown Exjcended period of very heavy
Co. Mayo rainfall.
Inappropriate construction
Derrybrien practices lead to over
! 16/10/2003 Slide 8-10 surcharging of in situ peat at a
Co. Galway . .
hardstand excavation for a wind
farm development.
A prolonged period of warm and
dry weather was followed by an
Pollatomish, . intense rainfall over a short
Co. Mayo 19/09/2003 Slide 30-60 period. Highly impermeable rock
enables sub-peat flow of water.
Triggered over 40nr. peat slides.

Where available, the undrained shear strength of the local peat at the landslide locations has been
noted to compare the characteristics of the peat body. Landslide events with available peat
undrained shear strength values are outlined below:

e Maghera Mountain (35,000m? bog flow) — range in the acrotelm (upper peat) 2.9kPa -7.6kPa
e Croaghan peat slide - <5kPa

e Garvagh Glebe peat failure — 2kPa to 4kPa

e Derrybrien peat slide — 2.5kPa

e Ballincollig Hill peat slide — 2.5kPa to 6kPa (catotelm) and 5kPa to 40kPa (acrotelm)

In some cases, these are extreme examples of weakened peat, with these results often outlined
following the forensic investigation of the peat landslide event. These values outline the variation in
the local peat strength characteristics experienced in failure events and capture a variety of event
trigger mechanisms.

The findings of the ground investigations at this site, including peat characteristics and undrained
shear strength testing in the peat, are outlined in Section 3.
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2.6.2. Geological Survey landslide database

The GSI landslide inventory (GSI, 2022), the multi-temporal aerial / satellite imagery, the DEM, the
landslide susceptibility map (GSI, 2016b), and rainfall information of Met Eireann data 1981-2010
have been used for this part of the desk study.

Figure G-1 depicts the spatial relationship between records of previous landslide events (GSI, 20164,
2018b) and rainfall across Ireland from the Met Eireann (2018) average annual rainfall dataset.
While the study area is in a region of high rainfall and relatively steep topography, there is no record
of past landslide events from the national landslide database or the desk study directly within the
Proposed Development area. Although there is no evidence of landslides within the Proposed
Development Site, this does not necessarily mean that landslides have never occurred at the
proposed site location. It is noted that the geomorphological features associated to peat landslides
(peat slides and bog bursts) are softened with time through erosion, drying and re-vegetation
(Feldmeyer-Christe & Kichler, 2002; Mills, 2003). Additionally, the frequent forest harvesting
activities across the proposed site obscure the identification of possible historical landslides.

There are, however, several landslide events within 5km of the northern boundary of the site are
recorded in the GSI database (GSI, 2016a), with the closest landslide occurring on steep ground on
the opposite side of the Clydagh River, approximately 100m north of the Proposed Development red
line boundary and 350m from the nearest Proposed turbine T13. The landslides shown are grouped
together and no information is provided for the date of occurrence or if these occurred together or
separately over time. The area of the landslides varies between 200m? to 1400m?. Figure 2-2 shows
the landslide event closest to the site boundary. The locations of the past landslide events identified
in the GSI landslide archive are shown in Figure G-1 in Appendix G. The elongated morphology of the
closest landslide to the site boundary is shown in Figure 2-2. The landslide geometry suggests that
the base of the slide is shallow (less than a metre deep) and satellite imagery suggests that the
displaced material is suggestive of a debris fall or slide more-so than a peat displacement feature.
The landslide is located at the maximum erosive face of the river (external side of the river’s
curvature). Due to the elongated landslide morphology and its location relative to the river, the soil
at the toe of the slope was likely eroded by the river, causing the instability of the slope and, hence,
the landslide.

All the landslides within a 5km buffer from the site are located beside rivers at the maximum erosive
face (external side of the river's curvature). The likely cause of the landslide instabilities is the
undermining of the steep riverbanks by fluvial erosion. No human interference has triggered these
landslides and rather the natural erosion of the steep hillside.

Figure G-2 illustrates the landslide susceptibility (GSI, 2016b) across the Proposed Development Site.
This map was obtained using an empiric probabilistic method at a regional scale and provided input
into site-specific scale engineering studies. For instance, turbines T10, T12, and T15 are located in a
sector of moderately high susceptibility (orange colour) due to the high slope angle in this sector.
Further assessment carried out as part of the project-specific fieldwork and site assessment is
outlined in Section 3, where the stability of these areas is found to be acceptable.
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Figure 2-2: Nearby landslide from GSI landslide inventory (2022)

2.6.3. Comparison of Proposed Development and past landslide events

Throughout the industry, lessons have been learned from past landslide events such as those
outlined in Section 2.6.1 including Derrybrien and Meenbog Wind Farms. Over the past decade a
comprehensive set of best practice guidelines (Scottish Executive, 2017) have been developed to aid
in a more robust and accurate assessment of the on-site conditions and characterisation of peat

stability.

Advances in technology and assessment methodologies have allowed for better quality data to be
fed into the stability assessment, such as:

e LiDAR topographic data, as has been used in the Proposed Development Site (Sintegra,
2020), capturing areas where ground-based surveys would have been limited due to terrain
and tree cover,

e The use of geospatial analysis through ArcGIS enables a semi-automated site-wide stability
assessment with the application of vertical loading surcharges and sensitivity checks.

These digital and geospatial analyses, in combination with the site-based assessment, create a more
robust assessment than would have been available previously.

The engineering characteristics of the peat material encountered at the Proposed Development are
outlined in Appendix 10-1 Geotechnical Interpretive Report and in Section 3 of this report. The
undrained shear strength recorded during the assessments of the site are higher than the critical
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parameters recorded at case study failure slip surfaces outlined in Section 2.6.1. However, a
conservative undrained shear strength value in line with the case study values has been used for the
stability Factor of safety (FoS) assessments at the Proposed Development as outlined in Section 4 of
this report.

Examination of past forensic reports and landslide case studies have been considered to inform the
assessment in this report and to highlight potential landslide hazards at the site. The findings of the
case studies suggest a broad range of causes for these landslides, both natural and manmade. Key
triggering mechanisms in the landslides outlined in Table 2-1, include extreme weather (particularly
rainfall), slope gradient, peat strength and over surcharging of peat material. The following
considerations were used to assess similar landslide triggering mechanisms at the Proposed
Development area:

e During the layout design of the Proposed Development layout areas of similar characteristics
to the past landslides were avoided as best as possible, such as steep areas of hillside,
convex slopes, and areas of deep peat directly on shoulders adjacent to steep slopes. Areas
of risk highlighted during the design of the Proposed Development are highlighted as safety
buffer and peat and spoil stockpile restriction areas, as outlined in Section 4.5.

e Asoutlined in Appendix 10-1: Geotechnical Interpretive Report, peat strength was assessed
using shear vane testing, assessing changes in peat vertically with depth to identify areas of
low strength peat and investigate areas of potential reduced strength at the interface at the
base of the peat,

e The use of floated roads has been avoided by the development, using all founded road
construction, limiting the risk of triggering a bearing failure in the underlying peat body by
over-surcharging,

e Over-surcharge of peat material and disturbance of the peat body by over-harvesting of
upland peat appear to be the key manmade triggering mechanisms, often occurring
alongside other natural contributary factors. The methodologies for management of peat
excavation, peat movement operations and mitigation requirements are outlined in
Appendix 10-3 Peat Management Plan.

The associated Peat Management Plan (PMP) (GDG, 2023) has been developed to ensure that a
similar peat slip event does not occur at the Proposed Development Site. The PMP outlines a
stringent set of guidelines related to the construction methodologies, monitoring, supervision of
construction activities and the required continuous monitoring of environmental factors onsite
during construction and operation of the Proposed Wind Farm Development. It will be critical that
the requirements outlined in the PMP are followed to ensure the safe construction of the Proposed
Development.

2.7. Hydrology

According to the Ordnance Survey Ireland (Osi) shapefile of rivers, lakes and catchments/basins
(Figure H-1), watercourses from the site flow into the River Clydagh, which flows into the River Flesk.

Further details are outlined in Chapter 11: Hydrology of the EIAR.
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2.8. Land cover and land use

According to the Corine Land cover map shown in Figure I-1 in Appendix |, the surrounding
landscape of the proposed site comprises forest and blanket peat wetlands. Land use within the site
is predominantly commercial forestry.

The Proposed Cummeennabuddoge Wind Farm site is planned adjacent to operational wind farms:
Clydaghroe Wind Farm, Curragh Wind Farm, Coomacheo Wind Farm, Gneeves Wind Farm and
Caherdowney Wind Farms.
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3. Site reconnaissance and ground investigation

As part of the assessment, the project team carried out site reconnaissance. This comprised seven
site visits (March 2021, June 2021, March 2022, June 2022 and October 2022) to record
geomorphological features concerning the Proposed Development, peat depths and peat strength.
An indication of the site conditions (forested and recently felled areas) and undulating topography
are shown in Figure 3-1 and Figure 3-2.

Seven ground investigations (Gl) were carried out on the site:

QMEC consulting (2009): extracted from Kerry County Council.

GDG (March 2021): 33 peat probes.

GDG (June 2021): three peat probes at the substation location.

GDG (March 2022): 132 peat probes and 17 shear vanes.

Gll (May 2022): 16 trial pits, 25 Russian core samples and geotechnical & environmental

vk wnN e

Laboratory testing (see EIAR Appendix 10-1).
GDG (June 2022): 49 peat probes.
7. GDG (October 2022): 49 peat probes.
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Figure 3-1: Forestry on site
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Figure 3-2: General site terrain and conditions in recently felled areas.

In summary, intrusive ground investigations were carried out at a total of 415 locations.

The investigation locations (Figure J-1 to Figure J-2 in Appendix J) considered the following criteria:

e Spatial distribution of the proposed infrastructure;

e Distance between probe points to avoid interpolation of peat depths across large distances;
e Changes in slope angle, as peat depths are likely to be shallower on steeper slopes;

e Changes in vegetation, which can reflect changes in peat condition;

e Changes in hydrological conditions; and

e Changes in land use.

No evidence of any previous landslides or peat instability was identified during the walkovers. Table
J-1to Table J-17 in Appendix J presents the observations made at the proposed infrastructure.

3.1. Interpretation of Ground Investigations

The findings of the ground investigations and an interpretative ground model are summarised in
Technical Appendix 10-1 Geotechnical Interpretive Report (GIR) of this EIAR.

In general, the ground investigations across the site identified a ground model consisting of varying
thicknesses of peat material overlying grey sandy gravelly SILT/CLAY and/ or dark brown angular
sandy GRAVEL and weathered sandstone bedrock. The site area is generally covered with a peat
body, with some areas of glacial till outcrop and bedrock outcrop identified through the site
naturally at the higher areas and at eroded watercourse faces, as well as at the existing road cutting
and drainage excavations.
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The peat thickness varies across the site from Om to a maximum of 5.4m. An extensive peat depth
model is outlined in Figure J-3 to Figure J-4 in Appendix J. The highest peat thickness was found
between TO7 and T08, adjacent to T17, and in one localised area on the main site access road. A
large variation in the level of decomposition and humification was observed throughout the peat
body; however, this generally appeared to increase with depth. Most of the peat material identified
at the site is logged as fibrous and pseudo-fibrous, indicating that is of a higher strength material and
shall be suitable for use in landscaping and reinstatement adjacent to proposed infrastructure
locations.

Examination of the identified peat depth, in correlation with the site contours would suggest that
the peat material exists in relatively thin thicknesses on the higher angle slopes angles (>5°). The
higher elevation regions at the site, which are isolated from the footprint of the Proposed
Development, would indicate high slope angles, but glacial till and bedrock outcrops were identified
in these areas. The larger peat thicknesses (>2.5m) are generally topographically constrained,
identified in isolated areas where lower topographic slopes have enabled peat to remain and form,
developing into larger thicknesses.

It is important to consider this varied stratigraphy and peat thicknesses when using the interpolated
peat thickness analysis outlined in Figure J-3 to Figure J-4 in Appendix J as this will extend these
larger thicknesses across slopes, creating a very conservative ground model.

The associated Technical Appendix 10-1 Geotechnical Interpretive Report (GIR) of this EIAR outlined
the testing carried out on the site and a review of existing literature for the assessment of the
engineering parameters of peat material. The characteristic geotechnical parameters for the peat
body used in the special factor of safety stability modelling at the Proposed Development site are
outlined in Table 3-1.

Table 3-1: Characteristic geotechnical parameters of the peat strata

SR Effective

Unit Weight shear friction angle Cohesion, ¢’
& )

@’ (degrees)

(kN/m3) strength, cu,
(kPa)

Peat
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4. Peat stability assessment

The peat stability assessment is one of the inputs required for the peat hazard assessment and risk
calculation. This section presents:

e Areview of the general approaches to assess peat stability;

e The concept of Factor of Safety;

e The methodology adopted for this report and the parameters required; and

e The resulting FoS, which is used to delineate safety buffer areas and, peat and spoil stockpile
restriction areas as outlined in Section 4.5.

The eastern cable route is not included in this analysis. It was noticed that the bedrock is very
shallow at this location, and the peat thickness varies from 0 m to 0.63 m, with an average value of
0.2 m. Topography and slope angles are relatively shallow along much of the cable route, for this
reason it is not expected to be a peat instability risk.

A slope stability assessment examining the local and global stability of the proposed berms at the
peat repository areas has been outlined in Section 4.6 and a separate technical note in Appendix N.

4.1. Main approaches to assess peat stability

The main approaches for assessing peat stability for wind farm developments include the following:

1. Qualitative geomorphological judgement; and
2. Quantitative assessment:
a. Empirical probabilistic approach.
b. Physically-based deterministic approach (Factor of Safety - FoS).
Approach 1 is subjective and thus not adopted for this study. Approach 2a is objective and
guantitative but is more appropriate for land planning and decisions making studies at a regional

scale. Additionally, the method does not provide an engineering indication of physical stability as
Approach 2b does.

In this report, the peat stability assessment uses the Approach 2b: deterministic (FoS) approach
(Bromhead, 1986).

4.2. Factor of Safety (FoS) Analysis

The factor of safety is a measure of the stability of a slope. For any slope, the degree of stability
depends on the balance between the landslide driving forces (weight of the slope) and its inherent
shear strength, illustrated in Figure 4-1.
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Figure 4-1: Balance of forces in a slope (Scottish Executive, 2017).

Therefore, the factor of safety provides a direct measure of the degree of stability of a slope by the
ratio of the shear resistance along a potential surface of failure and the landslide driving forces
acting on such surface. Multiple potential surfaces of failure are possible, but the FoS assigned to a
slope is that of the surface of failure with the lowest value of FoS.

e FoS<1indicates a slope is unstable and prone to fail.
e FoS =1 indicates a slope is theoretically stable but not safe.

e FoS 1.3 indicates the acceptable safety threshold. The previous code of practice for
earthworks BS 6031:1981 (British Standards Institution, 1981). The older standard is used as
it does not account for the use of partial factors, which cannot be applied to this
assessment. It stated that for a first-time failure with a good standard of site investigation,
the design FoS should be greater than 1.3. This way, the slope is stable and safe.

As a general guide, the FoS limits for peat slopes assumed in this report are summarised in Table 4-1.

Table 4-1: Factor of Safety limits assumed in this report.

Factor of Safety limits Slope stability
FoS<1 Unstable
1<FoS<1.3 Stable but not safe
FoS>1.3 Stable and safe

The spatial distribution of the FoS values discriminates between areas of stable and unstable peat
and areas of marginal stability where restrictions may apply. This approach enables the identification
of the most suitable locations for turbines, access roads and infrastructure.

4.3. Methodology adopted and parameters

The stability of a peat slope depends on several factors working in combination, namely the slope
angle, the peat's shear strength, the depth of the peat, the pore water pressure and the loading
conditions. An adverse combination of these factors could potentially result in peat failure. An
adverse value of one of the factors mentioned above alone is unlikely to result in peat failure. The
infinite slope model (Skempton and Delory, 1957) combines these factors to determine a safety
factor for peat sliding in the study area. This model is based on a translational slide, which
reasonably represents the dominant mode of movement for peat failures.
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A raster map was created in GIS software presenting the interpolated peat depth across a site from
the peat probe points using the Inverse Distance Weighted (IDW) method. The produced peat
interpolated map outlines a planar base of peat surface based on the ground investigation point
data across the Proposed Development area. The interpolated raster of peat depth is represented in
Figure J-3 to Figure J-4 in Appendix J.

The produced interpreted peat depth raster is used in conjunction with a slope angle raster of a
matching pixel sizing created from the topographic survey information and the peat characteristics
observed on site to create a spatial stability analysis. The spatial stability analysis methodology is
outlined in Sections 4.3.1 and 4.3.2.

Undrained (short-term stability during construction) and drained (long-term stability during
operation) analyses have been carried out to determine the stability of the peat slopes in the study
area.

4.3.1. Undrained conditions

The undrained loading condition applies in the short-term during construction, and until
construction, induced pore water pressures dissipate.

The total stress analysis uses undrained shear strength values (cu) for peat. Based on the findings of
the Derrybrien failure, undrained loading during construction was found to be the critical failure
mechanism.

Among the shear strength values obtained by GDG using the hand shear vane tests in the proposed
site, the lowest registered value was 9 kPa. However, based on GDG’s experience in the assessment
of similar blanket peats, consideration of values observed from the past landslide events outlined in
Section 2.6.1 and Table 2-1, and values reviewed in the literature, a more conservative value of 5 kPa
has been adopted for the undrained calculation. Further details are outlined in Appendix 11-1 of the
Environmental impact Assessment Report (Atmos, 2022).

The formula used to determine the factor of safety for the undrained condition in the peat
(Bromhead, 1986) is as follows:

Cy

F_

Ty Z % Sina * cosa Equation 4-1

Where:

F = Factor of Safety;
cu = Undrained strength 5 kPa in the study area as outlined in Section 3.1;

y = Bulk unit weight of the material (assumed 10 kN/m?3);

z = Depth to failure plane assumed as the depth of peat (this is the interpolated raster of peat
depth); and

a = Slope angle (in each pixel of 1 m. This is obtained from the 1m DEM outlined in Section 2.5).
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4.3.2. Drained conditions

The drained loading condition applies in the long-term. The condition examines the effect of the
change in groundwater level due to rainfall on the existing stability of the natural peat slopes.

A drained analysis requires effective cohesion (c’) and effective friction angle (¢’) values for the
calculations. These values can be difficult to obtain because of the disturbance experienced when
sampling peat and the difficulties in interpreting test results due to the excessive strain induced
within the peat. A review of published information on peat was undertaken to determine suitable
drained strength values. The characteristic drain parameters for peat are outlined in Table 3-1. These
characteristic parameters are based on GDG’s experience in assessing similar blanket peats and the
values reviewed in the literature. It was considered appropriately conservative to use design. Further
details are outlined in Appendix 10-1: Geotechnical Interpretive Report of the EIAR.

The formula used to determine the factor of safety for the drained condition in the peat (Bromhead,
1986) is as follows:

Fe c'+(j/z -y h )cos2 a tan g’

witw

zsinacosa Equation 4-2

Where,

F = Factor of Safety;

¢’ = Effective cohesion (5 kPa);

y = Bulk unit weight of the material (10 kN/m3);

z = Depth to failure plane assumed as the depth of peat (this is the interpolated peat depth);
Vw = Unit weight of water (9.81 kN/m3);

hy = Height of the water table above the failure plane (= z i.e. surface level);

o = Slope angle (in each pixel of 1 m. This is obtained from the 1m DEM as outlined in Section 2.5);
and

@’ = Effective friction angle (25°).
Several general assumptions were made as part of the analysis:

1. Peat depths are based on the maximum peat depths recorded in each probe from the
walkover surveys.

2. The slope angles derived from the combined DEM, as outlined in Section 2.5, are accurate
and have not been obstructed by the forestry canopy.

