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Introduction

Natural England commission a range of reports from external contractors to
provide evidence and advice to assist us in delivering our duties. The views in this
report are those of the authors and do not necessarily represent those of Natural

England.

Background

Blanket Bog is a Biodiversity Action Plan (BAP)
habitat. The peat it forms represents the largest
terrestrial carbon store in the UK. Blanket Bog
development is dependent on a number of very
specific conditions including sufficient rainfall,
suitable temperature, topography and landuse.

Areas of upland blanket bog without any nature
conservation or landscape designation are often
targeted by wind farm developers. They are
high, exposed, windy places often sparsely
populated and relatively unprotected by
statutory regulations.

The development of wind farms on peat raises a
number of issues, some of which are not easy to
resolve.

Natural England commissioned this work to:

9 Understand and collate evidence of the impact
of wind farm developments on Blanket
Peatland in England bogs.

9 Develop a set of assessment criteria against
which a development proposal can be tested
to determine the scale of impact and enable

an appropriate response to the Environmental
Impact Assessment.

Natural England will use the findings to:

1 Help assess windfarm applications.

9 Develop guidance for staff, developers and
local authorities.

This report (Part 1) details the work and the
main findings. Part 2 of the report contains the
appendices and references including:

9 Appendix A - a literature review and
comparative case studies for existing wind
farms on peat and non-peat areas in northern
England.

9 Appendix B - a set of assessment criteria to
enable an appropriate response to the
Environmental Impact Assessment and
recommendations for good practice for
developers and local authorities.
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EXECUTIVE SUMMARY

Assessment of the Impact of Wind Farm development on Blanket Peatland

Blanket mire covers about 1.5m hectares of England, Scotland, Northern Ireland and Wales, mostly in the
uplands, and is often a dominant part of our landscape. Its altitudinal limit depends on its location with the
UK and is found even at sea level in the extreme north and west. It is composed of peat deposits up to
several metres thick and represents a significant store of carbon as partially decomposed plant material. It is
also an important biodiversity resource because of its plant communities and the animals and plants
inhabiting it. It also represents a group of locations in which wind velocities are reliably high, and where the
agricultural value is relatively low. The development of wind farms on peat raises a number of issues, some
of which are not easy to resolve. This report describes the issues, reviews the available literature and
provides guidance at stages from drawing up wind farm proposals, through Environmental Impact
assessment requirements, to the provision of effective mitigation where this is possible.

Although peat is a widespread substance its physical properties differ from those with which engineers are
more experienced. For example, it is mostly water, relatively light and compressible, but has very low
internal cohesion. As a continuous deposit that may have accumulated without interruption over several
thousands of years it has a two-layered structure that enables water to flow through its top few tens of
centimetres. It is waterlogged below, and the anoxic conditions make it an ideal environment for the
preservation of human artefacts and even bodies, and of other biogenic indicators of past human activity and
climate.

The living biological (biodiversity) resource is concentrated at and above (birds) the surface where growth
can take place, but is dependent on maintaining the hydrological and hydro-chemical conditions arising from
the long and uninterrupted accumulation of the peat. The growth of the Sphagnum mosses and cotton
sedges, so important in the continued accumulation of peat, can only occur where the rain-fed water table
remains within a few centimetres of the peat surface for most of the year.

Changes have taken place over time so t hatformingcahdisof t he
described as degraded. The processes involved in degradation, such as the lowering of the water table and

the concentration of surface water flow so that the peat becomes eroded from ever-widening gullies, are
incremental, and can lead to complete peat loss in locations such as Holme Moss, West Yorkshire. In such

areas the peat can no longer support the specific plant cover which makes up its biodiversity importance;

and erosion of the peat results in sedimentation and increased colour (dissolved organic carbon) down

stream which have negative impacts on water resources, such as drinking water reservoirs. Much of the

UKés upland peat is degraded. I't may retain vestiges
types characteristic of non-peat environments. The UK BAP has a target to restore 70% of the degraded

area to active bog. It is against this background, of a mixed intact and degraded resource, that the potential

impact of wind farms on deep peat has been assessed.

Wind farm developments can have impacts at the construction, operational and de-commissioning stages.
The types of impact are common to all stages, and involve: changes in water levels and flow, and dissection
of the peat mass, but the duration and intensity varies. In summary, impacts result from the construction of
access roads, the casting of turbine bases, the installation of turbines, drainage works associated with the
construction process and operation of the site, ongoing maintenance, and then removal of turbines at
decommissioning.

Roads may 6fl oat 6 on tahddfillepte the sutspeat hasec &heyrequirk eegetation to
be removed, waste peat to be disposed of, non-peat materials to be introduced, the movement of water over
the peat surface and through its layers to be interrupted. They change the balance of water availability to
different parts of the peat bog and channel surface flow so that is has a greater risk of initiating, or
exacerbating, erosion. The digging of voids to caste turbine bases generates waste peat, introduces alkaline
concrete and requires some drainage, as do the tracks. Drainage measures have the potential to lower the
water level in the blanket bog, resulting in degradation and oxidation of peat. At sites which have a risk of
peat slide, there is the additional risk of catastrophic peat failure and landslide. This can have catastrophic
consequences for land and the environment, including water resources and fish populations, downstream.
The actions taken in construction and operation of wind farms can add to the risk of peat slide.

Although the impacts on intact and degraded bog are much the same, on a degraded bog there are
opportunities for the wind farm construction works to include measures that would improve the condition of
the degraded bog, which are not present with an intact bog. On all types of blanket bog, how a wind farms is
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designed, constructed and operated makes a significant difference to how much the blanket bog is affected.
Tracks can be designed to reduce the existing erosive forces, and be engineered so as not to create new
ones. The blocking of existing drains and moor-gr i ps can | ead to benefici
conditioné, the index of quality condition used i

The ease with which erosion can be triggered, and the amount of material that can be eroded, increases with
the depth of the peat deposit. In general, there are far more risks associated with the development of wind
farms on deep peat than on peat less than 0.5m thick, or on the fringes around blanket peat. The
imperatives for avoiding development on blanket bog sites are greater for those sites with international and
national conservation designations. This leaves the remainder blanket bog resource relatively unprotected.
These guidelines are intended to ensure that, where there are choices, wise judgements are made, so that
the necessary proportion of the resource remains intact for biodiversity improvement and for atmospheric
carbon capture in designated and undesignated sites alike.
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1 INTRODUCTION
1.1 Background

111

1.2

Blanket Bog is a Biodiversity Action Plan (BAP) habitat. The peat it forms represents the largest
terrestrial carbon store in the UK. Blanket Bog development is dependent on a number of very
specific conditions including sufficient rainfall, suitable temperature, topography as well as past land-
use. In the North West of England, upland blanket bog typically occurs on the gentle slopes and
plateaux of the South Pennines, West Pennines, North Pennines, Bowland Fells and Shap Fells in
Cumbria. Blanket bog cannot develop on very steep slopes i as the bog drains under gravity, and
even that formed on gentle slopes is prone to splitting and downwasting.

Many existing and planned wind farms in the North of England are located on areas supporting
blanket bog habitat, or dominated by blanket peat. Assessing the impact of wind farm developments
in such circumstances is essential, given the importance of peatland habitats as a nature
conservation resource, and their sensitivity to development pressures. Additionally the large area of
blanket bog in the UK, in excess of 1.5m ha, forms an important carbon store that may be diminished
if the bog is drained or degraded.

Blanket bog is vulnerable to climatic change, recreational pressures, and poor management even
without the direct impacts of wind farm development. The interactions between the different factors
affecting blanket bog, and future trends, need to be better understood to ensure that, at the very
least, wind farm development does not increase long term risk, and at best leads to greater
sustainability of the carbon store and biodiversity resource.

Rationale for Research

Areas of upland blanket bog without any nature conservation or landscape designation are often
targeted by wind farm developers. They are high, exposed, windy places often sparsely populated,
and relatively unprotected by statutory regulations. National targets for renewable energy mean that
there is a need to ensure that the different scales and types of on-shore wind farms are guided
towards those areas that can most appropriately accommodate such a development without
significant adverse effects on the natural environment.

Natur al Engl andds dr a(EnglishpNature, 20p1) acknowledgesdbotle theetargepty
for renewable energy and the potential for damage to the environment that wind farms can cause.
The draft policy suggests that each development should be considered on the basis of the balance
of benefits and risks. This report aims to provide an evidence base to enable proper determination
of the impacts of wind farm development on blanket bog.

Such a framework will help Natural England ensure that applications make realistic assessments of
the environmental impact of proposed developments. Also, information on good practice and
measures to mitigate against adverse environmental impacts allow developers to consider and
compare the likely costs of mitigation and rehabilitation measures on peatlands when considering
the siting of proposed wind farms.

Purpose of this report

121

1.2.2

The key aim of this report is to research the impacts of wind farms on blanket peat and produce
guidance covering the main impacts posed by wind farm developments on peatland habitats.

Who is this report for?

This report is primarily for Natural England to aid input to wind farm site selection, scoping and all
subsequent phases of wind farm environmental assessments and other associated casework.
However, the guidance developed in the appendices also informs Local Authorities and Developers.

Report Structure

Overall the project has the following aims:

1 To understand and collate evidence of the impact of wind farm developments on blanket
bogs. This is undertaken via an extensive literature review i presented in Chapter 2 and in
Appendix A.1.

Maslen Environmental part of the JBA Group
www.maslen-environmental.com 1



Natural England maslen
Assessing Impacts of Wind Farm Development on Blanket Peatland in England
Project Report and Guidance part of the JBA Group

1 Develop comparative case studies for existing wind farms on peat and non-peat areas in
northern England i presented in Chapter 3 and Appendix A.2.

1 To develop a set of assessment criteria against which a development proposal can be tested
to determine the scale of impact and enable an appropriate response to the Environmental
Impact Assessment i presented in Chapter 4 and Appendix B1.

1 Develop recommendations for good practice for developers and local authorities i presented
in Appendix B2 and B3.

Maslen Environmental part of the JBA Group
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2 EVIDENCE OF IMPACT OF WIND FARMS ON BLANKET BOG

2.1 Introduction

Potential impacts from wind farms include: direct habitat loss through construction of wind farm
infrastructure, and habitat modification and (in the long-term) habitat loss if there are adverse
changes to the overall hydrology and structural integrity of the peatland.

Direct immediate habitat loss is due to access tracks, turbine bases, permanent crane pads and
other ancillary infrastructure. Damage to biodiversity interests caused by altered hydrological
regimes is less easily quantified, but in the long-term this may lead to more widespread habitat
deterioration and so is a key focus of impact assessment. Impacts on carbon storage and
sequestration reflect the wider environmental consequences of wind farm development on peatland
sites, and also provide a useful integrated measure of impact on habitat quality and function. Wind
farm developments also impact upon the landscape value of a site, and affect the geostratigraphic
and archaeological interest, both in terms of their direct impacts, indirect impacts on peat hydrology
and the methods used for their restoration and aftercare.

2.2 Literature Review

A list of the literature reviewed can be found at the end of Part 2 of the report (Appendices and
References) and the tabulated detailed literature review is provided in Appendix A.1. The literature
review is focussed on the particular impacts of wind farm development on blanket bog.

A wider, more general, consideration of the impacts of wind farm development on nature
conservation is provided in the dmawure copservation ® Wi nd f
guidance document for nature conservation organisations and developers when consulting over wind

farm proposals in England (English Nature, RSPB, WWF-UK, BWEA, March 2001). This document

has steered wind farms away from designated environmental sites and has resulted in a many
applications for wind farms on non-designated blanket bogs and degraded blanket bogs.

2.3 Blanket Peat Context

Blanket bog is one of the most extensive semi natural habitats found in the UK (approx 1.5m ha). Its
distribution is complex, in that it is found mainly in the uplands in England, but is extensive even at
sea level in the north and west under greater rainfall and humidity. Some of these areas are
designated nature conservation sites including Special Areas of Conservation (SAC), Special
Protection Areas (SPA), Ramsar sites, SSSIs and Natural Nature Reserves (NNR). Sites may also
have other designations as landscape areas such as Areas of Outstanding Natural Beauty (AONB)
or National Parks. Blanket peat sites with international designations (SAC/SPA) include parts of the
North Pennines (http://www.naturalengland.org.uk).

Blanket bog is a Biodiversity Action Plan (BAP) priority habitat (http://www.ukbap.org.uk) and a
Natura 2000 Annex 1 priority habitat (EC Habitats
EU as o6still supporting a significant area of veg
O0bl anket bog6 -flecepareafthe styos ttehne wiatihn t he term 6bl anket
the peat deposit also fed by water that has drained through or across the peat. Blanket mire habitat

is restricted to cool, wet and typically oceanic climates. In the UK there are around 1.5 million

hectares and this is a significant component of the total global resource.

Studies indicate that most blanket peat development began 5,000-6,000 years ago, but some peats
began to form between 9,000 i 1,500 years ago. There is evidence to suggest that some areas of
blanket bog began to form following clearance of the original forest cover by early man, but the
relative significance of this activity and changing climate on the historical and contemporary extent of
the resource has yet to be determined. A similar though more recent effect is seen in New Zealand,
where oO0pakihidé, a type of blanket mire, has devel org

A blanket bog drapes ( 6 b | a rthie endexlding topography in a layer of peat. High (>1000mm/
annum) and/or frequent rainfall (>200 days with more than 0.5mm) is needed to maintain constantly
high water levels or surface water that allows bog mosses to survive (Hobbs, 1986).
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2.4

The nature of peat is determined by its vegetation content and the environment in which it formed,
this means it can vary significantly over a small geographical area (Hobbs, 1986). The habitats
which develop include a diverse range of vegetation and fauna (Stroud et al, 1987). Both vegetation
and the water environment (both water levels and quality) are sensitive to human and natural
processes and their interactions (Holden et al, 2007a). Research has found that the peat system
may change in response to environmental processes and their interactions and that the changes
may be irreversible (Holden et al (2007a), Wallage et al (2006), Yelloff et al (2006)).

The rate of peat accumulation is determined by the net balance between the rate of input of plant
litter and the rate at which it decomposes, which in turn is determined by the degree of oxidation of
the peat environment, which is in part controlled by the water balance (Hobbs, 1986). Peat is often
between 0.5 and 3m deep but can be deeper than 5m. There is no agreed minimum depth which can
support blanket bog vegetation although thin or degraded peat may have wet heath rather than
typical blanket mire vegetation. Such distinctions are relevant for habitat mapping. Thicker peat is
generated with higher rainfall, higher water levels and concomitant anoxia, and occurs on the
plateaux. The limiting slope for deep peat is 20 degrees, although thin peat may accumulate on
slopes up to 45 degrees. Slopes are better drained and so the surface is drier, and less peat can
accumulate. The kinetic energy associated with moving water leads to the development of deeper
drainage channels on steeply sloping peat. The depth of a peat deposit is related to the time over
which it has accumulated, but other factors, such as periods of dryness and net decay make a
precise correlation with time difficult. Typical accumulation rates of blanket peat are up to around
0.5m/1,000 years (typically 10-40cm/1,000 years).

There are competing land uses in the UK uplands. These include water collection (reservoirs),
agriculture, commercial forestry, sport and leisure and tourism (Holden et al, 2007a). Drivers for
change in the uplands currently include land management (for example grazing, drainage and
forestry) and socio economic change, atmospheric deposition of Ny and S, and in the future
climate change may have consequences for moorland processes (Holden et al (2007a), Holden,
Chapman, Evans, Hubacek, Kay and Warburton (2007b)). The different land uses and activities
within peatland areas are examples of peat ecosystem services, or the services provided by the
natural environment that benefit people. In general terms peat ecosystem services can include food,
fuel, cultural services, climate regulation, water purification, flood protection, nutrient cycling and soil
formation (Defra, 2007). The value of these services can be estimated, for example the United
Utilities and RSPB SCAMP project, which focussed on management and restoration of upland
catchments, found benefits of £1.2M to £2.6M in reduced water treatment costs of restoring peat
(Defra, 2007).

Wind farms are being proposed, not on virgin territory, but in an environment where other uses,
values and services are already well-established.

Blanket Peat 1 Conceptual Model

Understanding the development and structure of blanket peat is an important step in understanding
the likely impact of wind farm development. The structure of peat controls the movement of water
through the subsurface and this, combined with drainage overland, is a key factor for vegetation
growth and peat accumulation. Peat structure also determines the cohesive strength of the peat
which is an important control on erosion and slope stability.

Peat is formed by the partial decomposition of plant material and will accumulate in an environment
where the rate of litter fall is faster than the rate of decay (Hobbs, 1986). The standard conceptual
model of blanket peat development divides the bog into upper and lower functional layers. The
upper layer is known as the acrotelm and consists of living plants and organic matter decaying
rapidly in the presence of oxygen, and is relatively permeable. The deeper underlying layer (known
as the catotelm) is permanently saturated, decay processes are slower and oxygen is absent, and is
less permeable to water movement.
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Figure 2.
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Figure 2-1 Section though a Blanket Mire complex

This model of peat structure is discussed in more detail in a range of sources including Hobbs
(1986), Lindsey et al, (1988), Warburton and Evans (2007), Lindsay and Bragg (2005), Lindsay,
Char man, Everingham, O6Rei I Iy, Fle Iretative charaRteristies! of
each layer are detailed in Table 2-1, following.

Table 2-1 Properties of Peat Bogs

Acrotelm Properties

Catotelm Properties

Top 2 - 30 cm of the bog (typically 2 1
10cm thick)

The underlying part of the bog

Variable water table

Continually saturated

Oxic (oxygen present)

Anoxic (no free oxygen present)

Decomposition of soft plant tissue

Very slow (anoxic) decomposition of peat

Higher permeability (<0.1-3x10°m/s)

Very low permeability (3x107-6x10™°m/s i.e. 0.026-0.000052m/d)

Live vegetation and dead fibres

Pseudo-fibrous/amorphous texture

Low level of humification (low Von Post
Number (indicator of humification i.e.
decomposition of the peat)

Level of humification is variable (typically Von Post Number 7 to 9,

but may be as low as 3)

Some tensile strength

Very limited strength

Notes. These are generalised properties. Source Hobbs 1986.

In this conceptual model most water movement occurs in the upper acrotelm and is controlled by the
level of groundwater in the acrotelm which may fluctuate over time. Water movement in the catotelm
is very slow, controlled by the generally low hydraulic conductivity of the peat. Holden and Burt
(2003) carried out field tests of hydraulic conductivity in peat. The dominant plant remains can have
a significant influence on the hydraulic conductivity of peat (Charman, 2002 and Rycroft et al 1975).

