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Introduction 
 

European leaders in Horizontal Directional Drilling, 

LMR Drilling UK Limited, have recently completed 
the installation of 300 metr es of a 560 mm high 

density polyethylene SDR 17 outfall pipe in 
extremely hard rock.  This, arguably the most 

challenging HDD project undertaken in the UK, was 

concluded with great satisfaction to all concerned.  
 

Project Brief 
 

GallifordTry Construction Limited were awarded the 
contract on behalf of DWR Cymru Welsh Water to 

construct a new waste water treatment plant on 

Holyhead Island, Anglesey.  This new plant 
required a 1,100 metre long outfall to be 

constructed through this stunning, environmentally 
sensitive coastline, a designated SSSI. 

 

 
 

 
 

Conventional trenching from the cliff to below the 

low water level was not an acceptable option. 
Therefore, trenchless techniques, such as 

Microtunnelling and Horizontal Directional Drilling 
(HDD), were considered as alternative methods for 

effecting a low-impact installation.  It soon became 

clear that HDD provided the only viable option.  
 

With the reputation of LMR Drilling for successfully 
tackling large diameter, outfall drills through 

extreme formations already well established, they 
were approached by Land & Marine Westminster 

JV as they prepared their bid for the outfall Sub -

Contract.  It soon became clear that the structural 
and physical geology in the area, together with the 

distribution of superficial sediments, meant a 
combination of an HDD through the coastal section 

of the outfall combined with a trenched 

continuation to the diffuser position provided the 
optimal solution.  

 
Following discussions with the Client, Main 

Contractor and Engineers, Land & Marine 
Westminster JV were awarded the Sub-Contract for 

the 1,100 metre outfall installation and LMR were 

contracted to directionally drill a 300 metre long, 
760 mm diameter bore and to install the 560 mm 

diameter product pipe.  
 

 

 
 

Soldiers Point and South Stack 



Geology 

 
The three formati ons encountered along the drill 

line are locally described as the Amlwch, South 

Stack and Holyhead Quartzite formations.  The 
Amlwch formation, encountered for a short section 

close to the drill entry point, is a muscovite schist. 
The majority of the bore passed through the 

quartzite (metamorphosed sandstone) formations, 

predominantly the Holyhead  Quartzite. 
 

Depending on the formation, the compressive 
strength of the rock ranged from 80 MPa (Amlwch) 

up to 250 MPa (Holyhead Quartzite). Cerchar 
abrasivity tests, performed as part of the site 

investigation, also determined that the formations 

to be drilled were extremely abrasive (4.0 to 7.0).  
 

The strength and abrasivity of the rock coupled 
with the size of the bore presented a considerable 

challenge for HDD.  All downhole components had 

to be carefully chosen and positioned so as to 
mitigate risk wherever possible.   

 
Drilling Engineering 

 
Taking into account the above geological 

considerations and a designed drilled length of  

300 metres, it was decided the drilling and hole 
opening should be undertaken in three stages, 
these being 17½", 24" and 30" diameter.  LMR's 

100 Tonne drilling rig was chosen, capable of 

producing 130 Tonnes pull/push force and a torque 
of 120 kNm (88,500 ft  lbs). 

 
Pilot Hole 

 
The pilot hole was drilled with a 17 ½" tungsten-

carbide insert (TCI) tri -cone bit with diamond 

enhanced inserts in the heel row and shirt tail so 
as to protect the gauge and maximise the bit life.  

The torque required to turn this large bit at the 
face was provided by a 9Ǘ" mud motor.  

 
Although this is an unconventionally large size for 

the pilot drill, the use of such large tools mitigates 

risk during the pilot drill and, more significantly, 
reduces the risk during subsequent hole-opening 

operations in that all h ole-openers can be 
constructed with large bodies and strong cutters.  

LMR had used this technique with great success on 

previous rock outfalls drills.  In order to apply the 
requisite push forces to the drill bit, heavy -weight 

drill pipe was used to form t he drill string.  
 

Drill bit guidance for the pilot hole was enhanced 

by using the Tru-Tracker magnetic survey system.  
Due to the relatively short length of the drill, this 

surface coil was only placed overland to the low 
water mark below the cliff.  Surve y information 

gathered while drilling inside the coil was used to 
maintain accuracy while drilling outside the coil.  

Pilot hole operations continued until the pilot hole 
reached a survey elevation 2 metres below that of 

the seabed at that point.  This equa ted to a 

distance of 291 metres from entry point 
(approximately 10 metres from punch out).  This 

allowed the subsequent hole opening operations to 
continue, while avoiding losses of bentonite drilling 

fluid to the seabed.  This reduced the amount of 

bentonite consumed during the contract and 
volume discharged into the sensitive marine 

environment. 
 

The average rate of penetration (ROP) for the pilot 
hole was 4 metres per hour. 

 

 
 
 

Hole Opening 

 
Due to the hard abrasive nature of the rocks, 

robust, well armoured, hole -openers fitted with TCI 
cones had to be used during the hole opening 

operations.  These cones originated from tri -cone 

rock bits and, as such, could be chosen with the 
same specification as the pilot hole bit.  These 

were mounted onto hole opener bodies so as to 
ream the appropriate diameter of hole.  

