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Appendix | Geophysical Methodology.

A1l.

A3.

A4.

A11
A1.2
A1.3

A21
A22
A23

A3A1
A3.2
A3.3

A41
A42
A4.3

Methods Used
EM31 Ground Conductivity
2D-Resistivity Profiling
Seismic Refraction

Equipment Used
EM31 Ground Conductivity
2D-Resistivity Profiling

Seismic

Field Procedure
EM31 Ground Conductivity
2D-Resistivity Profiling
Seismic

Data Processing
EM31 Ground Conductivity
2D-Resistivity Profiling
Seismic

A2.
A2.1
A2.2
-
S
s p2a3
NCH )
£35S
&
SN
S5
X $Q\

Equipment Used

EM31 Ground Conductivity

The equipment used was an EM-31 conductivity meter and data logging system. The
instrument does not require ground contact and can be operated by one person.

2D-Resistivity Profiling

The Geopulse TIGRE resistivity meter, a multi-core cable with 32 takeouts and 32
stainless steel electrodes were deployed and used to measure the resistivity sections. For
one of the profiles, a muilti-core cable with 64 takeouts and 64 stainless steel electrodes
were used.

The RES2DINV software was used for processing and viewing the data immediately after
the survey (Campus Geophysical Instruments, 1997).

Seismic Refraction

The seismic data was recorded using a 12-channel Geometrics Smartseis signal
enhancement seismograph with a seismic cable and 12 vertical geophones. The seismic
source was a hammer and a striking plate.

S
S
& s o R R e
0 -
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A2,

A2.1

A2l2

Equipment Used

EM31 Ground Conductivity

The equipment used was an EM-31 conductivity meter and data logging system. The
instrument does not require ground contact and can be operated by one person.

2D-Resistivity Profiling

The Geopulse TIGRE resistivity meter, a multi-core cable with 32 takeouts and 32
stainless steel electrodes were deployed and used to measure the resistivity sections. For
one of the profiles, a multi-core cable with 64 takeouts and 64 stainless steel electrodes
were used.

The RES2DINV software was used for processing and viewing the data immediately after
the survey (Campus Geophysical Instruments, 1997).

Seismic Refraction

The seismic data was recorded using a 12-channel Geometrics Smartseis signal
enhancement seismograph with a seismic cable and 12 vertical geophones. The seismic
source was a hammer and a striking plate.

Table A3.3: Seismic Refraction locations

SPREAD | SPACING LENGTH AZIMUTH NOMINAL DEPTH
No. (m) (m) - (m)
1 5 55 NW-SE 15
2 5 55 NW-SE 15
3 5 55 SW-NE 15
4 5 55 NW-SE 15
5 5 55 NW-SE 15
6 5 55 SW-NE 15
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Table A3.3: Seismic Refraction locations

SPREAD | SPACING LENGTH AZIMUTH NOMINAL DEPTH
No. (m) (m) . (m)
1 5 55 NW-SE 15
2 5 55 NW-SE 15
3 5 55 SW-NE 15
4 5 55 NW-SE 15
5 5 55 NW-SE 15
6 5 55 SW-NE 15

A4.3

Seismic Refraction
The data were processed as follows:

(i) 'First breaks' were picked on the field records and traveltime plots constructed for
each spread.

(i) Seismic velocity phases were picked on each traveltime plot and the thickness of
each velocity unit was calculated using the intercept - time method (Redpath, 1973).

The data processing was carried out using the "FIRSTPIX' and "GREMIX" computer
programs (Interpex, 1997, 1998). The traveltime graphs, depth sections and velocity
graphs for each spread are contained in Appendix IL.

Approximate errors for velocities are estimated to be +/- 10%. Errors for the calculated

layer thickness are of the order of +/-20%. Possible emrors due to the "hidden layer" and
"velocity inversion” effects may also occur (Soske, 1959).
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A4.3

Seismic Refraction
The data were processed as follows:

(i) 'First breaks' were picked on the field records and traveltime plots constructed for
each spread.

(i) Seismic velocity phases were picked on each traveltime plot and the thickness of
each velocity unit was calculated using the intercept - time method (Redpath, 1973).

