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Executive Summary 

Project Background and Objectives 

Sure Partners Ltd (óSPLô), a subsidiary of SSE Plc (óSSEô) are investigating the engineering feasibility of progressing with the 

second phase (Phase 2) development of the off-shore Arklow Bank Wind Park (óABWPô) development, located on the Arklow 

Bank some 11.50km off the east coast of Ireland in the Irish Sea.  This is in response to the success of the Phase 1 project co-

developed by Airtricity and GE Energy, which is now owned and operated by GE Energy. 

The export circuit will comprise of 2No. 220kV cables with each cable having a nominal Outside Diameter (OD) of 266mm.  A 

representative cable data sheet is contained in Appendix A although the final cable details are unconfirmed at the date of issue. 

Two potential cable landfall sites have been consented within the projects Foreshore Lease, termed the ónorthernô and ósouthernô 

landfalls. 

Waterman Infrastructure & Environment Ltd (óWIEô) have been appointed by SPL to undertake a Feasibility Study to determine 

suitable cable landfall methods, and the preferred landfall site, through a process of Options Appraisal. 

The primary objective of the appointment is to establish the most appropriate cable landing technique for each landfall site and 
offer a recommendation on the preferred site.  This shall be based on technical considerations only. 

 

Engineering Assessment: Northern Landfall 

Through a process of options appraisal Horizontal Directional Drilling (óHDDô) is determined as the favoured technique for the 

cable landfall at the Northern Site. 

 

Option Advantages Disadvantages 

Open-cut Trench 

Accuracy of installation operations. 

Generally of lower cost than Trenchless 

Techniques. 

 

Steep cliffs (approximately 9m high) in conjunction 

with an exposed location susceptible to stormy sea 

conditions will preclude the use of open cut trenching. 

This option should be discounted from further 

consideration. 

 

Micro-tunnelling / 

pipe jacking  

Suitable for geological conditions. 

Accuracy of installation operations 

(vertical ±25mm horizontal ±100mm). 

Speed of installation operations. 

Minimum impact to environment. 

Pre-Cast Concrete sections installed 

with the advancing tunnel drive providing 

immediate shoring support 

Suitable for installation below 

groundwater level. 

Typically, cannot be curved when drill length <1km. 

Typical maximum single drive of 300m to 500m 

(intermediate thrust jacking stations may be required).  

Relatively expensive. 

Temporary sheet piles required for Launch and 

Reception Pits. 
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Horizontal 

Directional Drilling 

Suitable ground conditions. 

Minimum impact to environment. 

Reasonable accuracy of installation 

operations (+/- 1m to 2m horizontally 

dependant on geological conditions) 

Speed of installation operations 

Continuous monitoring and control 

during the operations 

Additional space required for stringing out / laydown if 

required. 

Minor earthworks cut and fill required to create level 

area at proposed entry compound. 

 

Direct Pipe 

Suitable ground conditions. 

Minimum impact to environment. 

Accuracy of installation operations 

(vertical ±25mm horizontal ±100mm). 

Speed of installation operations. 

Insufficient bending radii to account for topography / 

need to pass below cliff line. 

Temporary sheet piles required for Launch and 

Reception Pits. 

 

 

 

 

 

 

 

Engineering Assessment: Southern Landfall 

Through a process of options appraisal Direct Pipe is determined as the favoured technique for the cable landfall at the Southern 

Site. 

 

Option Advantages Disadvantages 

Micro-tunnelling / 
pipe jacking  

Suitable for geological conditions. 

Accuracy of installation operations. 

Speed of installation operations. 

Minimum impact to environment. 

Pre-Cast Concrete sections installed 
with the advancing tunnel drive providing 
immediate shoring support 

Suitable for installation below 
groundwater level. 

Typically, cannot be curved when drill length <1km. 

Typical maximum single drive of 300m to 500m 
(intermediate thrust jacking stations may be required).  

Relatively expensive. 

Temporary sheet piles required for Launch and 
Reception Pits. 

Open-cut Trench 

Accuracy of installation operations. 

Relatively Low Cost when compared to 
trenchless techniques. 

Excavation required through erosion protection 
revetment requiring significant temporary works. 

Significant temporary works required on the foreshore. 

High risk of downtime due to exposed coastal location 
(storm damage to existing erosion protection 
revetment). 

Buried high voltage electrical cable (existing Arklow 
Phase 1 export cable) runs below the erosion 
protection revetment. 

Likely requirements for shallow groundwater control. 
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Horizontal 
Directional Drilling 

Minimum impact to environment. 

Accuracy of installation operations 

Speed of installation operations 

Continuous monitoring and control 
during the operations 

Unsuitable ground conditions (thick layer of granular 
deposits). 

Kentledge likely to be required within launch pits. 

Additional space required for stringing out / laydown if 
required. 

Disposal of potentially contaminated arisings.  

 

Direct Pipe 

Suitable ground conditions. 

Minimum impact to environment. 

Accuracy of installation operations. 

Speed of installation operations. 

Limited bending radii to avoid existing/ proposed 
utilities along the route. 

Temporary sheet piles required for Launch and 
Reception Pits. 

Disposal of potentially contaminated arisings. 

 

 

Conclusions and Recommendations 

Northern Landfall 

Through a process of Options Appraisal this study concludes that, on technical grounds only, the Northern Landfall site using a 
method of Horizontal Direction Drilling would be the preferred location and option for the cable landfalls. 

The following recommendations are made in relation to developing detailed design of the northern cable landfall: 

¶ A supplemental bathymetric survey should be completed, using suitable vessels with a low draught, to cover the data 

gap in the existing survey; 

¶ A campaign of onshore and nearshore intrusive ground investigation is required; 

¶ For the onshore ground investigation, it is considered that trial pits and cable percussive boreholes with rotary core 

follow-on would be required.  All boreholes should be marginally offset from the proposed bore paths to avoid the 

creation of potential weak zones that may impact ñfrac-outò; 

¶ Boreholes should be sunk to a minimum 5m below the proposed bore path depth;  

¶ A suite of suitable laboratory testing should be completed, including rock strength testing and soils classification 

testing, with all results to be presented in a Ground Investigation Factual Report; 

¶ For the nearshore ground investigation, it is considered likely that the extents of the geophysics completed to date 

have been limited by water depths and therefore further nearshore geophysics is not considered appropriate.  It is 

recommended that the offshore ground investigation comprises cable percussive boreholes with rotary core follow-on, 

interspersed with CPTu data from a jack-up (or similar) barge in order to ascertain the ground conditions from the 

proposed exit point back to the beach/ base of cliffs; and 

¶ Although accessible to farm traffic, due to the narrow nature of the access road (R750) it would be prudent to 

undertake a route study which includes a swept path analysis, a review of any culvert/ bridge crossings and overhead 

utilities. 

Southern Landfall 

The following recommendations are made in relation to developing detailed design of the southern cable landfall: 

¶ A campaign of onshore and nearshore intrusive ground investigation is required; 

¶ Prior to any site works a UXO contamination survey should be completed to clear all excavation positions. This should 

be undertaken by an experienced Explosives Engineer; 

¶ UXO awareness briefing should be carried out for site workers by a suitably qualified UXO expert;  

¶ For the onshore ground investigation, trial pits and cable percussive boreholes with rotary follow-on boreholes to prove 
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rockhead and gather soil samples. Groundwater and ground gas monitoring standpipes should be installed and 

monitored included as part of the ground investigation; 

¶ A suite of suitable laboratory testing should be completed, including soils classification testing, rock strength, 

contamination testing and soil aggressivity testing (BRE SD1) all results to be presented in a Ground Investigation 

Factual Report; 

¶ For the nearshore ground investigation, further nearshore geophysics should be completed utilising a shallow draft 

vessel.   

¶ It is recommended that the offshore ground investigation comprises cable percussive boreholes with rotary core follow-

on (if shallow rock is determined), interspersed with CPTu data from a jack-up (or similar) barge in order to ascertain 

the ground conditions from the proposed onshore/ offshore transition bay back to the coastal erosion revetment;  

¶ Flood Risk Assessment (FRA) should be completed given the area is within a historic flood plain from the adjacent 

Avoca River; 

¶ A Ground Penetrating Radar Survey is recommended to identify all utilities below any areas of excavation are and 

should include the revetment in order to identify the Arklow Phase 1 cable route. 
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1. Introduction 

1.1 Scope and Objectives of Report 

Sure Partners Ltd (óSPLô), a subsidiary of SSE Plc (óSSEô) are investigating the engineering feasibility of 

progressing with the second phase (Phase 2) development of the off-shore Arklow Bank Wind Park 

(óABWPô) development, located on the Arklow Bank some 11.50km off the east coast of Ireland in the 

Irish Sea.  This is in response to the success of the Phase 1 project co-developed by Airtricity and GE 

Energy, which is now owned and operated by GE Energy. 

The export circuit will comprise of 2No. 220kV cables with each cable having a nominal Outside Diameter 

(OD) of 266mm.  A representative cable data sheet is contained in Appendix A although the final cable 

details are unconfirmed at the date of issue. 

Two potential cable landfall sites have been consented within the projects Foreshore Lease, termed the 

ónorthernô and ósouthernô landfalls. 

The proposed northern landfall site is located approximately 5.0km northeast of the town of Arklow, close 

to Ennereilly Beach.  The landfall area consists of undulating pasture fields located behind sea cliffs, of 

approximate 10m height, which fall down to a steeply sloping shingle beach. 

The proposed southern landfall is located within the town of Arklow on a parcel of land to the north of the 

Avoca river, and immediately west of the coastline with the Irish Sea which is formed of a coastal erosion 

protection embankment at this location. 

Waterman Infrastructure & Environment Ltd (óWIEô) have been appointed by SPL to undertake a 

Feasibility Study to determine suitable cable landfall methods, and the preferred landfall site, through a 

process of Options Appraisal. 

Under separate contract WIE have previously undertaken a Desk Study for the completion of a cable 

landfall by means of Horizontal Directional Drilling (óHDDô) at the northern landfall.  This is reported within 

WIE Report WIE12731-113-R-1-3-3, Arklow Bank Wind Park, Phase 2: HDD Desk Study, dated 

December 2018 [1]. 

WIEôs current appointment includes a Desk Study for the southern landfall, which is reported in WIE 

Report LF100034-WIE16435-100-R-1-1-3, Arklow Bank Wind Park, Phase 2: Arklow Cable Landfall: 

Southern Site: Desk Study, dated December 2019 [2]. 

The findings of the above Desk Study reports are incorporated within this Feasibility Study, the objectives 

of which are set out below:  

¶ Develop understanding of likely subsurface conditions from statutory data sources; 

¶ Report on the findings of a Site Walkover Survey; 

¶ Identification of hazards and constraints that may affect each cable landfall site; 

¶ Production of a Geotechnical Risk Register; 

¶ Options Appraisal of potential cable landfall techniques at each landfall; 

¶ Development of Conceptual Designs including plans, long sections and indicative compound 

layouts; 

¶ Documentation of design risk appraisal in support of the above, and presentation of Designers 

Risk Assessments; 
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¶ Conclusions outlining, on technical grounds, the preferred landing site and method; and 

¶ Recommendations for further work required. 

Notwithstanding the foregoing, the primary objective of the appointment is to establish the most 

appropriate cable landing technique for each landfall site and offer a recommendation on the preferred 

site.  This shall be based on technical considerations only. 

1.2 Limitations 

The information contained in this report is based on 3rd party information sources, the accuracy of which 

WIE can accept no liability for. 

The ground conditions presented are based solely on published information, examination of photographs 

and the findings of a Site Walkover Survey.  Correspondingly, the conclusions presented in this study, 

including Conceptual Designs, are based on information available during the course of review and may 

require to be revised in light of additional information obtained from further investigations to be 

undertaken at both sites including intrusive ground investigation and laboratory testing. 

Detailed consideration of ecological, cable rating impacts, environmental and archaeological constraints 

are beyond the scope of this report, which relates to a desk-based review of ground information to 

determine geotechnical ground risks and suitability of existing information supplemented with a site 

walkover. 

WIE has endeavoured to assess all information provided to them during the course of this study, but 

makes no guarantees or warranties as to the accuracy or completeness of this information. 
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2. Data Correction 

2.1 Geodetic Data 

The topographical and bathymetric data sets used in the study were obtained in a variety of co-ordinate 

systems.  All data sets have been converted to Irish Transverse Mercator (ITM) 1995 with ETRS89 

Datum.  Levels converted further to m AOD (Malin Head).  The level conversions are presented in Table 

1 below.  The conversion factor between Chart Datum (CD) and Malin Head (OD) is -1.13m. 

Lowest Astronomical Tide (L.A.T) is considered most relevant for offshore elements of the works, 

representing the minimum water depth and hence limiting the draught of offshore support vessels. 

Table 1: Levels Conversion Table* 

Arklow Harbour Chart Datum (m CD) Malin Head (m OD) 

HAT 1.60 0.47 

MHWS 1.40 0.27 

MHWN 1.20 0.07 

MSL 1.03 -0.10 

MLWN 0.90 -0.23 

MLWS 0.60 -0.53 

LAT 0.20 -0.93 

*From Admiralty Tide Table UK & Ireland, NP201B, Volume 1B, 2019, Page xxxix 
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3. Northern Landfall 

3.1 Site Location and Description 

The proposed northern landfall site is located approximately 5.0km northeast of the town of Arklow, in the 

Republic of Ireland, close to Ennereilly Beach and can be centred by an approximate Ordnance Survey 

Ireland Grid Reference N726779, E677108. 

