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a geotechnical assessment of the proposed Derrinlough wind farm site with respect to peat
stability. As part of the geotechnical assessment of the proposed development, FT completed
walkover surveys at the site and a ground investigation comprising 68 no. trial pits with
associated laboratory testing. The findings of the geotechnical and peat stability assessment
showed that the site has an acceptable margin of safety and is suitable for the proposed wind
farm development.
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Section 1 McCarthy Keville O’Sullivan
Geotechnical and Peat Stability Assessment
Derrinlough Wind Farm

1 NON-TECHNICAL SUMMARY

Fehily Timoney and Company (FT) formerly Applied Ground Engineering Consultants Ltd (AGEC) was engaged
by McCarthy Keville O’Sullivan on behalf of Bord na Ména Powergen Ltd to undertake a geotechnical and peat
stability assessment of the proposed Derrinlough wind farm site. 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, a peat stability assessment is required.

The findings of the peat assessment, which involved analysis of 579 no. locations, showed that the site has
an acceptable margin of safety and is suitable for the proposed wind farm development. The findings include
recommendations and control measures for construction work in peat lands to ensure that all works adhere
to an acceptable standard of safety.

The proposed wind farm comprises 21 no. wind turbines and associated infrastructure.

The site is relatively flat-lying with drainage channels running typically southeast to northwest. The site is
split into two areas, Drinagh to the east of the N62 national road and Clongawny to the west. The land uses
and types within the proposed development site are a mixture of bare cutover and cutaway peat, re-
vegetation of bare peat, commercial forestry, telecommunications (a 30m Mast) and wind measurement (a
single 100m anemometry mast on Clongawny Bog). There are also a number of Bord na Ména rail lines that
pass through the bogs facilitating the transportation of milled peat to Derrinlough Briquette Factory which is
located in the most western part of Drinagh bog.

Bord na Ména has considerable experience in the handling of peat in these circumstances, both during peat
production operations and during wind farm construction projects. This experience has shown that the most
environmentally sensitive and stable way of handling and moving of peat is its placement across the site and
at locations as close as possible to the excavation areas.

Peat thicknesses recorded during the FT walkover, ground investigation and from the ground penetrating
radar surveys carried out by Bord na Ména within the proposed infrastructure footprint on site ranged from 0
to 4.7m with an average of 1.1m. It should be noted that the peat thickness within the proposed infrastructure
footprint is generally less than 2m with localised deeper deposits of up to 4.7m. The deeper peat areas were
generally avoided when optimising the wind farm layout for site.

Slope inclinations at the main infrastructure locations range from 0 to 4 degrees. The flat topography/nature
of the terrain on site highlights the low risk of peat failure.

Ground conditions comprised mainly of peat overlying typically lacustrine soil or till.

A walkover including intrusive peat depth probing, a ground investigation including trial pits, desk study,
stability analysis and risk assessment was carried out to assess the susceptibility of the site to peat failure
following the principles in Peat Landslide Hazard and Risk Assessments: Best Practice Guide for Proposed
Electricity Generation Developments (PLHRAG, 2017).

The purpose of the stability analysis is to determine the stability i.e. Factor of Safety (FoS), of the peat slopes.
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; a FoS of greater than 1.0 indicates a stable slope. An acceptable FoS for slopes is
generally taken as a minimum of 1.3.

From the stability analysis for both the undrained and drained conditions, which analysed the turbine locations
and other proposed infrastructure locations, the calculated values were above the minimum acceptable FoS
of 1.3 at 576 no. of the 579 no. locations. 3 no. locations were calculated with FoS’s of between 1.08 and
1.29. The 3 no. marginally low FoS’s are located alongside proposed access roads between turbines T12 and
T13 and one location along the proposed access road close to turbine T4. The proposed works at these
locations entails the construction of a floated section of access road i.e. no excavation works are proposed at
these locations. Peat instability at these locations is not envisaged to be an issue.

