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1. INTRODUCTION 

1.1. Background 

ERG UK Holding Ltd (the Applicant) are seeking consent under Section 36 of the Electricity Act 1989 

for construction of the Sandy Knowe Wind Farm Extension, Dumfries & Galloway (hereafter the 

óProposed Developmentô). 

The Proposed Development Footprint is the area within which the Proposed Development is located 

and lies approximately 4 km to the west of Kirkconnel, 6 km to the east of New Cumnock and adjoins 

the consented Sandy Knowe Wind Farm (under construction). The Proposed Development Footprint 

is focused to the south of the Nithsdale on the lower-lying northern slopes of hills which include High 

Cairn (553 m Above Ordnance Datum (AOD)) and White Hill (418 m AOD). Sandy Knowe Wind Farm 

is located to the immediate south-east of the Proposed Development Footprint.  

The main area of the extension comprises a western tier of four turbines (T25 to T28) and a northern 

pair of turbines (T29 and T30), to be linked to the existing Sandy Knowe Wind Farm by new access 

tracks (Plate 1.1). The application for the new turbines is to be followed by an application for 

extension in operational life of the consented scheme. Chapter 1: Introduction and Chapter 3: 

Description of Development of the EIA Report provide more information on the Proposed 

Development Site. 

 

Plate 1.1  Proposed location of the Sandy Knowe Wind Farm Extension (the Proposed 
Development is shown in black and the consented development in grey; the study area is 
shown in light green) 

The Proposed Development will comprise: 

¶ Three turbines up to a maximum 125 m tip height and three turbines up to a maximum tip height 

of 149.9 m. 

¶ Use of existing; consented / under construction access tracks. 



Sandy Knowe Wind Farm Extension 

 Appendix 8-1: Peat Landslide Hazard and Risk Assessment 
 

19-ATM-014-D-001v02 Page 7 of 39 

 

¶ New access tracks. 

¶ Construction of turbine foundations and crane hardstandings. 

¶ Underground cabling. 

¶ A battery storage area. 

¶ Use of an existing borrow pit for the excavation of on-site aggregate to be used in the construction 

of the Proposed Development and for peat reinstatement. Any extraction of aggregate will be 

within the existing boundaries of the Borrow pit (See Chapter 3 Project Description); and 

¶ Reuse of two consented temporary storage compounds. 

The spatial scope of the assessment within this report is restricted to the areas of undeveloped land 

around the Proposed Development (shown on Plate 1.1).  

The Scottish Government Best Practice Guidance (BPG) provides a screening tool to determine 

whether a peat landslide hazard and risk assessment (PLHRA) is required (Scottish Government, 

2017). This is in the form of a flowchart, which indicates that where blanket peat is present, slopes 

exceed 2° and proposed infrastructure is located on peat, a PLHRA should be prepared. These 

conditions exist at the Proposed Development site and therefore a PLHRA is required.  

1.2. Scope of Work 

The scope of the PLHRA is as follows: 

¶ Characterise the peatland geomorphology of the Proposed Development Footprint to determine 

whether prior incidences of instability have occurred and whether contributory factors that might 

lead to instability in the future are present across the Proposed Development Footprint. 

¶ Determine the likelihood of a future peat landslide under natural conditions and in association 

with construction activities associated with the Proposed Development. 

¶ Identify potential receptors that might be affected by peat landslides, should they occur, and 

quantify the associated risks. 

¶ Provide appropriate mitigation and control measures to reduce risks to acceptable levels such 

that the Proposed Development is developed safely and with minimal risks to the environment. 

The contents of this PLHRA have been prepared in accordance with the BPG, noting that the 

guidance ñshould not be taken as prescriptive or used as a substitute for the developerôs 

[consultantôs] preferred methodologyò (Scottish Government, 2017). The first edition of the Scottish 

Government Best Practice Guidance (BPG) was issued in 2007 and provided an outline of 

expectations for approaches to be taken in assessing peat landslide risks on wind farm sites. After 

ten years of practice and industry experience, the BPG was reissued in 2017, though without 

fundamental changes to the core expectations. A key change was to provide clearer steer on the 

format and outcome of reviews undertaken by the Energy Consents Unit (ECU) checking authority 

and related expectations of report revisions, should they be required. 

