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1

INTRODUCTION

1.1

Sandy Knowe Wind Farm Ltd have submitted an application to the Scottish
Government under Section 36 of the Electricity Act 1989 for consent for a proposed
wind farm development comprising thirty wind turbine generators (WTG’s) with a
capacity of approximately 90MW.

1.2

The site known as Sandy Knowe lies approximately 1.5km southwest of Kirkconnel in
Dumfries and Galloway, Scotland and covers approximately 386 hectares (ha) of
essentially moorland and forestry. The central grid reference for the site is NS 701
106. The site location, site boundary and proposed development layout are shown
on Drawing No. ED11121/005.

1.3

WSP Environmental UK prepared a Peat Slide Risk Assessment (PSRA) to inform the
layout of the proposed wind farm. The PSRA was appended to Chapter 8 of the
Environmental Statement submitted as supporting information to the planning
application.

Following

a

consultation

response

from

Halcrow,

Energised

Environments Ltd commissioned Wardell Armstrong LLP (WA) to carry out a review
of WSP’s report and to prepare an addendum PSRA that addresses the comments
made by Halcrow.
1.4

This Peat Slide Risk Assessment has been undertaken in accordance with the 2006
Scottish Executive document ‘Peat Landslide Hazard and Risk Assessments – Best
Practice Guide for Proposed Electricity Developments’ (hereafter referred to as the
Scottish Executive Guidance, (SEG)). The report reviews the findings from both WSP
and WA to develop an appropriate hazard ranking system and typical and specific
mitigation measures, where appropriate, to the access track and turbine layouts.
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2

SOURCES OF INFORMATION

2.1

The following sources of information relating to the Peat Study Area and surrounding
land were utilised during the assessment:
Table 1: Sources of Information
Information Source

Date

Scale
2m

Ordnance Survey Mapping Data – DTM Format

2013

BGS Solid and Drift Map, NS60NE (Dunside)

1997

BGS Solid and Drift Map, Sheet NS61SE (Corsencon)

1997 1:10,000

BGS Solid and Drift Map, Sheet NS70NW (Barr Moor)

1997

1:10,000

BGS Solid and Drift Map, Sheet NS71SW (Kirkconnel)

1994

1:10,000

Soil Sheet 7: SE Scotland, Soil Survey of Scotland

1981

Contours
1:10,000

1:250,00

0

Macaulay Institute for Soil Research Land Capability for

Agriculture Map Sheet 71 – Lanark and Upper Nithsdale, Soil

1986

1:50,000

-

-

2006

-

2011

-

2006

-

2004

-

2005

-

N.B Hobbs, Mire Morphology and the Properties and Behaviours 1986

-

Survey of Scotland
Geological Conservation Review (GCR) Database on the Joint

Nature Conservation Committee (JNCC)
Scottish Executive Report ‘Peat Landslide Hazard and Risk

Assessments – Best Practice Guide for Proposed Electricity
Developments’
Developments on Peatland: Site Surveys & Best Practice,

Scottish Natural Heritage, SEPA, Scottish Government, The
James Hutton Institute.
Forestry Commission, Scotland Report ‘ Guidelines for the Risk

Management of Peat Slips on the Construction of Low
Volume/Low Cost Roads over Peat’
Lindsay & Bragg Report ‘ Wind Farms and Blanket Peat – A

Report of the Derrybrien Bog Slide’
M Long, ‘ Review of Peat Strength, Peat Characterisation and

Constitutive Modelling of Peat with Reference to Landslides’,
Studia Geotechnica et Mechanica, Vol. XXVII, No. 3-4
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of Some British and Foreign Peats, ‘Quarterly Journal of

Engineering Geology, Vol. 19, pp 7-80
Sandy Knowe Wind Farm – Peat Slide Risk Assessment: Factual

May

Report. Ref: 00020925-001-1 prepared by WSP

2012

Sandy Knowe Wind Farm – Peat Slide Risk Assessment:

May

Interpretive Report. Ref: 00020925-001-2 prepared by WSP

2012
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3

SITE INFORMATION

3.1

Site Location

3.1.1 The site is located approximately 1.5km southwest of the villages of Kirkconnel and
Kelloholm in Dumfries and Galloway, as shown on drawing number ED11121-005.
New Cumnock and Sanquhar are located approximately 6.5km west and 5.9km east
of the site boundary respectively.
3.1.2 The Glenmuckloch Open Cast Coal Mine is located approximately 1.7km north of the
northern site boundary. A local watercourse named, Kello Water, flows in a north
easterly direction below the southern site boundary to join the River Nith at
Kelloholm.

Hare Hill Wind Farm, a development of twenty WTG’s, is situated

approximately 1.7km west of the site.
3.1.3 Several residential properties are located along the A76, with numerous dwellings
clustered in the villages of Kirkconnel and Kelloholm.
3.2

Site Access

3.2.1 Access to the proposed wind farm development is from the A76, from Ayr to
Dumfries road. The Kirkconnel to New Cumnock railway line is approximately 1.5km
north of the site. To the east and southeast of the site boundary runs an unnamed
minor track which leads from the minor road to Kelloholm. No accessible roads are
present on the site itself.
3.3

Topography

3.3.1 The elevations of the site range from between 232m and 448m Above Ordnance
Datum (AOD). The proposed development site generally slopes down toward the
northeast and the River Nith Valley. The highest elevation on the site is located in
the far southwestern corner, near the summit of Polagrie Hill to the west-southwest
of White Hill. The lowest elevation on the site is located in the far northwest of the
site within the Polneul Burn valley.
3.3.2 To assist in the Hazard Ranking System used in this Peat Slide Risk Assessment,
drawing number ED11121-007 was produced using the 2m OS DTM data, which
shows the changes in slope gradient across the proposed development site. This
drawing shows the ranges of slope gradient that are typical for the occurrence or
absence of recorded peat slides, see Table 2.
Table 2: Slope Gradients
ED11121/002
November 2013
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Slope Gradient Range

Slope Angle Range

< 1:20

< 3°

1:10 to 1:20

3° to 6°

1:7 to 1:10

6° to 8°

1:5 to 1:7

8° to 11°

>1:5

> 11°

3.3.3 Gradients on site vary from flat to greater than 1 in 5; those areas in the east are at
shallow gradients (1:20 to 1:7) and those areas to the west of the Polneul Burn,
toward White Hill, High Cairn and Polangrie Hill are steeper (1:10 to >1:5).
3.4

Hydrology

3.4.1 The hydrology of the site and is discussed in detail in Section 8.5 of the
Environmental Statement (ES) and is shown on drawing number ED11121-008. A
similar addendum report to this has been prepared for Chapter 8 to address
consultation responses.
3.4.2 In summary the majority of the proposed development site is within a catchment
area draining to the north into the River Nith in the valley bottom. This river is fed
by a number of burns on site, the largest namely, Polneul and Polmeur; and a few
man-made drainage channels, draining from the restored opencast site. A small area
drains south of site into the Polbroc Burn, which flows in a general easterly direction
parallel to the southern boundary. This then drains into Kello Water prior to flowing
into the larger River Nith in the valley.
3.4.3 The burns, in particular the Polnuel Burn in the western half of the site, have carved
fairly steep sides into the land. Several shallow peat slides were noted on the over
steepened slopes during the site walkover on 11th September 2013. Buffer zones
from the burns and their steep sides will need to be taken into account in the design
of the infrastructure, with loading of the slopes, even from foundations at a distance
from the water’s edge, could lead to slope failure.
3.5

