WINDFARMS AND BLANKET PEAT

Chapter 9
The geotechnical reports

9.1 Digest of Galway County Council report

THiS IS A COMPILATION of three reports apparently commissioned by Galway Council. It includes an
executive summary giving details of the Council’s actions and conclusions in response to the
landslide of 16 October 2003, a geotechnical assessment of the wind farm site by BMA Geoservices
Ltd, a single-page report by Michael Rogers, Senior Lecturer in Civil Engineering at the National
University of Ireland, Galway and an assessment of the environmental impact of the 16 October
landslide by Maire Ni Chionna (affiliation not stated).

After preliminary inspections of the site by Galway Council and the National University of Ireland
(NUL), BMA Geoservices Ltd were commissioned to carry out an assessment of landslides at the site.
They started on site on 25 October 2003 and the work was carried out over the following three
months. The report includes failure analyses for two turbine locations, 2 more general site assessment
and a conclusion. This includes recommendations for the conduct of any future construction.

The failure analyses focus on the landslides near Turbines 17 and 68 and are based on the
assumption that, for each location, stockpiling of excavated material resulted in a rotational slip
failure which in turn mobilised a translational failure of the entire 250m slope between the turbine
base in question and the next access road downslope. Factors of Safety (F 08) are calculated using the
method of variably inclined inter-slice forces (Bishop 1955) and translational slope stability analysis
(Janbu 1957).

The FoS (Carling 1986) can be expressed as:

Fe= the sum of the resisting forces
the sum of the driving/disturbing forces

Values of F much greater than unity indicate a stable slope, with the degree of confidence in stability
declining as the ratio approaches unity. Values of F < 1 indicate slope faiture.!

Data for surface slope and peat thickness were derived from existing maps® and peat strength values
for the upper, middle and bottom peat layers at each turbine site were estimated on the basis of ‘a
reasonable assessment of the available data’ as:

Peat strength {(kPa)
Site T68 T17
Top 0.5m 12 8
Middle 2.5m i} 6
Bottom 0.5m 25

The loading condition investigated was the placement of a 20 kPa load (equivalent to two metres of
peat or one metre of peat plus 0.5 metre of glacial till) on the downslope side of each turbine base
and the stability threshold was set in accordance with BS 6031 (1981), at FoS = 1.4.

1 Carling (1986) calculated F values for Penmine blanket peat which were in the range two to six except at the toe of one
failure {F = 0.93).
2 One metre contour maps and Malone, O’'Reagan MeGillicudy Drawing Ni 20206-01, dated 5/06/02.
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WINDFARMS AND BLANKET PEAT

The results indicated that the placement of a 20 kPa load of excavated material on the peat surface
downslope of each of the two turbine sites would reduce Fo$S against initial rotational failure from a
value ‘significantly greater than' 1.4 to 0.98 at T68 and 0.99 at T17 and thus could account for the
failures that had occurred.

Elsewhere (e.g. Section 5) in the Galway Council report, other possible causal factors are listed but
no detailed analyses of their effects are performed. These are:

e the uncontrolled discharge of water from over-pumping of the excavated turbine bases
above and around the area of the failed slope (which) may well have resulted in a reduction
in the natural peat strengths at the failure locations;

s the blocking or removal of pre-existing drainage paths throughout the site (which, again)
may well have resulted in a reduction in the natural peat strengths at the failure locations;
and

o vibrations from site activity.

The significance of weather conditions is briefly recognised in two places but they are somewhat
contradictory and there is no evidence of a detailed analysis. Specifically, the slides are stated to have
occurred during ‘a period of abnormally low rainfall’ (Section 2) and ‘a period of relatively dry
weather’ (Section 6).

Attention is paid to the condition and future management of the material that slipped at T68. This
is considered now to have no effective strength. Although the peat flow had been eventually contained
by the creation of new up-slope drainage channels to divert runoff away from the slip area and the
construction of bunds to retain the slipped peat, it was still considered necessary to apply permanent
remedial measures to prevent further movement of both detached peat rafts and of material from the
sides of the slip scar.

Sorme assessment of the stability of other excavated turbine sites was also undertaken. Evidence of
minor bearing failures (areas that appeared to be in the initial stages of rotational failure) at T23, T29,
T66 and T69 are noted, along with evidence of minor ground (peat) instability associated with the
removal of lateral support at a significant number of turbine base excavations. The possibility that
further instability may result from continued construction activity at the site is undertined but the
authors consider that ‘this risk can be reduced by the adoption of appropriate construction techniques
and on-site practices’. In conclusion, the authors state that:

... it would appear that evidence of instability prior to the main failure on the 16th October was not
adequately taken into account in the continued construction at the site, nor were lessons learnt and/or
immediate preventative/remedial measures adopted,

and advise that ‘any future development at the site should take cognisance of the probable major
causes of the failure’. Specific advice on future working practices includes:

» prohibition of the placing of any material on the peat — ideally all such material should be
taken off site and/or disposed of in a suitable, non-sensitive location;

e maintenance of the natural and engineered drainage of all portions of the slope and the
turbine bases be; if blocked it should be reinstated on an on-going basis;

» a comprehensive individual stability analysis, exploring a variety of potential failure
mechanisms prior to starting construction of any new road or turbine base — incorporating
the option of moving or abandoning turbine sites where excessive slope angle, substantial
peat thickness or low-strength peat may give rise to lower-than-acceptable FoS for
construction;

e giving careful consideration to de-watering and wall support in excavations; to the standings
for heavy construction plant; and to the construction and drainage (lateral and transverse)
of access roadways;
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WINDFARMS AND BLANKET PEAT

e minimising vibrations through careful monitoring of blasting and prudent traffic
management;

e giving attention to the possibility that the felling of trees may influence ground conditions
and help promaote instability;

e development of a programme for stabilising existing failures and monitoring for further
ground movements, with comprehensive documentation; also development of detailed
plans for permanent remediation of failures throughout the site;

® monitoring and reporting of all site activities.

The Michael Rodgers report begins by endorsing the conclusion that the landslides at T17 and T68
were caused by construction operations as stated in the developer’s own report (AGEC 2004) and
then lists 13 points the developer must address ‘for the safe and successful completion of the
Derrybrien wind farm project’. Many of these are similar to those listed by BMAG and cover the
stabilisation of existing failures and flows, the effects of rock blasting and the immediate removal of
excavated material to safe repository locations although, for this, attention is also drawn to the
method of deposition at the repositories. For each turbine base, access road and repository location,
the developer should arrange:
o detailed geotechnical investigation including piezometric measurements;
e stability analyses for construction, long-term loads and excavated material Ioadings;
e construction methods to safely bear all potential loadings including those introduced during
construction work, as well as by cranes, wind turbines and wind loads;
¢ drainage, provision for settlement of suspended matter and monitoring (physical
movement, pore water pressures, environmental parameters) throughout the construction
and life of the wind farm project and thereafter.
The environmental impact assessment reports on ecological damage to the Owendatulleegh River,
Lough Cutra and downstream water bodies arising from the 16 October 2003 landslide and sets out
the following requirements for mitigation and avoidance of further pollution:

e continued water quality monitoring and ecological assessment;
river rehabilitation plan;

study of effects of peat loading on Lough Cutra;

prevention of remobilisation of slipped material into streams;

any further drainage, movement of excavated material and works that may be undertaken
to complete the wind farm project in the future must be undertaken in a manner that
eliminates risk to the water quality and ecology of downstream areas.

9.2 Digest of AGEC report

The report prepared by Applied Ground Engineering Consultants Ltd (AGEC) is presented in two
parts, the first describing their initial inspection of the landslide of October 2003 and the second their
post-landslide appraisal of the whole site.

AGEC was first engaged on 17 October 2003 by Electricity Supply Board International (ESBJ) to
provide an opinion on the cause(s) of the T68 failure on the basis of a walkover site inspection. This
was carried out on 18 October, two days after the initial failure, so that the report includes
observations made soon after the failure and before any rainfail. A number of these observations have
been noted elsewhere in the present report. Factors likely to have contributed to the failure were
identified as:

e Location in a natural drainage line which concentrates both surface and sub-surface water
flow;
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WINDFARMS AND BLANKET PEAT

» Zone of weaker peat at the centre of the drainage line (identified by in situ strength testing;

e Loading of the peat surface by a floating access track at the head of the failure.

e Loading of the peat surface by placement of ‘arisings’ (excavated material) from the
excavation at T68 on the slope at the head of the failure;

o Water-filled excavation giving rise to transmission of water along the base of the peat
leading to a build-up of water pressure at this level, reducing effective stresses;

e Drainage works at the road some 300 metres directly downslope, involving severing of the
road to install a drainage pipe, which locally removed lateral support in an area of wet peat;

e Previous creep instability, as suggested by knee-bends oriented into the drainage line on
some trees which, over time, might have reduced sheat resistance within the peat;

e Forestry plough and drain channels which dissected the vegetative upper layers of the peat
creating lines of potential surface weakness; once failure was initiated, the peat rafts
generally detached themselves along these.

Over-pumping of water from the excavation onto the downslope was considered but dismissed, since
‘site representatives . . . indicated that they (were) unaware of any over-pumping at this location’.

Even at that time, it was not possible for the surveyors to say with certainty that failure was initiated
immediately south of T68. However, they did classify the failure as a translational slide of peat whose
basal failure surface was in the lower part of the peat layer, typically 200 to 400 mm above mineral
soil. After consideration of possible mechanisms, they conclude that construction activity within the
head of a shallow valley (ftush), which they regard as an area of ‘poorer’ ground, triggered a locatised
failure of in situ peat which, in turn, led to progressive and then runaway failare.

The subsequent stability assessment of the whole of the Derrybrien wind farm area was conducted
during the remainder of October and the first half of November and involved:

in-situ shear vane testing;

cone penetration testing;®

resistivity survey (APEX Ltd) to locate base of peat and rockhead,;
driven-in piezometers (AGL Consulting Engineers) i

walkover survey examining 200 x 200m cells for peat thickness, slope, drainage and
evidence of failures,

v o W b

The walkover survey indicated several clear signs of previous ground instability including:
1 slumping of recently excavated 1.5m deep V-ditches at T14, T53 and T54;
2 localised tension cracking, bulging and slumping of excavated faces at 10 turbine base sites;
3 heaving, cracking and distortion of the peatland surface (identified as incipient non-circular
shear failure) at T66 and T29 associated with arisings from turbine base excavations being
dumped on the adjacent peat surface;

4 that the volume of peat involved in the slide at T17 (adjacent to T68) was 2,000 m?, that this
slide had occurred on 02 October 2003 and that it had left a 140m scar.

Signs of instability were recorded at sites with surface slopes ranging from 0 to 8 degrees and with
peat thickness from 1.5 m to 3.5 m. Fig 9.1 shows peat thickness, the stage of excavation reached and
whether any signs of instability were recorded, for all 71 turbine sites. No excavation had been carried
ont at 28 sites. OFf the 43 sites where work had been carried out, 15 showed signs of local instability

3 This was abandoned eatly due to equipment breakdown and no results are reported.

4 Piezometers are used to assess hydraulic pressure below the ground surface. However, their specific purpose in this study
is not stated and no results are reported. They appear to consist of 19mm internal diameter standpipes with ceramic tips
inserted to the base of the peat and periodic reading is requested on behalf of Ascon Lid.
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WINDFARMS AND BLANKET PEAT
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Figure 9.1: Summary of the stage and stability of turbine excavations from AGEC (2004), Unstable excavations are
those where localised cracking or slumping has occurred. Sites marked as falled are those whers downslope
movement of peat has occurred or where Incipient rotational fallures were recorded.

and downslope peat movement had occurred at a further five (table 9.1): 47 per cent of the sites

excavated show some evidence of instability.

Additional evidence of instability, in the form of possible old peat slides, was recorded at four sites

(47 to 50 inclusive) that had not yet b
north, with surface gradients ranging
forestry furrows and drains and there

een excavated. These are located above a scarp slope to the
from 1 to 18 degrees. Water is channelled into this area by
are numerous springs along the scarp line.

Tt was also noted that a significant number of the excavated turbine bases were water-filled, that

they had no apparent drainage and that there did not appear t0

the site. This situation was considered likely to give rise to instability.

The peat was found to lie directly on bedrock (24%

be a formalised drainage network on

of probes) or a thin layer of weathered

rock/glacial till (59% of probes). ‘Whilst the uppermost ¢. 1m was fibrous, possibly desiccated and so
relatively strong and stiff, the basal peat was soft and amorphous {BS:5930/H6-H8). Thus, factor of

safety (FoS) was calculated for the (weaker) lower peat
of Skempton and DeLory (1957),°

which apparently originates from

layer using the infinite slope analysis approach

the same conference

proceedings volume as the Janbu approach employed by BMA Geoservices but assumes translational

sliding. Relevant field measurementis were slope,
forces were the weight of the ground, water and
the shear strength of the ground along an assumed failure
mechanical shear vane apparatus. As in the BMA
was 1.4.

