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1 Introduction 

Gavin and Doherty Geosolutions Ltd. (GDG) was requested by Bord na Móna to carry out a 

geotechnical design report (GDR) for the proposed peat repositories which form part of the Phase One 

of the Derrinlough Wind Farm –Enabling Works. 

The site is located approximately 2km south of the village of Cloghan and 3.4km east of Banagher in 

Co. Offaly. The topography of the development site is relatively flat with an elevation range of 

between approximately 53 and 62mOD (metres above Ordnance Datum). The total site area is 

approximately 2,400ha (24km2). 

The two peat repository areas are located to the north of the proposed windfarm site, off of the R357, 

accessible by a local road at the townland of Derreen. The compound site is relatively flat. 

1.1 Description of the Project 

The proposed enabling works at the Derrinlough windfarm development will consist of a substation 

platform, a construction compound platform and the access roads to the proposed enabling works. 

Two peat repository areas are proposed and are shown within Figure 1-1.  

 

 
 Figure 1-1: Derrinlough Wind Farm Peat Repository Areas (GDG Drawing 21306-GDG-ZZ-

XX-DR-C-0040)  
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1.2 Geotechnical category  

The scheme has been identified to be Geotechnical Category 2 according to I.S. EN 1997-1:2005, in 

that it includes only conventional types of structure with no exceptional risk or difficult ground or large 

or unusual loading conditions. 

1.3 Code of Practice 

The design has been carried out in accordance with the following standards:  

• I.S. EN 1997-1:2005 Eurocode 7. Geotechnical design. General rules 

• BS EN 1997 Part 1 (Eurocode 7) following Design Approach 1 Combination 1 (DA1 C1) and 

Combination 2 (DA1 C2)  

• BS EN 8006-1:2010 - Code of practice for strengthened/reinforced soils and other fills 

• Manual of Contract Documents for Road Works (NRA MCDRW) – Volume 1: Specification for 

Road Works: Series 600 Earthworks (TII, 2013)  

1.4 Scope of report 

This report outlines the geotechnical design of the proposed peat repository areas associated with the 

development of the wind farm. 

The peat repository areas designed in this GDR is based on the ground conditions which have been 

interpreted from the ground investigations (GI) carried out by GDG (2021) and Bord na Móna (2021) 

The scope of this report is as follows: 

• Proposed construction of peat repository areas 

• Slope stability of peat repository areas cell berms 

This GDR should be read in conjunction with the following documents: 

• GDG - 21240-R-001-00 Derrinlough Wind Farm Phase One SI Factual Report, 2021. 

• MKO – Peat and Spoil Management Plan Derrinlough Wind Farm, 2020. 

2 Ground conditions 

2.1 Ground investigations 

GDG carried out a ground investigation which was undertaken between the 18th and 20th of October 

2021, in accordance with BS EN 1997-2:2007 and associated standards. The works comprised 24nr. 

machine-excavated trial pits, extending to depths ranging between 2.9m and 4.6m below ground 

level. All trial pits were excavated using a Hyundai Robex 140 LC-9 excavator with low ground bearing 

tracks, with the machine and operator provided by the Client, Bord na Móna. 
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Bord na Móna carried out a ground investigation on the 6th of December 2021. The work comprised 

27nr. of peat probes, extending to a maximum depth of 3.5m depth. 

Subsequently, GDG carried out a ground investigation on the 7th of December 2021. The work 

comprised 24nr. share vane tests to determinate the peat strength, extending to a maximum peat 

depth of 1.1m.  

The ground investigation plan showing the locations of all the trial pit, peat probes and shear vane 

exploratory holes and the cross-sections is shown in Figure 2-1. 

 
Figure 2-1: Site investigations  

 

 

A 

A’ 

B 

B’ 
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2.2 Ground model 

Typical site conditions encountered are characterised as a soft peat, overlying a soft silty/clayey 

material (lacustrine deposits) with some organic material and sand laminations, overlying a stiff 

gravelly CLAY with cobbles and boulders (cohesive glacial till) and/ or a clayey sandy GRAVEL with 

cobbles (granular glacial till) as detailed in Table 2-1 and shows in Figure 2-2 and Figure 2-3. 