Climate

3.5.1 Taken from ‘WSP’ Interpretive Peat Slide Report:
“The Sandy Knowe District has an unsettled cool climate, with unevenly distributed
annual rainfall and strong winds. Total annual average rainfall appears somewhat
higher than expected compared to much of the Scottish mainland. However, levels of
rainfall reduce rapidly from west to east. Like much of Scotland, the Sandy Knowe
District may receive prolonged and heavy rainfall in any one month but cloudbursts
ED11121/002
November 2013
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appear more common during the late summer, autumn and early winter months.
Typically, April and May are comparatively drier months.
According to the annual rainfall isohyets for 1980 (Meteorological Office, 1984),
Sandy Knowe would expect to receive around 1,400 to 2,000mm of rain per annum.”
3.6

Sensitive Receptors
Environmental Receptors

3.6.1 The Ecology of the site is discussed in detail in Section 6.5 of the Environmental
Statement (ES). A similar addendum report to this has been prepared for Chapter 6
to address consultation responses.
3.6.2 The nearest Special Area of Conservation (SAC) to the proposed development site, is
the SAC of Upper Nithsdale Woods, this SAC is divided into two sites with the closest
site 6.94km to the east. The SAC is designated for Annex 1 Habitats – Tilio-Acerion
forests on slopes, screes and ravines. The distance from the proposed development
site to this special conservation area means it is unlikely that on site peat slide risks
would directly impact upon the SAC.
3.6.3 Two biological Sites of Special Scientific Interest (SSSI), namely the North Lowther
Uplands/Muirkirk, are located 4.01km north and 4.90km northwest of the site,
respectively. These sites form part of the Muirkirk and North Lowther Special
Protection Area (SPA) an area designated for their blanket bog habit. The distance
from the proposed development site to this special protection area means it is
unlikely that on site peat slide risks would directly impact upon the SPA.
3.6.4 Habitats likely to comprise or contribute towards Ground Water Dependant
Terrestrial Ecosystems (GWDTEs) were considered during the extended phase 1
habitat survey, and further consideration of these is presented within Chapter 9 of
the Addendum.
Hydrological Receptors
3.6.5 No conservation or Sites of Special Scientific Interest (SSSI’s) relating to hydrology
are located within the site or on the pathway from onsite waterways to their final
river mouths. Thus, it is unlikely that on site peat slide risks would directly impact
upon a legally designated hydrological receptor. However, there is a risk of on site
peat slides affecting watercourses within and downstream of the site.
Geological Receptors
3.6.6 There is a geological SSSI on the site with three further geological SSSI’s within five
kilometres of the proposed development site.
ED11121/002
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3.6.7 The geological Site of Special Scientific Interest which lies within the proposed
developments’ boundary is the Polhote and Polneul Burns (GCR Reference No.
2822). The Polhote Burn runs parallel with the site boundary approximately 200m to
the west whilst the Polneul Burn runs through the site on a south to north courses to
the River Nith in the valley bottom. These burns are designated SSSIs for their Upper
Carboniferous (Namurian (Part)-Westphalian) stratigraphy. Site design, construction
and layout will need to minimise the effects of potential peat slide risks on these
SSSI’s.
3.6.8 The North Lowther Uplands/Muirkirk Geological SSSIs are located at a distance of
4.01km and 4.9km respectively, and are designated for their geological importance
although they are not identified on the GCR database.

The distance from the

proposed development site to this SSSI means it is unlikely that on site peat slide
risks would directly impact upon the SSSI.
3.6.9 The Lagrae Burn geological SSSI (GCR reference 2823) is designated due to its Upper
Carboniferous strata, however this site is located at a distance of 2.71km north of
the proposed development site, and is located north of Kirkconnel. Due to the
location of the SSSI on the opposite side of the valley to the proposed development
it is unlikely that the peat slide risks on site pose a direct risk of impacting the SSSI.
3.6.10 Consideration will need to be taken to mitigate any impacts upon the Fountainhead
SSSI 2.63km to the west of the site, the geological SSSI lies on the northern slopes of
Hare Hill and is designated due to its mineralogy and former antinomy mine.
Dependent on the site track layout, the proposed development may directly or
indirectly impact upon this site of special scientific interest.
Historical Receptors
3.6.11 There are no designated sites of historical importance within the proposed
development site, however there are ten non-designated historical sites, these
comprise sheep shelters, rees and mining shafts, all of which have low to negligible
importance.
Infrastructure Receptors
3.6.12 There are a number of residential properties and infrastructure such as roads,
railway etc within a 1.2km radius of the proposed development site. Those dwellings
and infrastructure networks downhill or downstream of the site are at the greatest
risk.
3.6.13 Table 3 below shows the residential dwellings and infrastructure that potential peat
slide risks could directly or indirectly impact upon.
ED11121/002
November 2013
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Table 3: Infrastructure Receptors
Name

Type

Distance

Unoccupied

Carserig

Residential

Notes
Any Peat Slide Risk which affects the Polbroc

720m East (T27)

Dwelling

Burn and/or tributaries runs adjacent to this
property

Nether

Residential

912m North

Down slope of the proposed development,

Cairn

and Farm

(T1)

lies adjacent to the Polneul Burn

Road (Ayr-

1.00km North

Dumfries)

(T1)

Residential

1.02km North

Down slope of the proposed development,

Dwelling

(T1)

lies adjacent to the Polneul Burn

Crockroy

Residential

1.03km North

Cottage

Dwelling

(T1)

Polneul

Bridge over

1.04km North

Down slope of the proposed development,

Bridge

Polneul Burn

(T1)

lies adjacent to the Polneul Burn

Residential

1.07km

Dwelling

Southwest (T8)

High

Residential

1.12km

Cairn

Dwelling

Northwest (T2)

Rigg

Residential

1.13km

Farm

Dwelling

Northeast (T30)

Railway

Railway Line

Guildhall

Bridge

A76

Polneul

Hillend

ED11121/002
November 2013

Down slope of the proposed development,

lies adjacent to the Polneul Burn. Runs EastWest

Down slope of the proposed development,

lies adjacent to Rotton Sike a tributary of the
Polneul Burn

The opposite side of the hill to the proposed

developed unlikely to be directly impacted
upon
Downslope of the Polhote Burn
Down slope of the proposed development

1.14km North

Down slope of the proposed development.

(T30)

Runs east-west

Bridge across

1.50km

Downslope (relatively gentle gradient) of the

River Nith

Northeast (T30)

proposed development
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3.7

Geological Review

3.7.1 Superficial and solid geology and hydrogeology are discussed in detail in Section 8.5
of the ES and are summarised below.
Superficial Geology
3.7.2 Superficial deposits that overly the bedrock on the site comprise glacial till, left by
glaciation events (circa 10,000 years ago) and peatlands of post-glacial age. The
glacial till comprises brown and grey brown heterogeneous, silty, sandy, gravelly
boulder clay containing lenses of fluvio-glacial sand and gravels. The glacial till is
generally very compact, poorly stratified, matrix-supported diamictions, containing
angular to rounded clasts.
3.7.3 The peat deposits on site, generally overlie the glacial till, however, in a few places
on the higher ground, the peat lies directly onto bedrock.
3.7.4 The southeast of the site was formerly worked as an open cast coal operation, and
has now been filled using the compacted mine overburden to depths of 60m, with a
thin peat topsoil.
Solid Geology
3.7.5 The solid geology within the site boundary comprises Ordovician age greywackes and
Carboniferous Coal Measures.
3.7.6 In the west of the area, the superficial deposits are underlain by rocks of Ordovician
age (510-440 Ma (Million years ago)), these comprise the Kirkcolm Formation and
the Clackmannan Group. The Kirkcolm Formation was deposited as turbidites within
the Iapetus Ocean, later deforming and folding with the ocean closure. The strata
comprise cyclical highly folded greywackes, sandstones, siltstone and mudstones
generally steeply dipping to the south. The Clackmannan Group of late Dinantian
and Namurian age is found to the far southwest of the site and comprises coarse
sandstone, siltstones, mudstones and limestones with thin coals and ironstones
known as the Lower Limestone Formation.
3.7.7 To the south and east of the site, lies the Carboniferous Coal Measures, part of the
Sanqhuar Coal Field. The Carboniferous strata within the site are predominantly the
Lower Coal Measures, with a small area of Middle Coal Measures in the far south.
The Lower Coal Measures comprise sandstone, siltstone and mudstone in repeated
cycles that most commonly coarsen upwards, but also fine upwards locally, with
seatclay or seatearth and coal at the top. The mudstone and siltstone are usually
grey to black, whilst the sandstone is fine- to medium-grained and off-white to grey
in colour. Coal seams are common and many exceed 0.3m in thickness. The Lower
ED11121/002
November 2013