In section 4.1 of the BPG, the key elements of a PLHRA are highlighted, as follows (Scottish 

Government, 2017): 

i. An assessment of the character of the peatland within the application boundary including 

thickness and extent of peat, and a demonstrable understanding of site hydrology and 

geomorphology. 
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ii. An assessment of evidence for past landslide activity and present-day instability e.g. pre-failure 

indicators. 

iii. A qualitative or quantitative assessment of the potential for or likelihood of future peat landslide 

activity (or a landslide susceptibility or hazard assessment). 

iv. Identification of receptors (e.g. habitats, watercourses, infrastructure, human life) exposed to 

peat landslide hazards; and 

v. A site-wide qualitative or quantitative risk assessment that considers the potential consequences 

of peat landslides for the identified receptors. 

Section 1.3 describes how this report addresses this indicative scope. 

1.3. Report Structure 

This report is structured as follows: 

¶ Section 2 gives context to the landslide risk assessment methodology through a literature 

based account of peat landslide types and contributory factors, including review of any 

published or anecdotal information available concerning previous instability at or adjacent to 

the Proposed Development Footprint. 

¶ Section 3 provides a site description based on desk study and site observations, including 

consideration of aerial or satellite imagery, digital elevation data, geology and peat depth data. 

¶ Section 4 describes the approach to and results of an assessment of peat landslide likelihood 

under both natural conditions and in association with construction of the Proposed 

Development. 

¶ Section 5 describes the approach to and results of a consequence assessment that 

determines potential impacts on site receptors and the associated calculated risks. 

¶ Section 6 provides mitigation and control measures to reduce or minimise these risks prior to, 

during and after construction. 

Assessments within the PLHRA have been undertaken alongside assessments for the Peat 

Management Plan (Technical Appendix 8-2). Where relevant information is available elsewhere in 

the Environmental Impact Assessment Report (EIAR), this is referenced in the text rather than 

repeated in this report. 

1.4. Approaches to assessing peat instability for the Proposed Development 

This report approaches assessment of peat instability through both a qualitative contributory factor-

based approach and via more conventional stability analysis (through limit equilibrium or Factor of 

Safety (FoS) analysis). The advantage of the former is that many observed relationships between 

reported peat landslides and ground conditions can be considered together where a FoS is limited 

to consideration of a limited number of geotechnical parameters. The disadvantage is that the outputs 

of such an approach are better at illustrating relative variability in landslide susceptibility across a 

site rather than absolute likelihood.  

The advantage of the FoS approach is that clear thresholds between stability and instability can be 

defined and modelled numerically, however, in reality, there is considerable uncertainty in input 

parameters and it is a generally held view that the geomechanical basis for stability analysis in peat 

is limited given the nature of peat as an organic, rather than mineral soil. 
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To reflect these limitations, both approaches are adopted and outputs from each approach integrated 

in the assessment of landslide likelihood. Plate 1.2 Shows the approach: 

 

 

Plate 1.2  Risk assessment approach 
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2. BACKGROUND TO PEAT INSTABILITY 

2.1. Peat Instability in the UK and Ireland 

This section reviews published literature to highlight commonly identified landscape features 

associated with recorded peat landslides in the UK and Ireland. This review forms the basis for 

identifying similar features at the Proposed Development and using them to understand the 

susceptibility of the site to naturally occurring and human induced peat landslides. 

Peat instability, or peat landslides, are a widely documented but relatively rare mechanism of 

peatland degradation that may result in damage to peatland habitats, potential losses in biodiversity 

and depletion of peatland carbon stores (Evans & Warburton, 2007). Public awareness of peat 

landslide hazards increased significantly following three major peat landslide events in 2003, two of 

which had natural causes and one occurring in association with a wind farm. 

On 19th September 2003, multiple peat landslide events occurred in Pollatomish (Co. Mayo, Ireland; 

Creighton and Verbruggen, 2003) and in Channerwick in the Southern Shetland Islands (Mills et al, 

2007). Both events occurred in response to intense rainfall, possibly as part of the same large scale 

large-scale weather system moving northeast from Ireland across Scotland. The former event 

damaged several houses, a main road and washed away part of a graveyard. Some of the landslides 

were sourced from areas of turbary (peat cutting) with slabs of peat detaching along the cuttings. 