The field work showed that the peat was highly variable in its physical properties and the calculated
value of hydraulic conductivity was sensitive to assumptions made in the calculation. This highlights
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some of the issues when working with peat i it can be highly variable, both vertically and
horizontally, across a small area and standard geotechnical methods may not always be appropriate.
Recent work by Holden (2005) has suggested that there may also be more water movement than
previously thought in the lower layers of the peat via macropores and pipes, formed, for example,
from the erosion of root passages.

Other work by Bromley, Robinson and Barker (2004) on the lowland raised bog at Thorne Moor has
indicated that permeability measurements in peat vary over several orders of magnitude when
measured at different scales, using a variety of techniques. They trialled a method of using ditches
and nearby water levels for estimating a more large scale value of permeability.

Humification (decay) results in peat varying from a light coloured mass of Sphagnum moss (and
other peat forming plants) leaves, stems and roots of considerable tensile strength (Von Post
number H1) through to a dark brown or black structure-less jelly (Von Post number H10), see Table
2-2 for further detail. The strength of peat is derived from both its fibrous structure and chemical
interactions between the plant tissue and water (Hobbs, 1986). Generally, the fresher and more
fibrous the peat: the higher the tensile and shear strength and the greater the water content, void
ratio and permeability. The liquid limit' of peat is related to the cation exchange capacity (CEC)
which determines how water is bound to the plant matter. Generally ombrotrophic peat (dependent
upon rainfall T e.g. blanket bogs) has a very high CEC (similar to montmorillonite clay) although
unhumified Sphagnum peat can have a CEC an order of magnitude higher than clays. As the
degree of humification increases, the liquid limit of the peat decreases.

Table 2-2 Von Post Classification of Peat Deposits

Degree of Nature of Liquid Proportion of Horizon
decomposition expressed on squeezing peat extruded
between fingers

H1 Clear, colourless None Fibrous peat

H2 Almost clear None Fibrous peat

H3 Slightly turbid, brown yellow | None Fibrous peat
brown.

H4 Strongly turbid, brown. None Semi-fibrous peat

H5 Strongly turbid, a little peat | Very little Semi-fibrous peat
in suspension

H6 Muddy, much peat in | One third Semi-fibrous peat
suspension

H7 Strongly muddy One half Humified peat

H8 Thick mud, little free water Two thirds Humified peat

H9 No free water Nearly all Humified peat

H10 No free water All Humified peat

Notes. After von Post and Granlund, 1926. von Post, L. & Granlund, E., Sveriges Geol. Unders., C335, 127 (1926).

The stratigraphy of a peat body is determined by the conditions prevailing during its development.
These may vary considerably over centuries (including dry cool periods and wet mild periods), and
the type of peat laid down reflects these circumstances. This means that the structure of blanket
peat may be highly variable (Hobbs (1986).

In the diplotemic (two-layered) conceptual model water can move rapidly through the upper layer,
but slowly through the lower layers as controlled by the hydraulic conductivity of the peat.
Additionally, water moves through pipes and macropores which may be some distance below the
surface, often concentrated along the base of the peat interface with the underlying sediment
(especially where this is of low permeability).

Peat properties may vary significantly across a small area: which can be important when making
assumptions about its properties and likely behaviour. Care is required when using standard

! The water content above which a substance behaves as a liquid rather than a solid
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geotechnical methods developed for other materials to model its behaviour, as these are not always
easily applicable, (this is discussed in more detail in section 2.12).

Summary

Developing a conceptual model of blanket peat is an essential step in understanding the potential
impacts of wind farm development in these areas. In particular:

1 Itis clear from the literature review that peat (blanket peat being no exception) differs from
other materials for which hydrological models have been developed.

1 Peat is strongly anisotropic; its properties vary over short distances, both vertically and
horizontally.

1 Peat has little cohesive strength, being largely composed of water, and can mass flow in its
semi-fluid state.

1 Peat can erode as smaller particles when subject to the energy of moving surface water
(ditches, streams), dissolved organic carbon is also lost from peat bodies via drainage
waters.

I Fast water movement in ditches and streams cause head-ward erosion.

1 Its biodiversity value is dependent on maintaining its original (as laid down) structural
integrity and a high water level.

25 Impacts of wind farm development on blanket bog
Wind farm development can be divided into several stages, and actions and decisions made at each
stage have the potential to impact on the surrounding area. Blanket bog is a sensitive environment
and this section reviews what is known about the impact of wind farms on blanket bogs.
Wind farm development can be divided into stages:
1 Preparation i scoping, planning and environmental impact assessment.
1 Construction i construction of turbine bases, roads and cabling, and operation of
construction site.
9 Function i operation of the wind farm.
1 Decommissioning i removal of wind farm infrastructure.
1 Aftercare i restoration of the site.
The impacts on blanket peat of each stage are reviewed in the following sections.
2.6 Preparation
2.6.1 Preparation - Scoping and Site Selection

wind farm developers first have to identify an appropriate site. English Nature (how Natural
England), RSPB, WWF-UK and BWEA produced a guidance document in 2001. This provides
guidance on the development and siting of wind farms and how to limit their impact on the natural
environment. Key guidelines relevant to development on peatlands are avoiding any adverse effects
on the integrity (a term used in the Habitats Directive UK Regulations) of:

9 statutory international sites;

1 national wildlife importance sites;

1 on key habitats of species listed in Annex IV of the Habitats Directive; or
1

On hydrological processes which might have an adverse impact on the conservation of
wildlife, geomophological or geological features.

In addition, the guidance recommends that, in cases where a wind farm development is likely to
have adverse effect on a site of regional or local nature conservation importance, it should only be
permitted if there are reasons for the proposal which outweigh the need to safeguard the nature
conservation value of a site or feature. The guidance also recommends early consultation with key
national nature conservation organisations, from the outset of the site selection process, which may
enable avoidance or mitigation measures to be identified for sensitive locations. Planning Policy
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Statement 9 (PPS 9) (2004) produced by the government states that strategic and specific wind farm
developments should abide by sustainable principles to protect biodiversity and geological
conservation interest.

The Irish Wind Energy Association (2008) has produced practical guidelines for the planning and
construction of wind farms in Ireland. These guidelines recommend that feasibility studies cover the
following issues: planning, environmental aspects, archaeology, visual impact, wind resources and
proximity to other developments, as well as consultations with external parties to identify potential
issues.

Summary

Key points regarding site selection identified from the available literature are:

1 Avoidance of sites of nature conservation interest (including biodiversity and geological
sites);

1 Avoid indirect impacts on sites of nature conservation interest;
1 Early consultation between developers and nature conservation organisations.

It is important to consider the ecological value of the site (whether designated or not) and to
safeguard the hydrological process which maintain the groundwater dependant ecology of blanket
peat.

2.6.2 Preparation - Planning Framework

Wind farm developments require planning consent. In England this is guided by Planning Policy
Statements (PPS), a number of which are relevant to wind farm developments. PPS 1 (2005)
outlines the Governmentos sustainable principles
environment, prudent use of natural resources and maintenance of high and stable levels of growth

and employment which apply to all developments. PPS 7 (2004) specifies that rural development

(which includes most wind farms) should be in line with the principles of sustainable development.

PPS 22 (2004) sets out the governmentd s obj ecti ves for renewabl e ene
energy projects should be encouraged within a planning framework that identifies suitable locations

for them. The companion guide to PPS 22 (2004) gives practical guidance on the implementation of

PPS 22 giving detailed guidance on wind farms and likely planning issues, including: landscape and

visual impact; ecology and ornithology, which are particularly relevant to wind farms on blanket peat.

There are equivalent planning documents in Scotland (Scottish Planning Policy (SPP) 6 (2007) and
Scottish Executive Planning Advice Note 45 (PAN 45)) and Wales (Planning Policy Wales (2002)
and planning note TAN 8 (2005)), which contain specific guidance about wind farms which should be
noted by local authorities in England.

There are other more general planning policies which are relevant to wind farm developments: PPS
23, which sets out pollution prevention and control measures, is especially relevant for wind farms
developed in sensitive environments, such as blanket peat. Planning Policy Guidance 14 (PPG 14)
gives advice on developments on unstable ground which includes wind farm developments on peat.
Peat is a compressible material, very sensitive to the local water environment, and may be affected
by site drainage schemes.

PPS 25 requires that developments in areas at risk of flooding, or greater than 1 Ha in size, should
have a flood risk assessment. This requires wind farm developers to assess whether the wind farm
might have an adverse impact on flood risk locally, or in the wider catchment. Wind farm
developments that significantly change water movement through blanket peat, or which have
particularly large areas of hard standing (not usually the case), might increase the flood risk
downstream.

The Department of Environment, Heritage and Local Government in Ireland (2007) have developed
guidelines for planning of wind farms. These are set within the Irish planning system. They provide
guidance for assessing suitability of sites for wind farm development and an annex about
development of wind farms on peat which gives best practice advice on wind farm development
which can be applied to English peat land areas.

In summary, wind farm developments in England are currently controlled by planning policies which
include requirement for sustainability objectives for renewable energy and minimising flood risk.
There are other policies which control the site construction and operation including working on
unstable ground and pollution prevention and control. However, the existing guidelines do not
generally explicitly address the particular issues and sensitivities presented by blanket peat
environments, and their dependence on high groundwater levels.
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2.6.3

Preparation - Environmental Impact Assessment

An Environmental Impact Assessment (EIA) sets out the ways in which a development may affect
the environment. General EIA guidance is available. The Department of Communities and Local
Government (DCLG) (2000) and The Royal Town Planning Institute (2001) describe the stages in
the procedure (see Appendix B.3). These include screening sites, scoping the EIA, describing the
site, forecasting the impacts, determining their significance and identifying mitigation and
environmental enhancements. The DCLG commissioned a review of the scoping stage of the EIA
(2006) and concluded that this is very important for a successful EIA and confirms the view of other
authors that effective consultation between developers and consultees is essential.

Scottish  Natural Heritage (2nd Edition, 2005 (http://www.snh.org.uk/publications/on-
line/heritagemanagement/EIA/) and the Institute of Ecology and Environmental Management
(IEEM) ((http://lwww.ieem.net/ecia/index.html) have produced guidance for carrying out an EIA.
These outline methods of assessing significance of impacts. For wind farm developments on peat
the assessment of significance is based on:

I an analysis of the sensitivity of peat to change;
1 the amount and type of change i as determined by the design of the development;

1 the likelihood of an impact and how the wind farm would affect the peat (in comparison with
no wind farm at the location).

In general peat is very sensitive to changes, however, the particular site and context of the
development and current status of the peat should be considered in assessing the sensitivity of the
peat.

The significance of an impact is a combination of these factors, based on how likely the event is to
occur, and the sensitivity of the receptor. For example, an event which is unlikely to occur, impacting
on an insensitive receptor, would have a low significance. The overall impacts may be assessed
using a table or matrix, a general example for an EIA is found at http://www.ieem.net/ecia/impact-
assess.html#assess and examples for peat risks can be seen in MacCullough (2005), Scottish
Executive (2006). Alternative examples can be found for other developments (e.g. a matrix of
impacts or a bridge design in Poole can be found at
(http:/iwvww.boroughofpoole.com/downloads/assets/1101216675.pdf). However, there is no
statutory definition of significance.

Specific guidance for wind farms is also available. Wind farms are listed under schedule 2 of the
Town and Country Planning (Environmental Impact Assessment) Regulations 1999 (S| No. 293) and
this means that an EIA may be required on a wind farms greater than a particular size (2 turbines or
a hub height greater than 15m), if there may be a significant environmental impact. The Department
for Communities and Local Government (DCLG) circular 02/99 states that a wind farm of 5 or more
turbines, or above 5MW, is likely to have a significant impact and so require an Environmental
Impact Assessment (EIA). These regulations give local authorities the opportunity to specify that an
EIA is required for larger wind farms that are to be built on blanket bogs. However, the local
authority can still request that the environmental impact on blanket bog (or other receptors) is
assessed as part of the planning application, even if a formal EIA is not required.

The Department for Communities and Local Government (2001) have produced a guide for
developers to help understand the EIA requirement. The Department of Environment, Heritage and
Local Government (Ireland) (2007) wind farm planning guidelines list the potential impacts of wind
farms and the role of the EIA. More detailed guidelines have been produced by the Irish Wind
Energy Association (2008). These recommend that the EIA for a wind farm development on blanket
peat should include the following:

Slope stability
Dewatering effects
Sediment, erosion and nutrient control

=A =4 =4 =

Impact of tracks and drains on hydrology and ecology
1 Re-vegetation measures.

They recommend that the design should be examined in the light of these issues which reflect the
unique properties and ecological value of peat. Although these guidelines have been written in the
context of the Irish planning regulations, much of the advice and recommendations are generally
applicable to wind farm developments on blanket peat.
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The Electricity Works (Environmental Impact Assessment) (Scotland) Regulations (2000) include an
annex which outlines the content of an EIA statement. The Scottish Executive have produced best
practice guide for peat land slide hazards and risks associated with electricity generation
developments (2006). These address the peat stability requirement for working on peat and are
relevant to developments in England: further details are provided in section 2.12.

The literature contains reviews of environmental impact assessments for wind farm developments on
blanket peat. These include the EIA and associated documents for a wind farm on the summit of
Cashlaundrumlahan Mountain, near Derrybrien in County Galway Ireland where there was a serious
bog burst during construction of the site in 2003 (Lindsay and Bragg, 2005) and a proposed wind
farm on the Lewis Peatlands SPA (Lindsay and Freeman, 2008).

The Derrybrien review (Lindsay and Bragg, 2005) is focussed towards review of the peat stability
assessment, although the report provides a general overview of the EIA process, reviewing factors
that should inform an EIA. The current baseline conditions at the site, particularly those affecting
peat integrity are important, these include: agricultural impacts, burning and erosion, moor gripping
(including ditch orientation), erosion, forestry and peat removal. Additionally, the report provides: a
review of mechanisms for peat movement and an assessment of potential impacts of wind farm
construction and operation, which includes road construction, excavation of turbine bases, turbine
towers and blades. The authors stress the importance of interactions of impacts and cumulative
effects noting that the geographical boundary of the EIA may need to be wider than just the site
boundary as the effects may be felt downstream. It should be noted that general EIA guidance
produced by the Institute of Ecology and Environmental Management comments that the
geographical extent of the EIA may not be clear at the beginning of the project and may need to
evolve during the scoping stage (http://www.ieem.net/ecia/index.html). The Derry Brien scheme
was submitted to the planning authorities as three smaller schemes and the authors note that
assessment of the scheme as a whole during the planning process might have identified the need for
a more rigorous EIA.

Lindsay and Freeman (2008) provide a critical review of an EIA for a proposed wind farm on the Isle
of Lewis. In particular, the authors are criticalofthe devel opersdé intentio
to the site plan in response to unforeseen ground conditions or to minimise environmental impact.
However, this is not unusual as the EIA may be based on outline rather than detailed design, and
some limits of deviation from the proposed site layout plans may be agreed as part of planning
conditions (see Appendix B.3). Planning permission may also stipulate that any variation in location
of infrastructure greater than a certain distance (e.g. 50m) needs to be approved by the planning
authority as a variation to the planning condition. It may be preferable in terms of minimising impacts
to peat, and to avoid working in areas at a greater risk of peat slippage, to permit small variations to
the site design, provided that there are no other adverse impacts (e.g. to landscape), than for
development to be undertaken in areas of particularly deep and unstable peat. However, best
practice would be for significant areas of particular ecological value, and locations of deep or
unstable peat, to be identified at the EIA stage before the finalisation of the site layout.

Lindsay and Freeman also criticise the description of baseline vegetation, baseline erosion and the
impacts on water quality. They argue that the EIA does not cover an adequate area and the site is
unsuitable for wind farm development. Dargie (2007) responds to these criticisms suggesting that
the adjustments are small on the scale of the development and that impacts are proportionally small.
This review and response highlights the uncertainty that can arise within the EIA process. Lindsay
and Freeman (2008) recommend that an EIA should:

1 assess impacts in light of any potential changes to the original design
1 conduct an adequate peat slide risk assessment
1 use widely recognised methods where possible
1 assess all potentially major issues (e.g. water quality).
Summary

Key points regarding the Environmental Impact Assessment of wind farms on peat identified from the
literature are that the EIA should:

1 Include an assessment of dewatering effects, sediment, erosion and nutrient control, peat
stability, impact of tracks and drains on hydrology and ecology, water quality and re-
vegetation measures. This should be based on a thorough understanding of the baseline
conditions at the site, including the habitat types present.

1 Include an assessment of cumulative impacts and impacts outside the site boundary. The
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2.7

geographical boundary of the EIA may need to be much larger than the development site
area and may be revised during the scoping stage of the EIA.

1 Assess the impacts of any potential changes to the original design.

1 Use widely recognised methods. It should be noted that the unusual properties of peat and
its variable nature mean that geotechnical techniques developed for mineral soils should be
applied cautiously on peat, as the physical properties of peat differ from other soils and
sediments. These differing properties should be accounted for in working within a peat
environment.

M Assess a scheme as a whole rather than in smaller sections.

Construction

27.1

The next stage of wind farm development is the construction. This includes access roads, turbine
bases, electrical infrastructure including cabling and installation of turbines. Particular issues for the
fragile peat environment include traffic access and management, construction methods and pollution
prevention and control. CIRIA (2005) have produced guidance on implementing environmental good
practice on site which should be followed during construction. However, these should be
implemented with regard to the bog hydrology and ecology, and not just with regard to management
of the construction site.

Track Construction

Access roads are required for wind farm construction and operation. Constructing roads across
peatlands is challenging (MacCulloch, 2006). This is due to the fragile nature of peat and variability
in peat properties, which mean that some difficult engineering conditions are likely to be
encountered. Therefore measures should be in place to minimise the impact of any peat settlement
or slumping.

