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1. EXECUTIVE SUMMARY

APEX Geoservices Limited was requested by RPS Group to carry out a geophysical investigation at 5
No. historical, disused landfill sites that occupy previous sand/gravel extraction sites at Fassaroe,
County Wicklow. The sites are located west of the Greenstar Waste Transfer Centre, north and south
of Berryfield Lane. The sites collectively cover an area of approximately 9 Ha.

The requirement for a geophysical survey to assess the areas of Jandfill has come about due to the
proposed development of the area into residential and parkland areas. The investigation consisted of
Electromagnetic ground conductivity mapping, Electrical Resistivity Tomography (ERT) and sefsmic
refraction profiling.

The survey was carried out to identify the lateral extent of the waste bodies, identify the thickness of
the waste bodies and presence of any anomalous features and identify any leachate plumes outside of
or below the waste body. It was indicated that the geophysical survey was unlikely to provide
information on trace metals that could potentially be leaching from the 5155

The sites lie at elevations ranging from ¢.50 to 100 m OD, slopmg g@%wards sharply to the north and
northeast towards a stream at the base of the slope. @ é’é\

\

The integrated interpretation of the geophysical resul@\@&\h the borehole and trial pit data identified
0.53 Ha waste at Site 1, 4.1 Ha at Site 2, 1.75 Ha a’g@ﬁ\g@a 0.44 Ha at Site 3b, and 0.8 Ha at Site 3c.

Interpreted waste thicknesses of up to 16 méé @‘% 1, up to 26m at Site 2, up to 20 m at Site 33, up to

8.5 m at Site 3b, and up to 20.5 m at Site 3¢ Mﬁere identified.
\.

Very low resistivities (<30 Ohm-m) l@ﬁeath the waste bodies suggest high levels of leachate in the
underlying material at Sites 2, 3a and 3c.

The migration of leachate beyond the boundary of the waste bodies, down-slope to the north and
north east is suggested at Sites 2, 3a and 3¢ with the strongest likelihood at Site 2.

Evidence of landslide/slip material is also suggested on the northern/north eastern slopes of Sites 2,
3a and 3c.

The slope material should be investigated by hand dug trial pits to confirm the presence of and
determine the extent of waste material from landslides/slips. Consideration should be made to the
slope stability when targeting any intrusive investigations on the skope,

Seepage was noted on the slope at Site 2. Sampling should be carried out at the base of the slopes at
Sites 1, 2, 3a and 3¢ to investigate the migration of leachate.

The findings of the geophysical investigation should be reviewed following any further intrusive
investigations.
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2. INTRODUCTION

APEX Geoservices Limited was requested by RPS Group to carry out a geophysical investigation at 5
No. historical, disused landfil! sites at Fassaroe, County Wicklow. The requirement to assess the areas
of landfill has come about due to the proposed development of the area into residential and parkland
areas.

2.1  Survey Objectives

The objectives of the investigation were:

= ldentify the |ateral extent of the waste body,

»  [dentify the thickness of the waste body and presence of any anomalous features,

= |dentify any leachate plumes outside of or below the waste body,

= *Trace metals that could potentially be leaching from the site.
*It was indicated that the geophysical survey was unfikely to provide information on trace metals.

&

%\é
9
The sites are located in Fassaroe, west of the Greenstar \g&ﬁi\:ﬁransfer Centre, north and south of
Berryfield Lane. The sites collectively cover an area @boroximately 9 Ha. The sites have been
referenced as site 1, 2, 3a, 3b and 3¢ by the client a@%@ﬁghted on Figure 2.1 below. It is understood

that the disused landfill occupies previous sandy/| r\éﬁ\ &xtraction sites.

2.2  Site Background

Fig 2.1: Location map (site marked in magenta)

AGL15302 Fassaroe Landfill Report 2 May 2016
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Site 1 c. 0.8Ha

Fig 2.2: Site 1 Looking towards the south east

Site 2 c. 4.6Ha

Fig 2.3: Site 2 Looking towards the south east

Site 3ac. 2Ha

Fig 2.4: Site 3a Looking towards the south east
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Site 3cc. 0.9Ha

Fig 2.5: Site 3¢ Looking towards the south east

2.2.1 Topography

The sites lie at elevations ranging from ¢.50 to 100 mOD, sloping downwards sharply to the north and
northeast towards a stream at the base of the siope. Elevations range from 50-90 mOD at Site 2, 90-95
mOD at 1 and 3c and ¢. 100mOD at Site 32 and 3b.