The landslides in Channerwick blocked the main road to the airport and narrowly missed traffic using 

the road. Watercourses were inundated with peat, killing fish inland and shellfish offshore 

(Henderson, 2005). 

In October 2003, a peat failure occurred on an afforested wind farm site in Derrybrien, County 

Galway, Ireland, causing disruption to the site and large-scale fish kill in the adjoining watercourses 

(Lindsay and Bragg, 2004).  

The Derrybrien event triggered interest in the influence of wind farm construction and operation on 

peatlands, particularly in relation to potential risks arising from construction induced peat instability. 

In 2007, the (then) Scottish Executive published guidelines on peat landslide hazard and risk 

assessment in support of planning applications for wind farms on peatland sites. While the production 

of PLHRA reports is required for all Section 36 energy projects on peat, they are now also regarded 

as best practice for smaller wind farm applications. The guidance was updated in 2017 (Scottish 

Government, 2017). 

Since then, a number of peat landslide events have occurred both naturally and in association with 

wind farms (e.g. Plate 2.1). In the case of wind farm sites, these have rarely been reported, however 

landslide scars of varying age are visible in association with wind farm infrastructure on Corry 

Mountain, Co. Leitrim, at Sonnagh Old Wind Farm, Co. Galway (near Derrybrien; Cullen, 2011), and 

at Corkey Wind Farm, Co. Antrim. In December 2016, a plant operator was killed during excavation 

works in peat at the Derrysallagh wind farm site in Co. Leitrim (Flaherty, 2016) on a plateau in which 

several published examples of instability had been previously reported. A peat landslide was also 

reported in 2015 near the site of a proposed road for the Viking Wind Farm on Shetland (The 

Shetland Times, 2015) though this was not in association with construction works. 

Other recent natural events include another failure in Galway at Clifden in 2016 (Irish News, 2016), 

Cushendall, Co. Antrim (BBC, 2014), in the Glenelly Valley, Co. Tyrone in 2017 (BBC, 2018), 

Drumkeeran in Co. Leitrim in July 2020 (Irish Mirror, 2020) and Benbrack in Co Cavan in July 2021 

(The Anglo-Celt, 2021). Noticeably, the vast majority of reported failures since 2003 have occurred 
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in Ireland and Northern Ireland, with the one reported Scottish example occurring on the Shetland 

Islands, an area previously associated with peat instability. 

 

 

Plate 2.1  Characteristic peat landslide types in UK and Irish peat uplands: Top row - natural 
failures: i) multiple peat slides with displaced slabs and exposed substrate, ii) retrogressive 
bog burst with peat retained within the failed area; Bottom row - failures possibly induced 
by human activity: iii) peat slide adjacent to turbine foundation, iv) spreading around 
foundation, v) spreading upslope of cutting 

This section of the report provides an overview of peat instability as a precursor to the Proposed 

Development Footprint characterisation in Section 3 and the hazard and risk assessment provided 

in Sections 4 and 5. Section 2.2 outlines the different types of peat instability documented in the UK 

and Ireland. Section 2.3 provides an overview of factors known to contribute to peat instability based 

on published literature. 

2.2. Types of Peat Instability 

Peat instability is manifested in a number of ways (Dykes and Warburton, 2007) all of which can 

potentially be observed on site either through site walkover or remotely from high resolution aerial 

photography: 

¶ minor instability: localised and small-scale features that are not generally precursors to major 

slope failure and including gully sidewall collapses, pipe ceiling collapses, minor slumping along 

diffuse drainage pathways (e.g. along flushes); indicators of incipient instability including 

development of tension cracks, tears in the acrotelm (upper vegetation mat), compression 

ridges, or bulges / thrusts (Scottish Government, 2017); these latter features may be warning 

signs of larger scale major instability (such as landsliding) or may simply represent a longer 

term response of the hillslope to drainage and gravity, i.e. creep. 
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¶ major instability: comprising various forms of peat landslide, ranging from small scale collapse 

and outflow of peat filled drainage lines/gullies (occupying a few-10s cubic metres), to medium 

scale peaty-debris slides in organic soils (10s to 100s cubic metres) to large scale peat slides 

and bog bursts (1,000s to 100,000s cubic metres). 