Guidance by SNH (2005) questions whether tracks are required, and in cases where tracks are
needed suggests that they are designed to be of minimum length and to avoid sensitive areas.
Existing tracks should be re-used where possible. It is suggested that the initial width of wind farm
tracks (up to 6-7m) can be reduced following construction to around 3-5m, to reduce the impact of
the tracks on the environment. The maximum gradients typical of wind farm tracks are around 8 i
10% (1in12 to 1in10), although short lengths (less than 200 m) can be at a slightly higher gradient of
12.5% (1in8). However, tracks should normally have gradients of less than 2.5% (1in40) to permit
efficient drainage of the surface. They need to bear the weight of large cranes needed to erect the
turbines. These cranes are often delivered to site in pieces, weighing up to 72 tonnes, but may be
moved as one unit (weighing up to 200 tonnes) via the site tracks between turbine sites.

The impact of all types of tracks on blanket bog habitat is of concern. SNH (2005) indicates that
floating tracks may dink with serious consequences for the ecology and hydrology of the bog,
construction costs, stability and carrying capacity of the track. It is suggested that deep areas of soft
peat are avoided for tracks. In circumstances where geotextiles may be used, branches and brash
are suggested as a better base layer than geotextiles in many circumstances, and are cheaper and
may be available on site if there is forestry. However, the gradual decomposition of such materials
may impact on the track carrying capacity over time.

MacCulloch indicates that wind farm developers often use techniques developed by the forestry
industy i ncluding excavated tracks (economic in
2m). However, MacCulloch was writing for the Forestry Commission in Scotland where peat depths
may be greater than in areas of blanket bog in England. In recent wind farm developments in
England (such as Scout Moor see Section 3.2), roads have been floated over peat depths of more
than 60 cm. In the thinner peat bodies often present in England, excavation of roads to depths of 2m
would result in very significant dissection of large areas of blanket peat, and it might be preferable to
float roads over much thinner thicknesses of peat for instance thicknesses of greater than 0.5 m.
However, there are likely to be impacts on the flow of water through and over the blanket bog
whatever method of track construction is selected. The relative impacts of different track
construction methods are described in the following tables. Cut tracks are constructed by excavating
to rock (or a suitable, solid substrate) and then building the track using solid fill. This type of track
has a very solid construction and is capable of taking very heavy loads. Cut tracks are, however,
most disruptive of ground conditions, particularly hydrology and subsurface drainage. Effective
drainage is therefore required to ensure that downslope blanket bog areas are not subject to erosion
and do not dry out. Depending on the quality of design, construction and re-vegetation, cut tracks
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can result in landscape and visual impacts, for example where there are areas of exposed cut or fill,
or where notches are visible on the skyline (SNH 2005).

Table 2-3 Advantages and Disadvantages of Cut Tracks (SNH, 2005)

turfs for
restoration

track-edge

Advantages Disadvantages
Engineering Solid construction, capable of | None
taking heavy loads
Landscape Sections of cutting and embankment can
be very visible
Biodiversity Creates a source of soils and | Direct loss of habitat

Drainage across tracks can
be controlled through
planned installation of
culverts

Can result in large scale disturbance and
fragmentation of habitats

Geodiversity

Earth heritage impacts and
opportunities can be pre-
assessed

Direct impacts on earth heritage interest
if not planned, managed and constructed

properly

Creates a locally compatible
source of fill for track
construction

Potential for large scale destruction of
earth heritage interest

Drainage and siltation can be
controlled through planned
installation of culverts

Fragmentation of earth heritage interest

Potential for obscuring large sections of
earth heritage interest

Geotextile tracks can be used to negotiate soft ground. Geotextiles are laid out along the route of
the track to provide structural strength whilst reducing the depth of the sub-base which is required to
carry a given load. Geotextiles can be used to construct temporary tracks, for example providing
The geogrid should be laid directly onto vegetation and the sub-base
constructed on top. Careful removal will be required to ensure that the ground below the track is not
damaged. Such tracks are likely to sink to some degree on peat and have similar concerns on peat

access to a borrow pit.

to floating tracks.

Table 2-4 Advantages and Disadvantages of Geotextile Tracks (SNH, 2005)

Maslen Environmental part of the JBA Group

www.maslen-environmental.com

12




Natural England

maslen

Assessing Impacts of Wind Farm Development on Blanket Peatland in England

Project Report and Guidance

part of the JBA Group

Advantages Disadvantages
Engineering Reduces the required track | Not as strong as cut tracks and can be
sub-base depth subject to shearing
Can facilitate  temporary
access
Landscape Avoidance of landscape and | If track is raised it may create a
visual impacts associated | prominent linear feature
with cuttings and
embankments.  Landscape
and visual impacts limited to
the track running surface
Biodiversity Less disturbance of habitats | Direct loss and fragmentation of habitat

along the route of the track

Soils remain intact Can result in large scale disturbance and

fragmentation of habitats

Through drainage can be
facilitated

Comparatively few direct
earth heritage impacts

Requires construction material sourced
elsewhere on or off site

Geodiversity

Potential for obscuring large sections of
earth heritage features

Soil sealing and loss under the track

Risk of compaction and poor drainage
under tracks on more organic soils

Floating tracks are sometimes used in areas of deep peat (typically 1 metre or more, but recently in
depth as low as 0.6m in England [Scout Moor Wind Farm]) where conventional methods of track
construction are neither practical nor desirable. Floating tracks avoid the need to excavate the peat
and refill with imported rock. They are built up on the existing ground surface with layers of crushed
rock reinforced with geotextile membranes (or brash / tree branches) to build up a strong base. The
base is typically wider than the final track width, which results in spreading the track load, but also
the impacts of the track. The weight of the track structure has the effect of compacting the
underlying substrate. While this provides the track with additional strength, it can cause drainage or
subsidence problems. Given the sensitivity of upland peat habitats, these effects can be of
considerable concern. Drainage through or under the floating track should be maintained to prevent
the structure acting as a dam, impounding water on the uphill side and causing drought on the
downhill side. Regular maintenance inspections are required to monitor the operation of such
drainage. The pattern of compaction is not easily predicted and the track may become distorted or
may settle unevenly. This can reduce the tr
material to be added. This, in turn, may accelerate compaction and compound problems of poor
drainage. Construction of the track should allow for continued drainage across the line of the track
even under compaction and settlement. This may be achieved through the sub-base (by using
coarse granular material) or by constructing drains through the peat at regular points along the
length of the track (SNH, 2005).

Where floating tracks cross sloping ground (up to about 10°), some form of retaining structure is
required to support the down-slope side. Without this, the track will tend to distort down-slope. From
an engineering perspective, it may be sensible to use a combination of cut tracks on sloping ground
and floating tracks in flatter and wetter areas. Floating tracks are not universally suitable, however.
In areas of particularly wet peat it will be difficult if not impossible to achieve a floating track without
very significant effects on hydrology and therefore on local habitats, and risking track failure. Tracks
should avoid such areas altogether (SNH, 2005).

Table 2-5 Advantages and Disadvantages of Floating Tracks (amended from SNH, 2005)
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Advantages Disadvantages
Engineering Can provide access across areas | Not suitable in areas of very wet peat
of deep peat
Not suitable in more steeply sloping areas
Subject to compaction and settlement,
creating uneven running surface
Load bearing capacity may be
compromised
Compaction makes installation of culverts
problematic but can be avoided by good
construction techniques.
Landscape Avoidance of landscape and | Local visual impact where track has
visual impacts associated with | subsided or failed
cuttings and embankments
Landscape and visual impacts
limited to the track running
surface
Biodiversity Comparatively limited habitat | Direct loss

disturbance

Some through drainage of deep
peat habitats can often (although
not always) be maintained

Fragmentation of habitat but peat soil can
remain largely intact, although peat will be
compressed and so have a reduced
permeability

Tracks often sink down to bedrock,
displacing peat

Often results in upslope ponding of water
as through drainage rarely unimpeded

Does not create soils and turfs for track-
edge restoration

Geodiversity

Less disturbance of sensitive
materials; peat soil can remain
largely intact

Requires construction material sourced
elsewhere on or off site

Some through drainage of deep
peat habitats can often (although

Potential for obscuring large sections of
earth heritage features

not always) be maintained

Other approaches to road construction include:

il

Tyre bales comprise around 110 to 120 car tyres, compressed into a lightweight block.
Bales are secured by five galvanised steel tie-wires running through the bale. They have
considerable potential for use in construction particularly where their light weight and ease of
handling are beneficial. They have a porosity of around 50% and a permeability of
approximately 0.4m/s, which makes them ideal for drainage applications. Studies have
suggested that leachate levels from bales generally fall below allowable regulatory limits and
will have a negligible impact on the water quality in close proximity to tyres. The
construction of low-volume roads over soft ground represents one of the most promising
applications for tyre bales. In the UK a public road was constructed in 2002 by the Highland
Council and performed satisfactorily (until 2005 the date of the paper), despite heavy loading
(Winter et al 2005).

Problems were encountered with constructing roads over deep peat (8m depth) in East
Sumatra, where drainage of the peat was not acceptable for ecological reasons (Barry et al
1995). Following some sinking of roads a technique was used which comprised timber piles
pushed through the peat into the underlying soft clay. Various different combinations of
piles, corduroy raft (lengths of timber placed side by side across the route and are then
covered with a thick brash mat. Under extreme conditions the raft must be strengthened
continually), stone pavement and geogrid were combined to assess the best method of road
construction. The cost at 1991 prices was US$350,000/km, which is very expensive.

From an engineering perspective, it is important that the choice of materials reflects local ground
conditions and the use to which the track is to be put (SNH, 2005). In order to minimise the impacts
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of all types of tracks on blanket bog the track should be constructed in such a way as to allow the
passage of water (over the bog vegetation, and through the bog) in a similar manner as prior to the
track construction, in order to preserve the hydrological integrity of the blanket bog unit.

Traffic on wind farm roads during construction (100 vehicles/day) is higher than on forestry roads (30
T 40 vehicles/ day) and this poses problems for road design and maintenance, particularly as vehicle
loads are heavy, the maximum gradient of the road must be low and the cornering radii and width of
the road may be large (Scottish Natural Heritage, 2005). To reduce the risk of failure of roads
constructed over peat, the loading of the peat should be controlled so that the peat has time to
undergo primary consolidation and so does not liquefy due to excess pore pressure. This can be
achieved by limiting the loads carried by vehicles during road construction and initial usage.
However, there may be time pressure to construct roads and infrastructure quickly, which may result
in to rapid loading of peat and resultant failure (see MacCulloch (2006) for further information). This
means that, to reduce the risk of peat failure sufficient time should be allowed for construction
activities.

MacCulloch (2006) has developed clear practical guidance, including a geotechnical risk
assessment which should be followed when designing and constructing roads across peat. Scottish
Natural Heritage (2005) have also produced guidance which deals specifically with tracks across
blanket peat and tracks built for wind farms. These provide practical guidance on suitable methods
of construction and a framework in which the impacts of the tracks on natural heritage can be
mitigated. Both these construction guidelines are relevant to wind farm developments in England.
Other guidance includes CIRIA guidance on road crossings (1997), and SEPA guidance on road
crossing design for migratory fish (www.scotland.gov.uk/consultations/transport/rcmf-06.asp)
which provides guidance about reducing flow velocity, an important factor in initiating peat erosion.

Loss of both water and solids from roads has to be managed during construction and operation of
the wind farm. Runoff (a potential cause of peat erosion) may be routed away from the road and
possibly through culverts beneath the road. Road surfaces are drained to avoid ponding of water or
interception of large volumes of water. Sloping tracks may act as conduits for water even if they do
not have drains on either side. Runoff from tracks may carry a high sediment load, depending upon
the construction and maintenance of the road. Splatter from vehicles can also spread sediment into
adjacent water courses. Methods for managing runoff and sediment include best practice design of
tracks and drains, use of some SUDS techniques, and methods such as swales, silt traps, geotextile
fences, settlement ponds and buffer strips (Scottish Natural Heritage, 2005).

Generally floated roads are used over deep peat (more than 0.5m). For floating roads to succeed,
they have to be carefully constructed and aim not to result in the failure of either the surface acrotelm
(where present) or the underlying catotelm. Measures such as construction of drainage ditches
alongside floating roads which cut through the acrotelm will generate weaknesses in the peat
structure and so may initiate failure of the road. Additionally, the orientation of the road with regard
to the peat is important, as tracks following contours will have the potential to slide down slope. The
rate of loading of roads is important in determining their subsidence into the peat body. However, in
some locations such as Derrry Brien, floated roads have failed and have also gradually sunk into the
peat leaving them prone to flooding and likely to provide a channel for water flow (Philips J, Sept
2005). However, the compression of the peat, particularly the acrotelm, beneath the weight of the
road is likely to result in a reduction in permeability of the peat, and so alter the flow of water through
the peat.

Track construction impacts on biodiversity within its immediate location and on a wider scale through
changes to the hydrology of the peat-dominated environment. The introduction or exposure of
mineral soil or rock encourages minerotrophic species and those able to survive where water flows,
such as the Soft rush Juncus effusus. Any mineral other than extremely base poor ones, such as
granite, is likely to encourage additional plant species, and these may even include orchids, such as
Heath sptted orchid Dactylorhiza ericetorum. It is for the conservation bodies to advise as to
whether this is a welcome bio-diversification, or if it should be seen as the pollution of the blanket
bog environment with an uncharacteristic flora. The minerotrophic effects, even from limestone, are
likely to be very localised, and geological formations exist in which the juxtaposition of base-rich and
base-poor plant communities are entirely natural, such as on the Sugar Limestone of the Cairnwell,
Scotland (McVean % Ratcliffe, 1962) and at Swarth Moor, Ribblesdale, England. It should be noted
that the base-rich flora of artificial tracks topped with lime-rich blast furnace waste at Thorne Moors,
South Yorkshire, are included as reasons for notification as an SSSI.

Generally, at present the main track construction techniques used are likely to have at least a local
impact on the peat hydrology. If this results in lowering of water levels, a change in water quality or
erosion, this will negatively impact the ecology. If there is a raising of water levels this may have a

Maslen Environmental part of the JBA Group
www.maslen-environmental.com 15


http://www.scotland.gov.uk/consultations/transport/rcmf-06.asp

Natural England maslen

Assessing Impacts of Wind Farm Development on Blanket Peatland in England
Project Report and Guidance part of the JBA Group

2.7.2

2.7.3

2.7.4

benefit on the bog ecology. The wider impact will depend upon how the tracks interact with the
wider bog hydrology. In low permeability peat the extent of the impact may be less than in more
permeable peat.

Turbine Base Construction

Construction of turbine bases on peat is subject to many of the same issues as road construction. In
addition, excavations are deeper, down to bedrock for installation of a concrete foundation pad.
Once the pad concrete has set the excavation is generally back filled with rock overburden and
provides the area of hard standing for installation and maintenance (Lindsay and Bragg (2005)).
The excavated peat faces will drain and oxidise with resultant slumping if they are exposed to the
atmosphere. On flat sites the excavation may fill until water is at the same level as the surrounding
peat. On sloping sites the excavation may fill to the lip on the downslope side and the upslope face
may continue to drain the peat. In practice, excavations may be dewatered as construction is
difficult in ponded water. If this is the case, the peat faces will continue to drain the surrounding peat
through the dewatering phase. The structure, surface profile and drainage of the material used for
backfill determine how drainage occurs after construction. It is unlikely that the material will have the
same hydrological properties as the original peat and soil. If the backfill is more permeable than the
original peat, water will continue to drain from the surrounding peat after the construction phase
(Lindsay and Bragg (2005). Where the turbine base and associated crane pad area is located on a
slope, the final profile of the ground will be stepped to allow for the flat base and pad area i this may
result in drying of the uphill side of the area.

Lindsay and Bragg (2005) also comment that developers generally drain the area around turbine
bases to avoid uplift of foundations during construction (which may happen if they are below the
water table) and to reduce the potential for deterioration in strength of concrete due to interaction
between submerged concrete and peaty water containing humic acids.

Initially following casting concrete there is concrete bleed of liquid from the concrete, which should
be managed according the best practice which should be outlined in the site construction method
statement (CMS). Following the first few days when the concrete is initially cured, the concrete is
likely to be fairly inert. However, if leachate from concrete is a concern the concrete foundations
within the peat could be coated in an inert coating (following best practice such as British Standard
BN EN 206-1 and relevant guidance e.g. Design Manual for Highway Works).

Exposed concrete is likely to attract a bryophyte (moss) flora uncharacteristic of the blanket mire, but
it has no potential to spread into the peat areas. A typical moss would be Homalothecium sericeum.

Cable Installation

Electrical cabling must be installed at a wind farm, between turbines and the site sub-station, and
from the site to a grid connection. This may require digging of trenches which may alter the drainage
pattern during, and after, construction. Alternatively, trenchless techniques, such as insertion using
a deep ploughing technique, may be used.

There are also potential risks associated with sediment transport and water quality during
construction, as ditches and trenches can provide rapid flow pathways which are capable of initiating
erosion.  Guidelines recommend minimising the effects by: installing cables along-side existing
roads where possible; backfilling trenches with peat spoil and replacing the existing turf vegetated
side up (Department of Environment, Heritage and Local Government, 2007). CIRIA (2006)
guidance is available providing technical advice for controlling water pollution from linear
construction projects, which is applicable to both cable installation and track construction.

Forestry Management During Construction

Wind farm sites may include forested areas where tree felling is required. Best practice guidance
(Forestry Commission, 2003) should be followed to minimise the impact on the water environment.
Nutrients can be released following felling operations, and this may be a particular problem in peaty
soils. Soil erosion is an important transport mechanism as nutrients bound to soil particles may be
released in receiving waters. Upland waters are naturally nutrient-poor and biological activity is
usually phosphorus limited. Any organic matter, such as brash and dead roots, left on site following
clear felling has the potential to decay and release nutrients. This breakdown may take a number of
years. In extreme cases phosphorous enrichment can produce algal growths, resulting in oxygen
fluctuations and disruption of ecosystems (Forestry Commission, 2003).

Peaty soils with a depth of over 30 cm peat, such as areas of blanket bog with forestry, have a
particular risk of nutrient release following felling of trees, as the peat is easily eroded and nutrients
can leach from the felled area. If mineral soils with a high clay content, or which are strongly acid,
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2.7.5

are present, they will tend to bind phosphorous (Department of Agriculture, Fisheries and Food,
2007).

Peat Wastage and Water Quality Impacts

The structure and properties of peat are unique and may lead to loss of peat mass during
construction. This can be due to erosion at a large scale resulting destruction of habitat locally and
downstream as watercourses are loaded with peat material. Additional peat loss can occur through
drainage of peat, lowering the water table and so allowing oxidation of peat and so loss of peat
mass. Large scale peat landslide can also result in peat loss from a site: this is discussed in more
detail in section 2.12 below.