2.2.2 Geology

The G5l bedrock geology map (Fig. 2.7) shows that ali sites are underiain by slate, commonly laminated
with pale siltstones with some schists of the Maulin Formation. South of the landfill sites, the bedrock
is comprised of tuff & greywacke of the Glencullen River Formation. A fault line between the
Glencullen and Maulin Formations is inferred to run south of the site in an east-west direction.
Bedrock is buried at depth across the site, overlain by significant thickness of subsoil.

AGL15302 Fassaroe Landfill Report 4 May 2016
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Fig 2.7: The GSI bedrock map (sites marked in magenta, Maulin Forma ib\\% {purple} and Glencullen River

Formation (brown)) oﬁ@;‘é\
<O

. O
2.2.3 Soils DA
SO
According to the Teagasc Subsoil map the soil agﬁi@%e sites consist of sands and gravels derived
from Carboniferous limestone. xS \(\\O
SN
)

Fig 2.8: The Teagasc soil map with Limestone sands and gravels (GLs) (sites marked in magenta). Alluvium is
indicated at the bottom of the valley that bounds the site to the north.
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2.2.4 Vulnerability

The groundwater vulnerability map shows an area of high vulnerability (green) at the landfill locations
and moderate vulnerability (purple) to the north of the sites.

v

A
- O
Fig 2.9: The Vu]nerabilityé&gﬁtes marked in magenta).
$)

5 X
2.2.5 Aquifer Classification QO\\Q‘@}?

$
N
The gravels have been categorised as a I(gﬁ'[ly important gravel aquifer while the bedrock is aquifer is
classified as locally important {Li) i.e. t(\bﬁ%edrock is only productive in localised zones.

QO

Fig 2.10: The GSl aquifer map indicating Li bedrock aquifer{pale blue) with sites marked in magenta.

N N B N I T
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2.2.6 Site investigation data

Borehole and trial pit data was provided for the five sites in April 2016, Twenty cable percussive and
rotary cored boreholes and twenty five trial pits were opened across the five waste bodies. A further
thirty eight boreholes were cored outside the bounds of the waste bodies. The natural ground
comprises sandy gravelly clay, silty clayey sand/gravel and sand/gravel. The waste material
predominantly contains household waste, metals, glass, plastic, timber, paper and textiles mixed with
clay and/or gravel.

2.3 Survey Rationale

The following techniques have been employed to achieve the objectives of the survey:

e Electromagnetic EM31 ground conductivity mapping has been carried out over the filled area
in order to map the extent of the fill and variations in the fill, and also to screen for any
leachate plumes and obtain background values for the soils and rock.

e Flectrical Resistivity Tomography (ERT) has been carried oué%cross the fill to investigate
variations in the thickness and extent of the fili materlal angckachate as well as to investigate
the overburden and bedrock geology. 43’

®  Seismic refraction was carried out at selecteg@ci&rons The resuits of the seismic survey have
been used to cutline the fill/soil boundar&ﬁnolg%onﬁrm depth to bedrock.
\Q&‘QO
By employing complimentary geophysmakot@@mlques it 5 possible to produce an integrated
interpretation with less ambiguity and mor%&c%nﬂdence
@“

The initial output from the geophysiﬁﬁ investigation should be used to target further investigations
where necessary and to produce a final integrated ground model for the site.

AGL15302 Fassaroe Landfill Report 7 May 2016
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3.  RESULTS

The survey was carried out between the 3™ and 9" December and on the 16" December 2015 with a
return to site on the 29" March 2016. Geophysical surveying included EM conductivity mapping at all
five sites and the collection of 15 no. ERT profiles and 5 no. seismic refraction profiles.