Page 9

ENERGISED ENVIRONMENTS LTD
Sandy Knowe Wind Farm
Peat Slide Risk Assessment

Coal Measures are generally between 90 and 340m thick. It is the coal seams found
within the Lower Coal Measures that were mined on site through open cast
methods.

The Middle Coal Measures comprise much the same strata as the Lower

Coal Measures, and were deposited during the Duckmantian sub age of the
Westphalian; whilst the Lower Coal Measures were deposited in the slightly older
Langsettian sub age. The Coal Measures generally gently dip northward.
3.7.8 Following deposition of the Carboniferous strata, a number of mafic and semi-mafic
intrusions, intruded through the Lower Coal Measures in the south of the site.
Hydrogeology
3.7.9 The proposed development site appears, in general to be well drained through a
series of natural and manmade drainage channels. However, there are areas of the
site, generally in the centre, which appear poorly drained, with standing water. The
groundwater flow across the site will generally be confined to the rockhead, where
more granular material and fractured rock will form a more permeable zone.
3.7.10 The turbidite sandstone bedrock, of Ordovician age is likely, due its compaction, to
be of low permeability, whilst due to the cyclic nature of the Coal Measures is
expected to be of medium permeability, with its sandstone and coal layers having
greater permeability than its siltstone and mudstones counterparts. The backfill
material in the southeast of the site is likely to be of high permeability, but this will
be dependent on the method of backfill and the availability of fractures within the
backfilled material.

ED11121/002
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4

LAND USE AND GEOMORPHOLOGY

4.1

Historic Land Use

4.1.1 Historically, the site has remained much the same as at present, with the site
predominantly used for agricultural purposes in the form of rough grazing, this is
reflected in the number of drystone sheep rees and shelters that occur within the
proposed development site. However, the area of Libry Moor, was previously an
open cast coal mine, with the open pit within the site boundary reaching depths of
up to 60m (see Report ED11121-REP-001: Mining Assessment Report), this has led to
backfill material of equal depth in this region, limiting the ability to locate WTG’s on
this area.
4.2

Present Land Use

4.2.1 The majority of the proposed development site is currently used for pastoral land,
with the grazing of sheep and cattle; with the exception of the Libry Moor area in the
northeast of the site; which, following its previous use as an open cast coal site is
now forested by pine trees. A number of forested areas surround the site boundary.
4.3

Geomorphology

4.3.1 Geomorphological zonation was undertaken using the data gathered on site and the
Macaulay Institute Soils Map for the area. These geomorphological zones can be
seen on drawing number ED11121-009.
4.3.2 Initially the Soils Map was used to allocate the area into five geomorphological
zones, followed by further subdivisions if the site conditions deemed it necessary.
4.4

Land capable of use only as rough grazing

4.4.1 The land has very severe site, soil or wetness limitations which generally prevent the
use of tractor-operated machinery for improvement. Reclamation of small areas to
encourage stock to range is often possible. Climate is often a very significant limiting
factor. A range of widely different qualities of grazing is included from very steep
land with significant grazing value in the lowland situation to moorland with a low
but sustained production in the uplands. Grazing is usually insignificant in the full
arctic zones of the mountain lands, but below this level grazing land which can be
utilised for five months or longer in any year are included in the class. Land affected

ED11121/002
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by severe industrial pollution or dereliction may be included if the effects of the
pollution are non-toxic.
(6₃) W (Wetness Limitations) –
Description: The vegetation is dominated by plant communities with low grazing
values, particularly heather moor, bog heather moor and blanket bog.
Area of Site: Covers the centre of the site reaching the western and northern
boundaries.
(6₂) S (Soil Limitations) Description: Moderate quality herbage, such as white and flying bent grasslands,
rush pastures and herb-rich moorlands or mosaics of high and low grazing values
characterise land in the division.
Area of Site: Covers a small area in the far southwest of the site at the top of White
Hill.
4.5

Land capable of use as improved grassland

4.5.1 The agricultural use of land in Class 5 is restricted to grass production but such land
frequency plays an important role in the economy of British hill lands. Mechanized
surface treatments to improve the grassland, ranging from ploughing through
rotavation to surface seeding and improvement by non-disruptive techniques are all
possible. Although an occasional pioneer forage crop may be grown, one or more
severe limitations render the land unsuitable for arable cropping. These include
adverse climate, wetness, frequent damaging floods, steep slopes, soil defects or
erosion risks.

Grass yields within the class can be variable and difficulties in

production and particularly utilisation are common.
(5₃) W (Wetness Limitations) –
Description: Land in this division has properties which lead to serious trafficability
and poaching difficulties and although sward establishment may be easy,
deterioration in quality is often rapid. Patterns of soil, slope or wetness may
seriously interfere with establishment and/or maintenance.

The land cannot

support high livestock densities without damage and this may be serious after heavy
rain even in summer.
Area of Site: Covers the most southerly areas of the site in the west running toward
the valley bottom.

ED11121/002
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4.6

Unclassified Ground

4.6.1 Description: Comprises largely opencast backfill up to a depth of 50m, comprising
mixed bedrock from the extraction of coal, the backfill area is now generally
forested.
Area of Site: Covers the southeast region of the site, known as Libry Moor.
4.7

Following the site walkover on 11th September 2013 these areas were further
subdivided according to similarities in geomorphological characteristics, i.e. relief,
elevation, vegetation cover and evident and/or potential areas of active, incipient or
historical peat instability.

4.8

The geomorphological zones readily present on the proposed development site are
identified in Table 4 below and shown on drawing number ED11121-009.
Table 4: Geomorphological Zones

4.9

Zone Number

Zone Description

1

Unclassified Ground – Opencast Backfill

2

Unclassified Ground – Forested Areas

3 (6₃)

Heather Moorland/Bog (Flat Lying) – Significant Peat

4 (6₃)

Heather Moorland/Bog (Slopes) – Significant Peat

5 (6₂)

Grassland/Moorland (Flat Lying) – Some Peat of Shallow Gradients

6 (6₂)

Grassland/Moorland (Slopes) – Some Peat on Shallow Gradients

7 (5₃)

Grassy Hillock – Some Peat on Shallow Gradients

8

Steep Burn Sides – Some Peat and historical peat slide instability

Surface Vegetation

4.9.1 On the Sandy Knowe proposed development site, the surface vegetation is largely
grasses, mosses and reeds, with the following species identified:
•

Sphagnum, Scheuchzeria, Phragmites, Eriophorum, Sedge and Bryales
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5

PEAT SLIDE RISKS

5.1

Peat Failure Characteristics/Mechanisms

5.1.1 Peat landslides represent one end of a spectrum of natural processes of peat
degradation. Longer term processes of degradation include incision and upslope
extension of gully networks by water action, development of subsurface piping
creating extensive sub-surface voids, desiccation cracking and wind erosion of the
top surface of peat deposits, and structural damage caused by burning of frost
action.