The boundary between the off-shore and on-shore works are defined by the high water mark, which is 

broadly in line with the Highest Astronomical Tide (H.A.T) level, located on the foreshore below steep 

coastal cliffs.  For a trenchless technique, the proposed site compound is located within a field on flat 

agricultural land located behind the cliffs, to the west of the R750 single track road. The site location is 

shown in Figure 1. 

Figure 1:  Site Location 

 

Imagery from Google Earth accessed 29/01/20 

The field is at an elevation of approximately 15m Above Ordnance Datum (m AOD) and is roughly 

trapezoidal in shape with a length of approximately 250m and width of approximately 200m at the 

northern end narrowing to approximately 100m at the southern end.  Access is provided by means of a 

gate, directly off the R750 which is a single-track road of around 4m in width.  A pond is located in the 

north western corner.   

The foreshore, located below the cliffs, comprises of sand and shingle storm beach deposits which overlie 

steeply dipping foliated metamorphic rocks.  The rock outcrops at isolated locations on the foreshore and 

forms the cliffs which bound the foreshore to the west. 
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3.2 Geology 

The Geological Survey of Ireland (GSI) interactive mapping tool [3] has been accessed to ascertain the 

geological conditions below site and the 1:100,000 scale geological map and accompanying memoir [4] 

purchased from GSI.  An extract of the GSI map is presented as Figure 2.  The map aligns with the 

information obtained from the 1:100,000 scale geological map.  It should be noted that the geological 

memoir contains a sketch map which indicates the area around the site to be underlain by the Oaklands 

Formations consisting of red purple slate and siltstone.  This is at odds with the GSI online mapping tool 

[3] and the accompanying geological map to the memoir.  The memoir presents the geology in a regional 

context and as such the 1:100,000 geology map and GSI mapping tool [3] indicate a higher level of detail 

and should be given preference until actual conditions are confirmed through intrusive ground 

investigation. 

Figure 2:  GSI Geological Map Extract 

  

Geological Survey Ireland (GSI) is free for use under the conditions of  Creative Commons Attribution 4.0 International license.  

3.2.1 Onshore 

The foreshore and most of the land to the east of the R750 road is noted as bedrock with no superficial 

deposit.  The land to the west of the R750 is recorded as being underlain by Irish Sea Till derived from 

lower Palaeozoic sandstones and shales.  Beach areas to the north and south are noted as Marine Sand. 

1: 100,000 scale mapping indicates the solid geology below site to consist of dark grey-blue grey slate, 

phyllite and schist of the Maulin Formation.  Bands of siltstone, granite and orthoquartzite are also 

common.     

Strike and dip information available from the geological map indicates that the Maulin Formation is very 

https://creativecommons.org/licenses/by/4.0/
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steeply dipping (72° to 88°) to the south and southeast, which appears to be validated by review of 

photographs freely available on Google Maps [5] and further confirmed by a Walkover Survey reported 

within Section 3. 

An anticline axis is located approximately 15km west of the site trending southwest to northeast.  The 

Courtown ï Tramore fault line, also trending southwest to northeast, is located approximately 25km to the 

south of site.   

3.2.2 Offshore 

The Marine Environmental Mapping Programme (MAREMAP) [6] was accessed in order to ascertain the 

nearshore geology which indicates Marine Deposits of silt, sand and gravel over Mudstone, Siltstone, 

Slate and Volcanoclastic igneous rock. 

Two faults are shown off-shore to the east striking north - south approximately parallel to the shoreline at 

distances of 0.30km and 0.70km respectively.  These are shown on the 1:100,000 scale geological map 

and are not in an area where seismic activity is considered a risk. 

3.3 Historical Mapping 

Historical mapping accessed through the GeoHive online mapping portal [7], has been reviewed and is 

presented in Table 1 below. 

Table 2: Historic Mapping 

Source Site  Surroundings  

1837 - 1842, 6 -
Inch  

Site consists of a single field of same 
shape and size as current field.   

A road is on shown on similar 
alignment to existing R750. 

 

Three buildings to the south of site forming the 
hamlet Johnstown South. 

1888 - 1913, 25 - 
Inch 

Drainage channel shown along 
northern boundary and passing below 
road. 

Three ponds are indicated on the 
western field boundary.  One pond is 
within the site boundary, one straddles 
the boundary and one is just beyond 
the site boundary. 

 

No significant changes. 

Latest Aerial 
Photography 

The ponds appear to have been 
replaced with semi mature trees and 
vegetation however, the vegetation 
may just be obscuring the ponds. 

 

More buildings in Johnstown South (approximately 9 
in total). 

3.4 Hydrology and Hydrogeology 

3.4.1 Rainfall 

Review of the ñclimate and weatherò website [8] indicates the average total rainfall for Arklow is 

approximately 885mm per year with the lowest rainfall averages falling April to July. 
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3.4.2 Watercourses 

No watercourses are visible on aerial photography however, the GSI interactive mapping tool [3] has 

been accessed to ascertain any surface water data at site.  There is a stream shown to the north of site 

flowing west to east which discharges on Ennereilly Beach.  Two streams are also located approximately 

500m to the west of site, one flowing to the north and the other to the south. 

A pond in the western portion of site is present as noted in Section 3.1.  

3.5 Flood Risk 

The National Flood Hazard Mapping resource for Ireland [9] was accessed and indicates that the site 

area is not at risk of flooding from rivers or the sea nor is there any historical records of past flooding at 

site. 

3.5.1 Aquifers and Water Resources 

The GSI interactive mapping tool [3] has been accessed to ascertain the information regarding the 

hydrogeology below site and confirms the following: 

· The bedrock is a locally important aquifer which is moderately productive only in local areas; 

· There are two groundwater extraction boreholes close to the site boundaries to the north and south, 

the locations are given as 327340,177640 and 326700,177130 respectively.  It should be noted that 

the locational accuracy of the northern well is within 50m and the southern to within 1km. The distance 

from the site boundary is therefore difficult to ascertain but they could be within 50m of the site 

boundaries.  The northern well was drilled in 1899 and the southern 1971. Both are noted as poor 

yield; 

· It is not within a public supply protection area; and 

· Groundwater vulnerability is low to extremely high (becoming lower towards the west of the R750, 

which is likely attributable to the fact that to the west of the R750 the superficial deposits are expected 

to be clay (low permeability) as opposed to the increasingly permeable beach deposits to the east). 

3.6 Mining and Mineral Extraction 

The GSI interactive mapping tool [3] was accessed to confirm any mineral or active quarrying 

occurrences below site.  None are identified.  The bedrock is not of coal bearing strata and as such 

underground coal mining is not considered a risk. 

3.7 Contaminated Land 

As the site has not been previously developed, any potential risk may be associated with unknown 

hazards or historical use.  However, from the available information, the risk is currently considered low.  

This should be further assessed as part of an intrusive ground investigation. 

3.8 Unexploded Ordnance 

An Unexploded Ordnance (UXO) Pre-Desk Study Assessment has been undertaken by Zetica Ltd which 

concludes that a detailed desk study is not necessary in the case of the northern landfall (see Appendix 

B).   
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3.9 Archaeological Sites 

The Irish National Monuments Service was accessed in order to access the Historic Environment Viewer 

[10].  There are no historic points of interest noted for site however it would be prudent for SPL to confirm 

any specific archaeological requirements or restrictions with the relevant local authorities prior to 

undertaking works.  

3.10 Environmental and Ecological Consultation 

Detailed consideration of environmental and ecological constraints is beyond the scope of this report.   As 

part of subsequent design development and pre-construction works, a Construction Phase Environmental 

Management Plan (or equivalent) should be prepared and adhered to.  However, an online search of the 

National Parks and Wildlife Service [11] website which includes links to National Heritage Areas, Special 

Areas of Conservation, Special Protection Areas, OSPAR Sites, National Parks and Nature Reserves did 

not indicate any conflicts within the site location.  The Buckroney - Brittas Dunes and Fen area is, 

however, located approximately 500m north and is a Special Area of Conservation which extends north 

for a distance of some 8.50km.   

3.11 Previous Ground Investigation and Interpretative Reports 

Two previous ground investigation reports were downloaded through the GSI mapping tool [3] however, 

these were from sites between 3.5km and 4km north of site.   

¶ GSI Report 1957: European Golf Clubhouse (approximately 3.8km north of site) 

¶ GSI Report 6724: Brittas Bay Commercial/Residential (approximately 4.2km north of site) 

The data contained within the reports is limited to basic soil strata descriptions and given the distances 

from site are of limited relevance. 

Nonetheless, the closest historical borehole records available are located 3.8km to the north of site and 

were sunk in association with another ground investigation (GSI Report 1957: European Golf Clubhouse).  

Whilst of limited relevance to the site location, this indicates that rockhead is between 4.70m and 7.30m 

below surface and is overlain by clay.  Similar conditions might be expected at the site location and 

should be confirmed through intrusive ground investigation. 

3.12 Topography 

Preliminary Digital Terrain Model (DTM) data was initially obtained through the Irish Ordnance Survey 

and incorporated into the AutoCAD Civil 3D model in order to progress initial outline designs. 

A topographic survey was subsequently undertaken by Murphys Survey Ltd (óMurphysô) to WIEôs 

specification.  The works comprised both land-based GPS surveying and aerial surveying using an 

Unmanned Aerial Vehicle (UAV).  Land-based GPS methods were undertaken to an accuracy of ±25mm 

in the horizontal and ±10mm in the vertical for hard details and the UAV to an accuracy of ±50mm in the 

horizontal and ±75mm in the vertical.  The survey works were undertaken between 9th and 20th December 

2019. The UAV survey was undertaken in accordance with Irish Aviation Authority (IAA) rules and 

regulations with appropriate flight plans submitted by the UAV operator and utilising a suitable weather 

window. The land-based survey was undertaken following the UAV survey. The topographic data 

obtained by the survey updates the DTM data and has been used to inform Concept Design. 

3.13 Bathymetry 

Off-shore bathymetric survey data supplied by SPL from the consented cable route investigation 
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Ultrabeam Hydrographic, [12] (see Appendix C) and from GSI [3] has been incorporated with the 

topographic data acquired by Murphys in AutoCAD Civil 3D to form a combined seabed and 

topographical profile along the proposed bore path.  The bathymetric data was captured from survey 

vessels and as such a near shore data gap of approximately 120m exists due to insufficient water depths 

for the draught of survey vessel employed.   

3.14 Existing Infrastructure & Utilities 

Existing infrastructure is limited to that associated with houses belonging to the hamlet of Johnstown at 

the junction of the R750 and the L95115, the two houses above Ennereilly Beach, and the R750 road 

(single track) itself.  Copies of utilities plans obtained are presented in Appendix D and indicate no utilities 

the vicinity of the site, however overhead (possibly phone lines were identified during site walkover. 
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4. Site Walkover Survey (Northern Landfall) 

The site walkover survey was undertaken on the 5th December 2019 by two engineers from WIEôs 

geotechnical team.  The primary purpose of the site walkover was to; 

¶ Confirm the ground conditions as reported previously as steeply dipping Oaklands Formation; 

¶ Obtain geological data such as the dip and dip direction of the bedding planes; and 

¶ Identify and measure the trend lines of faults which may affect the proposed bore path. 

Secondly there was a requirement to assess the suitability of an area of land for the provision of a site 

compound beyond the sea cliffs to the west of the R750 road. 

The weather at the time of the survey was overcast, rainy and breezy.  Temperatures were 

commensurate with the time of year. 

The feasibility routes previously considered utilise two separate bays within the Northern site area as 

indicated on Figure 3. 

Figure 3: Northern Site Location Plan indicating two considered bays 

 

Imagery from Google Maps accessed 29/01/20 

4.1 Foreshore Geology 

Inspection of the foreshore cliffs was limited due to the absence of an accessible route in to either the 

northern or southern bays therefore structural geology measurements were obtained from outcrops 

immediately adjacent to the northern bay (see Figure 4). 

The sea cliffs vary in height from approximately 3m in the northern bay up to around 10m in the southern 

bay (Figures 5 and 6).   

From inspection of available outcrops, a thin layer or topsoil (up to 300mm) overlies Glacial Till of firm, 

reddish brown, slightly sandy gravelly Clay with occasional cobbles and boulders overlying bedrock of the 

Oakland Formation, of predominantly steeply dipping schist (see Figure 7). 

A number of quartzite veins were present within the schist (see Figure 8) at the outcrop exposure to the 
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north and were also visible in the northern and southern bays.  A probable igneous intrusion was visible in 

the southern bay (possibly rhyolite), which are visible due to differential erosional rates and colour 

change, unfortunately, due to the height and steepness of the cliffs, it could not be inspected in detail (see 

Figure 9).  

Figure 4: Rock outcrops from adjacent land to northern bay (looking east) 
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Figure 5: Northern bay sea cliffs (å3m height) looking south 
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Figure 6: Southern bay sea cliffs (å10m height) looking north 
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Figure 7: Ground composition identified from adjacent land to northern bay (looking southwest) 
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Figure 8: Quartzite veins seen from adjacent land to northern bay (looking west) 

 

Figure 9: Potential igneous intrusions seen within southern bay (looking north) 
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4.2 Structural Geology 

The schist bedrock typically dips towards the south and southeast at between 70° and 90° although due 

to folding within the rock structure there is potential for further variation.  A secondary fracture set was 

mapped further north towards Ennereilly Beach as northwest at 20°. 

A number of minor faults were noted trending in a north easterly direction close to vertical (see Figure 10) 

with a number of small cross cutting faults noted trending in a southerly direction (see Figure 11).  Larger 

faults may exist in the cliff faces however, due to the inaccessible nature of the bays this could not be 

confirmed. 

A cave was noted in the southern bay and is estimated to be 1.5m wide and 1m high (see Figure 12). 