The data processing was carried out using the "FIRSTPIX' and "GREMIX" computer
programs (Interpex, 1997, 1998). The traveltime graphs, depth sections and velocity
graphs for each spread are contained in Appendix Il.

Approximate errors for velocities are estimated to be +/- 10%. Errors for the calculated
layer thickness 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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AUTHOR CHECKED JOB
NUMBER
Philip Dowling Dr. Ruth Staunton 1229 August 2003
FOREWORD

Geophysical surveying is an indirect, non-invasive process and involves interpretation of
readings made at the ground surface in terms of likely subsurface conditions. This
interpretation is based on the existing knowledge of ground conditions, typical
geophysical responses of known materials and the experience of the author. Direct
investigation is recommended to confirm the findings of this report. This report has
been prepared by BMA GeoServices in line with best current practice and with all
reasonable skill, care and diligence within the limitations imposed by the survey technique
applied and the resources devoted to it by agreement with the client. The client should
take the interpretative basis for any conclusions or opinions contained therein into
account in any future use of this report.
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CORRANURE LANDFILL
GEOPHYSICAL SURVEY

AUGUST 2003

e BMA Geoservices, Geophysical Consultants, were requested by M. C. O’Sullivan & Co.
Ltd., to carry out a geophysical survey of a proposed landfill extension at Corranure. The
findings of this survey were issued in a report entitied “Geophysical Survey for a proposed

extension to Corranure, Co. Cavan”.

e This report contains the interpretation of 2 additional Resistivity Profiles conducted at
Corranure Landfill, on the 1% August 2003.

e This report details geophysical interpretation, which uses information, gleaned from
boreholes drilled in the current landfill in 1998 for the study conducted by BMA and also
the Geophysical Survey conducted by BMA in May 2003.

¢ The interpretation of the results of the 2D-Resistivity profiling (Sections 6-7) may be

summarised as follows:

Interpretation Thickness Resistivity Estimated Stiffness/ | Excavatability
(m) (ohm-m) Rock Quality*

Gravelly Clay <5 100 - 300 Soft Diggable
Boulder Clay 15-20 30-100 Soft-Firm Diggable
Fractured - >100 Strong Break -
Siltstone/Shale Blast
Bedrock

e The two Resistivity Profiles, 6 and 7, are consistent with previous geophysical data and
are particularly similar to Profiles 1 and 2, which are parallel to Profiles 6 and 7. The
Profiles are interpreted to consist of fractured shale/siltstone overlain by a thick sequence
of boulder clay and gravelly clay. The average depth to bedrock is 15 —20 m.

e Depths to bedrock of 15 — 20 m have been verified from borehole data from the south of
the site, in the current landfill, from the report carried out by BMA in 1998.

e Borehole data also confirms the presence of a top layer of gravelly clay, the boulder clay
and the fractured nature of the siltstone/shale bedrock.

e The low resistivities from the 2D resistivity profiles for the bedrock are possibly due to
fracturing of the bedrock

BMA GEOSERVICES
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CORRANURE LANDFILL 2 AUGUST 2003
GEOPHYSICAL SURVEY

2. Introduction

BMA Geoservices, Geophysical Consultants, were requested by M. C. O’Sullivan
& Co. Ltd., to carry out a geophysical survey for a proposed landfill extension at
Corranure, Co. Cavan. This survey was completed in May 2003. On 1% August
2003 two additional Resistivity Profiles were carried out.

Objectives

= The aim of the Corranure Landfill Project is to outline and investigate by non-
destructive geophysical methods the suitability of the site for a proposed
extension to the existing landfill in the area.

= This amendment to the previous report aims to give further detail in the south of
the site at Corranure, in order to determine variations in overburden type and
thickness and determine depth to bedrock and variation in bedrock type.

Methodology

e 2D-resistivity profiles to estimate the overburden thickness and variation in rock
type with depth.

» Integration of borehole data into the geophysical interpretation.

The locations of the geophysical readings are shown on Map 1. Maps were provided
by M. C. O’Sullivan & Co. Ltd.

Site Description and Geological Setting

Corranure Landfill lies approximately 2 km to the northeast of Cavan Town. The
geological bedrock map (Geology of Monaghan-Carlingford, sheet 8, 1997) indicates
that Northem Belt Ordovician rocks underlie the site. The northern belt in this area
consists of the Red Island Formation, which consists of green to grey, medium to
coarse-grained greywackes with subordinate shales.

