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Soil, Geology and Hydrogeology of the Development Site
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SOIL, GEOLOGY & HYDROGEOLOGY 

1 INTRODUCTION 

This report was prepared following a desk study, and site investigations at Derrinumera.  
Relevant documents that were accessed included: 

�� Geological maps; 
�� Publications by the National Soil Survey of Ireland, the Department of the Environment, 

Heritage and Local Government, Teagasc, the Environmental Protection Agency and the 
Geological Survey of Ireland; and 

�� The original Waste Licence Application (No. 21-1) submitted to the EPA by Mayo 
County Council in 1998. 

2 EXISTING ENVIRONMENT  

2.1 SOILS

The General Soil Map of Ireland, published by An Foras Taluntais (1969)1, shows that the 
principal soil type underlying the region of Derrinumera Landfill is a Low Level Blanket Peat 
associated with a rolling lowland broad physiographic division.  Peat is a partially 
decomposed mass of vegetation that has grown in a shallow lake or marsh.  It is characterised 
by a high content of organic matter (over 30%) and by being at least 30 cm in depth.  Blanket 
Peats are commonly associated with areas where poor drainage causes a build-up of oxygen 
starved, partially decomposed biomass.  Blanket bogs form where the rainfall exceeds 
1,250mm and falls on more than 250 days a year (Cross, 1989)2.

2.2 QUATERNARY GEOLOGY (SUBSOILS)

General information concerning the Quaternary Geology of the region is contained in the 
Geological Survey of Ireland (GSI) “Geology of North Mayo” (Long et al, 1992)3.  Ice 
movement in the North Mayo region was very complex.  During the Quaternary period, ice 
converged on the subject area from a major ice centre in West Galway-South Mayo.  Glacial 
deposits in North Mayo consist of tills, which were deposited at the base of moving glaciers, 
and to a lesser extent fluvioglacial sand and gravels, which were deposited by glacial 
meltwaters.  Sandy glacial till and fluvioglacial sand, which consists of a range of clast sizes 
up to and including cobbles and boulders, are the predominant subsoil types underlying the 
peat in the subject area, as determined during site investigations at the landfill site (refer to 

1 An Foras Taluntais, (1969), “General Soil Map of Ireland” 
2 Cross, JR, (1989), “Peatlands – wastelands or heritage” 
3 Long, MacDermott, Morris, Sleeman, Tietzsch-Tyler, (1992), “Geology of North Mayo”.  – Geological Survey 
of Ireland Publication 
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Section 3).  The peat began to form in poorly drained areas after the ice had melted.  As the 
climate became wetter, blanket bog spread over a large area. 

2.3 BEDROCK GEOLOGY

The bedrock geology underlying the subject site is discussed in the Geological Survey of 
Ireland (GSI) “Geology of North Mayo” (Long et al, 1992).  The 1:100,000 scale bedrock 
geology map of the area (Sheet 6), indicates that the subject site is underlain by rocks 
belonging to the Croaghmoyle Formation (CM), which forms part of the Middle Devonian 
aged Beltra Group. The Devonian Period lasted from approximately 360 to 410 million years 
ago. Rocks belonging to the Beltra Group are generally referred to as the Middle Devonian 
Old Red Sandstone, and were formed in this part of Mayo from alluvial fan deposits, which 
comprised of eroded material derived from high ground in the Caledonian Mountains.  The 
Croaghmoyle Formation comprises rocks that are described as conglomerates composed 
mostly of quartzite pebble clasts that were derived from debris flows on an alluvial fan from 
high ground to the northwest. 

The presence of these rapidly deposited Middle Devonian alluvial sandstones and 
conglomerates of the Beltra Group and the underlying Lower Devonian Islandeady Group 
suggests a period of active mountain building at that time (Acadian Orogeny), followed by 
erosion before Upper Devonian times. 

The Beltra Group lies unconformably on the underlying rocks of the Islandeady Group, 
which are more tightly folded.  The Islandeady Group was folded prior to deposition of the 
Beltra Group and then both of these Groups were affected by a second episode of folding, 
prior to deposition of Carboniferous rocks, which rest unconformably on the Beltra Group 
rocks.  These episodes of folding are associated with periods of mountain building during the 
Acadian Orogeny. 