The stability analysis was carried out at two resolutions:

5 Apparently, the assessment was ‘verified by more rigorous
further details are given.
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peat thickness and shear strength; the disturbing
construction loading while the resisting force was
surface, measured using hand-held and/or
analysis, the minimum FoS required for stability

stability techniques in Talren compter program’ but no
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WINDFARMS AND BLANKET PEAT

Turbine Slope Peat depth "
site # (degrees) {metres) Evidence of instability
2 2t06 >2 | Tension cracks upstope of excavation.
4 25 »2 Tension crack upslope of excavation; upslope face of excavation
' reinforced with large boulders.
5 25t05 »2 | Upslope face of excavation reinforced with boulders and stone-fill.
0 >2 | Slumping of peat in sides of excavation.
11 1 =2 | Localised failure at northeast of excavation.
12 3 2 | Tension crack around north and east side of excavation,
13 3 Tension crack around north and east side of excavation
17 2104 3 Tension crack to east; peat slide origin 10m east of excavation;
downslope movement of 200m° of peat.
23 2to4 »1.5 | Heaving (2m) downslope of arisings.
25 3 1.8 Siumping of peat in northeast corner of excavation; tension cracks in
B | access road adjacent to arisings piled downslope of excavation.
27 2to 3 > | East-west tension cracks (along ridge) to north of excavation.
2g 2104 >2 Cl:afzking and heaving of peat (in forestry) downslope of siumped
arisings.
34 3to6 >2.4 | Flow of excavated material for 80-130m downslope.
a7 2t0 35 15102 | Localised faiure at southwest corner of excavation.
42 4 24 Tension crack upslope; slumping of norihern face of excavation and
* | arisings.
45 2to4 >2 | Localised fallure at southwest comer of excavation.
Tension cracks upsiope; bulging of upslope wall of excavation
66 3t s »2 | (including repaired slip}; road subsidence; heaving (1m) of peat (in
forestry) downslope of arisings; downslope peat movement of 1-3m.
Tension cracks downslape; road subsidence; downsiope peat
68 2to6 35 movement of 1.3 km.
Base only partially constructed but there were localised 5-6m tension
69 8 »2 | cracks around the excavation and slumping of arisings. Ponding of
waiter from over-pumping was also observed.
70 5to 8 25 Tension cracks to east and west; downslope movement of peat and
| road by 30-40 m.

Table 9.1: Summary of indications of peat Instability associated with individual turbine base excavations, derived
from Geotechnical Mapping Sheets appended to the AGEC report.

1 for (typically) 200m x 200m cells centred on the turbine base locations and covering the
whole site;
2 for 50m x 50m cells, again centred on turbine bases.
For each cell, the analysis was based on average slope and peat thickness and the lowest shear
strength measured within the cell.
Two loading conditions were considered:
1 no loading and
2 construction loading of 10kPa, equivalent to 1.0m of peat arisings or half the loading
considered in the AGEC analyses.

For the scenarios considered, FoS fell below the threshold of 1.4 without surface loading for four
200m cells (T2, T5, T34 and T69). These four cells and one other (T18) were deemed susceptible to
failure if subjected to construction loading equivalent to 1.0m of peat arisings. Adding the three
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WINDFARMS AND BLANKET PEAT

already-failed cells (T17, T68 and T70), the risk of failure under loading for the area as a whole®
appears to be 8/71 or just over 1 1%. Eleven (15.5%) of the 50m cells? had already failed or were likely
to fail under load.

The report concluded that construction of the wind farm could be completed safely provided that
17 revisions to construction work practice are adopted. The key recommendations given in the
executive summary are:

1 The placement of concentrated loads on marginally stable ground and concentrated water
flow onto peat slopes and unstable excavations to be avoided,
A geotechnical expert to be on site full-time during construction;
Ground investigation and movement monitoring to be ongoing;
Modified construction practices to be adopted that do not adversely affect stability;
A robust drainage plan to be developed and implemented;

Periodic geotechnical inspections throughout the lifetime of the site.

G o o W N

The detailed recommendations prescribe support of excavations and piping/filling of ditches to
prevent the development of tension cracks and subsequent collapse of the peat. They draw attention
to the particularly steep local scarp slopes at the northern side of the site and to the vulnerability to
failure of peat in natural flushes (‘shallow valleys") and prescribe cautious working in all cells where
their Fo$ calculations give values of less than 1.4. They recommend the development of method
statements for working practices, contingency plans for dealing with ‘poor’ ground and formalised
reporting procedures. They also indicate a requirement for ‘details of the effectiveness of measures
(adopted for stabilisation of the T68 failure scar) for long-term stability”.

9.3 Overall opinion on the BMA/AGEC geotechnical investigations

The AGEC and the BMA Geoservices reports are similar in that both recognise that a number of
factors may contribute to the loss of stability of peat but explore in detail only failures initiated by
{oading of the peat surface with excavated material. To do this, they apply theoretical approaches
based on methods developed in the 1950s for mineral soils. They differ in the assumed slip
mechanism, BMA exploring a scenario where the slides at T17 and T68 were initiated by rotational
failures whilst the AGEC analysis employs a translational slip model. Nonetheless, the FoS values
derived for T17 and T68 by BMA Geoservices coincide exactly with those calculated for 50 metre
cells under load by AGEC.

The BMA work employed data collected during the pre-development site survey and was essentialty
desk-based. It is rather puzzling that a study of this type was not considered relevant or practical in
the early stages of planning. In view of the outcome of the more extensive field-based AGEC survey,
it seems Likely that such an exercise would have been sufficient to indicate potential instability of the
peat cover on at least 10 to 15 per cent of the area to be developed.

In addition to field-based FoS calculations, AGEC collected detailed evidence of instability
throughout the wind farm site but did not attempt to relate these two types of data. Appendix 1 lists
the data presented for slope, peat thickness, shear strength and FoS, together with any direct evidence
of instability observed, for each turbine site and a summary is given in table 9.2. It should be noted
that 28 turbine sites have not yet been excavated. There are signs of instability, in the form of old peat
slips, at five of these and settlement has occurted as a result of installation of wind farm
infrastructure (roads and drains) at another six. However, the sites for which the lowest FoS values
were calculated are amongst those for which no evidence of instability was recorded. The highest FoS
value (121.26 without loading, 79.30 with loading) was derived for the 200 m cell centred on the
proposed site for T61, where a tension crack has appeared due settlement of the access road. FoS

6 Cells T2, T5, T17, T34, T58, T69 and T70.
7 Cells 2, t17, t18, t34, t47, 151, t66, t68, t69, 170 and t71.
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WINDFARMS AND BLANKET PEAT

Shear strength | FoS without

(kPa) load FoS with load

. Slope
Turkine No (deg) | Depth {m)

Sites that have not yet been excavated

. 6,7,8,15,16,30, 31,
No evidence of  |'9s"39 51 52 56, | 1.5t04 |0.85t0>24| 5710132 | 13710834 | 51110 6.82

instability 57, 58, 59, 64, 65

Signs of previous

instability (old peat| 47, 48, 49, 50, 54 (151635 2+ 5.7 1651076 1.21 t0 5.69
sfips)

Signs of road

seitiement and / or| 4 3% %% 55,60, 04104 | >21034 | 45t066 |20310121.26| 1510793
collapsed ditches

Excavated sites

Cracks around 2.4,5911,12,

excavation andfor | 13, 17,25,27,37,| 1to 8 1.75t0 3 38t094 0.23109.9 0.64107.6

wall instability 42, 45, 66, 69, 70

Bearing failure
{associated with 17, 23, 25, 29, 66,
sutface loading by 68
arisings)

3tob 1.8t0 3.5 3.8109.65 < to4. 1 w50 to 2.62

Excavated without |1, 3, 10, 18, 19, 20,
faiture of in situ 21, 22, 24, 26, 28,
paat (including 32, 34, 35, 38,40, | 01106 | 110 (>)12.5 28t011.6 0,96 t0 88,83 | .71 to 64.02
sites with unstable | 41, 43, 44, 46, 62,
arisings) 63,87, 71

Table 9.2: Evidence of instability at turbine-base excavations as recorded by AGEC {2004). (The figures in red are
below the FoS threshold of 1.4.)

values for sites that have been excavated without failure cover a wide range, whose lower end overlaps
the ranges of FoS calculated for sites that have failed.

Thus, the FoS calculations that have been completed so far do not appear to provide a totally
realistic representation of the site’s response t0 wind farm construction work. This is not entirely
surprising since the models employed to represent surface loading, the shear strength of the peat and
the failure mechanism represent only parts of the ‘real-life’ situation.

First, both reports consider only scenarios involving static loading of the peat surface with material
(arisings) excavated from the turbine sites. The effects of other types of loading are not taken into
account; at Derrybrien these include:

e Temporary loading by construction and maintenance machinery. Once the excavators
required for installation of the turbine bases have finished working, heavy craneage will be
brought in to erect the turbine masts. It would seem prudent to perform some preliminary
theoretical assessment of the ability of roads and hard-stand areas to support these
machines;

e Moving loads. These include forestry trucks, excavators and cranes using the floating access
roads;

» Sudden loading associated with blasting at borrow pits;

e The standing crop of trees. It would seem advisable to explore not only the influence of the
existing forestry overburden on the outcome of the stability calculations but also to take into
account the prospect that the trees will be felled in the near future (section 8.4). At present,
the piecemeal felling that has taken place to make way for turbine sites and access roads, in
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WINDFARMS AND BLANKET PEAT

addition to the location of some of the turbine bases in forestry rides, introduces local
variations in surface loading that could also be significant for site stability.

Secondly, both reports assume fixed values for the shear strength of peat. BMA Geoservices
incorporate in their analysis allowance for the significant difference in strength between the acrotelm
and the catotelm, without consideration of the fact that the acrotelm at Derrybrien has been
fragmented by ploughing for forestry. For this reason, the ‘worst-case’ approach taken by AGEC,
which bases FoS calculations on the lowest strength measured in the profile and within the cell under
consideration, is preferable. However, no account is taken of temporal variations in strength, which
can be anticipated in both the short and the long term:

® Peat is known to exhibit highly erratic strength properties and these appear to be linked to
water content. Undrained bog peats generally have water contents in excess of their lignid
limits, which lie in the range 800-1500% (Hobbs 1986) and shear strength increases as water
is removed (Sharma and Bora 2002). At many locations at Derrybrien, the water content of
the peat on any particular day will depend upon the degree to which it is influenced by
artificial drainage as well as by weather conditions. Thus, shear strength at any location may
well change from day to day. A rigorous stability assessment should, therefore, interpret
‘one-off’ shear vane measurements in conjunction with water content data, using these two
measurements to predict the lowest shear strength that the peat is likely to exhibit under
‘worst-scenatio’ weather conditions.

o Hobbs (1986) pays considerable attention to consolidation processes in peat which, in
contrast to those in mineral soils, are dominated by secondary compression. In
consequence, he concludes that the shear strength of peat under a maintained load (e.g. due
to drainage or the presence of a road or other structures, as well as forestry) can be expected
to vary not only with the degree of loading but also with time.

e Strength can also be expected to decline as humification of the drained peat proceeds, due
to the breakdown of both plant structures and the adsorption complex {(section 2.3).

BMA Geoservices recommend further stability analyses, ‘exploring a variety of potential failure
mechanisms’. Several alternative mechanisms can be suggested (sections 4.2 and 5.2 and Warburton
2004) but none have been considered in the stability assessments that have been carried out so far.
Factors that require further investigation include:

o The influence of ponded water on shear strength;

e The role of cracks, due to both forestry and turbine/road construction, in promoting build-
up of subsurface pressure during sudden intense surface irrigation. Even if wind farm
construction methods are modified to prohibit indiscriminate manipulation of drainage
patterns and over-pumping of water from inundated turbine bases, such conditions could
still arise during a severe thunderstorm centred on Cashlaundrumlahan;

» The stability of unsupported peat faces on slopes.

There is a notable difference in the degree of confidence that each report places in the prospects for
safe completion of the project. Whilst the contractors engaged by the developer (AGEC) indicate that
‘construction of the Derrybrien Wind Farm can be completed safely’ and Michael Rogers submits
recommendations ‘for the safe and successful completion of the Derrybrien wind farm project’, BMA
Geoservices are much more cautious in their conclusion that:
... the risk (of farther instability} can be reduced by the adoption of appropriate construction
techniques and on-site practices.

This seems to be very much in line with the advice published by Levine-Frick (2001) on the use of
organic soils for structural engineering purposes. These are regarded as highly variable materials,
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WINDFARMS AND BLANKET PEAT

with shear strength and consolidation characteristics that are hard to predict. They undergo reversible
shrinkage and swelling so that their use can result in large differential settlement and ground cracking.
Most also exhibit secondary compression settlement behaviour which can continue for over 20 years.
Materials containing more than two percent by weight of organic matter are regarded as unsuitable
for structural engineering purposes and geotechnical earthwork specifications generally require that
material used for structural fills should be free of organic matter and other ‘deleterious’ materials.
Where organic soils are unavoidably involved, a thorough investigation of their engineering
characteristics and proper site treatment is essential to the success of any civil engineering project.
Evaluation of the engineering characteristics of organic soils typically involves geotechnical tests
such as Atterberg limits? moisture content and compressibility in addition to shear strength
measurements.