Figure 10: Minor faults identified near to northern bay (looking north) 
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Figure 11: Small cross cutting faults near to northern bay (plan view) 
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Figure 12: Cave seen within the southern bay (looking south) 

 

4.2.1 Proposed Compound Area 

The proposed compound area consists of two undulating grazing fields bounded to the north, west and 

south by hedgerows and to the east by the R750 road.  The fields are separated by a west to east flowing 

burn edged with hedge rows (see Figure 13).  The fields were very wet underfoot at the time of 

inspection. 

Each field is accessible via gates from the R750 (see Figures 14 and 15) and is of suitable size for the 

construction of a site compound however due to their undulating nature it is likely that some levelling 
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works may be required (see Figure 16) comprising of minor earthworks cut and fill. 

Figure 13: Watercourse running in between the two fields 

 

Figure 14: Access gate to northern field (looking southwest) 
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Figure 15: Access gate to southern field (looking east) 

 

Figure 16:  Undulating fields (taken from southern field looking north) 
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5. Conceptual Geological Model (Northern Landfall) 

From the information obtained by Desk Study review and the Site Walkover Survey, a conceptual ground 

model has been developed. 

5.1 Onshore Conceptual Ground Model 

Table 3: Conceptual Landfall Geological Model 

Stratum Area Covered 
Estimated 
Thickness 

Typical Description 

Topsoil 
West and East of 
R750 

0 ï 0.30m Topsoil 

Glacial Till 
West and East of 
R750 

3.00 ï 10m Sandy gravelly Clay 

Beach Deposits East of R750 
0.00 ï 
5.00m 

Gravelly Sand 

Maulin 
Formation 

Entire Site Unknown 
Slate, Phyllite & Schist with bands of orthoquartzite, siltstone 
and granite 

The thicknesses tabulated above are estimated from available exposures and will require to be confirmed 

through intrusive ground investigation. 

A schematic ground model is presented in Figure 17 below. 

Figure 17: Northern Landfall: Schematic Ground Model 

 

5.2 Offshore Conceptual Ground Model 

Drawing No. UHC19004-REV00-05, as presented in the Ultrabeam Hydrographic [12] report, shows the 

interpreted geophysics around the area of the consented cable route junction and proposed punch out 

location.  This indicates approximately 1.50m of Sand is expected to sit above approximately 2.00m of Till 

which sits on rockhead.  This therefore indicates a maximum sediment thickness in the order of 3.50m but 

would require to be confirmed through intrusive ground investigation. 
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6. Geotechnical Risk Register (Northern Landfall) 

6.1 Geotechnical Risk Evaluation Matrix 

Based on information available, a specific review of the geotechnical risks associated with the landfall 

installation works has been undertaken and the risks evaluated using a risk evaluation matrix. 

The risk register, detailed in the following tables, lists the anticipated ground hazards associated with the 

works and the associated consequences of those hazards in order to determine the level of risk 

presented.  The risk before control of the hazard has been assessed quantitatively and following the 

implementation of specific control to each risk.  The register should remain a óliveô document, updated as 

construction works progress. 

The level of risk is calculated to be up to a value of 25 (Critical Risk).  The maximum value can be 

reduced to 5 (Medium Risk) and with implementation of the recommended controls during construction 

may be reduced further. 

Probability (P) x Impact (I) = Risk Rating (R) 

1 to 4 Low Risk 

5 to 10 Medium Risk 

11 to 16 High Risk 

Ó 17 Critical Risk 

 

 

PROBABILITY 
OF 

OCCURRING 

 

IMPACT ON 
PROJECT COST / 

PROGRAMME 

   IMPACT (I) 

 
 

 
5 4 3 2 1 

Very Likely 5 
Substantial (>50% 
Cost/ Programme 

increase) 

 

P
R

O
B

A
B

IL
IT

Y
 (

P
) 

5 25 20 15 10 5 

Likely 4 
High (30% to 50% 
Cost/ Programme 

increase) 

 
4 20 16 12 8 4 

Probable 3 
Moderate (10% to 

30% Cost/ 
Programme increase) 

 3 15 12 9 6 3 

Unlikely 2 
Minor (< 10% Cost/ 

Programme increase) 
 2 10 8 6 4 2 

Highly Unlikely 1 
Negligible (0% Cost/ 

Programme increase) 
 1 5 4 3 2 1 
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Geotechnical Risk Register 

Arklow Northern Landfall  

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

1 No ground investigation 

data available for any part 

of the site with the 

exception of geophysics. 

No rock strength data, high 

strength rock may impact entry 

angles due to the tendency of 

the HDD to skip over the hard 

surface after drilling through the 

soil. 

Potential for igneous intrusions 

which could impact on steering 

and progress due to changing 

rock strengths.  

Encountering unforeseen ground 

conditions and incorrect design 

leading to impact on progress, 

programme and costs. 

Bore path may need to be 

abandoned and re-drilled 

leading to programme and cost 

impacts. 

Potential for ñFrac-outò to occur 

leading to programme and cost 

impacts. 

Damage/ environmental incident 

  

5 5 25 Ground investigation must be 

undertaken to sufficient depth across the 

site ensuring robust design.  This should 

include both onshore and nearshore 

investigation. 

2 5 10  
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Arklow Northern Landfall  

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

2 Unknown thickness and 

composition of marine 

sediments.   

Encountering unforeseen ground 

conditions and incorrect design 

leading to impact on progress, 

programme and costs. 

Bore path may need to be 

abandoned and re-drilled 

leading to programme and cost 

impacts. 

Depending on offshore sediment 

thickness drilling from offshore to 

onshore may be required. 

Potential for ñFrac-outò to occur 

leading to programme and cost 

impacts. 

Damage/ environmental incident 

 

5 5 25 Further investigation required through 

nearshore GI including boreholes and 

tight grid of CPTôs at proposed punch-

out. 

2 5 10  

3 Very steeply dipping rock 

strata in cliff face and 

outcropping around 

beach. 

Potential for ñFrac-outò to occur 

along foliation planes leading to 

programme and cost impacts. 

Damage/ environmental incident. 

 

4 5 20 Ground investigation required to 

investigate rock at depth. 

Ground investigation to include detailed 

rock mapping, such as downhole CCTV, 

to accurately record and map all 

discontinuities. 

2 5 10  

4 Offshore geological faults 

approximately 300m and 

700m from the shore. 

Potential for ñFrac-outò to occur 

along fault planes leading to 

programme and cost impacts. 

Damage/ environmental incident. 

4 5 20 Design route to exit before faults, if 

possible, so as to mitigate risk of frac-out 

/ bore collapse associated with heavily 

brecciated fault rock. 

2 5 10  
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Arklow Northern Landfall  

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

Potential for chocking / collapse 

of bore in unstable rock. 

5 Risk of óbreak-outô of 

HDD due to incorrect 

cover levels at base of 

beach cliffs. 

Impact to progress, with 

programme and cost increases. 

Damage / environmental 

incident. 

Bore path may need to be 

abandoned and re-drilled 

leading to programme and cost 

impacts. 

4 5 20 Additional topographic survey completed 

over the compound and foreshore areas 

providing data required to undertake 

outline design. Further nearshore 

bathymetric survey required. 

2 5 10 Final hydro-fracture 

calculations to be 

undertaken using ground 

parameters to be confirmed 

through ground 

investigation.  

6 Public Utilities Risk of death or injury. 

Potential costs and programme 

impacts. 

5 5 25 Initial utilities search completed as part 

of Concept Design.  Up to date enquires 

to be submitted at Construction Stage.  

Any contractors employed on site should 

undertake their own searches and satisfy 

themselves that all utilities have been 

identified and cleared. 

1 5 5 Utility plans should be 

updated every 3 months.  

Private landowners should 

be approached for details 

of any private utilities. 

 

7 Extraction Wells Contamination of drinking water 

resource. 

4 5 20 Undertake detailed hydrogeological 

investigations. 

1 4 4  

8 Potential for UXO 

unknown. 

Risk of death or injury. 

Programme delays and cost 

increases. 

3 5 15 Specialist UXO pre desk study has been 

undertaken and risk considered Low.  

1 5 5 Risk after UXO Desk Study 

completed is Low. 

9 Shallow Groundwater Temporary works stability. 

Influence on HDD duct design 

(buoyancy). 

3   4 12 No groundwater monitoring information 

to date.  Groundwater monitoring rounds 

required as part of Ground Investigation 

to appreciate long term groundwater 

1 4 4  
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Arklow Northern Landfall  

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

levels and variances, and hence allow 

consideration within design.   

10 Contaminated Soils Health risk to construction 

personnel. 

Increased disposal costs of any 

materials going off-site. 

3   3 9 Ground Investigation and testing 

required. 

1 3 

 

3  

11 Aggressive Soils Sulphate attack on buried 

concrete. 

3 3 9 Ground investigation undertaken with 

appropriate testing to BRE SD1 

1 3 3  
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7. Southern Landfall 

7.1 Site Location and Description 

Three main site areas were initially considered, however two were quickly discounted at an early stage of 

the study: 

¶ Due to the proposed Waste Water Treatment Works already securing planning permission, 

together with likely utility interfaces and lack of existing working space this area was discounted. 

¶ A brownfield area to the north of the proposed Waste Water Treatment Works was considered 

however, it was understood from SPL that no agreement was in place for access to this parcel of 

land as planning permissioned was granted 5th April 2019 under application number 19368 for the 

construction of a 3 storey office building with associated roads, car parks and areas of soft 

landscaping. 

In comparison, the existing large, open, and flat area occupied by a public running track and with an 

existing access route is preferable.  This location also maximises the distance between the cable landfall 

location and outfall of the Avoca River, where active scour of sediments is more likely. 

The proposed southern cable landfall site is located approximately 400m to the northeast of Arklow town 

centre, in County Wicklow, to the north of the Avoca river, and can be centred by an approximate 

Ordnance Survey Ireland Grid Reference N725173, E673568. 

The site is bordered by the Irish Sea to the east, with a prominent coastal erosion protection embankment 

forming the coastline at the site location.  

The boundary between the off-shore and on-shore works are defined by the high-water mark, which is 

broadly in line with the Highest Astronomical Tide (H.A.T) level, located on the foreshore below the 

coastal erosion revetment.  The proposed cable landing site is located on an area of flat playing fields 

used as a running track, which sits behind and to the west of the coastal erosion revetment. The site 

location is shown in Figure 18. 

Figure 18:  Site Location  
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Imagery from Google Earth accessed 29/01/20 

The landfall site lies at an elevation of approximately 2m (m AOD) and is approximately trapezoidal in 

shape, having a length of approximately 150m and width of 250m at the southern end which narrows to 

approximately 140m at the northern end.  Access can be gained directly from Seaview Avenue which 

forms the northern site boundary.  

7.2 Geology 

The Geological Survey of Ireland (GSI) interactive mapping tool [3] has been accessed to ascertain the 

likely geological conditions below site, together with a review of British Geological Survey (BGS) 

Geological map 1:63,360 Arklow Sheet 139 Solid with Drift Edition (1901) [4].  

7.2.1 On-shore 

Historically, the site area consisted of sand dunes and the flood plain and tributaries of the Avoca River 

(1840) and therefore although not mapped, a significant thickness of alluvial deposits are expected to be 

present below site.  Mapping from around 1909 suggests that the site area is marshland, commensurate 

with alluvial deposits being present. 

The GSI mapping tool [3] indicates that the site is underlain by Made Ground, which would be expected 

given its town centre location and various phases of historical development.  

GSI 1: 100,000 scale mapping [3] indicates the solid geology below site to consist of the Kilmacrea 

Formation, which typically consists of dark grey slate, with minor pale sandstone (see Figure 19).  It 

would be expected that this may lay at some depth, with the Avoca River channel creating a localised 

channel feature in the rockhead profile.  This would however need to be confirmed by further surveys 

including intrusive ground investigation. 

Figure 19: GSI Solid Geology Online Viewer Excerpt 

 

Geological Survey Ireland (GSI) is free for use under the conditions of  Creative Commons Attribution 4.0 International license.  

https://creativecommons.org/licenses/by/4.0/
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Review of the GSI mapping tool [3], confirms that the closest historical borehole records available are 

located 450m south of Site. These records only state that bedrock was not met when drilling stopped at 

approximately 20m bgl but no indication of the ground composition was noted. 

7.2.2 Off-shore 

MAREMAP [6] was accessed in order to ascertain the nearshore geology which indicates Marine 

Deposits of silt, sand and gravel over Mudstone, Siltstone, Slate and Volcanoclastic igneous rock. 

Two faults are shown off-shore to the east striking north - south approximately parallel to the shoreline at 

distances of 270m and 560m respectively.  These are shown on the 1:100,000 scale geological map and 

are presented in Figure 18 above. 

In addition, a Waste Water Treatment Works (WWTW) outfall pipe ground investigation was undertaken 

between 29th August and 7th November 2017 and is discussed further in Section 7.10. 

7.3 Historical Mapping 

Historical mapping accessed through the GeoHive online mapping portal [7], has been reviewed and is 

summarised in Table 3 below. 

Table 4: Historic Mapping 

Source Site  Surroundings  

1840 Historic 6ò 
first edition B&W 
sheet 

Site consists of sand dunes, with a 
watercourse running north south 
through the centre of Site. 

 

South of Site is the Avoca river.  

South west of site, across the river is original town 
of Arklow. 

North of Site is agricultural land. 

1909 Historic 25ò 
maps 

Site is part of the Kynoch munitions 
factory. Magazine huts are indicated, a 
tramline running north south is also 
indicated.   

 

South of Site is a chemical works associated with 
the munitions factory and tramline, hydraulics 
pumps are also indicated which are likely 
associated with transporting chemicals though 
underground pipes. 

South west of site is the town of Arklow. 

West of Site (north of the river) is housing 
associated with the expansion of Arklow. 