As presented above for both the undrained and drained conditions, 100% of calculated FoS’s are above 1.0
and 99.5% of calculated FoS'’s are above 1.3 which highlights the low risk of peat failure on site.
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Section 1 McCarthy Keville O’Sullivan
Geotechnical and Peat Stability Assessment
Derrinlough Wind Farm

The risk assessment uses the results of the stability analysis in combination with qualitative factors, which
cannot be reasonably included in a stability calculation but nevertheless may affect the occurrence of peat
instability to assess the risk of peat failure at the site. The results of the risk assessment are given in Appendix
B. A construction buffer zone plan based on qualitative factors identified during the site walkover is included
as Figure 4-2.

The presence, or otherwise, of relict peat failures or clustering of relict failures within an area is an indicator
that particular site conditions exist that pre-dispose a site to failure or not as the case may be. Based on the
historical data reviewed and the terrain and ground conditions present on site it can be concluded that site
conditions in the area of the Derrinlough site have low potential of peat failure.

In summary, the Derrinlough wind farm site has an acceptable margin of safety and is considered to be at
low risk of peat failure.
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Section 2 McCarthy Keville O’Sullivan
Geotechnical and Peat Stability Assessment
Derrinlough Wind Farm

2 INTRODUCTION

2.1 Background and Experience

Fehily Timoney and Company (FT) formerly Applied Ground Engineering Consultants Ltd (AGEC) was engaged
in March 2018 by McCarthy Keville O’Sullivan on behalf of Bord na Ména to undertake a geotechnical and peat
stability assessment of the proposed Derrinlough wind farm site.

FT have been involved in over 100 wind farm developments in both Ireland and the UK at various stages of
development i.e. preliminary feasibility, planning, design, construction and operational stage and have
established themselves as one of the leading engineering consultancies in peat stability assessment,
geohazard mapping in peat land areas, investigation of peat failures and site assessment of peat.

The relevant geotechnical project team along with their relevant experience are outlined below.

e Gerry Kane (BEng, PGradDip, CEng, MIEI) is a Chartered Civil/Geotechnical Engineer with over 10
years geotechnical consultancy experience in Ireland and the UK. Gerry has completed numerous
geotechnical & geological impact assessments for wind farm developments in Ireland. In addition,
he has significant experience in the geotechnical/civil design of wind energy projects at construction
stage.

e Ian Higgins (BSc, MSc, FGS, MIEI) is a Geotechnical Engineer with over 20 years geotechnical
consultancy experience in Ireland and the UK. Ian has completed numerous geotechnical &
geological impact assessments for wind farm developments in Ireland. In addition, he has significant
experience in the geotechnical/civil design of wind energy projects at construction stage.

e Paul Jennings (PhD, BEng, DipArb, CEng, MIEI) is a Chartered Geotechnical Engineer with over 30
years geotechnical consultancy experience in Ireland, the UK and Hong Kong. Paul has completed
numerous geotechnical & geological impact assessments for wind farm developments in Ireland. In
addition, he has attended and represented developers and consultants at numerous oral hearings
for wind energy developments.

2.2 Description of Works

The Derrinlough wind farm site comprises cut-away blanket peat area of approximately 24km?2. The site is
located in the west of Co. Offaly. The nearest village to the site is Cloghan which is at about a distance of
2.5km. The surrounding landscape is predominately flat with land-use comprising forestry, agricultural land
and cutaway peatland.

The proposed development comprises the following:
(1) 21 No. wind turbines with an overall blade tip height of up to 185 metres and all associated hard-
standing areas.
(2) 2 No. permanent Anemometry Masts up to a height of 120 metres.

(3) Provision of new and upgraded internal site access roads, passing bays, amenity pathways, amenity
carpark and associated drainage.

(4) 2 No. permanent underpasses in the townland of Derrinlough. One underpass will be located beneath
the N62 and one will be located beneath an existing Bord na Ména rail line.

(5) 1 No. 110 kV electrical substation, which will be constructed in the townland of Cortullagh or Grove.
The electrical substation will have 2 No. control buildings, associated electrical plant and equipment
and a wastewater holding tank.

(6) 5 No. temporary construction compounds, in the townlands of Clongawny More, Derrinlough,
Derrinlough/Crancreagh, Drinagh and Cortullagh or Grove.