3. The surface of failure is assumed to be parallel to the ground surface.
The peat stability is calculated in pixels of 1 m across the fringe containing information of
peat depth and the proposed infrastructure.

Two surcharging conditions are considered for the stability analysis:
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e No surcharging load; and
e  Surcharging load of 10 kPa, equivalent to 1 m of stockpiled or side-cast peat. This is the
maximum allowable depth of stockpiling/side-cast of peat.

4.4. FoS results

The safety factors obtained for the two different conditions (undrained and drained) and for the two
surcharge scenarios (no surcharge and 1 m of peat surcharge) are presented in table format and
map format.

Table K-1 and Table K-2 in Appendix K show the FoS calculation process in the proposed turbine sites
only for undrained and drained conditions, respectively. The FoS calculation for the rest of the sites,
i.e. the proposed substation, temporary construction compound, existing and upgraded access
roads, borrow pits and met mast (more than 5000 pixels of 5 m), has been carried out semi-
automatically in GIS by implementing Equation 4-1 and Equation 4-2 in the GIS raster calculator.

4.4.1. FoS for undrained conditions

The spatial distribution of the FoS values calculated for undrained conditions (no surcharge) is shown
in Figure K-1 in Appendix K. At each turbine location and construction compound, the pixels exhibit a
FoS > 1.3 (green: stable and safe).

4.4.2. FoS for undrained condition and a surcharge of 10 kPa

Figure K-4 in Appendix K depicts the spatial distribution of the FoS values calculated for undrained
conditions with a 10 kPa surcharge.

Almost all of the pixels are shown to be stable and safe (FoS > 1.3, green), but there are some small
areas along access roads and, within or beside the hardstands of T8, T9, T10, T12, and T17 which
show FoS values between 1 and 1.3 (yellow: stable but not safe).

These risk areas are caused by localised factors, which have been examined in more detail in Section
4.5. Where required, additional mitigation, including exclusion zones and peat storage restriction
areas, have been scheduled, which the designer and contractor must adhere to at the construction
stage.

4.4.3. FoS for drained conditions
The spatial distribution of the FoS values calculated for undrained conditions (no surcharge) is shown
in Figure K-7 in Appendix K. Each of the pixels exhibits a FoS > 1.3 (green: stable and safe).

4.4.4. FoS for drained condition and a surcharge of 10 kPa

The spatial distribution of the FoS values calculated for undrained conditions (no surcharge) is shown
in Figure K-10 in Appendix K. At each turbine and hardstand location, the pixels exhibit a FoS > 1.3
(green: stable and safe).
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4.5. Safety Buffer Areas and Peat and Spoil Stockpile Restriction Areas

From the site reconnaissance and the calculations of the FoS for the peat slopes, safety buffer areas
are presented in Figure L- 1 and Figure L- 2 in Appendix L, and peat and spoil stockpile restriction
(PSR) areas are proposed and presented in Figure L- 3 Figure L- 4 in Appendix L.

4.5.1. Safety Buffer Areas

Safety buffer areas are areas identified during the development phase of the wind farm layout that
are highlighted as possessing a potential instability risk. The development of the safety buffer areas
is a semi-automated approach that combines the developed polygon areas of the FoS results, areas
of stability hazard identified during the site walkovers, and potential risk areas identified from
examining peat depths and site topography. It is noted that the results from all FoS analyses
(drained/undrained, with and without surcharge) are used, highlighting areas indicative as having a
FoS < 1.3 in the worst-case surcharged condition with 10kPa. This analysis was used throughout the
development process to aid in the siting and design of the proposed development layout and ensure
that turbines, hardstands, and other key infrastructure locations are only developed in stable and
safe locations.

In addition to the semi-automated FoS-derived safety buffer areas, some features were highlighted
during site visits and site reconnaissance, which were added to the buffer areas. These features are
outlined in the Geotechnical Interpretive Report in Appendix 10-1 and include:

e North of Turbine Four an area of saturated deep peat was identified during a site walkover.
The area was located at the crest of a steep slope above a nearby watercourse. The area will
not be used for material/spoil storage or side casting, and plant movement will be restricted.

e An area of very soft peat with a depth of up to 5.4m was identified on the western access
track (situated at 515107, 581873). The area is not to be used for peat placement or storage
or side casting.

e The large safety buffer area identified between T11 and T12 is based on the results of the
peat FoS obtained for undrained conditions with surcharge. The slope south and southwest
of T12 is overlaid by a 2.5 m thick blanket peat, which can be unstable in the presence of
higher loads and pose a propagation landslide risk. As a result, peat storage is prohibited in
this area.
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Figure 4-2: Area of deep soft peat north of T04

Areas where key infrastructure proposed earthworks encounter areas of FoS <1.3 where the analysis
was carried out with a surcharge loading are outlined in :

Table 4-2: Safety buffer areas at key locations

Risk and mitigation Undrained surcharged FoS analysis
The area at the hardstand for T12 suggests a FoS
<1.3 with the application of a surcharge. Without
the application of the surcharge indicate a FoS>1.3,
indicating the natural, undisturbed slope is stable.
This instability is caused by local variation in the
slope angle. All the intersection area is proposed
for excavate and replace, and so will be be
stabilised by excavating to a bearing strata.
We recommend that peat the placement of peat
material shall not be carried out at the northern,
downslope side of the T12 turbine and hardstand
area.
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Risk and mitigation Undrained surcharged FoS analysis

The area at the hardstand for T10 suggests a FoS
<1.3 with the application of a surcharge. Without
the application of the surcharge indicate a Fo$>1.3,
indicating the natural, undisturbed slope is stable
All of the low FoS results here are caused by
existing the existing cut and side cast material at
the existing forestry road currently at the
hardstand area. Having inspected the site during a
site walkover, this is not all considered to be a true
risk area. However, we recommend that the
placement of peat material shall not be carried
out at the northern, downslope side of the T10
turbine and hardstand area.

The area at the hardstand for T09 suggests a FoS
<1.3 in the undrained with surcharge case. The
lower FoS results at this location are caused by an
existing localised steep slope face and 0.45m to
0.65m of peat in the vicinity of the proposed
floated blade finger area. This area will be levelled
off for the construction stage. The area is also
uphill of the proposed excavation area for the
turbine and hardstand so any instability hazard will
be mitigated out by the detail design and
temporary works designer in their design of the
cutting at the levelled off blade finger area.

The area at the hardstand for T17 suggests a FoS
<1.3in the undrained condition with the
application of a surcharge. The lower FoS results
here are caused by localised cutting on the peat
surface due to peat harvesting or drainage of the
forestry area. The peat in these areas will be
excavated to a competent stratum to construct the
hardstand platform, thus eliminating the hazard.
The detail and temporary works design must
consider these cuttings in their method
statements.

The area to the north of TO8 is highly sensitive,
indicating instability with and without the
surcharge. The area of instability is indicated by a
relatively thick peat coverage and steep northernly
slopes. This area is located directly upslope of the
River Clydagh and is considered to be of a
particularly high sensitivity. Although the proposed
construction footprint is not directly within these
safety buffer area, the Contractor will ensure

complete avoidance of plant movements and < A <G ’
peat storage to the areas north of the T08 H — R { H
| ocat i on. ' stsu a0 050 s 20050 a0 S50
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4.5.2. Peatand Spoil Stockpile Restriction Areas

During the layout design phase of the Proposed Development, access roads, turbines and wind farm
infrastructure were designed avoiding these potentially unstable areas as much as was possible.
However, total avoidance of these areas was not possible as some safety buffer areas extend across
large extents of the site, particularly on steep slopes along watercourses. At the limited locations
where the Proposed Development layout and the safety buffer areas have overlapped or are in close
proximity, further assessment of the localised risk has been carried out as outlined in Table 4 2, and
where required, further mitigation measures have been scheduled, such as peat storage restriction

areas.

The stability assessment results at these locations suggest FoS values <1.3 in the surcharged scenario
only and have FoS results >1.0 in the analysis without the surcharge (natural state). These results
suggest that the areas have a negligible to low instability risk in their natural state and are unsuitable
for storing peat or other materials.

Peat and spoil stockpile restriction (PSR) areas are identified at some access roads and in areas at or
adjacent to some turbine hardstands. Peat and spoil stockpile restriction (PSR) areas are outlined in
Appendix L, Figure L- 3 to Figure L- 4.

Locations where PSR areas are identified are as follows:

e Areas identifying a stable but unsafe FoS (FoS>1 but <1.3) when a surcharge is applied,

e The steep eroded stream banks adjacent to watercourses. These areas are already subject to
reinstatement restrictions as they are within the 60m watercourse development buffer area.
The watercourse reinstatement restriction buffer areas are shown in Appendix L, Figure L- 3
to Figure L- 4,

e Areas of peat side casting on existing forestry roads,

e Areas of deep peat adjacent to steep slopes where there is a risk of propagated peat slide,

e An area of deep saturated peat north of T4, adjacent to a steep drop in elevation and a
watercourse, was identified during the walkover.

The risk at these locations can be examined by looking at the geometry of the local slope and the
proposed construction methodology, and the hazards can be mitigated with restricted peat
placement and limiting plant operations within the area.

Peat and spoil stockpile restriction (PSR) areas are outlined in Appendix L, Figure L- 3 to Figure L- 4.

Certain mitigations must be adhered to within the PSR areas in future stages of the proposed
development:

e No peat, spoil or other materials shall be temporarily or permanently placed in the areas
within the PSR areas,

e Any peat excavated in the area shall be immediately removed and placed/ stored in an
appropriate storage location as outlined in Technical Appendix 10-3: Peat Management Plan,

e Plant used within these areas shall be low ground bearing, and only the necessary plant shall
be used here. No excessive quantity or size of plant will be stored in these areas.
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All areas outside of the footprint of the Proposed Development layout, where construction is not
required, shall be treated as peat storage and plant restriction areas, and construction activities will
not be carried out in these areas.

4.6. Peatrepository stability assessment

A slope stability assessment examining the stability of the proposed berms at the peat repository
areas has been outlined in a separate technical note in Appendix N.

The report outlines that the design proposed for the designated areas for the temporary and
permanent storage of peat can be safely constructed. This assessment examines the constructability
and the berm geometries for the proposed six peat repository areas. As part of this assessment a
bearing capacity check for the proposed berm, a sliding check, and the local and global stability of
the berm and stored peat has been carried out.

The berm geometries will be subject to confirmatory ground investigations at the construction stage
and the design team’s independent assessment.
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5. Peat Stability Risk Assessment (PSRA)

A peat stability risk assessment (PSRA) is carried out at each proposed structure, considering each
location's landslide hazard probability and potential consequences. The production of a PSRA for the
access road is not possible as it is a linear structure, but the same considerations were used in the
design and assessment of the stability of the access road alignment.

5.1. Risk definition

Risk is the potential or probability of adverse consequences, including economic losses,
environmental or social harm or detriment. Risk is expressed as the product of a hazard (e.g. peat
landslide) and its adverse consequences (Lee & Jones, 2004; Corominas et al., 2014) (Equation 5-1).
Some use approximate synonyms and refer to risk as the product of the likelihood and the impact or
the product of susceptibility and the exposure.

Risk = (Hazard) x (Adverse Consequences) Equation 5-1

5.2. General methods for risk assessment

There are various levels of risk assessment, ranging between:

e Detailed quantitative risk assessments (QRA) where the objective is to generate more
precise measures of the risks (e.g. expressing risk as a specific probability of loss). These
require a large amount of quantitative input and time; and

e High-level qualitative assessments where the objective is to develop an approximate
estimate of the risks, particularly in relative terms (e.g. low, medium and high levels of risk).

Qualitative risk assessments are typically used for PSRA reports, given the availability of information
and the time frame. To apply Equation 5-1, the quantitative information (e.g. FoS) and the
qualitative information (e.g. geomorphic observations relevant to peat stability) that determine the
hazard and the consequences need to be transformed into subjective ratings. The following sections
address the calculation of the two risk components: hazard and consequence.

5.3. Hazard assessment

Landslide hazard is the likelihood or probability of landslide occurrence in each location and a given
period. The likelihood or hazard of peat landslides has been determined according to the guidelines
for geotechnical risk management provided by Clayton (2001), taking into account the approach of
MacCulloch (2005) and using the available data from the desk study, site reconnaissance and site
investigations.

The hazard is calculated from various weighted factors, including the FoS and thirteen secondary
factors related to geomorphic observations, topography, hydrology, vegetation, peat workings,
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existing loads and slide history (Appendix M). These secondary factors are challenging to quantify in
a stability calculation but may contribute to peat instability.

Each hazard factor has been reclassified into one of four classes with rating values ranging from 0 to
3 (Appendix M). A rating of 0 indicates that the hazard factor is irrelevant; ratings 1, 2 and 3 indicate
low, moderate and high correlation to peat slide hazard, respectively.

These factors have been assigned weighting values to reflect their relative importance in peat
stability. Both the rating and the weighting values have been assigned according to the expert
criteria of the project team and are presented in Appendix M. The hazard score of each factor is the
multiplication of its rating value and weight value. These factors and their corresponding weightings
are shown in Table 5-1.

The hazard values for a given wind farm element are the sum of the scores of all the hazard factors
divided by the maximum hazard value possible to obtain a normalised hazard value ranging from 0
to 1 (see tables in Appendix M). Hazard is grouped into four categories: Negligible, low, medium and
high.

Table 5-1: Factors affecting peat stability and hazard.

This is the most critical factor, including the slope angle, the
peat depth, the peat density, the peat cohesion in the
Factor of Safety drained and undrained conditions, as well as the effective 10
friction angle. This is the complete factor. See Section 4 for
further details.
C t Pl .
urvature Fan This represents the curvature across the slope and the
(across the . . .
slope) funnelling/dispersion of the runoff.
Topography P -
Curvature This represents the curvature down-slope and, therefore,
Profile the capacity of water retention and infiltration. Convex
(downslope) slopes are typically more prone to landslides.
Distance from This tends to affect the likelihood of landslides, especially in
watercourse (m) | sectors where this distance is short.
. . This Landsat-derived factor indicates the water content or
Moisture index ) . . .
(NDMI) moisture of the vegetation, which can be considered a
» proxy of the terrain moisture.
o Hydrology - — - - 1
B Evidence of The presence of piping is clear evidence of potential peat
‘E piping instability.
© The direction of . . )
'§ existing Drainage ditches that are aligned cross slope can affect the
S I
§ drainage ditches overall stability of a slope face.
Bush This indicates the type of peat at the site and the
. hydrological nature of the site.
Vegetation P - — - -
The tree's vigour is another indicator of peat stability, with
Forestry .
stunted trees more frequent in unstable sectors.
Peat cuts This factor evaluates the effect of various peat workings on
Peat presence the stability of the peat.
workings Peat cuts vs Where the peat cuts parallel the contour lines, the potential
contour lines instability increases.
1
Existing Side-cast of solid roads and floating roads pose a load to
Roads
loads the peat blanket.
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This suggests that landslides at the site are likely if a peat

Dls.tance -to slide has occurred at the site or within a 10-kilometre
previous slides . . . .
(km) radius. The weight assigned doubles the weights for the
Slide other secondary factors
. Evid f t . . 2
history VIAeNCe OTPEat | 11is factor evaluates the effect of any existing peat

movement (e.g.
tension cracks,
compression
features).

movement indicators on-site, such as tension cracks. The
weight assigned doubles the weights for the other
secondary factors.

5.4. Adverse consequences assessment

The impacts of peat landslides on the wind farm elements, surrounding environment, and existing
assets may typically generate a variety of adverse consequences. This report qualitatively assessed
these consequences following the Peat Landslide Hazard and Risk Assessments: Best Practice Guide
for Proposed Electricity Generation Developments (Scottish-Executive, 2017).

Table 5-2 summarises the consequences considered for the PSRA of the development.

Table 5-2: Consequences considered for the PSRA

Consequence factors _______ Description | Weight |

This is the second most heavily weighted factor. It is
estimated based on the distance from the nearest
defined watercourse and the depth of peat in the 3
area—the longer the distance and the deepest the
peat depth, the larger the landslide.

This factor accounts for the type/shape of
downslope features that may hamper or favour the
propagation downhill of the peat flow.

This is the distance from the site to the nearest
defined river valley. Rivers close to potential
landslide sectors are more vulnerable to a landslide
event.

The volume of potential peat flow
(function of distance from the nearest
watercourse and peat depth in the
area)

Downslope features

Proximity from the defined valley (m)

This factor accounts for the runout distance as a

Downhill slope angle
matter of slope angle.

Reflects the severity of a peat slide event's impact on

Downstream aquatic environment o . .
the receiving aquatic environment.

Public roads in the potential peat flow

Rates the impact of a peat slide striking a public

path road.
Overhead lines in the potential peat Rates the impact of a peat slide striking a service
flow path line.
Buildings in the potential peat flow Rates the impact of a peat slide striking a habitable
path structure.
Capability to respond (access and Rates the capability of the site staff to respond to a
resources) peat instability event.

The nine consequence factors considered have been reclassified similarly to the hazard factors
(Appendix M). A rating of 0 indicates that the consequence factor is irrelevant, and a rating of 3
indicates high consequences.

Peat Stability Risk Assessment 36 20263-PSRA-001-03



OTmOS PSRA for Cummeennabuddoge Wind Farm

GAVIN & DOHERTY
C ONSULTING e

GEOSOLUTIONS

‘Volume of potential landslide’ has been assigned a weight of 3 to reflect its relative importance in
the potential consequences. The rest of the factors have been assigned a weight of 1. Both the rating
and the weighting values have been assigned according to the expert criteria of the project team.
The score of each consequence factor is the multiplication of its rating value and weight value
(Appendix M).

The consequences value for a given wind farm element is the sum of the nine consequences scores.
This total value is then divided by the maximum consequence value possible to obtain a normalised
consequence value ranging from 0 to 1 (see tables in Appendix M). Consequences are grouped into
four categories: Negligible, low, medium and high.

5.5. Risk calculation

Risk in each wind farm infrastructure element is calculated with Equation 5-1, i.e. multiplying the
hazard scores and the consequences scores. The risk rating ranges between 0 and 1, and the
following risk rating levels have been distinguished in Figure 5-1 and Figure 5-2.

e High (0.6 to 1): Avoid project development at these locations. Mitigation is generally not
feasible.

e Medium (0.4 to 0.6): The project should not proceed unless risk can be avoided or mitigated

at these locations without significant environmental impact to reduce risk ranking to low or
negligible.

e Low (0.2 to 0.4): Project may proceed pending further investigation to refine assessment and
mitigate hazard through relocation or re-design at these locations.

o Negligible (0 to 0.2): The project should proceed with monitoring and mitigating peat
landslide hazards at these locations as appropriate.
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Figure 5-1: Risk ratings at the proposed turbine locations.
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Figure 5-2: Risk ratings at the proposed infrastructure element sites.

Appendix M gathers the risk calculation process at each turbine considering the four scenarios of
hazard: Undrained; undrained with a surcharge of 1 m; drained; and drained with a surcharge of 1
m. Figure 5-1 and Figure 5-2 summarise the risk rating obtained at the turbines, substation,
compound and peat repository area locations. All the turbines and infrastructure locations are
indicative of negligible to low risk.

It is stressed that the resulting risk rating does not indicate a probability of losses due to landslides;
it simply expresses a rating.
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6. Geotechnical Risk register

Table 6-1: Geotechnical risk register

Contributing

Management and Mitigation of Risk

The collapse of
the dried peat
berm/ peat
slippage

factor

Overestimation
of soil strength
parameters

The soil parameters are based on the hand shear vane test
carried out by GDG at each turbine location. Shear vane
testing was carried out at 0.5m intervals through the peat to
assess variation within the peat body. The interpreted
undrained shear strength values consider a conservative
reduction factor for the influence of the fibres within the
peat.