Peat, the most organic of organic soils, is generally characterized by high moisture content, high
plasticity, high compressibility even under relatively light loads, high shrinkage, low permeability, low
density and low shear strength. These characteristics have been explored in more detail by Hobbs
(1986), who points out that the critical pressure (at which shear failure occurs) for peat depends upon
past morphological, climatic, biological and human influences and also on age. It is also unpredictable,
most peats exhibiting a critical pressure which cannot be entirely accounted for by past loading.

Both reports recommend that geotechnical expertise should be permanently available on site during
any further construction work. It is not clear, however, that an expert can be expected to foresee ail
the potential repercussions of on-site practice when the material he or she will be dealing with is
acknowledged as unpredictable in engineering terms nor that it will be possible to prevent progression
of an incipient failure even if its presence can be identified. Moreover, since the properties of the peat
change with time, it seems likely that some disastrous consequences could arise long after the
activities that give rise to them.

Neither of the geotechnical reports expresses complete confidence in the possibility that the peat
that has already slipped can be permanently stabilised and thus prevented from entering the
Owendalulleegh River at some time in the future. This is underlined by the request from AGEC for
information on the long-term effectiveness of the stabilisation techniques employed. If it is not
certain that the existing slide has been, or can be, made permanently safe, it would seem highly
inadvisable to proceed with any work that carries even a small risk of destabilising it. Presumably the
same problem would arise in respect of any new failures that might occur in the future.

Thus, for the long-term security of Derrybrien, it would seem essential that there should be a more
exhaustive stability assessment taking into account all possible alternative failure mechanisms with
Jong-term projections covering the lifetime of the project and the sjtuation beyond decommissioning,
before any further work on construction of a wind farm there is considered.

Whatever degree of confidence they place in their conclusions, the reports are unanimous in
recommending formalised drainage as a means of improving the stability of the site. It would aim to
provide water control throughout the site during the lifetime of the development and would mean
that surface water flow will be concentrated in ditch-lines. It would also result in more intense
overland flow if water volumes ever exceed ditch capacity or if a ditch became blocked. It is not clear
that drainage will necessarily ensure the stability of peat under all conditions. For example, the slide
at Derrybrien occurred during dry weather and involved an area of peat with many drain lines. These
would also cut through the acrotelm, constantly dewatering it while also causing localised oxdation.

Whilst Warburton (2004) lists shear failure, buoyancy effects and liquefaction as contributing to
some failure events, he links others with contraction and rupture of the surface due to drying out
(section 4.2). The role of cracked peat in initiating some failures and the association of cracking with

8 Depending on the amount of water present, cohesive soils such as peat can exist in three states: as a liquid slurty, a
plastic substance or a solid. These states are distinguished empirically by identifying the so-called Atterberg limits. The
“liquid Limit’ is the relatively high water content at which the soil changes from a plastic to a liquid state, losing its load-
bearing ability (Endurazyme 2000/4).
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WINDEARMS AND BLANKET PEAT

Wy .-___ > ; e e I S . il
] '""'Q? " R _— e ¢ _.-)-\'x’""“‘._ : & & ¢ ."i‘{ 4 ..
ouble ditch and so is well drained

Plate 9.1: The excavation at 717 fies on the line of an already-existing d
Nonetheless, it was the site of the first substantial bog slide.

drying of peat under forestry casts further doubt on the premise that drainage is necessarily the
effective solution in this case. Alarm bells really begin to ring when we realise that the T17 site is
extremely well drained because it lies between, and connects with, two ditches that run almost
directly downslope (plate 9.1) but that a 2,000 m? slide originated here just two weeks before the T68
failure (see next section).

Michael Rodgers’ proposal of ‘drainage for each access road, all turbine bases and each repository
site . . . continuously for the life of the windfarm project and thereafter’ directly contradicts the
statements made in the Environmental Impact Assessment documents (section 7.5.3) to the effect
that, ‘construction of turbine bases does not result in long-term drainage of the surrounding peat.’

‘We now have the prospect that the whole of the summit peat blanket of Cashlaundramlahan will
be comprehensively and permanently drained. This scenario was not considered by the EIA reports
{section 7) and introduces a whole set of new factors. For example, it is pointed out (sections 2 and
3.3.1) that drainage results in the tesumption of aerobic decomposition so that the peat is
progressively converted to carbon dioxide and water and, if it does not fail and slide first, disappears
in situ. Many of the turbine bases and their anchoring overburden would thus be left standing proud
of the ground surface and, apart from the loss of habitat and after-use potential for
Cashlaundrumlahan, there would be associated changes in the quantity and quality of runoff feeding
the surrounding streams and rivers.

Moreover (section 7.5.8), the release of carbon dioxide tends to cancel out the principal perceived
advantage of wind power Over energy derived from fossil fuels in reducing greenhouse gas emissions.

The volume of peat within the wind farm boundary is estimated, on the basis of AGEC data,’ at
7,100,000 cubic metres. Oxidation of this quantity of peat would almost totally cancel out the
projected saving in emissions from 10 years of operation of the entire wind farm — provided the CO,

9 71 turbines, each occupying an area of 4 ha (200 x 200 m) and average peat thickness 2.5 m.
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WINDFARMS AND BLANKET PEAT

savings quoted by the developers for the Kilronan facility can be matched at Derrybrien (tables 7.1
and 7.2). If the more conservative UK emission savings figures are used, peat oxidation would cancel
the CO, saving anticipated from just under 20 years of wind farm operation. This is in addition to
the non-peat CO, emissions incurred in the manufacture, transport, installation, maintenance and
decommissioning of the turbines. It is understood that the projected life of the wind farm is 20 years.
It would seem that it will, in practice, have an approximately nentral effect on CO, loading of the
atmosphere and that, contrary to the claims made in the non-technical summary of the EA, the ‘do-
nothing’ option of no development could be just as effective.

The story that has unfolded in this report seems to cast doubt on the wisdom of wind farm
development on any area of deep blanket peat. Whilst the prospect of a few 15 x 15m undrained
holes accommodating turbine bases does not at first sight seem incompatible with the processes that
maintain the peat blanket, the reality of wind farm construction and maintenance requires
comprehensive disruption of a site’s hydrology through drainage and thus of the peat itself — either
relatively safely through wastage or, as the residents of Derrybrien have discovered, through
catastrophic failure,

Summary of Chapter 9

1 Both geotechnical reports recognise that a number of factors may have contributed to loss of
stability at Derrybrien. However, both reports then only investigate a single factor, and
caiculate Factor of Safety (FoS) values on this limited basis.

2 Both consider only static loading, whereas other types of loading include temporary loading
by machinery, moving loads, possibte sudden loads caused by blasting in the quarries, and
the standing crop of plantation forest.

3 The BMA analysis used pre-development data that could have formed a geotechnical analysis
to accompany the EIS. It is not clear why such a report did not accompany the planning
application.

4 The AGEC analysis used additional field-based data. Their analysis indicated potential
stability over at least 10%-15% of the development area. However, they did not attempt to
integrate information about stability with their field-based data.

5 Some turbine sites with very low calculated FoS values show no signs of imstability whereas
sites with higher FoS values do show such signs, suggesting that FoS values do not give a
wholly realistic picture of stability in response to the construction and maintenance work,

6 Both reports assume fixed values (spatially and temporarily) for shear strength of the peat.
This is not a valid assumption, particularly given that the peat is highly fissured beneath the
plantation forest, that localised ponding clearly occurs from time to time, and that some
unsupported faces are created.

7 As the properties of peat change with time, some significant consequences may arise long
after the activities that give rise to them.

8 Hobbs (1986) observes that the critical pressure leading to shear failure in peat depends on a
wide range of factors, not all of them quantifiable. The geotechnical reports recommend
constant on-site geotechnical expertise, but it is not clear that such an expert could predict
how, when or where particular operations might cause failure.
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WINDFARMS AND BLANKET PEAT
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Neither report is completely confident that the peat already subject to failure can be
permanently stabilised.

Both reports recommend formalised ‘robust’ site drainage as the means of stabilising the site
sufficiently for work to continue. Given the tendency of such drainage to concentrate water
flows, with the attendant resulting dangers should the drainage system fail, it is not at all clear
that it would produce the desired result in, for example, conditions of extreme storm
intensity. Indeed, the T68 slide involved drained peat and occurred during dry weather.

Intensive drainage of the site was not envisaged in the planning proposals nor considered in
the decision process and introduces a whole new range of unconsidered factors.

Extensive, maintained drainage (even if it does not cause slope failure) will result in increased
sedimentation and water quality within watercourses receiving water from the site. This will
take the form of increased organic matter, mineral sediment, and increased water colour.

Drainage will also result in a substantial amount of carbon release from the oxidised peat. If
the whole amount of peat within the Derrybrien site were to be so oxidised, it would equal
the amount of CO, emissions likely to be avoided by 20 years of energy generation from
wind power at Derrybrien, thereby cancelling out this benefit. The whole peat volume is
unlikely to be lost in 20 years, but if the CO, emissions involved in conmstruction,

maintenance and decommissioning of the site are included, the figures look increasingly
unattractive,

It would seem essential that an exhaustive stability assessment is made of the site, taking into
account all possible failure mechanisms, with long-term projections covering the lifetime of
the project and the situation beyond commissioning.

In the meantime, it would seem highly inadvisable to proceed with any work, including any
form of drainage programme, that carries even a small risk of triggering further slope faiiuru
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Chapter 10
A review of scenarios

THIS REPORT HAS CONSIDERED a number of issues relevant to the assessment of the environment at
Cashlaundrumlahan but the guestion of slope stability is paramount. Issues such as noise or use of
the hill by merlin pale into insignificance against the spectacular impact associated with the October
2003 bog stide. The key question, for which everyone is secking an answer, is whether there is a
possibility of further peat movement.

Two engineering reports have been produced, both recommending that work can continue on the
wind farm provided certain actions are taken. This report has raised questions about both of these
and highlighted a number of important issues yet to be addressed. In particular, it has made clear:

e the degree to which the peat surface has probably fractured and become potentially unstable
beneath the extensive forest cover;

o the degree to which instability is evident elsewhere on the site;
e the considerable peat depths that remain on the hill summit.

0.1 An integrated spatial analysis of potential instability
By combining information about peat depths with data for surface elevation across the site and with
the drainage patterns associated with watercourses, it is possible to begin to build up a picture of
where there might be a high probability of instability on Cashlaundrumlahan.
Examining first the relatively simple combination of peat depth, slope and watercourses, peat

depths are displayed in fig 10.1 in three categories:

o relatively shallow peat (0 to 2.2 metres),

e deep peat (2.2 to 3.2 metres)

» very deep peat (> 3.2 metres).
The two deeper categories together give a good picture of the main deep-peat areas on the site and it
can be see that some of these areas ‘point’ (as it were) to the headwaters of streams that arise on the
slopes of the hill, as indicated by arrows. These represent a form of ‘avalanche corridor’, a notion
used in Alpine regions to identify areas at risk from snow avalanches. It does not follow that, if an
area lies in such a corridor, there is a likelihood of an avalanche but it does highligh the areas that
need to be monitored.

The central (wider) arrow represents the approximate path of the October peat slide (cf fig8.1). It
is evident that it was neither linked to the deepest peat deposits found on the site nor did it occur on
a markedly steeper slope than is typical for other parts of the peat blanket.

The arrows represent possible pathways for peat movement, given the depth of peat and general
landform at these points: one might say that there is a hypothetical predisposition towards peat
movement in these areas. As with avalanche corridors, it does not necessarily mean that peat
movement will occur, merely that the situation should be monitored. To turn this hypothetical
predisposition into something more tangible, it is necessary to look at the behaviour of the peat in
these areas.

The graphic also displays the locations of the turbine bases and assessments of their stability as
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WINDFARMS AND BLANKET PEAT

reported in AGEC’s paper and categorised following the field visit made by the authors of this paper.
It is apparent there are regions on the site where there is a combination of deep or even very deep
peat and individual or clustered turbine bases displaying evidence of instability. (Note that the bases
for the northernmost lines have not yet been excavated and it is not possible to say how many turbines
between 47 and 58 might display signs of instability)

The cluster of “unstable’ turbines round the main area of the bog slide (11, 17, 23, 66, 68, 69 & 70)
is evident but so too is the small cluster (12 & 13) on much deeper peat in the south-west corner of
the site and a group (2, 4 & 5) in the north-west corner, again associated with deep or very deep peat.

On the crest of the sumnmit ridge, Turbine 27 clearly sits over a very great thickness of peat while
the ridge runs to the east with a deep layer of peat all along it, ending, more or less, with the
somewhat unstable Turbine 42.

To the south is another line of unstable tarbines (25, 34, 37 & 35) that seems to form a gentle arc
pointing to the headwaters of the stream that arises near Earl’s Chair but the peat thickness is
generally two metres or less. Large-scale instability seems unlikely in such relatively shallow peat,
though the literature contains several instances of bog slides involving peat as shallow as this or even
shallower.