3.1 EM31 Electromagnetic Conductivity Mapping

The EM ground conductivity results are indicative of the bulk conductivity of the ground materials
from 0-6.0m bgl. Drawings AGL15302_02 and _05 show the contoured conductivity results with values
in the range 2 — 140 mS/m (milli Siemens/meter).

The recorded EM Inphase values were contoured and plotted on Drawings AGL15302_03 and _06. The
inphase value is sensitive to the presence of metal objects. Large variations in the inphase values
reflect the presence of surface or subsurface metal. High inphase values were found to be concurrent
with high conductivity values (>37 mS/m) and localised anomalous variag’pns were consistent with the
presence of metal chjects (e.g., metal box, container, fence, etc..) n%@ﬂ’on the ground surface.

J
The ground conductivity values have been interpreted in cqﬁz\gr‘ﬁ\lon with the inphase, ERT, borehole

and trial pit data as follows: F&
LS
Q&
S S -
Conductivity & O@Qﬁ(nterpretation E
. N
2-17 % Natural Grdj{;@
17-37 Extent gfWaste with lower Organic & Metallic content Or
Was&e%ixed with silty clayey SAND/GRAVEL

i 37-140 E Extent of Waste with high Organic & Metallic content

Table 1: Conductivity values and corresponding interpretation.

3.2  Electrical Resistivity Tomography

Fifteen ERT profiles {RO1 to R15)} have been acquired across the 5 sites. The resistivity values ranged
from 4 - 750 Ohm-m. Typica! resistivities of Irish overburden deposits as experienced by the author
range from 20 Ohm-m for pure clay to around 3000 Ohm-m for clean dry gravel, with the resistivity
generally increasing as the sand/gravel content increases. Silty clay typically has values in the range
30-50 Ohm-m and silty gravelly clay typically has resistivity values in the range 50-100 Ohm-m. (An
exception is the Irish Sea Till which occurs along the east coast of Wicklow and Wexford and which has
resistivity values as low as 10 Ohm-m).

Deposits of predominantly organic waste such as those occurring in municipal landfills typically have
resistivities in the range 5-30 Ohm-m. Inert C & D waste such as concrete, brick and mixed stone and
clay will have resistivities similar to gravelly material {(50-500 Ohm-m).

The resistivity of combined organic and inert material will depend on the percentage of organic
material present. If sufficient organic content and moisture is present to for connecting electrical
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EPA Export 28-03-2019:03:45:04



Geophysical Investigation

Fassaroe Landfill, County Wicklow a e X
For RPS

pens:

conductivity pathways throughout the € & D material then resistivities would be expected to be
similar to the range for municipal waste. If the erganic waste only occurs in isolated lenses and pockets
above the watertable then resistivities would be expected to be similar to the lower end of the range
for C & D waste.

The resistivity data at the five sites has been interpreted in conjunction with the EM, borehole and
trial pit data as follows:

| Resistivity (Ohm.m)

' E Interpretation !
| Waste | <30 [ Waste with high Organic & Metallic content —:
30-130 } Waste with lower Organic & Metallic content _"—5
i | Or Waste mixed with silty clayey SAND/GRAVEL §
[;éké};;fe Eé??d - 'ngossible high level of LEACHATE in underlying material "
! I 30-130 1} Possible lower level of LEACHATE lnégnde-i'l\}ing material ;
Natural | 3050 | SILT/CLAY ,@ e ek 2eia |
' Ground | : R —— sl
| | 50-130 | Sandy gravelly SILT/CL@\@ EN !
| e | Silty clayey SAND/Q?FW%L St {
Table 2: Resistivity values and corresponding mterpretatlgh d\ T

&

(& \$
© &\q

3.3 Seismic refraction profiling R
\

Five seismic refraction spreads were n Oded on selected ERT profiles. Profiles were recorded to
assist in determining the base of thedﬁdﬁll material which may be masked in the ERT results by the
migration of leachate. Data quality was poor due as signal transmission was limited due to the
significant thickness and heterogeneous nature of the unconsolidated waste material. The processed
P-wave seismic velocities across the survey area range from 100 to 2200 m/s. A base of landfill
material was estimated between 500 and 600 m/s. these values would typically indicative of soft-firm
or loose ta medium dense material. Underlying velocities indicated firm to very stiff or medium dense
to very dense material.