Extensive sampling ground investigation at infrastructure
location, including trial pitting and Russian coring, to assess
the composition and strength of the peat and collect samples
for testing.

The derived values were compared with a literature review of
the most common general drained and undrained parameters
for each soil type and on the descriptions.

Further testing and assessment of the peat during further
ground investigation campaigns is expected to be required
before construction. This will allow for a robust understanding
of the ground conditions and the detailed design of access
roads and structures.

An extensive testing protocol shall be developed by the
Construction stage contractor and the design team. These
tests shall be observed by a suitably qualified engineer and
reported to the owner's engineer.

It would be expected that an observational approach will be
required when constructing on peat due to the limitations
associated with testing and verifying its strength, and the
contractor is required to frequently inspect the peat material
and providing proof of inspection.

The collapse of
2 berm/peat

slippage

Underestimation
of peat depth

Extensive ground investigation, including trial pitting, Russian
coring and peat probing, has been carried out across the site.
Gl locations have been carried out at locations where access
was possible. Access was limited to some areas of the site,
with restrictions on forestry and terrain limiting coverage.
Further Gl will be required at these locations during the detail
and construction stage to assess peat depths. The detailed
designer and contractor team will carry this out. The design
team shall develop their own testing criteria to satisfy and
derisk the possibility of larger peat depths occurring at these
locations.

Failure of peat
slope due to
loading or
agitation of
existing
instability

Failure to
identify existing
instability/ peat
deformation at

the site

Assessment of satellite imagery and topographical data for
evidence of past landslide events was carried out as part of
the desk study, finding no evidence of past instabilities or
landslide events within the site area. The Geological Survey of
Ireland (GSI) landslide database was examined, identifying
several landslide events in the local region within 5km of the
site, the closest approx. 100m from the site boundary and
3km from the nearest turbine, turbine 13.
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Contributing
factor

Management and Mitigation of Risk

The client provided a report investigating a landslide event at
a neighbouring windfarm site. The findings of this are outlined
in the report and are considered in the assessment at this site.
During the site walkovers the site GDG engineers examined
the landscape and the areas surrounding the proposed
infrastructure for evidence of instability or past landslide
events. No past landslide or instability events was identified.
Although there is no evidence of landslides within the
Proposed Development Site, this does not necessarily mean
that landslides have never occurred at the proposed site
location. It is noted that the geomorphological features
associated to peat landslides (peat slides and bog bursts) are
softened with time through erosion, drying and re-vegetation,
particularly given the forestry and harvesting activities which
have taken place at this site.

Access was limited to some areas of the site with restriction
relating to dense forestry and terrain limiting visibility and
inspection areas. Further inspection will be required during
the detail design and construction stage to inspect for peat
instabilities. This will be carried out by the detail designer and
Contractors team. The design team shall develop their own
inspection and testing criteria to satisfy and de-risk the
possibility of larger peat depth occurring at these locations.

The collapse of
peat berm/peat
slippage

Failure due to
excessive
loading of peat

The peat stability analysis factor of safety exercise examines
the peat in the drained and undrained condition both without
and with the addition of a surcharge equating to 1m of peat
loading. Areas indicative of a low or moderate FoS result with
the 1m peat surcharge within or adjacent to the proposed site
infrastructure have been designated as peat storage
restriction (PSR) areas, as outlined in Section 4.5.
Requirements for the safe and sustainable storage of peat
material are outlined in the associated Peat Management
Plan (PMP) document, Technical Appendix 11-3 (GDG,2022).
The requirements and restrictions for peat storage outlined in
this document must be adhered to during the constriction
stage.

Instability of
peat slippage

Variations in the
groundwater
conditions at the
site

The groundwater conditions were examined during the
walkovers and within the trial pit locations. Areas of saturated
surface peat were identified during the walkovers as outlined
in Section 4, and these have been considered in the risk
assessment and findings of the report.

Water strikes, peat water content and groundwater
conditions are noted in the trail pit locations (Gll, 2022) and
outlined in Technical Appendix 11-1 GIR (GDG,2022).

The groundwater conditions and peat moisture content way
vary seasonally and/or more frequently with the immediate
weather conditions. Long term groundwater monitoring
across shall be carried out in further design stage ground
investigations and further lab testing of the peat in its insitu
condition will need to be assessed for the construction design.

Peat Stability Risk Assessment
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7. Conclusions and recommendations

Following the guidance of the Scottish Executive (2017), a review of the published thematic and
geographic information (e.g. geology, soils, protected areas) and relevant background literature was
undertaken for the proposed development. Site reconnaissance and site investigations were
conducted to validate and enhance the desk study information. Based on the revision of the
available data, the fieldwork and GDG’s professional judgement, it is concluded that peat slides are
unlikely on the site. However, the developer will require diligent peat management and careful
consideration of the peat conditions at the site throughout the detailed design and construction
stage.

A deterministic Factor of Safety was calculated across the proposed element locations, and from
this, a robust peat stability risk assessment (PSRA) was performed. The findings of the peat
assessment showed that the site has an acceptable margin of safety and is suitable for the proposed
turbine locations.

The peat stability risk for the proposed infrastructure is negligible to low. However, the results of the
factor of safety deterministic calculation and the site walkover allowed for identifying safety buffers
and peat and spoil stockpile restriction (PSR) areas outlined in Section 4.5 and shown in Appendix L.
These must be adhered to in future stages of the Proposed Development. Outside of the areas
defined by the safety buffers and peat and spoil stockpile restriction (PSR) areas, the construction of
the Proposed Development is considered to be safe and stable for construction following the
methodologies and safe working practices outlined in the associated in Appendix 10-3 Peat and Soil
Management Plan (PMP) and Appendix 4-1: Construction Environmental Management Plan (CEMP)
of the EIAR.

All earthworks shall be designed by a competent geotechnical designer, informed by a detailed
ground investigation.

All on-site construction activities shall follow the peat management and monitoring requirements
outlined in the peat and overburden management plan, included in Appendix 10-3 of the EIAR.
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Figure C-1: Soils.

Note: The soils in the proposed site have been labelled in the map. This is a regional scale map that does not represent the local details of the peat spatial distribution, which was enhanced for this project through fieldwork and peat probes.
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Figure D-1: Moisture Index developed from Landsat 8 and the USGS.
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Figure E-1: Subsoil permeability (GSI).

Note: There are no wells shown in the map extent. The closest well to the study area is located ~5 km southwest.
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Figure E- 2: bedrock Aquifers (GSI).
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Figure F-1: DEM sourced from Sintegra (2020) and EEA (2022).
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Figure G-1: Landslide from national database (GSI) and rainfall (Met Eireann, 2018)

52

526,000

320,000 440,000 560,000 680,000 800,000
1 1 1 1 |

670,000 790,000 910,000

550,000

Legend

N

Total Annual Rainfall 1981-2010 ! gy‘. A
(mm) o
[ leis-958 i Beftas!
[ 19s9- 1139 3 ]
B 1,140 - 1,320 Tl
B 121152 Y
I 1525 1,762
B 1763 - 2,056 Dublin
I 2.057 - 2.464 ]
I 2465 - 3.551

02550 100 150 200

- — e Kilometers

© Ordnance Survey Ireland
Legend

® (Sl Landslide Events

Existing Access Tracks

— Proposed Access Tracks
@ 2008 Landslide Location

-——- Grid Connection Route

—— Turbine Hardstand

|:| Site Boundary

Borrow Pits

[ | compounds

| |Met Mast

m Peat Repository

[ substation

I Turbine Foundations

B Turning Heads

GDG

GAVIN & DOHERTY
GEQSOLUTIONS

Client: O -I-mos \(:) \fmggﬁgnnahudduge

CONSULTING

Project: Cummeennabuddoge Wind Farm

Map title: Landslide Events and Rainfall

File: 20263-GDG-01-LSE-MP-C-11

Sheet size: A3 CRS: 2157 Authored: CE

Source: GSIf

Date: 30/11/2023 T ——

Checked: SC

20263-PSRA-001-03

GDG

GAVIN & DOHERTY
GEOSOLUTIONS




aAtMmaos

CONSULTING

514,000
1

PSRA for Cummeennabuddoge Wind Farm

516,000 518,000 520,000 522,000
1 L L 1

524,000
1

526,000
L

o
3 |
: N
3
o
s
10 W
3
{
.‘ ']
4
L4
__ i
H
y ,
] g
Q| b .—'
E ' =
]
E
S
3
[=]
£=]
2 |
=
3
"0,
3
S
<
5
0 025 05 1
e e K

! A
k o7 o i
»
GORK
» y ;
Y 7
y o
4
‘
/917 "
& &
25

<+

o

Ballyvpurney

NL, Ordnance Survey, Esri Japan, METI, Esri China
Community

~ N

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAQC, NPS, NRCAN, GeoBase, IGN, Kadaster

(Hong Kong), (¢) OpenStreetMap contributors, and the GIS User

440,000 500,000
| ]

560,000
|

670,000

10,000

550,000

© Ordnance Survey Ireland

Legend
Grid Connection Route
— Existing Access Tracks

—— Proposed Access Tracks

—— Turbine Hardstand

[ site Boundary
Borrow Pits
[ | Compounds
|:| Met Mast
V.7 Peat Repository
[ substation
- Turbine Foundations
I Turning Heads
Landslide Susceptibility
Low
Low (inferred)
Moderately Low

Moderately Low (inferred)

Maderately High
High
Water

GDG

GAVIN & DOHERTY
GECSOLUTIONS

Client: q -I- m OS

CONSULTING

5
Project: Cummeennabuddoge Wind
Map title: Landslide Susceptibiity
File: 20263-GDG-01-LSU-MP-C-10

Sheet size: A3 CRS: 2157

Cummeennz
Wind Farm

Farm

Authored: CE

Date: 30/11/2023 Source: GSI

Checked: SC

Peat Stability Risk Assessment

Figure G-2: Landslide Susceptibility (GSI).
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Figure H-1: Rivers and lakes.
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Figure I-1: Corine land cover map (2018).
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Figure J-1: Geo-investigation map (1 of 3).
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Figure J-3: Interpolated peat depth map. (1 of 3)
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Figure J-4: Interpolated peat depth map. (2 of 2)
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Table J-1: Site reconnaissance of the Turbine 1 site.
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Table J-2: Site reconnaissance of the Turbine 2 site.
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Table J-3: Site reconnaissance of the Turbine 3 site.
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Table J-4: Site reconnaissance of the Turbine 4 site.
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Peat: The peat depth in this sector is 0.5 - 0.9 m.

Instability evidences: No.

IMG_0925.JGP

IMG_0929.JPG

IMG_0934.JPG
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Table J-5: Site reconnaissance of the Turbine 5 site.

GAVIN & DOHERTY

GEOSOLUTIONS

s

P =0 oo o000 SR T R ot ol

Peat geo-investigation

—— Water Courses —— New Roads

Shared legend

K8 Geotagged photos ROADS Peat Depth (m)
% Turbine Locations Internal track % ; ;00;51000

—— Upgrade of existing roads . d
Site Boundary 22-08-18 o [11.00-1.50
ot Lines (2w}~ Upgrade of existing roads [__| 1.50 - 2.00
A Peat Probe Locations Access tracks [ 2.00-2.50
[ 2.50 - 3.00

— Upgrade of existing roads [ 3.00 - 3.50

BN > 3.50

IMG_0912.JPG

Description

Date of the satellite images: April 2020. [Centre National
d’Etudes Spaciales (CNES) / Airbus].

Date of the ground-based pictures14t of March, 2022 [GDG].

Geomorphology: Moderated slope facing SE (right side of the
road).

Peat: Depths of 2.6 m along the hardstand a turbine location.

Instability evidences: No.

IMG_0916.JPG

IMG_0917.JPG

&1

™ -

IMG_0918.JPG

+1228m
T —

14 Mar 2022, 14:06:17
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Table J-6: Site reconnaissance of the Turbine 6 site.

Peat geo-investigation IMG_091-]P G
Sharedlegend
K3 Geotagged photos ROADS Peat Depth (m)
. _ Internal track [ ] <=0.50
vrhine Locations o [ 10.50-1.00
—— Upgrade of existing roads ; :
Site Boundary 22-08-18 o [ 1.00-1.50
Contour Lines (2 m) ~ - Upgrade of existing roads [ | 1.50 - 2.00
/A Peat Probe Locations Access tracks [12.00-2.50
~—— Water Courses —— New Roads £ 2.50 - 3.00
— Upgrade of existing roads [ 3.00 - 3.50
B > 3.50
IMG_0952.JPG
Description
Date of the satellite images: April 2020. [Centre National d’Etudes
Spaciales (CNES) / Airbus].
Date of the ground-based pictures: 15t of March, 2022 [GDG]
Geomorphology: mostly flat.
Peat: Depths of 1 m at the middle of the hardstanding and 2.6 at T6
site.
Instability evidences: No.
65 20263-PSRA-001-03
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Table J-7: Site reconnaissance of the Turbine 7 site.

GAVIN & DOHERTY

GEOSOLUTIONS

IMG_0937.JPG

Shared legend

3 Geotagged photos ROADS

. . Internal track
Trrhing Locations o
—— Upgrade of existing roads

22-08-18
——- Upgrade of existing roads [__] 1.50 - 2.00

Site Boundary
Contour Lines (2 m)

A Peat Probe Locations Access tracks
—— Water Courses —— New Roads

Peat Depth (m)
[ ]<=0.50

[ ]0.50-1.00
[ ]1.00-1.50

[ 2.00 - 2.50
2.50 - 3.00

— Upgrade of existing roads [ 3.00-3.50

B > 3.50

Description

Date of the satellite images: April 2020. Source: Centre National
d’Etudes Spaciales (CNES) / Airbus.

Date of the ground-based pictures14t of March, 2022 [GDG].
Geomorphology: mostly flat.

Peat: Peat depth varies from 2.4 m to 1 m along the hardtands and turbine
location respectively.

Instability evidences: No.
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IMG_0939.JPG
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Table J-8: Site reconnaissance of Turbine 8 site.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat geo-investigation

W

Shared legend
8 Geotagged photos ROADS Peat Depth (m)
% Turbine Locations Internal track L) <=050
—— Upgrade of existing roads [ 0.50-1.00
Site Boundary 22-08-18 N [ 11.00-1.50
Contour Lines (2 m) Upgrade of existing roads [__| 1.50 - 2.00
[ 2.00 - 2.50

/A Peat Probe Locations Access tracks
- \Water Courses —— New Roads [ 2.50 - 3.00

— Upgrade of existing roads [ 3.00 - 3.50
Bl > 3.50

IMG_0968JPG

IMG_0970.JPG
| S
180

Description

Date of the satellite images: April 2020. [Centre National d’Etudes
Spaciales (CNES) / Airbus].

Date of the ground-based pictures: February 2020 [GDG].
Geomorphology: Slope facing NW.
Peat: Depth ranges between 0 and 0.6 m at the turbine location.

Instability evidences: No.
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Table J-9: Site reconnaissance of Turbine 9 site.

GAVIN & DOHERTY

GEOSOLUTIONS

Pe:_at geo- 1nvest1gat10n

IMG_6494.]PG

NE
60

SN e B

09 Jun 2022, 16:30:28

Shared legend
K8 Geotagged photos ROADS Peat Depth (m)
Internal track (] <=0.50
Turbine Locations o [ ]0.50-1.00
—— Upgrade of existing roads : s
Site Boundary 22-08-18 - [ ]1.00-1.50
Contour Lines (2 m) — - Upgrade of existing roads [ ] 1.50 - 2.00
A Peat Probe Locations Access tracks 1200 -2.50
~—— Water Courses —— New Roads £ 2.50 - 3.00
— Upgrade of existing roads [ 3.00 - 3.50
B > 3.50
IMG_0954.]PG
sw l
-2}0.| . | -2]10-| .' .
Description
Date of the satellite images: April 2020. [Centre National d’Etudes Spaciales
(CNES) / Airbus].
Date of the ground-based pictures: February 2020 [GDG].
Geomorphology: Slope facing North.
Peat: Depth ranges between 0.7 and 1.52 m with a value of 0.8 at the turbine
location.
Instability evidences: No.
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Table J-10: Site reconnaissance of Turbine 10 site.

GAVIN & DOHERTY

GEOSOLUTIONS

Imagery

|

Peat geo-investigation

G 05798 Yo osmi o 7

5 0962.PG
#
mo opelet IMG 0878 PG 'W’&JPG
‘ IMG_0977.JPG _ WG 16492.JRG
3 =T IMG20960.JPG, MG 6493 PG
MY e

IMG_0959 PG (i) IMG=0958 JPG fas
1. NG 0881.PG | SOlocalor 2021-05:31:11:22.1pg
{

\

Shared legend
) Geotagged photos ROADS

% Turbine Locations Internal track

—— Upgrade of existing roads

Site Boundary 22-08-18

Contour Lines (2 m)
/A Peat Probe Locations Access tracks

~—— \Water Courses —— New Roads

Peat Depth (m)

——- Upgrade of existing roads [ ] 1.50 - 2.00

[ ] <=0.50

" ]0.50-1.00
[ 11.00-1.50
[ ]2.00-2.50
] 2.50 - 3.00

—— Upgrade of existing roads [ 3.00 - 3.50

B > 3.50

IMG_0978.JPG

Description

Date of the satellite images: April 2020. [Centre
National d’Etudes Spaciales (CNES) / Airbus].

Date of the ground-based pictures14t of March, 2022
[GDG].

Geomorphology: Slope facing NW. Superfical water
running towards NE to the closets watercourse.

Peat: Depth of 1 m at the turbine location.

Instability evidences: No.

IMG_0979.JPG

IMG_0980.JPG
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Table J-11: Site reconnaissance of Turbine 11 site.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat geo-investigation

B8 Geotagged photos

% Turbine Locations

Site Boundary
Contour Lines (2 m)

~— Water Courses

A Peat Probe Locations Access tracks

Shared legen -

ROADS Peat Depth (m)
Internal track [ <=0.50
—— Upgrade of existing roads . 10.50-1.00
22-08-18 [ 11.00-1.50
——- Upgrade of existing roads [__] 1.50 - 2.00

[]2.00-2.50
—— New Roads [ 2.50 - 3.00
—— Upgrade of existing roads 24 3.00 - 3.50

B > 3.50

IMG_1018.JPG

1716 Mar 2022, 09:13:04

Description

Date of the satellite images: April 2020. [Centre National d’Etudes
Spaciales (CNES) / Airbus].

Date of the ground-based pictures: 16t of March, 2022 [GDG].
Geomorphology: The topography is mostly flat.
Peat: The peat depth at the turbine location is over 2 m.

Instability evidences: No.

IMG_1019.JPG

'\ N6 Mar 2022;09:5146

IMG_1020.JPG

16 Mar 2022, 09:51:48
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Table J-12: Site reconnaissance of Turbine 12 site.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat geo-investigation

18
A1.42
4
WGL6437, \‘,
3 VG 6442.0PG :
LTS BT D . e O'Ti 2059 \
MG 644886 ; . A I
P gﬂ e Eﬁmm IMG-5452.0PC
RESE L e WG, ii T IMG_1009.JPG MG_6452°0PG é\m
G 6450 JPERIA 0 &) TR
93 0.854™" IMG_6455.

