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Executive Summary
The purpose of this report is to present desk-based information and to review previous investigations to
provide a comparison of the potential peat landslide risks at the Consented Development and the Revised
Consented Development. A preliminary peat landslide risk assessment has been conducted in accordance
with the Scottish Government best practice using the sources of available information and data identified in
sub-Section 1.6 and Section 9.
In June 2019, Limekiln Wind Farm gained Section 36 consent from Scottish Ministers. The Applicant is now
applying to the Scottish Government for consent under Section 36C of the Electricity Act 1989 for a Revised
Consented Development comprising a 21no. turbine wind farm on the site of the Consented Development.
The revisions include an increase in blade tip height, larger foundations and alterations to the access track
layout, the removal of one borrow pit, relocation and enlargement on the temporary construction compound
and increased consent period from 30 to 40 years.
Soil mapping of the Development Site indicates that the Revised Consented Development layout passes
through a blanket of peat as well as pockets of peaty podzols and peaty gley soils. The NatureScot Carbon
and Peatland 2016 map (SNH, 2016) indicates that these soils are Class 1 and 2 soils that are defined as
carbon-rich and deep peat.
Geological mapping indicates that the Development Site is predominantly underlain by deposits of the
Thormaid and Reay Till Members, Hummocky Deposits, peat and areas of thin or absent deposits with
localised Alluvium along the main watercourses. The underlying bedrock is shown to comprise a mix of
igneous and sedimentary bedrocks dominated by granite in the west and conglomerates and sandstone with
subordinate siltstone and conglomerates in the east. In addition, sub-crops of limestone, psammite and
semipelite are also identified.
An Ordnance Survey Digital Terrain Model (DTM) was obtained, which indicates that the Development Site
lies at an elevation of between approximately 23m and 180m above Ordnance Datum (AOD) and contains
slope angles ranging from almost level up to 35 degrees. The topography of the Development Site generally
comprises a low generally flat-topped ridge running northwest to southeast through the centre of the
Revised Consented Development. There are promontories at Creag Leathan and Creag Beag in the north of
the Development Site but the remainder of the site is generally slightly undulating with a number of smaller
promontories. The steepest slopes were identified around the north and north-eastern slopes of the main
promontories in the north and north east of the site. The remainder of the Development Site contains sloping
ground with angles ranging between 0 and 5 degrees, which change to between 5 and 8 degrees along the
ridge through the centre of the Development Site.
A series of peat depth survey campaigns and a ground investigation have been undertaken at the
Development Site since November 2011. The latest survey was undertaken on the Revised Consented
Development layout in April 2021. In total 5,363 peat depth measurements have been taken across the
Development Site and layouts of the Consented and Revised Consented Development. The peat depth
ranged between 0.00m and 4.90m and the calculated mean of all peat depths ≥0.5m was revealed to be
about 1.17m deep.
An assessment of the peat landslide risk has been undertaken in general accordance with the Scottish
Government best practice guide by considering the likelihood and the consequences of such failure. The
likelihood assessment has been undertaken through the identification and assessment of seven contributory
hazard factors supported by a semi-quantitative assessment, using the infinite slope model. The hazards
posed by each contributory factor have been individually scored based on their specific relevance on a scale
1 to 5.
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An assessment of the peat landslide consequences considers the potential short and long-term effects on
key receptors within a potential zone of influence of the site. These have been assessed for key physical and
environmental receptors including human health, infrastructure, cultural, ecological and hydrological
receptors, and the consequences of the impacts on each have been scored on a scale of 1 to 5.
The results of the peat landslide risk assessment indicate that the Development Site is considered to have a
Negligible to Low Risk of peat landslide failure with one localised area of Moderate Risk, identified to the
north of turbine T32. The area of Moderate Risk is associated with the infinite analysis, which indicated Factor
of Safety values in the loaded scenario of less than 1.4 in this area.
When comparing the potential peat landslide risks at the Consented Development and Revised Consented
Development, the potential risks are considered to be in general agreement (i.e. Low) as the access track
layouts pass through similar lengths of Negligible and Low Risk areas. However, it is recognised that the
Consented Development proposed to widen existing tracks rather than construct new access tracks. In
addition, it is noted that an area of Moderate Risk has been identified along the access track between
turbines 26 and 32, which will require further investigation and assessment prior to construction.
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Introduction
Background

Wood Group UK Limited (Wood) have been commissioned by Limekiln Wind Limited to prepare a Peat
Landslide Risk Assessment (PLRA) in support of the Section 36C Variation Application for the proposed
Limekiln Wind Farm, south of Reay, Caithness.
The ‘Development Site’ is located approximately 1.5km south of Reay at approximate central National Grid
Reference (NGR) NC 98270 60620, as illustrated in Figure 1.0 in Appendix A.
In June 2019, Limekiln Wind Farm gained Section 36 consent and deemed planning permission from Scottish
Ministers. The ‘Consented Development’ comprises 21 no. wind turbines and associated infrastructure. The
Applicant has applied to the Scottish Government for consent under Section 36C of the Electricity Act 1989 for
the construction and operation of a Revised Consented Development comprising a 21 nos. turbine wind farm
on the site of the Consented Development. The revisions to the layout comprise an increase in blade tip
height, larger foundations and alterations to the access track layouts.

1.2

Scope and Purpose

The purpose of this report is to present desk-based information and to review previous investigations of the
Development Site to provide a comparison of the potential peat landslide risks at the Consented
Development with the Revised Consented Development. A preliminary peat landslide risk assessment has
been conducted in accordance with the Scottish Government best practice guide, using quantitative and
semi-quantitative approaches supported by field observations and published literature.
The preliminary peat landslide risk assessment supports the impact assessments conducted in the
Environmental Impact Assessment and has been prepared from the information sources identified and
described in sub-Section 1.6.
The peat landslide risk assessment comprises the following scope of work:

1.3



A review of desk-based information including geological, soil, hydrological and
hydrogeological data;



A description of the findings and results of site reconnaissance including Phase 1 and 2 peat
surveys;



Identification of salient geomorphological features related to processes of peat erosion,
drainage and mass movement;



Identification and assessment of potential peat landslide hazards;



Preliminary quantitative slope stability assessment by infinite slope analysis using geotechnical
parameters derived from literature sources; and,



Peat landslide risk assessment using the principles set out in the best practice guide.