34 Interpretation

The integrated interpretation of the geophysical results with the borehole and trial pit data is
presented below and summarised in Drawings AGL15302_04 and _07. Interpreted ERT profiles are
presented in Drawings AGL15302 08to _22.

3.4.1 Landfill Site 1

The interpreted lateral extent of the waste material is ¢. 0.53 Ha and is indicated on Drawing
AGL15302_04. Two ERT profiles (R11 and R12) were collected across the site (Drawings AGL15302_18
and 19 respectively). Up to 16m waste has been interpreted based on values contained in Table 2. A
maximum thickness of 6m of waste with high organic and metallic content has been ohserved.

AGL15302 Fassaroe Landfill Report 9 May 2016
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3.4.2 Landfill Site 2

The interpreted lateral extent of the waste material is c. 4.1 Ha and is indicated on Drawing
AGL15302_04. Four ERT profiles (R01, RO2, RO3 & R15) were collected across the site {Drawings
AGL15302_08, 09, 10 and 22 respectively}. Up to 26m waste has been interpreted based on values
contained in Table 2 containing up t018.5m of waste with high organic and metallic content. The
landfill waste appears to extend beyond the site boundary fence towards the lower ground to the
north east.

Very low resistivities {<30 Ohm-m) beneath the waste body suggest high levels of leachate in the
underlylng material, focussed at two locations as indicated on Drawing AGL15302_04. In addition, a
possible leachate plume has been mapped on R15, migrating downslope to the northeast from the
bounds of the landfill material. Seepage was also noted part way down the slope on R15 at the
location indicated on Drawing AGL15302_ 22.

After periods of heavy rainfall surface water runoff is high with the w'su,‘g’r‘ being funnelled down-slope
to the north east. A previous collapse of the bank to the river occ-.g@%\d sometime in the past with the
water being diverted over the edge of the scarp slope slightloyxh‘d;fsﬁer to the east. The previous collapse
was ¢, 5m wide with a back wall of ¢. 2-3m high. This coélg%gé%ppears to have occurred at the edge of
the current waste extents. On diverting the water, S '\uent erosion exposed a number of pipes
draining fram the landfill to the north east. Du\@gg\ﬂwe survey session on the 3™ December 2015
extremely high rainfall was observed with su'rf@%v}%ter streams running off the landfill. Erosion of the
embankment to the north east resulted 3‘(@*5 Q&S\nor landslide washing soil into the stream. The s0il
siope was found to be very unstable in Iocgﬁ@%d areas where the affect of the surface water runoff was
greatest. Evidence of landslide/slip ma@&r?al is suggested on RO2 and R15 (Drawings AGL15302_08 and
22 respectively}. Waste was observ&cf\on surface of slope.

3.4.3 Landfill Site 3a

The interpreted lateral extent of the waste material is ¢. 1.75 Ha and is indicated in Drawing
AGL15302_07. The western boundary of the waste body was not defined by the geophysical survey
and may extend beyond the boundary indicated on Drawing AGL15302_07. Six ERT profiles {R04, RO5,
RO6, RO7, R10 & R14) were collected across the waste site (Drawings AGL15302_11, 12, 13, 14, 17 and
21 respectively). Up to 20m of waste with high organic and metallic content has been interpreted
based on values contained in Table 2.

Very low resistivities {<30 Ohm-m) beneath the waste body suggest high levels of leachate in the
underlying material, focussed at the location in the north east of Site 3a, indicated on Drawing
AGL15302_074. In addition, a possible leachate plume has been mapped on R14, migrating downslope
to the northeast from the bounds of the landfill material.

Anecdotal evidence suggests that landfill 3a has previously suffered landslides/slips to the north east.
The presence of rock drains on the surface may be an indication of previous remediation works.
Evidence of landslide/slip material is suggested on R14 {Drawing AGL15302_21).

AGL15302 Fassaroe Landfill Report 10 May 2016
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3.4.4 Landfil! Site 3b

The interpreted lateral extent of the waste material is ¢. 0.44 Ha and is indicated in Drawing
AGL15302_07. One ERT profile (R13) was collected across the waste site {Drawing AGL15302_20}). Up
to 8.5m waste with high organic and metallic content has been interpreted based on values contained
in Table 2.