Evans and Warburton (2007) present useful contextual data in a series of charts for two types of 

large-scale peat instability ï peat slides and bog bursts. The data are based on a peat landslide 

database compiled by Mills (2002) which collates site information for reported peat failures in the UK 

and Ireland. Separately, Dykes and Warburton (2007) provide a more detailed classification scheme 

for landslides in peat based on the type of peat deposit (raised bog, blanket bog, or fen bog), location 

of the failure shear surface or zone (within the peat, at the peat-substrate interface, or below), 

indicative failure volumes, estimated velocity and residual morphology (or features) left after 

occurrence. 

For the purposes of this assessment, landslide classification is simplified and split into three main 

types, typical examples of which are shown in Plate 2.1. Dimensions, slope angles and peat depths 

are drawn from charts presented in Evans and Warburton (2007). The term ñpeat slideò is used to 

refer to large-scale (typically less than 10,000 of cubic metres) landslides in which failure initiates as 

large rafts of material which subsequently break down into smaller blocks and slurry. Peat slides 

occur ótop-downô from the point of initiation on a slope in thinner peats (between 0.5 m and 1.5 m) 

and on moderate slope angles (typically 5°-15°, see Plate 2.2). 

 

 

Plate 2.2  Reported slope angles and peat depths associated with peat slides and bog 
bursts (from literature review of locations, depths and slope angles, after Mills, 2002) 

The term ñbog burstò is used to refer to very large-scale (usually greater than 10,000 of cubic metres) 

spreading failures in which the landslide retrogresses (cuts) upslope from the point of failure while 

flowing downslope. Peat is typically deeper (greater than 1.0m and up to 10m) and more amorphous 

than sites experiencing peat slides, with shallower slope angles (typically 2°-5°). Much of the peat 

displaced during the event may remain within the initial failure zone. Bog bursts are rarely (if ever) 

reported in Scotland other than in the Western Isles (e.g. Bowes, 1960). 

The term ñpeaty soil slideò is used to refer to small-scale (1,000s of cubic metres) slab-like slides in 

organic soils (i.e. they are <0.5 m thick). These are similar to peat slides in form, but far smaller and 

occur commonly in UK uplands across a range of slope angles (Dykes and Warburton, 2007). Their 

small size means that they often do not affect watercourses and their effect on habitats is minimal.   

Few if any spreading failures in peat (i.e. bog bursts) have been reported in Scotland, with only one 

or two unpublished examples in evidence on the Isle of Lewis and Caithness. There are no published 

failures or news reports of landslides in proximity to the Proposed Development. 
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2.2.1. Factors Contributing to Peat Instability 

Peat landslides are caused by a combination of factors ï triggering factors and reconditioning factors 

(Dykes and Warburton, 2007; Scottish Government, 2017). Triggering factors have an immediate or 

rapid effect on the stability of a peat deposit whereas preconditioning factors influence peat stability 

over a much longer period. Only some of these factors can be addressed by site characterisation. 

Preconditioning factors may influence peat stability over long periods of time (years to hundreds of 

years), and include: 

i. Impeded drainage caused by a peat layer overlying an impervious clay or mineral base 

(hydrological discontinuity). 

ii. A convex slope or a slope with a break of slope at its head (concentration of subsurface flow). 

iii. Proximity to local drainage, either from flushes, pipes or streams (supply of water). 

iv. Connectivity between surface drainage and the peat/impervious interface (mechanism for 

generation of excess pore pressures). 

v. Artificially cut transverse drainage ditches, or grips (elevating pore water pressures in the basal 

peat-mineral matrix between cuts, and causing fragmentation of the peat mass). 

vi. Increase in mass of the peat slope through peat formation, increases in water content or 

afforestation. 

vii. Reduction in shear strength of peat or substrate from changes in physical structure caused by 

progressive creep and vertical fracturing (tension cracking or desiccation cracking), chemical or 

physical weathering or clay dispersal in the substrate. 

viii. Loss of surface vegetation and associated tensile strength (e.g. by burning or pollution induced 

vegetation change). 

ix. Increase in buoyancy of the peat slope through formation of sub-surface pools or water-filled 

pipe networks or wetting up of desiccated areas.  

x. Afforestation of peat areas, reducing water held in the peat body, and increasing potential for 

formation of desiccation cracks which are exploited by rainfall on forest harvesting. 