 

Table 2-1: Ground summary 

Material 
Name 

Typical Description 
Thickness (m)* Level (mOD) 

Min. Max. Min. Max. 

Peat Soft peat 0.50 3.90 48.86 50.05 

Lacustrine 
soil 

Very soft, grey to creamy light brown, CLAY with sand 
laminations (10 to 20mm spacing) and some cobbles 
with rootlets throughout. 

0.10 1.30 47.66 49.08 

Cohesive 
Glacial Till 

Firm to stiff, grey, gravelly, sandy, CLAY with cobbles 
and boulders.  Gravel and sand are medium to coarse. 
Cobbles and boulders are subrounded to subangular. 

1.30 1.70 46.36 48.35 

Granular 
Glacial Till 

Clayey sandy GRAVEL with cobbles and boulders. 
1.20 3.10 45.87 47.07 

 

 
Figure 2-2: Section A-A', East to West 
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Figure 2-3: Section B-B', North to South 

 

 

2.3 Groundwater conditions 

Groundwater levels were described as they were encountered in the pit. The depths of ground water 

strikes are summarised in Table 2-2. 

Table 2-2: Summary of depths of groundwater strikes 

Trial Pit ID Groundwater depth (mbgl) 

TP129 2.7 

TP130 2.6 

TP132 2.9 

TP134 4.6 

TP135 - 

TP136 4.2 

TP137 2.4 

TP138 2.7 (fast) 

TP140 - 

TP142 2.7 

TP143 - 

TP144 1.8 

TP146 2.4 

TP147 2.2 

TP148 - 

TP149 2.2 

TPCC03 3 

TPSS01A 2.4 
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Trial Pit ID Groundwater depth (mbgl) 

TPSS02 2 

TPSS03 2.9 

TPSS04A 2.8 

TPSS05 2.1 

TPSS06 - 

TPSS07 3.4 

3 Hydrology 

The proposed enabling works for Derrinlough Wind Farm site are located on the surface of Drinagh 

bog. The surface of Drinagh bog is drained by a network of north / south orientated drains that are 

typically spaced every 15 to 20m. Larger arterial drains run north-south also, and these connect the 

smaller field drains. Surface water outflows from Drinagh bog are located at the north, northwest and 

southeast boundaries of the bog (Hydro-environmental services, 2020). We have modelled ground 

water to be at existing ground level for design purposes. 

4 Soil parameters 

4.1 Undrained shear strength 

GDG carried out a share vane campaign on the 8th of December 2021. The results are summarised in 

Table 4-1. It has been possible to measure the undrained shear strength values in the granular glacial 

till due to the high fine contents. The granular glacial till in the area is described as 'Grey, sandy, very 

clayey, GRAVEL'. 

 

Table 4-1: Undrained shear strength values 

Stratum Maximum (kPa) Minimum (kPa) Average 

Peat 84 20 52 

Lacustrine deposits 92 43 60 

Cohesive glacial till 90 39 64.5 

 

A summary of the undrained shear strength soil characteristic parameters used within the GDG design 

is detailed within Table 4-2. 

4.2 Summary of characteristic soil parameter 

The characteristic soil parameters adopted for this design are summarised in Table 4-2. 
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Table 4-2: Characteristic geotechnical parameters 

Materials 
Unit weight, 
γ' (kN/m³) 

Effective friction 
angle, Φ’ (°) 

Undrained shear 
strength, cu (kPa) 

Cohesion, 
c’ (kPa) 

Peat 10 24 20 0 

Lacustrine deposits 
(CLAY/SILT) 

19 28 30 0 

Cohesive glacial till 19 30 50 0 

Site won peat/sub-soil 10 24 10 0 

5 Proposed construction 

For the proposed peat repository areas, the peat/sub-soil shall be stored at no more than 1.0m height 

and the placement of excavated spoil should be restricted to repository areas where the underlying 

peat depth is less than 2.0m, in accordance with the Peat and Spoil Management Plan (MKO,2020). 