Proposed Development

In June 2019, Limekiln Wind Farm (the “Consented Development”) was granted consent under Section 36 of
the Electricity Act 1989 and Section 57 of the Town and Country Planning (Scotland) Act 1997 by the Scottish
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The preliminary risk assessment is based on the following approach:


Desk based review of site information;



Phase 1 peat depth survey (conducted by Atmos Consulting);



Phase 2 peat depth survey and site reconnaissance (conducted by Natural Power);



Identification of the hazards and consequences;



Preliminary slope stability analysis based on literature sources; and,



Risk assessment.

The preliminary risk assessment uses the results of the qualitative and deterministic approaches to allocate
levels of peat landslide risk spatially across the Application Site in accordance with the risk level in the best
practice guidance.

1.6

Sources of Information

The following sources of information have been used in conjunction with available information listed in
Section 9 in this PLRA:


Appendix 5.B: Peat Slide Hazard & Risk Assessment, Limekiln Wind Farm Resubmission,
Environmental Statement, May 2016 (herein referred to as “the 2016 PHRA”);



Appendix 5.A: Preliminary Ground Investigation Factual Report, Limekiln Wind Farm
Resubmission Environmental Statement, June 2016 (herein referred to as “the 2016 ES”);



Limekiln Wind Farm Resubmission, Environmental Statement, May 2016 (herein referred to as
“the 2016 ES”);



Limekiln Wind Farm, Phase 1 Factual Ground Investigation Factual Report, reference 1228952,
Natural Power, July 2020.



Limekiln Wind Farm, Phase 2 Factual Ground Investigation Factual Report, reference 1233164,
Natural Power, August 2020.



Natural Power peat survey data, April 2021.

The Scottish Government guidance document “Peat Landslide Hazard and Risk Assessments: Best Practice
Guide for Proposed Electricity Generation Developments” (2017) (“the best practice guide”) has also been
taken into account in the development of this PLRA.

1.7

Assumptions and Limitations

The following assumptions and limitations apply to the contents of this peat landslide risk assessment:
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This report provides a review of the available factual information about the geological setting
of the Development Site based on the sources of information listed in Section 9. The sources
obtained are not necessarily exhaustive and further information on the Development Site may
be available from other sources.



This assessment has been prepared and written in the context of the Revised Consented
Development layout, guidance, and literature sources available at the time of writing. New
information, improved practices and changes in guidance or significant alterations to the
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Revised Consented Development layout may necessitate a re-interpretation of the assessment
in whole or in part after its original submission.
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It should be recognised that the peat surveys and interpolations based on those surveys
provide information characterising the variation of peat depths and that different conditions
may be present between survey locations.



This assessment contains peat depth data obtained by a third party and provided to Wood for
the assessments herein. Wood has assumed that the data is true and correct at the time of use
and cannot provide any warranty or accept any liability for its accuracy. Wood have not verified
any of the peat depth measurements not undertaken by Wood.
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Peat Instability

Peat is an organic material formed by the accumulation of plant matter at various stages of decomposition,
formed over many thousands of years. The characteristics of peat vary widely depending on, but not limited
to, the nature of plant material that the peat is derived from, the degree of decomposition and the type of
peat bog. A peat landslide represents the most extreme and rapid process by which peat bogs are degraded
and that pose a risk to the Revised Consented Development and neighbouring environmental and human
receptors.
In Scotland, the Scottish Government defines peat and deep peat as follows (Scottish Government, 2017):


Peaty soils: soils with an organic horizon <0.5m thick;



Peat: soils with an organic surface horizon greater than 0.5m in thickness and an organic
matter content exceeding 60%; and



Deep peat: a peat as defined above, with a depth greater than 1.0m.

There are two distinct types of peat, termed acrotelmic and catotelmic peat. The interface between the two
layers is controlled by the position of the water-table. The upper layer of the peat (the acrotelm) is typically
fibrous and comprises the living and partially decomposed peat forming plant matter. The thickness of the
acrotelm is typically controlled by seasonal variations in the water-table that creates cycles of aerobic and
anaerobic conditions near the surface. The catotelm is situated below the minimum average depth of the
water-table (Evans and Warburton, 2010). This results in permanent anaerobic decompositions of the plant
matter and the formation of less fibrous amorphous peat.
The term ‘peat landslide’ is a broad term referring to two major groups of peat slope mass movement (or
failure), ‘bog bursts’ and ‘peat slides’. Dykes and Warburton (2007) developed a classification scheme for
mass movements of peat to define the terminology used to describe the types of peat slope failure. The
following forms of peat mass movements have been defined by Dykes and Warburton (2007):


Bog bursts – failure of raised bogs by breakout of liquid catotelmic peat;



Bog flows – failure of a blanket bog by breakout of catotelmic peat;



Bog slide – translational sliding of intact peat along a failure surface within the peat;



Peat slide – translational sliding of intact peat along a failure surface at the peat-substrate
interface;



Peaty-debris slides - translational failure of a slope covered with blanket peat where the failure
occurs beneath the peat-substrate interface; and



Peat flows – failure of any other peat bog type (e.g. fen peat).

Dykes and Warburton (2007) and Evans and Warburton (2010) indicate that bog bursts and flows are
characteristic of deep peat with depths typically in the range of 1.5m to 5m situated on shallow slopes in the
range of 2 to 5 degrees. Peat slides and bog slides have typically been reported on steeper slopes in the
range of 5 to 15 degrees but in shallower thicknesses of peat in the range of 1m to 3m in thickness. However,
as described in Evans and Warburton (2010) a limited number of bursts and slides have been reported
outside of these ranges.
A peat landslide is the result of the combination of preparatory factors and trigger factors that either reduce
the shear strength of the peat or increase the shear stress on the peat covered slope (Evans and Warburton,
2010). These factors directly or indirectly relate to changes in the hydrology of the peat that can occur rapidly
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or over a long period of time, and that include natural and anthropogenic (man-made) factors such as
(Scottish Government, 2017):


Increases in the mass situated on the slope (e.g. peat accumulation, seasonal water-table
variations and the mass of planted trees);



Reduction in shear strength through changes in the peat or substrate (e.g. drying and
desiccation cracking);



Loss of surface vegetation (e.g. burning);



Increased buoyancy through impeded drainage, pooling, pipe networks and rapid rewetting of
desiccation cracks; and,



Commercial afforestation of peat resulting in lowering of the water-table and deep desiccation
cracking.