Triggering factors are typically of short duration (minutes to hours) and any individual trigger event 

can be considered as the óstraw that broke the camelôs backô: 

i. Intense rainfall or snowmelt causing high pore pressures along pre-existing or potential rupture 

surfaces (e.g. between the peat and substrate). 

ii. Rapid ground accelerations (e.g. from earthquakes or blasting). 

iii. Unloading of the peat mass by fluvial incision or by artificial excavations (e.g. cutting). 

iv. Focusing of drainage in a susceptible part of a slope by alterations to natural drainage patterns 

(e.g. by pipe blocking or drainage diversion). 

v. Loading by plant, spoil or infrastructure. 

External environmental triggers such as rainfall and snowmelt cannot be mitigated against, though 

they can be managed (e.g. by limiting construction activities during periods of intense rain). 

Unloading of the peat mass by excavation, loading by plant and focusing of drainage can be 
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managed by careful design, site specific stability analyses, informed working practices and 

monitoring. 

2.2.2. Consequences of Peat Instability 

Both peat slides and bog bursts have the potential to be large in scale, disrupting extensive areas of 

blanket bog and with the potential to discharge large volumes of material into watercourses.  

A key part of the risk assessment process is to identify the potential scale of peat instability should it 

occur and identify the receptors of the consequences. Potential sensitive receptors of peat failure 

are: 

¶ The development infrastructure and turbines (damage to turbines, tracks, substation, etc). 

¶ Site workers and plant (risk of injury / death or damage to plant). 

¶ Wildlife (disruption of habitat) and aquatic fauna. 

¶ Watercourses and lochs (particularly associated with public water supply). 

¶ Site drainage (blocked drains / ditches leading to localised flooding / erosion); and 

¶ Visual amenity (scarring of landscape). 

While peat failures may cause visual scarring of the peat landscape, most peat failures revegetate 

fully within 50 to 100 years and are often difficult to identify on the ground after this period of time 

(Feldmeyer-Christe and Küchler, 2002; Mills, 2002). Typically, it is short-term (seasonal) effects on 

watercourses that are the primary concern or impacts on public water supply. 
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3. DESK STUDY 

3.1. Topography 

The Proposed Development Footprint lies on a northeast facing slope which falls from Polnagrie Hill 

and Mynwhirr Hill outside and to the south of the Proposed Development Footprint towards the A76 

and River Nith to the north. Turbine 25, the uppermost of the western tier of turbines lies at 425 m, 

Turbine 28 (the lowest) at 345 m and Turbines 29 and 30 at 285 m and 275 m respectively (Figure 

8.1.1). 

The topography comprises a series of gentle benches and slightly steeper slopes that run along the 

contour and are dissected by watercourses that flow to the northeast (Plate 3.1). 

 

Plate 3.1 Perspective view of site (consented Sandy Knowe Wind Farm shown in green) 

Slope angles gentle (2.5-5.0°) to moderate (5.0-7.5°) in the northern half of the Proposed 

Development Footprint under the western tier of turbines and moderate to steep (up to 15°) over the 

southern half of the western area (Figure 8.1.2). Turbines 29 and 30 are on a much gentler broad 

ridge at a lower elevation. Slopes are very steep on the gully and valley sides above Polhote and 

Polneul Burns. 

3.2. Geology 

Figure 8.1.3 shows the superficial geology of the Proposed Development Footprint mapped from 

1:50,000 scale publicly available BGS digital data and indicates the Proposed Development Footprint 

to be underlain by Devensial till diamicton in the west and peat under the northern turbines. The till 

is stated to be derived from unsorted sediment with gravel in a fine mud matrix. 

The Carbon and Peatland Map (2016), shown as an inset on Figure 8.1.3, indicates Class 3 peat 

soils over the full extent of the Proposed Development. These correspond to carbon-rich soils with 

the dominant vegetation unlikely to be equivalent to priority peatland habitats. 

The northern part of the Proposed Development Footprint is host to a geological SSSI for rock 

exposures within the Polhote and Polneul Burns. The exposures in question are rocks forming the 
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lower part of the Sanquhar Coalfield and include marine invertebrate fossils that are correlatable with 

other coalfields across Scotland (Scottish Natural Heritage, 2009). 

3.3. Hydrology 

The Proposed Development drains north towards the River Nith via a number of minor watercourses 

that emanate from what appear to be springlines in the middle and upper slopes below Polnagrie Hill 

and Mynwhirr Hill. These springs appear to be coincident with some of the mapped locations of 

potential GWDTEs on the slopes below (see Chapter 6 of the EIA Report).  