Human activity, including burning, farming (grazing), afforestation and

construction may also act to damage the peat resource.
5.1.2 Two broad groups of peat landslide are reported;
•

‘Peat Slide’, a shallow translational failure with a shear failure mechanism
operating within a discrete shear plane at the peat-substrate interface. The peat
surface may break up into large rafts and smaller blocks which are transported
down slope mainly by sliding.

Peat slides correspond in appearance and

mechanism to translational landslides and tend to occur in shallow peat (up to
2.0m) on steeper slopes (5° to 15°); and
•

‘Bog Burst’, a particular fluid failure involving the rupture of the peat blanket
surface or margin due to subsurface creep and/or swelling.

They are

characterised by pear shaped areas of disturbed blanket bog, downslope of the
area of subsidence, there is usually a block and slurry runout zone. Bog bursts
correspond in appearance and mechanism to spreading failures and tend to
occur in deeper peat (greater than 1.5m) on shallow slopes (2° to 10°).
Preparatory Factors
5.1.3 A number of hydrological and geomorphological preparatory factors operate in
peatlands which act to make peat slopes increasingly susceptible to failure without
necessarily initiating failure. Triggering factors change the state of the slope from
marginally stable to unstable and can be considered as the ‘cause’ of failure. These
preparatory and triggering factors are:
5.1.4 Preparatory Factors (Reduction of peat stability in the medium to long term):
•

Increase in mass of the peat slope through progressive vertical accumulation;

•

Increase in mass of the peat slope through increase in water content;

•

Reduction in shear strength of peat or substrate from changes in physical
structure caused by progressive creep and vertical fracturing (tension cracking),
chemical or physical weathering or clay dispersal in the substrate;
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•

Loss of surface vegetation and associated tensile strength; and

•

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

5.1.5 Triggering Factors (Initiation of slope failures, which may be slow to rapid):
•

Intense rainfall causing development of transient high pore-water pressures
along pre-existing or potential rupture surfaces;

•

Snow melt;

•

Rapid ground accelerations (earthquakes) causing a decrease in shear strength;

•

Alterations to drainage patterns generating high porewater pressures;

•

Peat extraction at the toe of the slope, i.e. fluvial incision, cut slopes, etc,
reducing the support of the upslope material; and

•

Peat loading commonly due to stockpiling or plant during construction causing
an increase in shear strength.

5.1.6 The natural factors considered to have the potential for a peat slide to occur would
typically include:
•

Relief: The combination of slope gradient and variation in elevation can result in
confines and unconfined zones, where undulating or hummocky terrain exists,
the natural relied has the potential to mitigate the occurrence of a peat slide.
However, convex sloping hillsides (unconfined) can increase the hazard
potential;

•

Peat Strength and Depth: The correct estimation of the shear strength of the
peat is a major aspect in the correct assessment of the landslip risk. However,
due to the influence of fibres within the deposits and of stratification with
depth, i.e. fibrous through to amorphous, etc, reliable shear strength values are
difficult to determine. Peat depth is the main indicator of potential slips,
however, when combined with other instability indicators, any depth of pet
could potentially fail;

•

Slope gradient: As mentioned previously gradients greater than 2° have a
greater likelihood of failure, either by bog burst of peat slide. Deposits with a
shallower gradient are less susceptible to failure;

•

Hydrology: Surface and subsurface drainage pathways may lead to an increased
peat mass due to the absorption of water, thus reducing shear strength at the
base of the base;

•

Vegetation Cover: The stages of vegetation cover are determined by hydrology,
with the presence of specific plant communities indicating both the presence of
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peat and also its hydrology condition or stage and thus the likelihood of failure;
and
•

Evident and/or potential areas of instability: The presence of any of the
geomorphological characteristics, mentioned below, signify an increased peat
instability risk in the area.

However, areas which display none of the

characteristics may still be at risk of peat failure.
5.2

Geomorphological Characteristics of Potential Instability

5.2.1 The following geomorphological characteristics are also indicative of potential
instability:
•

Historical failure scars and debris;

•

Tension cracking and tearing;

•

Compression ridges/thrusts or extrusions;

•

Peat creep;

•

Subsurface drainage (piping);

•

Seeps and springs;

•

Cracking due to drying;

•

Concentration of subsurface drainage networks; and

•

The presence of organic clays at the base of the peat.
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6

SITE INVESTIGATION

6.1

Previous Site Works (WSP Environmental UK)

6.1.1 WSP Environmental UK undertook a Peat Slide Risk Assessment during March and
April 2012.
Methodology
6.1.2 The following, is the methodology utilised by WSP for their Peat Slide Risk
Assessment, taken from their Factual Report (Ref 00020925-001-1):
1. A desk study concerning peatslides in general and the occurrence of peatslides in
the region around Sandy Knowe in order to focus upon the development of
hazard models and provide an estimation of the nature, size (magnitude) and
frequency characteristics of peatsliding events deemed to have immediate
background relevance to this study.
2. A field survey in order to estimate the size, frequency, likelihood and
consequences of peatslide events by identifying and delineating specific hazardprone areas or individual slopes within the proposed development site at Sandy
Knowe that are likely to be more prone to failure than other, through the
following:
a. Evidence of previous peatslide activity and slope instability as an indicator
and guide to future ground movements by walkover inspections;
b. Observations of sinkholes and investigation of sub-profile drainage by
using a listening-stick;
c. Measurements of peat depths by using a 5m aluminium probe rod;
d. Obtaining bulk samples by excavation of trial pits;
e. Obtaining core samples using a gouge auger;
f. Determinations of peat shear strength using a Pilcon hand-vane field
instrument;
g. Measurements of slope gradients using a Suunto Type PM-10/360PCT
Precision Inclinometer; and
h. Location of turbine positions and access track routes by using a Garmin
GPSmap 62s handheld GPS.
3. The information and data obtained were incorporated in the main survey using
the Peatslide Hazard Rating System developed by Nichol 2006, the author of the
WSP Peat Slide Reports.
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4. Laboratory testing to determine the engineering characteristics of the peat
profile at Sandy Knowe.
6.1.3 Results Summary
Peat Slides
Six existing peat slides were identified within the site and their locations are shown
on drawing number ED11121-009.
Peat Depths
The peat depth probing was undertaken on a 200m grid basis, and individual peat
slide risk assessments were undertook for 96No. probe locations. Peat thicknesses
range from 0.02m to 2.02m.
Shear Strength
Shear strength values range from 6kPa to 39kPa, with a default of 50kPa at sites not
tested using the Pilcon hand-vane field instrument.
Peat Profile and Von Post Classification
‘The peat profile at Sandy Knowe comprises a layer of dark brown and black fibrous
peat with occasional bands of woody material in places. It extends downwards from
the present-day root mat at the top of the boundary with the underlying material at
the bottom. The underlying material is either rock in a few areas but predominantly
glacial boulder clay or fluvioglacial sand and gravels.
Based on the extended von Post classification system, the following engineering
characterisation of representative peat profile at Sandy Knowe applies;
S Er H₇ B₃ F₂ R₂ W₁ N₄ T₂ A₀ P₀ pHL
Where;
S = Spagnum, Er = Cotton-Grass, H₇ = Strong Decomposition, B₃ = Average Water
Content, F₂ = Moderate Content of Fine Fibre’s, R₂ = Moderate Content of Coarse
Fibers, W₁ = Low Content of Wood and/or Shrub Remnants, N₄ = Organic Content 95
to 80%, T₂ = Moderate Tensile Strength (2 to 10kN/m²), A₀ = No Smell, P₀ = Plastic
Limit Test Not Possible, and pHL = Acidic pH.
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Laboratory Results
Moisture Content Tests were undertaken by Jacobs Engineering UK, 5No. tests were
undertaken on samples taken at depths between 0.11 and 1.04m; moisture content
of the peat varied from 345% to 767%.
Peatslide Slide Hazard Ranking
Peatslide risk was determined using a semi-quantitative analysis of the individual
peat probe locations, with an overall hazard value of between 0 and 600. The
majority of the site, using this rating system fell within the 0 to 200 range, indicating
a low risk, whilst 5No. probe locations (out of 96No.) fell within the medium risk zone
of 200 – 400.
6.2