In addition, Evans and Warburton (2010) indicate there are a number of pre-conditions that predispose a
slope to failure that relate to the hydrological processes within the peat. These include:


Impedance of drainage below the peat caused by impermeable clays or iron pans in the
substrate;



A convex slope or break in slope that can concentrate flows;



Proximity to drainage features such as flushes, peat pipes and streams; and,



Connectivity between the surface drainage and an impervious peat-substrate interface.

Where the combination of preparatory and pre-failure conditions occur, a peat landslide may be triggered on
susceptible slopes by a number of possible trigger factors. The trigger factors can be natural or
anthropogenic and are typically related to those that rapidly cause changes in the pore-water pressure,
reduce shear strength or rapidly increase the mass on the slope. These factors include:
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Intense rainfall or snow melt and rapid migration to the peat-substrate interface;



Ground accelerations due to earthquakes, vibrations from vehicles and blasting;



Incision of the peat slope by streams and rivers, peat turve cutting and excavations during
construction causing a rapid reduction in support at the toe of the slope;



Rapid loading of the peat by landslide debris sliding onto susceptible peat slopes;



Loading of the peat by heavy plant, digging and tipping; and,



Alteration of natural drainage routes resulting in focussed drainage on susceptible slopes.
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3.

Site Setting

3.1

Site Description

The Development Site is located 1.5km to the south of the Village of Reay and 3km south/south west of the
Dounreay Nuclear Power Station, in Caithness, Highland. The Development Site extends to approximately
1,140 hectares and largely comprises of a commercial coniferous woodland plantation. The Development Site
is bound to the north by undulating moorland and semi-improved agricultural land with Reay village and
dispersed settlements beyond. To the east lies further coniferous woodland while the land to the west and
south is largely open moorland. The hill known as Beinn Ratha lies approximately 1.2 km to the west of the
Development Site boundary.

3.2

Published Geology

Pedology
The 1:25,000 Soil Map of Scotland (The James Hutton Institute, 2020) indicates that Revised Consented
Development layout passes through blanket peat as well as pockets of peaty podzols and peaty gley soils.
The 1:25,000 Soil Map of Scotland is presented as Figure 3.0 in Appendix A.
The NatureScot Carbon and Peatland 2016 map (SNH, 2016) is presented as Figure 4.0 in Appendix A. The
map indicates that the Revised Consented Development passes through areas of Class 1 and 2 soils that are
defined as carbon-rich and deep peat. The Revised Consented Development also passes through a small area
of Class 5 (no peatland habitat recorded) adjacent to the borrow pit.

Superficial Geology
British Geological Survey (BGS) mapping indicates that the Development Site is predominantly underlain by
Glacial Till of the Reay Burn and Thormaid Members, peat and areas that are of thin or absent deposits.
Localised deposits of Alluvium are recorded in the north of the Development Site, near the proposed
construction compound, in an area of the access track between proposed turbine 25 and 26. Hummocky
Glacial Deposits are identified in the south of the Development Site.
In the central east, centre and south of the Development Site large areas of peat are identified in the location
of the Revised Consented Development.
The BGS digital geology map of superficial deposits is presented as Figure 5.0 in Appendix A.

Solid Geology
BGS mapping indicates that the Development Site is predominantly underlain by a late Silurian felsic igneous
intrusion known as the Strath Halladale Granite. In addition, Devonian Conglomorate, known as the
Tobaireach Conglomorate is also present in the northeast of the Development Site, underlying the Milton
Moss area, and in the far south of the Development Site. The far east of the Development Site is underlain by
the Rubha Sandstone Member comprising sandstone with subordinate conglomerate and siltstone. The far
north of the Development Site is shown to be underlain by the Portskerra Formation comprising
metamorphic bedrocks including migmatitic psammite and semipelite. A small outcrop of Reay Diorite is
also present in the northwest of the Development Site
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The Bridge of Forss Fault intersects the far south of the Development Site named striking generally northeast
to southwest. In addition, the Development Site also has four additional geological faults in its central and
northern part striking in various directions.
The BGS digital geology map of solid geology is presented as Figure 6.0 in Appendix A.

3.3

Topography

The Ordnance Survey (OS) Terrain 5 Digital Terrain model (DTM) indicates that the Development Site lies at
an elevation of between approximately 23m and 180m above Ordnance Datum (AOD). The topography of
the Development Site generally comprises a low generally flat-topped ridge running northwest to southeast
from Cnocan Dubh nan Eun south-eastward through the centre of the Revised Consented Development. In
addition, there is a slight promontory at Creag Leathan and Creag Beag that rise to 128m AOD. The
remainder of the Development Site is generally slightly undulating with a number of smaller promontories at
Claperon and Torran Dubh.
The OS Terrain 5 DTM has been used to generate a slope angle raster in ESRI ArcGIS. This analysis indicates
that the Development Site contains slope angles ranging from almost level up to 35 degrees. The steepest
slopes within the Development Site are generally found around the north and north-eastern slopes of the
Creag Leathan, around Creag Bheag and around Claperon. The remainder of the Development Site contains
sloping ground with angles ranging between 0 and 5 degrees, which change to between 5 and 8 degrees
along the ridge through the centre of the Development Site.
The slope angle analysis based on the OS Terrain 5 DTM is presented as Figure 7.0 in Appendix A.