Construction activities have contributed to peat wastage during wind farm development for example
at Derrybrien (Lindsay and Bragg, 2005). The Scottish Executive Best Practice guide (2006)
identifies potential triggers relevant to wind farm construction as:

1 Alteration to drainage patterns

1 Rapid ground accelerations from blasting or mechanical vibration

1 Unloading the peat mass by cutting into the toe of a slope

1 Loading of the peat mass by heavy plant, structures or overburden

1 Digging and tipping.
There is also the potential for wind farms to have an impact on water quality both locally and further
downstream of the wind farm. Peat environments are sensitive to local water quality which can

affect vegetation growth and habitats (Hobbs (1986), Berry and Butt (2002), Holden et al, (2004),
Yellof et al (2006), Holden et al (2007a, 2007b)).

There are guidelines for the management of water quality during construction activities and these are
relevant to wind farm developments on peat. CIRIA provide guidance for sustainable urban drainage
techniques (2004), which provides a source of techniques which may be applicable for controlling
runoff from wind farm infrastructure and also for control of water pollution (2001 and 2006). The
drainage to ground SUDS techniques can only be applied with care, if at all, in a peat environment
as drainage to peat can cause instabilities. The 2006 document provides technical guidance for
controlling runoff from a linear construction project and the framework presented in the guidance has
the potential to limit the risk of pollution associated with roads, cabling and drainage associated with
wind farm development.

The Environment Agency publishes a number of Pollution Prevention Guidelines (PPG). These set
out the requirements of the law that developers must comply with, but also provide practical advice
that should be adhered to during the development process. Of relevance to wind farm developments
are:

PPG 1 i General Guide to the Prevention of Pollution (2001 due for review in 2007);
PPG 2 i Above Ground Oil Storage Tanks (2004);

PPG 5 1 Works In, Near or Liable to Affect Watercourses (2008);

PPG 6 1 Working at Construction and Demolition Sites (2001);

PPG 7 i Refuelling Facilities (2004);

PPG 1371 Vehicle Washing and Cleaning (2007);

PPG 181 Managing Fire Water and Major Spillages (2000);

PPG 211 Pollution Incident Response Planning (2004);

PPG 26 1 Dealing with Spillages on Highways (2002).

The DETR circular (02/99) and PPG 4 (Environment Agency, 2006) provide guidance to ensure that
sites without mains sewage deal adequately with sewage. During construction there is a risk of
pollution from concrete. Dransfield (2004) lays out a procedure for assessing the leaching of
admixtures from concrete. The risk of ecological damage, particularly to water quality, from use of
concrete may need to be assessed for a wind farm development. Blanket peat environments are
generally very low nutrient, with limited dissolved solids, so small inputs to water chemistry can
change the overall water quality significantly.

=A =4 =4 4 4 -4 -4 -4 -4

Maslen Environmental part of the JBA Group
www.maslen-environmental.com 17



Natural England maslen

Assessing Impacts of Wind Farm Development on Blanket Peatland in England
Project Report and Guidance

part of the JBA Group

2.8 Biodiversity Impacts

The vegetation of blanket mire falls within a small range of NVC plant communities, some being

more indicative of degradation than others. It is the categories of M17 (Scirpus cespitosus i

Eriophorum Blanket Mire), M18 (Erica tetralix i Sphagnum papillosum Raised and Blanket Mire),

some sub-communities of M19 (Calluna vulgaris i Eroiphorum vaginatum Blanket Mire) and
Sphagnum rich stands of M20t hat ar e associated with teadownuldtienct i ved
of peat is more likely to occur.

Some stands dominated by Eriophorum vaginatum (cotton grass) may also be peat forming as this

can be a dominant remain in many layers of peat bogs. There is ho agreed way of unequivocally
demonstratingthat a peat surface is OGactived (net accumul a
on a series of indicators, such as extent and health of Sphagnum mosses, and the degree of
permanent wetness. For example some lichen rich communities of M17 may be judged as non-

active.

Other communities, such as flush, fen and swamp types, also form an integral part of the blanket
mire landscape, and many of these may be peat-forming, even in the absence of Sphagnum
mosses. Many of the typical plant species, such as Calluna vulgaris (heather), Erica Tetralix (cross-
leaved heath), Trichophorum cespitosum (deer grass), Eriophorum species (cotton grass) and
several of the bog moss Sphagnum species, occur throughout much of the range of the habitat,
although their relative proportions vary across the country (http://www.ukbap.org.uk and
http://www.jncc.gov.uk).

Deep peat does not always bear the above plant communities. Surface drainage and overgrazing
may produce types of acid grassland or even bracken. These include U5 Nardus stricta-Galium
saxatile grassland and U6 Juncus squarrosus-Festuca ovina grassland. Bowes Moor SSSI and
Muggleswick, Stanhope and Edmundbyers Commons and Blanchland Moor SSSI (North Pennines
SPA) both have these communities, and their distribution suggests they are at least in part over
deep peat (Natural England Conservation Objectives). In other places, such as the West Pennines
(Lancashire County Council, 2008), Molinia caerulea may become dominant over shallow or deep
peat, and be associated with variable amounts of Sphagnum moss species. No work has been
found to indicate what needs to be done to restore a cotton-grass based plant community from these
degraded conditions, though impedance of artificial drainage and cessation of additions of fertiliser
and/or lime would be necessary first steps.

The location of deep peat may also be masked by the tall heather of the Calluna vulgaris-
Deschampsia flexuosa heath. While this community is more typical of soils such as found over free-
draining gritstones, it can also extend onto dry peat. It is shown to be widespread in the Peak
District (Rodwell (Ed), 1991), where cotton-grass based vegetation is still found on much of the deep
peat.

It is important to point out that, although the nature and quality of the plant communities is dependent
on maintaining the structure and hydrology of the peat, a peat body bearing degraded vegetation is
still as vulnerable locally to additional physical damage (shrinkage, erosion, mass movement) as is
an undamaged deposit.

Apparently degraded blanket peat is not always a consequence of human activity. Hulme and Blyth
(1985) describe eroding peat in the Shetlands as part of a natural process. Nevertheless, the
ground remains peat covered and the implication is that vegetation is able to re-establish on the
surface left behind. It is not unreasonable to suppose that blanket peat on the edge of the climatic
range within which it can form will be more susceptible to periods of nil growth and in which erosion
is periodically the dominant process as the climate oscillates in the direction of dryness. Erosion
features, whether natural or man-induced, are not currently included as features of scientific interest
by the INCC (JNCC, 1994).

Natural England is currently developing an inventory of upland deep peat in England from aerial
photographs, which indicates a total area of approximately 320,000ha. However, only some of this
is blanket bog i previous estimates based upon BAP inventory values give areas of around 280,000
ha of blanket bog. This work has already been undertaken in Scotland. Blanket bog habitat is
defined as 50cm of peat (with appropriate vegetation), peat soil is generally defined as 40cm of peat.

As discussed in section 2.4 the development of blanket peat depends on a complex interaction of
water and vegetation. Development of wind farms can have a direct impact on vegetation,
particularly during construction. Guidance produced by English Nature, RSPB, WWF-UK and BWEA
(2001) outlines how to minimise impact on the local environment. In the longer term biodiversity may
be affected by vegetation changing in response to new local hydrological conditions associated with
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the wind farm development. The impact of wind farms on hydrology is discussed in detail in section
2.9 below.

The UK Biodiversity Action Plan (2001) details the Habitat Action Plan (HAP) for blanket bog
(http://www.ukbap.org.uk originally published in 1999). The Blanket peat HAP contains objectives
and targets for blanket bog, these include:

1 Maintaining the extent and distribution of blanket mire in favourable condition; and

1 Targets for improving the condition of degraded blanket mire (phased improvements
resulting in approximately 75% of restorable blanket mire in, or approaching, favourable
condition by 2015).

This means that wind farm developments have the potential to adversely affect the UK BAP target
even if they are located on an area of degraded peat that might otherwise be restored, and result in
damage to habitats or make the peat more difficult to restore. It is important that wind farm
developments are implemented in such a way as not to prejudice future restoration of blanket bog
areas. Dargie (2004) gives examples of sites where habitat mitigation measures have been
implemented during wind farm development. These have included blocking of drains, reduction of
grazing and offsetting of impacts by creation of new areas of blanket bog (usually through
deforestation of adjacent land).

Holden, Chapman and Labadz (2004), note that vegetation on peat is highly sensitive to water
levels. Large changes in vegetation type can result from small changes in groundwater levels and
this may lead to a change in the assemblage of species and the overall habitat.

An indirect and potentially important impact on blanket bogs from wind farm construction is the
improved access given to moors via the new access tracks. This can result in an increase in winter
sheep grazing as a consequence of farmers being able to bring large loads of supplementary winter
feed (e.g. turnips) on to the moors at some of the well established wind farms in central Wales. This
will have a particular detrimental effect on the vegetation, particularly increased browsing of dwarf-
shrubs (heather), local enrichment and trampling of bogmosses. Improved access can also lead to
increased illegal use of moorland, including bogs, by off-road traffic, especially mountain and trail
bikes (this is seen at the Scout Moor Wind Farm site).

Figure 2-2 Storage of Turnips on Blanket Bog at Carno Wind Farm (Wales)
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2.9

Construction may also have direct impacts on vegetation and habitat. Guidelines for wind farm
developers from the Department of Environment, Heritage and Local Government in Ireland (2007)
recommend storing vegetated turf off-site, watering in dry periods and using it to recover bare areas.
They also recommend keeping grazing stock from re-vegetated areas until the vegetation has re-
established. It is important not to spread excess peat on top of existing vegetation, as this will result
in both the drying out of the spare peat (with a loss of peat mass) and also the destruction of the
vegetation (Philips 2005), and the extent of the impact of the construction on vegetation will become
larger than necessary.

Hydrology Impacts

29.1

Understanding how blanket peat works as an integrated hydrological system is essential to
assessing the impact of wind farms. Section 2.4 described the conceptual model of blanket peat,
and 2.8 the range of vegetation found on it. This is a two layer system with the potential for rapid
flow through the upper acrotelm and slow flow through the lower catotelm. In addition, there may be
rapid flow pathways via natural pipes which may develop in the lower levels of the peat. However, in
a degraded blanket bog situation the upper acrotelm layer may be mostly (or completely) absent due
to oxidation and degradation of this near surface recent peat layer and the absence of current peat
accumulation. The absence of the acrotelm and the presence of areas of bare peat leave peat
particularly vulnerable to erosion because surface water creates channels in the surface that
gradually deepen and get wider, rather than flow on a broad front through a porous acrotelm.

Rain provides the main input of water to an upland blanket peat system. There may also be a
contribution from groundwater and local runoff from outcrops of rocks and mineral deposits within the
blanket mire macrotope. Some water is lost to evaporation and run-off. The remainder moves
through the permeable acrotelm and reaches the catotelm. Hobbs (1986) considers water storage in
peat which includes water stored in pores or cavities (which can be drained by gravity), water held in
places by capillary forces which can only be removed by peat consolidation or compaction and water
within the peat structure which is very difficult to extract.

The creation of channels may be initiated by large volumes of surface water arising from storm
peaks, too great to be contained in the acrotelm. Some outflow from peat may also be along peat
pipes within the deeper catotelm peat. Baseflow via slow seepage from the catotelm only makes a
significant contribution to water outflow from peatlands during prolonged dry periods. The surface
water runoff has the capacity to produce a strongly peat-forming environment through the
sustenance of Sphagnum mosses when spread over a larger area, such as via diffuse overland flow,
but also to cause erosion where the flow is concentrated within channels. Even relatively small
channels, or lines of concentrated flow, such as those generated by vehicle tracks, once they start
transmitting water have the potential to erode over time and form erosional features.

Peat Permeability

The rate of water movement through the peat matrix is controlled by the hydraulic conductivity (see
Section 2.4). Holden and Burt (2003) investigated the hydraulic conductivity in a set of field tests at
Moor House National Nature Reserve and found that the results were sensitive to the assumptions
made about compressible nature of peat and the effective stress. They also stated that the blanket
bog was highly variable and included preferential flow paths. This is of particular relevance to wind
farm developers as ground conditions and the local impact of the development may vary across
short distances.

Gilman (1994) showed that the effects of drains has effects over at most 50m. This is generally for

fen peats. Similar effects wildl be seen i nWhéract

drainage channels intersect underground channels in the peat (peat pipes) their effects can spread
over 50 m of more Headley (2009b). However where the blanket bog has very little or no acrotelm

the short distances of effects of drains is seen as in Ireland and parts of the OFI

Scotland. Here the high levels of humification of the blanket bog peat and lack of an acrotelm
(typical of much of the Pennine blanket bogs) results in narrow zones of drying out either side of
drains in the order of 5 to 10m at the most. In some cases the zone of influence only extends for 2m
(Burke 1961 and Dargie pers. comm.). However, it must be remembered that the lack of an acrotelm
is an unsatisfactory degraded condition, a prime target for improvement under the blanket bog HAP.
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293

Blanket Bog Water Levels

Water levels control the balance between peat accumulation and decomposition (Holden, Chapman
and Labadz, 2004). Lowering of the water table can cause settlement of peat (Hobbs (1986),
Holden et al (2004)) reducing the porosity due to compaction of the peat. Not surprisingly un-
compacted peat can store greater quantities of water and discharge from a blanket bog with a thick
unsaturated acrotelm will be slower during heavy rainfall events than those without an acrotelm
where surface run-off drains rapidly to small defined channels. The average position of the water
table relative to the peat surface and its variation is an important control on the type of vegetation
that can be supported (Holden et al, 2004). This controls the degree of waterlogging and the amount
of capillary water available for mosses.

Wind farm developments affect the drainage from blanket peat. Turbine bases affect local drainage
during construction and may have a longer term impact on flow pathways and water levels
determined by their construction (Lindsay and Bragg, 2005). Roads may interrupt the natural
drainage network including both the subsurface flow through the peat and where they cross water
courses. This may cause ponding of surface water on the upslope side of a track and lowered water
levels on the downslope side. The risks of increased erosion associated with outflow from areas of
ponded water can be significant locally. Lindsay and Bragg (2005) state that floating roads often
start to subside by compaction of the acrotelm during dryer periods. Over time the lowered road
surface starts to provide a flow pathway, unless the level of the road is maintained above that of the
surrounding bog.

Holden et al (2004) outline the potential negative impacts of drainage as:
1 Downstream flooding
1 Subsidence

1 Increased aerobic decomposition of peat (leading to the peat becoming a net source of
carbon)

1 Changes in vegetation.
Water Quality Impacts

Activities such as drainage on blanket peat, including wind farm developments, have the potential to
affect water quality (Holden et al (2004), Wallage et al (2006)). Rainwater fed bogs generally have
very low nutrient waters (nitrogen, phosphorus and potassium) and an ionic content similar to that of
rain water, but with more hydrogen ions (low pH) arising from cation exchange in the living
Sphagnum moss and in peat. The time that water spends in the peat influences its chemical
composition. Downstream, water quality can also be affected by a change in sediment processes
where watercourses can be loaded with sediment following erosion.

Water quality is one of the factors influencing vegetation; and input of nutrients, e.g. following
forestry removal, or diversion of groundwater with a higher mineralisation can result in the
development of different, more fen-like, vegetation. Areas of localised water flow from wind farm
tracks has resulted in the expansion of poor-fen vegetation dominated by star sedge or soft rush (M6
Carex echinata-Sphagnum recurvum/auriculatum mire) on blanket bogs in Scotland (Dargie pers.
comm.). These may be local effects associated with lowered water levels and pollution or wider
effects due to change in runoff rates and pathways. The M6 NVC community is common on hillsides
flushed with groundwater or irrigated by surface water flow.

Mobilisation of fine sediment during construction activities, or following erosion, can have important
consequences downstream, particularly for public water supply where the cost of treatment can be
significantly affected by water quality (Holden et al, 2007a and 2007b). Increased sediment loads to
rivers with fisheries can potentially result in increased sedimentation within salmonid breeding
grounds (6reddsd) .

The construction materials used in wind farms sites should be such that they do not have a
significant impact on the water quality environment. In particular the use of materials in the
construction of roads has the potential to leach dissolved solids into drainage water and materials
which are relatively inert should be used. Limestone materials should not be used in roads. Water
in contact with it is likely to be more alkaline and contain basic ions that may change the vegetation
in the immediate surroundings, but see 2.7.1.
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2.10

Wind Farm Operation

2.10.1

2.10.2

During operation of a wind farm the medium and long term impacts on the peat are associated with
the permanent site infrastructure such as roads, turbine bases and hard standings. These can
include alteration of surface and groundwater flow patterns, peat subsidence, sediment release and
chemical pollution. Changes to the blanket peat can lead to changes in the vegetation, habitats and
biodiversity.

Surface flows may be locally altered by new drainage systems. Groundwater flow patterns (and the
diplotelmic structure of the mire) may also be locally modified by turbine bases, the foundations of
the substation and cable trenches, which may act as groundwater conduits, or barriers. There may
be localised disruption of flow paths near the turbines and a slight lowering of the groundwater table
near drainage ditches. The impact of wind farms on blanket peat hydrology is discussed in detail in
section 2.9 above.

Hard standing areas are impermeable and water flows rapidly away from these surfaces: this may
increase the rate of runoff, and hence increase the erosive energy. Poorly designed surface water
crossings, particularly piped crossings can result in upstream flooding and downstream erosion.
Sediment can also be released from poorly made tracks where ruts provide a preferential flow
pathway that will erode quickly. These impacts can be reduced or avoided by use of the available
best practices (e.g. track design and construction i MacCullough (2005), SNH (2005)).

Where there is significant lowering of water levels around turbine bases, resulting from drainage.
Peat subsidence may occur in response to long term lowering of water table following changes to
drainage patterns round turbine bases (Lindsay and Bragg, 2005).

There may also be a gradual lowering of any floating tracks, and of any drained areas, due to peat
compaction or loss, as a result of oxidation or loading, resulting in ground lowering and subsidence.
This can result in tracks acting as water courses with high erosive energy.

Decommissioning

The impacts of decommissioning a wind farm are potentially similar to construction impacts. In
particular, traffic access and management, engineering methods and pollution prevention and control
concerns are similar (though potentially of lower magnitude) in decommissioning and have been
discussed in section 2.7 above. In addition, there may be an impact from waste disposal which must
be sensitivity managed in a fragile environment.