WA Site Works

6.2.1 Wardell Armstrong LLP visited the site during the week beginning the 2nd September
2013 and again to undertake general walkover and some ground investigation on the
11th September.
6.2.2 Site works included:
•

Peat depth probing using a 3m pole along the track layout and at turbine
positions;

•

Gouge augering;

•

Von Post classification tests at five proposed turbine locations; and

•

Shear vane tests using a hand vane test instrument at the same five proposed
turbine positions.

Methodology
Desk Study and Site Walkover
6.2.3 A desk study review (Chapters 3, 4 and 5 of this report) was undertaken prior to the
initial site walkover, where previously documented data from the site was reviewed,
including, but not limited to; the Macaulay Soils/land use maps and memoirs,
geological maps (solid and drift), aerial satellite imagery and a 2m contour digital
terrain model.
6.2.4 The site walkover was combined with a ground investigation on a proportion of the
proposed turbine locations, in order to verify the average results for the site are
acceptable for the majority of turbine locations.
6.2.5 Any peat characteristics and/or previous failures noted during the site walkover are
described in paragraph 6.2.21.
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Ground Investigation
6.2.6 The peat probe exercise was undertaken to determine the peat depth in regards to
the proposed site layout, peat depths were recorded on a 100m basis along the site
track layout and further peat depths were taken at the proposed turbine locations
along with a peat depth at 30m to the north, east, south and west of the turbine
position. The positions of the peat probes and the depth recorded are shown on
drawing number ED11121-005.
6.2.7 Two collapsible aluminium avalanche poles were used to measure the peat
thickness; at each test location the pole was inserted vertically into the ground
through the peat layer until the harder clay layer was intersected. Local ground
conditions and flora were also noted at each location.
6.2.8 The turbine and track layout over the forested areas were not probed for peat
depth, this was due to the inaccessibility of the area, and location of the area on the
opencast backfill, where only a thin peat layer is likely to be present placed during
restoration works.
6.2.9 This visit recorded a further 126 No. peat depths at turbine locations and 100No.
positions along the track, in addition to the 96 No. undertaken by WSP
Environmental UK.
6.2.10 Five turbine locations were selected at random to confirm that the extensive ground
investigations undertaken by WSP are appropriate for use in the assessment of
individual proposed turbine locations.
6.2.11 At each location a gouge auger was inserted to approximately half the depth of the
locations known peat depth, and a small core of peat material was extracted. This
extracted peat was then reviewed in accordance to the basic von Post Classification;
where plant species, peat content and degradation are used to determine the peat
morphology.
6.2.12 A hand shear vane instrument was used to take three shear strengths at each of the
five locations, with one shear strength being determined at 50cm depth intervals
down the peat profile, to help determine the peat strength variations with depth.
von Post Classification
6.2.13 The von Post classification attempts to describe peat and the structure in
quantitative terms, with the basic classification covering 6 peat variations, including;
•

Plant Species Designation: Determination of the plant species surrounding the
site, and cataloguing them in order of principality.
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•

Humification: The degree of humification is graded on a scale from 1 to 10, and
indicates the level of decomposition that has occurred within the peat.

•

Water Content: The water content of the peat ranging from 1 (dry) to 5 (very
high).

•

Fine Fibres: The content of fine fibres found within the peat.

•

Coarse Fibres: the content of coarse fibres found within the peat.

•

Wood and Shrub Remnants: The content, if any, of wood or shrub remnants
within the peat.

Results
6.2.14 A total of 322 peat depth locations (96 from WSP and 226 from WA LLP) were
determined, a summary of the results is given in Table 5 below. Details of the
individual probe records are attached at Appendix A.
Table 5: Peat Depth Summary
Peat Depth Range

No. of Peat Probes

Percentage of Total (%)

< 0.50m

140

43%

0.50 – 1.00m

94

29%

1.00 – 1.50m

57

18%

1.50 – 2.00m

22

7%

> 2.00m

9

3%

6.2.15 Peat thicknesses across the site vary, from 1cm to 2.80m, with an arithmetic average
of 73cm. The majority of the site has peat depths less than 1m however in isolated
areas in the central area, southern and western areas, peat thicknesses are up to 2m,
only in a couple of locations is the peat thickness greater than 2m. The range of peat
thicknesses, modelled from the individual probe data, is shown on drawing number
ED11121-006
6.2.16 The turbine numbers and their respective average peat depth (based on an
arithmetic average of the peat depth of the actual turbine location and those peat
depths of 30m, north, south, east and west of the position) are detailed in Table 6.
6.2.17 Eight of proposed turbine positions are expected to be on peat greater than 1m
deep.
6.2.18 The results of the ground investigations undertaken at five of the proposed turbine
positions; namely T13, T10, T15, T19 and T17 are detailed in Table 7.
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Table 6: Peat Depth Expected at each turbine location
WTG No.

Min

Max

Average

WTG No.

Min

Max

Average

1

15cm

57cm

43cm

13

105cm

224cm

145cm

2

41cm

140cm

103cm

14

10cm

45cm

32cm

3

60cm

178cm

111cm

15

36cm

78cm

49cm

4

72cm

132cm

110cm

16

128cm

225cm

183cm

5

88cm

151cm

126cm

17

42cm

126cm

72cm

6

10cm

157cm

65cm

18

22cm

114cm

51cm

7

30cm

71cm

47cm

19

62cm

156cm

106cm

8

41cm

128cm

74cm

20

72cm

114cm

85cm

9

26cm

106cm

63cm

21

16cm

53cm

37cm

10

58cm

121cm

88cm

22

27cm

80cm

46cm

11

121cm

210cm

155cm

23

42cm

101cm

64cm

See note
12

10cm

41cm

27cm

on

24-30

forested
areas*

*Note: Forested areas not peat probed, due to inaccessibility of the area, and due to the areas location on the opencast backfill,
only a thin peaty restoration soils are likely to be present.

6.2.19 Shear Vane Test (1) was taken within the initial 0.5m of peat, test (2) was in the
subsequent 0.5m and so forth.
6.2.20 Both the peat profile and the shear strength of the peat are consistent with those
averages given by WSP Environmental UK.

Strength

Shear

Von Post Classification

Table 7: Ground Investigation Results
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WTG No.