(7) All associated underground electrical and communications cabling connecting the turbines to the
proposed electrical substation.

(8) 2 No. temporary security cabins at the main construction site entrances in the townland of
Derrinlough.
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Geotechnical and Peat Stability Assessment
Derrinlough Wind Farm

(9) All works associated with the connection of the proposed wind farm to the national electricity grid,
which will be to the existing Dallow/Portlaoise/Shannonbridge 110 kV line.

(10) Removal of existing meteorological mast.

(11) Upgrade of existing access and temporary improvements and modifications to existing public road
infrastructure to facilitate delivery of abnormal loads including locations on the N52 and N62;
construction access for delivery of construction materials at locations on the N62 and R357;
operational access onto L7009 in the townland of Cortullagh or Grove and amenity access off R357
and L7005.

(12) All associated site works and ancillary development including signage.

(13) A 10-year planning permission and 30-year operational life from the date of commissioning of the
entire wind farm.

The peat depth data recorded by FT during the site walkovers from the 22" to the 23" August 2019 and the
10t to the 11th September, by Hydro Environmental Services (HES) in 2019 has been used in the assessment
of peat stability for the proposed wind farm site.

Ground investigation in the form of trial pits were carried out by FT/AGEC and Bord na Mdna during the
following dates:

29t and 30t January 2019
12th to 16t August 2019
7th and 8% October 2019
6t November 2019

In addition, a ground penetrating radar (GPR) survey of the site was carried out by Bord na Ména in 2008
and 2015. This peat depth data has also been used in the peat stability assessment.

2.3 Peat Stability Assessment Methodology

FT undertook the assessment following the principles in Peat Landslide Hazard and Risk Assessments: Best
Practice Guide for Proposed Electricity Generation Developments (PLHRAG, 2017). The Peat Landslide Hazard
and Risk Assessment Guide (PLHRAG) is used in this report as it provides best practice methods to identify,
mitigate and manage peat slide hazards and associated risks in respect of consent applications for electricity
generation projects.

The best practice guide was produced following peat failures in the Shetland Islands, Scotland in September
2003 but more pertinently following the peat failure in October 2003, during the construction of a wind farm
at Derrybrien, County Galway, Ireland.

The geotechnical and peat stability assessment at the site included the following activities:

(1) Desk study
(2) Site reconnaissance including shear strength and peat depth measurements
(3) Peat stability assessment of the peat slopes on site using a deterministic and qualitative approach

(4) Peat contour depth plan - is compiled based on the peat depth probes carried out across the site by
FT (2019), HES (2019) and GPR survey data from Bord na Ména (2008 and 2015)

(5) Factor of safety plan - is compiled for the short term critical condition (undrained) for 579 no. FoS
points analysed along the proposed infrastructure envelope on site

(6) Construction buffer zone plan - identifies areas with an elevated or higher construction risk where
mitigation/control measures will need to be implemented during construction to minimise the
potential risks and ensure they are kept within an acceptable range

(7) A risk register was compiled to assess the potential design/construction risks at the infrastructure
locations and determine adequate mitigation/control measures for each location to minimise the
potential risks and ensure they are kept within an acceptable range, where necessary
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Section 2

(8) Review of ground investigation carried out at the site by FT
(9) Preliminary assessment of foundation type for turbines

(10) Commentary of founding details for other infrastructure elements such as access roads, crane
hardstands, substation compound platform, construction compound platform and met mast

foundation

A flow diagram showing the general methodology for peat stability assessment is shown in Figure 2-1. The
methodology illustrates the optimisation of the wind farm layout based on the findings from a site
reconnaissance and subsequent feedback from the peat stability and risk assessment results.
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Geotechnical and Peat Stability Assessment
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Revised/updated wind
farm layout

Re-location of

FoS< 1.0

Typically
FoS<1.3

Preliminary wind farm layout

Site reconnaissance

Peat stability and risk assessment
Deterministic analysis and qualitative
assessment

Y

infrastructure -

Recommendations for
mitigation/control measures
Engineering mitigation and site
management to control the risk of peat
instability

FoS>=1.3

Wind farm layout acceptable from a peat
stability/ geotechnical perspective

Figure 2-1: Flow Diagram Showing General Methodology for Peat Stability Assessment

2.4 Peat Failure Definition

Peat failure in this report refers to a significant mass movement of a body of peat that would have an adverse
impact on proposed wind farm development and the surrounding environment. Peat failure excludes localised
movement of peat that would occur (say) below an access road, creep movement or erosion type events.