The instability evidence discussed so far, however, generally concerns localised collapse or cracking
in the immediate vicinity of a turbine base. One of the primary potential causes of more widespread
instability which is stressed in this report is the effect of the forestry because of its tendency to cause
extensive cracking in the surface layers of peat. It is therefore worth looking at the general pattern of
forest cover at Cashlaundrumlahan in relation to the peat depths.

It is evident that a large proportion of deep and very deep peat lies beneath the forest and may be
deeply fissured. Perhaps a third of the unafforested land — essentially the turbary area in the eastern
part of the site — is on relatively thin peat but, even here, there are still some deep deposits. The
pattern of instability is, of course, as before but it is interesting to note that there are three turbine
bases which show signs of instability despite never having been afforested.

This perhaps serves to emphasise that forestry is not the only potential source of peatland
instability and that peat will react to any stimulus that sufficiently disrupts its hydro-mechanical
properties.

10.2 Modelling stability in 3-D

It is one thing to see the contours, drainage lines and peat cover on a flat plan view baut it is quite
another to see it as a three-dimensional model because it becomes easier to visualise the type of
gradient being faced by the peat surrounding a turbine base or the possible routes for an unstable
mass of peat, should it start to move.

The elevation data for Cashlaundrumlahan have therefore been transformed into a 3D
representation of the landscape (much as the developers used to model visual impact in their
Environmental Assessment). The basic model can be seen in fig 10.2a, while peat depth data,
possible routes for peat movement and the position of local buildings can be seen inl0.2b,

Figs10.2¢ to10.2g provide a 360° ‘tour’ around Cashlaundrumlahan, beginning with a view from
the south. Vertical scale has been exaggerated to make more evident the individual catchment regions
of the stream-courses and the relative differences in slope across different parts of the site. It can be
seen that the angle of slope associated with the bog slide is not markedly different from many of the
other slopes on the south side of the summit though it is much less steep than the slopes encountered
on the north flanks. Areas on the south side can be expected to react with much the same force of
movement as the slide, though perhaps with somewhat more force simply because there may be a
greater vohume of peat involved. The northern flanks, on the other hand, may produce more dramatic
movement, should the peat become unstable, because of the markedly steeper slopes.

Perhaps the most striking thing to emerge from the ‘tour’ is that the most extensive area of the
deepest peat sits on the western flanks of the summit, on a slope that points towards the main area

114



TASG TAHAA

18 QA 2MAAI0KMIW

1quq adt Yo @ors odi vd sbsm ziv bioit o gniwollol baeiias1ss bas 19gsg « DADA m banogat

qasb v1av msvs 10 qash 1o nonsnidotod & ei 9

oely snatdw 9z o) mo anoigst 916 9medl In9eqys el il

zarsd o) tsdy 91017) didstzn Yo aunsbive gojvslqaib eoesd smidiut bartauts 1o lsubivibni bae 159q

zamdiul yoem worl via of sldizzog lon a1 bas

(OV 3 va 8o 09 25 V1, 11) obile god 911 1o 5
oy yom10n teawsdinoe ud) ol 1699 wgsab dumn
ABag qash yrav 1o gash ditw betsivoess meys |
aliiw 1690 To zzomidsidl 1smy viev 5 Vo zie

bosveazs nosd 19v 100 9ved zeml 1zormmediion 9110l
(pilideten: lo 2mmie valgab tdgim 82 buas Tk noswiad
16 nism o) bowor esmdun oldeizng’ 1o viauls sd'T
no (21 % S8 izl Hemz odi 21 001 oz tud 1asbive 2
oo zove-thon 9t mi (7 3 b .8) quoig & bng stz ol
hisslo T8 smchuT 9nbre iz ot Yo e 9t 0

arlt dtiw zeal 10 stam gnibao 3 gnols s fisq Yo tovs] gosh & dire 9265 ady 01 2min ssbin 9

o1 shinag & tmot ol emsse 16di (B B VE M

Lk smdhw T aldsteny tedwainoe
©) eamchus oidsiznn 1o aml mdwons 2 digoe sd ol

a2l ezamdnid) 1eoq 9M tud uedl) 2'hed veun :[’ﬁihh 16t msone s Yo gwiswhsod adl o1 aonmiog

JA69q wollsdz vivviislsr dawe ni visdilow 2o
f1sva 10 el 26 wollsde 2r 1eaq wmivlovid zobilz

s viilidaien sisoe-omisd zeal 10 29vmm owt vilssoog
hod 10 2oorkiza lErovee anisinos anngratil ath dgporls
aswollsde

gnrdust 10 szgslion boeilsool emmsnon ylistngy doveword 61 02 bagaunzth sonabevs pilidorent sdT

brstgesbiv 31001t 10 292wy [sBHNStog Vismig |
szue 01 vonshast 211 1o seueoed vienot odi 1

i) 1o sn() szsd spdin s 4o Py sisibamn 56y ny
msfa adr 2i oqa eidl nr hoesstz & doidw ilideteni

1o moneg leransg odt 16 gnidool diow sroiomliy 201l 1soq 1o 2vays] suehne 9t m gabioeso avienslzs

eiligab 1594

atlt 01 noels m asdelmoibnusld2s) 16 18voy 1reol

9ty hing Jasto) adl tisarsd 261! 189 qonb g[wv hne gosb Yo notrogorg syusl & 36d1 insbive e 1

mrtess arlt ar 5915 viedun odr vilsitaszes — bn
AT alizoqsb quob smoe e 918 s19di o19d
smido o9y 916 s 1641 o 01 goitestaing

Loresicfts noad pnivi

5l batesioflsny o) o buidr s aqsdrs'l bowweeil yigasb
ove dud dsaq aidd ylaviicls no 2t — g5z sdi o tsg
21 11 wd 9wled 26 sewos to gl vididsizal To maheg
il 1ovan angqesh viilideient o 2antz wode doidw zo26d

hashsag Yo annoz leamaoq vlao adt or i voestol dsdl seiesdgres of 2ove eqerthsg 2idT

Isatnsroome-othyd 2t 2iqurah vhnoanifio: 1sd

slip #10 dud wary nelg 160 & no 1von 1sag |
o orpg ol 9vilsuzry oF 1oizs9 2amonad 1 sy
sldateny as 161 293w sldizaog 9 10 szsd on

e & olm
wadf o msqan Isuzy sbom o1 bazy #19qol
&b digeb 16sq olihbw 67.01 @il ai nwoz sd

AS.00m nssz 9d neo zgmbliod (5ol
oot wary s Miw gmmugsd | asds!obousid
2nnigst nomrloiss Isubivibin o) wrsbive s1om
o g 11 e 5dd 1o 2hsq raThb 2o sqo
a0t 1o yrem mod ins1sihb vibsdiem ton 21 obi
hursinosns eagale oy neds gaute 22sl dovm i
o 9710] stasz st dovoa divw 19651 0f batsoqa:

aulumite yoe o1 wso lliw 1899 161 bas vlidssen:
aihsqoig

Q-€ o \iilidste paillaboM  §.07

a6 eatul sasisib guoinos ol 932 o gnidl sno 2i il
hoad Ishorn lenonomib-oad) & 25 1 992 o) dons
dun & gnibauorise 1e9q ol vd booel gamd 1noibsig

svomn 01 nisiz 1 bloods 189q 1o 22em

harmolensy) o9ad s1otomdl 5‘v[.d asfdslmuthooeldze) 10t sisb nonsvalzs odT

vab oy 2s dupm) sqeozbnsl st o nousimesiqur
nso ishbom olasd 9dT  Qnemeeseed, lstnsmaonind
0 noizoq 50z bis 1namsvom 189 1 et sldizzog
5D bowow "wio) "06E & abitvorg 98 01ar 28 00aid
AEm 01 hatsnysxs aoed asd alese [somsV  divos arli
y i zenmarstlil ovitelor adi bas 2ezwos-mesne 9l Yo
2 god odi dirw harumoezs sqolz 1o slgns 9dt 16601 nave
1 dyuods iwmmwe »i 1o abiz diwoz wd no easgelz wwdlo
od 16y 3hie diwoz sl no zevtA 2dnelt dion 2di no

6 9 ysm wrod) szusded vigrme a0l s1em fsgwamos dttw eqeron dyosodi sbde o) 25 1namuvomn

sk s1om suubotg ysm  Losd 1adio 9dt no
2oqolz 1wy vlbodiewm ot 1o

eAnslt mradhon odT Levlovni 1ssg 1o smulov 1is913
heugoad sldetaon siooed tnog 9ili bluods Insmsvoi

st 1o sot svienstxy Jeom o3 Jud) 2 Twor 9l modt sgmms o1 gud) gonlinte leom oy zgedisd

6916 ms 901 zbewo) @i 16d1 sqolz & no |

imurure srh o wlnslt asteow st no ez 169q 129g9sh

bt

O



it of Iretand

Survay Inetand/G

Qrndnance Survey Ireland Licence No. MNE 0013005, ® Ord

Original peat depth data recorded by Malone O'Regan McGilliouddy, Consuiting Engineers, Cork.

WINDFARMS AND BLANKET PEAT

il \
L“-m._w.__;:‘; . k
\\
] \ .
¥ turbine sites peat layer (m
7 ! excavated ; faded _06-22
_/\'—/ \ \ excavated / unstabl ==j22-32
g v U e
. v \, » Bzz2-509
/ o M '“\\ w excavated f stable

", = parly excavated

1
L Jkm R * not started

Figure 10.1: Distribution of differing peat depths within the area of the wind farm also showing the forest cover and
locations of the turbine bases. These are coded according to their state of development and their assessed
condition of stability. The red arrows highlight the likely direction of any peat movement towards stream

of habitation — Derrybrien — and that the two turbines constructed in the deepest part of this sloping
peat have shown signs of instability (see fig 10.1). However, the picture is complex on this part of the
hill as three watercourses have their origins in fairly close proximity and it is not clear quite which
direction a mass of unstable peat might take were it to begin sliding from this south-west facing slope.

10.3 Stability prediction

To an extent, the question of whether or where another bog slide might occur can only be based on
informed speculation because there are several significant unknowns. The understanding of how and
why bog slides occur is still limited compared to, for example, snow avalanches, though even here
there is much that is unexpected and tragedies continne to occur.

The nature of the peat beneath the forest cover has not been adequately assessed and, if it were to
be (perhaps following tree removal), it would be a huge task to identify, map and measure all the
cracks in the peat, even assuming it were possible without causing yet more disturbance.

The methods employed during construction have already been shown to be at variance with the
methods described in the planning application. This problem is common to all construction work in
that operational constraints require the on-site managers to make adjustments to the original plans
which are inevitably impossible to predict in advance. Their decisions can seem of little consequence
at the time in that they may involve simply directing an outflow of water in one direction rather than
another or temporarily moving a heavy vehicle onto a particular area of ground but they may have
significant consequences for stability of the peat: both of these actions have been identified as
potential contributory factors to the peat slide of October 2003.

On ground predisposed to instability, small actions can have large consequences.
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WINDFARMS AND BLANKET PEAT

Figure 10.2a, above left:
Three-dimensional view of the
Cashlazndrumiahan summit
from the WNW. It shows . iy e
showling the extent of forestry ; :
(green shading), stream-
courses (blue), roads (brown)
and the depth of peat in the
wind farm

Figure 10.2b, above right: As |
10.2a but with arrows
indicating potentlal ‘avalanche
corridors’ and dots
representing the main
buildings in the landscape.

Figure 10.2:c As b but viewed
from the SSW, SN

Figure 10.2d: As b but viewed
from the SSE and without the
forestry cover.
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The graphics on thase pages ara based on
data provided by the Ordnanca Survey ireland
undar Liesnce Mo, MNE 0013805; @ Ordnance
Survay IrelandiGovemment of Iretand.

Original peat depth data recorded by Malona
O'Ragan MeGillcuddy, Consulting Enginaers,
Cork.

Figure 10.2e: As a but viewed
from the east.

Figure 10.2f: As a but viewed
from the north sast.

Figure 10.2g: As a but viewed
from the north west.
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WINDFARMS AND BLANKET PEAT

10.4 The bog burst of October 16 2003 — part of a pattern?

Had the bog slide of October 2003 occurred in complete isolation with no similar instances either
before or afterwards, it might reasonably be regarded as something quite extraordinary that arose from
a unique set of circumstances and that a recurrence is most unlikely. This is not the case, however.

10.4.1 Peat movement within the site

Within the site, there are several examples of peat instability (section 9) associated with construction
work. The most striking of these is the bog slide that occurred at Turbine 17, two weeks prior to 16
October. This involved collapse of the peat downslope for a distance of almost 150 metres and across
a width of something over 20 metres (plate 10.1). It is reported to have happened with the same
abruptness as the major bog slide and was also associated with construction work around a turbine
base and road.

A remarkable fact about this failure is that, despite its substantial and dramatic nature, the event
was not seen as an urgent reason to suspend work while the causes were determined. It seems to have
been looked on as something curious and quite out of the ordinary — an exceptional event with little
or no relevance to the rest of the operation. Had the original EIA reports highlighted the potential
dangers of peat instability and bog slides, it is possible that the event at T17 would have been taken
much more seriously.

