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Executive Summary 
During the summer of 2001 seven boreholes were drilled at Newborough Warren.  
The objectives of the study included an investigation of lateral variations within the 
sands to determine potential aquitard horizons that might affect groundwater flows 
and secondly to determine the thickness of the Aeolian aquifer sands and if possible 
the depth to basement beneath the sands.  The two different objectives and the 
remote location of three of the boreholes required the use of two different types of 
drilling rigs.  A portable flow-through auger was used to obtain small diameter cores 
to investigate lateral variations at remote locations within the warren.  A shell and 
auger rig was used to drill deeper and larger diameter boreholes within the forest 
and at the edge of the warren. 
 
The drilling ran over budget but was successful in determining the depth to bedrock 
in the forest.  We were also able to determine the thickness of dune sands within 
the warren at the water borehole and obtained cores that show little lateral variation 
within the dune sands. 
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Boreholes 
 
A series of boreholes was commissioned to investigate the thickness of the aquifer 
sands at Newborough Warren.  This survey was initially designed to penetrate the 
full thickness of unconsolidated sediments at Newborough but following discussions 
with CCW and Forest Enterprise in April 2001 the objectives were altered to include 
an investigation of lateral changes in the shallow subsurface.  
 
Elevations given in this report are based on a GPS survey undertaken with the 
assistance of Dr Marek Zeibart (UCL).  The observations have been corrected to 
OSGB based on a measurements at Llanddwyn Island and an Ordnance Survey 
passive station at Hermon.   
 
Drilling commenced on Tuesday July 10th, with the drillers from Jackson Drilling 
approximately one and a half days late.  The drillers set up at close to Clwyt Glaeb 
and took one core with 20% recovery before stopping because the hammer was 
cracked.  On Wednesday July 11th the drillers reach a depth of 8.5m where drilling 
stopped because the core was jamming in the casing.  The hole was abandoned 
without installing an observation well and the drillers were subsequently dismissed. 
 
Lateral variation 
Drilling recommenced on Tuesday September 18th with Andy Dixon from the Centre 
for Hydrology and Ecology.  Two boreholes NH1 and NH2 were located in dune 
slacks on the western side of the open warren to investigate possible lateral 
variations within the sands. The borehole locations were determined by access 
which is very difficult in this part of the warren.  The remote location also determined 
the type of drilling rig used because the flow-through auger and its power pack 
could be transported within a long wheelbase Landrover.  The access was too 
rough for a towed drilling rig. 
 
Borehole NH1 (241734.0 363306.2) elevation 6.612m OD, was drilled with a flow-
through auger down to 6.5m.  The well recorded very fine sand throughout with a 
thin, 10cm thick, organic sand horizon at 2.8-2.9m, a second thin organic layer was 
encountered at a depth of 6m. The water table was encountered at a depth of 
72cm. An additional core was taken from 2.5 to 3.4m to bracket the organic layer.  
This core has been kept unopened and may be used for dating work in the future.   
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Borehole NH1 was drilled using a flow through auger, the power pack is mounted 
on pallets to aid transfer in and out of the vehicle. 
 
A second borehole NH2 (242024.5 363107.6) elevation 5.048m OD, was located 
approximately 500m south.  Borehole NH2 was also drilled with the flow-through 
auger to 6.5m and showed very fine sand with a thin, 2cm thick, organic layer at 3m 
and a sharp colour change with a single pebble at 6m.  The water table was 
encountered at a depth of 1.05m.   
 

 
 
Borehole NH2 was drilled at the southeastern corner of an interdune slack 
penetrated to 6.5m. 
 
Boreholes NH1 and NH2 show remarkably similar sequences and the organic 
horizons at 3m and 6m can be correlated with confidence.  There is no evidence for 
a marked change in the sediments between these two boreholes. 
 
GPR reflection 
Borehole 3 was drilled to investigate a prominent horizontal reflector on the GPR 
profile that crosses the warren.  The borehole was drilled at a distance of 1462m 
along the profile (elevation 5.123m OD) and was targeted on a reflector at a 



 5 

predicted depth of 3m.  The water table was encountered at a depth of 76cm. The 
borehole was drilled with a flow-through auger to a depth of 3.65m and a single core 
was taken between 2.7 and 3.65m.  The core revealed a pronounced colour change 
from buff to grey very fine grained sand at a depth of 3m, the predicted depth of the 
GPR reflector.  It would appear that the change in colour is associated with a 
change in the reduction of iron minerals in the sand.  In the absence of any other 
clear textural or compositional changes in sand composition it is most likely that the 
colour change and GPR reflection are due to a reduction front.  
 