The presence of a stone cell berm around the perimeter of the peat repository areas will help prevent 

the flow of any saturated peat which may occur at the surface of the placed peat over the lifetime of 

the peat storage area, will allow drainage of the placed peat within the storage areas and prevent any 

occurrence of peat instability/movement within the peat storage areas. Typical details of the cell berm 

are shown within Figure 5-1. 

  

Figure 5-1: Proposed Cell berm typical detail section (GDG Drawing 21306-GDG-ZZ-XX-DR-C-0060) 

 

The storage area shall be typically constructed as follows: 

1. The stone cell berm and storage areas will be founded on peat of no greater depth that 2.0m. 

The stone cell berm will require a geotextile separator and a layer of geo-grid. The stone cell 

berm should be constructed using low ground pressure machinery working from bog mats 

where necessary. The founding stratum for each stone buttress should be inspected and 

approved by a competent person. 
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2. A shear key trench around the external perimeters of all cell berms is required to be 1.0m 

wide and depth to the base of the peat to a maximum of 2.0m depth and consist of Class 6A 

granular material. This is required for the long-term stability of the cell berms. 

 

3. The peat/sub-soil to be stored will be no greater than 1.0m in height. 

 

4. To prevent water retention occurring behind the stone cell berm, the berm should be 

constructed of Class 1A/6 granular material. 

 

5. The height of the stone cell berm will be constructed to be greater than the height of the 

stored peat to prevent any surface peat run‐off. The peat stored within the storage areas 

should be placed to a maximum height of 1.0m. The required height of the stone cell berms 

will be 1.25m. 

 

6. The side slopes of the stone cell berms should be constructed at typically 1V:2H. 

 

7. Intermediate cell berms may be required within the peat storage areas in accordance with the 

selected contractor’s requirements and plant used and to follow the on-site contours of 

ground levels. 

 

8. Appropriate drainage will be incorporated at the cell berms to collect any water emerging 

from the stored peat through the stone cell berms.  

 

9. Where practical, it should be ensured that the surface of the stored peat is shaped to allow 

efficient run‐off of surface water. Where possible, shaping of the surface of the stored peat 

should be carried out as placement of peat within the storage area progresses. 

 

10. All placed spoil will be allowed to revegetate naturally from the extensive seed source of the 

plants that have already colonised in the area. Alternatively and possibly in addition, seeding 

of the placed spoil could be carried out which would aid in stabilising the placed spoil in the 

long term. 

 

11. Where possible, the acrotelm shall be stored with the vegetation part of the sod facing the 

right way up to encourage growth of plants and vegetation at the surface of the stored peat 

within the peat storage areas. 

6 Partial Factors 

6.1 BS EN 1997-1:2004 –Ultimate Limit State EQU 

The material properties of the soil design will be undertaken in accordance with I.S. EN 1997-1:2005, 

following Design Approach 1 Combination 1 (DA1 C1) and Combination 2 (DA1 C2). In this approach, 
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two calculations must be performed with different combinations of partial factors for the STR/GEO 

limit state as indicated in Table 6-1.   

 

Table 6-1: Partial factors on material properties of soil 

Design Approach 1 Combination 1 Combination 2 

Partial Factor Set A1 M1 R1 A2 M2 R1 

Permanent 
Actions (G)  

Unfavourable G 1.35 - - 1.0 - - 
Favourable G,fav 1.0 - - 1.0 - - 

Variable 
Actions (Q) 

Unfavourable Q 1.5 - - 1.3 - - 
Favourable Q,fav 0 - - 0 - - 

Coefficient of shearing resistance 
(tan∅’) 

∅’ - 1.0 - - 1.25 - 

Effective cohesion (c’) c’ - 1.0 - - 1.25 - 

Undrained strength (cu) cu - 1.0 - - 1.4 - 

Unconfined compressive 
strength qu 

qu - 1.0 - - 1.4 - 

Weight density   - 1.0 - - 1.0 - 

Bearing resistance Rv Rv - - 1.0 - - 1.0 

Sliding Resistance Rh Rh - - 1.0 - - 1.0 

6.2 BS 8006-1:2010 

The internal stability of the berm basal reinforcement design is in accordance with BS 8006-1:2010. 