North of Site is Explosive Works, Brick and Tile 
Works and a childrenôs play park 

Aerial 
Photography 
(2005) 

Playing fields, with athletic running 
track. 

Coastal path runs north south along 
coast. 

 

Southern boundary of Site now has a road running 
parallel, Mill Road. Beyond this is housing and 
abandoned buildings from the previous chemical 
works. 

West of Site is a construction site, for the 
construction of Bridgewater Shopping Centre. 

North of Site is a sport centre associated with the 
playing fields and running track. Public car park, 
housings and Arklow Bay Hotel.   

7.4 Hydrology and Hydrogeology 

7.4.1 Rainfall 

Review of the ñclimate and weatherò website [8] indicates the average total rainfall for Arklow is 

approximately 885mm per year with the lowest rainfall averages falling April to July. 
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7.4.2 Watercourses 

No watercourses are present on-site however the Irish Sea is located on the eastern site boundary and 

the Arklow duck pond is located adjacent to the northern site boundary.  The Avoca River is located 350m 

to the south of site flowing in a west to east direction.   

7.4.3 Flood Risk 

The National Flood Hazard Mapping resource for Ireland [9] was accessed and indicates that the site 

area is within the flood extents of the Avoca River, with one flood event recorded in August 1986. 

7.4.4 Aquifers and Water Resources 

The GSI interactive mapping tool [3] has been accessed to ascertain the information regarding the 

hydrogeology below site and confirms the following: 

1. The bedrock is a locally important aquifer which is moderately productive only in local areas; 

2. A locally important gravel aquifer is present in the approximate western half of Site; 

3. There are four groundwater extraction boreholes indicated to be within 2km of the site, however 

their specific locations are not provided.  Three of the wells were drilled in 1996 with the other in 

1983. The yield class is noted as moderate for three wells and good for one well; 

4. The site is not located within a Drinking Water Protection Area; and 

5. Groundwater vulnerability is low. 

7.5 Mining and Mineral Extraction 

The GSI interactive mapping tool [3] was accessed to confirm any mineral or active quarrying 

occurrences below site. None are identified. One historic quarry is located approximately 450m north of 

Site.  The likelihood of mining is deemed as negligible given the published geological information records 

geology which is not coal bearing and is unlikely to contain significant mineral reserves. 

7.6 Contaminated Land 

As the Site was part of the Kynoch Munitions Factory, with an associated chemical works, there is a 

moderate potential that pockets of contamination may exist on site.  This can only be confirmed through 

ground investigation and an appropriate programme of laboratory testing. 

7.7 Unexploded Ordnance 

A Pre-Desk Study Assessment completed by Zetica Ltd recommended that a further detailed UXO Desk 

Study be completed.  WIE subsequently appointed Zetica to undertake a detailed UXO Desk Study, a 

copy of which is presented in Appendix B and summarised below. 

The assessment identified that the Kynoch Munitions Factory, established in 1895 and which was located 

200m south of site, manufactured large quantities of explosives until shortly after WWI. The proposed Site 

area itself had no manufacturing processes present however had tracks running through it for 

transportation of explosives between buildings associated with the factory. Furthermore, several bombing 

runs by the Luftwaffe between August 1940 and July 1941 within the Republic of Ireland have been 

identified with 2 No. High Explosive bombs being recorded to have fallen on Arklow.  

Zetica therefore recommend that the site be considered medium risk of UXO contamination. 
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Consideration should also be given to the marine environment, for both UXOôs and military wrecks on the 

seabed.  Any intrusive or construction works, including ground investigation, would have to take due 

allowance of the medium risk potential for UXO contamination with appropriate controls in place.   

7.8 Archaeological Sites 

The Irish National Monuments Service was accessed in order to access the Historic Environment Viewer 

[10].  There are no historic points of interest noted for site however it would be prudent for SPL to confirm 

any specific archaeological requirements or restrictions with the relevant local authorities prior to 

undertaking works.  

7.9 Environmental and Ecological Consultation 

Detailed consideration of environmental and ecological constraints is beyond the scope of this report.   As 

part of subsequent design development and pre-construction works, a Construction Phase Environmental 

Management Plan (or equivalent) should be prepared and adhered to.  However, an online search of the 

National Parks and Wildlife Service [11] website which includes links to National Heritage Areas, Special 

Areas of Conservation, Special Protection Areas, National Parks and Nature Reserves did not indicate 

any conflicts with the site location. 

7.10 Previous Ground Investigation and Interpretative Reports 

Two previous onshore ground investigation reports were downloaded through the GSI mapping tool [3] 

however, these were from sites 450m south and 1.7km west of site respectively.   

· GSI Report 6924: South Quay (450m south of Site)  

· GSI Report 1736: Marshland surrounding the M11 (1.7km west of Site) 

The data contained within the reports is limited to depth and whether bedrock was confirmed. Report 

6924 indicated that 4No. of boreholes were sunk and that bedrock was not recorded within a depth of 

20m bgl. Report 1736 indicates that 15No. boreholes were sunk to depths of up to 15m bgl and that 

bedrock was only encountered in one borehole where bedrock was confirmed at 9.3m bgl.  

SPL provided WIE with two offshore investigations: 

· Causeway Geotech: Arklow Sewerage Scheme - Marin Outfall Site Investigation, December 2017 

· Ultrabeam Hyrdographic: Arklow Bank Wind Park - Export Cable Routes, Volume 2, July 2019 

The Causeway Geotech [13] investigation was undertaken to investigate the route of a proposed Waste 

Water Treatment Works outfall pipe.  The eastern end of the proposed Waste Water Treatment Works 

outfall pipe is close to the consented cable route.  Boreholes BH06 and BH08 are of most interest as 

these are within 20m of the proposed cable landfall route and indicate that the seabed deposits consist of 

sand, gravel and clay deposits of at least 25.20m thick in borehole BH06 (not proven).  Bedrock was 

encountered in borehole BH08 at a depth of 23.50m below seabed (m bsb) and cored to 26.50m bsb. 

In addition, a number of reports were provided by SPL for the offshore realm however, these are 

generally associated with the seabed export cable route and do not extend to the nearshore area of 

interest.  The reports do however provide insight to the geology and seabed profile around the seabed 

ñpunch-outò location.  

The Ultrabeam Hydrographic [12] investigation consisted of geophysics along the route of the consented 

export cable routes.  Data from the start position of Cable Route 3, which is closest to the landfall 

location, has been reviewed as part of this report and the digital data has been incorporated into the 

AutoCad Civil 3D model. 
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It is noted that the geophysics interpretation does not correlate well with the factual records from BH06 or 

BH08 where the geophysics indicates that superficial deposits are in the order of 7.50m thick, against a 

proven thickness in excess of 20m as presented on drawing LF100034-16435-WIE-ZZ-XX-DR-C-90003.  

7.11 Topography 

Preliminary Digital Terrain Model (DTM) data was initially obtained through the Irish Ordnance Survey 

and incorporated into the AutoCAD Civil 3D model in order to progress initial outline designs.   A 

topographic survey was subsequently undertaken by Murphys Survey Ltd (óMurphysô) to WIEôs 

specification.  The works comprised land-based GPS surveying and was undertaken between 9th and 20th 

December 2019. The topographic data obtained by the survey updates the DTM data and has been used 

to inform Concept Design. 

7.12 Bathymetry 

Off-shore bathymetric survey data supplied by SPL from the subsea cable route investigation [Ultrabeam 

Hydrographic, 12] has been incorporated with the topographic data acquired by Murphys in AutoCAD 

Civil 3D to form a combined seabed and topographical profile along the proposed route.  The bathymetric 

data was captured from survey vessels and as such a near shore data gap, of approximately 500m, 

exists due to insufficient water depths for the draught of survey vessel employed. 

Bathymetry data available through GSI [3], does not cover any additional area from that provided by SPL. 

7.13 Existing Infrastructure 

The primary existing infrastructure which poses a constraint to the development of the southern cable 

landfall is a running track and use of the area as public space.  In addition, there is a high voltage 

electrical cable which runs below the coastal erosion protection revetment and is the export cable from 

the Phase 1 Arklow Windfarm.  The export cable is also present offshore however is beyond the subsea 

Cable Route 3 exit point.   

A proposed Waste Water Treatment Works (WWTW), located immediately south of the site area, has 

recently been granted planning permission.  The alignment of the WWTW outfall pipe is also shown to 

conflict with the cable landfall alignment and would need considered within the design of the cable 

landfall.   
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8. Site Walkover (Southern Landfall) 

A walkover survey was undertaken on the 4th December 2019 by 2No. engineers from the WIE 

geotechnical team.  The primary purpose of the walkover survey was to validate assumptions made at 

desk study stage and ascertain if any geological outcrops were visible for inspection.  In addition, the 

walkover survey facilitated assessment of the suitability of the area to set-up a site compound and 

stringing out areas, plus any apparent access restrictions. 

The weather at the time of the survey was overcast, rainy and breezy.  Temperatures were 

commensurate with the time of year. 

8.1 Foreshore Geology 

The foreshore geology could not be ascertained due to the presence of a coastal erosion protection 

revetment (see Figure 20). 

Figure 20: Southern Site (Coastal Erosion Protection Revetment) looking north 

 

8.2 Proposed Site Compound Suitability 

The proposed area for the Site Compound consists of relatively flat playing fields, a running track and 

public park (see Figure 21). The size of the site area is approximately 180m long by 160m wide.  The site 

is bound to the north by Seaview Avenue and the existing sports centre and associated carpark (see 

Figure 22), to the east by a coastal erosion protection revetment approximately 5m in height (see Figure 
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23), to the south by Mill Road (see Figure 24) and to the west by the Bridgewater Shopping Centre and 

associated carparks and roads (see Figures 25 & 26). 

Direct access can be gained from Seaview Avenue via playing field access gates approximately 3.50m 

wide located to the west and east of the sports centre (see Figures 27 & 28). 

A 2m height restriction applies, and is enforced by a barrier, although these appear to be demountable 

and could therefore be removed for temporary access.  It is noted that there are a number of overhead 

cables which cross Seaview Avenue at various locations (see Figure 29 & 30), plus a high likelihood of 

underground services associated with existing street lighting.  

Access from Mill Road on the southern boundary is possible but would require the temporary removal of a 

low height wall to allow vehicles to drive on-site. 

The proposed area for the site compound is considered to be of suitable size, and the height restriction 

barriers could be removed prior to site works commencing.  Overhead cables would require to be 

checked for height but given that they cross an existing public road are considered likely to provide 

sufficient clearance for standard road going Heavy Goods Vehicles. 

Figure 21: Proposed Site Location Compound (playing fields, park and running track) looking northwest 
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Figure 22: Northern Boundary (Seaview Avenue, sports centre and associated car parking) looking west 

 

Figure 23: Eastern Boundary (Coastal Erosion Protection Revetment, approximately 5m height) looking 
east 
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Figure 24: Southern Boundary (Mill Road) looking east 
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Figure 25: Western Boundary (Bridgewater Shopping Centre Carpark) looking west 

 

Figure 26: Western Boundary (Carpark) looking southwest 
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Figure 27: Field Access Gate (west of sports centre) looking south 

 

Figure 28: Field Access Gates (east of sports centre) looking south 
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Figure 29: Seaview Avenue (height restriction barrier) looking west 

 

Figure 30: View along Seaview Avenue (overhead cables) looking west 
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9. Conceptual Geological Model (Southern Landfall) 

From the information obtained by Desk Study review and the Site Walkover Survey, a conceptual ground 

model has been developed. 

9.1 Onshore Conceptual Ground Model 

Table 5: Conceptual Landfall Geological Model 

Stratum Area Covered 
Estimated 
Thickness 

Typical Description 

Topsoil Site Compound 0 ï1.00m Topsoil/ Made Ground 

Alluvial Deposits Site Compound 20m + Soft alluvial deposits (Clay, Silt, Sand and Gravel) 

Kilmacrea 
Formation 

Site Compound Unknown 
Typically consists of dark grey slate, with minor pale 
sandstone 

The thicknesses tabulated above are estimated from available limited borehole information 450m south of 

the proposed compound area and will require to be confirmed through intrusive ground investigation. 

A schematic ground model is presented in Figure 31. 

Figure 31: Southern Landfall: Schematic Ground Model 

 

9.2 Offshore Conceptual Ground Model 

Table 6: Conceptual ñPunch-Outò Location Geological Model (Geophysics) 

Stratum Area Covered 
Estimated 
Thickness 

Sand ñPunch- Outò 2.50m 

Sand and 

Gravel 
ñPunch- Outò 5.00m 

Rock ñPunch- Outò Unknown 

The above is based on Drawing No. UHC19004-REV00-05 presented by Ultrabeam Hydrographic [12] 

(see Appendix C) which shows the interpreted ground conditions from the geophysics around the 

proposed punch out location. 

However, 2 No. boreholes sunk in association with the Causeway Geotech: Arklow Sewerage Scheme- 

Marine Outfall Site Investigation [13] report are within a 20m offset of the proposed cable landfall route 
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and are considered representative of ground conditions within the nearshore area.  Borehole BH08 is 

located 100m of the cable route and is summarised in Table 7 below. 

Table 7: Conceptual ñPunch-Outò Location Geological Model (Boreholes) 

Stratum Area Covered 
BH06 
Estimated 
Thickness 

BH08 
Estimated 
Thickness 

Typical Description 

Alluvial 

Deposits 

ñPunch- Outò 

area 
6.20m 4.50m Medium dense gravelly SAND 

Till 
ñPunch- Outò 

area 
19.00m 19.00m 

Stiff to very stiff gravelly CLAY and 

dense to very dense GRAVEL. 