3.4

Hydrology

Reay Burn and Sandside Burn drain the western side of the Development Site in a northward direction
towards the Atlantic Ocean and discharge through the Sandside Bay SSSI at Sandside Bay (NC 966 652). The
east of the Development Site is bounded by the Achvarasdal Burn which becomes the Burn of Isauld
approximately 1.5 km north of the Development Site, also discharges to the Atlantic Ocean at Sandside Bay.
The Development Site contains a number of minor tributaries to these burns including the Meur Gadach,
Meur an Fhuaraub Ghil, Meu an Fhraoich that drain the southeast of the Development Site. An unnamed
watercourse and the Allt Cnoc an Fhraoich drain the far north and south of the Development Site
respectively.
In addition to the watercourses, the Development Site contains the Lochan nan Eun located close to its
centre. It is situated on the ridge within an area of particularly wet, boggy ground, to the south of a large
rock outcrop.
The Scotland’s Environment website reveals that SEPA have classified the Sandside Burn and Achvarasdal
Burn as both having a ‘Good’ overall status.
The Development Site is not within a Drinking Water Protected Area for surface water.
The locations of the surface water features are presented in Figure 14.0 in Appendix A.

3.5

Hydrogeology

The Scotland’s Environment Aquifer Classification map indicates that the Development Site is predominantly
underlain by an aquifer of low productivity, where flow is virtually all through fractures. In the far northeast
and east of the Development Site, in the Milton Moss area, the underlying aquifer is classified as moderately
productive with flow virtually all through fractures.
June 2021
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The Development Site is underlain by the Dounreay and Northern Highland groundwater aquifer, which are
both classified as ‘Good.’
The Development Site is within a Drinking Water Protected Area for groundwater.

3.6

Water Supply Abstractions

The 2016 ES revealed that SEPA had no records of any abstraction licences within a 3km radius of the
Development Site. However, The Highland Council (THC) has records of one Private Water Supply (PWS) at
Loanscorribest (NC 985 640), which is located ~0.2 km north of the Development Site boundary.

3.7

Designated Sites

The Scotland’s Environment website indicates that there are no designated sites within the Development Site
boundary. However, the Development Site is bound to the south and southeast by the following designated
sites:


Caithness and Sutherland Peatlands Ramsar site;



East Halladale Site of Special Scientific Interest;



Caithness and Sutherland Peatlands Special Area of Conservation; and



Caithness and Sutherland Peatlands Special Protection Area.

In addition to the above; Reay Burn, Sandside Burn and Achvarasdal Burn flow through the Sandside Bay SSSI
approximately 1.7km north of the Development Site boundary.
An NVC survey was undertaken in the 2016 ES and identified a number of Groundwater Dependant
Terrestrial Ecosystems within the Development Site as shown in Figure 14.0 in Appendix A. An assessment
of the GWDTE’s found that they are generally present along the forest rides, stream valleys and on the side
cast peat alongside the existing forest access tracks.

3.8

Aerial Photography

Historical Imagery
An online search of the National Collection of Aerial Photography (NCAP) has been undertaken to identify
any indications of historical peat landslides. Although the available photography is in black and white and at
a small scale, it is possible to make out the Development Site prior to the planting of the commercial forestry
plantation. While there are possible flush features identifiable in the imagery, there are no obvious indication
of relic peat slides within the available imagery (though at the available scale they would be hard to identify if
revegetated).

Contemporary Imagery
Google Earth aerial imagery (© 2021 Google, imagery date 2021) has been reviewed to identify any
indications of relic failures and hydrological features such as flushes and erosion. However, the Development
Site has a dense cover of commercial forestry plantation which has obscured the ground with tree cover and
shadows. As such, the only areas of the ground that are visible are along fire breaks and clearings.
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The aerial imagery shows possible gully erosion and flushing features along the banks of the Meur a
Chrochain Ghill and Meur an Fhraoich in the far southeast of the Development Site. Flush features are also
possibly present approximately 120m southeast of T30 and 300m north of T22.
The geomorphological features identified are presented in Figure 10.0 in Appendix A.

3.9

Landslide Inventory

A search of the BGS National Landslides Database on the BGS GeoIndex indicates that there have been no
recorded landslides within or in the vicinity of the Development Site (i.e. within 2km).
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Ground Investigation
An intrusive ground investigation has been undertaken on the Consented Development by Natural Power
over two phases under the supervision of engineers appointed by the Applicant. The ground investigation is
summarised as follows:


54 no. boreholes (29 no. rotary percussive boreholes with follow on rotary core drilling, 25 no.
windowless boreholes);



192 no. machine excavated trial pits and 3 no. hand dug trial pits;



5 no. pavement cores;



In-situ testing (dynamic cone penetrometer testing; standard penetration testing, hand shear
vane tests in peat in trial pits);



Geotechnical Sampling;



Groundwater and ground gas monitoring;



Geotechnical and geochemical laboratory testing.

The results of the ground investigation are presented in the following factual ground investigation reports:

4.2



Limekiln Wind Farm, Phase 1 Factual Ground Investigation Factual Report, reference 1228952,
Natural Power, July 2020.



Limekiln Wind Farm, Phase 2 Factual Ground Investigation Factual Report, reference 1233164,
Natural Power, August 2020.

Peat Depths

The peat depth surveys summarised above comprised a total 5,363 peat depth measurements taken across
the Development Site and layouts of the Consented Development and Revised Consented Development. The
peat survey results and the ground investigation data reveal that peat depths range between 0.00m and
4.90m. A total of 2,767 (~51%) recorded peat depths ≥0.5m and the calculated mean of all peat depths
≥0.5m is 1.17m. Figure 4.1 below summarises the distribution of peat depth measurements for the
Development Site.
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through a large area of peat with thicknesses in excess of 2.0m, ranging up to approximately 4.5m. In
addition, further pockets of peat with thicknesses >2.0m are identified throughout the site in or near the
location of turbines 25, 30, 54, 55 and 57.

4.3

Peat Characteristics

A total of 74 peat cores were logged according to the von Post scale of humification during the peat depth
surveys undertaken in 2011 and 2013. The coring revealed typical one or two layer profiles, with generally
low moisture content values (typically B2). The humification values were typically less than H5 with H values
up to H7 rarely recorded. The investigation also attempted to estimate the thickness of the acrotelmic layer,
which revealed thicknesses varying from approximately 0.3m to 0.5m. However, as noted in the Peat
Management Technical Note prepared by Wood, that the commercial forestry plantation has resulted in the
peat being densely planted and with trees along deeply ploughed furrows. As a consequence of the planting,
the increased drainage and evapotranspiration of the surface peat has resulted in the peat being reasonably
dry. It was noted that the characteristics of the surface peat have been altered to such a degree that there
was no clear distinction between acrotelmic and catotelmic peat. The peat was described as exhibiting
‘haplotelmic’ peat conditions in which the acrotelm has been degraded through drainage, compaction and
oxidative wastage.
The intrusive ground investigation by Natural Power encountered fibrous to pseudofibrous (H3-H6) peat,
with localised areas of amorphous peat (H7-H9). As identified by previous surveys, the distinction between
the acrotelmic and catotelmic peat was difficult to distinguish. The distinction was especially difficult in areas
where trees had been felled, and brash had to be removed prior to trial pitting. However, where identifiable,
the acrotelmic layer generally varied in thickness from 0.1m-0.7m.