The partial factors adopted for the ultimate limit state (ULS) Combination A and serviceability limit 

state (SLS) Combination B are summarised in Table 6-2. 

 

Table 6-2: BS 8006:2010 Partial Factors 
 Partial factors ULS 

(Comb. A) 
SLS 

(Comb. B) 

Load factors Soil unit mass, e.g. embankment 
fill  

1.3 1.0 

External dead loads, e.g. line or 
point loads 

1.2 1.0 

External live loads, e.g. traffic 
loading 

1.3 1.0 

Soil material factors To be applied to tan φ’cv  1.0 1.0 

To be applied to c’  1.6 1.0 

To be applied to cu 1.0 1.0 

Reinforcement 
material factor 

To be applied to the 
reinforcement base strength 

 

2.0* 

Soil/reinforcement 
interaction factors 

Sliding across surface of 
reinforcement 

1.3 1.0 

Pull-out resistance of 
reinforcement 

1.3 1.0 
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*We have used a partial factor of 2.0 for the geo-grid reinforcement to cater for all BS8006 and 

manufacturer specific partial factors including factors to account for manufacturing, installation, 

weathering, and design life. 

7 Global Stability design 

For the stone cell berms along the peat repository area boundaries, the model is summarised as 

follows: 

• Engineered Fill (Class 1A/6) = 1V:2H 

• Geotextile separator at base = Fastrack 609 or similar 

• Geo-grid at base = 40kN/m tensile strength 

Slope stability analyses of the proposed cell berm have been completed using the GeoStudio 2021 

slope stability software package SLOPE/W. SLOPE/W uses limit equilibrium calculations to establish a 

factor of safety for the stability of the slope. The method adopted for this assessment was that of 

Morgenstern-Price in combination with an entry and exit definition to determine the appropriate slip 

circles.  

For the stability analysis of the proposed cell berm, the BS8006 ULS - Comb A and I.S EN 1997-1:2005 

Combination 2 (DA1 C2) are used within the SLOPE/W analysis.  

A minimum factor of safety (FOS) of 1.0 is required for both BS8006 ULS - Comb A and DA1 C2 when 

the appropriate partial factors are applied to the soil parameters, actions, and resistances of the 

design models. This factor of safety is commonly referred to as an ‘over design factor’ (ODF).  

The model analysed in SLOPE/W is presented in Figure 7-1.  

 
Figure 7-1: Slope/W model for the proposed peat repository areas 

The results of the slope stability assessments are summarised in Table 7-1. 
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Table 7-1: Summary of the results from Slope/W analysis 
Analysis BS8006 ULS - Comb A  DA1 C2  

Undrained 1.274 1.274 

Drained 1.019 1.140 

The models analysed have demonstrated adequate ODF values greater than 1.0 for the slope stability 

analysis of the proposed cell berm. 

8 Supervision, testing, monitoring and maintenance 

8.1 Supervision 

Supervision of the construction process, including workmanship, should involve the following, as 

appropriate: 

• Checking the validity of the design assumptions within this GDR; 

• Identifying the difference between the actual ground conditions and those assumed in the 

design; and 

• Checking that the construction is carried out in accordance with the design. 

Site operations shall be checked for compliance with the method of construction assumed in the 

design and stated in the Geotechnical Design Report. 

8.2 Testing  

Testing of the formation level of the peat repository areas shall be carried out in accordance with the 

geotechnical inspection and testing programme (GITP) for Derrinlough wind farm, Section 5.3 of the 

GDG document 21306-GITP-001 (GDG, 2022).  

8.3 Monitoring and maintenance 

The required monitoring and maintenance regimes required for the proposed peat repository areas 

are outlined in section 5.4 of the GITP (GDG, 2022). 

9  Geotechnical risk register 

The items listed in Table 9-1 have been identified as geotechnical risks and should be incorporated 

into all risk registers or assessments for the project as a whole.  
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Table 9-1: Geotechnical risk register 
Ref. Hazard Risk Mitigation 

1 Overestimation 
of soil strength 
parameters 

Instability of cell 
berm  

The soil parameters are based on the most common general 
parameters for each type of soil, on the descriptions (on-site tests) 
performed by GDG (October-December, 2021) and the GDG’s 
experience. 