IMG-6451,JPG

m,saas.ﬁga
BIG. 6460 JPG WG _B457 JFG

0.9

8 Geotagged photos

% Turbine Locations

Site Boundary
Contour Lines (2 m)

—— Water Courses

A Peat Probe Locations Access tracks

Shared legend
ROADS Peat Depth (m)
Internal track " ]<=0.50
—— Upgrade of existing roads [ ]0.50-1.00
22-08-18 [ ]11.00-1.50
——- Upgrade of existing roads [__] 1.50 - 2.00
[7]2.00-250
—— New Roads 2.50 - 3.00
—— Upgrade of existing roads B 3.00 - 3.50
B > 350

© 235°SW (T) @ 51°59'43"N, 9°10'39"W +20m1 A 378m

G_6450.JPG

Description

(CNES) / Airbus].
Date of the ground-based pictures: 8t of June, 2022 [GDG].

Geomorphology: Slope facing Noth.

value of 1.15 m at the turbine location.

Instability evidences: at the cut of the road only.

Date of the satellite images: April 2020. [Centre National d’Etudes Spaciales

Peat: the peat depth ranges from 0.3 to 1.24 m along the hardstand with a

IMG_6455.JPG

© 353°N (T) ® 51°59'43"N, 9°10'33"W +8m 4 387m

€ 223°SW (T) @ 51°59'45"N, 9°10'35"W +12m A 369m
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Table J-13: Site reconnaissance of Turbine 13 site.

Peat geo-investigation IMG_1013.JPG

o

A

Miar 2022, 08:12:55

Shared legend
K9 Geotagged photos ROADS Peat Depth (m)
% Turbine  cations Lnternal track [ ]<=050
—— Upgrade of existing roads [ ]0.50-1.00
Site Boundary 22-08-18 N [ 1.00 - 1.50
Contour Lines (2 m) ~— Upgrade of existing roads [ ] 1.50 - 2.00
X\ Peat Probe Locations Access tracks [ 2.00 - 2.50

—— Water Courses —— New Roads [ 2.50 - 3.00

— Upgrade of existing roads 1 3.00 - 3.50
B > 350

IMG_1016.JPG IMG_6487.JPG

‘1501 180 210
v I e e SRl R s

Description

©186°S (T) @ 51°59'56"N, 9°10'57"W +4m A 338m

Date of the satellite images: April 2020. [Centre National d’Etudes
Spaciales (CNES) / Airbus].

Date of the ground-based pictures: 16t of March, 2022 [GDG].
Geomorphology: Mostly Ifat.

Peat: The peat thickness ranging between 1.67 m a long the hardstand
to 0.72m at the turbine location.

Instability evidences: No.
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Table J-14: Site reconnaissance of Turbine 14 site.

GAVIN & DOHERTY

GEOSOLUTIONS

\ >
| Solocator-2021:03:31-10-32- 13 jpg-
B 435
- _.
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SE
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IMG_1001.JPG
S
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SW

210 240
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©171°S (T) @ 51°569'19"N, 9°11'21"W +4m

| 15Mar2022:45

K& Geotagged photos

% Turbine Locations

Site Boundary
Contour Lines (2 m)

~—— Water Courses

Shared legend
ROADS

Internal track

—— Upgrade of existing roads

22-08-18

——- Upgrade of existing roads [__| 1.50 - 2.00

/\ Peat Probe Locations Access tracks

—— New Roads

— Upgrade of existing roads [ 3.00 - 3.50

Peat Depth (m)
[ ]<=0.50

[ 10.50-1.00
[ 11.00-1.50

[ 2.00-2.50
[]2.50-3.00

B > 3.50

Description

Airbus].

Date of the ground-based pictures: 16t of March, 2022 [GDG].

Instability evidences: No.

Date of the satellite images: April 2020. [Centre National d’Etudes Spaciales (CNES) /

Geomorphology: Slope facing north. A drainage channel is running S-N.

Peat: peat depth is 1.4 m at the turbine location. Excavation and fill will required.
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Table J-15: Site reconnaissance of Turbine 15 site.

Peat geo-investigation ) ] IMG_6490.]PG

3
% -
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Shared legend
K8} Geotagged photos ROADS Peat Depth (m)
% Turbine Locations Internal track g ; ;00.51000
—— Upgrade of existing roads Sl
Site Boundary 22-08-18 o [11.00-1.50
Contour Lines (2 m) ~—~ Upgrade of existing roads [__] 1.50 - 2.00
2 Peat Probe Locations Access tracks 2.00 - 2.50
—— Water Courses — New Roads 2.50 - 3.00
— Upgrade of existing roads [E 3.00 - 3.50
B > 3.50
IMG_1022.JPG IMG_1026.JPG
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Description

Date of the satellite images: April 2020. [Centre National d’Etudes Spaciales
(CNES) / Airbus].

Date of the ground-based pictures: 16t of March, 2022 [GDG].
Geomorphology: Slope facing NW.
Peat: peat depth is 1.2 m at the turbine location. Excavation and fill will required.

Instability evidences: No.

Mar 2097, 12:37:30
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Table J-16: Site reconnaissance of Turbine 16 site.

GAVIN & DOHERTY

GEOSOLUTIONS

K2 Geotagged photos

% Turbine Locations

Site Boundary
Contour Lines (2 m)

-~ Water Courses

/A Peat Probe Locations Access tracks

Peat geo-investigation

[IMG 0984 PG

Solocator-2027203°31-10-52:30.jpg

A

Solocator-2021-03-31-10-52-00.jpg

Wl Soiocator-2021-03-31-10-52-49.jpg

4 Solocator-2021-03-31-10-51-48/jpg
1.35

Solocator-2021-03-31-10:54-28 jpg

150 m

IMG_0998.JPG
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& 269°W (T) @ 51°569'2"N, 9°11'54"W +17m

0
R B BRI a1 1T ]

A S.hared legend
ROADS Peat Depth (m)
Internal track [ 1 <=0.50
—— Upgrade of existing roads [ 10.50-1.00
22-08-18 [ ]1.00-1.50
——- Upgrade of existing roads [__| 1.50 - 2.00
[ 2.00-2.50
—— New Roads [ 2.50-3.00
— Upgrade of existing roads [ 3.00 - 3.50
B > 3.50

Description

(CNES) / Airbus].

Geomorphology: Slope facing NW.

Instability evidences: No

Date of the satellite images: April 2020. [Centre National d’Etudes Spaciales

Date of the ground-based pictures: 16t of March, 2022 [GDG].

Peat: Peat depth ranges between1.2 m to 1.8 m at the turbine location.

@ 234°SW (T) @ 51°68'69"N, 9°11'65"W +5m 4 415m

IMG_6470.JPG

Additional peat probing

Juine2022

IMG_0997.JPG
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Table J-17: Site reconnaissance of Turbine 17 site.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat geo-investigation

Shared legend
K8 Geotagged photos ROADS

% Torbine Locstions Internal track

—— Upgrade of existing roads

Site Boundary 22-08-18

Contour Lines (2 m)
A Peat Probe Locations Access tracks
—— Water Courses —— New Roads

Peat Depth (m)
[ ]<=0.50

[ 10.50 - 1.00
[ ]1.00-1.50

——- Upgrade of existing roads [ 1.50 - 2.00

[ 12.00-2.50
[ 2.50 - 3.00

—— Upgrade of existing roads [ 3.00 - 3.50

Bl > 3.50

IMG_0989.JPG

Description

Date of the satellite images: April 2020. [Centre National d’Etudes Spaciales
(CNES) / Airbus].

Date of the ground-based pictures: 16t of March, 2022 [GDG].
Geomorphology: Mostly flat.

Peat: depth ranges between 1.5 m to 2.7 m with a value of 1.6 m at the turbine
location.

Instability evidences: No
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Appendix K Factor of Safety

Table K-1: Example of calculation of Factor of Safety for undrained conditions (with and without surcharge).

Undrained Bulk unit Factor of | Surcharg FoS
Turbine No.| Slope |Cos Slope [Sin Slope [shear strength |weight of Peat | Peat depth Safety e surcharge
(%) Cu (kPa) Y (kN/m’) (m) (m)
T1 5.5122 0.995 0.096 5 10 0.999995 5.23 1 2.61
T2 3.3564 0.998 0.059 5 10 2.481092 3.45 1 2.46
T3 4.629 0.997 0.081 5 10 0.401344 15.49 1 4.44
T4 7.1325 0.992 0.124 5 10 0.82851 4.90 1 2.22
T5 3.3913 0.998 0.059 5 10 2.606751 3.25 1 2.35
T6 2.7573 0.999 0.048 5 10 2.24474 4.64 1 3.21
T7 4.5468 0.997 0.079 5 10 0.900492 7.03 1 3.33
T8 5.9756 0.995 0.104 5 10 0.590142 8.18 1 3.04
T9 1.5549 1.000 0.027 5 10 0.799915 23.04 1 10.24
T10 4.7771 0.997 0.083 5 10 1.056415 5.70 1 2.93
T11 3.2458 0.998 0.057 5 10 2.247583 3.94 1 2.72
T12 8.9635 0.988 0.156 5 10 1.148773 2.83 1 1.51
T13 3.7853 0.998 0.066 5 10 0.720964 10.53 1 4.41
T14 4.9573 0.996 0.086 5 10 1.424948 4.08 1 2.40
T15 4.3304 0.997 0.076 5 10 1.234268 5.38 1 2.97
T16 6.3583 0.994 0.111 5 10 1.852289 2.45 1 1.59
T17 3.1559 0.998 0.055 5 10 1.577746 5.77 1 3.53
=
JZSINACOSA
Where,

F = Factor of Safety

Undrained conditions o= Lilnditued sinemgth

y = Bulk unit weight of material
z= Depth to failure plane assumed as depth of peat
a= Slope angle
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Table K-2: Example of calculation of Factor of Safety for drained conditions (with and without surcharge).

HeTgmor
Drained |Bulk unit Bulk unit | watertable Surch
shear |weightof| Peat |weightof | above failure Cos’ arge FoS
Turbine No.| strength Peat depth water surface Slope |CosSlope| Slope |SinSlope| ¢ Tan ¢' FoS (m) [ Surcharge
Cu (kPa) |Y(kN/m®)| (m) |Y(kN/m®) (m) (9)
T1 5 10| 0.999995 9.8 0.999995( 5.512242 0.995 0.991 0.096 25 0.466 5.33 1 5.08
T2 5 10| 2.481092 9.8 2.481092| 3.356378 0.998 0.997 0.059 25 0.466 3.61 1 4.85
13 5 10| 0.401344 9.8 0.401344( 4.628984 0.997 0.993 0.081 25 0.466 15.60 1 8.58
T4 5 10 0.82851 9.8 0.82851| 7.132485 0.992 0.985 0.124 25 0.466 4.97 1 4.29
15 5 10| 2.606751 9.8 2.606751| 3.391298 0.998 0.997 0.059 25 0.466 3.41 1 4.64
T6 5 10| 2.24474 9.8 2.24474( 2.757271 0.999 0.998 0.048 25 0.466 4.83 1 6.33
17 5 10| 0.900492 9.8 0.900492( 4.546793 0.997 0.994 0.079 25 0.466 7.14 1 6.47
T8 5 10| 0.590142 9.8 0.590142 5.9756 0.995 0.989 0.104 25 0.466 8.27 1 5.87
T9 5 10| 0.799915 9.8 0.799915 1.55487 1.000 0.999 0.027 25 0.466 23.39 1 19.94
T10 5 10| 1.056415 9.8 1.056415| 4.777083 0.997 0.993 0.083 25 0.466 5.81 1 5.70
T11 5 10| 2.247583 9.8 2.247583| 3.245785 0.998 0.997 0.057 25 0.466 4.10 1 5.37
T12 5 10| 1.148773 9.8 1.148773| 8.963456 0.988 0.976 0.156 25 0.466 2.89 1 2.92
T13 5 10| 0.720964 9.8 0.720964( 3.785343 0.998 0.996 0.066 25 0.466 10.67 1 8.56
T14 5 10| 1.424948 9.8 1.424948| 4.957313 0.996 0.993 0.086 25 0.466 4.18 1 4.68
T15 5 10| 1.234268 9.8 1.234268| 4.330383 0.997 0.994 0.076 25 0.466 5.50 1 5.80
T16 5 10| 1.852289 9.8 1.852289| 6.358307 0.994 0.988 0.111 25 0.466 2.54 1 3.11
T17 5 10| 1.577746 9.8 1.577746| 3.155932 0.998 0.997 0.055 25 0.466 5.93 1 6.91
Drained conditions . 2 .
oS +(jz—y,h,)cos” atangd
)ZSIN A COSA
Where,

F = Factor of Safety

¢’= Effective cohesion

y = Bulk unit weight of material

z= Depth to failure plane assumed as depth of peat
yw = Unit weight of water

h. = Height of water table above failure plane

a= Slope angle

g’ = Effective friction angle
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Figure K-1: FoS for undrained conditions (1 of 2)

79

DALY

0 (= 10 Kilometers

[ site Bounda
Borrow Pits
[ ] Compounds
[ | Met Mast

[777] Peat Reposi
I Turbine Fou

Conditions
[ J]o4s-1
[ ]101-13

| I
# © Ordnance Survey Ireland
Legend

Existing Access Tracks

—— Proposed Access Tracks
—— Turbine Hardstand

B Turning Heads
Peat Factor of Safety for Undrained

[ ]131-455127.09

ry

tary
ndations

GAVIN & DOHERTY
GEQSOLUTIONS

CoN s LT

Client:
lan O 'I' mos \G‘) \Eﬁlﬂggﬁsnnabudduge

[

Map title: Peat Factor of

Sheet size: A3

Project: Cummeennabuddoge Wind Farm

File: 20263-GDG-03-FS3-MP-C22

Safety for Undrained Conditions (1 of 2)

CRS: 2157 Authored: CE

Date: 30/11/2023

Source: GDG Checked: 5C

20263-PSRA-001-03

GDG

GAVIN & DOHERTY
GEOSOLUTIONS




atmaos

CONSULTING

584,000

582,000

518,000

Peat Stability Risk Assessment

PSRA for Cummeennabuddoge Wind Farm

520,000 522,000

Figure K- 2: FoS for undrained conditions (2 of 2).
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Figure K- 3: FoS for undrained conditions and surcharge of 1 m (i.e. 10 kPa) (1 of 2).
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Figure K- 4: FoS for undrained conditions and surcharge of 1 m (i.e. 10 kPa) (2 of 2)
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Figure K- 5: FoS for drained conditions (1 of 2).
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Figure K- 6: FoS for drained conditions (2 of 2).
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Figure K- 7: FoS for drained conditions and surcharge of 1 m (i.e. 10 kPa) (1 of 2).
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Figure K- 8: FoS for drained conditions and surcharge of 1 m (i.e. 10 kPa) (2 of 2).
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Appendix L Safety buffers
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Figure L- 1: Safety buffer areas. (1 of 2)

Note: The delineation of Safety Buffers is based on the semi automated approach derived from the results of the FoS calculation, with the addition of areas identified during site walkovers and site reconnaissance outlined in Sect 4.5.

Peat Stability Risk Assessment 87 20263-PSRA-001-03



Q
—
3
(o)
)

CONSULTIN

584,000

582,000

518,000

520,000

Souires: Bsill, Me

PSRA for Cummeennabuddoge Wind Farm

iy ERrsiEr G20

Figure L- 2: Safety buffer areas. (2 of 2)
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Note: The delineation of Safety Buffers is based on the semi automated approach derived from the results of the FoS calculation, with the addition of areas identified during site walkovers and site reconnaissance outlined in Sect 4.5.
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Figure L- 3: Peat and Spoil Stockpile Restriction Areas (1 of 2).
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Figure L- 4: Peat and Spoil Stockpile Restriction Areas (2 of 2).
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Appendix M

Table M-1: Peat risk assessment in turbine 1.

Peat stability risk calculation

GDG

atmaos

CoONSULTING

Peat Stability Risk Assessment (PSRA)

Clydaghroe wind farm

Location: Turbine 1

Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
Inspected on: Mar-22

Inspected by: sc

Completed by: IPP

Date: Oct-22

Value Rating criteria . L.
Hazard factors Rating value | Weighting Score Comment
U|US| D |DS| O 1 2 3
m - m 0
Factor of Safety S 2 E S’ - >13 1.3-10 <10 1 10 10 Peat depth: ~1 m. Slope angle: 8.9035132.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history - -
Evidence of peat movement (e.g. tension NA NA _ _ Yes 0 2 0
cracks, step features, compression features).
; Gravel / Firm Gravel / Firm glacial L. Stiff orangeish brown slightly gravelly silty
Subsoil NA Si th k Soft it I 1 1 il
MRsollype glacial till till mooth roc sensitive cay sandy CLAY with rare cobbles.
Sl_j?so_“ C(_)nd_mons Peat fibres across transition to subsoil Yes NA Yes Partially No 1 1 al F3 high content
(visible in trial pits)
Exti I t
Peat wetness NA | Dry/Stands well Slowly squeezing ren]e y wet/ 2 1 2 B2 less than 500%
Undiggable
General curvature downslope Planar NA - Planar Convex 2 1 2
Topography Distance toithe convexity break NA NA >100m 50-100 m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect NW, N, NE NA SW, S, SE W, E NW, N, NE 3 1 3
(for high latitudes in northern hemisphere)
Distance from watercourse (m) >300 NA > 300 200 - 300 <200 1 1 1
»
‘g Surface moisture index (NDMI) 0-96 NA 0-96 96-135 135- 174 i 1 al
< Surf; t
E uriace wa er_ 3 Localised NA Localised Ponded in drains Springs oL 1 il
S (water table level indicator)
c
o
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Slgn!ﬁcant surface desiccation NA NA _ _ Yes 0 15 0
(previous summer was dry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Aaoss slope 0 1 0
Annual rainfall > 1400 mm/yr NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation
I?ores_\ry Good growth NA Good growth Fair Stunted growth oL 1.5 aldsy
(if applicable)
Peat auts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat auts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Late Summer, . Winter, Earl Late Si , .
Time of year for construction NA Spring I Ay ML 3 1 0 Worse case estimated
Autumn Summer Autumn
Hazard ., 335
Hazard
0.0-0.3 Negligible Max. possible 102
0:3=0.5 Low
0.5-0.7 Medium Hazard 0.33
07-10 High
Rating criteria . L.
Consequence factors Value 5 A 5 3 Rating value | Weighting Score Comment
Vqurr\e of p(?tentlal peat flow ) Small NA Small Medium Large 1 3 3
({function of distance from nearest watercourse and peat depth in the area)
Minor undefined Mi defined
Downslope hydrology features NA | Bowl / contained inor undetine Valley 2 1 2
watercourse watercourse
Proximity from defined valley (m) >500 NA > 500 200 - 500 <200 1 1 1
Downhill slope angle Horizontal NA Horizontal Intermediate Steep ol 1 il
< N o - o Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive supply 2 1 2
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
Electrici Electrici
Overhead lines in potential peat flow path NA NA Phone lines icity Ticity 0 1 0
(V) (MV, HV)
Buildings in potential peat flow path NA NA | Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences . 11
Consequences
0.0-0.3 Negligible Max. possible 33
03-0.5 Low
0.5-0.7 Medium Consequences o, 0.33
Qi7-1:0 High
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
Targeted site investigation, design of specific mitigation measures. Part time supervision durin . .
0.20-0.40 Low 2 : g = 2 = 2 5 Risk rating = 0.33 0.33 = 0.11
construction. *
; Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of
0.40-0.60 Medium e I : o - :
specific mitigation measures. Full time supervision during construction.
0.60- 1.00 High Avoid construction in this area.

Peat Stability Risk Assessment
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Table M-2: Peat risk assessment in turbine 2.