The proposed track connecting the western tier of turbines lies on a spur between two headwater 

tributaries of the Polhote Burn, both of which are crossed (by watercrossings W1, W2 and W3; Figure 

8.1.4). The contour aligned track connecting the western tier of turbines to the consented 

infrastructure runs above Macanôs Burn and its headwater tributaries. The Polneul Burn runs parallel 

to the Polhote Burn, but further to the east and is more than 300 m from Turbine 29 in the Proposed 

Development. There are no new water crossings proposed over the Polneul Burn in association with 

the extended layout. 

While the watercourses are relatively steep sided in their lower reaches, they are more subdued and 

sinuous on the upper slopes, and have insufficient capacity to transfer landslide debris long distances 

(see Plate 3.2). 

 

Plate 3.2 Examples of hydrological features at the Proposed Development: a) a headwater 

tributary of Polhote Burn (with limited capacity for conveyance of debris; b) Polhote Burn 

farther downslope (with larger channel capacity); c) flush conditions in the area of the western 

tier of turbines  

The Proposed Development Footprint has been heavily drained, with over 41 km of artificial drains 

cut into the slopes in both parts of the Proposed Development area (Figure 8.1.4). These drains 
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appear to have been relatively ineffective, with midslope flushy areas fed by springs still very wet 

underfoot. 

3.4. Land Use 

The Proposed Development Footprint is primarily used for grazing, with the area to the east of the 

Proposed Development Footprint occupied by the consented Sandy Knowe Wind Farm. There are 

no areas of peat cutting, no quarries and no forestry within the Proposed Development area, and 

therefore no opportunities for associated peatland restoration. 

3.5. Peat Depth and Character 

Peat depth probing was undertaken using a phased approach in line with Scottish Government 

(2017) guidance, comprising a 100 m Phase 1 grid in March 2021 and more detailed infrastructure-

specific Phase 2 grids, the latter comprising 25 m grids for hardstandings and 50 m spacings with 10 

m offsets along proposed access tracks. Coring was undertaken at each turbine location. Phase 1 

probing was undertaken to inform the design chill layout, which was subsequently modified in an 

attempt to minimise impacts on peat, with a set of Phase 2 probing undertaken in December 2021 to 

inform the design-freeze (final) layout. 

¶ In total, 621 locations were probed across the Proposed Development. 

¶ The mean peat depth was 0.79 m across the Proposed Development Footprint, with a 

maximum recorded depth of 4.5 m. 

Interpolation of peat depths was undertaken in the ArcMap GIS environment using an inverse 

distance weighted approach. This approach was selected because it preserves recorded depths at 

each probe location, unlike some other approaches (e.g. kriging), is computationally simple, and 

minimises óbullseyeô effects. The approach was selected after comparison of outputs with three other 

methods (natural neighbour, kriging and TIN).  

The peat depth model is shown on Figure 8.1.5 with probing locations superimposed. Comparison 

of the peat depth model with the layout indicates that proposed turbines and hardstandings avoid the 

deepest peat across the Proposed Development Footprint, however, due to the numerous 

watercourses and in order to minimise water crossings, tracks have necessarily been routed in areas 

of deep peat. In practice, there are relatively few opportunities to avoid deep peat at the Proposed 

Development Footprint and floating may only have been more widely achievable by running 

numerous spur tracks along contour to each turbine, increasing the overall track length, land take 

and number of water crossings. 

3.6. Peatland Geomorphology 

Satellite imagery available as an ArcGIS Basemap layer was used to interpret and map features 

within the Proposed Development Footprint. Additional imagery from different epochs available on 

both Google EarthTM and bing.com/maps was also referred to in order to validate the satellite imagery 

interpretation. The resulting geomorphological map (Figure 8.1.4) was subsequently verified during 

two site walkovers undertaken in September 2020 and October 2021 by a Chartered Geologist / 

peatland geomorphologist with over 20 yearsô experience of assessing peat landslides. Plates 3.2 

and 3.3 show typical features identified during the walkovers. 

Figure 8.1.4 shows the key features of the Proposed Development Footprint. The presence, 

characteristics and distribution of these features are helpful in understanding the hydrological 








