Water borehole 
The water borehole (241721.5 364133.7) elevation 12.018m OD to the top of the 
casing, was installed around 50m into the warren close to the existing line of 
monitoring wells.  The borehole was drilled using a shell and auger rig to a depth of 
12.8m.  The borehole shows that very fine grained dune sands extended to a depth 
of 10m.  Thin organic layers were encountered at depths of 2.1-2.3m and 4.5-5m.  
At 10m a 20cm peat layer was encountered.  Beneath the peat the sands were 
grey, slightly finer grained with an increased silt content and broken cockle shells.  
The well was installed at a depth of 10m with a 0.9m sump and 8.58m of six inch 
diameter slotted screen with 100 micron geotextile wrap.  The top of the well was 
completed with a 0.86m section of plain plastic pipe that extends 30cm above the 
ground.   
 
The grey silty sands with cockle shells are interpreted as estuarine sediments, the 
overlying peat appears to mark a regression.  It is possible that the peat correlates 
with a fossil forest which can be seen at low spring tides on Llanddwyn Beach.  An 
oak tree stump on Llanddwyn Beach has been dated at 6925 ± 90 (SRR-5265) .  
Samples of the peat have been kept for 14C dating.  This could establish a 
maximum age for the dune sands at Newborough Warren. 
 

 
Water borehole drilling location close to the edge of the forest, total depth 12.8m 
 
Observation borehole 
An observation borehole (241702.6 364110.9) elevation 11.47m OD, was drilled to 
a depth of 5.5m using the shell and auger rig.  The completion included 0.16m plain 
with 2.68m of slotted casing with a 100 micron geotextile wrap.   This borehole was 
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located 30m from the water borehole and can be used as an observation borehole if 
a pump test is made on the water borehole. 
 
Forest borehole 
The objective of this borehole was to determine the depth to bedrock in an area 
prone to coastal erosion.  The rationale being that erosion of beach and dune sands 
could continue unless or until a bedrock outcrop is exposed.  The depth to bedrock 
will therefore provide a limit on the landward extent of beach and dune erosion.  The 
forest borehole is located around 180m inland at an elevation of 10.03m OD and 
was drilled to a depth of 7m where it reached bedrock.  The completion included 
0.15m of plain pipe at the base with 2.68m of slotted screen wrapped with 100 
micron mesh.  The top of the completion includes 2.95m of plain pipe which extends 
about 0.1m above ground level.  The exact location of this borehole could not be 
determined by GPS due to the presence of the trees which obscured the satellite 
signals.  Its position has been located by hand held GPS at N53º 88’ 819” W04º 
232’ 330” and its elevation established by levelling to the GPR marker for Profile 18. 
 
 The sequence includes 5m of very fine grained dune sand overlying a reddish 
sandy clay with pebbles at 5.8 to 6.2m depth.  Beneath this is reddish brown, poorly 
sorted sandy gravel with a mixture of angular and rounded clasts.  The pebbles 
appear to be locally derived and may be a local stream deposit.  The sandy clay 
with pebbles could be a till but was not very well consolidated, it may represent a 
weathered soil horizon.   
 

 
 
Drilling rig at the forest borehole location, total depth 7m to basement  
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The Forest borehole is the only borehole to locate the depth to bedrock beneath the 
sands. It is located around 180m inland from the back of the beach near profile 18 
and shows bedrock at an elevation of 3.03m which is above mean high water 
(2.11m OD) and above highest astronomical tides (2.8m OD) and close to the level 
of the base of the dunes at Profile 18.  If erosion of the beach and dunes at 
Llanddwyn beach continues than the shoreface will intersect bedrock at less than 
180m inland which should prevent or reduce further coastal erosion in this area. 
 
 
 
Borehole Easting Northing Elevation (mOD) 
Abandoned hole 242019.032 364423.069 10.154 
Water borehole 241721.509 364133.705 12.018 
Observation 
borehole 

241702.632 364110.909 11.475 
 

NBH1 241734.019 363306.168 6.612 
NBH2 242024.552 363107.605 5.048 
Borehole 3 242837.432 363288.99 5.123 
Forest Borehole N53º 88’ 819” * W04º 232’ 330” * 10.03* 
Cottage 238677.103 36257.25 9.926 
 
Borehole locations and elevations measured using GPS. 
*The location of this borehole could not be fixed accurately with GPS due to the 
presence of the trees, the elevation has been levelled in from the marker for 
shoreline monitoring profile18. 
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Borehole NH1 
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