Location: Turbine 2
GDG Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
* RN Inspected on: Mar-22
Inspected by: SC
Oh | |OS Clydaghroe wind farm Completed by: PP
coNsutlTING
Date: Oct-22
Value Rating criteria X L
Hazard factors Rating value | Weighting Score Comment
Ufus|D|DS| O 1 2 3
wn o (2l
Factor of Safety : : < :0 - 213 13-10 <1.0 1 10 10 Peat depth: ~2.5 m. Slope angle: 3.352.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history ” r -
Evidence of peaft movement (e.g. tension cracks, step NA NA ) R Yes 0 2 0
features, compression features).
Gravel / Fi |/ Fi lacial
Subsoil type rave' / .|rm NA Graiel/ -|rm Bl Smooth rock Soft sensitive clay 1 1 1
glacial till till
Slft,)soi[ cgndiltions Peat fibres across transition to subsoil Yes NA Yes Partially No 1 1 1
(visible in trial pits)
. . Extremely wet /
Peat wetness Slowly squeezing | NA Dry / Stands well Slowly squeezing 9 2 2 4
Undiggable
General curvature downslope Convex NA - Planar Convex 3 1 3
Topography Distance to the convexity break >100m NA >100 m 50-100 m <50m 1 1 1
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) NW N INE NA W, s, SE W, E NW, N, NE 3 1 3
Distance from watercourse (m) <200 NA >300 200 - 300 <200 3 1 3
5 Surface moisture index (NDMI) 0-96 NA 0-96 96-135 135-174 1 1 :
o
©
E Surface water = e NA NA Localised Ponded in drains Springs 0 1 0
3 (water table level indicator)
c
<]
é Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Slgn!flcant surface desiccation NA NA ) R Vs 0 15 o
(previous summer was dry?)
Existing drainage ditches Varied / Oblique | NA Down slope Varied / Oblique Across slope 2 1 2
Annual rainfall > 1400 mm/yr NA < 1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation
f-jores’Fry Stunted growth | NA Good growth Fair Stunted growth 3 1.5 45
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads Solid NA Solid - Floating 1 1 1
Time of year for construction R e NA Spring Wikins, Eatly e — 3 1 3 Worse case estimated
Autumn Summer Autumn
Hazard 010 475
Hazard
0.0-0.3 Negligible Max. possible 105
0.3-0.5 Low
0.5-0.7 Medium Hazard o, 0.45
0.7-1.0 High
Rating criteria . L
Consequence factors Value 5 i 5 3 Rating value | Weighting Score Comment
VolurTle of p'otentlal peat flow . Medium NA Small Medium Large 2 3 6
(function of distance from nearest watercourse and peat depth in the area)
Mi defined i fi
Downslope hydrology features aounee e NA | Bowl/ contained Minortindefined Valley 2 1 2
watercourse watercourse
Proximity from defined valley (m) >500 NA > 500 200 - 500 <200 2 1 1
Downhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1 1
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive Drln:ll‘r;gp\ll;ater 2 1 2
Public roads in potential peat flow path Minor road NA Minor road Local road Regional road 1 1 1
- . ) Electricit Electrici
Overhead lines in potential peat flow path NA NA Phone lines E(L\rll)u ¥ (;V‘n:\;;/ 0 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences ;g 15
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences g, 0.45
0.7-1.0 High
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20 - 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.45 0.45 = 0.21
. Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific mitigation
0.40 - 0.60 Medium - iae 8 :
measures. Full time supervision during construction.
Avoid construction n this area.
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Table M-3: Peat risk assessment in turbine 3.

Location: Turbine 3
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
¢ LORoNS Inspected on: Mar-22
Inspected by: SC
O T' | IOS Clydaghroe wind farm Completed by: IPP
conNsuLTING
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|Us| D|DS| O 1 2 3
A ol
Factor of Safety > Er" 2 al - >1.3 13-1.0 <1.0 1 10 10 Peat depth: ~0.4 m. Slope angle: 4.62.
— —
Distance to previous slides (km) <5 NA 5-10 <5 Onsite 2 2 4
Slide history -
Evidence of pea_t movement (e.g. tension cracks, step NA NA s s Yes 0 2 0
features, compression features).
Subsoil type GrgaI::e:ila/l ::Irlm NA ol / :llrlm gluckal Smooth rock Soft sensitive clay 1 1 1 Conservative estimate as no Gl at location
i
Sl_jFJSO'_I CD.ndI-tIDnS Peat fibres across transition to subsoil Partially NA Yes Partially No 2 1 2 Conservative estimate as no Gl at location
(visible in trial pits)
Peat wetness NA Dry / Stands well Slowly squeezing ExtrenTer wet / 2 2 4 Conservative estimate as no Gl at location
Undiggable
General curvature downslope Planar NA - Planar Convex 2 1 2
Topography Distance to the convexity break NA NA >100m 50-100 m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) RGINANE NA SW, 5, 5E W.E RWe N, NE & L 2
Distance from watercourse (m) <200 NA >300 200-300 <200 3 1 3
‘g Surface moisture index (NDMI) 0-96 NA 0-96 96-135 135-174 1 i | 1
i)
> Surface water . . . .
g (water table levelindicator) NA NA Localised Ponded in drains Springs 0 1 0
<
S
E Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Sngn!flcant surface desiccation NA NA ) B Yes o 15 0
(previous summer was dry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 0 1 0
Annual rainfall >1400 mm/yr | NA < 1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 B8
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation -
.oresFry Good growth | NA Good growth Fair Stunted growth 1 15 1155
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Time of year for construction BT NA Spring Winter, Early Late Summer, 3 1 3 Worse case estimated
Autumn Summer Autumn
Hazard o1 40.5
Hazard
0.0-0.3 Negligible Max. possible 105
0.3-0.5 Low
0.5-0.7 Medium Hazard o 0.39
0.7-1.0 High
Rating criteria ) L
Consequence factors Value = 7 5 5 Rating value | Weighting Score Comment
Volu me of pf)tentlal peat flow X Small NA Small Medium Large 1 3 3
(function of distance from nearest watercourse and peat depth in the area)
v Tehinad = =
Downslope hydrology features nenungenne NA | Bowl/ contained Minior undefiried Valley 2 i § 2
watercourse watercourse
Proximity from defined valley (m) >500 NA >500 200-500 <200 1 1 i |
Downbhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1 1
. . o . . Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive supply 2. 1 2
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
. 5 2 . Electricit Electricit:
Overhead lines in potential peat flow path NA NA Phone lines e(L\r/I;:I Y (l\:V,r:IV;l 0 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences o 11
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences o4 033
0.7-1.0 High-
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.39 0.33 = 0.13
5 Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific
0.40-0.60 Medium o : iz : s
mitigation measures. Full time supervision during construction.
i
0.60-1.00 High [Avoid construction in this
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Table M-4: Peat risk assessment in turbine 4.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat Stability Risk Assessment
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Location: Turbine 4
GDG Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained harge (DS)
SaneN Inspected on: Mar-22
- Inspected by: S€
gT! ul ‘l_(ﬁsG Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|Us| D|DS| O 1 2 3
Factor of Safety - 213 13-1.0 <1.0 1 10 10 Peat depth: ~0.8 m. Slope angle: 7.142.
Distance to previous slides (km) <5 NA 5-10 <5 Onsite 2 2 4
Slide history = -
Evidence of pea't movement (e.g. tension cracks, step NA NA ) ; Yes 0 3 0
features, compression features).
Subsoil type Grgal‘;:all ::Irlm NA Sravel ) :'llrlm glackl Smooth rock Soft sensitive clay 1 1 1 Conservative estimate as no Gl at location
i
Sl_‘?sm_l C?nd'_tlons Peat fibres across transition to subsoil Partially NA Yes Partially No 2 1 2 Conservative estimate as no Gl at location
(visible in trial pits)
Peat wetness NA | Dry/ Stands well Slowly squeezing Extrerr!ely west/ 2 2 4 Conservative estimate as no Gl at location
Undiggable
General curvature downslope NA NA - Planar Convex 0 1 0
Topography Distance to.the convexity break NA NA >100m 50-100 m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) NW, N, NE NA W, 5, SE W, E NW, N, NE 3 1 3
Distance from watercourse (m) 200 - 300 NA >300 200-300 <200 2 1 2
@
g Surface moisture index (NDMI) 135-174 NA 0-96 96-135 135-174 3 | 3
©
> Surface water . . . . .
g (water table level indicator) Localised NA Localised Ponded in drains Springs 1l 1 !
c
S
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Slgnl.flcant surface desiccation NA NA ) ) Yes 0 15 0
(previous summer was dry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 0 1 0
Annual rainfall >1400 mm/yr | NA < 1000 mm/yr 1000 - 1400 mm/yr >1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation -
'oresFry Good growth NA Good growth Fair Stunted growth 1 15 15
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Time of year for construction e NA Spring Winter, Early Late Summer, 3 1 3 Worse case estimated
Autumn Summer Autumn
Hazard o 40.5
Hazard
0.0-0.3 Negligible Max. possible 105
0.3-0.5 Low
0.5-0.7 Medium Hazard o4 0.39
Rating criteria
Consequence factors Value 5 5 > = Rating value | Weighting Score Comment
Volume of potential peat flow ) small NA Small Medium Large 1 3 3
(function of distance from nearest watercourse and peat depth in the area)
Downslope hydrology features Valley NA Bowl / contained Minor uridefined Valley 3 5 | 3
watercourse
Proximity from defined valley (m) <200 NA >500 200-500 <200 B 1 3
Downhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1 i
. . - - . Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive ' 2 il 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1] 0
Overhead lines in potential peat flow path NA NA Phone lines Ele(ct\rln)ctty i:\:c\-/t,r:‘\;; 0 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 ;] 2
Consequences s 14
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences o 4 0.42
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.39 0.42 = 0.16
0.40 - 0.60 Medium A\{o.id c'onstruction inthe a.rea if possipl.e. If un.avoidable, de.tailed site investigation and design of specific
mitigation measures. Full time supervision during construction.

20263-PSRA-001-03




Atmos

C ONSULTIN

PSRA for Cummeennabuddoge Wind Farm

GAVIN & DOHERTY

GEOSOLUTIONS

Table M-5: Peat risk assessment in turbine 5.

Location: Turbine 5
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
s HmoN Inspected on: Mar-22
Inspected by: SC
9 1.! ul .|QS= Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|Us| D|DS| O 1 2 3
wn | n | <
Factor of Safety Njom <] © - 213 13-10 <1.0 10 10 Peat depth: ~ 2.6m. Slope angle: 3.42.
™| N m | <
Distance to previous slides (km) NA NA 5-10 <5 Onsite 2 0
Slide history
Evidence of pea't movement (e.g. tension cracks, step NA NA s s Yes 2 0
features, compression features).
. Gravel / Firm Gravel / Firm glacial - Firm orangeish brown slightly sandy
Subsoil t
ubsoll type glacial till NA till Smooth rock Soft sensitive clay L i slightly gravelly silty CLAY with occasional
Sl_jFJSOI_I CD.ndI-tIDnS Peat fibres across transition to subsoil Partially NA Yes Partially No 1 2. F1 low content
(visible in trial pits)
Peat wetness Slowly squeezing| NA Dry / Stands well Slowly squeezing ExtrenTer wet/ 2 4 B2 less than 500%;
Undiggable
General curvature downslope Planar NA - Planar Convex 1 2
Topography Dlst:-?nce t.o the cor_\ve)uty break NA NA 5100 m 50-100 m <50m 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) RGINANE NA SW, 5, 5E W.E RWe N, NE L 2
Distance from watercourse (m) >300 NA >300 200-300 <200 1 1
‘g Surface moisture index (NDMI) 96-135 NA 0-96 96-135 135-174 i | 2
i)
% Surface water o Ponded in drains| NA Localised Ponded in drains Springs 1 2
- (water table level indicator)
<
S
E Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 1 0
Sngn!flcant surface desiccation NA NA ) B Yes 15 0
(previous summer was dry?)
Existing drainage ditches Varied / Oblique| NA Down slope Varied / Oblique Across slope 1 2
Annual rainfall >1400 mm/yr | NA < 1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 1 B8
Bush Wetlands NA Dry heather Grassland Wetlands 1 3
Vegetation E r
.ores_ry Fair NA Good growth Fair Stunted growth 15 3
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 1 0
Existing loads Roads Solid NA Solid - Floating 1 1
Time of year for construction BTN NA Spring Winter, Early Late Summer, 1 3 Worst case estimate
Autumn Summer Autumn
Hazard o1 42
Hazard
Negligible Max. possible 105
Low
Medium Hazard o, 0.40
High
Rating criteria
Consequence factors Value = 7 5 5 Rating value | Weighting Score Comment
Volu me of pf)tentlal peat flow X Medium NA Small Medium Large 3 6
(function of distance from nearest watercourse and peat depth in the area)
Downslope hydrology features Valley NA | Bowl/ contained Minior undefiried Valley i § 3
watercourse
Proximity from defined valley (m) >500 NA >500 200-500 <200 1 i |
Downbhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1
. . o . . Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive ! 1 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 1 0
T < . Electricity Electricity
Overhead lines in potential peat flow path NA NA Ph | 1 0
p! p! p: one lines w (MV, HV)
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 1 2
Consequences o 15
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences o ; 0.45
0.7-1.0 High-
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.40 0.45 = 0.18
5 Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific
0.40-0.60 Medium o : iz : s
mitigation measures. Full time supervision during construction.
i
0.60-1.00 High Avoid construction in thi
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Table M-6: Peat risk assessment in turbine 6.

GAVIN & DOHERTY

GEOSOLUTIONS

Location: Turbine 6
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
Grosorinons Inspected on: Mar-22
1_ o~ Inspected by: SC
g a ! vl II'(%S“ Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria )
Hazard factors Rating value | Weighting Score Comment
ufus|D[DS| O il 2 3
|| on|lm
Factor of Safety s : : $ - 213 13-1.0 <1.0 1 10 10 Peat depth: ~2.25 m. Slope angle: 2.752.
Distance to previous slides (km) <5 NA 5-10 <5 Onssite 2 2 4
Slide history = -
Evidence of pea.t movement (e.g. tension cracks, step NA NA : ) Yes o 2 G
features, compression features).
|/ Fi | / Fi lacial iff light i light | Y, ith
Subsoil type GraveA 7 F‘IHTI NA Gravel / F'lrm glacia smooth rock Soft sensitive clay 1 1 1 Stiff light greenish grey slightly sandy gravelly CLAY/SILT with rare
glacial till till angular to subangular cobbles and boulders.
S‘{?SO!I cgnd{tlons Peat fibres across transition to subsoil Yes NA Yes Partially No 1 1 1 F2 moderate content
(visible in trial pits)
Peat wetness Slowly squeezing] NA | Dry/Stands well Slowly squeezing Extren?ely WeL/ 2 2 4 B2 less than 500%
Undiggable
General curvature downslope Planar NA - Planar Convex 2. 1 2
Topography Distance to/the convexity break NA NA >100m 50-100 m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) NW, N, NE NA W, 5,SE W,E NW, N, NE 3 1 3
Distance from watercourse (m) <200 NA >300 200 - 300 <200 3 1 3
@
E Surface moisture index (NDMI) 96-135 NA 0-96 96-135 135-174 2 1 2
= Surf; t
> urface water : z : z
& (et toble level idcatie) NA NA Localised Ponded in drains Springs 0 1 0
=
S
é Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Slgn!flcant surface desiccation NA NA ; ; Yes o 15 o
(previous summer was dry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 0 1 0
Annual rainfall >1400 mm/yr | NA < 1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation e
‘ores'A(ry Stunted growth | NA Good growth Fair Stunted growth & 15 4.5
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1| 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Time of year for construction SateSumimer NA Spring Winter, Early Late summer, 3 1 3 Worst case estimate
Autumn Summer Autumn
Hazard o1 435
Hazard
0.0-0.3 Negligible Max. possible 105
0.3-0.5 Low
0.5-0.7 Medium Hazard o4 0.41
Rating criteria
Consequence factors Value % A 5 5 Rating value | Weighting Score Comment
VOIU'T]e of pf)tentlal peat flow ) Medium NA Small Medium Large 2 3 6
(function of distance from nearest watercourse and peat depth in the area)
Downslope hydrology features Minorlncefined NA | Bowl/ contained Minorundefined Valley 2 1 2
watercourse watercourse
Proximity from defined valley (m) >500 NA >500 200 - 500 <200 1 1 1
Downhill slope angle Intermediate | NA Horizontal Intermediate Steep 2 i1 2
g 3 i s - Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive supply 2 1 2
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 g | 0
Overhead lines in potential peat flow path NA NA Phone lines Ele(ctur/i)cxty i:;i;"}:s;’ o i o
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 A )
Consequences ioa) 15
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences g, 0.45
Risk rating

mitigation measures. Full time supervision during construction.

Peat Stability Risk Assessment
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Risk Action required
0.00-0.20 Negligible Normal site investigation
0.20 - 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction.
0.40-0.60 T Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific

Risk rating = Hazard * Consequences

Risk rating = 0.41 0.45 =

0.19
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Table M-7: Peat risk assessment in turbine 7.

GAVIN & DOHERTY
GEOSOLUTIONS

Peat Stability Risk Assessment
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Location: Turbine 7
G D G Peat Stability Risk Assessment (PSRA) Condif L i (v), d h (US), drained (D), drained surcharge (DS)
= et Inspected on: Mar-22
Inspected by: sC
OTI I .OSG Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|us[D|[DS| O 1 2 3
olo|<|n
Factor of Safety S |9l z - 213 13-1.0 <1.0 1 10 10 Peat depth: ~1 m. Slope angle: 4.52.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history
fvidence of pea‘t movement (e.g. tension cracks, step NA NA . R Yes 0 2 0
features, compression features).
5 Gravel / Firm Gravel / Firm glacial » Possible Weathered Rock: Recovered as light greyish brown mottled orange slightly sandy very clayey/silty fine to
S0l type glacial till NA till Smooth rock Softseasitiveclay 2 : : coarse angular to subangular GRAVEL with occasional angular to subrounded cobbles.
Sl_‘ ?SOEI co_nd‘tnons Peat fibres across transition to subsoil Yes NA Yes Partially No 1 1 1 F2 moderate content
(visible in trial pits)
Peat wetness Slowly squeezing] NA | Dry/ Stands well Slowly squeezing Extur:r;:;ya;:t / 2 2 4 B2 less than 500%
General curvature downslope Planar NA - Planar Convex 2 1 2
Topography Distancetothe convextty bresic NA NA >100m 50-100m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) UL s SW, s, SE W.E NW, N, NE e ! &
Distance from watercourse (m) >300 NA >300 200 - 300 <200 i 1 ik
@
g Surface moisture index (NDMI) 0-96 NA 0-96 96 -135 135-174 1 1 il
< Surf: t
> urface water . g @ "
§ it b e oibain] NA NA Localised Ponded in drains Springs 0 1 0
€
]
ﬁ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Slgm.ﬁcant surface desiccation NA NA R R Yes 0 15 0
(previous summer wasdry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 0 1 0
Annual rainfall >1400 mm/yr | NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation F
Forestry Goodgrowth | NA | Good growth Fair Stunted growth 1 15 15
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Time of year for construction Lats Simmen NA Spring Winter, Early Late Summer, 3 1 3 Worst case estimate
Autumn Summer Autumn
Hazard i) 375
Hazard
0.0-03 Negligible Max. possible 105
0.3-0.5 Low
Rating criteria
Consequence factors Value 5 5 5 = Rating value | Weighting Score Comment
Volume of potential peat flow : -
(function of distance from nearest watercourse and peat depth in the area) WG NA Small Medium Large 2 3 J
Downslope hydrology features Valley NA Bowl / contained Minor diidefinied Valley 3 1 3
watercourse
Proximity from defined valley (m) >500 NA > 500 200 - 500 <200 1 1 1
Downhill slope angle Intermediate | NA Horizontal Intermediate Steep 2 1 2
. . - . . Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive " 2 1 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
g 5 9 Electricity Electricity
Overhead lines in potential peat flow path NA
ines in p ial pi w pal NA Phone lines w) MV, HY) 0 1 0
Buildings in potential peat flow path NA NA [ Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
CoNsSequences 1o 16
Consequences
0.0-03 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 |Medium Consequences gy 0.48
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20 - 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 036 0.48 = 0.17
= Avoid construction in the area if possible. If le, detailed site i and design of specific
0.40-0.60 Medium g s 2 = 3 ]
mitigation measures. Full time supervision during construction.
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Table M-8: Peat risk assessment in turbine 8.