The potential for peat failure at this site is examined with respect to wind farm construction and associated

activity.

2.5 Main Approaches to Assessing Peat Stability

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

(a) Geomorphological
(b) Qualitative (judgement)

(c) Index/Probabilistic (probability)
(d) Deterministic (factor of safety)

P1990
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Approaches (a) to (c) listed above would be considered subjective and do not provide a definitive indication
of stability; in addition, a high level of judgement/experience is required which makes it difficult to relate the
findings to real conditions. FT apply a more objective approach, the deterministic approach (as discussed in
section 2.5).

As part of FT's deterministic approach, a qualitative risk assessment is also carried out taking into account
qualitative factors, which cannot necessarily be quantified, such as the presence of mechanically cut peat,
quaking peat, bog pools, sub peat water flow, slope characteristics and numerous other factors. The
qualitative factors used in the risk assessment are compiled based on FT’'s experience of assessments and
construction in peat land sites and peat failures throughout Ireland and the UK. This approach follows the
guidelines for geotechnical risk management as given in Clayton (2001), as referenced in the best practice
for Peat Landslide Hazard and Risk Assessment Guide (PLHRAG, 2017), and takes into account the approach
of MacCulloch (2005).

The risk assessment uses the results of the deterministic approach in combination with qualitative factors,
which cannot be reasonably included in a stability calculation but nevertheless may affect the occurrence of
peat instability to assess the risk of instability on a peat land site.

2.6 Peat Stability Assessment - Deterministic Approach

The peat stability assessment is carried out across a wide area of peatland to determine the stability of peat
slopes and to identify areas of peatland that are suitable for development; this allows the layout of
infrastructure on a particular wind farm site to be optimised. The assessment provides a numerical value
(factor of safety) of the stability of individual parcels of peatland. The findings of the assessment discriminate
between areas of stable and unstable peat, and areas of marginal stability where restrictions may apply. This
allows for the identification of the most suitable locations for turbines, access roads and infrastructure.

A deterministic assessment requires geotechnical information and site characteristics which are obtained from
desk study and site walkover, e.g. properties of peat/soil/rock, slope geometry, depth of peat, underlying
strata, groundwater, etc. An adverse combination of the factors listed above could potentially result in
instability. Using the information above a factor of safety is calculated for the stability of individual parcels of
peatland on a site (as discussed in section 8).

The factor of safety is a measure of the stability of a particular slope. For any slope, the degree of stability
depends on the balance of forces between the weight of the soil/peat working downslope (destabilising force)
and the inherent strength of the peat/soil (shear resistance) to resist the downslope weight, see Figure 2-2.

Downslope destabilising forces

Ty

Resisting shear resistance of
s0il (peat)

Figure 2-2: Peat Slope Showing Balance of Forces to Maintain Stability
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The factor of safety provides a direct measure of the degree of stability of a slope and is the ratio of the shear
resistance over the downslope destabilising force. Provided the available shear resistance is greater than the
downslope destabilising force then the factor of safety will be greater than 1.0 and the slope will remain
stable. If the factor of safety is less than 1.0 the slope is unstable and liable to fail. The acceptable factor of
safety is 1.3.

2.7 Applicability of the Factor of Safety (Deterministic) Approach for Peat
Slopes

The factor of safety approach is a standard engineering approach in assessing slopes which is applied to many
engineering materials, such as peat, soil, rock, etc.

The factor of safety approach is included in the Peat Landslide Hazard and Risk Assessments Best Practice
Guide for Proposed Electricity Generation Developments (PLHRAG, 2017); see section 5.3.1 of the guide. This
guide provides best practice methods to identify, mitigate and manage peat slide hazards and associated risks
in respect of consent applications for electricity generation projects.