Rock 
ñPunch- Outò 

area 
- 3.00m + Weak blueish grey SLATE 

9.3 Summary Conceptual Ground Model (Southern Landfall) 

The above tables indicate that the depth of superficial deposits is likely to be significant (>20m) below the 

proposed landfall cable route.  However, this is not confirmed by the geophysics data from around the 

subsea cable route ñpunch-outò location, where superficial deposits are inferred as being considerably 

thinner at approximately 7.50m.  

This may be a result of very stiff and very dense materials being interpreted as rock, or there is a sudden 

change in superficial deposit thickness at the ñpunch-outò location.  However, caution would be advised in 

the geophysical survey interpretation until conditions can be factually proven through intrusive ground 

investigation specific to the landfall location. 
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10. Geotechnical Risk Register (Southern Site) 

10.1 Geotechnical Risk Evaluation Matrix 

Based on information available, a specific review of the geotechnical risks associated with the landfall 

installation works has been undertaken and the risks evaluated using a risk evaluation matrix. 

The risk register, detailed in the following tables, lists the anticipated ground hazards associated with the 

works and the associated consequences of those hazards in order to determine the level of risk 

presented.  The risk before control of the hazard has been assessed quantitatively and following the 

implementation of specific control to each risk.  The register should remain a óliveô document, updated as 

construction works progress. 

The level of risk is calculated to be up to a value of 25 (Critical Risk).  The maximum value can be 

reduced to 5 (Medium Risk) and with implementation of the recommended controls during construction 

may be reduced further. 

 

Probability (P) x Impact (I) = Risk Rating (R) 

 

1 to 4 Low Risk 

5 to 10 Medium Risk 

11 to 16 High Risk 

Ó 17 Critical Risk 

 

 

PROBABILITY 
OF 

OCCURRING 

 

IMPACT ON 
PROJECT COST / 

PROGRAMME 

   IMPACT (I) 

 
 

 
5 4 3 2 1 

Very Likely 5 
Substantial (>50% 
Cost/ Programme 

increase) 

 

P
R

O
B

A
B

IL
IT

Y
 (

P
) 

5 25 20 15 10 5 

Likely 4 
High (30% to 50% 
Cost/ Programme 

increase) 

 
4 20 16 12 8 4 

Probable 3 
Moderate (10% to 

30% Cost/ 
Programme increase) 

 3 15 12 9 6 3 

Unlikely 2 
Minor (< 10% Cost/ 

Programme increase) 
 2 10 8 6 4 2 

Highly Unlikely 1 
Negligible (0% Cost/ 
Programme increase) 

 1 5 4 3 2 1 

 

 

 

 



  

43 

Arklow Bank Wind Park, Phase II 

Document Reference: 

LF100034-WIE16435-100-R-2-4-3 
N:\Projects\WIE16435_Arklow_Phase2\100\8_Reports\2. WIE16435 Feasibility Study\LF100034-WIE16435-100-2-4-3-FS_WIE_comment responses.docx 

 

Geotechnical Risk Register 

Arklow Landfall (Southern Site) 

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

1 Limited ground 

investigation data 

available for the site. 

Encountering unforeseen ground 

conditions and incorrect design 

leading to impact on progress, 

programme and costs. 

Incorrect drill head selection 

based on insufficient ground 

investigation data. 

Bore path may need to be 

abandoned and re-drilled 

leading to programme and cost 

impacts. 

Potential for shallow rock or hard 

dig conditions which could 

impact on steering and progress 

due to changing material 

strengths.  

Potential for ñFrac-outò to occur 

leading to programme and cost 

impacts. 

Damage/ environmental incident. 

  

5 5 25 Ground investigation must be 

undertaken to sufficient depth across the 

site ensuring robust design.  This should 

include both onshore and nearshore 

investigation.  

2 5 10 Direct Pipe considered 

most suitable technique for 

conditions likely to be 

encountered, but this 

should be confirmed on 

completion of ground 

investigation. 
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Arklow Landfall (Southern Site) 

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

2 Potential of encountering 

relict river channel during 

drilling. 

Potential for ñFrac-outò to occur 

leading to programme and cost 

impacts. 

 

4 5 20 Ground investigation required throughout 

site area including compound and 

nearshore. 

Use of Direct Pipe which reduces ñfrac-

outò risk. 

2 5 10  

3 Unknown thickness and 

composition of marine 

sediments. 

Encountering unforeseen ground 

conditions and incorrect design 

leading to impact on progress, 

programme and costs. 

Incorrect drill head selection. 

Bore path may need to be 

abandoned and re-drilled 

leading to programme and cost 

impacts. 

Potential for ñFrac-outò to occur 

leading to programme and cost 

impacts. 

Damage/ environmental incident 

 

5 5 25 Ground investigation required through 

nearshore GI including tight grid of 

CPTôs at proposed punch-out. 

Use of Direct Pipe which reduces ñfrac-

outò risk. 

2 5 10  

4 Offshore geological faults 

approximately 270m and 

560m from the shore. 

Potential for ñFrac-outò to occur 

along fault planes leading to 

programme and cost impacts. 

Damage/ environmental incident. 

4 5 20 Offshore ground investigation to 

ascertain fault zones. 

  

2 5 10  
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Arklow Landfall (Southern Site) 

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

Potential for chocking / collapse 

of bore in unstable rock. 

5 Risk of ópunch-outô or 

óbreak-outô of drill due to 

incorrect cover levels. 

Impact to progress, with 

programme and cost increases. 

Damage / environmental 

incident. 

Bore path may need to be 

abandoned and re-drilled 

leading to programme and cost 

impacts. 

4 5 20 Additional topographic survey completed 

over the compound and foreshore areas 

providing data required to undertake 

outline design. 

2 5 10  Further nearshore 

bathymetric survey 

required. 

6 Risk of scour around the 

ñpunch-outò zone. 

Impact to progress, with 

programme and cost increases. 

Damage / environmental 

incident. 

4 5 20 Undertake detailed seabed survey at the 

ñpunch-outò zone to assess the likelihood 

of impact and design adequate 

protection measures. 

2 5 10  

7 Existing/ Proposed 

infrastructure - notably 

existing windfarm cable 

(On and Offshore) and 

proposed waste water 

treatment works outfall 

pipe. 

Risk of death or injury. 

Potential costs and programme 

impacts. 

5 5 25 Utilities search underway.  1 5 5 Utility plans should be 

updated every 3 months. 

8 Extraction Wells. Contamination of drinking water 

resource. 

4 5 20 Not within a groundwater drinking 

protection area, however, 4 wells are 

recorded within 2km of site and as such 

1 4 4  
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Arklow Landfall (Southern Site) 

No Hazard Consequence Risk before 

Control 

Recommended Mitigation Measures 

to be implemented 

Risk after 

Control  

Comments 

P I R P I R 

a detailed hydrogeological assessment 

should be completed. 

9 Flooding Major works disruption and 

consequent cost increases 

3 5 15 Historical records of Avoca River 

flooding.  A flood risk assessment (FRA) 

should be completed and any 

recommendations followed. 

2 4 8  

10 Potential for UXO 

unknown. 

Risk of death or injury 

Programme delays and cost 

increases 

3 5 15 Zetica detailed desk study assessment 

indicates the site is considered medium 

risk of UXO contamination 

3 5 15 UXO contamination survey 

should be completed prior 

to site works and staff to 

receive UXO briefing from 

UXO expert. 

11 Shallow Groundwater Temporary works stability.  3   4 12 No groundwater monitoring information 

to date.  Groundwater monitoring rounds 

required as part of Ground Investigation 

to appreciate long term groundwater 

levels and variances, and hence allow 

consideration within design.   

1 4 4  

12 Contaminated Soils Health risk to construction 

personnel 

Increased disposal costs of any 

materials going off-site 

3   3 9 Ground Investigation and testing 

required. 

1 3 

 

3  

13 Aggressive Soils Sulphate attack on buried 

concrete 

3 3 9 Ground investigation undertaken with 

appropriate testing to BRE SD1 

1 3 3  
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11. Northern Landfall: Options Appraisal 

11.1 General 

A number of potential constraints have been highlighted through the preparation of this report which will 

need to be considered in the detailed design of the cable landfall:  

¶ The bedrock is expected to consist of slate, phyllite and schist with bands of siltstone, granite and 

orthoquartzite.  The granite and orthoquartzite will likely result in hard drilling or excavation. 

¶ The bedrock is recorded on mapping to dip steeply towards the south at between 70° and 88° 

and as with any schistose rock the foliation plane presents a plane of weakness. 

¶ Approximately 300m and 700m off-shore there are two faults running approximately north to 

south which again present a possible plane of weakness.  It would be recommended that the drill 

profile exits before this fault line. 

¶ There is a significant level difference between the cliff tops and the foreshore.  This is 

approximately 9m to the top of the cliff line and 14m to the site compound level, as acquired by 

the UAV and land based topographic survey carried out by Murphys. 

¶ Two groundwater extraction boreholes exist close to the site boundaries to the north and south. 

Their exact locations are unconfirmed, but the presence of the extraction boreholes indicate a 

potential for contamination of drinking water resource if there is any escape of drill fluids into the 

aquifer.  The extraction wells are however noted as poor yield, and therefore the risk may be 

reduced.  This will require further consideration as part of design development. 

¶ The Buckroney - Brittas Dunes and Fen area, a Special Area of Conservation, comprising of wild 

asparagus, meadow flowers and grasses, is located approximately 500m north of site and then 

extends north for a distance of around 8.50km.  Although this does not directly impact the site 

location, any potential impact from site operations should be considered further. 

11.2 Options Appraisal 

In consideration of the above a number of potential options have been considered for constructing the 

northern cable landfall and are summarised in Table 8 below. 

Table 8: Options Appraisal (Northern Site) 

Option Advantages Disadvantages 

Open-cut 

Trench 

Accuracy of installation 

operations. 

Generally of lower cost than 

Trenchless Techniques. 

 

Steep cliffs (approximately 9m high) in 

conjunction with an exposed location 

susceptible to stormy sea conditions will 

preclude the use of open cut trenching. 

This option should be discounted from 

further consideration. 

 

Micro-tunnelling 

/ pipe jacking  

Suitable for geological 

conditions. 

Accuracy of installation 

operations (vertical ±25mm 

Typically, cannot be curved when drill 

length <1km. 

Typical maximum single drive of 300m to 

500m (intermediate thrust jacking stations 
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Option Advantages Disadvantages 

horizontal ±100mm). 

Speed of installation operations. 

Minimum impact to environment. 

Pre-Cast Concrete sections 

installed with the advancing 

tunnel drive providing immediate 

shoring support 

Suitable for installation below 

groundwater level. 

may be required).  

Relatively expensive. 

Temporary sheet piles required for Launch 

and Reception Pits. 

Horizontal 

Directional 

Drilling 

Suitable ground conditions. 

Minimum impact to environment. 

Reasonable accuracy of 

installation operations (+/- 1m to 

2m horizontally dependant on 

geological conditions) 

Speed of installation operations 

Continuous monitoring and 

control during the operations 

Additional space required for stringing out / 

laydown if required. 

Minor earthworks cut and fill required to 

create level area at proposed entry 

compound. 

 

Direct Pipe 

Suitable ground conditions. 

Minimum impact to environment. 

Accuracy of installation 

operations (vertical ±25mm 

horizontal ±100mm). 

Speed of installation operations. 

Insufficient bending radii to account for 

topography / need to pass below cliff line. 

Temporary sheet piles required for Launch 

and Reception Pits. 

 

Table 8 considers four potential cable landfall methods and through a process of options appraisal 

Horizontal Directional Drilling (óHDDô) is determined as the favoured technique for the cable landfall at the 

Northern Site. 
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12. Northern Landfall: HDD Concept Design 

12.1 General 

Two concept HDD design options have been developed based on the information obtained from Desk 

Study, Site Walkover Survey and Topographical Survey Outputs.  Cable Route 2 was previously identified 

as the preferred cable route option utilising the northern most site compound area for progression 

(WIE12731-113-R-1-3-3 [1]), primarily as the HDD borepath was shortest and provided maximum 

compound area. However, in order to fully assess the merits of each cable route outline design profiles 

have been progressed. 

This is presented as Drawings No. LF100034-16435-100-WIE-ZZ-XX-DR-C-90001 (Cable Route 2), 

LF100034-16435-100-WIE-ZZ-XX-DR-C-90002 (Cable Route 2),  LF100034-16435-100-WIE-ZZ-XX-DR-

C-90005 (Cable Route 1) and LF100034-16435-100-WIE-ZZ-XX-DR-C-90006 (Cable Route 1) presented 

in Appendix E along with Designers Risk Analysis. 

 

The bore profiles in plan were selected to provide the optimum route passing through the subsea cable 

junction whilst providing the maximum compound area which allows the HDD entry point to be as far east 

as possible. This allows space for stringing out product pipe behind the compound, aided with the use of 

rollers, if required.  However, through design development, it is considered more likely that the duct would 

be pre-fabricated and floated off-shore prior to being pulled back through the HDD after reaming 

operations. 

For the proposed cable specification, a data sheet for which is contained in Appendix A, based on 266mm 

outside cable diameter each bore path will require to be of a minimum 665mm internal diameter.  This is 

based on the current industry standard of minimum 2.5 times cable outside diameter, which is to mitigate 

the risk of any gravel or sediments pulled into the duct during the cable installation phase damaging the 

cable.  It is however commented that appropriate controls should be in place to prevent this, such as a 

positive water pressure and outflow of water from the duct during cable pulling couple with a series of 

roller brushes at the duct entry point. 

Due to available duct sections, and assuming HDPE SDR 11, a nominal 800mm diameter duct will be 

required.  The initial HDD pilot hole would therefore be reamed out from circa 311mm (121/4ò) diameter to 

1118mm (44ò) diameter prior to the 800mm duct being pulled through the bore.  