GAVIN & DOHERTY
GEOSOLUTIONS

GDG

soLuTIc

atmaos

ONSULTING

Peat Stability Risk Assessment (PSRA)

Clydaghroe wind farm

Location: Turbine 8

Conditions: Undrained (U), undrained surcharge (US), drained (D), drained harge (DS)
Inspected on: Mar-22

Inspected by: Ne

Completed by: IPP

Date: Oct-22

Value Rating criteria
Hazard factors Rating value Weighting Score Comment
U|us| D|DS| O 1 2 3
) & ~ s
Factor of Safety Fle|gd| 8] - >13 1.3-1.0 <1.0 1 10 10 Peat depth: ~0.6m. Slope angle: 62.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history = =
Evidence of pegt movement (e.g. tension cracks, step NA NA : R Yes o 2 o
features, compression features).
) Gravel/\Firm Gravel / Firm glacial B Fxrm light greyish brown slightly sandy gravelly CLAYA/SILT
Subsoil type L NA ) Smooth rock Soft sensitive clay 1 1 v with many angula rto subangular cobbles and occasional
glacial till till boulders.
Subsoil conditions
(visible in trial pits) Peat fibres across transition to subsoil Partially NA Yes Partially No 2 1 2 F2 moderate content
Ext | t
Peat wetness Slowly squeezing] NA Dry / Stands well Slowly squeezing rerr?e ywet/ 2 2 4 B2 less than 500%
Undiggable
General curvature downslope Planar NA - Planar Convex 2 1 2
Topography Distance to the convexity break NA NA >100m 50-100 m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) RN N NA SW,3,5E W.IE NW.N, NE & 1 e
Distance from watercourse (m) <200 NA > 300 200 - 300 <200 3 1 3
2
§ Surface moisture index (NDMI) 96 -135 NA 0-96 96-135 135-174 2 1 2
£
-
g Surface water "y NA NA Localised Ponded in drains Springs 0 1 0
e (water table level indicator)
o
S
& |Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Slgn!ﬁcant surface desiccation NA NA R ~ Yes 0 15 0
(previous summer was dry?)
Existing drainage ditches Across slope NA Down slope Varied / Oblique Across slope 3 1 3
Annual rainfall >1400 mm/yr | NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation :
_ores?ry Stunted growth | NA Good growth Fair Stunted growth 3 15 4.5
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Time of year for construction Ll NA Spring Winter, Early Late Summer, 3 1 3 Worst case estimate
Autumn Summer Autumn
Hazard ot 47.5
Hazard
0.0-0.3 Negligible Max. possible 105
03-0.5 Low
0.5-0.7 Medium Hazard o, 0.45
Rating criteria 2
Consequence factors Value 5 2 > = Rating value Weighting Score Comment
Vol f potential peat fl
© un?e ° po eMalpeatiion " Small NA Small Medium Large 1 3 3
(function of distance from nearest watercourse and peat depth in the area)
Mi defined
Downslope hydrology features Valley NA Bowl / contained inor uncetin Valley 3 1 3
watercourse
Proximity from defined valley (m) <200 NA > 500 200 - 500 <200 3 1 3
Downhill slope angle Steep NA Horizontal Intermediate Steep 3 1 3
. . = . . Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive SiobN 2 1 2
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
Electricit: Electrici
Overhead lines in potential peat flow path NA NA Phone lines ecHcity ectricity 0] 1 0
(Lv) (MV, HV)
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences o) 16
Consequences
0.0-03 Negligible Max. possible 33
0.3-05 Low
0.5-0.7 Medium Consequences g, 0.48
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20- 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.45 0.48 0.22
Avoid construction in the area if possible. If unavoidable, detailed site i igation and design of specific
0.40- 0.60 Medium b - i

mitigation measures. Full time supervision during construction.
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Table M-9: Peat risk assessment in turbine 9.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat Stability Risk Assessment
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Location: Turbine 9
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
s€0sOLuTIo Inspected on: Mar-22
Inspected by: SC
O TI | |OS Clydaghroe wind farm Completed by: PP
consuLTING
Date: Oct-22
Value Rating criteria
Hazard factors Rating value Weighting Score Comment
U (US| D|DS| O 1 2 3
s sl
Factor of Safety clglafaf - >1.3 1.3-1.0 <1.0 1 10 10 Peat depth: ~0.8 m. Slope angle: 5.92.
o~ - o~ —
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history = -
Evidence of pea-t movement (e.g. tension cracks, step NA NA ) . Yes 0 2 0
features, compression features).
Gravel / Firm i i
Subsoil type v . / ' NA Granlf F_' m glacial Smooth rock Soft sensitive clay 1 1 1 Conservative estimate as no Gl at location
glacial till till
subsoll conditions Peat fibres across transition to subsoil Partially NA Yes Partially No 2i 1 2 Conservative estimate as no Gl at location
(visible in trial pits)
|
Peat wetness NA Dry / Stands well Slowly squeezing Extren’te ywetf 2 2 4 Conservative estimate as no Gl at location
Undiggable
General curvature downslope Convex NA - Planar Convex 3 1 3
Topography Dlsta.nce t.o the cor?vexnv break >100 m NA >100 m 50-100m <50m 1 1 1
(only if previous factor is Convex)
Slope aspect ) NW,N,NE | NA SW, S, SE W, E NW, N, NE 3 B 3
(for high latitudes in northern hemisphere)
Distance from watercourse (m) <200 NA > 300 200 - 300 <200 3 il 3
»
§ Surface moisture index (NDMI) 135-174 NA 0-96 96 -135 135-174 3 1 3
: Surf t
E urtace water o Ponded in drains| NA Localised Ponded in drains Springs 2 1 2
3 (water table level indicator)
c
o
E Hydrology Evidence of piping (subsurface flow) - NA - - Yes 1 1 il
Slgn{flca nt surface desiccation NA NA . . Ves 0 15 o
(previous summer was dry?)
Existing drainage ditches Varied / Oblique| NA Down slope Varied / Oblique Across slope 2 1 2
Annual rainfall > 1400 mm/yr | NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 i 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation
Forest Good growth NA Good growth Fair Stunted growth il 1.5 15
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 o 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Late S i
Time of year for construction R L, NA Spring Winter, Early Late Summer, 3 1 3 Worse case estimated
Autumn Summer Autumn
Hazard 49.5
Hazard
0.0-0.3 Negligible Max. possible 105
0.3-0.5 Low
0.5-0.7 Medium Hazard 0.47
Rating criteria
Consequence factors Value 7 T 5 : Rating value Weighting Score Comment
Velumerorpatential peat flow , small NA small Medium Large 1 3 3
(function of distance from nearest watercourse and peat depth in the area)
Downslope hydrology features Valley NA Bowl / contained Minor undefined Valley 3 1 3
watercourse
Proximity from defined valley (m) <200 NA >500 200 - 500 <200 3 1 3
Downhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1 1
. Drinki t
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive nns:;gp\l/;a eF 2 1 2
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 ] 0
Overhead lines in potential peat flow path NA NA Phone lines Electricity Electricity 0 1 0
(Lv) (MV, HV)
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 ;i 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences ;o 14
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences .y 0.42
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.47 0.42 = 0.20
i Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific
0.40-0.60 Medium L . - . .
mitigation measures. Full time supervision during construction.
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Table M-10: Peat risk assessment in turbine 10.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat Stability Risk Assessment

100

Location: Turbine 10
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained harge (US), drained (D), drained harge (DS)
SESRUSIORE Inspected on: Mar-22
1_ ~ Inspected by: SC
9 . ,I ul li,(ﬁsc Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|Us| D|DS| O 4! 2 3
o|lm - o
Factor of Safety S22 - 213 13-10 <10 1 10 10 Peat depth: 1.05 m. Slope angle: 4.72.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history - =
Evidence of pea.t movement (e.g. tension cracks, step NA NA . . Yes 0 2 0
features, compression features).
Subsoil type Grave! / F]rm NA Gravel / F.ITTTI glacial Smooth rock Soft sensitive clay 1 1 1 Firm ?rangash brown slightly sandy gravelly CLAY/SILT with
glacial till till occasional angular to subangular cobbles
Sl,ﬂ,)sofl cc{ndlvtlons Peat fibres across transition to subsoil Partially NA Yes Partially No 2 1 2 F2 moderate content
(visible in trial pits)
Peat wetness Slowly squeezing] NA Dry / Stands well Slowly squeezing ExtrenTer et/ 2 2 4 B2 less than 500%
Undiggable
General curvature downslope Convex NA - Planar Convex 3 1 3
Topography Distance to the convexity break >100m NA >100m 50-100m <50m 1 1 1
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) RBIGNE NA, SW,s, s W,E W, I, NE 3 . S
Distance from watercourse (m) <200 NA > 300 200 - 300 <200 3 1 3
@
S Surface moisture index (NDMI) 135-174 NA 0-96 96-135 135-174 3 1 3
E Surf;
E uriace water o Ponded in drains] NA Localised Ponded indrains Springs 2 b i 2
< (water table level indicator)
§
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 : | 0
Slgnl_ﬁcant surface desiccation NA NA R R Yes o 15 0
(previous summer wasdry?)
Existing drainage ditches Varied / Oblique] NA Down slope Varied / Oblique Across slope 2 1 2
Annual rainfall >1400 mm/yr | NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation =
'oresFry Good growth | NA Good growth Fair Stunted growth 1 1.5 1:5
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Late S
Time of year for construction S NA Spring Winter, Early Late.Summer; 3 1 3 Worst case estimate
Autumn Summer Autumn
Hazard ot 48.5
Hazard
0.0-03 Negligible Max. possible 105
0.3-0.5 Low
0.5-0.7 Medium Hazard ¢4 0.46
Rating criteria
Consequence factors Value 5 = 5 5 Rating value | Weighting Score Comment
VolurTle of the"t'al peat flow . Small NA Small Medium Large 1 3 3
(function of distance from nearest watercourse and peat depth in the area)
Mi fi i
Downslope hydrology features TEHELINE NA | Bowl/ contained ks Valley 2 1 2
watercourse watercourse
Proximity from defined valley (m) 200-500 NA > 500 200 - 500 <200 2 1 2
Downhill slope angle Intermediate | NA Horizontal Intermediate Steep 2 1 2
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive Dnn:n:)gp:uater 2 1 2
upply
Public roads in potential peat flow path Minor road NA Minor road Local road Regional road 1 1 1
Overhead lines in potential peat flow path NA NA Phone lines Ele(ct\r;;lty i:\:’;—;’r:l\x 0 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences tota 14
Consequences
0.0-03 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences g4 0.42
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.46 0.42 = 0.20
0.40-0.60 Mediiii A\{(?Id Cf)nstmctlon inthe a.rea if p055|‘bl‘e. If un'avmdable, de.talled site investigation and design of specific
mitigation measures. Full time supervision during construction.
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Table M-11: Peat risk assessment in turbine 11.

GAVIN & DOHERTY

GEOSOLUTIONS

Location: Turbine 11
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
CEOSOLUTIONS Inspected on: Mar-22
Inspected by: SC
OT' | IOS Clydaghroe wind farm Completed by: PP
coNsuLTING
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U |fus|D|[DS| O 1 2 3
Factor of Safety § E e i - >13 1.3-1.0 <1.0 10 10 Peat depth: ~2.25 m. Slope angle: 3.25¢.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 4
Slide history = -
Evidence of pea't movement (e.g. tension cracks, step NA NA . . Yes 2 0
features, compression features).
Gi |/ Fi i i
Subsoil type rave. / .|rm NA Gravel/ F'lrm glacial Smooth rock Soft sensitive clay 1 s Conservative estimate as no Gl at location
glacial till till
Sl_"l?sm_l ch'nd{tlons Peat fibres across transition to subsoil Partially NA Yes Partially No 1 2 Conservative estimate as no Gl at location
(visible in trial pits)
Peat wetness NA Dry / Stands well Slowly squeezin Extremely wet/ 2 4 Conservative estimate as no Gl at location
i vsq g Undiggable
General curvature downslope Convex NA - Planar Convex 1 3
Distance to the convexity break
Topography (only if previous factor is Convex) G NA 1007 50:-100Tm <50:m L .
Slope aspect
(for high latitudes in northern hemisphere) AHALSLE NA W, 5,5 W.E W, N, NE L @
Distance from watercourse (m) <200 NA >300 200 - 300 <200 1 3
g Surface moisture index (NDMI) 135-174 NA 0-96 96-135 135-174 1 3
g Surf; t
> urface water : ; . . . .
5 G Ponded in drains|] NA Localised Ponded in drains Springs 1 2
c
]
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 1 0
Slgn'{flcant surface desiccation NA NA R R Yas 15 0
(previous summer wasdry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 1 0
Annual rainfall >1400 mm/yr | NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 1 3
Bush Grassland NA Dry heather Grassland Wetlands L 2
Vegetation
Iforestfy Good growth | NA Good growth Fair Stunted growth 15 1.5
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 1 0
Existing loads Roads NA NA Solid - Floating 1 0
Late S i
Time of year for construction SSoi=Al Na Spring Winter, Eatly Late Summer, L 3 Worse case estimate
Autumn Summer Autumn
Hazard 45.5
Hazard
0.0-0.3 Negligible Max. possible 105
03-0.5 Low
05-0.7 Medium | Hazard,, | 043
Rating criteria
Consequence factors Value 5 A 5 3 Rating value | Weighting Score Comment
Volurf]e of pf)tentlal pest flow . Medium NA Small Medium Large 3 6
(function of distance from nearest watercourse and peat depth in the area)
Mi defined i i
Downslope hydrology features B NA | Bowl/ contained Minor-undefined Valley 1 2
watercourse watercourse
Proximity from defined valley (m) <200 NA >500 200 - 500 <200 1 3
Downhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1
: . o - . Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive ! 1 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 1 0
Overhead lines in potential peat flow path NA NA Phone lines Ele(c:\r/r;:uty i:’\jc\/trllil\;;l i 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling i | 0
Capability to respond (access and resources) Fair NA Good Fair Poor i 2
Consequences o 16
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences o, 0.48

Peat Stability Risk Assessment

101

Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction.
0.40-0.60 Medium A\{({Id c'onstructlon in the a.rea if possu!:)lve. If un':-lvoldable, de'talled site investigation and design of specific
mitigation measures. Full time supervision during construction.

Risk rating =

Hazard * Consequences

Risk rating =

0.43

0.48

0.21
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Table M-12: Peat risk assessment in turbine 12.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat Stability Risk Assessment

102

Location: Turbine 12
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
GeosoLuTIONS Inspected on: Mar-22
~ Inspected by: SC
9 T‘I UI .l:(TJ.Se Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value Weighting Score Comment
U|US| D |DS| O 1 2 3
o - (2] o~
Factor of Safety : a : 2 - >13 13-1.0 <1.0 1 10 10 Peat depth: ~1.15 m. Slope angle: 92.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history i = -
vidence o pea_t movement (e.g. tension cracks, step NA NA R R Yes 0 2 0
features, compression features).
Subsoil type Grave.l / F_‘ i NA Gravely F} mjgladal Smooth rock Soft sensitive clay 1 1 1 Conservative estimate as no Gl at location
glacial till till
Sl,jl,)SOi_l cqnditions Peat fibres across transition to subsoil Partially NA Yes Partially No 2 i 2 Conservative estimate as no Gl at location
(visible in trial pits)
Peat wetness NA | Dry/ Stands well Slowly squeezin, Extremely wet / 2 2 4 Conservative estimate as no Gl at location
i vy g Undiggable
General curvature downslope e NA - Planar Convex 1 i & 1
Topography Distance &the somvexty booak NA NA >100m 50-100 m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect N NW,N,NE | NA SW, S, SE W, E NW, N, NE 3 i 3
(for high in northern
Distance from watercourse (m) <200 NA >300 200 - 300 <200 2] 1 3
5 Surface moisture index (NDMI) 135-174 NA 0-96 96-135 135-174 3 1 3
£
> Surface water . . . .
§ (water table level indicator] NA NA Localised Ponded in drains Springs 0 1 0
<
1
§ Hydrology Evidence of piping (subsurface flow) Yes NA - - Yes 3 1 3
Slgnfflcant surface desiccation NA NA ) ; Yes 0 15 0
(previous summer was dry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 0 1 0
Annual rainfall > 1400 mm/yr | NA < 1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 i 3
Vegetation
F_orest_ry Good growth | NA Good growth Fair Stunted growth 1 15 15
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 :| 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Time of year for construction e e NA Spring Winter, Early Late Summer, 3 1 3 Worse case estimate
Autumn Summer Autumn
Hazard soea 445
Hazard
0.0-0.3 Negligible Max. possible 105
0.3-0.5 Low
0.5-0.7 Medium Hazard ,, 0.42
Rating criteria
Consequence factors Value B 1 5 = Rating value Weighting Score Comment
Volume of potential peat flow < )
(function of distance from nearest watercourse and peat depth in the area) et NA Small Mediurm Large 2 3 2
Mi defined i
Downslope hydrology features monuneehne NA Bowl / contained Minorirdefined Valley 2 L 2
watercourse watercourse
Proximity from defined valley (m) 200 - 500 NA >500 200 - 500 <200 2 i 2
Downbhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1 1
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive Dnn:lnjr;gp\l/;ater 2 1 2
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
Overhead lines in potential peat flow path NA NA Phone lines EIe(ctL\rll)nty i:\:‘\:;’n:\;;l 0 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 I 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 i 2
Consequences oz 15
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences oy 0.45
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 042 0.45 = 0.19
Y Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific
0.40 - 0.60 Medium ar ; i . i
mitigation measures. Full time supervision during construction.
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Table M-13: Peat risk assessment in turbine 13.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat Stability Risk Assessment