There is evidence of peat movement in a great many places at Derrybrien, not all directly linked to
construction work but revealed, for example, by drainage carried out as part of road building and
maintenance. Plate 10.2 shows how a ditch alongside a new road has now partially closed and bent
significantly out of true, evidently as a result of peat movement. The ditch is associated with some of
the deepest peat to the north of the summit and lies on a steeper slope than is typical for the southern
flanks. This movement may or may not be a natural process but it is clear that thereis a predisposition
for peat movement in this area. Further disruption (over and above that caused by the forestry) may
lead to more dramaticmovement.

10.4.2 Weather patterns

Changing rainfall patterns on the stability of peat at Derrybrien has been discussed (section 8.2),
particularly the possibility that prolonged dry periods may exacerbate fissures beneath the forest.
From a rainfall record maintained for the Derrybrien area over a number of years, it is evident that
the 12-months prior to the 2003 bog slide was the driest since the record began 14 years ago.
The record since the slide also exhibits an unexpected and perhaps significant pattern. Fig 10.4
shows, for 2004, the difference from the 14-year mean monthly rainfall while fig 10.5 shows the 12-

Plate 10.1: The scene of the bog slide that occurred at T17 only two weeks before the main slide. As can be seen
from the small size of the trees in this vicinity, It includes areas that have already been drained for forestry, then
suffered fire damage and were then drained again at replanting. So, although the area has been subject to
considerable drainage, it has clearly not prevented peat failure.
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WINDFARMS AND BLANKET PEAT

Evidence of continued peat movement within the site

Plate 10.2: A ditch
that runs ENE from
T53 alongside a
floating road across

| the northern slope of
4o | the mountain has

" obvicusly bowed and
slumped downslope
where it crosses
deep peat. (it is

| assumed It orginally
ran straight.}

4 Figure 10.3a, b: The
Y| arrows on the two

1 diagrams show the
| direction in which

the peat moved.

“Fha graphics baslow are basad
on data provided by the
Ordrance Survey ireland under
Licance No. MNE 0013005; @
Qrdnance Survey
Ireland/Government of Ireland.
Original peat dapth data
recorded by Malone O'Regan
MeGillicuddy, Consuliing
Enginesrs, Cork,
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WINDFARMS AND BLANKET PEAT

month, 6-month and 3-month moving
averages of cumulative total monthly
rainfall. They show that the rainfall at
Derrybrien has reached new lows for a
more extended period than at any time
previously.

Does this mean that weather patterns are
becoming more extreme, with long dry
periods followed by extreme rainfall events?
Only time will tell. The effect of even this
single long dry spell on the condition of the
fissured peat can only be guessed at as there
is currently no form of monitoring of this
aspect of the peat. The weather pattern, and
the peat, on the summit  of
Cashlaundrumlahan have both entered a
phase for which there is no precedent in the
record,

¥

Extess over average (mm;

Figure 10.4;
indicates the deviation of the month's rainfall

1500

1000

500 4

1000 -

~150.0 4

o)

Manth

Monthly rainfall data for Derrybrien, 2004. Each bar
total from the

appropriate 14-year monthly mean,

Figura 10.5: Month
diagram (labelled
the three,
{clrcled in

ly rainfall totals for Derrybrian,

red) is the lowest in data series at 952mm.

January 1990 to June 2004, The vertical bars at the bottom of the
1) indicate monthly rainfafi totals and the continuous
six and twelve months preceding the last day of each month,

lines indicate the accumulated rainfall for
The moving 12-month ralnfal total for 2004
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WINDFARMS AND BLANKET PEAT

£

| Plate 10.3a, ahove: The recentiy-erected 9-turbine
| wind farm at Sonnagh Old, four km to the north of the

“ Derrybrien scheme from which this photograph was

| taken.

Reproduced courtesy of Martin Collins

Plate 10.3b, above: The
peint of origin of the bog
slide at Sonnagh Old,
shown by the arrows.
Plate 10.3c, right: The full
extont of the siide at
Sonnagh Old. The forestry
assoclated with
Cashlaundrumlahan can be
saeh In the distance
{indicated by the arrow at
the top of the photograph).

The bog slide at an adjacent wind farm

In October 2003, at much the same time as the Derrybrien incident, another slide occurred
at Sonnagh Old, a recently installed 9-turbine wind farm on an adjacent summit four km to
the north of Cashlaundrumlahan {grid reference M508093, fig 1}. it Involved 15,000 cublc
metres of peat and appears to have originated at an access road.

The point of origin of the slide can be seen in plate 10.3a and the whole slide in 10.3b. The
similarities with Derrybrien are striking: both are associated with a road, a turbine base and
forestry. The relatively small size of Sonnagh Old compared to Cashlaundrumlahan suggests
that a smaller volume of peat was involved but it still travelled a considerable distance.

It is clear from this and the other instances of peat movement described above that peat
instability is a widespread feature of the area and that the slide of 16 October 2003 cannot
be regarded as an aberration.

Any decent review both of the existing literature and of the site i{self would have revealed
that major instability was (and continues to be} a real possibility.
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WINDFARMS AND BLANKET PEAT

Summary of Chapter 10

1

10

Using spatial analysis, it is possible to build up a picture of where there may be a high
probability of instability on Cashlaundrumlahan.

Combining peat depth, slope, landform and drainage pattern, it is possible to identify a
number of possible routes for peat movement — potential ‘avalanche corridors’.

An indication that movement along some of these avalanche corridors may be possible is
provided by turbine bases which already display some signs of peat instability.

The distribution of forestry can then be added to the analysis, highlighting those areas of peat
that are likely to be extensively fissured. This also reveals the fact that there is a possible line
of non-forested weakness to the east of the site, surprisingly on rather thin peat.

Modelling of these various landforms and datasets in 3-D, especially with an enhanced
vertical scale, gives a clearer picture of the possible avalanche corridors and direction.

Such modelling makes it evident that the most extensive areas of deep peat lie on the slopes
above Derrybrien and one such corridor leads directly into Derrybrien, close to the school.

Tt is extremely difficult to make clear predictions about whether the likelihood of peat
movement down any of these avalanche corridors because there are so many unknowns
ranging from the detailed nature of the peat to the on-site practices of the site operators.

A major bog slide occurred at an adjoining turbine some weeks prior to the slide of 16
October 2003 but this does not appear to have altered working practices or initiated a period
of investigation. Peat movement can be seen at various localities on Cashlaundrumlahan and
this movement generally corresponds with one or other of the identified possible avalanche
corridor routes.

Evidence of substantial ‘avalanche’-type movement from similar wind farm developments
can be found within four km of Cashlaundrumlahan. The nine-turbine wind farm at
Sonnagh Old suffered a major peat slide at roughly the same time as the large slide at
Derrybrien. It would appear that the slide had its origin at a combined locality of a turbine
base and a roadway, just as with Derrybrien.

The weather at Cashlaundrumlahan since October 2003 has been drier than at any time in
the 14-year rainfall record. The effect of this extraordinarily prolonged dry period on the peat
fissures on the site may be considerable and are likely to render the site more sensitive to
development impact.
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Chapter 11
Summary

1

Introduction

THE REPORT WAS COMMISSIONED by V P Shields & Son on behalf of the Derrybrien Development
Cooperative Soctety Ltd and individuals whose lands were affected by the bog slide. It has been
prepared by Richard Lindsay and Dr Olivia Bragg of the University of East London to evaluate:

the planning proposals for the wind farm at Derrybrien;

the associated impact statements;

the events leading up to, and possibly causing, the bog slide on 16 October 2003;

the content and recommendations of the two geotechnical reports produced after the slide;
impact assessment procedures.

It considers the legislation covering EIA and the guidance appropriate to reviewing what should be
contained in an environmental assessment of the wind farm proposal. The key stages are identified
as scoping and impact assessment and the report therefore undertakes a scoping and impact exercise
for the development,

2
21

2.2

2.3

24

2.5

Scoping - the ecological framework

The development at Derrybrien is spread along the summit and upper flanks of
Cashlaundrumlahan, part of the Slieve Aughty Mountains in Galway.

This summit is dominated by blanket peat, which is a characteristic habitat for such an
oceanic region and which arises because the constantly humid climate maintains the living
vegetation of Sphagnum bog moss in a waterlogged state, preventing complete
decomposition of the dead plant material (known as peat) that slowly accumulates beneath
the living carpet of moss.

Peat soils consist largely of water but are held together by the hydrostatic characteristics of
the surprisingly small proportion of organic material that binds the water into a structure
that is sufficiently solid to walk on. There is only a tiny amount of mineral matter in peat.
Consequently, peat soils behave rather differently from: many more typical soils.

For example, if the peat is allowed to dry, it turns into carbon dioxide and water and
disappears into the atmosphere. If peat soils are continually drained, they can thus vanish
completely over time but undergo shrinkage and cracking during the drying-out process.

Peat soils consist of two layers — the thin surface acrotelm, which protects the lower, deeper
layers of peat known as the catotelm. The catotelm is never normally exposed io the
atmosphere and remains constantly waterlogged under natural conditions because it is
separated from the atmosphere by the acrotelm. Unprotected catotelm peat has few active
defences against the external environment and tends to oxidise and erode.
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3.1

3%2

3.3
3.4

4.1

4.2

4.3

5.1

5.2

5.3

6.1

6.2

WINDFARMS AND BLANKET PEAT

Scoping — pre-development conditions at Derrybrien

The major land-use impact on Cashlaundrumlahan prior to the wind farm development was
afforestation, involving intensive drainage and planting with exotic conifer species.
Flantation forestry on deep peat causes water loss from the peat especially after canopy
closure after about 20 years, because the canopy intercepts rainfall and the trees draw water
from the peat through evapotranspiration. Such drying conditions result in deep cracking
and fissuring of the peat, first in the surface layers then progressively deeper as the
plantation matures.

There is clear evidence of deep cracking within the forested peat at Cashlaundrumiahan.
The state of the peat, combined with experience of peatland sites elsewhere in the world,
suggests that slope stability could be a major issue in relation to the development and the
issue of bog bursts was identified as a key topic to explore.

Scoping ~ bog bursts and peat slides, a review of evidence

Bog bursts represent a dramatic collapse of peat across a landscape or down a hillside. They
have been documented for over 500 years from a wide range of localities around the world
with some described in detail. They can involve movement of peat over distances, as large
as 10 to 20 km; sometimes they are slow-moving but sometimes they move as a fast-
flowing stream.

Two fairly constant features of bog slides are:
¢ heavy rainfall immediately prior to (and sometimes during) the slide;
e some form of human disturbance to the peat surface,

A number of engineering mechanisms have been proposed to explain the causes of bog
bursts and bog slides.

Assessing potential impacits

The developers propose to avoid drainage of the peat by building roads that float on the
peat. Such roads do not, in fact, ‘float’ except when used briefly as temporary structures.
Longer term use requires drainage to keep them operational but this causes oxidation of the
peat. A cycle of sinking and drainage generally leads to the roads cutting their way down
through the peat body.

Floating roads also cause problems of localised ponding because they cut across natural
drainage lines. Such ponding is a problem for the developer, is a danger to peat stability and
its sudden release can be even more of a risk to peat stability.

Excavation of turbine bases also involves the creation of ponded water which must be
released somewhere, Again, the process by which it is released is critical because it can lead
to instability of the peat. At the same time, the cut faces of the turbine excavations remain
exposed to the atmosphere and suffer oxidation and cracking.

Impact interactions

A variety of approaches can be adopted when considering indirect and cumulative impacts
and impact interactions. Extensive guidance is available and examples relevant to the
proposals for Derrybrien are presented.

Consideration of all such impacts makes it possible to finalise the boundary required for the
EIA and a boundary is presented for the Derrybrien proposal.
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WINDFARMS AND BLANKET PEAT

Having identified the boundary for impact assessment, it is possible to produce a
comprehensive review of sites with statutory conservation status or conservation value that
may need to be considered as part of the assessment process. Several SACs, SPAs and
Ramsar sites are so identified.

The EIA and the Derrybrien planning process

There is immediate confusion about these documents because at least one of them should
have been part of a statutory Environmental Impact Assessment but claimed to be produced
on a voluntary basis. Part of the development appears not to have been formally assessed at
all even though it was at the time one of the largest wind farm developments in Europe.

There are real concerns that the development has been enabled by the technique of ‘salami
slicing’ whereby a large project is introduced in stages to make it seem smaller or to evade
legal thresholds,

The EIA documents make it clear that they were produced to demonstrate the low
environmental impact of wind warm developments. This is not consistent with the objective
assessment of the facts.

There is no genuine scoping phase in the EIA reports and this is reflected in a superficial
approach adopted towards many topics.

Only noise and visual impacts are addressed in any detail. All other topics touch on only a
small proportion of the issues, are supported by very little data or information from the
published literature and fail to address even some of the most basic impact questions. For
example, there is no recognition anywhere that peat soils can be unstable and that plantation
forestry can make them even more so.