2 Infiltration of 
water due to 
high rainfall 

Instability of 
peat repository 
areas 

Drainage ditches are to be installed for controlling surface water 
and preventing infiltration. The proposed cell berm will be 
constructed of high strength granular and permeable fill which is 
not susceptible to erosion due to floodwater dissipation. 

3 Proceeding 
with 
construction 
prior to 
achieving 
geotechnical 
approval 

Construction of 
cell berm on 
unsuitable 
subformation. 

The contactor shall undertake, record and compile the results of 
inspection and testing of subformation as specified in the GITP and 
confirm compliance with the minimum requirements of 
subformation material and strength.  
 
 
 

4 Existing buried 
services. 

Proposed works 
causing damage 
to existing buried 
services. 
 

It is recommended that any buried services are identified prior to 
the commencement of works. The relevant service providers are to 
be contacted at the earliest opportunity, to compile a map of the 
charted services. Additionally, a survey of the site shall be carried 
out to identify the exact locations of these services and locate any 
uncharted services if encountered on the site. 

5  Rupture of 
geogrid  

Failure of berm  Geogrid and geotextile to be properly stored and transported in 
accordance with manufacturers specification. Safety factors are 
included in the design to account for all elements that can affect 
the quality of geogrid including installation damage and 
weathering. 

10   Conclusions 

GDG has completed the design of the peat repository areas for the Derrinlough Wind farm enabling 

works.  

The global stability of the cell berms around the perimeter of the proposed peat repository areas has 

been carried out using the GeoStudio 2021 slope stability software package SLOPE/W. The models 

analysed have demonstrated adequate ODF values greater than 1.0. Output are shown in Appendix A. 

The Contractor shall ensure testing requirements is accordance with the GITP (GDG, 2022) to confirm 

the underlying peat soil strength is at least 20 kPa and undertake peat probing to ensure peat depths 

are no greater than 2.0m within storage areas. Stored peat/sub-soil shall be stored at no more than 

1.0m. 

A shear key trench around the external perimeters of all cell berms is required to be 1.0m wide and 

depth to the base of the peat to a maximum of 2.0m depth and consist of Class 6A granular material.  

Intermediate cell berms may be a requirement dependant on the selected contractors’ requirements 

and to suit site contours. 
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Where practical, it should be ensured that the surface of the stored peat is shaped to allow efficient 

run‐off of surface water. Where possible, shaping of the surface of the stored peat should be carried 

out as placement of peat within the storage area progresses. 

All placed spoil will be allowed to revegetate naturally from the extensive seed source of the plants 

that have already colonised in the area. Alternatively, and possibly in addition, seeding of the placed 

spoil could be carried out which would aid in stabilising the placed spoil in the long term. 

Where possible, the acrotelm shall be stored with the vegetation part of the sod facing the right way 

up to encourage growth of plants and vegetation at the surface of the stored peat within the peat 

storage areas. 

The proposed peat storage areas are detailed within drawing 21306-GDG-ZZ-XX-DR-C-0000-CN00 and 

typical details are shown within drawing 21306-GDG-ZZ-XX-DR-C-0060-CN00. 

A designer’s risk assessment in shown within Appendix C.
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Appendix A – Slope/W outputs 

 
Figure A-1: Slope W model, undrained, BS8006 ULS Comb A 

 

 

 
Figure A-2: Slope W model, undrained, DA1 C2 
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Figure A-3: Slope W model, drained, BS8006 ULS Comb A 

 

 

 
Figure A-4: Slope W model, drained, DA1 C2 
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Appendix B – Drawings 
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1. ALL DIMENSIONS ARE IN MILLIMETRES UNLESS NOTED
OTHERWISE.

2. TESTING REQUIREMENTS AS PER GITP.
3. ALL PLACED SPOIL WILL BE ALLOWED TO REVEGETATE

NATURALLY FROM THE EXTENSIVE SEED SOURCE OF
THE PLANTS THAT HAVE ALREADY COLONISED IN THE
AREA. ALTERNATIVELY AND POSSIBLY IN ADDITION,
SEEDING OF THE PLACED SPOIL COULD BE CARRIED
OUT WHICH WOULD AID IN STABILISING THE PLACED
SPOIL IN THE LONG TERM.