The British Wind Energy Association state on their website that the way a wind farm should be
decommissioned may be specified as part of the planning conditions. These typically state that all
visible traces of the wind farm should be removed although it may be better to leave tracks and
turbine bases in place as this minimises disturbance. However, an assessment should be made of
the impact that the existing tracks and bases have had on the blanket peat. Turbine bases may be
reduced in height to below the level of the surrounding area and covered with peat, stone or other
local material (British Wind Energy Association (1994), Scottish Power (undated Wind farm
Sustainable energy Policy)). The Irish Wind Energy Association (2008) state that based on
experience in other countries repowering is more likely than complete decommissioning of the site.
Repowering is currently being considered at sites in the UK (Ovenden Moor, Chelker Reservoir, Coal
Clough 7 see section 3.2 for further details). This typically involves construction of new turbine
bases and decommissioning of the original bases, with some requirement for new tracks. In some
cases turbine base locations and tracks may be reused i which will have a lower impact.

A DEFRA research project carried out by the Moors for the Future partnership (2008) has collected
information about peat restoration and erosion control methods currently employed across the UK.
This is a useful source of information for wind farm developers considering the most appropriate
methods to use for site decommissioning.

Site Aftercare

Partial removal of the wind farm infrastructure will not automatically restore the blanket peat to its
condition prior to the development as impacts on surface and groundwater flow will remain and
vegetation is unlikely to recover to its original condition whilst the bog is partially drained. Peat
restoration has been investigated, generally with a focus towards restoring previously drained peat
lands. Holden, Chapman and Labadz (2004) identified two main restoration goals. These are
restoring the water table and re-colonisation with important plant species.
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Restoring the water table is generally carried out by blocking ditches. Although, if there has been
drainage, headward erosion, oxidation and cracking of the peat fabric, the peat may no longer be
able to hold enough water to maintain the required water levels during drier periods. Re-colonisation
can also be difficult, particularly in more marginal peatlands.

Wallage, Holden and McDonald (2006) and Worrall, Armstong and Holden (2007) have investigated
the water quality and runoff associated with restoration. Wallage et al (2006) found that drain
blocking activities did reduce colour and dissolved organic carbon. However, they found that there
was still a difference between original intact areas and the restored areas and attributed this to
modified flow pathways through the peat. They concluded that it may not be possible with current
techniques to fully restore the hydrology and biochemistry back to their pre-drainage conditions.
Yellof, Labadz and Hunt (2006) found that in the South Pennines marginal and degraded peatland
habitats are more prone to significant and irreversible changes.

A constant theme of this, and other research, is that once peatlands have been changed by human
activities it is very difficult to reverse these changes although their main impacts can be reduced.
This applies to changes carried out to improve agriculture, forestry and game management as well
as wind farm construction. Holden et al (2007) identified that more work is required to understand
how activities in the uplands affect environmental processes which rarely operate in isolation. Links
between processes are a key control on peatland development and the consequence of changes in
management may be unexpected, as feedback mechanisms between hydrology, vegetation and
land management can be complex. They state that successful restoration of some moorlands may
depend on a number of factors and this is important to consider when planning restoration of wind
farm sites.

Holden et al (2007), note that the impact of activities in the uplands mean that many moors are not in
a truly natural state and restoration activities aim to return them to a habitat state as it would have
been a few decades or a century ago. The baseline condition of the wind farm location when the
EIA is undertaken may not be favourable, and this may influence the restoration activities. However,
the overall aim in blanket bog areas to return the bog to active peat forming vegetation, is valid
whether the peatland is in a natural or altered state.

Summary
Key impacts of wind farms on hydrology have been identified as:

1 Lowering of water levels associated with drainage around infrastructure. Potential
consequences include vegetation changes, subsidence and increased decomposition of
peat.

1 Change in stream flow in response to change in site drainage. This includes rapid runoff
following development of preferential flow pathways or an increase in paved areas and
flooding associated with restrictions (e.g. culverts and bridges). This can result in
downstream erosion of the bog surface.

1 Change in local water quality due to change in drainage pathways and residence time of
water within the peat.

1 Change in downstream water quality due to change in runoff patterns or sediment supply.

Overall Impacts i Blanket peat integrity

Previous sections have identified that blanket peat is a complex system with close links between
surface and groundwater, vegetation, habitat and water quality. Wind farm development can have
an impact on any of these components and in turn affect the overall blanket peat integrity. Blanket
peat integrity is the continued functioning of an extensive area of blanket mire as a peat-forming
ecosystem in which the hydrology has inter-dependent linkages across its entire extent.

Conservation guidelines (English Nature et al, 2001) state that wind farms should avoid adverse
impacts on sites of high conservation value. This directs developments to areas of lower
conservation value, i.e. non-designated sites. However, these sites include blanket bog with a range
of blanket bog development, in a variety of conditions, with a variation in current ecological interest.
Within a non-designated site areas of particular ecological interest, with blanket bog habitat in good
condition should be avoided in preference for areas which have less blanket bog habitat interest or
are more degraded. There may be a requirement to balance the potential impacts on blanket bog
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2.11.2

compared to other environmental receptors within the site selection, and site layout design stages of
the wind farm proposal.

The integrity of these sites may already have been affected by a range of land management
activities, for example forestry, drainage, grazing, moor burning, old peat cuttings (Holden et al
(2007a, 2007b) and quarrying or mining. Historical management of some blanket bog areas has
resulted in degradation of the blanket bog integrity through:

1 Removal of the top layer of peat, including the acrotelm e.g. through cutting or burning;

9 Dissection of the peat mass through gullying 7 this may be initiated by gripping or small
drainage works which have evolved though erosion over many tens of years to large open
gullies cutting down to the underlying sediment.

1 Dissection of the top of the peat through drainage, e.g. for forestry.

These processes have the potential to reduce the integrity of the blanket bog as a hydrological unit.
A peat hydrological unit can be defined as a single continuous area of peat where:

1 The peat is continuous, and has a continuous water table.

1 The peat lies within the same water catchment (of the surface and groundwater within the
peat).

1 Impacts on the water level, or hydrology, of the peat in one location have the potential to
impact the peat in another location.

Boundaries of a hydrological peat unit could include the following:
1 A surface water course which completely cuts the peat body (e.g. a gulley).
1 The edge of the peat.

The hydrological unit that a blanket bog forms should be considered in the setting of boundaries for
assessing environmental impacts. The area considered for environmental impacts must include the
direct and indirect impacts. Sufficient land should be included within the proposed development
boundary to account for: any potential micro-siting; the full extent of the works including areas
impacted near to infrastructure; successful implementation of proposed mitigation and any habitat
enhancement measures.

Sites with Significant Erosion

Erosion is an important factor causing degradation of blanket bog. Human activities such as
improvement for grazing are thought to have contributed to the extensive erosion seen in UK
peatlands such as the Pennines (Holden et al (2007a), Holden et al (2007b), Yeloff, Labadz and
Hunt (2006), Warburton, Holden and Mills (2004)). Peat is a soft material and can easily be
removed by frost-heave, water flow and wind once the surface vegetation is removed (Warburton
and Evans, 2007). This clearly has an adverse impact on the integrity of the site and may affect
water levels (and therefore vegetation) but may also have an impact further downstream with
changes in water quality (dissolved organic carbon) and sediment transport in watercourses. Wind
farm activities have the potential to initiate erosion processes or to increase erosion. A Defra
research project carried out by the Moors for the Future partnership (2008) has collected information
about peat restoration and erosion control methods currently employed across the UK. Wind farm
developers should take account of this information along with standard industry good practice (e.g.
PPG 14 (Annex 1 (1996)), CIRIA (2005)).

Sites Dissected by Gullies

Gullying, or drainage (e.g. gripping), which has cut the whole way through the peat, dissects it into
separate hydrological units. In some areas these gullies have a wide area of slumped or wasted
peat covering tens of meters around the gulley, forming a low valley within the peat topography.
Where this has occurred, the hydrological integrity of the blanket bog is already disrupted, and the
emphasis needs to be on blocking gullies to prevent further loss of peat. The impact of a wind farm
may seem small compared to the impact of the gullying, but has the potential to exacerbate an
already damaging situation.

There is scope in these situations that careful siting of tracks and associated drainage on the site
could be used to reduce rapid runoff. This combined with mitigation measures to block gullies could
result in a reduction in the erosion from sites which have already been severely eroded and begin to
repair the peat-forming ability of the bog. It is clearly easier to block small narrow gullies than very
large gullies with a wide area of surrounding degraded peat.
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Impacts of Forestry on Blanket Bog

Wind farms sometimes focus on sites which have been forested, or are adjacent to forested areas.
Research on the impact of forestry on blanket peat has been carried out (reviews can be found in
Lindsay et al (1988), Lindsay and Bragg (2005), MacCullough (2005), Holden et al (2007b)). Key
impacts are lowering of water levels in the peat in response to drainage, water demand for tree
growth and interception of water by the forest canopy. The consequence of this is change in
vegetation type (Lindsay et al (1988) comment that the original vegetation is almost totally destroyed
in 10 7 15 years), subsidence and shrinkage of the peat and change in soil structure (Stroud et al
(1987)). Fertiliser is often added. There is generally no blanket bog vegetation interest remaining at
mature forestry sites, unless small areas of open bog have been left unplanted. Active peat
formation may re-commence after felling if suitable restoration measures are implemented.
However, the original state of the peat is unlikely to be regained, due to the widespread drainage
measures implemented during forestry, which will have impacted the fabric of the peat.

Developing windfarms in afforested blanket mire has potential risks, e.g. associated with peat
slippage, but may also offer biodiversity gains through restoration management, and this could be of
significance given the very limited ecological interest under a standing crop of trees.

The relevance of the intact peat conceptual model to peat degraded by forestry is unknown. The
emphasis must be on re-establishing a diplotelmic mire, and this involved the rejuvenation of the
acrotelm vegetation by maintaining a constantly wet surface suitable for the growth of Sphagnum
mosses and cotton-sedges. The impact of a proposed windfarm has to be considered in the context
of the potential for successful implementation of such restoration measures.

Peat Stability and Landslide

Peat instability, either natural or induced by human activity, can have a major impact on blanket peat
integrity. Assessing likely impacts on this is important for several reasons, not least that the
hydrology of the wider peat body and the vegetation depending on it relies on the peat body
remaining intact. Large scale movement of peat has been attributed to wind farm development,
notably at Derrybrien in Co Galway where a significant peat slide occurred during wind farm
construction (Lindsay and Bragg, 2005). This followed heavy rain after a dry period and peat moved
downstream with a significant impact on water quality and water supply, and caused a serious fish
kill incident. Other examples of peat landslide have been reported including: Pollatomish, Co Mayo
in 2003; Cuilcagh, Co Fermanagh (where peat slides appear to have been initiated by peat cutting
and heavy rainfall (both reported in Geological Survey of Ireland (2005)); and Channerwick, Shetland
in 2003.

Warburton et al (2004) discuss peat slides in the North Pennines summarising 18 peat slip events
which occurred between 1870 and 1995. In general the peat slid at the interface between the peat
and underlying clay or in the clay just below the peat layer. They have identified that in seven of
these events there was evidence of moor gripping or peat cutting, and in nine events peat pipes
were reported. However, in seven events neither of these potential triggers was reported. This
demonstrates that although human activity is associated with peat instability there are cases where
the peat is intact but can spontaneously develop instabilities, particularly after heavy rainfall.

Work by Dykes, Gunn and Gonvery (2008), on Cuilcagh Mountain upland suggests that slowly
changing internal thresholds, rather than human factors may account for areas which are particularly
prone to landslides. The northern and eastern sides of the Cuilcagh Mountain upland, in northwest
Ireland, are mantled with over 50 km? of blanket bog that has experienced an unusually high spatial
and temporal frequency of peat mass movements. In all, 29 peaty-debris slides, nine bog slides, two
peat slides and five more peat landslides of uncertain type have been recorded within this study
area. Field and laboratory investigations of the peat at several of the more recent failure sites
showed it to be typical of Irish and Pennine (northern England) blanket bogs in most physical and
hydrological respects. Field geomorphological evidence and modelling of stability thresholds
indicate that the particular susceptibility of the Cuilcagh Mountain blanket bog to failure arises from
two local factors

1 The attainment of threshold maximum peat depths on the East Cuilcagh plateau; and

1 The unconformable deposition of thin layers of glacial till (in places) and blanket peat over
the pre-existing topographic surface formed from the major shale formations that underlie
the northern slopes.

With two exceptions, there is no conclusive evidence that human activities and management
strategies for the Cuilcagh area have had any significant influence on the occurrence of the peat
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landslides. The high frequency of large rainfall events since 1961 that did not trigger landslides
suggests that failures are unlikely to become more frequent in response to climate change effects
because they are controlled by slowly changing internal thresholds.

Generally, surface fibrous, non-humified peat is fairly permeable, and therefore can drain effectively.
This type of peat may be quite stable. However, in more humified (decomposed) peat instabilities
may develop, and unhumified peat is usually underlain by humified strata.

The Geological Survey Ireland (2006) have identified mechanisms for peat landslide including:

91 Slippage of peat: as a raft of peat along the base of the peat or a weak humified layer within
the peat, or as rotational slides of peat and sediment. Slides may occur on fairly flat
plateaus of blanket peat bog and on the sides of blanket bogs. Failures can initiate with
sliding and may degenerate into peaty flows of debris, before becoming incorporated in
stream channels as peaty debris floods. Peat can travel several kilometers, particularly if it
enters a watercourse.

1 Bog bursts or liquefaction of peat usually involve rupture or tearing of the peat layer with
liquefied peat often being expelled along the margin of the peat mass or through tears on the
peat surface.

Peat slides are generally used to describe slab-like transitional failures with a shear mechanism
operating within a discrete shear plane usually at the base of the peat. Peat slides are similar in
nature to landslides in other materials and tend to occur in shallow peat (up to 2 m) on steeper
slopes (5-15°). In contrast bog bursts tend to occur on deeper peat (greater then 1.5m depth) and
on shallower slopes (2-10°) (Scottish Executive, 2006).

Although the mechanisms that lead to mass movement of peat are not yet fully understood a series
of common factors has been identified (Geological Survey Ireland 2006, Warburton et al., 2004):

1 A peat layer overlying an impervious or very low permeability clay or mineral base i which
provides a hydrological discontinuity (aquiclude) at the base of the peat.

1 A convex slope, or a slope with a break in slope at its head.

1 Proximity to local drainage either from seepage, groundwater flow, flushes, pipes or
streams.

1 Connectivity between surface drainage and the peat/impervious interface.

Peat slides are also often associated with intense rainfall, but have also occurred during drier
periods. Generally peat slides are a particularly likely when a number of risk factors coincide at the
same location. Areas of quaking bog or where bog has developed over water bodies are particularly
liable to movement.

Areas near to water courses pose a particular risk as there is a convergence of flow within the
ground here, and so potentially higher water pressures. This is a natural process around all water
courses where there is some permeability and movement of groundwater naturally towards the water
course. However, water courses can also provide a route for any peat slide, or flow, and result in
significant impacts downstream, including fish Kills.

In addition, there can be other practical problems related to working with peat. These include:
1 Local slippage of peat or slumping into excavations.

1 Drainage problems around areas which are dewatered, and the impact of pressure changes
associated with dewatering resulting in instability.

1 The unit weight of peat is similar to that of water. Hobbs (1986) stated a value of 94% of
water (by volume) in a 5m core of peat. Naturally occurring excess water pressure at, or
close to, the base of the peat can cause buoyancy or uplift and corresponding instability
problems.

1 Blasting for rock extraction has the potential to destabilize peat (Lindsay and Bragg 2005).
Warburton et al (2004) identify number of possible failure mechanisms in peat:

1 Shear failure by loading: where an intense rainfall event can suddenly increase the weight
and thus loading of the peat on a slope.

1 Buoyancy effect: where routing of water to the base of the peat through pipes generates
artesian pressure; and as the pore water pressure increases, the cohesion of the peat
decreases.

1 Liquefaction: where routing of water to the peat base, and/or a bottleneck in the subsurface
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drainage pattern cause the water content of the peat to increase, forcing the peat above its
liquid limit.
1 Surface rupture: where the peat at the base swells to a greater extent than peat above it.

1 Marginal rupture: where basal peat at the margins is undercut by streams or human peat
cutting.

In areas where there is a susceptibility to peat instability combined with a specific trigger factor (such
as certain wind farm construction activities) instabilities may occur. However, historical activities
combined with recent weather conditions, or merely the site peat properties and configuration, may
provide sufficient trigger for peat instability.

A number of specific trigger factors have been identified on other peat sites (Scottish Executive,
2006; Lindsay and Bragg, 2005) which include, but are not limited to:

1 High levels of prolonged rainfall, or very intense rainfall, have been associated with a
number of peat slides (Pollatomish 19 Sept 2003 >80 mm rain in 2 hours; Straduff townland
Co. Sligo May 1995 50 mm rain in one day; 19 Sept 2003 in Shetland, Scotland 100 mm
rainfall in 3 hours). Failures in blanket bog tend to be more common in the wetter autumn
and winter months.

1 Some peat slides, e.g. Derrybrien, were associated with dry weather. Dry weather can
result in cracking of peat which can allow rapid infiltration of rainfall to the base of the peat
and reduce the cohesion of the surface peat acrotelm. The presence of fibres (e.g.
unhumified cotton grass stems) in the upper less humified layers of peat can sometimes
increase stability, although these fibres are not so intact in humified deeper peat.

1 Snow melt - causing development of high pore-water pressures.
1 Natural erosion of the slope surface and base of the slope.

1 Low permeability bedrock resulting in a high runoff, and the potential for concentrated flow
along the base of the peat.

1 Rapid ground accelerations e.g. earthquakes causing a decrease in shear strength; rock
blasting or mechanical vibrations could also have a similar effect.

I Man-made impacts, including undercutting of slopes, removal of retaining walls, and land
drainage. Loading of the peat may also cause instability e.g. placement of excavated peat
at the side of an excavation, passage or placement of heavy plant, or construction of
structures.

91 In addition, previous activities on site may have left a natural weakness on the site regarding
stability including:

o Grazing of animals resulting in damage to the peat surface and erosion;

o Forestry resulting in cracking of the peat parallel to the lines of trees (a factor in the
Derrybrien slide);

o Burning of vegetation resulting in erosion of the upper acrotelm.