Figures 32 to 34 show a typical HDD set-up for an HDD Cable Landfall. 
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Figure 32: Typical HDD Rig and Control Cabin Set-up 

 

Figure 33: Typical HDD Compound Set-up 
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Figure 34: Typical Temporary Access Track 

 

12.2 Site Compound Area (Cable Route 2) 

The site compound area is proposed to be located within a gently undulating agricultural field to the west 

of the R750 road and will be accessed directly from the R750.  At the site location this is a single-track 

road estimated to be around 4m in width. 

The compound field sits about 14m above beach level. 

The field is roughly trapezoidal in shape and approximately 200m wide at the northern end narrowing to 

approximately 100m wide at the southern end.  The field is approximately 250m in length. 

A 3.5m to 4.0m wide temporary access track suitable for the equipment to be employed will need to be 

formed through the field from the access off the public road to the compound.  This will require the placing 

of a suitable depth of imported clean angular stone, such as SRW Type A to Clause 801 (Transport 

Infrastructure Ireland, Specification for Roads Works Series 800, Road Pavements [14], placed on top of 

a geotextile separation membrane.  Alternatively, temporary metal roadway could be used. 

For a typical HDD application, a compound of a minimum 70m x 70m will typically be required with level 

and stable terrain which will require minor earthworks on site with approximately 2m of cut and fill 

required.  The compound is required to site a variety of containers which contain welfare, offices, storage, 

mud labs, mud mixing, mud recycling units and workshops. In typical HDD applications a minimum of 

100m space behind the entry pit is used to facilitate stringing out the product pipe with the support of stilts 

and rollers, albeit in this instance the proposal at this stage would be to float the ducts offshore and pull 

the ducts in from the offshore end after reaming of the boreholes.  This will require duct fabrication to be 

undertaken at a marine yard (Arklow) and floated to the ñpunch-outò location for pulling back to shore.  

This operation will be weather dependant. 
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12.3 Entry Points (Cable Route 2) 

A 10°(-18%) entry angle is indicated, based on the completion of previous drills in similar geology, which 

would be around the maximum entry angle for HDD and is considered sufficiently steep to mitigate the 

risk of the drill head skipping off rockhead at the till / rockhead interface.  However, the optimum entry 

angle should be confirmed on completion of ground investigation and as part of final design.    

On the basis that the compound area is positioned 14m above the beach and that each HDD will have an 

entry angle of 10° (-18%) and shall pass a maximum of 10.6m below the base of the sea cliff the entry 

points shall be around 160m from the toe of the cliffs just inside the site compound field (see Drawing No. 

LF100034-16435-100-WIE-ZZ-XX-DR-C-90001).  This leaves approximately 150m for stringing of product 

piping behind the entry points if required. 

The entry points are shown with a 5m separation and then diverge along the length of the drill.  This is to 

mitigate the risk of the two drill paths converging due to any unforeseen steering influence. 

12.4 Entry Pits (Cable Route 2) 

For each bore, an entry pit should be formed for the containment of drill fluids and may require temporary 

support.  Given that the overburden at site is likely to consist of Glacial Till, with some granular content, 

there may be issues with leakage of the drill fluid which should be overcome through lining the pit with an 

impermeable barrier such as visqueen sheeting, so as to form a sump. 

12.5 HDD Radius (Cable Route 2) 

A minimum radius of R500m has been detailed, based on previous drills in similar geology, but should be 

considered further once full details of the rock bedding and joint structure are understood from intrusive 

ground investigation.  The proposed cable has a minimum bending radius of 4m and is therefore well 

within the designed drill profile.  A technical data sheet for the proposed cable is presented within 

Appendix A.  Potentially a relaxation of the drill radius may be required if the orientation of softer 

lithological units are such that they could influence the HDD steering. 

12.6 Offshore Exit Points (Cable Route 2) 

The off-shore exit points are indicatively shown on Drawing No. LF100034-16435-100-WIE-ZZ-XX-DR-C-

90001 at Chainage 364. Bore 1 has an exit point co-ordinate of 727531, 677239 and Bore 2 has an exit 

point co-ordinate of 727529, 677220.   The exit pits have a separation of 20m. 

The proposed alignments have also been selected on the basis of the 2No. bore paths passing either 

side of the subsea cable route junction of Cable Routes 1 & 2 and running along the alignment of subsea 

Cable Route 2  This allows for the shortest bore path, and optimum on-shore set-up, when compared with 

Cable Route 1. The exit points have been selected to terminate before the first of the offshore faults whilst 

having a sufficient water depth for the operation of cable laying barges and support vessels.  Based on 

Lowest Astronomical Tide Level (0.2m ACD) and bathymetrical data supplied by the GSI, water depth is a 

minimum 6m at the proposed exit point which correlates well with bathymetry data obtained for the start 

of the proposed subsea cable route supplied by SPL.   This should be confirmed as suitable once the full 

details of the offshore support vessels are known.  A 6° (10%) exit angle is proposed currently and should 

be confirmed in conjunction with developing the HDD & Trenching interface upon completion of the 

offshore ground investigation once exit point sediment thickness are confirmed. 

The seabed at this location is relatively flat however, the final exit location must be refined upon receipt of 

full ground investigation data. 
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It is understood that the offshore cables shall be laid in a trench of approximately 2m depth in order to 

protect them from erosional effects of tidal currents.   Whilst the HDDôs will punch-out on the seabed the 

cable ducts will ultimately be cut-down so as to tie in with the trench invert level.  This is a standard detail 

for offshore cable landings, although the specific details will require to be developed as part of detailed 

design once final cable specification confirmed and the thickness of sediments at the proposed punch-out 

are confirmed through intrusive ground investigation. 

Localised scour protection, consisting or reno-mattresses or suitably placed armourstone, may be 

required as protection to the cables where they exit the HDD ducts.  Detailed consideration of this is 

beyond the scope of this study. 

12.7 HDD Outline Calculations (Cable Route 2) 

12.7.1 Hydro-Fracture Calculations 

Hydro-fracture (frac-out) occurs if during the drilling process the drilling fluid pressure in the borehole 

exceeds the resistance of the overburden soils resulting in a breakout at the surface.  In this case, there 

is a potential risk that this could occur within the sea leading to a pollution incident.  Drilling mud pressure 

within the HDD bore should not exceed that which can be supported by the surrounding soils to prevent 

hydro-fracture. 

The geology at the Site is expected to consist of steeply dipping rock with the potential that discontinuities 

may provide a plane of weakness leading to the occurrence of frac-out.  This would likely be a result of 

fluid migration through the fractures and fissures, and exacerbated by shallow groundwater within the 

overburden material which may mix with the drilling fluids preventing it setting and creating a seal through 

the soils. 

Typically, increasing cover depth of the bore path to give a larger overburden pressure is the best way to 

mitigate this issue, but, in this instance a maximum limit of 10m cover has been specified due to thermal 

limitations of the export cables. Calculations showing the maximum allowable downhole pressures 

exerted by the drilling annulus have been determined based on achieving maximum 10m cover depth and 

using assumed ground parameters.  Based on results of these preliminary calculations, it is possible that 

the limit of cover could be reduced to approximately 4m subject to ground investigation results and final 

duct / bore path diameters. This limit of cover would translate to approximately 9m cover below the cliffs 

depending on the bore profile, this shows that a bore profile not exceeding the maximum limit of cover 

whilst being suitable in terms of hydrofracture should be possible. 

There are several possible methodologies, but this analysis has been based upon the widely used óDutchô 

method which was developed by Luger & Hergarden (1988) assuming a cavity expansion.  The main 

parameters used in this assessment are set out in Table 9.  

Table 9: Hydrofracture Parameters 

Parameter  

Gravity (m/s/s) 9.81 

Density of Water (kg/m3) 1000 

Density of Drilling Mud (kg/m3) 1300 

Soil Density (kg/m3) 2200 

Cohesion (kN/m2) 50 
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Friction Angle (°) 36 

Poissionôs Ratio 0.35 

Elasticity Modulus (kPa) 50000 

Drill Bit Diameter (m) 1.118 

Drill Pipe OD (m) 0.279 

Allowable Plastic Radius Factor 0.50 

Due to unknown ground water conditions onshore, the ground water has been assumed as at the ground 

surface (worst case scenario) meaning that buoyant soil conditions are considered throughout. Offshore 

the water level has been taken as Lowest Astronomic Tide (LAT). The proportion of soil cover set as the 

plastic allowance is 0.5 (worst case scenario), thus the actual depths will vary significantly and rapidly as 

the borehole approaches the surface at either end. 

Calculation sheets are presented in Appendix G and are based on a 1.118m reamed borehole. 

The variation in pressures along the borehole are shown in Figure 35, where it can be seen the 

permissible boreholes pressures Pemax and Pmax graphs fall rapidly towards the end due to the above-

mentioned factor.  Another feature to note on this graph is that the permissible pressures are significantly 

larger than the overburden pressure and this is due to the nature of the assumptions in the óDutchô model.  

The difference between Pemax and Pmax arises from consideration of the water table level and the 

added confinement pressure due to its hydrostatic effect. 

Figure 35: HDD Permissible Borehole Pressures 

 

The most significant line on Figure 35 is the Annular Pressure which is the pressure in the borehole due 

to the drill fluid return flow. This pressure varies as the borehole progresses and is the sum of the static 
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head and friction (flow) head.  For most of the distance the annular pressure is well below Pemax but as it 

approaches the borehole exit (Ch330) it exceeds the allowable pressure and this would lead to a risk of 

hydro-fracture within the very final stages of the HDD as it nears the exit point in the seabed (termination 

Ch360). This is unavoidable and will require appropriate site controls to be in place. 

Ground parameters require to be confirmed through Intrusive Ground Investigation, and the hydro-

fracture calculations updated as required. 

12.7.2 Duct Pulling Calculations 

On completion of the HDD bore the product pipe will most likely be inserted by pulling after floating 

offshore to the HDD exit point.  Within the industry pulling is preferred as the pipe acts in tension, which 

eliminates potential issues of buckling associated with the compressive forces created from the pushing 

method.  In this particular instance it is expected that pulling the product pipe from offshore to onshore is 

most likely the best solution, as such, product pipe pulling calculations have been carried out to 

understand the likely forces involved with such an installation. 

Within this analysis, the frictional forces, hydrodynamic forces and gravitational forces have been 

considered. Furthermore, the profile of the borehole has been considered as a series of sections to best 

represent the additional forces associated with areas of curvature within the borehole. As will be 

apparent, the required force to move the pipe will increase as the pipe progresses through the borehole.  

Note that there can be a considerable difference between the static and kinematic coefficients of friction. 

It is assumed that normally the pipe insertion will be undertaken in one continuous operation thus the 

kinematic coefficient of friction would apply throughout. However, if the operation is stopped then in order 

to get the pipe moving again the static coefficient of friction will apply.  This could be 2 or 3 times the 

kinematic coefficient value. Depending on the duration of the interruption, other factors such as the 

thixotropic properties of bentonite may also increase the force required to move the pipe. 

Also, it should be noted that within this analysis the frictional forces associated prior to entering the 

borehole have been considered as a nominal value of 50kN. This force is assumed and should be 

assessed at the design stage when the method of installation has been determined. 

All calculations have been considered using the bore path determined within drawing LF100034-16435-

100-WIE-ZZ-XX-DR-C-90001, and a breakdown of the considered section can be seen in Figure 36 

below. 

Figure 36: HDD Bore Path Schematic 

  

A summary of the HDD borehole geometry can be seen in Table 10, note that as mentioned previously it 

is assumed that the pipe is pulled from Section E back towards Section A. 
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Table 10: HDD Bore Path Geometry 

  A A:B B:C C:D D:E E 

Ch 0.00 92.00 180.00 293.00 351.00 365.00 

mOD 14.53 -1.86 -10.43 -11.23 -8.45 -7.09 

Radius   500 500   

Slope -10.32 -0.42 6.2 

Based on information received from SPL the proposed product pipe is to be minimum circa 665mm, 

meaning that due to available pipe sections a nominal 800mm diameter HDPE pipe is considered. It is 

assumed that the HDD drill will be circa 311mm then reamed out to a diameter circa 1118mm.  

Dependent on project specifics the pipe is sometimes filled with ballast water whilst installing to 

counteract buoyancy. For the purpose of these calculations it has been assumed that the pipe is filled 

with ballast water and is unpressurised (typical when pulling) as this is the most feasible approach for the 

drill profile. When designing the pipe installation this should be reassessed by determining the buoyant 

forces and considering if ballast water is required. 

Using the proposed profile and properties of the product pipe the pulling forces shown in Figure 37 were 

obtained. 

Figure 37: HDD Product Pipe Pulling Forces 

 

The main feature shown in Figure 37 is the Axial Force, which is a combination of the friction, gravity and 

hydrokinetic components. The friction arises from the action of the pipe against the soil/rock in the 

borehole but is somewhat lubricated by the bentonite. The gravity component is initially of resistance 

when pulling as the profile is of a downwards trajectory and the pipe is buoyant but then assists when the 

profile begins to rise. The hydrokinetic force arises from the displacement of the bentonite as the pipe is 

pulled through the borehole. As seen within Figure 35, the gravity and hydrokinetic components are minor 

when compared to friction component and have only been considered as good practice.  