There are no mapped fault or fold structures at the subject site.  However, the landfill site is 
situated in a region of complex structural geology in which northeast to southwest trending 
fold and fault structures occur as well as north northeast to south southwest, and east 
northeast to west southwest trending structures.  Northwest to southeast trending structures 
also occur in the region.  The geological setting is shown on Figure 2.3.1.  The older trending 
structures (mostly northeast to southwest) are probably inherited from the Caledonian 
Orogeny (approximately 410 million years ago), whilst the younger structures (mostly 
northwest to southeast) may be associated with the Variscan Orogeny (approximately 290 
million years ago). 
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Source: Waste Licence Application EIS for Derrinumera, 1998 

Figure 2.3.1 Local Bedrock Geology 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 25-07-2013:21:46:20



APPENDIX NO. 8

TOBIN Consulting Engineers  A8 - 4

3 SITE INVESTIGATIONS 

3.1 INTRODUCTION

Site investigations, comprising intrusive drilling, have been undertaken at the landfill site on 
a number of occasions since 1997.  Investigations were completed in 1997, 2000, 2001, and 
2003.  The various site investigation works are described in the following sections. 

3.2 1997 INVESTIGATIONS

Site investigations were carried out at the landfill site in 1997 by Mayo County Council 
(MCC) and K.T. Cullen and Co. Ltd. (KTC) as part of a Waste Licence Application to the 
Environmental Protection Agency (EPA) (Mayo County Council, 1998).  A total of 16 No. 
trial pits were excavated and 9 No. boreholes were installed in order to determine site-
specific geological and hydrogeological data, and to establish groundwater-monitoring wells.  
15 No. gas monitoring wells were also installed.  The locations of these site investigation 
holes are shown on Figure 3.2.1 and the details of the site investigation holes are presented in 
Appendix 9, Volume IV. 

The trial pits were all situated to the north of the existing landfill and were excavated by a 
tracked machine to depths varying between 0.9m and 3.35m below ground level.  Bedrock 
was not encountered in any of the trial pits. 

The 9 No. boreholes were installed at 7 No. locations as shown on Figure 3.2.1.  An air rotary 
drilling rig was used to drill all of these wells with the exception of MW6 and MW7, which 
were drilled by a ‘Shell & Auger’ rig.  Groundwater monitoring points were established at all 
of the drilled boreholes, thus creating both upgradient and downgradient monitoring points.  6 
No. of the boreholes were installed into the bedrock and 2 No. shallower boreholes were 
completed in the overburden (MW2s and MW4s).  1 No. borehole was drilled through the 
landfill to the base of the fill but did not penetrate into bedrock. 

In addition to these groundwater monitoring wells, 15 No. gas monitoring wells were also 
drilled on and around the landfill.  8 No. of these wells were drilled through waste, whilst the 
remaining 7 No. were installed through the natural overburden material surrounding the 
landfill.  The gas monitoring wells were drilled to depths varying between 1.5m and 6.0m 
below ground level by a ‘Window Sampler’, which is a type of percussion drill.  Refusal was 
met in 6 No. of the boreholes on boulders and bedrock was encountered in 1 No. of the wells 
at 1.5m below ground level. 
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Source: Waste Licence Application EIS for Derrinumera, 1998 

Figure 3.2.1 S.I Monitoring Locations, 1998 
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3.3 2000 TO 2001 INVESTIGATIONS

3 No. additional boreholes were installed in April of 2000 at locations shown on Figure 3.4.1.  
These boreholes are labelled MW8d, MW8s, and MW9.  During this drilling programme, 
MW5 was replaced with a new borehole, also labelled MW5.  MW8s and MW8d were 
replaced in June 2001 with new boreholes, also labelled MW8s and MW8d.  The original 
MW1 borehole installed in 1997 was also replaced, although the date of this re-drilling is 
unknown.  The revised locations for MW1, MW5, MW8s and MW8d are shown on Figure 
3.4.1.  7 No. new boreholes labelled MW10 to MW16 were installed in December 2001 at 
locations shown on Figure 3.4.1.  Borehole records are not available for any of these 
boreholes.