103

Location: Turbine 13
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
CROSRNUIIGNS Inspected on: Mar-22
1_ PN Inspected by: SC
9 3 ! .,I ‘|'(~{S Clydaghroe wind farm Completed by: IPP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value Weighting Score Comment
U |fus|D|DS| O 1 2 3
TN o -1
Factor of Safety g : g $ - >1.3 1.3-1.0 <1.0 10 10 Peat depth: ~0.72 m. Slope angle: 3.8°.
- -
Distance to previous slides (km) <5 NA 5-10 <5 On site Z 4
Slide history i -
Evidence of pea_t movement (e.g. tension cracks, step| NA NA R R Yes 2 o
features, compression features).
Subsoil type Grave! / F,I m NA Gravel/ FAnrm glacial Smooth rock Soft sensitive clay 1 1 Conservative estimate as no Gl at location
glacial till till
Sgpsm»l co.ndl_tlons Peat fibres across transition to subsoil Partially NA Yes Partially No i 2 Conservative estimate as no Gl at location
(visible in trial pits)
X Extremely wet / : : ;
Peat wetness NA Dry / Stands well Slowly squeezing . 2 4 Conservative estimate as no Gl at location
Undiggable
General curvature downslope E NA - Planar Convex 1 1
Distance to the convexity break
Topography ol E previousEactorbiConve) NA NA >100 m 50-100m <50 m 1 0
Slope aspect
(for high latitudes in northern hemisphere) NVINE A SWyiiSE WE NW, N, NE : Z
Distance from watercourse (m) <200 NA >300 200 - 300 <200 i 3
»
§ Surface moisture index (NDMI) 96 -135 NA 0-96 96 -135 135-174 1 2
£ Surf:
; e waterv Ponded in drains| NA Localised Ponded in drains Springs 4 2
3 (water table level indicator)
c
o
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 1 0
Slgn!flcant surface desiccation NA NA R R Yes 15 o
(previous summer was dry?)
Existing drainage ditches Varied / Oblique| NA Down slope Varied / Oblique Across slope 1 2
Annual rainfall >1400 mm/yr | NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 1 3
Vegetation
Ifores?ry Good growth NA Good growth Fair Stunted growth 1.5 1.5
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel A 0
Existing loads Roads Solid NA Solid - Floating 1 1
Late Summer, Winter, Ea Late Summe .
Time of year for construction NA Spring inter, Early = ‘e p 3 Worse case estimate
Autumn Summer Autumn
Hazard ;o 45.5
Hazard
0.0-03 Negligible Max. possible 105
0.3-05 Low
0:5-0.7 Medium Hazard 0.43
Rating criteria 5
Consequence factors Value = 5 - 5 Rating value Weighting Score Comment
Volume of potential peat flow
Small i
(function of distance from nearest watercourse and peat depth in the area) ma NA Small Medium Large 3 e
Mi defined
Downslope hydrology features Valley NA Bowl / contained inor uncetine Valley 2 | 3
watercourse
Proximity from defined valley (m) <200 NA >500 200 - 500 <200 1 3
Downhill slope angle Intermediate NA Horizontal Intermediate Steep i 2
. . . . . Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive | o 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 1 0
Electrici Electricit
Overhead lines in potential peat flow path NA NA Phone lines ectricity ectrichy 1 0
(L) (MV, HV)
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor y | 2
Consequences yq, 15
Consequences
0.0-03 Negligible Max. possible 33
0.3-05 Low
0.5-0.7 Medium Consequences g 0.45
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20-0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.43 0.45 = 0.20
. Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific
0.40- 0.60 Medium S 7 oo . .
mitigation measures. Full time supervision during construction.
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Table M-14: Peat risk assessment in turbine 14.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat Stability Risk Assessment

104

Location: Turbine 14
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undi d harge (US), d d harge (DS)
Ll Inspected on: Mar-22
1_ A Inspected by: sC
9 . ‘l ul .l.(‘.J..So Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|uUsS| D|DS| O 1 2 3
Factor of Safety HMEEE >13 13-10 <10 10 10 Peat depth: ~1.4 m. Slope angle: 4.99.
Distance to previous slides (km) <5 NA 5-10 %5 Onsite 2 4
Slide history ” r -
Evidence o pea.t movement (e.g. tension cracks, step NA NA ; ~ Yes 2 0
features, compression features).
= . % Recovered as light grey/brown slightly sandy very clayey/silty
Subsoil type Gra've.l /I F.llrlm NA Gravel/ F,"m glacial Smooth rock Soft sensitive clay 1 il fine to coarse angular to subrounded Gravel with many angular
siacait till to subrounded cobbles and boulders.
Subsoil conditions » . -
(visible in trial pits) Peat fibres across transition to subsoil Partially NA Yes Partially No i) 2 F2 moderate content
P . Extremely wet /
Peat wetness Slowly squeezing| NA Dry / Stands well Slowly squeezing % 2 4 B2 less than 500%
Undiggable
General curvature downslope Planar NA - Planar Convex 1 2
Toportaok Distance to the convexity break NA NA >100m 50-100 m <50m 1 0
pography (only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) NA NA SW, S, SE W, E NW, N, NE 1 0
Distance from watercourse (m) <200 NA > 300 200 - 300 <200 1 3
g Surface moisture index (NDMI) 96-135 NA 0-96 96-135 135-174 1 2
il
E Surface:water - Ponded in drains| NA Localised Ponded in drains Springs 1 2
‘g (water table level indicator)
o
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 1 0
Slgnfﬁca nt surface desiccation NA NA : R Yes 15 0
(previous summer was dry?)
Existing drainage ditches Varied / Oblique| NA Down slope Varied / Oblique Across slope 1 2
Annual rainfall >1400 mm/yr | NA <1000 mm/yr 1000 - 1400 mm/yr > 1400 mm/yr 1 3
Bush Grassland NA Dry heather Grassland Wetlands 1 2
Vi mn
- Forestry .
(i applicable) NA NA Good growth Fair Stunted growth 1.5 0
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 1 0
Existing loads Roads NA NA Solid - Floating 1 0
Time of year for construction LA18 Sumines, NA Spring Winter; Early Late Stimmer,; 1 3 Worst case estimate
Autumn Summer Autumn
Hazard 45 40
Hazard
0.0-0.3 Negligible Max. possible 105
0.3-0.5 Low
0.5-07 Medium | Hazardo, | 038
Rating criteria
Consequence factors Value 5 7 5 5 Rating value | Weighting Score Comment
Volume of potential peat flow ) Medium | NA Small Medium Large 3 6
(function of distance from nearest watercourse and peat depth in the area)
Downslope hydrology features Valley NA | Bowl / contained Minctidefined Valley 1 3
watercourse
Proximity from defined valley (m) 200 - 500 NA > 500 200 - 500 <200 1 2
Downhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive Drm::;gpr:ater 1 2
Public roads in potential peat flow path NA NA Minor road Local road Regional road 1 0
Overhead lines in potential peat flow path NA NA Phone lines E'E((I:\l’/l)clty i:;‘\:lt’r;:l\;;l 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 1 2
CoNsequences s 16
Consequences
0.0-0.3 Negligible Max. possible 33
03-05 Low
0.5-0.7 Medium Consequences o4 0.48
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20- 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.38 0.48 = 0.18
% Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific
0.40 - 0.60 Medium ey, A = X 2
mitigation measures. Full time supervision during construction.
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Table M-15: Peat risk assessment in turbine 15.

GAVIN & DOHERTY

GEOSOLUTIONS

Peat Stability Risk Assessment

105

Location: Turbine 15
GDG Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), di d (D), drained harge (DS)
GeosoLuTions Inspected on: Mar-22
Inspected by: Ne
OTl | IOS Clydaghroe wind farm Completed by: PP
cowNsutTINg
Date: Oct-22
Value Rating criteria . L
Hazard factors Rating value | Weighting Score Comment
U|us|D|DS| O 1 2 3
Factor of Safety © 2 - 213 13-10 <1.0 1 10 10 Peat depth: ~1.2 m. Slope angle: 4.332.
Distance to previous slides (km) <5 NA 5-10 <5 On site 2 2 4
Slide history e " -
vidence o peth movement (e.g. tension cracks, step NA NA ; R Yes 0 2 0
features, compression features).
Subsoil type Grave! / F}rm NA Gravel/ F,"m glacial Smooth rock Soft sensitive clay i} 1 1 Conservative estimate as no Gl at location
glacial till till
Sl_jl?so{l co‘ndxinons Peat fibres across transition to subsoil Partially NA Yes Partially No 2 1 2 Conservative estimate as no Gl at location
(visible in trial pits)
Peat wetness NA Dry / Stands well Slowly squeezin Extremelywet/ 2 1 2 Conservative estimate as no Gl at location
i ¥4 € Undiggable
General curvature downslope Convex NA - Planar Convex 3 1 3
Distance to the convexity break
Topography (oI ¥ oS FSCtorS Conves) NA NA >100 m 50-100 m <50 m 0 1 0
Slope aspect
(for high latitudes in northern hemisphere) NW, N, NE NA SW, S, SE W, E NW, N, NE 3 1 3
Distance from watercourse (m) <200 NA >300 200 - 300 <200 2) 1 3
g Surface moisture index (NDMI) 96-135 NA 0-96 96 -135 135-174 2 1 2
©
= Surface water . . . .
& (water tabielevelTndicator NA NA Localised Ponded in drains Springs 0 1 0
<
S
§ Hydrology Evidence of piping (subsurface flow) Yes NA - - Yes 3 1 3
Signi.ficant surface desiccation NA NA R R Y& o 15 o
(previous summer was dry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 0 1 0
Annual rainfall >1400 mm/yr NA <1000 mm/yr 1000 - 1400 mm/yr >1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands 3 1 3
Vegetation E =
orestry .
(if applicable) Good growth NA Good growth Fair Stunted growth 1 15 1.5
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Time of year for construction Lle e NA Spring Wieiter; Early Late Simerer; 3 1 3 Worst case estimate
Autumn Summer Autumn
Hazard o 435
Hazard
0.0-0.3 Negligible Max. possible 102
0.3-0.5 Low
0.5-0.7 Medium Hazard o, 0.43
Rating criteria
Consequence factors Value = = = = Rating value | Weighting Score Comment
Volume of potential peat flow = i
(function of distance from nearest watercourse and peat depth in the area) Mecu NA Small Medium Large 2 3 6
Downslope hydrology features Valley NA Bowl / contained Minor undefined Valley 3 1 3
watercourse
Proximity from defined valley (m) 200 - 500 NA >500 200 - 500 <200 2 1 2
Downhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1 1
. . - . - Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive " 2 1 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
o . Electricity Electricity
Overhead lines in potential peat flow path NA NA Ph li 1
Vi ines in p ial p W p: one lines (w (MV, HV) 0 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences o, 16
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 [Medium Consequences 0.48
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20- 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.43 0.48 = 0.21
. ionin th i ible. Il e S X 5 e e
0.40-0.60 Medion Avoid constructl.on in the a.rt?a i pos.s:ble If unav‘mdab e, detailed site investigation and design of specific mitigation
measures. Full time supervision during construction.
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Table M-16: Peat risk assessment in turbine 16.

Location: Turbine 16
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
s Inspected on: Mar-22
Inspected by: Ne
O Tl | IOS Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|fus|D|DS| O 1 2 3
() [=2] < —
Factor of Safety : v : 2. - 213 13-1.0 <1.0 1 10 10 Peat depth: ~1.8 m. Slope angle: 6.92.
Distance to previous slides (km) <5 NA 5-10 <5 Onssite 2 2 4
Slide history Py r -
vidence of peat movement (e.g. tension cracks, step NA NA R ; Yes 0 2 0
features, compression features).
Subsoil type Grave! / EIFITI NA Gravel/ F,'rm glacial Smooth rock Soft sensitive clay 1 1 1 Conservative estimate as no Gl at location
glacial till till
SUbsm,l cé"d'tlons Peat fibres across transition to subsoil Partially NA Yes Partially No 2 1 2 Conservative estimate as no Gl at location
(visible in trial pits)
Peat wetness Slowly squeezing | NA | Dry/ Stands well Slowly squeezing Extrerr!ely i 2 1 2 Conservative estimate as no Gl at location
Undiggable
General curvature downslope Planar NA - Planar Convex 2 1 2
Topography Distanice tothe convesity break NA NA >100m 50-100m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) Rl BE NA W, s, S W,E NW, N, NE 3 1 3
Distance from watercourse (m) >300 NA > 300 200 - 300 <200 1 1 1
@
g Surface moisture index (NDMI) 135-174 NA 0-96 96-135 135-174 B 1 3
£
E Surface water o Localised NA Localised Ponded in drains Springs 1 3 | 1
= (water table level indicator)
<
o
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Significant surface desiccation NA NA R ) Yes 0 15 0
(previous summer was dry?)
Existing drainage ditches NA NA Down slope Varied / Oblique Across slope 0 1 0
Annual rainfall >1400 mm/yr NA < 1000 mm/yr 1000 - 1400 mm/yr >1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands B 1 3
Vegetation E
Vorestry Good growth NA Good growth Fair Stunted growth 1 15 15
(if applicable)
Peat cuts presence NA NA - Cutaway / Turbary Machine cut 0 1 0
Peat workings
Peat cuts vs contour lines NA NA Perpendicular Oblique Parallel 0 1 0
Existing loads Roads NA NA Solid - Floating 0 1 0
Late S i
Time of year for construction Aol NA Spring Winter, Earty Lt Sumemar; 3 1 8 Worst case estimate
Autumn Summer Autumn
Hazard o5 39.5
Hazard
0.0-03 Negligible Max. possible 102
0.3-0.5 Low
0.5-0.7 Medium Hazard ¢, 0.39
0.7-1.0 H.Bhl
Rating criteria
Consequence factors Value 3 7 A z Rating value | Weighting Score Comment
Vclur_ne o p(_)tentlal peat flow . Small NA Small Medium Large 1 3 3
(function of distance from nearest watercourse and peat depth in the area)
Downslope hydrology features Valley NA | Bowl/ contained Minorundetined Valley 5 1 3
watercourse
Proximity from defined valley (m) >500 NA > 500 200 - 500 <200 1 1 1
Downhill slope angle Horizontal NA Horizontal Intermediate Steep 1 1 1
. . . - - Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive " 2 1 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
Overhead lines in potential peat flow path NA NA Phone lines Ele(c:(ll;:lty i:\:i/";j‘\x 0 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences 12
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences ;. 0.36
0.7-1.0 High
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20- 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.39 0.36 = 0.14
3 Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific mitigation
0.40- 0.60 Medium i B - -
measures. Full time supervision during construction.
7
0.60-1.00 High A

Peat Stability Risk Assessment
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Table M-16: Peat risk assessment in turbine 17.

Location: Turbine 17
GD G Peat Stability Risk Assessment (PSRA) Conditions: Undrained (U), undrained surcharge (US), drained (D), drained surcharge (DS)
< RNRN Inspected on: Mar-22
Inspected by: Ne
O Tl | IOS Clydaghroe wind farm Completed by: PP
Date: Oct-22
Value Rating criteria
Hazard factors Rating value | Weighting Score Comment
U|fus|D|DS| O 1 2 3
Factor of Safety - 213 13-1.0 <1.0 1 10 10 Peat depth: ~1.6 m. Slope angle: 3.22.
Distance to previous slides (km) <5 NA 5-10 <5 Onssite 2 2 4
Slide history Py r -
vidence of peat movement (e.g. tension cracks, step NA NA R ; Yes 0 2 0
features, compression features).
2 Gravel / Firm Gravel / Firm glacial s Soft greenish grey slightly sandy slightly
|
Subsoil type glacial till NA till Smooth rock Soft sensitive clay 1 1 3 gravelly CLAY/SILT
Subsoll conditions |5+ fibres across transition to subsoil Partially NA Yes Partially No 2 1 2 F2 moderate content
(visible in trial pits)
Peat wetness Slowly squeezing | NA [ Dry/ Stands well Slowly squeezing Extrerr!ely Wety) 2 1 2 B2 less than 500%
Undiggable
General curvature downslope Planar NA - Planar Convex 2 1 2
Topography Distanice tothe convesity break NA NA >100m 50-100m <50m 0 1 0
(only if previous factor is Convex)
Slope aspect
(for high latitudes in northern hemisphere) AL NA W, s, S W,E NW, N, NE 0 1 0
Distance from watercourse (m) <200 NA > 300 200 - 300 <200 3 1 3
@
g Surface moisture index (NDMI) 96 -135 NA 0-96 96-135 135-174 2 1 2
£
g Surface water NA NA Localised Ponded in drains Springs 0 1 0
= (water table level indicator)
<
o
§ Hydrology Evidence of piping (subsurface flow) NA NA - - Yes 0 1 0
Significant surface desiccation R NA R ) Yes 1 15 15
(previous summer was dry?)
Existing drainage ditches Varied / Oblique | NA Down slope Varied / Oblique Across slope 2 1 2
Annual rainfall >1400 mm/yr NA < 1000 mm/yr 1000 - 1400 mm/yr >1400 mm/yr 3 1 3
Bush Wetlands NA Dry heather Grassland Wetlands B 1 3
Vegetation E
Vorestry Good growth NA Good growth Fair Stunted growth 1 15 15
(if applicable)
Peat cuts presence Cutaway / Turbary| NA - Cutaway / Turbary Machine cut 2 1 2
Peat workings
Peat cuts vs contour lines Perpendicular NA Perpendicular Oblique Parallel 1 1 1
Existing loads Roads Floating NA Solid - Floating 3 1 3
Late S i
Time of year for construction Aol NA Spring Winter, Earty Lt Sumemar; 3 1 8 Worst case estmate
Autumn Summer Autumn
Hazard o5 46
Hazard
0.0-03 Negligible Max. possible 102
0.3-0.5 Low
0.5-0.7 Medium Hazard ¢, 0.45
0.7-1.0 H.Bhl
Rating criteria
Consequence factors Value 3 7 A z Rating value | Weighting Score Comment
Vclur_ne o p(_)tentlal peat flow g Medium NA Small Medium Large 2 3 6
(function of distance from nearest watercourse and peat depth in the area)
Downslope hydrology features Minorundefined NA | Bowl/ contained Minorundetined Valley 2 1 2
watercourse watercourse
Proximity from defined valley (m) <200 NA > 500 200 - 500 <200 3 1 3
Downhill slope angle Intermediate NA Horizontal Intermediate Steep 2 1 2
. . . - - Drinking water
Downstream aquatic environment Sensitive NA Non-sensitive Sensitive " 2 1 2
supply
Public roads in potential peat flow path NA NA Minor road Local road Regional road 0 1 0
Overhead lines in potential peat flow path NA NA Phone lines Ele(c:(ll;:lty i:\:i/";j‘\x 0 1 0
Buildings in potential peat flow path NA NA Farm out-houses - Dwelling 0 1 0
Capability to respond (access and resources) Fair NA Good Fair Poor 2 1 2
Consequences 17
Consequences
0.0-0.3 Negligible Max. possible 33
0.3-0.5 Low
0.5-0.7 Medium Consequences ;. 0.52
0.7-1.0 High
Risk rating
Risk Action required
0.00-0.20 Negligible Normal site investigation Risk rating = Hazard * Consequences
0.20- 0.40 Low Targeted site investigation, design of specific mitigation measures. Part time supervision during construction. Risk rating = 0.45 0.52 = 0.23
3 Avoid construction in the area if possible. If unavoidable, detailed site investigation and design of specific mitigation
0.40- 0.60 Medium i B - -
measures. Full time supervision during construction.
7
0.60-1.00 High A

Peat Stability Risk Assessment
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1 INTRODUCTION

Gavin and Doherty Geosolutions Ltd. (GDG) was requested by Atmos Consulting Ltd. to prepare a
Peat Stability Risk Assessment (PSRA) for the proposed Cummeennabuddoge Wind Farm site located
in Co. Kerry, adjacent to the county boundary with Co. Cork, close to the village of Ballyvourney.

This technical note details the planning stage assessment of the proposed structures:
e Peat repository areas where retaining structures (berms) are proposed to retain
approximately 1m of peat, and
e Borrow pit areas where intermediate retaining (berm) structures are proposed within the
borrow pit levels to retain the peat and spoil material used in the borrow pit reinstatement.

This technical note is considered to be supplementary to the PSRA (GDG Doc. Ref. 20263-PSRA-001-
02and Appendix 10-1 of this EIAR). It should be noted that this technical note contains a preliminary
review only and is considered to provide high level insight into geotechnical design consideration at
planning stage. This is not to be used for design or construction purposes and is advised to be
revisited following a detailed review and interpretation of the geotechnical parameters following
verification by in-situ testing for use in design, specific to the final design solution.