The survey area, which is the proposed extension to the landfill, lies to the north
of the existing landfill and encompasses an area of approximately 8 hectares.
Ground elevation varies from 92 to 119 mOD, with the average elevation at
approximately 1056 mOD Ground conditions vary from well to poorly drained. The
predominant ground condition is poorly drained boggy ground. Reeds and rushes
are common, particularly in the northern half of the site. A series of ditches
randomly dissect the area.
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CORRANURE LANDFILL 3
GEOPHYSICAL SURVEY

AUGUST 2003

This section integrates the geophysical results with the available geological data
together with the borehole data. The interpretation is based on the available
factual information, typical geophysical responses of known materials and the
experience of the author. The interpreted 2D-Resistivity sections are shown at the
end of this report.

2D-Resistivity

The 2D-Resistivity profiles are consistent with previous resistivity data. Profiles 6 and 7
run parallel to Profiles 1 and 2 on the previous survey, and show similar results. The
recorded resistivities range from less than 30 ohm-m to approximately 300 ochm-m.
Three layers have been interpreted on each 2D-resistivity profile. The resistivity data
may be summarised as follows:

Resistivity Interpretation
(ohm-m)
100 - 300 Gravelly Clay
30-120 Boulder Clay
> 100 (below Fractured Shale/Siltstone
15m depth)
Integrated Interpretation

The 2D-Resistivity information indicates three layers are present. The top layer is
interpreted to be gravelly clay. This is underlain by a thick sequence of boulder clay,
which is in tum underlain by shale/siltstone bedrock.

The gravelly clay layer varies from 2 - 5 m in thickness. The thickness of the boulder
clay varies from 15 — 20 m. Depth to bedrock is interpreted to be between 15 and 20
m.

Information from borehole analysis indicates that the low resistivities of the bedrock
are possibly due to fracturing of the bedrock.

The combined geophysical properties from all geophysical data collected, can be
summarised as follows:

Interpretation Thickness Resistivity Estimated Stiffness/ | Excavatability
(m) (ohm-m) Rock Quality*

Gravelly Clay >5 100 - 300 Soft Diggable

Boulder Clay 15-20 30-100 Soft-Firm Diggable

Fractured - > 100 Strong Break -

Siltstone/Shale Blast

Bedrock

*Estimates of soil stiffness and rock quality are based on the measured geophysical properties.

BMA GEOSERVICES
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CORRANURE LANDFILL 4 AUGUST 2003
GEOPHYSICAL SURVEY

Campus Geophysical Instruments, 1997: User Manual for computer program
RES2DINV, Birmingham, England.

Geraghty, M., 1997: Geology of Monaghan-Carlingford.

Soske, J.L. 1959 The blind zone problem in engineering geophysics, Geophysics, 24,
pp359-36

EPA Export 26-07-2013:01:33:51



s |iE]
HE
S5 | Hel
#
g‘gf £
bl
// e £ i{shel]
S
|
;
S
28
L |28
S«S} 2 = | g2
S |
" ~ ,gg
8 &
v @
A, < m 2 &
Q (D) E o' &
< e a >
C o o A >
N N 2 (é
| I | !gm
\\ gyt
i
N :53:
| &
AL



OBIE-f0S-£5 g ‘aopng |
B Ton e e maa b v
w |# dVANOLLVDQT | e v
POy - L § arl NVAVD ‘00 ‘NOISNALXH AFANNS TVIISAHIOFD aﬂmﬂ .H
$9217135 099 <Sm ‘00 ® NVAITINS.O DN TTAANYT TANNYIIOD 1dVIN
B