13

10

15

19

17

Peat Thickness

1.31m

0.70m

0.36m

1.00m

0.84m

Plant Species Designation

S B Er Sch

S Er Ph

S B Er

S B Ph

S B Er Ph

Humification

H₇

H₈

H₈

H₈

H₇

Water Content

B₃

B₂

B₂

B₂

B₃

Fine Fibres

F₂

F₂

F₂

F₂

F₂

Coarse Fibres

R₂

R₂

R₂

R₂

R₂

W₁

W₀

W₀

W₀

W₀

Shear Vane Test (1)

32

29

12

36

19

Shear Vane Test (2)

26

20

-

18

16

Shear Vane Test (3)

14

-

-

-

-

Wood and Shrub

Remnants
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Peat Characteristic Observations
6.2.21 As illustrated on the peat depth contours plan drawing number ED11121-006, the
majority of the site has peat depths less than 1.00m; with none of the site measured
showing no peat present. Areas where peat is greater than 1.00m are generally on
those areas with a slope gradient of less than 1:10.
6.2.22 Where peat was exposed on site, the deposits ranged from dark brown to black,
fibrous to amorphous peat, and showed signs of drying, desiccation and cracking,
potential indicators of peat instability.
6.2.23 A number of peatslides and peat slumps localities were identified by WSP
Environmental UK, these localities are shown on Drawing ED11121-009.
6.2.24 Several signs of historic peat instability and potential future risk indicators were
noted during the site walkover and peat depth probing; these were generally located
in the southwest and west of the site where the peat thickness is greater, however,
peat failures were also noted on steeper slopes with shallower peat on the burn
sides.
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7

HAZARD ASSESSMENT

7.1

The SEG Guidance document outlines a methodology for analysing the risk of peat
failure, modified by Winter et al (2005). Where the Hazard Rank for a specific area
can be determined by:
Hazard Ranking = Hazard x Exposure
Winter et al (2005) define these terms as follows:

7.2

•

Hazard: The likelihood of the (peat) landslide event occurring.

•

Exposure: The impact and consequence that the event may have.

Methodology

7.2.1 The Hazard Ranking exercise assessed the likelihood of peat failure occurring and the
impact of such a failure on the local habitats and other identified receptors.

The

proposed wind farm site was split into discrete areas, where similar characteristics
were present and a hazard ranking score assigned to each of these areas.
Hazard
7.2.2 A peat landslide hazard zonation plan and accompanying risk register should be
prepared, with the zoning reflecting the number of instability indicators in each
zone, including peat depth, slope gradient and incipient, active or historical peat
instability evidence, vegetation cover, hydrology etc.
7.2.3 With regards to the instability factors, peat depth and slope gradient are considered
to the principal factors, since without both of these the peat slide hazard would be
zero. Assuming, an appropriate peat depth and slope gradient exist to generate a
hazard, the other ‘secondary’ factors listed are considered to have the potential to
exacerbate or mitigate the likelihood of failure.
7.2.4 The primary factors on this site, namely peat depth and slope gradient were
assessed separately on the SEG proposed scale ranking system, ranking the
likelihood of an event from 1 to 5, 1 representing very low or negligible probability of
occurrence, whilst, 5 represents an extremely high probability of event occurrence.
7.2.5 To assess the peat depth on this scale the following table was used with each area
assessed a different value:
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Table 8: Hazard Scale (Peat Depth)
Scale

Value/Indicator

Hazard (Likelihood)

1

<0.50m

Negligible

2

0.50 – 1.00m

Unlikely

3

1.00 – 1.50m

Likely

4

1.50 – 2.00m

Probable

5

>2.00m

Almost Certain

7.2.6 Due to the general thickness an characteristics of the peat within the area the slope
gradient hazard ratings reflects peat slide as the principal hazard, as the conditions
are not considered consistent with bog bursts.
7.2.7 To assess the Slope Gradients, the following table was used:
Table 9: Hazard Scale (Slope Gradient)
Scale

Value/Indicator

Hazard (Likelihood)

1

<1:20

Negligible

2

1:14 to 1:20

Unlikely

3

1:10 to 1:14

Likely

4

1:5 to 1:10

Probable

5

>1:5

Almost Certain

7.2.8 Following this ranking the scores from each factor, apart from if either score is equal
to 1 are added together, the total being divided by two to give an average rank for
the two primary factors.

7.2.9 Separate to this ranking system, where experience of the site and local peat
conditions are known, a third score may be deemed appropriate to use.
Exposure
7.2.10 The exposure rank is determined by reviewing the potential risk on the peat study
area and its surrounding areas should a peat slide event occur. For the purposes of
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this assessment only those features with environmental or historical importance or
the potential for effect on the public have been considered.
7.2.11 These are:
•

Watercourses and drainage systems within and surrounding the site;

•

Polneul and Polhote Burns (SSSI’s);

•

Groundwater Dependent Terrestrial Ecosystems;

•

North Lowther Uplands/Muirkirk, Fountainhead, Lagrae Burn Sites of Special
Scientific Interest (SSSI);

•

Upper Nithsdale Woods SAC;

•

Private Dwellings; and

•

Public Roads

7.2.12 It is observed that the peat study area forms part of the catchment for both the
Polneul and Polmeur Burns in the south of the site and the Polbroc Burn to the
south.

These are both tributaries to the River Nith, the entirety of which is

important locally for fishing, including salmon, brown and sea trout. These features
mean the potential to impact on the watercourses which flow from outside of the
site is a consideration for the exposure assessment.
7.2.13 Other potential features, within the peat study area, which a peat slide could
potentially impact, include the proposed turbines, new access tracks and existing
roads running outside the area, and surrounding farmland and public dwellings.
7.2.14 Based on the above, the scale of 1 to 5 shown in Table 10 below has been
determined and used to classify the impacts considered appropriate for this site:
Table 10: Exposure Scale
Scale

Hazard Zone

Exposure (Impact)

1

no direct impact receptors

2

Potential to indirectly impact on public roads/footpaths

3
4
5

Very Low Impact

Potential to indirectly impact upon tributaries of significant

watercourses or onsite drainage channels
Potential to indirectly impact on dwellings, significant

watercourses or areas of important habitat GWDTE or SSSI
Potential

to

directly

impact

on

dwellings,

significant

watercourses or areas of important habitat GWDTE or SSSI
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Hazard Ranking
7.2.15 Following the identification of the above hazards, it is possible to categorise each
hazard zone by multiplying the likelihood of the hazard by its potential impact. The
SEG suggested matrix tables are shown below:
Table 11: Hazard Ranking
Hazard Ranking

1-4

Negligible

Action Suggested
Project should proceed with monitoring and mitigation of peat

landslide hazards at these locations as appropriate
Project may proceed pending further investigation to refine

5-10

Low

assessment and mitigate hazard through micrositing or redesign at
these locations
Project should only proceed if hazard can be avoided or mitigated

11-16

Medium

at these locations, without significant environmental impact, in
order to reduce hazard ranking to low or less
Project should only proceed if hazard can be avoided or thorough

17-25

High

extensive investigations and without significant environmental
impact, specific mitigation measures can be put in place at these
locations to reduce hazard ranking to low or less.