1.1 SCOPE
The scope of this technical note is as follows:

e Carry out a bearing capacity assessment of the subgrade (peat) underlying the proposed peat
repository area cell berms, considering a range of undrained shear strengths including 9kPa,
14kPa and 20kPa which are considered representative of the geotechnical parameters for the in-
situ peat based on limited field testing.

e Conduct a sliding check for the proposed berms at the borrow pit and peat repository areas.

e Conduct a stability analysis for 6 no. design cross sections through the proposed peat repository
areas likely representative of the conditions on site, considering a range of slopes at the toe of
the berm including 0%, 5%, 10%, 15% ,20% and 25%. (Corresponding to slope angles of 0°, 2.9°,
5.7°, 8.6% 11.3°% and 14.2° respectively).

Bearing capacity assessment and slope stability assessment was not required at the borrow pit areas
these structures will be constructed directly on or embedded within competent bedrock material. At
the construction stage, inspection and assessment of the bedrock and the exposed rock cutting will
need to be conducted by a suitable qualified engineer and structural assessments such as rock mass
rating will be carried out.

1.2  DESIGN ASSUMPTIONS
To prevent uncertainty, the following design assumptions have been made in this analysis.

e Peat Repository Areas

o The cell berm is assumed to be 1.25m in height, with a width at the top equal to 1m, side
slopes with a gradient of 1:2 (v:h), resulting in a base width of 6m as illustrated in Figure 1-1.
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CELL BERMS CONSTRUCTED OF
SELECTED GRANULAR MATERIAL

TOP OF
CELL BERM

i

7 1'°"“*—\ APPROPRIATELY
A PLACED PEAT

«

6 Om\
GEOTEXTILE SEPARATOR AND
REINFORCING GEOGRID AS REQUIRED

Figure 1-1: Assumed dimensions of proposed peat repository berm

It is assumed that the cell berm shall be constructed with selected granular materials
assumed have the following geotechnical characteristics: Friction angle = 35°, Unit weight =
19kN/m?3 and cohesion intercept = OkPa. The party responsible for the selection of this
material shall ensure compliance with the geotechnical characteristics described in this
technical note.

The design of the drainage measures and restraint systems are outside the scope of this
technical note.

The characteristic geotechnical parameters assumed in this technical note are based on
limited in-situ field testing. It is recommended that prior to the detailed design stage, the
geotechnical parameters are verified by in-situ testing.

The characteristic undrained shear strength of the peat deposits is based in-situ hand shear
vane tests at 17 no. locations with results ranging from 9kPa to 32kPa with an average value
of 18.5kPa. For the purpose of this preliminary assessment, the undrained shear strength of
peat was modelled based on a lower bound estimate of 9kPa, a best estimate of 14kPa and

upper bound of 20kPa.

The ground conditions assumed at each peat repository area are described in Table 1-1.

Table 1-1: Ground conditions at each peat repository area

Peat Reposito Peat Thickness Minimum Maximum Undrained Shear
. o (m) Gradient (°) Gradient (%) Strength (kPa)
PR1 2.6 3.9 6.8

. 11-22
PR2 2.5 7.4 13.0 20-22
PR3 3.0 7.1 12.5 15-33
PR4 2.5 5.5 9.6 15-17
PR5 2.3 8.4 14.8 13-19
PR6 2.0 3.8 6.7 17-19

Borrow Pit Areas

The borrow pit cell berm is assumed to be 2.5m in height, with a width at the top equal to
1m, side slopes with a gradient of 1:1 (V:H), resulting in a base width of 6m as illustrated in
Figure 1-2.
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1m Stone berm

Reinstatement Peat
2.5m _and Spoil

6m
v BEDROCK

Figure 1-2: Assumed dimensions of proposed borrow pit berm

o ltis assumed that the cell berm shall be constructed with selected granular materials
assumed have the following geotechnical characteristics: Friction angle = 35°, Unit weight =
19kN/m?3 and cohesion intercept = OkPa. The party responsible for the selection of this
material shall ensure compliance with the geotechnical characteristics described in this
technical note.

o The design of the drainage measures and restraint systems are outside the scope of this
technical note.

O The characteristic geotechnical parameters assumed in this technical note are based on
limited in-situ field testing. It is recommended that prior to the detailed design stage, the
geotechnical parameters are verified by in-situ testing.

O The basal or bearing material for the borrow pit berms is proposed to be the local sandstone
or siltstone bedrock. The conservative characteristic geotechnical parameters assumed for
this include: Friction angle = 30°, Unit weight = 25kN/m? and cohesion intercept = 55kPa.

1.3 INTERPRETATION OF GROUND CONDITIONS

The ground model for this assessment has been derived based on the information provided in the
Geotechnical Interpretive Report (GIR) (Document Reference Technical Appendix 10-1 issued
February 2024) and the PSRA (Document Reference: 20263-PRSA-001-02 issued 20/12/2023).

In general, the ground investigations across the site identified a ground model consisting of varying
thicknesses of peat material overlying grey sandy gravely SILT/CLAY and/or dark brown angular
sandy GRAVEL and weathered sandstone bedrock. The site area is generally covered with a peat
body, with some areas of glacial till outcrop and bedrock outcrop identified through the site
naturally at the higher areas and at eroded watercourses faces, as well as at the existing road cutting
and drainage excavations.

The peat thickness varied across the site from Om to a maximum of 5.4m. Examination of the
identified peat depth, in correlation with the site contours would suggest that the peat material
exists in relatively thin thicknesses on the higher angle slopes (>5°). The larger peat thickness
(>2.5m) are generally topographically constrained, identified in isolated areas where lower
topographic slopes have enabled peat to remain and form developing into larger thicknesses.
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2 BEARING RESISTANCETO I.S. EN 1997-1:2005

The bearing resistance was carried out in accordance with I.S. EN 1997-1:2005 (EC7). The bearing
resistance assessment was completed following EC7 Design approach 1 Combination 1 (DA1-C1) and
Combination 2 (DA1-C2), using the appropriate factors.

The anticipated characteristic actions applied to the subgrade is assumed to be the self-weight of the
proposed cell berm conservatively assumed to be 25kPa (i.e., 1.25m x 19kN/m3). As a result, the
bearing resistance at the top of the in-situ peat has been assessed in the undrained condition only as
described in the following sections. The bearing resistance was calculated for each of the 3 no. shear
strength options presented in Table 2-1

The bearing resistance assessment was completed at the interface between the in-situ peat material
and the proposed granular cell berm. As the design groundwater level has been taken to be 0.0m
bgl, the subformation material has been assumed to be fully saturated for all design cases with the
effective unit weight taken to be the difference between the bulk unit weight of the soil (typically 12
kN/m?3) and the unit weight of water (10 kN/m3).

Table 2-1: Summary of design bearing resistance results for in-situ peat

Embedment
depth beneath Undrained Shear SR Ultimate Bearing Over Design
existing ground Strength Resistance (kPa) Factor
level (m)

0.00 9 DAl1C1 46 1.37
0.00 9 DA1C2 33 1.32
0.00 14 DAl C1 72 2.13
0.00 14 DAl C2 51 2.06
0.00 20 DAl1C1 103 3.05
0.00 20 DAl C2 73 2.94

3 SLIDING RESISTANCE TO I.S. EN 1997-1:2005

3.1 PEAT REPOSITORY AREAS

The sliding resistance check was carried out in accordance with 1.S. EN 1997-1:2005 (EC7). The sliding
resistance assessment was completed following EC7 Design approach 1 Combination 1 (DA1-C1) and
Combination 2 (DA1-C2), using the appropriate factors, and considered both the undrained (total
stress) and drained (effective stress) conditions. The retained material was therefore modelled with
a ¢, of 5kPa and a remoulded angle of internal friction of 15°. The intact peat beneath the bund was
modelled with a ¢, of 9kPa and a remoulded angle of internal friction of 20°.

For compliance with the I.S. EN 1997-1:2005 sliding resistance requirements, the following inequality
shall be satisfied:

Hgq < Ry
The design horizontal (Hq) action is given by:
Hq = P’ag+ U’4q for the drained condition, and

Hg = 0.5*%(0va— Kac .Cug)h for the undrained condition.
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Where:

e P.is the effective earth thrust.

e U’,qis the effective groundwater thrust.

e 0Oy is the total vertical stress of the retained material.

e Kaca is the design coefficient of active earth pressure.
® Cyqisthe undrained shear strength of the retained material.
e histhe height of the retained material.

The design horizontal resistance (Rg) is given by:
Rg = (Vg .tan 04)/ Yr;h for the drained condition, and
Rd = (Ac .Cud) / 7r;n for the undrained condition.

Where:

e V'4is the design value of the effective vertical action or component of the total action acting
normal to the foundation base, and

e Ois the critical interface shear angle between the base of the bund, including the interface
between the geotextile and confining soils, and the natural soils (i.e. intact peat). 0 was taken
as 15° (or 75% of the angle of internal friction of the peat) assuming the most critical interface is
between the geotextile and the intact peat.

e /g is the partial factor for sliding resistance taken as per I.S. EN 1997-1:2005.

e A.is the total base area of the bund in compression.

The resulting ratio of the estimated horizontal resisting forces at the proposed berm structure
compared with the horizontal loading of the reinstated peat and/or spoil material, expressed as an
over design factor (ODF). The resulting ODF values for all proposed peat repository area berms
exceeded 1.0 and therefore are deemed acceptable.

3.2 BORROW PIT AREAS

A similar sliding check was carried out at the borrow pit area berms in accordance with I.S. EN 1997-
1:2005 (EC7) and the same calculations were applied, considering EC7 Design approach 1
Combination 1 (DA1-C1) and Combination 2 (DA1-C2).

However, the follow differences were considered:

e Oyis the critical interface shear angle between the base of the bund, including the interface
between the geotextile and confining soils, and the natural soils (i.e. bedrock). O« was taken as
0° (horizontal) as this area will have been previously broken out for bedrock extraction.

The ODF for each design case exceeded 1.0 and therefore was deemed acceptable.
4  CELL BERM STABILITY ASSESSMENT

4.1 DESIGN ASSUMPTIONS AND MODEL SET UP

The stability analyses of the peat repository cell berms for the proposed Cummeennabuddoge Wind
Farm have been completed using the GeoStudio 2021 software package SLOPE/W. SLOPE/W uses
limit equilibrium calculations to establish a factor of safety, over design factor or degree of
utilisation for a two-dimensional plain-strain cross-section of the peat repository areas. As a result,
the SLOPE/W analysis does not account for the three-dimensional effects associated with
rectangular, square, or circular loading footprints. The method of analysis adopted was that of
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Morgenstern-Price in combination with a grid and radius slip-surface definition to determine the
critical circular and near-circular slip planes beneath the proposed structure.

e For the stability analysis of the peat repository cell berms the EC7 design approaches DA1 C2
condition only were used within the SLOPE/W analysis.

e The following design assumptions apply to the Slope/W modelling:

e The subgrade underlying all cell berms was anticipated to consist of peat overlying granular
glacial till. The peat was modelled as an undrained material and the granular deposits (glacial till
and proposed cell berm) were modelled as Mohr-Coulomb materials in the design software.

e 6 no. models were assessed whereby the ground surface was modelled with a 0%, 5%, 10%,
15%, 20% and 25% gradient beyond the toe of the proposed berm.

e The groundwater level was conservatively modelled to be at Ombgl.

e Itis assumed sufficient site drainage shall be installed and maintained throughout the design life
of the wind farm.

e The undrained shear strength of the peat varied depending on the gradient of the slope at the
toe of the berm. An undrained shear strength of 9kPa was assumed for the models with a 0%,
5% and 10% gradient, while an undrained shear strength of 14kPa was assumed when the slope
was modelled as 15% and 20% while and undrained shear strength of 20kPa was modelled with
a toe slope of 25%.

4.2 SLOPE STABILITY ASSESSMENT RESULTS

Table 4-1 presents a summary of the critical failure planes analysed in SLOPE/W with the models
demonstrating ODF values greater than or equal to 1.0 for the slope stability as required under EC7.
An example of the critical failure plane for a berm installed on a low strength peat deposits with a
slope angle of 10% at the toe is presented in Figure 4-1 . The other SLOPE/W model outputs have
been appended to this document.

Table 4-1: Summary of SLOPE/W models

Gradient at toe of Subgrade shear Minimum
strength parameters embedment depth ODF (DA1C2 only)
berm (%)
(kPa) (m)
5 9 0 1.13
10 9 0 1.09
15 14 0 1.27
20 14 0 1.05
25 20 0 1.14
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Figure 4-1: Critical failure plane for a berm installed on low strength peat with c, of 9kPa and

gradient at the toe of 10%

e The results from this analysis indicate that the berm is expected to maintain sufficient stability
across all scenarios, provided that the geotechnical parameters of the in-situ materials comply

with the assumptions stated in this technical note.

e The SLOPE/W models, based on worst-case scenarios, assume a uniform peat thickness of 3m

with conservative undrained shear strength parameters. When considering the anticipated
conditions at each proposed repository area (Table 1-1), it is unlikely that the subgrade will
consist of peat with a uniform thickness. In general peat is likely to be in the range of 2.5m, and
undulating in nature, including pockets of shallower peat and occasional obstructions like

boulders, potentially enhancing stability.

e Furthermore, given the site’s topography, it is unlikely that the slope angle at the berm’s toe will
exceed 15%. It is also possible that the shear strength parameters of the in-situ peat may be
more favourable than assumed, given the results obtained from the hand shear vane testing.

e |t should be noted that these results are preliminary and are intended provide high level insight
into geotechnical design consideration at planning stage. This is not to be used for design or
construction purposes and is advised to be revisited following a detailed review and
interpretation of the geotechnical parameters following verification by in-situ testing for use in

design, specific to the final design solution.

5 CONCLUSIONS

GDG has completed a preliminary bearing capacity assessment and stability analysis for the cell
berms proposed to be installed at each of the six peat repository areas at the Cummeendabuddoge
Wind Farm site. A sliding resistance check was carried out for the proposed berms at the peat
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repository and borrow pit areas. The resistance check examines the resistance of the proposed berm
to the estimated horizontal forces from the reinstated peat and spoil material. The assessments
have been carried out in accordance with I.S. EN 1997-1:2005 and the results of each assessment are
detailed in Sections 2 and 4.

The findings are as follows:

Results of the bearing capacity assessment at the peat repository areas indicate that in-situ peat
has sufficient bearing capacity to support the cell berm, assuming the in-situ peat with
characteristic undrained shear strengths of 9kPa, 14kpa and 20kPa and provided the geometry
of the berm is as described in this technical note.

The results of the sliding assessments at the peat repository area and borrow pit berms suggest
that the proposed berms provide sufficient sliding resistance to the estimated horizontal loading
caused by the proposed reinstated materials.

The results from the slope stability analysis indicate that the berm at the peat repository areas is
expected to maintain sufficient stability across all scenarios examined in this technical note,
provided that the geotechnical parameters of the in-situ materials comply with the assumptions
stated in this assessment.

The results detailed in this technical note are considered preliminary only and are intended
provide high level insight into geotechnical design consideration at planning stage. This is not to
be used for design or construction purposes and is advised to be revisited following a detailed
review and interpretation of the geotechnical parameters following verification by in-situ testing
for use in design, specific to the final design solution.

A Designer’s risk assessment (DRA) has been carried out with respect to the above elements and
is included in Appendix A. This is considered to provide preliminary insight into the design risks
identified at planning stage and it is recommended that these are incorporated into risk
assessments at detailed design stage.
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Appendix A DESIGNER’S RISK ASSESSMENT

DESIGNER’S ASSESSMENT OF SAFETY AND HEALTH HAZARDS/RISKS

Gavin & Doherty Wind Farm

Designer Company | Project: Cummeenabuddoge

Designer: K. Griffin Date: 01/03/2024

Geosolutions Project No: 20263

Checker: TMcG Sheet No: 1

Design Stage: Peat Repository Stability Assessment (Planning Stage)

Key construction hazards (or

No. risks) identified

Evaluations, Design decisions made (or alternative
actions)

Unforeseen ground conditions
1 or adoption of inadequate
design parameters.

The ground investigation data is limited to the locations
and depths tested; hence many parameters have been
derived from empirical methods. Parameters have been
derived based on the available information and literature
review, and as such conservative parameters have been
assumed to account for the limitation in the data for
certain materials.

The Contractor should be aware of the ground model
derived from site investigation phases and ensure that
ground conditions assumed, comply with those on site
when undertaking any intrusive works. All works will
need to be confirmed by the project design team at the
construction stage and the geometries of the design
reevaluated alongside the confirmatory Gl and the onsite
assessments following felling. The results of the
confirmatory Gl, including peat depths, derived results of
insitu and groundwater conditions, will need to be
assessed by the project team so that implications can be
assessed.

2 Design loads

The assessment is only valid for the loads as stated in this
design report. The design loading considered for the
bearing capacity assessment of the in-situ subgrade
underlying the proposed cell berm has been assumed to
be as a result of the berms self-weight. Hence, the
assessment is only valid if the geometry of the berm
complies with dimensions detailed in this technical note.
Any variances in the geometry as described in this
technical should be communicated with the design team
to assess.

3 Collapse of berm/peat slippage

Underestimation of peat depth could contribute to an
increased risk of berm collapse/peat slippage. Planning
stage ground investigation, including trial pitting, Russian
coring and peat probing, has been carried out across the
site. Gl has been carried out at locations where access
was possible. Access was limited to some areas of the
site, with restrictions on forestry and terrain limiting
coverage. Further Gl will be required at these locations
during the detailed design and construction stage to
assess peat depths and confirm engineering parameters.
The design team shall develop their own testing criteria
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to satisfy and derisk the possibility of larger peat depths
occurring at these locations.

4 Collapse of borrow pit cut wall

The assessment carried out as part of this technical note
examines the suitability of the proposed berms for the
containment of the reinstated materials at the borrow pit
locations.

The assessment assumes that the berms at the borrow
pit areas will be bearing on competent bedrock.
Assessment of the bedrock and insitu materials will be
required during the construction stage verification
ground investigations and inspection of any excavated/
cut faces must be carried out an appropriately qualified
geotechnical engineer.

5 Engulfment

The loose granular berms may pose an engulfment
hazard if they shift or slide. Workers shall not stand,
climb, or walk on the berms without appropriate safety
equipment.

Other parties please take note: These are designer’s risk evaluations of the design options carried out
in-house for the purpose of our complying with designers’ duties under the Safety, Health and
Welfare at Work (Construction) Regulations 2013.The evaluations relate only to those
aspects/elements of the project which we are responsible for designing under the terms of our

appointment by our client.

Other parties should not rely on these evaluations for their own purposes; in particular, contractors,
who must deal with and control all risks arising during construction, must carry out their own
definitive risk assessments ab initio for that purpose.
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Appendix B SLOPE/W OuTPUTS
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Figure 5-1: Critical failure pane developed from Slope/W model of peat repository area with on
low strength peat with c, of 9kPa and gradient at the toe of 0% (Undrained , DA1C2)
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Figure 5-2: Critical failure pane developed from Slope/W model of peat repository area with on
low strength peat with c, of 9kPa and gradient at the toe of 5% (Undrained , DA1C2)
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Figure 5-3: Critical failure pane developed from Slope/W model of peat repository area with on
low strength peat with c, of 9kPa and gradient at the toe of 10% (Undrained , DA1C2)
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Figure 5-4: Critical failure pane developed from Slope/W model of peat repository area with peat
with c, of 14kPa and gradient at the toe of 15% (Undrained , DA1C2)
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Figure 5-5: Critical failure pane developed from Slope/W model of peat repository area with peat
with c, of 14kPa and gradient at the toe of 20% (Undrained , DA1C2)
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Figure 5-6: Critical failure pane developed from Slope/W model of peat repository area with peat
with c, of 20kPa and gradient at the toe of 25% (Undrained , DA1C2)
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