3.4 2003 INVESTIGATIONS

As part of an investigation on contaminated groundwater in the vicinity of the cut-off wall to 
the east of the waste body, a new set of groundwater monitoring boreholes (12 No.) were 
installed on either side of the cut-off wall to the north, northeast, east, and southeast of the 
landfill (TES, 2003).  These boreholes were installed on the 30th September and 1st October, 
2003 by Glovers Site Investigations Limited using a KLEMM KR708 track mounted air flush 
rig.  The purpose of these new monitoring boreholes, labelled MW17 to MW28, was to 
facilitate a groundwater-sampling regime to determine whether there had been any migration 
of leachate across the cut-off wall since its emplacement.  The locations of these new 
monitoring boreholes are shown on Figure 3.4.1.  It was considered that the existing 
monitoring wells situated close to the cut-off wall (MW10 to MW16) were inadequate for the 
purposes of this investigation and were therefore decommissioned. 

Both deep (bedrock) and shallow (overburden) boreholes were installed during this latest 
drilling programme.  The deep bedrock monitoring boreholes were drilled adjacent to shallow 
monitoring boreholes to permit comparison of overburden and bedrock groundwater quality 
at specific areas. The deep boreholes were drilled through the overburden and approximately 
0.5m into the bedrock using a 200mm diameter hammer and temporary steel casing.  The 
holes were then continued approximately 10m into the bedrock using a 140mm diameter 
hammer.  A 2 inch slotted uPVC screen was inserted from approximately 4m below rockhead 
to the base of the hole.  A 2 inch uPVC casing was installed above the screen to the top of the 
borehole.  Gravel pack was placed in the annulus from the base of the hole to approximately 
1m below the rockhead intercept, with a bentonite seal inserted from this depth back up to 
ground level. 
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Source: Hydrogeological Assessment of Groundwater Contamination at Derrinumera, 2003 

Figure 3.4.1 S.I. Monitoring Locations, 2003 
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The shallow boreholes were drilled using a 200mm diameter hammer from ground level to 
approximately 0.5m above bedrock.  A 2 inch slotted uPVC screen was inserted from the 
base of the hole to approximately 2.0m below ground level and a 2 inch uPVC casing was 
installed from this depth to ground level.  Gravel pack was placed in the annulus from the 
base of the hole to approximately 1.5m below ground level and a bentonite seal was 
emplaced from 1.5m up to ground level. 

Logs showing the borehole construction designs and details of geological formations 
encountered are presented in Appendix 9, Volume IV.  All subsoils and bedrock encountered 
were described in accordance with the British Standards Institution Code of Practice for Site 
Investigations (BS5930) (1981). 

4 OVERBURDEN AND GEOLOGY ENCOUNTERED 

The area surrounding the landfill is covered with blanket peat.  In places this peat directly 
overlies bedrock.  Glacial deposits underlie the peat where the bedrock is deeper.  In general, 
these glacial deposits consist of a sandy glacial till overlying fluvioglacial outwash sands.  
Both of these deposits consist of a range of clast sizes up to and including cobbles and 
boulders.  Unconsolidated deposits that varied from sandy clay-to-clay rich sand were 
described in the monitoring boreholes installed in 2003 near the cut-off wall to the north, 
northeast, east, and southeast of the waste body. 

As mentioned above, all of the trial pits excavated in 1997 were located to the north of the 
landfill and were dug to depths varying between 0.9m and 3.35m below ground level.  Due to 
unstable ground conditions and formation collapse, all of the pits were terminated at shallow 
depths and the complete overburden sequence was not revealed.  Thus bedrock was not 
encountered in any of the pits.  The thickness of peat identified in all of these pits ranged 
from 0.3m to 3.35m.  Glacial deposits encountered beneath the peat were described as sandy 
glacial till and/or fluvioglacial sand as discussed above.  In general, the more stable till 
occurred above the sand deposits, which were generally saturated resulting in formation 
collapse from this sequence. 