/ P&

= ’ 4\/ peaidg orwsieg =/
aigoid Karansisoy-ac =

EPA Export 26-07-2013:01:33:51



533.51

A
O

oowqpuiqnpowq  jiow—3 pupj@J]
O CBLLYZ—(30 oMo oo by |8 0 pemme
R W e el Pk 1§ 9 ITHO¥A ALIALLSISEY | = =P
o e "arl NVAVD 0O aZ 40 NOLLVIANAMEINT | o= =w
mo.ode._i.o..meoe 9 g m "00 ® NVAITINS.O .o.Hu “TTEAANV'T mgﬁomq 9 zoﬂomm,. e -
SUOISIIS/S[eYS PaImoeL] Ae]D 1opmog | KepD Aponeip | ]
\ -0'02-
"0'ST-
F001-
o o-ml
" 00
eye( pajerdioyuy
‘w ' = buoeds aponaa)g wun wrwyo w Apaisisay
9EEL €EL oy \Zc IZL 1 4: <) GOt 0oz
I R AN N N O N O BN D () O O O O .
0oz
05l
o0l
.D,m-
. oo
! . 0o
ozi 003 oor uoljesa|g
O0TO80EN 9811¥CH ele(] PoINSBIN CIT80EN 8901 CH
SOMULIO 1SBYINOS
SMIHON. 9 9[JoId ANANSISTY (T
7
%
K2
2
%,
2.8,
A\OA\\N\\O\Q
e,
&v\ 0.\0

EPA Export 26-07-2013:01.




EPA Export 26-07-2013:01:33:51

TehE =l -
PBE-E0S-(GE  UoUd  “ibg sssusng (oyanas | Z premsmpp——
ai:naogi}e-iﬁ 8 ar NVAVO©0 | d0 NOLLVITIdEIN | ==
$89JA133090 WINIE g ‘00 ® NVAITINS.O .o.w_mu “TIHANY'T mm:z<§owq L zoﬁomw., = -
SUOISIIS/S[EYS PAIMoRL] AeyD sopnog |- AeD Afpoaeip |
N\ -0°0Z-
oSl
001~
L (¢~
-0°0
ey paroadioyug
w G = buoeds apoilaa|g3 wn wrwyo w Apansisey
Fozits] Iwmp Immhl §mavl 'Eml Epm_ﬂ_ 5gvamamu lmw lcﬁ
o0z
oGl
onL-
e
r — ‘ : e ,“ too
] 008 oor 00 yoperery
L90SOEN S86EHTH Blec] poHIsEaRN 996L0EN SOT¥¥TH
ISOMYLION 1seaynos

9[DWGEUIGNPOW  jow—3 “pubfel]
EEE B o [ -
e |~ 9 FTAOYd ALIALLSISTY | —— = =
s ‘ar1 NVAVD 00 Qz 40 NOLLVIANQWALNT | == ==
u.owﬂuﬂmeoﬂmltﬁ o~ m 0% NVAITINSO OW | “TILANVTTINNVAN00 oNouoEs [ =i _
SUOISIIS/S[YS PIIMORI] Ae|D Iopnog | KerD Aqpoaerp |7
-0'0C-
"0'S1-
"0°01-
3 o.ml
00
eje( pajerdioju]
w G = Budeds apoilda)3 wun wwiyo w Apaisisay | . ‘
ooz
o5t
+00L-
0%
- . _joo
B 4 D.8 e i unijeaa|3
O0TO80EN 981¥¥CH eIB(J PAINSLIN CTTI80EN 890v¥CH
SOMIIO 1SeaYINO
———— Q QIO ANIANISISOY (17, il



AUGUST 2003

Geophysical Methodology.
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GEOPHYSICAL SURVEY GEOPHYSICAL SURVEY
Appendix | Geophysical Methodology. A1. Methods Used
A1. Methods Used A4 2D-Resistivity Profil
. = i ilin
A11 2D-Resistivity Profiling ssistivity Frafiing
A basic measurement technique in resistivity work is the Wenner array, whereby four
A2. Equipment Used electrodes are planted along a line in the ground and a cument is introduced through the

. ) two outer electrodes. The potential difference across the two inner electrodes is then
A2.1 2D-Resistivity Profiling measured and the resistance (physical unit: Ohm) is determined as the quotient of the
potential and the current. All measurements are made with a resistivity meter.