A clear contrast is made between the type of information provided in the EIA reports and
what would normally be required for a standard Slope Stability Report as required in the
UK for potentially unstable ground.

The bog slide at Derrybrien

The failure appears to have occurred within the peat itself. Strips of peat appear to have
*delaminated’ along lines of plantation trees and slid downhill in long narrow ribbons.

The weather prior to and during the event was dry and thus not typical of a bog slide.
However, the general pattern of rainfall over the preceding 12 months had been
exceptionally low with a long dry spell immediately prior to slope failure. Such weather
conditions would probably have led to widening of the fissure systems in the forested peat.
This may in turn have made the forested peat pre-disposed to failure, given a trigger,

This trigger may have been in the form of on-site operations where two areas seem to have
been subject to drainage operations at the same time as excavations. Release of water across
a deeply-fissured peat surface can generate buoyancy failure while loading by machinery
c¢an produce loading failure,

The geotechnical reports

Two geotechnical reports produced after the bog slide attempt to Judge whether the site is
sufficiently stable for work to continue in the light of the large area of slope failure.

Both list 2 number of possible contributing factors to instability but they then investigate
only one of these in detail.

Several locations are identified as showing signs of instability but desk and field
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WINDFARMS AND BLANKET PEAT

investigations use idealised models of the peat matrix that assume constant properties in
space and time. The issue of cracking beneath the forestry, for example, is not investigated.

Drainage is recommended as the way to stabilise the peat, despite the fact that drainage of
peat soils does not produce the same effect as it does in minerals soils. There is also
evidence of considerable instability (including a large peat slide) in areas of the site which
have already been heavily drained.

Extensive drainage would lead to much greater sedirnentation in streamcourses and result
in a change in water colour, as well as potentially causing more instability rather than less.

It is important that a full-scale slope stability analysis is carried out before any other action
is taken. This should investigate all possible alternative failure mechanisms and include
long-term projections covering the lifetime of the project and beyond decommissioning.

In the meantime, no further work should be carried out on the site either in terms of
additional drainage or resumption of wind farm operations.

A review of scenarios

Using spatial analysis that incorporates peat depth, slope, drainage patterns and forest cover,
an assessment is made of possible routes that peat slides might take, These are described as
‘avalanche corridors’ in the same way that areas at potential risk from snow avalanches are
highlighted and monitored.

A number of such corridors are identified and an assessment is made of the relationship
between these and areas that already show signs of instability, Several are identified as
showing such signs of instability and are at particular risk. The area of most extensive deep
peat has at least two major areas described as ‘at risk’, one of which is a corridor that leads
directly to Derrybrien.

It is possible to make predictions about instability on a theoretical basis but evidence of
actual peat movement is provided that indicates that the bog slide of 16 October 2003 was
part of a recognisable pattern of behaviour rather than a unique event.

A substantial bog slide occurred at the wind farm just two weeks prior to the main October
slide. It was associated with a floating road and a well-drained turbine base, involved a large
volume of peat and extended over a distance of around 150 metres. The event was regarded
merely as curious, its causes were not investigated and working practices were not reviewed
in the light of this clear sign of instability. Evidence is also presented for peat movement
along the line of an avalanche corridor within the development site. At nearby wind farm,
a large bog slide occurred around the same time as the Derrybrien collapse and the origins
of this slide also seem to be linked to a turhine base and road.

The accumulated evidence for movement and instability points to the fact that the large bog
slide of 16 October 2003 was by no means 2 unique event. It forms just one example within
an obvious pattern of behaviour that involves greater or lesser instances of peat movement
and instability.

Finally, rainfall patterns at Cashlaundrumlahan since October 2003 have produced the
driest set of conditions recorded over the last 14 years. The mpact of this on the peat
fissures in the plantation forestry is likely to increase the sensitivity of the peat system to
impacts. If the climate is shifting to more long dry spells and periods of intense rain, this
too will heighten sensitivity to impacts.
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Concluding thoughts

PEAT I5 A SOIL consisting mainly of water. That such a system is able to remain stable
at all while draped over a hillside is a remarkable phenomenon ~ but the same could
be said for water smothering mountain slopes and summits as blankets of snow.

Sometimes, however, gravity re-asserts itself and both systems collapse
downslope. Many people ski in perfect safety on snowy slopes but, despite the
intensive research into and monitoring of, avalanche systems, every year there are
still some tragedies. We know a great deal about the avalanche process in snow, we
know much less about the process in peat.

Anyone who makes a genulne effort to understand blanket bog ecosystems will
soon come to understand just how delicately-balanced, fragile and unpredictable
they are.
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Gort Windfarms Limited
Directors' Report
For the Year Ended 31 December 2018

The directors present their annual report and the audited financial statements for the vear anded 31 Dacember
2018.

Principal activities
The company is engaged in the operation of a wirid farm at Derrybrien, Co. Galway, Ireland.
Going contern

The directors have adopted the going concern basis in preparing the financial statements. Further details are
set out in note 1.4 to the financial statements.

Results and dividends

The profit for the year, after taxation, amounted o €795 thousand (2017 - loss €10,136 thousand).
No dividend was declared by the directors (2017 - €Nil).

Directors, secretary and thelr interests

The directors who served during the year were:

A, Kelly {resigned 14 January 2019)

J. Redmond (resigned 1 August 2019)

J. Healy - Alternate Director (resigned 1 August 2019)

The directors and secretary had no disclosable interests in the shares of the company, or any other group
company, as defined in section 329 of the Companies Act 2014, at 31 December 2018 or 31 December 2017.

Key performance indicators
The board has determined the following key performance indicators which cover operational performance:
1. Safety

There were 2 reportable incidents reported to the Health and Satefy Authority in 2018 (2017- Nil). Both were
addressed at the time,

2. Environment
There were no reportable environmental incidents in 2018 (2017 - Nil).
3. Availability

Avsilability is the amount of time that a generator is able fo produce electricity over a certain period, divided by

—--~~-w.»,-mw-mthewaruqeuntﬁ-:ofmtime—invthe-epuar-i:z)d.-—:I?he.-—win<=j—f-af=|11—a\.rilaslIsbility~fe>r—Gert»Wim:|far'ms«l:imited«was"‘94?*:'3‘34‘:r*(eﬁ'Fr-'='-‘“">"*"~-"'~‘~*~'-W

87.1%),
4. Load factor
Full site capacity is the total possibfe electricity that a wind farm could praduce if each turbine was producing

electricity at full output. Load factor is a percentage of the full site capacity that was produced in & particular
interval. The load factor for Gort Windfarms Limited for 2018 was 24.3% (2017 - 24%).
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Gort Windfarms timited

Directors’ Report {continued)

For the Year Ended 31 Decomber 2018
Striall companies note

The company's financial statements have been prepared in accordance with the provisions applicable to entities
subject to the small companies regime.

Political and charitable contributions

The company made no political or charitable contiibutions during the year (2017 - €N) and has complied with
the Electoral Act 1997,

Events since the end of the financial year

There have been no significant events since the Balance Sheet date that the directors believe require
adjustment to, or disclosure in the financia! statements.

Accounting records

The measures taken by the directors to ensure compliance with the requirements of Sections 281 to 285 of the
Companies Act 2014 with regard to the keeping of adequate accounting records, are the employment of
appropfiately qualified accounting personne! and the maintenance of computerised accounting systems. The
company's accounting records are mairtained at the company's registered office at Two Gateway, East Wall
Road, Dublin 3, lreland DO3 A995,

Research and development

The company did not engage in any research and development activities in the current or preced ing year.
Statemant on relevant audit information

Each of the persons wha are directors at the time when this Directors’ Report is approved has confirmed that:

. so far as the director is aware, there is no relevant audit information of which the compary's auditors are
unaware, and

. the director has taken all the steps that ought to have been taken as. a director in order to be aware of any
relevant audit information and to establish that the company's auditors are aware of that information
(within the meaning of section 330 of the Companies Act 2014),

Auditors

The auditars, PricewaterhouseCoopers, have indicated their willingness to continue in office in accordance with
settion 383(2) of the Companies Act 2014,

This report was approved by the board and signed on its behalf,

........ n B PN e A R B

7

[ Flgnadn
C. Kinsman

Director

Date: 15 October 2012 Date: 15 October 2019
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Gort Windfarms Limited

Statement of directois’ responsibilities
For the Year Ended 31 December 2018

;E?, ';iirectors are responsible for preparing the annual report and the financial statererits in aceordance with
2w,

Irish faw requires the directors to prepare financial statements for aach financial year giving & true and fair view
of the company's assefs, liabilities gind financiaf position at the end of the financial year and the profit or loss of
the company for the financial year, Under that law the directors have prepared the financial statements in
accordance with kish Generally Accepted Accounting Practice (accounting standards issued by the UK
rm:rllctal Reporting Council, including Financial Reporting Standard 101 'Reduced Disclosure Framework' and
rish law),

Under Irigh law, the directors shall nat approve the financial statements unless they are satisfied that they give a
frue and fair view of the company's assets, liabilities and financial position as at the end of the financial year and
the profit or loss of the company for the financial year.

In preparing these financial statements, the directors are required to:

® select suitable accounting policies and then apply them consistently,

. make judgements and estimates that are reasonable and prudent;
state whether the financial statements have been prepared in accordance with applicable accounting
standards and identify the standards in question, subject to any material departures from those standards
being disclosed and explained in the noles to the financial statements; and

» prepare the financial statements on the going concern basis unless it Is inappropriate to presure that the
company will continue in business.

The directors are responsible for keeping adequate accounting recards that are sufficient to:

. correctly record and explain the transactions of the company;

. enable, at any time, the assets, liabilities, financial posilion and profit or loss of the company to be
determined with reasonable accuracy; and

. enable the directors to ensure that the financial statements comply with the Companies Act 2014 and
enable those financial statements to be audited.

The directors are also responsible for safeguarding the assets of the company and hence for taking reasonable
steps far the prevention and detection of fraud and other irregularities.

On behalf of the board

: 2 C. Kinsman
Director Director
Date: 15 October 2019 Date: 15 Octaber 20418
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Gort Windfarms Limited
Independent Auditors’ Report to the Members of Gort Windfarms Limited

Report on the audit of the financial statements
Opinion

In our opinion, Gort Windfarms Limited's financial statements:

» give a true and fair view of the company's assets, liabilittes and financial position as at 31 December
2018 and of its profit for the year then ended;

. have been properly prepared in accordance with Generally Accepted Accounting Practice in lreland
{accounting standards issued by the Financial Reporting Council of the UK, including Financial Reporting
Standard 101 “Reduced Disclosure Framework” and Irish iaw); and

. have been properly prepared in accordance with the requirements of the Companies Act 2014,

We have audited the financial statements, included within the Annual Report and Financiat Statements, which
comprise;

. the Balance Sheet as at 31 December 2018;

the Profit and Loss Account for the year then ended:

the Statement of Comprehensive Income for the year then ended:

the Statement of Changes in Equity for the year then ended; and

the notes to the financial statements, which include a description of the significant accounting policies.

Basis for opinion

Wa conducted our audit in accordance with International Standards on Auditing (Ireland) (“ISAs (lreland)”) and
applicable faw.

Our responsibilities under ISAs (Ireland) are further described in the Auditors’ responsibilities for the audit of the
financial statements section of our report. We believe that the audit evidence we have obtained is sufficient and
appropriate to provide a basis for aur opinien,

Indepgndence

We remained independent of the company in accordance with the ethical requirements that are relevant to our
audit of the financial statements in Ireland, which includes [AASA’s Ethical Standard, and we have fulfilled our
ather ethical responsibilities in accordance with these requirements.

Conclusions relating to going concern

We have nothing to report in respect of the following matters in relation to which ISAs (Ireland) require us to
report to you where: '
. the directors’ use of the going concern basis of accounting in the preparation of the financial statements
is not appropriate; or
. the directors have not disclosed in the financial statements any identified material uncertainties that may
cast significant doubt about the company’s ability to continue to adopt the going concern basis of
accounting..fora.period..of.at. least twelve_months. from_the. date..when.the.financial-statements..are .. —swn-

authorised for issue.

However, because not all future events or conditions can be predicted, this statement is not a guarantee as to
the company's ability to continue as a going concern.

Reporting on other information

The athier information comprises all of the information in the Annual Report and Financial Statements other than
the financial statements and our auditors’ report thereon. The directors are responsible for the other information.
Our opinion on the financial statements does not cover the other information and, accordingly, we do not
express an audit opinion or, except to the extent otherwise explicitly stated in this reporl, any form of assurance
thereon.
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Gort Windfarms Limited
Independent Auditors' Report to the Members of Gort Windfarms Limited

In connection with our audit of the financial statements, our responsibility is to read the other information and, in
doing 0, consider whether the other information is materially inconsistent with the financial statements or our
knowlsdge obtained in the audit, or otherwise appears to be materally misstated. If we identify an apparent
material inconsistency or material misstatement, we are required to perform procedures to conclude whether
there is a materiai misstatement of the financial statements or a material misstatement of the other information.
If, based on the work we have performed, we conclude that there is a material misstatement of this other
information, we are required to report that fact. We have nothing to report based on these responsibiiities.