Climate change may exacerbate peat slides as summers may become drier and winters wetter, thus
resulting in greater drying out and then rapid rewetting of peat. However, it has been suggested by
other authors (Dykes et al 2008) that as some high levels of rainfall do not generate peat slides
failures may be more related to slowly changing internal thresholds.

Further details of potential triggers of peat instability and contributory factors are given in reports by
Lindsay and Bragg (2005) and MacCulloch (2006).

For sites which have a significant depth of peat, a peat stability assessment is required to determine
the risk of peat slippage during construction or wind farm operation. There are geotechnical
technigues which have been developed to assess whether slopes are likely to fail, including the
factor of safety assessment. The Scottish Executive (2006) report describes a method for assessing
the peat slide risk, including an assessment of the risk of an event, which is the product of the
likelihood of it happening and the consequences of the event. Calculation of the factor of safety for
peat soils has been reviewed by other authors including the Geological Survey of Ireland (2006) and
MacCulloch (2006) who question whether this technique is directly applicable to peat land slides due
to the unusual geotechnical properties of peat and its variable nature.

Peat has unusual properties for a solid material, which result in standard engineering methods being
difficult to apply. Unusual properties of peat include: its high water content, its limited strength
controlled by both its fibrous nature and the formation of chemical complexes between the plant
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tissues and water (Hobbs (1986), Lindsay et al (1988)). This leads to unusual engineering
properties including low unit weight, high influence of water, low shear strength and high angle of
friction. Assessment of peat with these properties may be at the limit of current geotechnical
methods (Geological survey of Ireland (2006), Holden and Burt (2003)). Peat is compressible with
the rate of compression controlled by the way that water is held in the peat (Hobbs, 1986), again this
is unusual.

The high organic content of peat means it tends to shrink if dried out. This is partly an increase in
decomposition in the presence of oxygen and also a change in the structure of the peat following the
drainage of pore water (Hobbs, 1986). Peat is soft and if vegetation is removed it is vulnerable to
erosion by wind and water (Yeloff et al, 2006). Peat is also vulnerable to landslip with significant
impacts locally and downstream (Warburton et al (2004), Lindsay and Bragg (2005)).

Holden and Burt (2003) also found that the compressibility of peat, and its response to changing
pore water pressure, affected results in hydraulic conductivity tests when standard methods were
used. This indicates that wind farm developers should be extremely cautious when using standard
methods to assess peat behaviour. MacCulloch (2006) recommends using low shear strength
values and high water content values to produce conservative designs for roads across peat but also
states that initial construction method statements should not stifle innovation. Compared to mineral
soils peat is compressible, has low shear strength and a high angle of friction and the role of fibres
and the anisotropy of peat in stabilizing bogs is not well understood (Geological Survey of Ireland,
2006).

Measurement and monitoring of water levels is identified as being of value before and during wind
farm development and operation where peat slide is a potential risk (Scottish Executive, 2006).
They comment that the need for monitoring depends on the ground conditions at the site and the
guidance includes an appendix summarising suitable instrumentation for monitoring peat properties
at sites at risk of instability (including groundwater levels, pore water pressure, overland flow, rainfall,
ground movement, and shear surface movement). Additionally, the Environment Agency (2002)
have published a guide to monitoring water levels and flows at wetland sites. This includes advice
about producing an effective system which generates good data and is relevant when setting up
monitoring systems around wind farms.

Summary
Key points for wind farm developers are:

1 Instabilities in peat can lead to rapid movement of significant volumes of peat downslope
with serious consequences for blanket peat integrity, water courses downstream and health
and safety;

1 There are a number of potential trigger factors (see section 4.4.9 and above page 25) which
include certain wind farm construction activities;

9 Sites on a convex slope, close to water course or where there is a hydrological connection
between the surface and the basal layers of the peat may be more likely to slip;

9 Caution is needed when using standard techniques to estimate the likelihood of peat failure

1 Sites prone to failure are likely to have a number of risk factors present on site, including
evidence of small scale failure, which can provide an indication that a site poses a particular
risk.

1 The best mitigation of peat slippage is to avoid unstable areas although other mitigation
measures are possible to reduce the risk of failure. Unstable areas are often associated
with a higher number of risk factors, or have a history of previous slippage or instability.
However, failure may occur without human intervention on a site.

Carbon Cycle and Stores

Peat soils store carbon in the dead plant remains and its decomposition products form the peat
(Moore and Bellamy 1974. Holden et al, 2007b). Damage to the peat integrity (i.e. to a peat
hydrological unit and the fabric of the peat within the peat body unit) either during construction or
inadvertently (by taking actions that lead to increased erosion or instability) can lead to the release of
carbon.
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2.131

2.13.2

Overall Impacts - Carbon budgets, storage and the effects of wind farms on blanket bogs

Peatlands are the single largest carbon reserve in the UK (Moors for the Future, 2007) storing
around 3 billion tonnes of carbon (compared to 150 million tonnes of carbon in UK woodland).
Peatlands in England and Wales could absorb around 400,000 tonnes of carbon a year, if in pristine
condition. However, peatlands are not all currently peat-forming, and some are degrading. 80% of
all carbon losses from UK soils are derived from upland peat soils. In the Peak District up to 100
tonnes of carbon are lost annually per km? in some eroding catchments where wildfires have caused
large areas of bare peat devoid of vegetation.

Healthy blanket bogs and peat soils have the ability to store carbon (Holden et al. 2007). This is
because the inputs of carbon into the blanket bogs are greater than the outputs, due to the low rates
of decomposition and the chemical stability of the peat mass when saturated. The placing of wind
farms on blanket bogs can disrupt their carbon budget, leading to a greater carbon outputs from the
system and turning it from a carbon sink to a carbon source. Peatland restoration projects can help
to return bogs back to being carbon sinks. However wind farms can cause physical and chemical
changes, which are often difficult or impossible” to reverse.

Carbon Budget of Blanket bogs

Inputs of carbon (C) exceed the outputs in blanket mire and the balance is deposited as peat. Worrall
et al. (2003) list three inputs into upland peat carbon budgets (Figure 2-3):

i Carbon dioxide and methane sequestration from the atmosphere;
i Dissolved Organic Carbon (DOC) and inorganic C from rainwater;
i Inorganic C from weathered rocks.

And the outputs of the carbon budget are:

i Carbon dioxide and methane released to the atmosphere through degradations;
i Fluvial outputs of Dissolved Inorganic Carbon (DIC), Particulate Organic carbon (POC) and
DOC.

2 . .
Techniques are currently unavailable.
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2.13.3

Figure 2-3 Carbon uptake and release pathways for upland peat (modified from Worrall et
al. 2003)

Rainfall Gaseous

CH4
Net gaseous CO2 Dissolved CO2

exchange

l

Carbon stored in peatland ‘ DIC
POC

Carbon from weathering
of underlying strata

(Notes: DOC i Dissolved Organic Carbon; DIC - Dissolved Inorganic Carbon; POC i Particulate
Organic Carbon; CH4 i Methane)

The relative rates of the inputs and outputs are determined by a number of factors, but the dominant
controls are groundwater table position, the peat water chemistry, the plant communities and
temperature.

The factors leading to the degradation of a blanket bog can turn it from a carbon sink to a carbon
source. Drainage schemes can increase the output of carbon in several ways. Firstly it can lower
the water table, increasing the aeration and rate of oxidation and consequently the rate of
decomposition of the dead organic matter; it then releases carbon to the atmosphere at a faster rate
and forms more readily-mobilised DOC (Holden et al. 2004). This increase is compounded by the
additional oxidation of toxic phenolic compounds if present which inhibit microbial activity (Wallage et
al. 2006) even further.

Secondly, drainage can change the hydrology of peat by creating an increased number of natural
pipes and other macropores®. Greater volumes of water passing through the peat matrix, rather than
over its surface or through macropores, can cause DOC in pore water to be flushed from deeper
peats (Wallage et al. 2006). This process can also increase the development of peat pipes
(macropores) within deeper peat.

Lowered groundwater tables also change the plant rooting environment and different plants
inhabiting the drier surface layers may curtail overall peat formation and carbon capture. The effect
of activities such as drainage and over grazing can leave peat more prone to mass movements
(Warburton et al. 2004). Mass movements disturb peat, leaving it more exposed and prone to
erosion and so to carbon loss.

Wind Farms and their impact on Carbon storage

Wind farms generate low carbon electricity without the use of fossil fuels, and so can have a net
carbon benefit compared to electricity generated using fossil fuels. However, there are a number of
factors involved in the construction and operation of a wind farm which influences how much carbon
benefit the wind farm can provided. Some literature (see later) refers to a carbon payback period,
before a wind farm can actively contribute to carbon savings.

8 Macropore is a generic term for a flowpath through peat that is visible to the naked eye and is thus much more conductive
than the pathway through the small pores between microscopically small components of the peat.
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2.13.4

2.14

Wind farms can affect the carbon budget of a blanket bog area in several ways (Hall 2006, Nayak et
al. 2006):

i Direct impact: in the building of infrastructure large volumes of peat can be dug up and
vegetation is removed. If left, they could have continued to sequester carbon. Extracted peat
when stockpiled will decompose and release carbon.

i Drainage schemes: these affect the carbon dynamics by changing the hydrology. A drier
surface does not provide peat-forming conditions, so there is no net carbon capture.

1 Deforestation: wind farms can require forests around them to be removed to improve wind
conditions or to allow access to a site. There is an obvious loss in biomass with
deforestation, and concomitant carbon release. However, there is also often opportunity to
reverse the balance by restoring active bog where trees are removed, and thus have net
capture of carbon. These may have to be balanced against other consequences of
deforestation, such as significant increases in sediment and carbon fluxes to local rivers.

1 Mass movements: cut and fills, drainage and other engineering works can all increase the
risk of mass movements of peat, with a corresponding loss in peat mass and concomitant
loss of stored carbon and ability to store carbon in the future.

Additionally, wind farms can have wider impacts on the global carbon cycle. Their fabrication and
construction generates carbon. Fossil-fired power stations must be maintained at inefficient back up
levels, ready for periods when the wind is not blowing.

Carbon budgets and restoration schemes of upland peat

A number of studies have been conducted to assess the effectiveness of peat restoration schemes
(http://www.moorsforthefuture.org.uk/mftf/research/peat_compendium_project.htm).

Wallage et al. 2006 compared the dissolved organic carbon (DOC) of upland peats which were
intact, drained and drain-blocked. This showed that drain-blocked peats had lower DOC
concentration in its water than even intact peats. Wallage et al. 2006 suggested that this was
because, when the peats had been drained, they had been flushed of soluble or fine particulate
carbon, so the quantity available for quick release in the peat had lowered.

Water from drained peat blocks was darker than intact peat, suggesting that the oxidation of phenolic
compounds allows enzymes to mobilise more humic acids (which are dark in colour) than before.
Another cause of more humic acids being mobilised from drain-block peats is that when drained,
pipes can form. These increase the movement of water through the deeper peats, allowing greater
mobilisation of leachable substances.

Studies (Worral et al. 2007 and Holden 2005) have showed that it is difficult to restore the carbon
budget of bogs back to a pristine situation regarding carbon once they have been drained, as large
quantities of carbon have already been lost from the system and the fabric of the peat body has been
modified. However, the present-day outputs of carbon from peats can be significantly reduced, and
reestablishment of peat forming vegetation following restoration works may be able to return a
degraded blanket bog from a carbon source to a carbon sink.

Assessment of Carbon Fluxes at Wind Farm Sites

A number of methods have been developed to assess the carbon fluxes from peatland (Worral et al.
2003, Scottish Executive 2007, Hall 2006 and Nayak et al. 2006 and others). The following review of
methods comments on which would be most effective in assessing the impact of wind farms on the
carbon budget of blanket bogs.
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2.14.1

Worrallb s met hod (2003) quantifies the individual
by sampling, laboratory analysis and through equations based on measurable parameters such as
temperature. It would be difficult to implement this method for most wind farm developments as it
requires the collection of a large data set over at least a year. Additionally, the quantification of the
rates of litter input (c. 300-700 g m™? annum™) and net carbon dioxide exchange have large error
components and consequently detecting a significant difference between two large mean values
which is usually small (c. 20 g m™? annum™) is likely to be difficult (Niklaus et al, 2000).

The ECOSSE model (Scottish Executive 2007) estimates the carbon store in organic soils in
Scotland and Wales and predicts the effects of climate change and land use changes on greenhouse
gas emissions. The scale and complexity of the model is too great to be usefully applied to
individual wind farm proposals and would need to be adapted.

The Scottish Government funded the development of a calculator (Nayak et al 2006) to give a
consistent and robust method for evaluating C savings from wind farms. The SNH and SEPA
supported the Scottish Government in managing this project and a wider body of stakeholders were
consulted, including field visits to operational wind farms, a workshop, and direct input on specific
details of the work. The report provided inputs and views on the approach devised to estimate C
losses and savings from wind farms on peat soils for large scale wind farm developments in
Scotland. It raised concerns about the reliability of methods used to calculate the time taken for
these facilities to reduce greenhouse gas emissions. The calculator that resulted from the Scottish
project which is used in the case studies below has yet to be formally adopted as guidance.
Adjustments to the calculator may occur as the state of the knowledge improves or as a result of the
consultations.

Nayak et al. (2006) developed site specific equations to calculate the carbon saving from wind farms.
Their aim was to create a model which produces similar results to ECOSSE, which could be
practically implemented for individual wind farm developments. The Nayak et al. method uses an
Excel spreadsheet of fifteen worksheets requiring the following information to be inputted to calculate
the carbon saving:

i Number of turbines, foundation and hard standing dimensions, turbine capacity and
assumptions about efficiency;

Drainage of turbine bases;

Forestry felling areas;

Borrow pits in peat areas;

Road type and drainage;

Cable lengths (if not alongside roads);

Proposed restoration following construction and following decommissioning;
Air temperature;

Peat depth;

Water level,

The extent of water table lowering around drainage features;

Soil pH.

=4 =48 _8_98_9_9_9a_-92_-2._-12

These items should be obtainable from the site developers, site visits and figures in published
papers. However, if site specific information is missing, such as details of the depth of peat on site,
less accurate estimations can be obtained by using IPCC* generic values within simplified equations.
The Nayak method appears to be the most suitable for calculating the carbon saving of wind farms
on blanket bogs and is used in the case studies.

Catastrophic Peat Loss

There are two instances of rare but significant ways in which large and rapid peat loss may occur..

1. Fire (natural or deliberate) can occur on peatlands whether or not a wind farm is present,
and the risk is at it highest in dry weather. The reaction of the managing authorities is usually
to close the moorland to the public when the risk is high. No studies have been found to
show how the presence of a wind farm affects the risk of fire. There may be increased
access to wind farm sites on common land, due to the presence of new tracks. However,

* Inter Governmental Panel on Climate Change
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regular inspection (in some locations daily) of wind farm sites would provide for regular
monitoring of fire risk. Additionally, the presence of tracks on wind farm sites would enable
access to fire fighting vehicles, and act as a narrow fire break. It is in the interests of the
wind farm operator not to have a fire on a site where they have very significant
infrastructure. Provision should be made within the emergency procedures for a site for a
response plan in the case of fire.

2. Peatslide i this is discussed in detail in section 2.12 which indicates where there is a risk of
peat slide, and how it might be mitigated. The most reliable mitigation measure is to avoid
high risk sites.

2.15 Overall Impacts i Landscape

2.15.1 Introduction

Landscape character and visual impact assessment (LVIA) is a widely used, recognised and
documented tool for assessing the potential impacts of development on the landscape and visual
resource. Impacts can only be predicted where the scale or magnitude of change has been
accurately described.

The main direct factors currently taken into consideration during the assessment process are the
wind farm extent, height of turbines and associated ancillary structures such as buildings and tracks.
However there are a number of less obvious and indirect impacts which might arise and could lead
to increased and unpredicted change in the landscape and visual resource.

These are summarised in the following table.

Maslen Environmental part of the JBA Group
www.maslen-environmental.com 33



Natural England
Assessing Impacts of Wind Farm Development on Blanket Peatland in England
Project Report and Guidance

This page is intentionally left blank.

maslen

part of the JBA Group

Maslen Environmental part of the JBA Group
www.maslen-environmental.com

34



Natural England

maslen

Assessing Impacts of Wind Farm Development on Blanket Peatland in England

Project Report and Guidance

part of the JBA Group

Table 2-6 Framework of Potential Additional Landscape and Visual Impacts of Wind Farms in Upland Peat Landscapes

Issues

Impacts

Effects on landscape fabric

Track Width

Wind farm development can introduce significant lengths of new access tracks into the landscape (Crook Hill
5km, Scout Moor Wind Farm 12.8km, Lewis Wind Farm 170km). These are considered within the landscape
and visual impacts sections of an Environmental Statement (ES) as a matter of course.

However, access track widths are usualH Yhe actual gana @&
impact on peat bogs is dependant on a number of factors and may extend to much greater distances beyond
its edge (2m to over 50m in certain circumstances) resulting in them being more conspicuous, for example
through long-term habitat changes adjacent to tracks. The changes might arise from disturbance, introduction
of new materials, changes in localised drainage and compression of the peat substrate. This potential impact
needs to be recognised within the LVIA ES chapter to demonstrate an understanding of this indirect impact
on the peat habitat and the effect it has on landscape fabric and mitigation planned accordingly.

Access &
Micro-siting

Alignment

Track alignment needs to be considered in terms of its actual fit with topography, ground conditions and
landscape character.

Deviations in track alignments predicted within the ES and the final constructed track alignments may mean
that actual track length is greater than first envisaged and therefore the impacts on landscape fabric may be
underestimated and actual impacts greater than those predicted. (Lindsey R.A., and Freeman, J. (2008),
ALewi sFaMimdE. | . S: A Critical Revi ewo) .

The assessment methodology needs to account for these factors so that landscape fabric changes are not
underestimated and mitigation is considered during the early planning stages of the project.

Physical Changes

Cutting & Filling

As a result of track alignment increased cutting and filling may be required to facilitate the preferred
alignment. This potentially introduces highly visible change to the landscape fabric. LVIA assessments may
need to be revisited to reassess the additional impact such change has on the landscape fabric.