A3. Field Procedure To obtain the resistivity (physical unit: Ohm * m), which is a quantity independent of test
A3.1 2D-Resistivity Profiling conditions and characteristic for different soils and liquids, the following formula is applied:
Resistivity = 2 * Pi * Spacing * Resistance
Ad4. Data Processing
s i In 2D-Resistivity a large number of resistivity measurements are taken both laterally and
A 2D-Resitivty Profiing vertically in order to map changes in material types in these directions. This is achieved in
a very efficient way by connecting a series of electrodes to the resistivity meter and using
\}éz" a computer to control the process of data collection and storage.
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GEOPHYSICAL SURVEY GEOPHYSICAL SURVEY
A1. Methods Used A2. Equipment Used
A1.1 2D-Resistivity Profiling A2.1 2D-Resistivity Profiling

A basic measurement technique in resistivity work is the Wenner array, whereby four The Geopulse TIGRE resistivity meter, a multi-core cable with 32 takeouts and 32

electrodes are planted along a line in the ground and a current is introduced through the stainless steel electrodes were deployed and used to measure the resistivity sections. For
two outer electrodes. The potential difference across the two inner electrodes is then one of the profiles, a multi-core cable with 64 takeouts and 64 stainless steel electrodes
measured and the resistance (physical unit Ohm) is determined as the quotient of the were used.

potential and the current. All measurements are made with a resistivity meter. )
The RES2DINV software was used for processing and viewing the data immediately after

To obtain the resistivity (physical unit: Ohm * m), which is a quantity independent of test the survey (Campus Geophysical Instruments, 1997).
conditions and characteristic for different soils and liquids, the following formula is applied:

Resistivity = 2 * Pi * Spacing * Resistance

In 2D-Resistivity a large number of resistivity measurements are taken both laterally and
vertically in order to map changes in material types in these directions. This is achieved in
a very efficient way by connecting a series of electrodes to the resistivity meter and using

a computer to control the process of data collection and storage. o&
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GEOPHYSICAL SURVEY

A2, Equipment Used
A2.1 2D-Resistivity Profiling

The Geopulse TIGRE resistivity meter, a multi-core cable with 32 takeouts and 32
stainless steel electrodes were deployed and used to measure the resistivity sections. For
one of the profiles, a multi-core cable with 64 takeouts and 64 stainless steel electrodes
were used.

The RES2DINV software was used for processing and viewing the data immediately after
the survey (Campus Geophysical Instruments, 1997).

CORRANURE LANDFILL 8
GEOPHYSICAL SURVEY

AUGUST 2003

A3. Field Procedure

The locations of the geophysical measurements were recorded using GPS and are shown
on Map 1.

A3.2 2D-Resistivity Profiling

A total of 5 2D-Resistivity profiles were carried out across the survey area. The profiles
were located to <5m accuracy using GPS.

The recording parameters for each profile are listed below.

Table A3.2: 2D-Resistivity Profile locations

NO. OF SPACING LENGTH AZIMUTH NOMINAL
ELECTRODES (m) (m) - DEPTH (m)
2DRES 6 32 5 155 SE-NW 20
. 2DRES 7 32 5 155 SE-NW 20
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GEOPHYSICAL SURVEY GEOPHYSICAL SURVEY
A3. Field Procedure A4. Data Processing
The locations of the geophysical measurements were recorded using GPS and are shown o )
on Map 1. A4.1 2D-Resistivity Profiling
Lo i The field data were stored in computer files and converted within the TIGRE resistivity
A3.2 2D-Resistivity Profiling meter. The resulting files were loaded into RES2DINV (Campus Geophysical Instruments,

A total of 5 2D-Resistivity profiles were carried out across the survey area. The profiles
were located to <5m accuracy using GPS.

The recording parameters for each profile are listed below.

Table A3.2: 2D-Resistivity Profile locations

1997), where an inversion with up to 5 iterations of the measured data was carried out for
each profile to obtain a 2D-Depth model of the resistivities.

These 2D-Resistivity models and interpreted geology are displayed on Sections 1 - 5. The
horizontal axis shows the distance along the profile, while the depth (b.g.l) is indicated at
the sides. Constant contour intervals and colour codes have been used for Sections 1 - 5.

NO. OF SPACING LENGTH AZIMUTH | NOMINAL Note: Care should be taken when using these sections. The data displayed is real physical data
ELECTRODES (m) (m) - DEPTH (m) that can be measured with a high repeatability, but transforming resistivities directly into
2DRES 6 32 5 155 SE-NW 20 geological layers requires interpretation of the geophysical results.
2DRES 7 32 5 155 SE-NW 20 &
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