4.4

Peat Substrate

A review of the borehole and trial pit logs presented in the Natural Power Phase 1 and 2 ground
investigation factual reports (April 2021) detailed in Section 4.1 reveal that the underlying substrate beneath
the peat predominantly comprised granular deposits. A limited number of locations also encountered
bedrock (weathered and intact). Clay deposits were found to be rare at the exploratory locations.

4.5

Laboratory & In-situ Testing

A total of 81 hand shear vane tests were performed in the trial pits during the ground investigation
undertaken by Natural Power during the Phase 2 ground investigation of the Consented Development. The
testing was performed at depths ranging from 0.3m to 3.8m in varying peat conditions. The results indicate
that the peat shear strength ranges from 0.6kPa to 26.9kPa and that there is an apparent distinction in the
peat shear strengths in shallow peat <1.0m and deep peat >1.0m. No laboratory strength testing of the peat
was undertaken.

4.6

Geomorphology

The only feature noted in the 2016 PHRA was a possible relic peat landslide feature approximately 250m
south of turbine 54 at the head of the Meur Gadach. The feature was noted to consist of a possible landslide
with a backscar measuring approximately 15m long and 20m across. A peat probe undertaken in the
proximity of this feature indicated a peat depth of 0.40m and the slope angle was recorded at approximately
5˚. However, the features are positioned at the head of a watercourse and in reviewing the picture of the
feature presented in the 2016 PHRA it is considered that this feature is more likely to be a flush.
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The 2016 PHRA did not identify any other relic peat landslides, flushes, peat pipes, erosion, tension or
compression features within the Development Site.
The geomorphological features identified are presented in Figure 10.0 in Appendix A.
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5.

Peat Landslide Hazard Assessment

5.1

Background

The following assessment of peat stability has been undertaken in general accordance with the Scottish
Government best practice guide. This method considers the likelihood (i.e. the Hazards) associated with a
particular area of peat multiplied by the consequences of a failure to derive the potential risk. This is
expressed as:
Risk = Likelihood x Consequence
The assessment of the peat landslide likelihood has been undertaken through the identification and
assessment of contributory hazard factors. In addition, a semi-quantitative assessment of the hazard has
been conducted using the infinite slope model. This has been conducted using site specific peat depth and
slope angle data derived from the DTM as well as generic literature values for the geotechnical properties of
the peat.
The assessment of peat slide hazards involves the allocation of hazard rating values for the various
contributory and pre-condition factors which influence the probability of a peat landslide occurring.
However, current guidance does not define the hazards that should be assessed nor the ratings that should
be applied. In addition, there is no published guide specifically relating to this issue. As such, it is left to the
judgement of the assessor to develop their own approach to the assessment of the hazards for each site. The
likelihood of peat instability occurring has therefore been determined from a review of the following
contributing and pre-condition hazard factors as detailed in the sections below:


Slope angle;



Peat depth;



Natural Drainage;



Artificial Drainage;



Pre-failure Indicators;



Forestry;



Geology.

The hazards posed by each contributory factor have been individually scored based on their specific
relevance to peat instability using both site observations and desk top studies. The hazard assessment relates
the importance of the hazard to a scale of 1 to 5 as summarised in Table 5.1 below.
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The Factor of Safety results are summarised in Figure 12.0 in Appendix A.
The best practice guidance suggests that F values of <1.0 should indicate slopes that have or may in future
experience failure under the modelled conditions and as such are considered areas of increased risk.
However, Boylan et al (2008) argue that given the uncertainties in relation to the strength of peat and factors
that cause peat landslides a cautious approach should be adopted. Their study indicates that a relatively high
F value should be used to identify slopes with the potential for instability and as such an F value of 1.4 has
been used in this assessment.
The results of the infinite slope analysis for the unloaded scenario reveal that under the modelled conditions
the entire Revised Consented Development layout is within areas with an F value >1.4. There are only two
very small areas at significant distances from the Revised Consented Development with F values <1.4. These
are located approximately 460m south of T60 and 710m northwest of the control building compound along
the edges of the Meur an Fhraoich and Reay Burn, respectively. The results are noted to be consistent with
the conditions on site where no relic or incipient failure features were identified.
The loaded analysis reveals that five areas of the Development Site with F values <1.4. However, with the
exception of one area, all of them are located more than 150m or upslope of the Revised Consented
Development layout. In the centre of the Development Site, in the location of some of the deepest peat
within the Development Site is an area with F values <1.4 located along the access track between T26 and
T32. This area is also shown to contain a limited number of calculated cells with F values <1.0 located either
side of the track approximately 200m north of T32.
Although the preliminary stability assessment indicates that areas of the Proposed Development may be
susceptible to failure, there is considerable uncertainty in the geotechnical parameters of peat identified in
the literature (Boylan et al, 2008) and no site-specific assessment has been undertaken. As such, a pessimistic
approach and relatively high factor of safety has been used in the stability assessment. Therefore, the factor
of safety values calculated herein should only be considered as indicative of the potential peat slope stability.
A detailed assessment of the peat slope stability should be undertaken using site specific design parameters
taken from a ground investigation, particularly where slope angles exceed approximately 3 o and peat depths
exceed 1.0m.