Furthermore, the best practice guide notes that the results from the factor of safety approach ‘has provided
the most informative results’ with respect to analysing peat stability (section 5.3.1 of the guide).

The factor of safety approach in this report includes undrained (short-term stability) and drained (long-term
stability) analyses. The undrained condition is the critical condition for the development. The purpose of the
drained analysis is to identify the relative susceptibility of rainfall-induced failures at the site.

Notwithstanding the above, the stability analysis used by FT in this report also includes qualitative factors to
determine the potential for peat stability i.e. the analysis used does not solely rely on the factor of safety
approach.

The deterministic analysis is considered an acceptable engineering design approach. This concurs with the
best practice guide referenced above.

2.8 Assessment of Intense Rainfall and Extreme Dry Events on the Peat Slopes

The deterministic approach carried out by FT examines intense rainfall and extreme dry events. The
deterministic approach includes an undrained (short-term stability) and drained (long-term stability) analysis
to assess the factor of safety for the peat slopes against a peat failure.

The drained loading condition applies in the long-term. This condition examines the effect of in particular, the
change in groundwater level as a result of rainfall on the existing stability of the natural/existing peat slopes.
For the drained analysis the level of the water table above the failure surface is required to calculate the
factor of safety for the peat slope.

In order to represent varying water levels within the peat slopes, a sensitivity analysis is carried out which
assesses varying water level in the peat slopes i.e. water levels ranging between 0 and 100% of the peat
depth is conducted, where 0% equates to the peat being completely dry and 100% equates to the peat being
fully saturated.

By carrying out such a sensitivity analysis with varying water level in the peat slopes, the effects of intense

rainfall and extreme dry events are considered and analysed. The results of which are presented in Section 8
of this report.
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3 DESK STUDY AND SITE RECONNAISSANCE

3.1 Desk Study
The main relevant sources of interest with respect to the site include:

. Geological plans

. Ordnance survey plans

. Literature review of peat failures

e Review of ground investigation data

The Geological Survey of Ireland (GSI, 2003) geological plans for the site were used to verify the bedrock
conditions.

The ordnance surveys plans were reviewed to determine if any notable features or areas of particular interest
(from a geotechnical point of view) are present on the site.

The desk study also included a review of both published literature and GSI online dataset viewer (GSI, 2019)
on peat failures/landslides in the vicinity of the site.

3.2 Site Reconnaissance

As part of the assessment of potential peat failure at the proposed site, FT carried out a site reconnaissance.
This comprised walkover inspections of the site with recording of salient geomorphological features with
respect to the wind farm development and to provide peat thickness and preliminary assessment of peat
strength.

The following salient geomorphological features were considered:

e Active, incipient or relict instability (where present) within the peat deposits
e Presence of shallow valley or drainage line

e Wet areas

e Any change in vegetation

e Peat depth

e Slope inclination and break in slope
The survey covered the proposed locations for the turbine bases and associated infrastructure.

The method adopted for carrying out the site reconnaissance relied on practitioners carrying out a visual
assessment of the site supplemented with measurement of slope inclinations.
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4 FINDINGS OF SITE RECONNAISSANCE

4.1 Previous Failures

The investigation works carried out at the study area have been used in conjunction with a desk study review
to assess the susceptibility of the study area to peat failure.

There are no recorded peat failures within the Derrinlough wind farm site (GSI, 2019).

The nearest recorded peat failure is located 3km northeast of the study area. The failure occurred at Pollagh
in 1954. The failure mechanism and type is not specified.

Another failure occurred some 5km south of the study area in an area called Lisheen in 1920. The failure
occurred within peat and it is reported that an old road was swallowed in the bog.

Based on the Geological Survey of Ireland’s dataset viewer (GSI, 2019) no other peat or non-peat failures
occurred within an 8km radius of the site. A number of failures/landslides are noted within the Slieve Bloom
Mountains to the southeast of the site where the upland terrain is significantly different to the relatively flat
terrain present on site.

Based on a broad assessment of landslide susceptibility the site was classified by the GSI (2019) as ‘low’ to
‘moderately low’ susceptibility, which is expected given the relatively flat terrain present.
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