HAZARD

Table 12: Hazard Matrix
1

Low

Negligible

Negligible

Negligible

Negligible

2

Low

Low

Low

Negligible

Negligible

3

Medium

Medium

Low

Low

Negligible

4

High

Medium

Medium

Low

Negligible

5

High

High

Medium

Low

Low

5

4

3

2

1

EXPOSURE

7.2.16 For each of the separate hazard zones, the hazard was assessed using this approach.
The detailed assessment for each individual area is presented in Appendix B, with
the hazard ranking zonations shown on Drawing ED11121-010.
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Table 13: Hazard Zones
Hazard Zone Hazard Ranking Hazard Zone Hazard Ranking
1

Low

10

Negligible

2

Low

11

Low

3

Medium

12

Low

4

Medium

13

Medium

5

Medium

14

Low

6

Negligible

15

Low

7

Medium

16

Low

8

Negligible

17

Negligible

9

Low

18 a & b

High

7.2.17 The proposed development site is split north-south by risk, with those proposed
turbine locations in the east of the area, generally having shallower than 1.5m peat
depth, but on steep slopes with a locality close to impacting upon a SSSI, these
characteristics leading to much of the eastern part of the site with a low or medium
hazard risk. Immediately adjacent to the Polneul and Polmeur burns the risk
increases to the lower limits of the high ranking.
7.2.18 In contrast, although the western area of the site shows peat depths consistent to
allow a peat slide risk, with peat depths greater than 1.5m in many places, and an
exposure risk is present, due to the shallow gradient across the west of the site; the
majority of the area has a negligible or low hazard risk.
7.2.19 The exception to this, the areas to the west where through site reconnaissance, peat
creep, desiccation and cracking have increased the hazard risk in these areas to low
or medium.
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8

RISK REGISTER AND MITIGATION

8.1

Risk Register

8.1.1 The Peat Slide Risk Assessment has shown that the majority of the site is generally to
be of negligible/low hazard.
8.1.2 Across the peat study area five areas have been identified as medium ranking, all
characterised by peat greater than 1m on a relatively steep gradient, in an area
where the occurrence of a slide could have a significant environmental impact. It is
noted that the characteristics giving rise to the medium ranking does not exist over
the full extents of each area, however, it is of sufficient presence to dominate the
ranking result.
8.1.3 Two areas have been identified as high ranking, both characterised by peat less than
0.50m on a steep gradients, in an area where the occurrence of a slide could have a
significant environmental impact.
8.1.4 For the areas with a medium and high risk ranking, the following risk register has
been outlined, with specific risk mitigation measures, which, if adopted, will allow
the reduction of the hazard ranking to a low or negligible risk.
8.1.5 Notwithstanding the specific mitigation in the highlighted risk areas, it remains
necessary for detailed site investigation, design and construction of the development
infrastructure to be undertaken in a competent and controlled manner. These
detailed ground investigations will be undertaken prior to construction to inform the
detailed design of access tracks and turbine foundations and will also inform all
future micrositing of infrastructure to ensure peat slide risk is minimised.
8.1.6 It should be noted that the suggested measures are not exclusive and other forms of
mitigative actions may well be appropriate and should be developed and
implemented by those responsible for the detailed design and construction of the
scheme.
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Table 14: Risk Register
Hazard

Infrastructure

Area

Element

Unmitigated Hazard

Mitigated
Specific Mitigation

Hazard

Hazard

Key Aspects

Ranking

Ranking
•

The turbine has been located in an area where the peat depth is on
average 65cm, the exact turbine location being 85cm. Whilst the
peat depth itself is not itself giving rise to the medium risk ranking,
the slope gradient and the proximity to the Polneul Burn gives a too
greater risk for exposure. The turbine position will need to be

WTG 9

microsited to the west to lower the hazard rating, subject to the
•

hillock with some peat on shallow

•
3

Medium
•
•

results of the pre-construction intrusive ground investigations.

Geomorphological Zone 7 – Grassy
•

Micrositing around the new turbine position will be required to

gradients.

ensure as thin peat as possible (preferably <0.50m) to limit the

Peat Depth up to a maximum 1.40m,

loading and possible failure on the burn slopes, and to ensure the

but typically between 0.50 and 1.00m.

turbine is located on a slope gradient less than 1:10.

General area slope gradient of 1:10 to

•

The turbine has been located in an area where the peat depth is on

1:5.

average 88cm, the exact turbine location being 70cm. Whilst the

Zone could directly impact on the

peat depth itself is not itself giving rise to the medium risk ranking,

Polneul Burn SSSI, and indirectly impact

the slope gradient and the proximity to major tributaries of the

upon dwellings to the south of the site.

Polneul Burn gives a too greater risk for exposure. The turbine

WTG 10

position will need to be microsited further southwest to lower the
hazard rating, subject to the results of the pre-construction
intrusive ground investigations.
•

Micrositing around the new turbine position will be required to
ensure as thin peat as possible (preferably <0.50m) to limit the
loading and possible failure on the burn slopes, and to ensure the
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Hazard

Infrastructure

Area

Element

Unmitigated Hazard

Mitigated
Specific Mitigation

Hazard

Hazard

Key Aspects

Ranking

Ranking
turbine is located on a slope gradient less than 1:10.

•

Peat greater than 1m thickness and sloping ground exists in several
parts of this area. The alignment of the road needs to be adapted
to minimise interaction with the peat hazard and slope gradients
greater than 1:10 as far as possible using the results of the surveys
conducted, and subject to the results of further pre-construction
intrusive ground investigations.

•

Alignment should be checked as part of construction detailed design
and micrositing adopted if required to maintain the design objective

Access Track

of routing the road through shallow peat and acceptable gradients.
•

If unable to avoid this condition then excavated road construction
should be adopted, with buttressing of uphill slopes if required. A
route needs to be designed through the area to minimise this as far
as possible.

•

Medium ranking remains in overall hazard area and should be
acknowledged should subsequent amendment to the infrastructure
impact on this area.

•
4

WTG 4

Geomorphological Zone 4 – Heather
Moorland/Bog (Slopes) Significant Peat

Medium
•

Peat Depth up to a maximum 1.80m,
but typically between 1.00 and 1.50m.

ED11121/002
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•

The turbine has been located in an area where the peat depth is
0.85m hence avoiding the peat depth characteristics that give rise
to the medium ranking, however, the turbine will require
micrositing to ensure a safe distance from areas of historic peat
failure.
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Hazard

Infrastructure

Area

Element

Unmitigated Hazard

Mitigated
Specific Mitigation

Hazard

Hazard

Key Aspects

Ranking
•
•
WTG 5

General area slope gradient of 1:20 to

•

The turbine has been located in an area where the peat depth is

greater than 1:5.

1.35m combined with a steep gradient, leading to a risk of peat

Historic Peat Failures P-S3 and P-S4

failure.

recorded by WSP on the slopes of

•

Ranking

•

Further targeted ground investigations will be undertaken at this

Macan’s Burn.

location prior to construction to identify a suitable microsited

Zone could indirectly impact on the

position which has a peat depth of less than 0.5m and a slope

Polneul Burn SSSI, and indirectly impact

gradient less than 1:10.

upon dwellings to the south of the site.

The turbine has been located in an area where the peat depth is
0.45m (although depths reach 1.57m in close proximity – within
30m) hence avoiding the peat depth characteristics that give rise to
the medium ranking. However, the turbine will require micrositing

WTG 6

for slope gradient, following completion of targeted ground
investigations prior to construction, to ensure the turbine is located
on a slope gradient less than 1:10.
•

Peat greater than 1m thickness and sloping ground exists in several
parts of this area. The alignment of the access track needs to be
adapted to minimise interaction with existing peat slides, the peat
hazard and slope gradients greater than 1:10 as far as possible using

Access Track

the results of the surveys conducted, and subject to the results of
further pre-construction intrusive ground investigations.
•

Alignment should be checked as part of construction detailed design
and micrositing adopted if required to maintain the design objective
of routing the access track through shallow peat and acceptable
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Hazard

Infrastructure

Area

Element

Unmitigated Hazard

Mitigated
Specific Mitigation

Hazard

Hazard

Key Aspects

Ranking

Ranking
gradients.
•

If unable to avoid this condition then excavated road construction
should be adopted, with buttressing of uphill slopes if required. A
route needs to be designed through the area to minimise this as far
as possible.

•

Medium ranking remains in overall hazard area and should be
acknowledged should subsequent amendment to the infrastructure
impact on this area.