Undrained Case
Where the slope is assumed to fail translationally in an undrained manner, the factor of safety of a given
slope is calculated using the formula given in Skempton & Delory (1957) shown below:

F=

𝐶𝑢
𝑆ℎ𝑒𝑎𝑟 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
=
𝛾. 𝑧. 𝑠𝑖𝑛𝛽. 𝑐𝑜𝑠𝛽
𝑆ℎ𝑒𝑎𝑟 𝐹𝑜𝑟𝑐𝑒𝑠

Where:
F
Cu
γ
z
β

=
=
=
=
=

Factor of Safety
Shear strength
Bulk unit weight of saturated peat
Peat depth in the direction of normal stress
Angle of the slope to the horizontal

In total 81 hand shear vane tests were undertaken in the trial pits during the Natural Power ground
investigation of the Consented Development layout. The testing was performed at a range of depths from
0.3m to 3.8m below ground level. The shear strengths results ranged between 0.6 kPa and 26.9kPa with the
lowest results typically within the deepest peat. A review of the results reveals that there is an apparent
distinction between the shear strengths of shallow peat <1.0m and deeper peat >1.0m. The tests indicate
that in areas of peat <1.0m deep the average shear strength is 11kPa and in areas of peat >1.0m the average
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shear strength is 5kPa. The infinite slope analysis has been undertaken based on peat shear strength of 5kPa
for deep peat >1.0m and 11kPa for shallow peat <1.0m. The bulk unit weight of the peat has been derived
from the literature sources and estimated design value presented in Table 5.9 above. The factor of safety
values have been calculated for the loaded and unloaded scenario as per the drained case.
While in-situ hand shear vane testing is commonly used to establish the undrained strength of peat, the
interpretation of hand vane results is complicated by the presence of fibres and the ease of deformation of
the peat during the test (Boylan et al, 2008). In addition, it is possible that some drainage around the vane is
unavoidable during the test and as such, hand shear vane testing and its interpretation should be used with
caution and an understanding of the limitations of the test method when applied to peat. However, hand
shear vane testing does provide a useful indication of the strength of the peat and is particularly useful in
identifying soft layers within the peat (which is demonstrated above).
The Factor of Safety results are summarised in Figure 12.0 in Appendix A.
As per the drained case, F values of less than 1.4 has been used in this case to indicate slopes that have or
may in future experience failure under the modelled conditions and as such are considered areas of
increased risk.
The results of the undrained case analysis for the unloaded scenario reveal that under the modelled
conditions the entire Revised Consented Development layout is within areas with an F value >1.4 indicating
stable conditions. The loaded analysis reveals that there is an area of susceptibility to the north of T32 as
identified in the drained case analysis.
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Mitigation Measures

As discussed in Section 6, under the current conditions the likelihood of a peat landslide is considered to be
Negligible to Low and the Factor of Safety values are typically in excess of 1.4 for both the loaded and
unloaded conditions with the exception of one area near turbine 32. The construction of the Revised
Consented Development and alterations of the slopes are considered a potential trigger (along with other
contributory and trigger factors) that may increase a slope’s susceptibility to peat instability. In general, the
construction practices which should be avoided, include:


Stockpiling and side casting of excavated materials on, or at the top of marginally stable peat
covered slopes;



Loading of susceptible peat by floating roads;



Removal or breaking of acrotelmic peat beneath floating roads;



Removal of support at the toe of peat covered slopes; and



Poor drainage practices such as the draining of excavations, and placement of outfalls on to
peat covered slopes or blocking of drainage channels.

Further discussion on specific mitigation measures is provided in the sub-sections below.

7.1

General Considerations

Prior to construction, a detailed ground investigation should be undertaken to assist in detailed design of the
Revised Consented Development as well as any slope modification. It is assumed that this would form part
of the planning conditions for the Section 36C application. This is also considered the best opportunity to
confirm the peat landslide hazard assessments and to perform detailed assessment of the most susceptible
slopes based on site specific parameters, observations and the proposed construction methods.
In addition to the above, detailed ground investigation of the Revised Consented Development should
determine the slope stability of mineral superficial deposits and bedrock where placing infrastructure will
require slope cuts and benching.
The ground investigation should aim to provide information on the geotechnical characteristics (e.g. shear
strength and bulk density) of the peat and underlying mineral substrate. The results of the ground
investigation should inform the development of a geotechnical risk register which should be reviewed and
updated at each stage of the post-consent phase of the Revised Consented Development.

7.2

Turbine Locations

At turbine locations where there are shallow peat depths and negligible peat landslide risk normal best
practice construction methods may be employed (e.g. Scottish Renewables, Scottish Natural Heritage, SEPA
and Forestry Commission guidance).
Where turbines will be within areas of Low or Moderate peat landslide risk further detailed assessment
should be considered alongside mitigation measures should further assessment confirm the slopes potential
susceptibility to failure. In general, mitigation measures should aim to maintain current drainage routes or
divert it to purpose-built drainage networks to reduce the impact on the peat hydrogeology, hydrology and
avoid the surface loading of slopes. These mitigation measures may include the following:
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Avoidance of stockpiling and side casting on slopes considered to be Low to Moderately at risk
of peat landslides or with peat depths >1.0m;



Avoiding discharge of water from excavations onto peat, particularly to the head of peat
covered slopes, flushes, furrows and grips. Wherever possible water should be directed to
purpose-built, reinforced, drainage channels;



The accumulation / ponding of water within excavations should be avoided and pumping out
of excavations should be to purpose built drainage networks;



Upslope of the turbine excavation / base and the crane pads, drainage ditches or culverts may
be constructed to divert flows to a purpose-built drainage network in order to maintain flows
and prevent upslope ponding; and



Adequate drainage should be designed to cater for expected heavy rainfall events such that
there is no possibility of water ponding upslope.

Tracks

Cut / Excavated Tracks
Cut tracks, where the foundation of the track will be on the underlying bedrock or superficial deposits, are
proposed for areas with peat depths <1.0m. Where a cut track is required through areas of Low or Moderate
risk of a peat slide, further detailed investigation will be required to confirm the peat landslide risk
assessment. Where required, mitigation measures should aim to maintain or divert water away from slopes in
order to avoid surface water ponding; and, where peat covered slopes will be undercut, measures must be
included to ensure that the peat is supported. These measures may include the following:


Adequate drainage should be designed to intercept surface water from flushes, peat exposures,
peat grips and drainage ditches. This water should be redirected down slope along a purposebuilt drainage network. This network should be capable of transferring flows during expected
heavy or prolonged rainfall events;



Where upslope ponding occurs, measures should be taken to drain the area to the purposebuilt network;



Drainage outfalls on to the peat or any flushes should be avoided. Where an outfall will drain to
a surface water channel, measures should be installed to avoid erosion and headward gully
formation.