4. WHERE POSSIBLE, THE ACROTELM SHALL BE STORED
WITH THE VEGETATION PART OF THE SOD FACING THE
RIGHT WAY UP TO ENCOURAGE GROWTH OF PLANTS
AND VEGETATION AT THE SURFACE OF THE STORED
PEAT WITHIN THE PEAT STORAGE AREAS.
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Project: Derrinlough wind farm 17/02/2022

Project No: 21306 Sheet No: 1

No.

1

2

3

4

The soil parameters are based on the most common general parameters for each type of soil 

and on the descriptions (on-site tests) performed by GDG (October-December, 2021). Designs 

are in accordance with EC7. Strength testing of the soil is specified in particular stretches of 

access track within the project inspection and testing programme document.

Drainage ditches are to be installed for controlling surface water and preventing infiltration. 

Platform designed specifying use of high strength granular material which is not susceptible to 

erosion due to flood waters.

Evaluations, Design decisions made (or alternative actions)

Designer Company

Gavin & Doherty Geosolutions

Design Stage: Peat Repository Areas

Designer: Adele Arnold

Checker: Laura Burke

DESIGNER’S ASSESSMENT OF SAFETY AND HEALTH HAZARDS/RISKS

Key construction hazards (or risks) identified

Overestimation of soil strength parameters, risk of platform failure.

Infiltration of water due to high rainfall, causing instability of excavation slopes or

introducing a drowning hazard.

Excavation of shear key ‐ risk of burial/drowning/engulfment due to excavation 

collapse/high groundwater.

Peat on the site is soft and prone to collapse and groundwater is near surface. Proposed 

excavation depths have been limited to the minimum required to meet the project designer 

requirements. The design has been complete on the assumption that works will be completed 

by a competent contractor. Contractor to set up safe system of work during excavation works, 

and complete a detailed review of ground and ground water conditions to assess need for 

temporary works - slope stability assessment, slope support, groundwater control etc. All 

temporary slopes shall be maintained with a maximum gradient of 1V:2H. Particular vigilance 

should be maintained in relation to peat/lacustrine deposits slippages. Peat thickness are 

greater than 1.5m in places. Temporary cuttings shall be assessed by a competent person 

onsite.

Unable to mitigate by design, the location of the peat repository areas has been decided by 

others. The design has been completed on the assumption that the works will be carried out by 

a competent contractor. It is anticipated that the location of services will be identified by the 

Contractor prior to the commencement of excavation works. No indication of the presence of 

services was noted during site walkovers. The Contractor is to set up safe systems of work and 

complete a detailed review of underground services. Special care should be taken in relation to 

unchartered services. The Contractor is to carry out a utility survey prior to commencement of 

excavations.

Excavation of shear key ‐ risk of striking wells, underground services,

tunnels or buried services during excavation works.



5

6

Item Nos. (from above)

a) 3,4

b) 1,2,5,6

c) Other 'particular risks'

d) re assumed construction methods 1,2,6

Work near high voltage power lines

Unable to mitigate by design, the location of the platform has been decided by others. OH 

Power lines cross the site and are shown on drawings. Contractor will need to travel below 

these. The Contractor is to set up safe systems of work and complete a detailed review of 

underground services. Goal posts to be erected as a minimum below each power line.

Remarks

Schedule 1 hazards/particular risks

For client's designers

Other parties please take note: These are designer's risk evaluations of the design options carried out in-house for the purpose of our complying with designers' duties under the Construction (Design and Management) Regulations 2015. The 

evaluations relate only to those aspects/elements of the project which we are responsible for designing under the terms of our appointment by our client.

Other parties should not rely on these evaluations for their own purposes; in particular, contractors, who must deal with and control all risks arising during construciton, must carry out their own definitive risk assessements ab initio for that 

purpose.

Bog mats will be required to facilitate access over soft ground.

Notes re providing information

 Risk of instability of long reach excavators working on peat/soft soil.
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