Turbine Micro-
siting

Micro-siting is the final post-planning permission positioning of individual turbines following detailed geo-
technical assessment or during works on site. This may have an impact on the landscape fabric arising from
increased track length. The scale of landscape fabric change could be underestimated. Conversely access
track length may be reduced if turbines are eventually situated closer to the main access tracks.

Materials

Due to the acidic nature of peat bog habitats materials should be carefully selected to demonstrate an
understanding of the potential long-term impacts material choice may have on habitats and landscape
appearance.

Road Network
Modifications

Roads in the vicinity of sites may need to be modified to accommodate turbine delivery. These changes may
result in an dédurbanisationd o dductioh ef roaduwidening, keebs didedeallp
shaped accesses and the removal of other landscape elements such as stone bridges, walls, gateposts,
hedges and trees ( iWi nd Energy Devel opment i n NDmaft Supgemantary
PlanningGudance t o accompany Planning Policy Stat §n¥lAs
need to account for these offsite changes which may be temporary or permanent.
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Table 2-6 Framework of Potential Additional Landscape and Visual Impacts of Wind Farms in Upland Peat Landscapes

Issues

Impacts

Effects on landscape fabric

Drainage

Landscape-Scale
Change

Potentially irreversible change to peat bogs over large areas through drying out and resulting change to
vegetation cover may result in significant unintended change to the landscape fabric and appearance which
should be to be considered when mitigation measures are being planned.

Wider catchment impacts such as changes in watercourses, geo-morphology, increased erosion and scour,
water quality changes have the potential to change the landscape fabric of the water course valley
landscapes and may need to be considered. This is probably only likely on large-scale developments, or
where there is cumulative impact from a number of wind farms within an area.

Localised Effects

Localised effects such as drying out and increased wetting/ponding in areas, exposing peat and changing
vegetation, may lead to changes in landscape fabric and appearance.

Residual
effects

Decommissioning

Changes to landscape fabric are often described as temporary and reversible. Features such as tracks and
turbine bases may be left in-situ during decommissioning and vegetated/turfed over, however little is known
about the efficacy of such practices (as far as it is known no wind farms have been decommissioned to date
in the uplands of Britain) which may potentially result in a permanent visible change to the landscape fabric.

Inthei r recent consultation draft ADesigning Wind f
recognise that decommissioning after 25 years is an unlikely outcome and that sites will be repowered and
will continue to exist for many years to come. This repowering of existing sites is starting to take place now
(e.g. Chelker Reservoir i application refused 3-3-2009 at planning committee meeting, and Ovenden Moor 1
application in progress) earlier than expected during their life cycles presumably to benefit from technological
advancements. However it is not yet clear how repowering will re-use existing site infrastructure (access
tracks, cabling, foundations etc.) or whether new infrastructure is required which could lead to cumulative
damage during each subsequent repowering. The Chelker Reservoir repowering proposed to re-use two of
the turbine location and to merely upgrade the existing site tracks, suggesting that some of the existing
infrastructure on sites can be re-used and some locations of infrastructure re-used.

Land
management

Cultural Changes

Management
Practices

The introduction of turbines into upland areas may lead to changes in grazing patterns. Adjacent areas may
be subject to increased grazing (see Section 2.6) and hefted sheep may be displaced through fragmentation
of land resulting from fencing off access tracks during construction. Planned burns may have to be restricted
or stopped entirely (this is likely to provide a benefit to the blanket bog biodiversity).

The movement of construction traffic across the site will transport seeds of mobile species. Due to the
changes in drainage and the construction activities a zone of different vegetation usually establishes along
the margins of tracks and around turbine bases and any hard standings.

These changes in land management practice can lead to changes to the existing vegetation. Typically the
margins of tracks are dominated by soft rush which is atypical of blanket bog habitat and increases the visual
contrast between the track and surrounding blanket bog vegetation. This may result in changes to the
landscape appearance over extensive areas which ought to be taken into consideration.

Maslen Environmental part of the JBA Group
www.maslen-environmental.com

36



Natural England

maslen

Assessing Impacts of Wind Farm Development on Blanket Peatland in England

Project Report and Guidance

part of the JBA Group

Table 2-6 Framework of Potential Additional Landscape and Visual Impacts of Wind Farms in Upland Peat Landscapes

Effects on landscape fabric

Securing collective agreement on land management changes where common land is concerned or securing
agreement from land owners/tenant farmers can lead to doubt about the deliverability of landscape and
biodiversity gains as part of any proposals. Re-vegetation of bare peat and soils on common land where
agreement of all the commoners is required may be difficult. These areas require fencing to exclude livestock,
principally sheep, or all livestock needs to be removed from the common affected to allow seedlings or
transplants to establish again resulting in change to the landscape fabric.

Issues Impacts
Management
Agreements
Public Access
Land use

The introduction of extensive lengths of new access tracks may lead to indirect impacts such as increases in
public assess and use. The illegal use of moorland for various damaging vehicular pursuits which usually
results in the destruction of the integrity of the peat surface and increase in the amount of bare peat may
follow and so appropriate access restriction should be planned.
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2.16  Overall Impacts i Archaeology

2.16.1 Background

Peatlands are unique ecological and hydrological environments as they contain distinct and often-
threatened flora and fauna and take several millennia to mature (Charman, 2002). In addition to
being an effective mechanism for fixing and storing carbon, they are of archaeological importance
(often regardless of preservation status) and represent an archive for palaeoenvironmental research.

2.16.2 Archaeological Value of Peat Bogs

In order to establish the impact of a wind farm upon a peat bog from an archaeological and palaeo-
climatological point of view it is essential to understand exactly what sort of archaeological resource
it represents.

The surface of a peat bog is not only a contemporary landscape and habitat but also an archive of

past environments and human activity. Under a microscope it is possible for vital pieces of evidence

such as pollen, coleoptera (beetles), tephra (volcanic ash) are visible and that combined with details

the rate of peat growth can all ow poanert& Eeansv2006)o n me nt
This can go much further than just creating a climatic chronology but also can provide evidence of

human impact upon not just that particular site but the wider environment and how humans helped

shape these environments.

Due to the presence of organic material it is possible to use absolute dating methods such as
Carbon 14 to tie these to other events such as significant climatic changes and other forms of
evidence. One such source of evidence is tephra chronology uses volcanic ash to link events across
large geographically discontinuous areas. Each volcano produces a range of ashy material the
larger parts of which fall close to the volcano but the finer material, particles of less than 2mm, is
propelled high into the atmosphere and spreads over considerable distances. Each volcano's ash is
unique and therefore traceable on a continental scale. The effect of large eruption has a significant
effect on the climate as the ash is thrown high into the atmosphere reducing the amount of sunlight
reaching the earth's surface as well as effecting the prevailing weather patterns. In recent times,
1980, the eruption of Mount St Helens produced ash that spread around the northern hemisphere.
The effect of each volcanic eruption depends upon its scale on the Volcanic Explosivity Index (VEI)
which ranges from 0 - 8. The eruption of the Hekla volcano in Iceland in circa 1,000BC was rated as
a 5 on this scale and has been detected via remains in Irish Peat bogs, Greenland Ice cores and the
Bristlecone pines of California. Climatologists believe such an eruption would have had an effect on
the world's climate for up to 50 years. Archaeologists have noted that it is around this time that
significant environmental change took place in Britain with the beginning of substantial areas of
uplands becoming raised bog partly due to climatic deterioration but also do to the natural soil
conditions and over exploitation by humans. Peat bogs therefore have the ability to make significant
contributions to our understanding of past climates.

Pollen is a key resource to the palaeo-climatologist and peat bogs are a critical element as their
anaerobic conditions allow the pollen, or spores, that the wind blew through the air, and deposited on
the bog to be preserved (Moore et al 1994). So, if an area was covered by oak wood the bog would
have captured oak pollen and as it grew, the original surface would be buried along with the oak
pollen and any other pollen and spores present in the air at the time. Subsequent archaeological
examination of the peat would reveal that the oak pollen was still preserved, pointing to the fact that
there was a lot of oak in the countryside at that time, even if the wood has now completely gone.

The pollen in the uppermost parts of lowland raised bogs, often just the top metre, contains the
history of the climate and the development of the recent landscape. This surface peat is the most
vulnerable to surface interference such as damage from drainage and removal by mechanised
cutting. As with all such studies on peat, it is only possible to get this amount of information from it if
the bog surfaces remain intact.

As well as preserving evidence of past environments it is also possible to look at past land use.
People returned to Northern Britain at the end of the last Ice Age having been displaced by the Ice
sheet into the dry basin of the North Sea or the Southern England (Smith 1992). Initially these
people were hunters and gatherers but around 6,000 years ago agricultural came to the British Isles.
In many places this was before the onset of blanket, or upland, peat. The settlements and field
enclosures the Neolithic farmers established were important for separating grazing animals from
crops of wheat or barley and are gradually being uncovered (Bradley 2007).
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2.16.3

2.16.4

Sometime objects are recovered from peat bogs, the most common objects being worked wood.
They can vary from a single piece of wood with a deliberately sharpened end to a structure such as
a trackway, logboat, platform or house footing. All such finds are worth recording and investigating
as they may be an indication of a more complex site in the vicinity.

Wooden Trackways can occur at any depth in a raised bog as they have been constructed for
thousands of years. They are found in many forms and were used for a variety of reasons as the
shortest crossings across peatland. They served as parts of major routeways or provided paths
called droveways across soft ground for farm animals going to and from pasture. In the most
primitive form, a layer of brushwood was often laid down to provide a dry trackway, perhaps in
exceptionally wet weather as at Garvin's trackway in the Somerset Levels. Some times wattle
panels, referred to as hurdle tracks by some, were used in a technology borrowed from house
building as at Walton Heath in Somerset.

In both Ireland and Scotland structures such as megalithic tombs and stone circles were buried
beneath the growing peat in upland areas from about 1200 BC onward. Many of these sites were
uncovered when the peat on the blanket bog was being hand-cut, and monuments such as
Creggandevesky court tomb in County Tyrone were hidden in this way until the 20th century (Shee
Twohig 2004). There are undoubtedly many more remaining to be discovered. These are less
common features in England but in upland areas there are still features such as cairns, cairn fields
and burnt mounds that can be seen in upland areas such as the Yorkshire Dales e.g. Kingsdale
Head near Ingleton.

The discovery of human remains in peatlands is always of great public interest. This is because
peat preserves not only the skeleton but also the skin, hair, internal organs and clothing of the bog
body. This enables archaeologists to analyse the stomach contents, diseases, date of death and
how the person died. The preservation conditions allow the examination the fabric, weave, colour
and stitching techniques of clothing and leather items is particularly valuable for dating the body
(Turner & Scaife 1995). The conditions in the peat responsible for preservation are changed when
the peat is drained or disturbed in other ways.

Overall Impacts i Archaeology

Human activities (including windfarm developments) affect three key characteristics of peat bogs:
1 Water content

1 Nutrient levels

1 Surface vegetation.

Removing water from any peatland has an impact on the archaeological value of the site. Organic
materials are preserved in peat because the high water content inhibits the presence and actions of
microorganisms. Removing water can result in increased microbial activity, causing the decay of
preserved organic material such as: wooden containers, clothing, timber structures such as
trackways and houses and even human remains.

Wind farms and communication masts can affect peat land habitats and have long-term effects on
the stability of the bog itself. This is described in detail in previous sections, and affects the
archaeology and palaeoecology as described above,

Baseline Archaeology Situation

Environmental Impact Assessments for the construction of wind farms on peatlands need to be
holistic in nature and take the following factors into consideration:

9 Stratigraphy and extent of the peat

Geomorphology of the peat forming environment and associated substrate
Plant and faunal ecology of the site

Archaeology and palaeoenvironmental record

= =4 =4 =

Potential changes to carbon storage.

The most important factor to establish when looking at the impact on the archaeological and palaeo-
climatological record will be to establish the current state of the peat deposits. If these have already
been subjected to disturbance, aeration and reduced water levels then much of the archaeological
and environmental record has already been lost and construction of a wind farm is unlikely to have a
significant impact upon the resource bar that which occurs as a result of direct grounds works. If
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however the sites are in 6primed condi t irenewabiet can
resource. This would require detailed and careful mitigation on a site by site basis as the standard
techniques of archaeological appraisal of aerial photography and geophysical survey are of limited

value.

In order to establish the extent and depth of the peat and to search for stratigraphic features that
may be of palaeo-environmental and/or archaeological interest a thorough auger survey is needed.

An auger survey is also important from a paleo-environmental assessment view point as it will
provide a detailed description of the structure of the peat. A suitable mitigation strategy could then
be framed once the nature of the deposits had been assessed. It would be advisable for an
archaeological watching brief to be undertaken as part of any construction project.

The condition of organic remains within a bog that has been degraded by gullying, fire damage and
other forms of reduced water table leading to desiccation will be poor. Much, if not all of the organic
material is likely to have been compromised and therefore of limited use. Any structural remains are
likely to be in the same position as they would on any 'dry' land site that had not been subject to
disturbance. The archaeological significance of such a bog is therefore greatly reduced. The
determination of the potential of any site would need to be assessed via an augur survey as this
would provide valuable information on the nature and extent of the peat and it potential from both an
archaeological and environmental viewpoint.

2.17  Gaps in Existing Literature

Most authors agree that peat has unusual properties for a solid material, and this has resulted in a
limited body of information applicable to working in peat environments, where there are increasing
pressures for wind farm developments. Many authors identify gaps in the current knowledge and
understanding of blanket peat both in environmental and engineering terms. ldentifying these gaps
is important in understanding the uncertainties in assessments of the impact of wind farms.

Uncertainties in Engineering Properties and Best Engineering Techniques

1 The suitability of standard geotechnical techniques, developed for mineral soils, in a peat
environment is uncertain. These techniques include slope stability analysis, including factor
of safety (MacCulloch, 2005; Geological Survey of Ireland, 2006) and hydrogeological
analysis (Holden and Burt, 2003).

1 Strength of peat i there is scope for improvement in methods of measuring peat strength,
and in understanding of the behaviour of peat at low effective stresses (Geological Survey of
Ireland, 2006).

91 Further research could shed light on the key factors in triggering peat slide 1 whether these
are a combination of external factors, e.g. recent rainfall, disturbance of the peat body; or
more gradual thresholds within the peat which, once exceeded, result in slippage.

1 There is uncertainty regarding the best engineering methods to use in peatland
environments to have the least hydrological and habitat impact. Various methods of road
construction are possible T including cut and fill roads and floating roads. However, the long
term impact of some of these, e.g. floating roads, has not been monitored and documented
clearly. There is scope for further investigation and monitoring of the evidence for the
impacts of various construction techniques, so that the best techniques for a peat
environment can be selected. The techniques which allow the same movement of water as
the peat body are those which are likely to have least impact. Generally access to turbines
is required for maintenance throughout the life of a wind farm, but other options to
permanent tracks, such as temporary tracks and low pressure vehicles could possibly be
investigated for instance with regard to access to borrow pit locations.

1 If there are uncertainties on a site, observations of critical areas including surface
movements in response to moisture content, water pressure and density (Geological Survey
of Ireland) are important to understand the processes occurring.

Environmental Processes and Restoration Measures

1 There is scope for improved understanding of interactions between natural processes, such
as those associated with climate, and their impact on peat. This will improve predictions of
the impact of natural and climate-scale changes (Holden et al, 2007a, 2007b).

91 Peat restoration techniques, include monitoring of existing schemes (Moors For the Future,
2008, http://peatlands.org.uk/) are detailed in this compendium of current peat restoration
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and management projects).

Monitoring of the Impacts of Wind Farms on Blanket Peat

il

It would be useful to collect information about the longer term impacts of wind farms In
particular, the long term impacts of tracks and turbine bases in a peat environment. Data
from monitoring of actual sites would be useful.

Wind farms require tracks and these can result in increased environmental pressure on
blanket bog environments. The practical implications of new wind farm access tracks could
be monitored and investigated, particularly in the light of the Countryside and Rights of Way
Act 2000 (CROW - http://www.openaccess.gov.uk/wps/portal/home/welcome), which
provides for wider walking access to open country and common land. On some sites, such
as Scout Moor, additional illegal access by trail bikes and vehicles, facilitated by wind farm
tracks, has resulted in damage to the surface of the blanket bog. The ability of sites to limit
access by illegal vehicles is important in reducing the impact of increased ease of access on
blanket bog habitats.

Additionally, the impacts following decommission and restoration are not currently
documented.

Carbon dynamics

il

There is little known of what types of vegetatonar e actually O6act i are
very few studies that have measured net carbon exchange over one or more years, and
there is no reason to suppose that any particular plant communities always has the same
peat-forming properties. Additionally, in thoroughly humified peat, identification of the plant
remains is difficult. Most <c¢l assi fications of O6activebo
the dominant plant remains in blanket bog peat and the types of vegetation associated with
these peat types, or the presence of an acrotelm. It is entirely possible that any peat
stratigraphic profile contains periods of rapid growth (Sphagnum-rich) and those of slow
growth or even net loss (Eriophorum vaginatum-rich; wood peat). In degraded systems
there is generally limited or no peat accumulation, and a net loss of carbon from the system
due to erosion, oxidation and dissolution.
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3 CASE STUDIES

3.1 Introduction

A number of case studies were selected to investigate the effects of wind farms built on blanket bog
and how these match with the predictions made in the Environmental Impact Assessment stage of
the planning process.

3.2 Case Studies

3.2.1 Case Study Selection

Three main case studies were selected based upon the type of site and availability of data:
1. Scout Moor, Lancashire;
2. Coal Clough, Lancashire;
3. Wharrels Hill, Cumbria (an example of a non-blanket peat site).

Additionally, the following sites or proposed sites are also discussed in brief as they present relevant
aspects which are useful to consider.

1. Reaps Moss, Crooks Hill and Todmorden Moor Wind Farms.
2. Chelker Reservoir Wind Farm.
3. Cefn Croes Wind Farm

3.2.2 Carbon Assessment of Case Studies

The Scout Moor wind farm is constructed on blanket bog. The Nayak et al. (2008) calculator was
used to estimate carbon losses and gains. It determines potential carbon (C) losses and savings
associated with wind farm developments on peat land, taking into account peat removal, drainage
habitat improvement and site restoration. The information required by the calculator is given in 2.14,
and the data used are given in Appendix A2.

A number of factors can be quantified:

91 Thereductioninthebog plantsdé ability to fix C from the
of their habitat.

1 Wind farms damage to the storage capacity of the peat:
o0 Through excavation and the building of structures on site.

0 By increasing drainage on site, groundwater levels are lowered creating aerobic
conditions in the peat, increasing oxidation and so allowing more CO, to be
released.