From the analysis a Maximum Required Axial Force of 360kN has been determined, however, as the 

forces associated with pulling the pipe from the stringing out area to the start of the borehole have been 

considered as a nominal force, 50kN and that various assumptions have been made regarding pipe and 

soil properties, then this analysis should be revised as the design process is carried out and the variables 

become known. Furthermore, it is assumed throughout this analysis that no obstructions are present, 

such as debris dislodged from the soffit of the borehole, the additional pulling forces required if this is 

found to be an issue will likely be significant. 
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From the maximum axial force required a maximum axial stress of approximately 4N/mm2 can be derived, 

the nominal yield strength of HDPE is approximately 24N/mm2 and from review of advisable safe pulling 

strength for HDD applications a axial stress of 7.5N/mm2 to 9N/mm2 is a limiting factor, thus the HDD 

pulling calculations are acceptable in terms of tensile stresses. However, these calculations should be 

reviewed after variables become more defined through the design process. 

12.7.3 Cable Pulling Calculations 

From the data sheet provided by SPL (Appendix A), the cable outside diameter is 266mm.  All 

calculations have been considered using the bore path determined within drawing LF100034-16435-100-

WIE-ZZ-XX-DR-C-90001, and a breakdown of the considered section can be seen in Figure 34 above 

and the HDD borehole geometry presented in Table 10.  The results are presented on the cable forces 

graph Figure 38. 

Figure 38: HDD Cable Forces 

 

From the analysis a Maximum Required Axial Force of 150kN has been determined for the cable. From 

the cable data sheet received an allowable pulling force of 400kN with no bending is stated. Through 

reviewing the cable pulling forces within the profile bending resulted in an increase of 10% when 

compared with a flat profile.  Therefore, reducing the allowable force by 10% results in an approximate 

limiting value hence allowable pulling force 360kN. Therefore, the maximum required cable pulling force 

of 150kN is comfortably below the limiting value of 360kN. 

Given the forces associated with pulling the cable from the stringing out area to the start of the borehole 

have been considered as a nominal force, 25kN, and that an assumption of the friction factor between the 

pipe and cable has been used, then this analysis should be revised as the design process develops and 

the variables become known. 

12.8 Site Compound Area (Cable Route 1) 

The site compound area is proposed to be located within an undulating agricultural field to the west of the 

R750 road and will be accessed directly from the R750.  At the site location this is a single-track road 

estimated to be around 4m in width. 
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The compound field sits about 16.5m above beach level. 

The field is roughly trapezoidal in shape and approximately 240m long at its longest point and is 

approximately 180m at its widest point. 

A 3.5m to 4.0m wide temporary access track suitable for the equipment to be employed will need to be 

formed through the field from the access off the public road to the compound.  This will require the placing 

of a suitable depth of imported clean angular stone, such as SRW Type A to Clause 801 (Transport 

Infrastructure Ireland, Specification for Roads Works Series 800, Road Pavements [14], placed on top of 

a geotextile separation membrane.  Alternatively, temporary metal roadway could be used. 

For a typical HDD application, a compound of a minimum 70m x 70m will typically be required with level 

and stable terrain which will require minor earthworks on site with approximately 2m of cut and fill 

required.  The compound is required to site a variety of containers which contain welfare, offices, storage, 

mud labs, mud mixing, mud recycling units and workshops. In typical HDD applications a minimum of 

100m space behind the entry pit is used to facilitate stringing out the product pipe with the support of stilts 

and rollers in this case there is 90m, albeit in this instance the proposal at this stage would be to float the 

ducts offshore and pull the ducts in from the offshore end after reaming of the boreholes.  This will require 

duct fabrication to be undertaken at a marine yard (Arklow) and floated to the ñpunch-outò location for 

pulling back to shore.  This operation will be weather dependant. 

12.9 Entry Points (Cable Route 1) 

A 9°(-15%) entry angle is indicated, based on the completion of previous drills in similar geology, which 

would be around the maximum entry angle for HDD and is considered sufficiently steep to mitigate the 

risk of the drill head skipping off rockhead at the till / rockhead interface.  However, the optimum entry 

angle should be confirmed on completion of ground investigation and as part of final design.    

On the basis that the compound area is positioned 16.5m above the beach and that each HDD will have 

an entry angle of 9° (-15%) and shall pass a maximum of 13m below the base of the sea cliff the entry 

points shall be around 160m from the toe of the cliffs just inside the site compound field (see Drawing No. 

LF100034-16435-100-WIE-ZZ-XX-DR-C-90005).  This leaves approximately 150m for stringing of product 

piping behind the entry points if required. 

The entry points are shown with a 5m separation and then diverge along the length of the drill.  This is to 

mitigate the risk of the two drill paths converging due to any unforeseen steering influence. 

12.10 Entry Pits (Cable Route 1) 

For each bore, an entry pit should be formed for the containment of drill fluids and may require temporary 

support.  Given that the overburden at site is likely to consist of Glacial Till, with some granular content, 

there may be issues with leakage of the drill fluid which should be overcome through lining the pit with an 

impermeable barrier such as visqueen sheeting, so as to form a sump. 

12.11 HDD Radius (Cable Route 1) 

A minimum radius of R500m has been detailed, based on previous drills in similar geology, but should be 

considered further once full details of the rock bedding and joint structure are understood from intrusive 

ground investigation.  The proposed cable has a minimum bending radius of 4m and is therefore well 

within the designed drill profile.  A technical data sheet for the proposed cable is presented within 

Appendix A.  Potentially a relaxation of the drill radius may be required if the orientation of softer 

lithological units are such that they could influence the HDD steering. 



  

 

59 
Arklow Bank Wind Park, Phase II 

Document Reference: 

LF100034-WIE16435-100-R-2-4-3 
N:\Projects\WIE16435_Arklow_Phase2\100\8_Reports\2. WIE16435 Feasibility Study\LF100034-WIE16435-100-2-4-3-FS_WIE_comment responses.docx 

12.12 Offshore Exit Points (Cable Route 1) 

The off-shore exit points are indicatively shown on Drawing No. LF100034-16435-100-WIE-ZZ-XX-DR-C-

90005 at Chainage 465. Bore 1 has an exit point co-ordinate of 727526, 677304 and Bore 2 has an exit 

point co-ordinate of 727532, 677285.   The exit pits have a separation of 20m. 

The exit points have been selected to terminate before the first of the offshore faults whilst having a 

sufficient water depth for the operation of cable laying barges and support vessels.  Based on Lowest 

Astronomical Tide Level (0.2m ACD) and bathymetrical data supplied by the GSI, water depth is a 

minimum 6m at the proposed exit point which correlates well with bathymetry data obtained for the start 

of the proposed subsea cable route supplied by SPL.   This should be confirmed as suitable once the full 

details of the offshore support vessels are known.  A 7° (11%) exit angle is proposed currently and should 

be confirmed in conjunction with developing the HDD & Trenching interface upon completion of the 

offshore ground investigation once exit point sediment thickness are confirmed. 

The seabed at this location is relatively flat however, the final exit location must be refined upon receipt of 

full ground investigation data. 

It is understood that the offshore cables shall be laid in a trench of approximately 2m depth in order to 

protect them from erosional effects of tidal currents.   Whilst the HDDôs will punch-out on the seabed the 

cable ducts will ultimately be cut-down so as to tie in with the trench invert level.  This is a standard detail 

for offshore cable landings, although the specific details will require to be developed as part of detailed 

design once final cable specification confirmed and the thickness of sediments at the proposed punch-out 

are confirmed through intrusive ground investigation. 

Localised scour protection, consisting or reno-mattresses or suitably placed armourstone, may be 

required as protection to the cables where they exit the HDD ducts.  Detailed consideration of this is 

beyond the scope of this study. 

12.13 Anchoring of HDD Rigs 

During the drilling of a pilot hole, reaming out and installation of product pipe, an HDD rig can exert a 

considerable pushing and pullback force of generally 30T but potentially up to the order of 300T.  The rig 

must therefore be anchored to the ground and this is usually achieved by either anchoring directly to rock 

or, where this is not possible, driving a line of sheet piles to provide kentledge support. 

Given the information available it may be that the rock is too deep to anchor directly, but the superficial 

deposits may not be deep enough to provide adequate kentledge from sheet piles.  Therefore, anchor 

blocks of reinforced concrete cast in-situ may be required to secure the rigs during the works. An anchor 

block typically consists of a mesh reinforced concrete block of approximate plan dimensions 4.50m x 

4.00m and thickness of circa 1.50m.  Final details are dependent on specific HDD plant details and 

ground conditions a typical anchor block design is presented on drawing LF100034-16435-WIE-ZZ-XX-

DR-C-90300.  

This should be assessed further on completion of ground investigation, once the depth and nature of 

overburden is confirmed. 

12.14 Guidance and Monitoring Systems 

Given that the bedrock bedding and joints are likely to have a controlling influence on the HDD steering, it 

would be recommended to utilise a wireline gyroscopic sensor employed during the drilling of the HDDs.  

This provides óreal timeô 3D location tracking with an accuracy of typically +/- 1m to 2m horizontally and 

should be in conjunction with undertaking downhole pressure monitoring to ensure that pressures remain 
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within acceptable limits. 

12.15 HDD Outline Calculations (Cable Route 1) 

12.15.1 Hyrdo-Fracture Calculations 

Hydro-fracture (frac-out) occurs if during the drilling process the drilling fluid pressure in the borehole 

exceeds the resistance of the overburden soils resulting in a breakout at the surface.  In this case, there 

is a potential risk that this could occur within the sea leading to a pollution incident.  Drilling mud pressure 

within the HDD bore should not exceed that which can be supported by the surrounding soils to prevent 

hydro-fracture. 

The geology at the Site is expected to consist of steeply dipping rock with the potential that discontinuities 

may provide a plane of weakness leading to the occurrence of frac-out.  This would likely be a result of 

fluid migration through the fractures and fissures, and exacerbated by shallow groundwater within the 

overburden material which may mix with the drilling fluids preventing it setting and creating a seal through 

the soils. 

Typically, increasing cover depth of the bore path to give a larger overburden pressure is the best way to 

mitigate this issue, but, in this instance a maximum limit of 10m cover has been specified due to thermal 

limitations of the export cables. Calculations showing the maximum allowable downhole pressures 

exerted by the drilling annulus have been determined based on achieving maximum 13m cover depth and 

using assumed ground parameters.  Based on results of these preliminary calculations, it is possible that 

the limit of cover could be reduced  subject to ground investigation results and final duct / bore path 

diameters thus possibly achieving the maximum limit of 10m cover depth. In this instance, this is not 

achievable whilst providing the minimum cover of 5.5m below the cliffs, therefore, a maximum cover of 

13m has been used as shown in the profile on drawing LF100034-16435-WIE-ZZ-XX-DR-C-90005. 

There are several possible methodologies, but this analysis has been based upon the widely used óDutchô 

method which was developed by Luger & Hergarden (1988) assuming a cavity expansion.  The main 

parameters used in this assessment are set out in Table 11.  

Table 11: Hydrofracture Parameters 

Parameter  

Gravity (m/s/s) 9.81 

Density of Water (kg/m3) 1000 

Density of Drilling Mud (kg/m3) 1300 

Soil Density (kg/m3) 2200 

Cohesion (kN/m2) 50 

Friction Angle (°) 36 

Poissionôs Ratio 0.35 

Elasticity Modulus (kPa) 50000 

Drill Bit Diameter (m) 1.118 

Drill Pipe OD (m) 0.279 

Allowable Plastic Radius Factor 0.50 
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Due to unknown ground water conditions onshore, the ground water has been assumed as at the ground 

surface (worst case scenario) meaning that buoyant soil conditions are considered throughout. Offshore 

the water level has been taken as Lowest Astronomic Tide (LAT). The proportion of soil cover set as the 

plastic allowance is 0.5 (worst case scenario), thus the actual depths will vary significantly and rapidly as 

the borehole approaches the surface at either end. 

Calculation sheets are presented in Appendix G and are based on a 1.118m reamed borehole. 

The variation in pressures along the borehole are shown in Figure 39, where it can be seen the 

permissible boreholes pressures Pemax and Pmax graphs fall rapidly towards the end due to the above-

mentioned factor.  Another feature to note on this graph is that the permissible pressures are significantly 

larger than the overburden pressure and this is due to the nature of the assumptions in the óDutchô model.  

The difference between Pemax and Pmax arises from consideration of the water table level and the 

added confinement pressure due to its hydrostatic effect. 

Figure 39: HDD Permissible Borehole Pressures 

 

The most significant line on Figure 39 is the Annular Pressure which is the pressure in the borehole due 

to the drill fluid return flow. This pressure varies as the borehole progresses and is the sum of the static 

head and friction (flow) head.  For most of the distance the annular pressure is well below Pemax but as it 

approaches the borehole exit (Ch420) it exceeds the allowable pressure and this would lead to a risk of 

hydro-fracture within the very final stages of the HDD as it nears the exit point in the seabed (termination 

Ch460). This is unavoidable and will require appropriate site controls to be in place. 

Ground parameters require to be confirmed through Intrusive Ground Investigation, and the hydro-

fracture calculations updated as required. 
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12.15.2 Duct Pulling Calculations 

On completion of the HDD bore the product pipe will most likely be inserted by pulling after floating 

offshore to the HDD exit point.  Within the industry pulling is preferred as the pipe acts in tension, which 

eliminates potential issues of buckling associated with the compressive forces created from the pushing 

method.  In this particular instance it is expected that pulling the product pipe from offshore to onshore is 

most likely the best solution, as such, product pipe pulling calculations have been carried out to 

understand the likely forces involved with such an installation. 

Within this analysis, the frictional forces, hydrodynamic forces and gravitational forces have been 

considered. Furthermore, the profile of the borehole has been considered as a series of sections to best 

represent the additional forces associated with areas of curvature within the borehole. As will be 

apparent, the required force to move the pipe will increase as the pipe progresses through the borehole.  

Note that there can be a considerable difference between the static and kinematic coefficients of friction. 