 

Conventional hole opening involves pulling the hole 
opener from the exit point towards the drill rig.  

However, with the pilot hole drilled short of the 
seabed, this was impossible.  Therefore, each hole 

opener was pushed and rotated from the drill rig, 
thus opening the hole up from the entry point 

downwards.  This technique was essential to 
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Delivery of the Product String to the Exit Location 

minimise both environmental impact and 

engineering risk (no marine spread required to 
handle the drill pipe at exit).  As with the pilot hole, 

an extended bentonite drilling fluid was pumped to 

clean out the drilled cuttings.  
 

The first hole opener created a 24" diameter hole.  
A bull nose was placed in front of the hole opener 

and a 22" centraliser was placed up the hole from 

the hole opener so as to produce a stable, 
balanced assembly. 

 

 
 

 
During the 24" hole -opening, the typical ROP was 
6.0 metres per hour.  The hole-opening pass was 

stopped 2 metres short of the end of the pilot h ole 

at a distance of 289 metres from the entry point.  
The next hole-opening pass created a 30" diameter 

hole.  This assembly consisted of a 26" stabiliser, a 

30" hole-opener and a bullnose.  The typical ROP 
for this pass was 4.0 metres per hour and was 

drilled to within 4 metres of the end of the pilot 
hole. 

 
At this point, the end of the 30" hole was complete 
to a point 3  metres past the designed start of the 

offshore trench.  Therefore, as the offshore trench 

was excavated, the 30" hole became exposed 

ready for the pullback of the pipe.  To confirm the 
location of the drilled hole and allow the accurate 

positioning of the trench directly over the last 
3 metres of the 30" bore, a 14" tri -cone bit was 

mounted directly onto the drill pipe, tripped into 
the face of the pilot hole and drilled out onto the 

seabed.  Divers mobilised from Holyhead, then 

physically located and marked the exit point for the 
dredging spread. 

 

The excavation of the offshore trench required 
some drilling and blasting, in particular cl ose to the 

exit point of the HDD.  Therefore, prior to the drill 
and blast operation, the last 25 metres of the bore 

was grouted with a bentonite/cement mix.  This 

protected both the integrity of the bore during the 
drilling and blasting and prevented rock fragments 

being blasted into the drilled hole.  
 

While the offshore trench and pipe strings were 
prepared, LMR's drilling spread was relocated to 

the WwTW at Penhros and completed the first of 

two directionally drilled rail crossings before 
returning to th e outfall site for the pullback 

operation. 
 

Pullback Procedure 

 
Upon completion of the outfall trench, LMR 

remobilised to site and set up to drill out the 
cement plug with the 30" hole opener and punch 

out into the trench.  
 

The 30" hole opener was drilled to the end of the 

bore and divers were mobilised again to locate the 
hole in the end of the trench.  Once located, the 

marine spread cleared the area around the bore to 
prevent any large rocks being dragged into the 

hole during pullback.  

 
Due to the submarine exit point, the pipe could be 

towed by sea from Norway in one continuous 
string and moored inside Holyhead Harbour.  Prior 

to the pipe being towed out to the exit point, the 

30" hole opener and pad-eye sub were run back to 

the seabed, and a 100 Tonne swivel attached by 

the divers. 
 

Once the weather was suitable, the pipe was 
towed round to the exit point from Holyhead 
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PPPrrrooojjjeeecccttt   DDDaaatttaaa   
 
Project Title : Holyhead WwTW 

 
Owner : DWR Cymru / Welsh Water  

 

Main Contractor : GallifordTry Construction Ltd. 
 

Outfall Contractor : Land & Marine Westminster J.V. 
 

HDD Sub-Contractor : LMR Drilling UK Ltd. 
 

Outfall Location : Parc Gwledig Y Morgwlawdd 

  Breakwater Country Park 
 

Bore Diameter : 762 mm 
Length of Bore : 300 m 

Pipe Specification : 560 mm SDR17 HPPE 

 

Harbour.  Once the pipe was in position over the 

exit point, it was flooded and lowered to the 
seabed where the pulling head was connected to 

the pulling assembly.  A dive team carried out this 

operation working from a barge alongside the exit 
point.  Once the pipe had been correctly positioned 

by the attending vessels, the drill rig was used to 
draw the pipe into the drilled hole.  The di vers 

were able to monitor the pipe as it entered the 

drilled hole, ensuring that the pipe was lined up 
correctly.  The pullback was completed in four 

hours. 
 

Summary 
 

With the coastline left untouched, the work was 

completed within the programmed timescale .  LMR 
Drilling UK applied an innovative drilling solution to 

a unique situation to reduce cost and minimise 
environmental impact within the locale.  

 

Despite the extreme rock formations, the drilling 
works were completed within budget, within 

programme and without mishap, a satisfactory 
result for all concerned.  LMR Drilling UK have 

again proven that, with careful planning, the right 
team ethos and the experience and knowledge 

gained from drilling in such formations, even the 

most challenging drilling proj ects can be tackled 
with confidence. 

 
 

 

 

 
 

 

 
 

 
 

 

 
 