In addition, to avoid water ponding upslope of the track, storage locations for excavated spoil, rock and peat
should be carefully selected to avoid loading moderately stable slopes or slopes with peat depths >1.0m.

Floating Roads/Tracks
Floating tracks are proposed for areas with peat depths >1.0m. Best practice guidance on the design and
construction of floating roads on peat is well documented (NatureScot and Forestry and Land Scotland) and
the guidance and methods presented therein should be implemented during design and construction of
floating tracks.
Where floating roads are required, the route should be subject to detailed ground investigation including an
assessment of the bearing capacity of the peat in relation to the maximum loads it may experience, loading
rates and slope stability. In addition, the route of the floating road should be walked to identify the location
of possible surface and sub-surface peat drainage features crossing the proposed routes in order to target
mitigation measures, which should aim to maintain these drainage routes, but avoid focussing them on to
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susceptible slopes. This may require non-intrusive methods of ground investigation to identify as many of
the sub-surface features as possible.
In addition to the above, further mitigation measures that may be required include:


Surface vegetation and acrotelmic peat should be left in-situ to provide additional strength and
support;



Floating road construction should be conducted at a rate which allows sufficient time for the
peat to ‘rebound’ and regain strength. This may involve applying aggregates in a number of
layers and monitoring of settlement;



Construction of the floating roads should be conducted outward from the starting point so as
to limit loadings directly onto peat by construction traffic;



Measures to limit the weight of delivery vehicles may be required to reduce loading onto the
peat during construction; and



Targeted monitoring of slope stability and ground movement will be required throughout
construction and a detailed monitoring programme should be developed for sensitive areas
prior to construction.

The above mitigation measures will also be required at locations where a displacement crane pad is required.

7.4

Borrow Pits

The Revised Consented Development contains one borrow pit in an area of Negligible Risk. It is understood
that the borrow pit has been consented and partially excavated to obtain rock for the construction of the
main access track. It is assumed that appropriate further assessment and mitigation measures are already in
place to minimise the risk of a peat landslide.

7.5

Side Casting & Stockpiling of Subsoils

A peat management plan detailing the measures for handling and storage of peat and the design and
selection of peat and subsoil storage areas has been prepared separately to this peat landslide risk
assessment. The recommendations of the peat management plan should be followed throughout the
construction of the Revised Consented Development and storage areas should be confirmed through
detailed ground investigation and confirmation of the peat landslide risks at the stockpiling areas.
Storage of excavated materials on slopes with peat depths >1.0m and areas with Low or Moderate peat
landslide susceptibility should be avoided. Where storing of materials in these areas is unavoidable, a
detailed assessment of their stability should be undertaken during the post consent ground investigation and
mitigation measures similar to those for floating and cut tracks should be employed accordingly.

7.6

Other Proposed Development

The proposed temporary construction compound is all located within an area of Negligible Risk of peat
landslides. As such, following ground investigation, construction may be undertaken using normal best
practice methods and the mitigation measures discussed for cut access tracks.
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8.

Conclusions & Recommendations

8.1

Conclusions

A peat landslide risk assessment has been conducted in general accordance with the Scottish Government
best practice guidance document Peat Landslide Hazard and Risk Assessments: Best Practice Guide for
Proposed Electricity Generation Developments (2nd edition, 2017). The preliminary methodology has used a
qualitative assessment of the hazards supported by field observations and a deterministic approach
supported by field observations and published literature.
A number of peat probing surveys and a ground investigation have included a total of 5,363 peat depth
measurements which reveal that approximately 51% of the Development Site has peat depths >0.50m. In
general, peat depths ranged between 0.00m and 4.90m with the deepest peat recorded in localised areas
between turbines 26 and 43 and at or near the locations of turbines 25, 54, 55, 30 and 57.
An assessment of peat landslide likelihood has been undertaken to assess the likelihood of a peat landslide
failure within the Development Site by combining the results of a hazard assessment and the results of the
infinite slope analysis. The results of the infinite slope analysis reveal that under unloaded conditions the
majority of the Revised Consented Development has an F value >1.4 with only two very small areas at
significant distances from wind farm infrastructure that have F values <1.4. In the loaded scenario five areas
of the Development Site have F values <1.4 with the most notable located on the access track between
turbines 26 and 32. The results of the likelihood assessment indicate that there are very few areas considered
to a Likely or higher likelihood of a peat landslide and that the site predominantly has a Negligible or
Unlikely likelihood. The most notable area is approximately 200m north of turbine 32 that was identified as
having a Likely likelihood based on the loaded infinite slope analysis.
A peat landslide risk assessment of the Revised Consented Development, using the method outlined in the
best practice guide, indicates that receptors are considered to be at predominantly a Negligible to Low Risk
of peat slide failure. There is one localised area of Moderate Risk identified to the north of turbine 32. In
addition, comparison of the potential peat landslide risks at the Consented Development and Revised
Consented Development indicates that the risks are comparable (i.e. Low), as the access track layouts pass
through similar lengths of Negligible and Low Risk areas.

8.2

Recommendations

The following recommendation are provided based on the assessments conducted herein.
A post-consent detailed ground investigation is recommended to assist in detailed assessment of peat slope
stability in the most sensitive areas of the Revised Consented Development. The ground investigation should
also aim to establish the nature and geotechnical parameters of the peat and peat substrate interface. It is
recommended that ground investigation information is used to check/verify the peat slope stability
assessments.
It is also recommended that mitigation measures are employed as required, particularly where crossing peat
pipes, flushes, peat grips and drainage ditches. The mitigation measures employed should aim to maintain
the current drainage of the peat, avoid ponding of surface water upslope of the Revised Consented
Development and redirect drainage to a purpose-built network. In addition, monitoring of slopes may be
required where a detailed ground investigation of the proposed infrastructure confirms that sensitive slopes
may be moderately susceptible to peat landslides.
In conjunction with the above, a geotechnical risk register should be developed and maintained by a
Geotechnical Engineer throughout the life cycle of the Revised Consented Development. During construction,
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a Geotechnical Clerk of works should also be present on site to monitor sensitive slopes for movement and
to manage any changes to the peat landslide risks.