It is assumed that normally the pipe insertion will be undertaken in one continuous operation thus the 

kinematic coefficient of friction would apply throughout. However, if the operation is stopped then in order 

to get the pipe moving again the static coefficient of friction will apply.  This could be 2 or 3 times the 

kinematic coefficient value. Depending on the duration of the interruption, other factors such as the 

thixotropic properties of bentonite may also increase the force required to move the pipe. 

Also, it should be noted that within this analysis the frictional forces associated prior to entering the 

borehole have been considered as a nominal value of 50kN. This force is assumed and should be  

assessed at the design stage when the method of installation has been determined. 

All calculations have been considered using the bore path determined within drawing LF100034-16435-

100-WIE-ZZ-XX-DR-C-90005, and a breakdown of the considered section can be seen in Figure 40 

below. 

Figure 40: HDD Bore Path Schematic 

  

A summary of the HDD borehole geometry can be seen in Table 12, note that as mentioned previously it 

is assumed that the pipe is pulled from Section E back towards Section A. 

Table 12: HDD Bore Path Geometry 

  A A:B B:C C:D D:E E 

Ch 0.00 86.00 149.00 378.00 439.00 462.00 

mOD 14.67 -1.00 -4.30 -10.90 -9.00 -6.91 

Radius   500 500   

Slope -8.76 -1.63 5.29 

Based on information received from SPL the proposed product pipe is to be minimum circa 665mm, 

meaning that due to available pipe sections a nominal 800mm diameter HDPE pipe is considered. It is 
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assumed that the HDD drill will be circa 311mm then reamed out to a diameter circa 1118mm.  

Dependent on project specifics the pipe is sometimes filled with ballast water whilst installing to 

counteract buoyancy. For the purpose of these calculations it has been assumed that the pipe is filled 

with ballast water and is unpressurised (typical when pulling) as this is the most feasible approach for the 

drill profile. When designing the pipe installation this should be reassessed by determining the buoyant 

forces and considering if ballast water is required. 

Using the proposed profile and properties of the product pipe the pulling forces shown in Figure 41 were 

obtained. 

Figure 41: HDD Product Pipe Pulling Forces 

  

The main feature shown in Figure 41 is the Axial Force, which is a combination of the friction, gravity and 

hydrokinetic components. The friction arises from the action of the pipe against the soil/rock in the 

borehole but is somewhat lubricated by the bentonite. The gravity component is initially of resistance 

when pulling as the profile is of a downwards trajectory and the pipe is buoyant but then assists when the 

profile begins to rise. The hydrokinetic force arises from the displacement of the bentonite as the pipe is 

pulled through the borehole. As seen within Figure 41, the gravity and hydrokinetic components are minor 

when compared to friction component and have only been considered as good practice.  

From the analysis a Maximum Required Axial Force of 443kN has been determined, however, as the 

forces associated with pulling the pipe from the stringing out area to the start of the borehole have been 

considered as a nominal force, 50kN and that various assumptions have been made regarding pipe and 

soil properties, then this analysis should be revised as the design process is carried out and the variables 

become known. Furthermore, it is assumed throughout this analysis that no obstructions are present, 

such as debris dislodged from the soffit of the borehole, the additional pulling forces required if this is 

found to be an issue will likely be significant. 

From the maximum axial force required a maximum axial stress of approximately 4.9N/mm2 can be 

derived, the nominal yield strength of HDPE is approximately 24N/mm2 and from review of advisable safe 

pulling strength for HDD applications a axial stress of 7.5N/mm2 to 9N/mm2 is a limiting factor, thus the 

HDD pulling calculations are acceptable in terms of tensile stresses. However, these calculations should 

be reviewed after variables become more defined through the design process. 
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12.15.3 Cable Pulling Calculations 

From the data sheet provided by SPL (Appendix A), the cable outside diameter is 266mm.  All 

calculations have been considered using the bore path determined within drawing LF100034-16435-100-

WIE-ZZ-XX-DR-C-90005, and a breakdown of the considered section can be seen in Figure 40 above 

and the HDD borehole geometry presented in Table 12.  The results are presented on the cable forces 

graph Figure 42. 

Figure 42: HDD Cable Forces 

  

From the analysis a Maximum Required Axial Force of 180kN has been determined for the cable. From 

the cable data sheet received an allowable pulling force of 400kN with no bending is stated. Through 

reviewing the cable pulling forces within the profile bending resulted in an increase of 10% when 

compared with a flat profile.  Therefore, reducing the allowable force by 10% results in an approximate 

limiting value hence allowable pulling force 360kN. Therefore, the maximum required cable pulling force 

of 180kN is comfortably below the limiting value of 360kN. 

Given the forces associated with pulling the cable from the stringing out area to the start of the borehole 

have been considered as a nominal force, 25kN, and that an assumption of the friction factor between the 

pipe and cable has been used, then this analysis should be revised as the design process develops and 

the variables become known. 

12.16 Budget Cost & Outline Programme 

Working with a specialist drilling contractor, Stockton Drilling Ltd, a budget cost estimate and outline 

programme for the HDD works has been established. 

 

¶ For installation of the two bores shown on Drawing LF100034-16435-100-WIE-ZZ-XX-DR-C-

90001 (Cable Route 2) the Budget Cost Estimate is in the order of ú8.5M to ú12M.    

¶ Outline programme including site set up, drilling of pilot hole, reaming and duct installation is in 
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the order of 200 days. 

¶ It should be noted that if the drills were required to be completed from offshore to onshore, then 

the Budget Cost Estimate increases to ú12M to ú14M with outline programme increasing to circa 

250 days. 

¶ The costs and programme for Cable Route 1 would be marginally higher and longer.. 

Budget costs and programme should be re-visited on completion of Detailed Design, and with input from 

a specialist contractor such as SDL. 
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13. Southern Landfall: Options Appraisal 

13.1 General 

A number of potential constraints have been highlighted through the preparation of this report which will 

need to be considered in the detailed design of the southern cable landfall:  

· The unknown nature of the ground conditions both onshore and offshore.  From the information 

available the depth of superficial deposits is likely to be significant (>20m) below the proposed site 

compound area and launch pits through the nearshore area as indicated by the Waste Water 

Treatment Works outfall pipe boreholes.  However, this is not confirmed by the geophysics data from 

around the ñpunch-outò location, where superficial deposits are considerably thinner (approximately 

7.50m). 

· From the site walkover, no definitive conclusions were made on the ground conditions and since no 

rock outcropping was identified there is no indication of the depth to bedrock or the dip direction of the 

rock. Given that the ground conditions are the controlling factor in choosing a method for the drilling, 

then more information on the nature and thickness of drift deposits is required, in addition to rock type, 

depth and dip direction.  This would be established by a campaign of intrusive ground investigation to 

be undertaken as part of design development, should the southern landfall be confirmed as the 

preferred site to progress.    

· Approximately 270m and 560m off-shore there are two faults running approximately north to south.  

These present locations where there may be a sudden variance in the depth to rock, and possible 

planes of weakness associated with fault brecciation, with a risk of ófrac-outô of drilling fluids or choking 

and collapse of the bore profile in weak and broken rock.  The fault approximately 560m offshore 

appears to coincide with and area of mobile sediments as shown on Ultrabeam Hydrographic [12] 

drawing UHC19004-REV00-09 (see Appendix C).   

· There are four groundwater extraction boreholes indicated to be within 2km Site, however their 

specific locations are not provided.  Dependant on the design solution to be progressed and using 

information on ground and groundwater conditions to be confirmed through ground investigation, a 

detailed hydrogeological assessment may be required in order to ascertain the risks of aquifer 

contamination as a result of the proposed works. 

· The site area has flooded in the past and this could not be discounted during the site works phase 

therefore, a detailed Flood Risk Assessment should be undertaken prior to construction works to allow 

measures to be in place in order to minimise disruption to works. 

· Due to the historical adjacent site uses the site area is considered to be at medium risk of Unexploded 

Ordnance (UXO) contamination and mitigation measures must therefore be in place during any phase 

of construction works.  

· Observations made during the walkover survey highlight a number of failures in the existing coastal 

embankment, comprising localised slippages and wash out.  It seems likely that this is as a result of 

storm damage, and it is noted that the coast at this location fronts the open sea.  As a result, there is 

considered a high potential for sediment mobilisation and scour during storm events, which should be 

considered further in terms of the risk of erosion leading to exposure of the landfall cables.  Detailed 

consideration of this is beyond the scope of this report. 

13.2 Options Appraisal 

In consideration of the above a number of potential options have been considered for constructing the 

southern cable landfall and are summarised in Table 13 below. 
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Table 13: Options Appraisal (Southern Site) 

Option Advantages Disadvantages 

Micro-tunnelling 
/ pipe jacking  

Suitable for geological 
conditions. 

Accuracy of installation 
operations. 

Speed of installation operations. 

Minimum impact to environment. 

Pre-Cast Concrete sections 
installed with the advancing 
tunnel drive providing immediate 
shoring support 

Suitable for installation below 
groundwater level. 

Typically, cannot be curved when drill 
length <1km. 

Typical maximum single drive of 300m to 
500m (intermediate thrust jacking stations 
may be required).  

Relatively expensive. 

Temporary sheet piles required for Launch 
and Reception Pits. 

Open-cut 
Trench 

Accuracy of installation 
operations. 

Relatively Low Cost when 
compared to trenchless 
techniques. 

Excavation required through erosion 
protection revetment requiring significant 
temporary works. 

Significant temporary works required on the 
foreshore. 

High risk of downtime due to exposed 
coastal location (storm damage to existing 
erosion protection revetment). 

Buried high voltage electrical cable 
(existing Arklow Phase 1 export cable) runs 
below the erosion protection revetment. 

Likely requirements for shallow 
groundwater control. 

Horizontal 
Directional 
Drilling 

Minimum impact to environment. 

Accuracy of installation 
operations 

Speed of installation operations 

Continuous monitoring and 
control during the operations 

Unsuitable ground conditions (thick layer of 
granular deposits). 

Kentledge likely to be required within 
launch pits. 

Additional space required for stringing out / 
laydown if required. 

Disposal of potentially contaminated 
arisings.  

 

Direct Pipe 

Suitable ground conditions. 

Minimum impact to environment. 

Accuracy of installation 
operations. 

Speed of installation operations. 

Limited bending radii to avoid existing/ 
proposed utilities along the route. 

Temporary sheet piles required for Launch 
and Reception Pits. 

Disposal of potentially contaminated 
arisings. 

Table 13 above considers four typical methods for the southern cable landfall, however, due to the 

ground conditions expected at the site HDD has been discounted as typically where gravels are 

encountered the borehole requires casing which would not be possible over this length. 

Micro-tunnelling has also been discounted as it cannot be guaranteed that intermediate thrust jacking 

stations would not be required and due to there being limited bending radii on a tunnel of this length the 
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exit point would be at depth and therefore require a significant retrieval pits to be formed offshore. 

Open cut trenching is technically possible, but the risks associated, and temporary works requirements 

involved in working on the foreshore and excavating through the erosion protection revetment as well as 

the location of an existing high voltage electrical cable below the erosion protection revetment deem the 

technique unadvisable. 

Direct pipe is considered the preferred option for the southern cable landfall as the technique removes 

most of the risk associated with weather and working on the foreshore.  The ground conditions generally 

appear suitable, the entry angle and launch pits can be designed so as to avoid the high voltage electrical 

cable and a minimal bending radius can be achieved to avoid existing and proposed offshore 

infrastructure as well as maintaining a feasible recovery pit depth. 

In the absence of site-specific ground investigation data, and on the basis of assumed ground conditions 

at site of Made Ground and Alluvial deposits to a significant depth over bedrock (of up to 23m), at this 

stage the most suitable trenchless technique is considered to be Direct Pipe. 
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14. Southern Landfall: Direct Pipe Concept Design 

14.1 General 

A Concept Direct Pipe design has been developed based on the information obtained from Desk Study, 

Site Walkover Survey and Topographical Survey Outputs.  This is presented as Drawings No. LF100034-

16435-100-WIE-ZZ-XX-DR-C-90003 and LF100034-16435-100-WIE-ZZ-XX-DR-C-90004 presented in 

Appendix F along with Designers Risk Analysis. 

Direct Pipe is a proprietary method developed by Herrenknecht whereby a Micro-Tunnel Boring Machine 

(MTBM), which has cutting wheels and high pressure jetting nozzles, is launched from an excavated 

launch pit on-shore.  A steel casing is attached to the MTBM, and the whole assembly then jacked 

seawards by hydraulic rams located within the launch pit.  The arisings generated by the MTBM are then 

passed back along the casing annulus suspended in drilling mud, and processed through shakers and 

screeners located onshore for disposal and drilling muds recycled.  The casing forms the permanent 

ducting through which the cabling will be installed at a later date by others. 

The bore profile was developed on the basis of an approximate 670m drill length and a 800mm ducting 

diameter, which would require a MTBM of circa 1300mm diameter with circa 1200mm diameter casing.  

In plan and section, the profiles provide the optimum route exiting on the subsea cable alignment whilst 

providing sufficient clearances from existing and proposed infrastructure.  The entry pits have been 

indicated as far east as possible, to allow the maximum meterage of piping to be welded prior to drilling 

on site.  Consideration was given to increasing the size of the bore to enable the two proposed cables to 

be passed through a single Direct Pipe however, due to the thermal dissipation requirements of the 

cables this was not considered feasible. 

Figures 43 to 46 show a typical Direct Pipe set-up for a Direct Pipe Cable Landfall. 

Figure 43: Typical Direct Pipe Launch Pit, with sheet piling support. 
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Figure 44: Direct Pipe Launch Pit with excavators supporting pre-welded steel casing behind 

 

Figure 45: Direct Pipe Hydraulic Jacking Assembly 

 




