Low resistivities beneath the waste body suggest downward migration of leachate in to the underlying
material. No leachate plume has been mapped exiting the bounds of the landfill material.

3.4.5 Landfill Site 3¢

The interpreted lateral extent of the waste material is ¢. 0.8 Ha and is indicated in Drawing
AGL15302_07. Two ERT profiles {RO8 & RO09) were collected across the waste site (Drawings
AGL15302_15 and 16 respectively). Up te 20.5m of waste with high organic and metallic content has
been chserved.

Very low resistivities (<30 Ohm-m) beneath the waste body on sugges ﬁéh levels of leachate in the
underlying material, focussed in the north east of the site as indica@é% on Drawing AGL15302_04. A
possible leachate plume has been mapped on R09, m|grat|n§§3@ﬁ-slope to the northeast from the
bounds of the landfill material.

Q\Q »
Anecdotal evidence suggests that landfill 3b has prqvﬁb@ﬁiy suffered landslides/slips to the north east.
The presence of rock drains on the surface mg?’bﬁ(\an indication of previous remediation works.

1§
Evidence of landslide/slip material is suggestw &@09 {Drawing AGL15302_16}.

xQoQ
,\O
3.5  Discussion O«\&Q
@)

Sites 1, 2, 3a and 3¢ which slope to the north appear to exhibit leachate migration down-slope.

A [andslide/slip was observed on the north east of Site 2 while anecdotal evidence suggests that
landfills 3a and 3c have previously suffered landslides/slips to the north east. Evidence of
landslides/slips on the northern sfopes is confirmed by the geophysical data at sites 2, 3a and 3c.
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4. RECOMENDATIONS

The slope material should be investigated by hand dug trial pits to confirm the presence of and
determine the extent of waste material from landslides/slips.

Consideration should be made to the slope stability when targeting any intrusive investigations on the
slope to the north and north east of the landfill.

Seepage was noted on the slope at Site 2. Sampling should be carried out at the base of the slopes at
Sites 1, 2, 3a and 3c to investigate the migration of leachate.

Additional EM31 mapping and ERT should be considered to the west of Site 3a to confirm/determine
the western extent of the waste body.

The findings of the geophysical investigation should be reviewed following any further intrusive
investigations.

AGL15302 Fassaroe Landfill Report 12 May 2016
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APPENDIX A: DRAWINGS

apex ¢

The information derived from the geophysical investigation as well as correlation with the available
direct investigation is presented in the following drawings:
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FIGURE 1 : ERT PROFILE - R12
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FIGURE 1 : ERT PROFILE - R14
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APPENDIX B: DETAILED METHODOLOGY

A combination of a number of geophysical techniques was used to provide the high quality
interpretation and reduce any ambiguities, which may otherwise exist.

B.1  EM ground conductivity mapping

This is an electromagnetic technique used to investigate lateral variations in overburden material and
to assist with the indication of the depth to bedrock.

B.1.1 Principles

This method operates on the principle of inducing currents in conductive substrata and measuring the
resultant secondary electro-magnetic field. The strength of this secondary EM field is calibrated to give
apparent ground conductivity in milliSiemens/metre (mS/m). Readings over material such as organic
waste and peat give high conductivity values while readings over dry r’@terials with low clay mineral

content such as gravels, limestone or quartzite give low readings. \(\é\

The EM31 survey technique determines the apparent ¢ Dq’éiﬁ\c@\ﬁ\ty of the ground material from 0-6m
bgl depending on the dipole mode used. Dependu@ Q@the dipole mode used, the measured
conductivity is a function of the different overburd@% La&?ers and/or rock from Q to 6m below ground

level. &ec'}\ \@é
O 0)
B.1.2 Data collection ‘<2 S
A\
O

The EM31 equipment used was a @Sé\(]\/iD-ﬂr conductivity meter equipped with data logger. This
instrument features a real time gr@phlc display of the previous 20 measurement points to monitor
data quality and results. Conductivity and in-phase values were recorded across the site. Local
conditions and variations were recorded.