June 2021

44

9.

© Wood Group UK Limited

Bibliography

Acreman, M (1991) The flood of July 25th 1983 on the Hermitage Water, Roxburghshire. Scottish
Geographical Magazine, 107(1), pp. 170-178.
Boylan N, Jennings P and Long M (2008) Peat slope failure in Ireland. Quarterly Journal of Engineering
Geology and Hydrogeology, 41(1), pp.93-108.
British Geological Survey, Digital Geology Map, 1:50,000 (BGS DigMapGB-50).
British Geological Survey, Onshore GeoIndex, https://www.bgs.ac.uk/geoindex/, accessed in June 2021.
Carling P A (1986) Peat slides in Teesdale and Weardale, Northern Pennines, July 1983: description and failure
mechanisms. Earth Surface Processes and Landforms 11, pp 193-207.
Crisp DT, Rawes M, Welch D (1964) A pennine peat slide. Geographical Journal, 130(4), pp. 519-524.
Dykes, A.P. and Kirk, K.J. (2006) Slope instability and mass movements in peat deposits. In: Martini, I.P.,
Martinez Cortizas, A. and Chesworth, W. (Eds.) Peatlands: Evolution and Records of Environmental and
Climate Changes. Amsterdam, Netherlands: Elsevier. pp. 377-406.
Dykes, A.P and Warburton, J (2006) Mass movements in peat: A formal classification scheme. Geomorphology
86, pp73-93.
Evans M and Warburton J, (2010) Geomorphology of Upland Peat, Chichester: Wiley-Blackwell.
Forestry Civil Engineering & Scottish Natural Heritage (2010) Floating Roads on Peat: A report into good
practice in design, construction and use of floating roads on peat with particular reference to wind farm
developments in Scotland.
Hanrahan, E.T. Dunne, J.M. and Sodha, V.G. (1967) Shear strength of peat. Proceedings of the Geotechnical
Conference, Oslo, 1, 193–198.
Hobbs N.B (1986) Mire morphology and the properties and behaviour of some British and foreign peats;
Quarterly Journal of Engineering Geology and Hydrogeology, Volume 19, Issue 1, p7-81, February 1986
Hollingshead and Raymond (1972) Field loading tests on muskeg. Canadian Geotechnical Journal, 1972, 9(3):
278-289.
Holden J (2004) Hydrological connectivity of soil pipes determined by ground-penetrating radar tracer and
detection. Earth Surface Processes and Landforms, 29(1), pp. 437-442.
James Hutton Institute (2020) 1:25,000 Soil Map of Scotland, 1:25,000
Kirk (2001) Instability of blanket bog slopes on Cuilcagh Mountain, N.W. Ireland. Unpublished Ph.D Thesis,
University of Huddersfield, UK.
Landva AO and LaRochelle P (1983) Compressibility and shear characteristics of Radforth Peats. In: Jarret PM
(Ed), Testing of Peats and Organic Soils. ASTM Special Technical Publication 820, Philadelphia, pp. 157-191.
Lindsay R and Bragg O (2004) Wind Farms and Blanket Peat: The Bog Slide of 16th October 2003 at
Derrybrien, Co. Galway, Ireland. Co. Galway: Derrybrien Development Cooperative.
Mills AJ (2003) Peat slides: morphology, mechanisms and recovery. Unpublished Ph.D These, University of
Durham, UK.
National Collection of Aerial Photography, http://ncap.org.uk/, accessed in June 2021.

June 2021

45

© Wood Group UK Limited

NatureScot, Carbon and Peatland map 2016, https://www.nature.scot/professional-advice/planning-anddevelopment/planning-and-development-advice/soils/carbon-and-peatland-2016-map
NatureScot, SiteLink Map, https://sitelink.nature.scot/map, accessed in June 2021.
Nichol D (2009) A peat slide at Glenfiddich, East Grampian Highlands, Scottish Journal of Geology, 45, (2), pp
183-186.
Ordnance Survey, Explorer Map 449, Strath Halldale and Strathy Point, 1:25,000, 2015.
Ordnance Survey Terrain 5 Digital Terrain Model (DTM), 2021.
Scotland’s environment website, https://www.environment.gov.scot/maps/scotlands-environment-map/,
accessed in June 2021.
Scottish Government (2017) Peat Landslide Hazard and Risk Assessments: Best Practice Guide for Proposed
Electricity Generation Developments
Scottish Government, Scottish Natural Heritage, SEPA (2017) Peatland Survey; Guidance on Developments on
Peatland, on-line version only
Scottish Renewables, Scottish Natural Heritage, SEPA, Forestry Commisson Scotland, Historic Environment
Scotland, Marine Scotland Science, AEECoW (2019). Good Practice During Wind Farm Construction. 4th
Edition.
Skempton and DeLory (1957) Stability of natural slopes in London Clay. Proceedings 4th International
Conference on Soil Mechanics and Foundation Engineering.
Tomlinson RW, Gardiner T (1982) Seven bog slides in the Slieve-an-Orra Hills, County Antrim. Journal of
Earth Science Royal Dublin Society, 5(1), pp. 1-9.
Verry, Elon & Boelter, Don & Päivänen, Juhani & Nichols, Dales & Malterer, Tom & Gafni, Avi. (2011). Physical
Properties of Organic Soils. Peatland Biogeochemistry and Watershed Hydrology at the Marcell Experimental
Forest. 10.1201/b10708-6.
Warburton J, Higgit D and Mills (2003) Anatomy of a Pennine peat slide, Northern England. Earth Surface
Processes and Landforms 28, pp 457-473.
Wilson P and Hegarty C (1993) Morphology and causes of recent peat slides on Skerry Hill, Co. Antrim,
Northern Ireland. Earth Surface Processes and Landforms, 18(1) pp.593-601.
Warburton J, Holden J and Mills AJ (2004) Hydrological controls of surficial mass movements in peat. EarthScience Reviews, 67(1) pp.139-156.

June 2021

A1

© Wood Group UK Limited

Appendix A
Figures

June 2021

June 2021