0 By increased leaching of particulate and dissolved organic carbon from peat as it is
drained; this freed C is then able to enter the atmosphere.

1 Other carbon losses and gains:
o Deforestation often occurs during the development of wind farms.

o Developments can also result in carbon storage by peatland restoration: improving
the peatds ability to capture and store C.
farmdéds | ifespan, it can mean that there ar
degradation at the site.

1 The amount of carbon saved by avoiding the use of fossil fuel power stations.
1 The carbon required to construct and build the wind farm.

By quantifying the changes in carbon fluxes associated with these factors, the calculator provides:

the amount of carbon saved by avoiding using fossil fuel power stations; losses of carbon from the

wind farm; and the amount of carbon gained through site and blanket bog improvements. This is

used to calculate the Opaybackdé time of the wind f
its construction and the damage to the peat is off-set.
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3.2.3

3.24

Scout Moor

Scout Moor Wind farm consists of 26 turbines, over 545 ha and is located 15 km north of
Manchester. The planning applicant was Scout Moor Wind Farm Limited, a joint Venture Company
between United Utilities Green Energy Ltd and Peel Investments (North) Ltd. The farm was
constructed between 2007 and 2008, after planning permission was granted in May 2005, subject to
conditions. This followed an inquiry held by the Planning Inspectorate which approved the project.

The site lies on a plateau with a substantial wind resource, on land outside landscape, ecological or
archaeological national designations. The site is dominated by moorland acid grassland and blanket
bog.

The site was assessed with the site operator and this included a site walkover with a limited amount
of peat coring. Details are provided in Appendix A.2.2.

This case study focuses on a recently constructed wind farm, where a detailed EIA (Environmental
Impact Assessment) and other supporting additional studies were undertaken. The construction on
site was documented in a detailed Construction Method Statement (CMS).

The following main points arose from the site visit and from a review of the planning documentation:

1 Road side drains and culverts T had limited impact, but in some locations there were
negative impacts through work which had increased the potential for erosion. Areas of
existing previous erosion and also recent erosion due to access by trail bikes were also
seen.

1 Floated roads had some pooling of water on the upstream side, indicating that the peat
beneath the roads had insufficient hydraulic conductivity to keep it drained. However, the
areas of pooled water provided additional habitat value. No drying of the peat was seen on
the downstream side of the tracks.

1 Turbine foundations. Large areas of peat had been excavated around the foundation due
to peat slumping into the hole created for the foundations during the construction phase
which as a result necessitated a large excavation hole. Drainage from the foundation and
crane pad areas has the potential to cause downstream erosion. However, there was only
limited up-gradient drying out.

1 The cable access route to the site was installed with a deep mole plough and appeared to
have limited or no impact, which was not within the main blanket peat area.

1 Management of peat soil and placement of peat around the track areas (often on top of
undisturbed vegetation) had a much wider impact than might otherwise have been the case.
Soil and sediment types appeared to have been mixed and seeding had been undertaken
with seed types not typical of blanket bog vegetation. The seeds had only resulted in partial
cover because the site is heavily grazed. Many of the issues surrounding soil management
were not assessed within the ES.

1 Within the ES, the importance of mitigation measures and the reasoning behind them was
not made clear. This resulted in many mitigation measures not being adopted in the
Construction Method Statement and those that did being of limited effectiveness. This lack
of adoption means that it is difficult to assess the predicted impacts in the ES with what has
actually occurred since.

In summary: working on blanket peat poses technical problems which were not fully recognised in
the EIA process. At this site, once disturbed, the peat lost its strength, leading to the zones of
evident direct disturbance being greater than would be found on equivalent mineral soil sites. The
areas excavated for foundations are large. Easily eroded peat material has been placed by the sides
of roads. Despite this, the impacts of the wind farm have, overall, been relatively small. The pre-
development degraded state of the bog reduced the sensitivity of the blanket bog to further
degradation. The blanket bog consists of low permeability, hydraulically isolated units and this
reduces the zones of influence of drainage, roads and other development features. This means that
the hydrogeological, hydrological and ecological impacts appear to be constrained to within a small
distance of the development footprint.

Carbon Impacts - Scout Moor

An estimation of the carbon payback period of the Scout Moor wind farm was based upon the site
observations. The payback time has been calculated at between 8 and 17 months with a net
emission of carbon dioxide of 114490 tonnes. 43% of the emissions are from disturbance and
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3.2.5

3.2.6

3.2.7

damage to the blanket bog, particularly from the large excavation areas caused by slumping.
Further details are provided in Appendix Error! Reference source not found..

Coal Clough

Coal Clough is a 24-turbine wind farm two kilometres north of Cornholme, Lancashire. It was
commissioned in the 1992 and each turbine is relatively small with a capacity of approximately 0.4
MW.

The site lies on the edge of a plateau, above the Cliverger Valley. The site bears rough pasture on
clay rich mineral soils grazed by cattle and sheep and contains several areas of blanket bog
occupying approximately a fifth of the site.

The site was assessed with the site operator and this included a site walkover with a limited amount
of peat coring. Details are provided in Appendix A.2.2.

The following main points were noted:

1 Development footprint. Although areas of blanket bog constitute approximately a fifth of
the site, none of the development was built upon it. This may reflect construction
expediency and/or the maximization of wind resources (blanket bog occupies depression on
site), or other factors such as deliberate avoidance of deep peat.

1 Impact on blanket bog. There are minimal impacts from the wind farm development on the
areas of blanket bog habitat because the tracks and turbines have been built on ridges away
from the bog.

I Track drainage. There are no drainage ditches alongside the site access tracks. Surface
run-off is not concentrated at particular discharge points so there is less potential for
gulleying and nutrient enrichment of the blanket bog.

In summary; the site presents a good example of how a wind farm development footprint can be
constructed in such a way as to avoid blanket bog habitat areas.

Carbon Impacts - Coal Clough

There was no peat present around the infrastructure of the wind farm at the Coal Clough site and so
the wind farm development has not resulted in loss of carbon from peat.

Wharrels Hill

Wharrels Hill is an 8 turbine wind farm near the village of Bothel, Cumbria. = The site was granted
planning permission in 2002 by the planning inspectorate on appeal, after the initial application was
rejected by Allerdale Borough Council on the grounds of landscape and visual impact.

The site lies on improved grassland and is included for comparison with wind farms built on blanket
bog. The site was assessed with the site operator and this included a site walkover and a limited
amount of peat coring. Details are provided in Appendix A.2.6.

The following main points were noted on site and from a review of the planning documentation:

1 There were no planning conditions relating to hydrology or ecology, reflecting the limited
concerns the proposed wind farm posed for the ecology and hydrology.

1 The road layout on site bears little resemblance to the one laid out in the ES and the access
route into the site is completely different. It is difficult to judge whether this has increased
the landscape impacts of the site but the development footprint is less than that originally
proposed.

1 Neither the roads nor the turbine bases are accompanied by any drainage ditches and it
appear that run-off is controlled through infiltration which should be sufficient, given the
apparently well drained nature of the surface and the underlying limestone geology.

1 The development has had negligible impact on the sites hydrology. All turbines are located
over 400 m from the nearest stream. In the south east of the site, a site track passes within
4 m of a well (Photograph A23), and there would be the potential for the road runoff to
impact the water quality in the well.

1 The only possible ecological impact from this wind farm is bird strike.
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1 An old kiln is located at least 40 m from any part of the development footprint. Any impacts
of the wind farm on it (archaeology) would be negligible.

3.2.8 Carbon Impacts - Wharrels Hill

There was no peat present at the Wharrels Hill site and so the wind farm development has not
resulted in loss of carbon from peat.

3.2.9 Reaps Moss, Crook Hill and Todmorden Moor

The planning application submitted by Coronation Power for wind farms at Reaps Moss, Crook Hill
and Todmorden Moor has recently gone to public inquiry (January 2009) due to the non-
determination of the application by the planning authority and the subsequent appeal against this
decision by the developer.

From an ecological perspective one of the reasons why the proposed developments at these sites
went to public inquiry was due to the Environmental Statements not giving sufficient detail and
information of the impacts of the proposed wind farms on the peatlands, their current ecology and
how areas were to be restored. This was mainly due to little supporting data being provided to
support the conclusions presented in the Environmental Statements on the types of habitat present
and their condition as well as the species present. A total of about ten plant taxa were listed for all
three sites combined. Additionally, there was insufficient evidence presented to allay concerns that
the proposed developments would not have a permanent and significant detrimental effect on the
peatlands through increased drainage and potentially erosion of the peat mass at all three sites.

The presence of blanket bog habitat was not recognised at Crook Hill and Todmorden Moor in the
vegetation mapping, though it is known to occur. The ecological and conservation value of the
blanket bog habitats were not assessed and the following information is required to assess the value
of any blanket bog habitat (Headley 2009a, b, c, d).

1) The location and extent of areas of blanket bog vegetation was not determined.

2) The area of blanket bog directly and indirectly affected by the proposed development was not
assessed.

3) The types of blanket bog vegetation present were not determined correctly, i.e. incorrect and
poor quality vegetation mapping.

4) The condition of the blanket bog habitat was not assessed, only a subjective assessment of it
being degraded.

5) The species of plant present were not listed.

From a hydrological and hydrogeological perspective there was concern that the development
footprint and redline planning boundary was insufficient to include deviation of access tracks and
infrastructure locations. One of the planning boundaries was the limit of the land which had been
removed from common land (and an equivalent amount of compensatory land supplied to be
designated common land). However, this would require mitigation measures to be provided outside
of the planning boundary on the common land, which was likely to complicate the implementation of
the mitigation.

Additionally there appeared to be some confusi
Moss and the planning inquiry evidence for the Local Authority highlighted the following.

dhe red edge prescribing the extent of the application site has been drawn tightly around the land
where works are to take place. However, the blue-edge prescribing the extent of the other land
within the control of the Appellant embraces a couple of large fields immediately to the west of the
intended turbine positions. In arriving at a decision upon the Appeal proposal the Inspector also
needs to be mindful that within the ES and SER are various plans said to show the Site Boundary,
but which differ from the land within the red and blue edges markedly.6 Ref :
http://[persona.uk.com/todmorden/LPA_Docs/Proofs/LPA-18-A.pdf, Neil Birtles, Rossendale
Borough Council.

There was a lack of specification of the mitigation measures proposed for the drainage, including the
feasibility of the mitigation measures. The peatland hydrogeology was poorly described in terms of
why peat has developed at these locations and how the peatlands function hydrologically. As a
result of the lack of a clear conceptual hydrogeology model of the sites, the basis for predicting
impacts of the development and protecting and restoring the peat was uncertain (Russell, 2009a, b).
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3.2.10

3.2.11

Not withstanding this, Maslen, Headley and Russell (December 2008) noted on a site visit that
opportunities existed to site some of the turbines off the blanket bog on mineral soils within a few
hundred metres of their planned locations on deep peat. However, the opportunities for doing this
were unexplored in the ES.

The provision and adherence to agreed written guidance for siting wind farms for what is required to
assess the environmental impacts on blanket bog for both Natural England, developers and planning
authorities could have helped to focus the planning submissions and responses, with the possibility
that an expensive public inquiry could possibly have been avoided.

Chelker Reservoir Wind Farm

This is an example of an early wind farm, on a mineral soils site, for which a planning application for
repowering of the site has recently been made. The site is located in a relatively undeveloped area
immediately to the north of Chelker Reservoir. The site is in the Craven District of North Yorkshire,
approximately 6.5km to the east of Skipton. Scattered farms are located in the immediate vicinity of
the site. The settlements of Draughton, Halton East, Beamsley, Addingham, Keighley and llkley are
located approximately 2.5 km to the northeast.

The current four 300 kW wind turbines were installed in 1991. Each is a 25 m high tower and has a
twin bladed rotor 33 m in length. In May 2008 Yorkshire Water Services (YWS) submitted a planning
application to remove and replace the four existing turbines, as they are suffering increased
downtime due to failure of component parts. The proposal included two larger turbines with a
proposed turbine tip height of 125 m, hub height of 80 m, blade length of 45 m and a rotor diameter
of 90 m. The land upon which the wind turbines would be built is part of the Bolton Abbey estate. It
proposed to re-use two of the existing turbine locations and the existing access tracks.

On 3 March 2009 the planning application was refused. In summary, the reasons for rejection
include:

1 The impact on the historical landscape. The blade tip would be seen from a number of
historical locations i having a significant impact on the historical landscape, in particular, the
priory at Bolton Abby and Farfield Hall both of which are Grade 1 listed buildings.

1 The visual impact. The turbines would be seen from a wide area and from the Yorkshire
Dales National Park. The potential harm outweighs the objective of providing renewable
energy resources.

1 Detrimental impact on the residential amenities of the householders located close by. The
proposed development which is substantially increased in height (in comparison to the
existing turbines on site) would have a negative impact on the quality of life of residents who
live in close proximity to the site.

9 Detraction from quality of the recreational experience. The reasonably-expected enjoyment
of the landscape setting of the Yorkshire Dales National Park would be reduced,.

In contrast, the recent repowering of the Catton Moor Wind Farm site located on a mineral soil
resulted in new turbine bases and significantly extended tracks (NE email communication).

The potential for re-use of existing infrastructure (for instance tracks) or the existing infrastructure
locations (e.g. turbine locations) of wind farms is important with regard to impacts on blanket bogs.
Where the existing infrastructure can be re-used in a re-powering situation the impact of repowering
on a blanket bog is much less (in terms of additional disruption of the fabric of the peat body) than
where additional tracks and turbine bases are proposed, provided that the impact of the existing
tracks, turbines and any drainage is fairly minimal. Re-powering would also provide the opportunity
to address any erosion, drainage or drying out problems associated with the existing infrastructure.

Cefn Croes Wind Farm

Cefn Croes is a 39 turbine site, with 1.5 MW turbine capacity constructed in 2004 for Falck
Renewables. Evidence presented at the Scout Moor Wind Farm Inquiry by Dr K Little (Cefn Croes
Action Group), suggested that there was limited monitoring of the section 106 agreements, as the
relevant enforcement agencies had few resources to monitor construction departures from planning
conditions, and she alleged that there were violations of the planning conditions and section 106
agreement at the site.

Other issues raised in the proof of evidence included:
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1 The presence of a new road network opening up the area to 4x4s, ATVs and trail bikes with
resultant impacts on the environment.

1 The initial land take of disturbed land around infrastructure (including borrow pits, disturbed
ground and areas of deposited spoll) is larger than the estimated final land take.

1 Mitigation measures to limit the pollution potential in runoff may be ineffective i e.g. the
displacement of straw bales used to limit sediment runoff (they are not effective if they are
displaced and runoff can bypass them).

One of the planning conditions was the development of a land management plan (LMP, 2004) for
multiple objectives, including the bog habitat. It is to be funded by the wind energy company, and
implemented via the Environmental Management Committee, comprising representatives from the
energy company, local landowners, council and other interested parties. Another was to undertake
hydrological monitoring. This has subsequently been undertaken (SLR, 2007).

A detailed study of mire restoration at Cefn Croes with potential for use elsewhere included:
1 Damming of perimeter drainage ditch at regular intervals using reworked peat.
1 Completion of surface scrapes and profiling to promote water distribution and retention.

1 Covering and compacting peat layers over exposed surfaces of mineral layers in the
perimeter drainage ditch and access road ditch.

1 Filling in of perimeter ditch in steep section where dam integrity may potentially be
compromised by storm events.

Monitoring of the 2005 restoration works was undertaken in 2007 by SLR, with representatives of
Ceredigion County Council and the Environmental Management Committee (EMC) present during
the site visit. The locations of the monitoring points were agreed and fixed point photography
undertaken to provide a visual history of the restoration of the site. The hydrological monitoring
programme includes:

1 Six-monthly: water levels, peat thickness and fixed point photography

1 Two-yearly: assessment of recorded data, from six monthly measurements, visual inspection
of the site, reporting on findings and recommending additional works.

Summary of Case Studies

The case studies and examples presented have provided information regarding:

i Sites which are proposed for development, e.g. Reaps Moss, Todmorden and Crook Hill 7
these highlight the importance of an adequate EIA to be prepared by the developer, prompt
response to be provided by the planning authority, clear comments by statutory consultees,
and the value of following agreed guidelines.

i Sites which have recently been developed, e.g. Scout Moor Wind Farm 1 here the case
study highlights the importance of linking the EIA to the subsequent construction method
statement (CMS), the requirement to be specific in terms of mitigation measures, and the
importance of using contractors on site who understand the nature of peat bog vegetation.
This site also highlights that some blanket bog sites are already very degraded by gullying, in
which case there are many dissected peat bodies present on site. This provides the
potential for restoration measures to be undertaken, and these should not be compromised
by the way in which the wind farm is developed.

1 The possibilities of preparing land management plans with associated funds for habitat
improvement such as have been used at Scout Moor and Cefn Croes, but that it is important
that such funds are accessed and used appropriately.

1 Older sites which have been present for some time, and where more long term impacts can
be observed. The trend to re-powering rather than dismantling of older sites is noted.

It is important that applications are framed in such a way that the development can be implemented
in a manner which results in the minimum of impact on the blanket bog environment. This includes
specifying sufficient area within the application for implementation of environmental mitigation and
any environmental improvement. Additionally, there should be the means, via the Construction
Method Statement (and associated plans and procedures), planning conditions and agreements, to
implement the proposals in the manner described in the EIA.

Where some of the land is common land, the issues of deregistering the common land, and
application of planning conditions to areas of common and private land should be considered at an
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early stage in the process. This relates particularly to the benefits from fencing areas (probably on a
temporary basis) which need to be protected from grazing pressure in order for vegetation to be
restored.

Summary of Carbon Impacts

Where there are no organic soils, (e.g. peat) at a wind farm site then there is no loss of soil or
sediment carbon arising from the wind farm construction, although there will be carbon costs
associated with the manufacture and transport of the infrastructure.

Where there is an organic soil there will be carbon loss from the construction process and,
depending upon the site drainage and vegetation restoration arrangements, more on-going carbon
losses in the longer term. However, on degraded peatland sites which are already losing carbon due
to low water tables, there is the potential for restoration of the blanket bog and so a net reduction in
carbon losses. This only holds true where the construction of the wind farm enables effective
restoration measures to be implemented.
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