•

Geomorphological Zone 4 – Heather
Moorland/Bog (Slopes) Significant Peat

•

Peat Depth up to a maximum 1.20m,
but typically between 0.20 and 0.80m.

•
5

-

General area slope gradient of 1:7 to
greater than 1:5.

Medium
•

Not Required

Historic Peat Slide P-S5 recorded by
WSP in this area on the side slopes of
Red Sike.

•

Zone could directly impact on the
Polneul Burn SSSI, and indirectly impact
upon dwellings to the south of the site.

•
7

WTG 8
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Medium

Geomorphological Zone 6 –

•

The turbine has been located in an area where the peat depth is

Grassland/Moorland (Slopes): Some

0.74m hence avoiding the peat depth characteristics that give

peat on shallow gradients

rise to the medium ranking, however, the turbine will require
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Hazard

Infrastructure

Area

Element

Unmitigated Hazard

Mitigated
Specific Mitigation

Hazard

Hazard

Key Aspects

Ranking
•
•

Ranking

Peat Depth up to a maximum 1.80m,

micrositing for slope gradient, following completion of targeted

but typically between 0.50 and 1.00m.

ground investigations prior to construction, to ensure the

General area slope gradient of 1:20 to

turbine is located on a slope gradient less than 1:10.

greater than 1:5.
•

Zone could directly impact on the
source of the Polneul Burn SSSI.

•

Geomorphological Zone 3 –
Grassland/Moorland (Flat Lying): Some
peat on shallow gradients

•
13

WTG 21

Peat Depth up to a maximum 2.20m,

•

minimal (<0.50m) hence avoiding the characteristics that give

but typically between 1.00 and 1.50m.

Medium
•

General area slope gradient of 0 to 1:7.

•

Zone could directly impact on the

rise to the medium ranking. The location is also sufficient

Low

distance from the historic peat failure, which was in a thicker
peat area.

Polbroc Burn
•

The turbine has been located in an area where the peat depth is

Historic peat failure P-S6 recorded by
WSP in this area.

14

15

Access Track

WTG 18 and
Access Track
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Medium

•

•

Historic peat failure P-S1 recorded by

Low

existing peat slide.
•

Microsite turbine18 and the crane pad to the west to avoid peat
deposits >1.0m.

WSP in this area but distant from
proposed infrastructure.

Alignment should be checked as part of construction detailed
design and micrositing adopted to minimise interaction with the

WSP in this area.

•
Medium

Historic peat failure P-S2 recorded by

•

Microsite access track and watercourse crossing to minimise
loading on peat.
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Hazard

Infrastructure

Area

Element

Unmitigated Hazard
Specific Mitigation

Hazard

•

•

Crossing

•

Peat Depth up to a maximum 0.80m,

SNH/British Geological Survey (BGS).
•

Bridge abutments/piers to be founded on bedrock to avoid
loading of soils.

General area slope gradient of 1:7 to
•

Thin peat soils to be locally removed from the crossing point and
used in restoration works

Historic Peat failures noted in this area
on burn sides.

•

Micro-site the crossing point following detailed topographical
survey, inspection of any bedrock exposures and liaison with

greater than 1:5.
•

•

slide instability
but typically between 0.20 and 0.60m.
High

Ranking

Geomorphological Zone 8 – Steep Burn
sides – some peat and historical peat

Polneul Burn

Hazard

Key Aspects

Ranking

18a

Mitigated

•

Consultation with SNH and BGS regarding the opportunity to

Zone could directly impact on the

create clean exposures of the bedrock stratigraphy where soils

Polneul Burn SSSI, and indirectly impact

are to be removed with improved access for research.

upon dwellings to the south of the site.
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8.2

Mitigation Measures

8.2.1 Embedded mitigation measures includes those measures taken during the
development of the detailed design for the site, the principal measures for the peat
slide risk were;
•

Locating all elements of infrastructure to avoid, where possible, areas where
slopes are greater than 10% and peat depth is greater than 1m;

•

Locating all infrastructure on areas with shallow slopes, where possible; and

•

Locating all infrastructure on areas with shallow peat, where possible.

8.2.2 Areas with the above limitations are very limited on the site, and restricted to small,
isolated locations, as a result, it is generally deemed possible to locate all
infrastructure away from ‘at risk’ zones, exceptions to this are set out in the risk
register.
8.2.3 Works and mitigation to be undertaken by the Construction Contractor include:
•

Development of drainage systems that will not create areas of concentrated
flow and that do not substantially affect the current hydrological regime of the
peat;

•

Identification and demarcation of areas of sensitive drainage or hydrology prior
to commencement of works;

•

Maintenance of drainage system;

•

Specific peat related construction methods for associated access tracks;

•

Construction to be supervised by qualified and experienced geotechnical
personnel;

•

Development and construction of a suitable drainage system for tracks and
hardstanding that will require minimal maintenance; and

•

Where the site roads are aligned along peat-covered sidelong ground, then the
upper slopes will be buttressed. The road cross sections will be designed to
provide as great a stabilising effect to the upper slope as possible, the vertical
alignment carefully considered to minimise excavation in front of the road
construction.
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9

CONCLUSIONS

9.1

A Peat Slide Risk Assessment has been undertaken for the proposed wind farm
development at Sandy Knowe, Dumfries and Galloway in accordance with the 2006
Scottish Executive document ‘Peat Landslide Hazard and Risk Assessments – Best
Practice guide for Proposed Electricity Generation Developments’. The process has
been undertaken over a number of stages and has allowed the possible peat risks
present on site to be identified and mitigated measures outlined.

9.2

The hazard ranking exercise, produced by data collected on the peat probing
exercise and the desktop study, has confirmed initial observations of peat depth, in
general across the site, being shallow (<1.00m); with areas of greater peat depth
occurring on shallower slope gradients. During hazard risk ranking, the site was split
into ‘zones’ where peat conditions, slope gradients and the geomorphology were
fairly consistent. Following this the likelihood of a peat slide event occurring and the
effects of a fail, allowed each ‘zone’ to be allocated a Hazard score.

9.3

Peat depths across the proposed development vary from areas of limited peat (less
than 0.20m) to areas with thicknesses reaching 2.80m. Although peat depth as a
single factor would mean some of the site to be at very high risk of peat slides, due
to the relatively shallow gradients in these areas, this has led much of the site to be
classed as negligible or low risk.

9.4

Notwithstanding the relatively low hazard in relation to peat thicknesses, the peat
study area is relatively sensitive to the occurrence of a peat failure due to the
presence of onsite drainage systems, and nearby and onsite watercourses, SSSI’s,
SAC’s, public dwelling and public roads. Areas of relatively shallow peat exist on
relatively steep gradients and in close proximity to the Polneul Burn SSSI. These
areas are deemed to be a medium risk and require specific mitigation measures, in
some cases, the micrositing of the proposed turbine to reduce the risk to low.
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9.5

The proposed crossing point for the Polneul Burn lies within a high risk area.
Removal of the thin peat deposits on the steep slopes at the crossing point would
reduce the risk to low. However additional measures have been committed to
mitigate the impact of the bridge abutments/piers on the SSSI.

9.6

In conclusion, although the development site is relatively benign in relation to the
potential for a peat slide to occur, there are locations with a greater risk due to
several sensitive receptors to a failure and some evidence of active and historic
failures, resulting in five areas being identified as a medium risk and one at high risk.
Due to the limited extent of peat depth combined with the relatively shallow
gradients in the remainder of the site, it has been possible to ‘embed’ mitigation
through avoidance of the particular problem characteristics in the layout design.
Where this has not been possible within the five medium and one high risk zones, a
risk register of particular mitigation actions is provided in this report.
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