B.1.3 Data processing

The conductivity and in-phase field readings were downloaded, contoured and plotted using the
SURFER 9 program (Golden Software, 2009). Data which was affected by metallic objects was
removed. Assignation of material types and possible anomaly sources was carried out, with cross-
reference to other data.

B.1.4 Relocation

All data were referenced using a GPS system and all positions are given in Irish National Grid
coordinates.

AGL15302 Fassaroe Landfill Report 15 May 2016
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B.2  Electrical Resistivity Tomography

Electrical Resistivity Tomography was carried out to provide information on [ateral variations in the
overburden material as well as on the underlying overburden and bedrock.

B.2.1 Principles

This surveying technique makes use of the Wenner resistivity array. The 2D-resistivity profiling method
records a large number of resistivity readings in order to map lateral and vertical changes in material
types. The 2D-resistivity profiling method involves the use of 64 electrodes connected to a resistivity
meter, using computer software to control the process of data collection and storage.

B.2.2 Data collection

Profiles were recorded using a Tigre resistivity meter, imaging soffware, two 32 takeout multicore
cables and up to 64 stainless steel electrodes. Saline solution wasé\u},ed at the electrode/ground
interface in order to gain a good electrical contact required for the\\tﬁchmque to work effectively. The
recorded data were processed and viewed immediately after@

2

S
: s34
B.2.3 Data processing & §®
é?

The field readings were stored in computerﬁ] 0%;mc! inverted using the RES2DINV package (Campus
Geophysical Instruments, 1997} with up t@\@ iterations of the measured data carried out for each
profile to obtain a 2D-Depth modei of thg?esmtmties
o

The inverted 2D-Resistivity models and corresponding interpreted geology are displayed on the
accompanying drawings alongside the processed seismic sections. Distance is indicated along the
horizontal axis of the profiles. Profiles have been contoured using the same centour intervals and
colour codes.

AGL15302 Fassaroe Landfill Report 16 May 2016
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B.3  Seismic refraction profiling

B.3.1 Principles

This method measures the velocity of refracted seismic waves through the overburden and rock
material and allows an assessment of the thickness and quality of the materials present to be made.
Stiffer and stronger materials usually have higher seismic velocities while soft, loose or fractured
materials have lower velocities.

Seismic profiling measures the p-wave velocity (Vp) of refracted seismic waves through the
overburden and rock material and allows an assessment of the thickness and quality of the materials
present to be made. Stiffer and stronger materials usually have higher Vp velocities while soft, loose or
fractured materials have lower Vp velocities. Readings are taken using geophones connected via multi-
core cable to a seismograph.

B.3.2 Data collection &
@\o
A Geode high resolution 24 channel digital seismograph, 2 10@ vertical geophones and a 10 kg

hammer were used to provide first break information cﬁ a 24 take-out cable (3m spacing).
Equipment was carried was operated by a two-person c& »@é

Readings are taken using geophones connected '%@UIti—core cable to a seismograph. The depth of

resolution of soil/bedrock boundaries is dete by the length of the seismic spread, typically the
depth of resolution is about one third the gqé(%h of the profile { eg. 69m profile ~23m depth, 33m
profile ~ 11m depth) « O

O

Shots from seven different position@cﬁ\lere taken (2 x off-end, 2 x end, 3 x middle} to ensure optimum
coverage of all refractors, All profiles were surveyed to Irish National Grid using a ProXR dGPS system.

B.3.3 Data processing

First break picking in digital format was carried out using the FIRSTPIX software program to construct
p-wave {Vp) traveltime plots for each spread. Velocity phases were selected from these plots using the
GREMIX software program and were used to calculate the thickness of individual velocity units.
Topographic data were input. Material types were assigned and estimation made of material
properties, cross-referenced to borehole and MASW data. The processed seismic data are displayed in
Appendix A.

Approximate errors for Vp velocities are estimated to be +/- 10%. Errors for the calculated layer
thicknesses are of the order of +/-20%. Possible errors due to the "hidden layer" and “velocity
inversion” effects may also occur (Soske, 1959).
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