With respect to the Directors' Report, we also considered whether the disclosures required by the Companies
Act 2014 have been included.

Based on the responsibilities described above and our work undertaken in the course of the audit, ISAs
(Ireland) and the Companies Act 2014 require us to also report certain opinions and matters as described
below:

° it our opinion, based on the work undertaken in the course of the audit, the information given in the
Directors’ Report for the year ended 31 December 2018 is consistent with the financial statements and
has been prepared in accordance with applicable legal requirements.

. Based on our knowledge and understanding of the company and its environment obtained in the course
of the audit, we have not identified any material misstatements in the Directors’ Report.

Responsibilities for the financial statements and the audit
Responsibilities of the directors for the financial statements

As explained more fully in the Statement of directors’ responsibiliies. set out on page 3, the directors are

responsible for the preparation of the financiai statements in accordance with the applicable framework and for
being satisfied that they give a true and fair view.

The directors are also responsible for such internal control as they determine is necessary to enable the
preparation of financial stalements that are free from material misstatement, whether due to fraud or error.

In preparing the financial statements, the directors are responsible for assessing the company's ability to
continue as a going concern, disclosing as applicable, matters related fo going concem and using the going
concern basis of accounting unless the directors either intend to liquidate the company or to cease operations,
or have no realistic alternative but to do so.

Auditors’ responsibilities for the audit of the financial statements

Our objectives are to obtain reasonable assurance about whether the financial statements as a whole are free
from material misstatement, whether due to fraud or error, and to issue an auditors’ report that includes our
opinion. Reasonable assurance is a high level of assurance, but is not a guarantee that an audit conducted in
accordance with ISAs (lreland) wilt always detect a material misstatement when it exists. Misstatements can
arise from fraud or error and are considered materiaj if, individually or in the aggregate, they could reasonably
be expected to influence the economic decisions of users taken on the basis of these financial statements.

TTTTTTTTTATURRET déscription of our responsibilities Tor the audit of the financial statements is located on the IAASA
‘website at;

https:}!www.Faas.ie/getmediaszawﬂ13-1cF6-458b-9be—aBSZOZdCBCSEIDesaipﬂon__of_audimrs_ responsibilities_, for_audit.pdf

This description forms part of our auditors’ report.

Use of this report

This report, including the opinions, has been prepared for and only for the company's members as a tody in
accordance with section 391 of the Companies Act 2014 and for no other purpose. We do not, in giving these

opinions, accept or assume responsibility for any other purpose or to any other person to whom this report is
shown ar into whose hands it may come save where expressly agreed by our prior consent in writing.

Page 5
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Gort Windfarms Limited
Independent Auditors’ Report to the Members of Gort Windfarms Limited

Other required reporting
Companies Act 2014 opinions on other matters

» We have cbtained all the information and explanations which we gonsider necessary for the purposes of
our audit.

s in our opinion the accounting records of the company were sufficient to permit ihe financial statemants to
be readily and properly audited.

. The financiat statemerts are in agreement with the accounting records.

Companies Act 20414 exception reporting
Diracfors’ remuneration and transactions

Under the Companies Act 2014 we are required to report 1o you #, In our opinion, the disclosures of directors’
remuneration and transections specified by sections 305 to 312 of that Act have not been rnade. We have no
exceptions to report arising from this responsibility.

Moy, Chaccr
Mary Cleary (Senior Statutory Auditor)

for and on behalf of
PricewaterhouseCoopers

Chartered Accountants and Statutory Audit Firm
One Spencer Dock

North Wall Quay

Dubkin 1

Ireland

oae: {5 {lckober 7019
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Gort Windfarms Limitod

Profit and Loss Account
For the Year Ended 31 December 2018

Turnover
Cost of sales

Gross profiti{loss)

Administrative expenses
impairment charge

Operating profit/(loss)

Interest payable and similar charges

Profit/(Loss) on ordinary activities before taxation
Taxation on profit/(foss) on ordinary activities

Profit/{Loss) for the financial year

The notes on pages 11 to 22 form part of these financial statements.

Note

2018 2017
€000 €000
7,292 5,506
(5,418) (5.863)
1,874 (357)
(808) (883)
5 (10.172)
1,065 (11,412)
{70) (112)
995 (11,524)
(200) 1,388
795 (10,136)

Page7
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Gort Windfarms Limited

Statement of Comprehensive Income
For the Year Ended 31 December 2018

Profit/{loss) for the financial year

Total comprehensive incomef{loss) for the year

The notes on pages 11 to 22 form part of these financial statements.

2018 2017

€000 €000
795 {10,138)
795 (10,136)

Page 8
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Gort Windfarms Limited

Balance Sheet
As at 31 December 2018

Non-current assets
Property, plant and equipment

Current assels

Trade and other réceivables
Cash at bank angd in hand

Trade and other payables falling due within
one year

Net current llabilities
Total assets less current liabilities

Trade and other payables falling due sfter
more than one year

Provisions for liabilities

Deferred taxation
Other provisions

Net asseis

Capital and reserves
Cailed up share capital
Profit and loss account

Shareholders’ funds

ouns.The financial statements were approved and authorised for issue by the board,

2018
Note €000
8 20,141
20,441
10 2,280 1,239
11 9,649 9,135
11,929 10,374
12 (21,013) (21,591}
{9,084)
11,057
13 -
44,057
14 {1,855) (1,925)
16 {6,998} 3,732)
(8,663)
2,404
16 -
2,404
2,404
o ———

2017
€000

19,641
19,641

11,217
8,424

{1,158)

T —.

7,266

(5.657)

1,608
mm——

1,609
1,609

e

T

J.Healy /2
Direcior
Date: 15 October 2019

iy
&/
C. Kinsman
Director
Date: 15 Qclober 2019

The notes on pages 11 to 22 form part of these financial statements.
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Gort Windfarms Limited

Statement of Changes in Equity
For the Year Ended 31 December 2018

At 7 January 2018

Comprehensive income for the year
Profit for the financial year

At 31 December 2018

Statement of Changes in Equity
For the Year Ended 31 December 2017

At 1 January 2017

Comprehensive loss for the year
Loss for the financial year

At 31 December 2017

Share Profit and

capital loss account Total equity
€000 €000 €000

- 1,609 1,609

- 795 795

- 2,404 2,404

et oe——— —t r— =

Share Profit and

capltal loss account Total equity
€000 €000 €000

- 11,745 11,745
- (10,1386} (10,138)

- 1,609 1,609
e ————— |—— -

The notes on pages 11 to 22 form part of these financial statements.
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

1.

Accounting policies

Gort Windfarms Limited is a limited company incorporated and operating in ireland. The principal activity
of the company is the operation of a wind farm at Dermybrien, Co. Galway, Ireland. The accounting
policies set out below have, urless otherwise stated - been applied consistently to alf periods presented in
these financial statements.

The financial statements are presented in Euro, which is the functional currency of the company, rounded
to the nearest thousand.

1.1 Basis of preparation of financial statements

The financial statements of Gort Windfarms Limited have been prepared in accordance with Irish
GAAP (accounting standards issued by the Financial Reporting Council of the UK and the
Companies Act 2014). The financial statements comply with Financial Reporting Standard 101,
‘Reduced Disclosure Framework' (FRS 101), and the Companies Act 2014.

The financial statements have been prepared under the historical cost convention, except for
derivative financial instruments which are valued at fair value.

1.2 Financial Reporting Standard 101 - reduced disclosure exemptions

In these financial statements, the company has applied the exemptions available under FRS 101 in
respect of the following disclosures:

. IAS 1: Presentation of Financial Statements: Cerain disclosures including comparative
information
IAS 7: Statement of Cash Flows: A Cash Flow Statement and refated notes
IAS 8: Accounting Policies, Changes in Accounting Estimates and Errors
IAS 24: Related Parly Disclosures: Disclosures in respect of fransactions entered into
between two or more members of the ESB Group, provided that any subsidiary which is a
party to the transaction is a wholly owned subsidiary
s IAS 24: Related Party Disclosures: Disclosures in respect of the compensation of key
management personnel .
. IFRS 15: Revenue from Contracts with Customers: Disclosure requirements of paragraphs
110, 113(a), 114, 115, 118, 119(a) to (c), 120 to 127 and 129

As the consolidated financial statements of Eleclricity Supply Board (ESB), the company's parent
undertaking, include the equivalent disclosures, the company has also taken the exemptions under
FRS 101 available in respect of the following disclosures:

IFRS 7: Financial Instrument Disclosures: Disclosures relating to financial instruments
) IFRS 13: Fair Value Measurement

e T TAS 367 Tmpairment of ASSets
1.3 New standards, amendments and IFRIC interpretations

IFRS 9 Financial Instruments ‘ ,

IFRS 9 replaces the provisions of IAS 39 that reiate fo the recognition, classification and
measurement of financial assets and financial liabilities, derecognition of financial instruments,
impairment of financial assets and hedge accounting. IFRS & replaces the incurred loss made! in
IAS 39 with an expected credit loss (ECL) model. The application of IFRS 9 from 1 January 2018
has had no impact on the armounts recognised in the company's Balance Sheet as at 1 January
2018 or its Statement of Comprehensive Income.

Page 11
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

1.

Accounting policies {continued)

14

15

1.6

17

1.8

IFRS 15 Revenue from Contracts with Customers

IFRS 15 establishes a comprehensive framework for determining whether, how much and when
revenue is recognised. It repiaced IAS 18 Revenue, IAS 11 Construction Contracts, IFRIC 18
Transfer of Assets from Custemers, IFRIC 13 Customer Loyalty Programmes and related
interpretations. The application of IFRS 15 from 1 January 2018 has had no impact on revenue
recognised in the company’s Profit and Loss Account.

Going concern

The financial statements have been prepared on a going concern basis, which assumes that the
company has adequate financial resources to continue in operational existence for at least 12
ronths from the date of approval of these financial statements,

At 31 December 2018 the company had net current Fabilities of €9.1m (31 December 2017;
€11.2m).

The directars, having regard to the continued support of ifs shareholder, ESB, have a reasonabile
expectation that the company will have adequate financial resources to continue in operational
existence for at least 12 months from the date of approval of these financial statements and
consider that it is appropriate to adopt the going concern basis in preparing the financial statements.

Turnover

Turnover comprises income, exclusive of value added tax, derived from the sale of electricity
generated by the company and is recognised in the Profit and Loss Account once the volume of
energy sold under the terms of a power purchase agreement has been verified by both parties to the
agreement. No tumnover is recognised if there are significant uncertainties regarding the recovery of
the congideration due, associated costs or the possible rejection of services by the client.

Interest payable and similar charges

Interest payable and similar charges comprises interest expense on borrowings,

Foreign cirrrency transiation

Transactions in foreign currencies are recorded at the rate ruling at the date of transactions. The
resulting monetary assets and liabilities are translated at the rate ruling at the Balance Sheet date
and the exchange differences are dealt with in the Profit and Loss Account. Non-monetary assets
and liabilities measured at historical cost are transiated using the exchange rate at the date of the
transaction and non-monetary items measured at fair value are measured using the exchange rate
when fair value was determined,

,Plfoperly. plant and equipment

Property, plant and equipment is stated at cost less accumulated depreciation and provisions for
impairment in value, except for land which is shown at cost less impairment. Property, plant and
equipment includes capitalised employes, interest and other costs that are directly attributabie to the
asset,

The charge for depreciation is calculated to write down the cost of property, plant and. equipment to
its estimated residual value over its expected useful life using methods appropriate to the nature of

the company's business and to the character and extent of its property, pfant and equipment, The
major asset classification and its allocated fife span is:
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

1.

Accounting policies (continued)

Plant and machinery - 20 years

Depreciation is provided on a straight-line basis for all depreciable assets from the date of
commissioning (date available for use). .

Reviews of depreciation rates and residual values are coriducted annuaily,

Subsequent expenditure on property, plant and equipment is inciuded in the asset's carrying amount
or recognised as a separate asset, as appropriate, only when it is probable that future economic
benefits associated with the item will flow to the company and the cost of the item can be measured
reliably. All other repairs and maintenance are charged in the Profit and Loss Account during the
financial period in which they are incurred.

1. Impairment

Assets that have an indefinite useful life are not subject to amortisation and are tested annually for
impairment. Assets that are subject to depreciation and amortisation are tested for impairment
whenever evenis or changes in circumstance indicate that the carrying amount may not be
regoverable. An impairment loss is recognised for the amount by which an asset's carrying amount
exceeds its recoverable amount. The recoverable amount is the higher of an asset's fair value less
costs to sell and its value in use. For the purposes of assessing impairment, assets are grouped at
the lowest levels for which there are separately identifiable cash flows (CGLJ).

For power generation assets, value in use is based on the estimated cash flows expected to be
generated by the asset and is based on estimates of forecast power generation, forecast power
prices and the timing and extent of operating costs and capital expenditure. These cash fiows are
discountsd to their present value using a pre-tax discount rate that reflects the current markets
assessment of the time value of money and the risks specific to the asset.