The peat layer was found to be very thin or absent in the boreholes installed in 1997 to the 
south and west of the landfill.  However, these boreholes were located on firm ground for 
reasons of drill rig access and stability.  No peat was encountered in MW1, MW2s, MW2d or 
MW3. A depth of 0.6m of peat was encountered in MW5, which is located to the west of the 
landfill, and 0.4m of peat was identified in both MW4s and MW4d.  The thickest peat was 
encountered in MW7 (1.55m) located on the opposite side of the Glaishwy River than the 
landfill.  Peat was encountered in all of the monitoring boreholes installed in 2003 (MW17 to 
MW28) to the north, northeast, east and southeast of the landfill.  The thickness of this peat 
ranged from 2.5m to 4.8m in these boreholes with the exception of MW27 where only a 0.3m 
thin horizon of peat was encountered. 
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Approximately 4.5m of sandy glacial till was encountered overlying bedrock in 3 No. gas 
wells (G6, G7, and G8) installed in 1997 near the site office to the southwest of the landfill 
and approximately 2.8m of this till was identified overlying presumed bedrock in a gas well 
drilled to the west of the landfill (G9).  Approximately 1.5m of sandy glacial till was 
encountered overlying presumed bedrock in gas well G15 that was installed to the south of 
the landfill.  Fluvioglacial sands were not identified in any of the boreholes installed to the 
south or west of the landfill.  Sandy glacial till, varying in thickness from 0.45m to 3.0m, was 
described overlying bedrock in all of the monitoring wells installed in 1997 with the 
exception of MW1 where no overburden was encountered and MW6, which was drilled in 
the waste body. 

Unconsolidated deposits that varied from sandy clay-to-clay rich sand were described in the 
monitoring boreholes installed in 2003 near the cut-off wall to the north, northeast, east, and 
southeast of the waste body.  The thickness of the unconsolidated deposits in these boreholes 
varied from 0.7m to 3.8m.  A sand and gravel deposit was identified in 1 No. of these 
boreholes (MW25), and medium grained sand was described in MW24 and MW27. 

The bedrock encountered during drilling of boreholes MW1 to MW7 in 1997 was described 
as red conglomerate bedrock.  Bedrock encountered in the recent drilling of monitoring 
boreholes MW17 to MW28 was described as a series of interbedded medium to coarse-
grained red to purple/brown sandstones and fine to medium grained conglomerates.  The 
conglomerates are composed of rounded to subrounded clasts of quartz, quartzite and 
sandstone with minor black/green volcanics in a sandstone matrix.  There are also thin bands 
(<10cm thick) of red/brown mudstone. 

In general, the depth to bedrock around the landfill is shallow and was in the order of <3.5m 
in the boreholes installed in 1997.  However, the depth to bedrock varied from 4.5m to 7.4m 
in the monitoring boreholes installed in 2003.  Bedrock outcrop occurs as ridges and rocky 
hills to the west and south of the landfill, respectively.  MW1 was drilled in an area where 
bedrock occurs at ground level to the southwest of the landfill.  However, 3 No. gas wells 
(G6, G7, and G8) were drilled to a depth of c.4.5-4.6m below ground level near the site office 
without encountering bedrock.  These wells were drilled between two areas of bedrock 
outcrop to the southwest of the landfill.  G9 located to the west of the landfill was drilled to a 
depth of 2.8m, and gas wells G13 and G14 drilled to the north and east of the landfill 
respectively, were drilled to depths of 3m.  The depth to bedrock under the landfill was not 
determined, as drilling into bedrock under the fill area could have resulted in leachate being 
introduced to any underlying groundwater resources in the bedrock.  

The most relevant boreholes to the proposed SHC and LTF to the west of the landfill site are 
MW1, MW5 and G9 (refer to Figure 3.4.1).  MW1 was drilled in an area where bedrock 
occurs at ground level and hence no unconsolidated deposits were encountered.  G9 was 
installed to a depth of 2.8m through sandy glacial till without encountering bedrock.  The 
unconsolidated deposits encountered in MW5 comprised 0.6m of peat overlying 2.6m of 
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sandy glacial till.  Bedrock was encountered at 3.2m below ground level in this borehole.  As 
mentioned above, the bedrock encountered in both MW1 and MW5 was described as red 
conglomerate. This is considered to be a solid base for the foundations of the proposed 
development.  
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