1.10 Cash at bank and in hand

Cash at bank and.in hand includes cash in hand, deposits repayable on demand and other short-
term highly liquid investments with original maturities of three months or less.

1.11 Trade and other recelvables
Trade and other receivables are initially recognised at fair value, which is usually the original
invoiced amaunt and subsequently carried at amortised cost using the effective interest method less
provision made for impairment,

1.12 Trade and other payables

Trade and other payabies are initially recorded at fair value, which is usually the original invoiced

amount, and subsequently carried at amortised cost Using the sfective Thferest rate method.
1.13 Amounts payabie to and receivable from group companies

Intercompany receivables and payables, including loans, are non-derivative financial assets and
liabilities which are not quoted in an active market. Those with maturities {ess than twelve months
after the Balance Sheet date are included in current asssts and current liabilitiss respectively,
Those with maturities greater than twelve months after the Balance Sheet date are included in non-
current assets or liabilities, as appropriats. The balances are initially recorded at fair value and
thereafter at amortised cost,
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

1.

Accounting policies (continued)

1.14 Impairment of financial assets

The loss allowances for financial assets are based on assumptions about risk of default and
expected loss rates. The company uses judgement in making these assumptions and selecting the
inputs ta the expected credit loss calculations, based on the company's past history, existing market
conditions and forward looking estimates at the end of each reporting period. For loans -and
balances with Group companies, the general approach permitted by IFRS 9 is applied, which
requires 12 month expected credit losses to be recognised on initial recognition of these receivables.
If a significant increase in credit risk occurs, this requires expected lifetime credit losses to be
recognised on these receivables. The company applies the IFRS 9 simplified approach to measuring
expected credit losses which uses a life time expected loss allowance for all trade and other
receivables.

While cash and cash equivalents are also subject to the impairment requirements of IFRS 9, there is
no impairment loss identified.

1.15 Current and deferred tax

Income tax on the profit or loss for the year comprises current and deferred tax. Income tax is
recognised in the Profit and Loss Account, except to the extent that it relates to items recognised
direcily in other comprehensive income or equity.

Current tax
Current tax is provided at current rates and is calculated on the basis of resuits for the year.
Deferred tax

Deferred tax is provided using the Balance Sheet liability method, providing for temporary
differences between the carrying amounts of assets and liabilities for financial reporting purposes
and the amounts used for taxation purposes,

Deferred tax assets are recognised only to the extent that it is more likely than not that there will be
suitable taxable profits from which the future reversal of the underlying temporary differences can be
deducted.

Deferred tax is measured at the tax rates that are expected to apply in the periods in which
temporary differences reverse, based on tax rates and laws enacted or substantively enacted at the
Balance Sheet date.

1.16 Provisions

A provision is recognised if, as a result of a past event, the company has a present legal or

“-constructive obligation™that tan be estimated Teliably, and it"is probable that an outflow of economic

benefits will be required to settle the obligation. Provisions are detemmined by discouriing the
expected future cash flows at a pre-tax rate that reflects current market assessments of the time
value of money and the risks specific to the liability, The unwinding of the discount is recognised in
interest payable and similar charges.

Provision for asset refirement obligations

The provision for retirement and decommissioning of the wind farm represents the present value of
the current estimate of the costs of closure of the wind farm at the end of its useful life. The
estimated costs of retirement obligations are recognised in full at the oulset of the asset life, but
discounded to present values using a risk free rate. The costs are capitalised in property, plant and
equipment and are depreciated over the useful econormic life of the wind farm to which they relate.
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Gort Windfarms Limited

Notes to the Financial Statements
For tha Year Ended 31 December 2018

1.

Accounting policies (continued)

The costs are reviewed each year and amended as appropriate. Amendments to the discounted
estimated costs are capitalised into the. relevant assefs and depreciated over the remaining iife of
those assets.

1.17 Share capital

Financial instruments that have been issued are classified as equity where they meet the definition
of equity and confer on the holder a residual interest in the assets of the company. Ordinary shares
are classified as equity.

1.18 Operating leases: Lessee

Rentals paid under operating leases are charged to the Profit and Loss Account on a straight line
basis over the petiod of the lease.

Judgements in applying accounting policies and key sources of estimation uncertainty

The preparation of financial statements in conformity with FRS 101 requires management to make
judgements, estimates and assumptions that affect the application of policies and reported amounts of
assets arid liabilities, income and expenses. These estimates and associated assumptions are based on
historical experience and various other factors that are believed to be reasonable under the
circumstances.

The estimates and underlying assumptions are reviewed on an ongoing basis. Judgements made by
management in the application of FRS 101 that have a significant effect on the financial statements and
estimates with a significant risk of material adjustment are:

1. Carrying value of wind farm

The directors consider the appropriateness of the carrying value of the wind farm on an annual basis.
Further details are set out in note 9.

2. Determining whether the company's turnover arrangements contain a iease

The directors have considered the company’s turmnover arrangements, having regard to IFRIC 4
“Determining whether an arrangement contains a lease” and have determined that the arrangement does

not contain a lease.

Turnover

An analysis of turnover by class of business is as follows:

2018 2017
€000 €000
Electricity sales 7,226 5,447
Other income 66 58
7,292 5,508
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Gort Windfarms Limited

Notes to the Financial Statements

For the Year Ended 31 December 2018
3.  Turnover (continued)

Analysis of turnover geographically:

2018 2017
€000 €000
Island of Ireland 7,292 5,506

7,292 5,506

4.  OQperating profit/(ioss)
“The operating profit/(loss) is stated after charging:

2018 2017

€000 €000

Depreciation of property, plant and equipment 2,766 3,227
Impairment of property, plant and equipment - 10,172
Operating lease payments 210 220
= T

8. Employees and directors' remuneration
The company has no employees (2017 - Nil).

Directors of the companiy ‘are employees of ESB and are remunerated by ESB for their services. During
the year, no directors received any emoluments (2017 — Nil) in respect of acting as directors of the

company.

6. Interest payable and similar charges

2018 2017
€000 €000
Interest payable to group undertakings 70 112

70 112
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

7.

Taxation
2018 2017
€000 €000
Corporation tax
Current tax an profit/(loss) for the year 47 234
Total current tax 4 234
 ———— I ]
Deferred tax
Origination and reversal of timing differences (271) {1,622)
Total deferred tax {271) (1.622)
e ———————
Taxation on profit/{loss) on ordinary activities 200 {1,388)

Factors affecting tax charge for the year

The, tax credit for the year is lower than (2017 - lower than) the standard rate of corporation tax in Ireland
of 12.5% (2017 - 12,5%). The differences are explained below:

2018 2017
€000 €000
Profit/{loss) on ordinary activities before tax 895 (11,524)
Profit/(loss) on ordinary activities multiplied by standard rate of corporation
tax in Ireland of 12.5% (2017 - 12.5%) 124 (1,441)
Effects of:
Fixed assets ineligible for depreciation 76 53
Total tax credit for the year 200 (1,388)
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

Property, plant and equipment

Plant and
machinery
€000
Cost or valuation
At 1 January 2018 68,154
Additions 3,266
At 31 December 2018 74,420
Depreciation
At 1 January 2018 48,513
Charge for the year 2,766
At 31 December 2018 | 51,279
Net book value
At 31 December 2018 20,141
e
At 31 December 2017 19,641

Included within additions in 2018 is the capitallsation of an increase in the assst refirement provision.
Please see note 15 for more details.

Impairment
2018 2017
€000 €000
Impairment charge. - (10,172

- (10,172)

.
e aa—————1

An impairment review of property, plant and equipment was performed which resulted in no impaiment
charge being recognised in the Profit and Loss Account (2017 - €10.2 miliion).
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

10. Trade and other receivables

2018 2017
€000 €000
Amounts owed by group undertakings 1,824 766
Other receivables 437 458
VAT recoverable 19 15
2,280 1,239
11.  Cash at bank and in hand

2018 2017
€000 €000
Cash at bank and in hand 9,649 9,135
9,649 9,135
—

12, Trade and other payables falling due within one year
2018 2017
€000 €000
Trade payables - 4
Amounts owed to group undertakings 20,824 21,308
Accruals 189 279

21,013 21,591

All amounts fall due within one year. Inciuded in amounts owed to group undertakings within one year at
31 December 2018 is an interest bearing loan repayable within one year of €1.2 million (2017 - €1.3
million). See note 13 for further details,
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

13.

14,

Trade and other payables falling due after more than one year
2018 2017
€000 €000
Amounts owed to group undertakings - 1,158
- 1,158
demme———mmw eeee—

Amounts owed to group undertakings greater than one year are in relation to a loan provided by ESB on
an arm's tength basis. At 31 December 2018, the total loan balance repayable after more than one year is
€Nil (2017 - €1.2 million). Interest on the interest bearing portion of the loan is charged at a fixed rate of
3.28% and is paid semi-annually in arrears up to 31 December 2019,

Deferred taxation
2018 27
€000 €000
Al beginning of year {1,926) {3,548)
Credited to profit or igss 2mM 1,622
At end of year {1,655) {(1,926)
The provision for deferred taxation is made up as foliows:
2018 2017
€000 €000
Accelérated capital allowances (1,655) (1,928}

(1,655) (1,926)

———eer——
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Gort Windfarms Limited

Notes to the Financial Statements
For the Year Ended 31 December 2018

15,

16.

17,

~Contingent.liahilities.and guarantees

Other provisions
Asset
retirement
provision
€000
At 1 January 2018 3,732
Additions during the year 3,266
At 31 December 2013 6,998
Analysed as follows
Non-current liabilities 6,998
At 31 December 2018 6,998

The company has estimated environmental and decommissioning costs during the year ended 31
December 2018. The estimated value of future retirement costs at the Balance Sheet date include
physical dismantling, site remediation and associated costs. Additions during the year relate to a revision
of the estimated environmental and decommissioning costs.

Share capitai
2018 2017
€000 €000
Authorised
1,000,000 {2017 - 1,000,000) Ordinary shares of €1.00 each 1,000 1,000
Allotted, called up and fully paid
100 (2017 - 100) Ordinary shares of €1.00 each - -
TS e

The holders of ordinary shares are entitled fo receive dividends as declared from time to time and are
entitied to one vote per share at meetings of the company.

The company has, in the normal course of business, provided decommissioning and reinstatement cash
bonds. The bonds may be drawn against in the event that the company fails to properly restore the site
of any project on termination of the project's useful life. The total value of these bonds at 31 December
2018 is €386 thousand (2017 - €388 thousand).

The company is party to a bank guarantee facility for €40 million along with a number of its fellow Group
companies.
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Gort Windfarms Limited

Notes to the Financlal Statements
Eor the Year Ended 31 Decomber 2018

18.

19.

20.

21.

22,

Commiitments under operating leases

At 31 December 2018 the company had future minimum lease payments under non-canceilable
operating leases as follows:

2018 2017

€000 €000

Not later than 1 year 270 200
Later thar 1 year and not later than 5 years 1,080 1,100
Later than 5 years 1,215 2,717
2,565 4017

e S

The company has an operating lease arrangement in respect of land with 10 years remaining.

Events after the end of the reporting period

There are no events after the repcriing period that the directors believe requirg adjustment to or
disclosure in the financial statements.

Capital commitments

The company has no capital commitments at the Balance Sheet date {2017 - Nil},

Controlling party

The company is 100% owned by Hibernian Wind Power Limited, a company incorporated in ireland.
Hibernian Wind Power Limited is a wholly owned subsidiary of the Electricity Supply Board (ESB),
established and operating in Ireland, which is the ultimate parent. The largest and smallest group into
which the results of the company are consolidated is that headed by ESB and the consolidated financial
statements of ESB are available tc the public and may be obtained from Two Gateway, East Wall Road,

Dublin 3, lreland D03 A995.

Approval of financial statements

The boaid of directors approved these financial statements for issue on 15 QOctober 2019
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Gort Windfarms Limited

Notes (continued)

17

18

19

20

Contingencies

The company has, in the normal course of business, provided commitment bonds, decommissioning
and reinstatement bonds, and capacity bonds as required by the Transmission System Operator. These
bonds have been provided in cash and are being held in trust by ESB National Grid. The commitment
and capacity bonds may be drawn against should the company not proceed with projects which have
secured grid connection agreements. The decommissioning and reinstatement bonds miay be drawn

against in the event that the company fails to properly restore the site of any project on termination of
the projects useful life. The total value of these bonds is €823,000.

Legal cases affecting the company in the normal course of business are outstanding at year end, but
none are expected to be material.
Commitments

The company has land lease commitments of €400,000 per annum, ending in 2028.

Group membership

The company is a wholly owned subsidiary of ESB Power Generations Holding Company Limited, a
company incorporated and operating in Ireland, of which Electricity Supply Board (ESB), established
and operating in Ireland, is the ultimate parent.

The consolidated financial statements of ESB are available to the public and may be obtained from 27
Lower Fitzwilliam Street, Dublin 2.

Approval of financial statements -

The board of directors approved these financial statements on 17 June 2009.
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